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Three-dimensional animated sequences are conìmonly used in demonstration, training and

teaching applications to illustrate concepts to viewers. 'When 
accessed over the Internet, these

sequences are generally compressed using lossy video compression techniques such as MPEG,

Cinepak, H.26I, or even more recent formats like Vivo, RealVideo and VDOnet. These current

techniques are undesirable for the compression of three-dimensional (3D) animated sequences

over narrow bandwidth channels. In order to keep bandwidth to a minimurr¡ image quality, frame

rate, and frame size are usually sacrificed, producing low quality compressed output that contains

artifacts specific to the various compression techniques.

These animated sequences are generally rendered from source 3D scene descriptions,

consisting of objects composed of polygons and/or higher order surfaces. These scene

descriptions are typically very small relative to the rendered output they produce, and not

resolution dependent. Thus, perhaps the current approach of compressing the final rendered

animated sequence is not necessarily the best approach. Instead, it is proposed that a new lossless

technique, consisting of sending a compressed and stream-optimized version of the 3D scene

description rather than the rendered animation, be used for streaming 3D animation over the

Internet. Our new approach enables the progressive transmission of the non-interactive scene

description such that irrelevant information is entirely eliminated and the remaining information is

delivered to the viewer in the order in which is required. Compression and decompression

engines have been developed to demonstrate these principles. For some tested cases, the system

is able to produce output less than half the size of the equivalent compressed VRML version, and

more than 230 times smaller than the equivalent MPEG-1 animation of the same scene.
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Chapter I: Introduction
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Motivation

The primary motivation for this project concept originated in observations of recent

advancements of computer graphics in computer games. Games such as the Quake series, by id

Software, and the Descent series by Parallax Software and Outrage Software have led the current

wave of consumer directed computer and video games. These games do an excellent job of

demonstrating the potential of real time rendering engines to approximate offline-rendering

schemes like raytracing. The advent of consumer directed and inexpensive polygon acceleration

hardware in the PC market has made these types of games possible as the transformation and

rasterization load has been lifted from the host processor allowing more complex visual

environments to be constructed in real time.

In 1998, Mecca Media Group requested that Telecommunications Research (TR) Labs

assist in the compression of animation sequences used in their training material. In order to keep

file sizes small to reduce transmission time, Mecca Media would hand tune the rendered animation

sequences using image processing applications. This time consuming process would reduce color

palettes and flatten background colors, allowing the sequences to be more easily compressed

while maintaining extremely high image quality.

Shortly after the request for aid, in a conference call, Prof. Kinsner suggested the general

approach used in this thesis to Mecca Media Group and TR Labs. We developed a proposal for

the project with Mecca. It was noted that, at the time, in order to transmit synthesized video

sequences created by animation software like Kinetix's 3D Studio Max, one had to employ
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standard video compression techniques, such as MPEG or Cinepak. Nonetheless, if one were to

know in advance that the content to be compressed would always be these rendered animation

sequences, why not take advantage of this knowledge and build a new technique around it?

1.2 Froblem Defïnition

This thesis attempts to address the problem of delivering 3D animation content over

narrow bandwidth channels. Two primary techniques are currently commonly employed to

transmit synthetic 3D content: rendering out two-dimensional animation frames which are

compressed using video codecs, or instead compiling the scene descrþtion using a description

language to be interpreted by the client (for example, VRML). Neither of these two techniques

performs well over narrow channels, such as 28.8 Kbps modems, due to reasons that this thesis

addresses.

This thesis attempts to improve on these current approaches by allowing for the

progressive transmission of a scene description, enabling the viewing of sequences as they are

actively streaming over a channel and by greatly reducing the amount of data required to speciry

this information. It is hypothesized that through the innovations presented in this thesis, the

problem of transmission of 3D animation sequences over naffow band channels can be solved.

1..3 Organization of the Thesis

This thesis consists of several major sections, each with its own specific purpose to aid in

explaining how the environment was constructed, the resuits it produced, and the conclusions

drawn therefrom. The thesis structure is as follows:
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Chapter 1 introduces this thesis by providing the motivation behind the thesis' In this

section the problem we attempt to solve is defined. As weil it presents the structure for the body

of the thesis.

chapter 2 compiles the background theory used to develop the concepts presented and

described in this thesis. As a variety of different topics are sewn together in this thesis, a fulI

understanding of the background is required to understand choices made in the design phase'

Chapter3describesthedesignprocessofthisthesis.Buildingupontheinformation

presented in the previous chapter, it lists the choices made and the optimizations exploitable

through these decisions. By the close of the chapter, the full design of the two applications has

been specified.

This specification is required for Chapter 4, as it describes how the design was

implemented. This section describes the specifics involved in translating the design into working

compression and decompression applications, and outlines the major pitfalls encountered en route'

The implemented applications are then used to appty the suite of experiments, a series of

test case animated Sequences, in Chapter 5. The Sequences are described in detail' along with

simple pictures of the source animation, and include statistics as to their complexity'

Results from these experiments are presented and analyzed in Chapter 6. The specifics are

described of how experiments were conducted and comparative resurts were conected. Results

from experiments are compared against several comparable existing systems'

From the results in Chapter 6, conclusions are offered in Chapter 7. Foliowing these

inferences, a series of recommendations and suggestions towards how this work might be

expanded in the future are given'
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A variety of different techniques and technologies were employed in the development of

the concepts utitized in this thesis. This chapter describes the necessary background to facilitate

the ideas presented in this thesis.

2.t Three Dimensional Rendering

Animated sequences of real world objects are often constructed for demonstration

purposes or product visualization. In order to model these objects effectively, likenesses of them

are constructed using computer-based tools, in which the objects are reconstructed in artificial

three-space, using building blocks known as primitives' These primitives are geometric

constructs, usually consisting of triangles, but can also include geometric solids, and parametric

surfaces. These scene descriptions are resolution independent, since the scene graph locates

objects in a virtual world rather than describing the interactivity or values of individual screen

pixels. The description contents are also generally view independent as well for this salne reason'

In order to render the objects in the scene, a virtual camera is placed in the scene along

with light sources, and a resultant frame is constructed using rendering techniques such as

raytracing or radiosity. wbite these techniques can produce photorealistic output (outputted

image quality indistinguishable from that produced through photography)' they require a great

deal of time to be computed, and are not practical for use as real time rendering techniques'

Raytracing finds individual colour intensities for each screen pixel and thus, while producing more

accurate output, raytracing is very computationally expensive. Radiosity calculates view
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Fig.2.I A classic raytracing example - a reflective
sphere floating over an checkered plane.

independent lighting of the objects in the scene that, while extremely effective at modeling the

interaction of indirect lighting with surfaces, is even more computationally expensive than

raytracing. Many of the current techniques that produce the most convincingly realistic images

consist of hybridized models combining aspects of both raytracing and radiosity.

2.L.1 Raytracing

The primary concept of raytracing is attempting to model the delivery of light rays to the

camera (or virtual eye) by projecting rays from the eye and determining how these rays interface

with objects in the scene. This is accomplished by tracing rays from the eye point such that each

ray passes through a point on the view plane corresponding to a pixel in the final rendered frame.

These vectors are then tracked to determine which is the fust object they penetrate. The color of

the corresponding point in the view plane is then determined by the color of üght reflected off the

object at the point of intersection.
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To determine the light color at the intersection point in raytracing, one first finds the

interaction of the object itself with various surrounding light sources, often through the Phong

lighting model [FDFH87, p. 778]. If a ray cast between the point of intersection and the light

source penetrates another object, then the original intersection point is said to be in shadow. If

not, depending on the reflectivity of the object, reflection rays are spawned and cast out along the

reflection vector created between the surface normal vector, and the camera vector. If the object

is semi-transparent, the line-of-sight vector is refracted through the object and a new secondary

ray is spawned as well. Both of these new rays are then recursed to some set limit upon which

they terminate. If the originally intersected object was neither highly reflective nor refractive, then

the point in question will take on the color of its source object at that iocation.

Due to the recursive nature of the raytracing algorithrn, raytracing is generally an

extremely slow operation. A great deal of literature has been dedicated to optimizing and

speeding up the raytracing process, however because of the exponential nature of raytracing, this

has yet to be achieved on anything less than massive multiprocessing systems using special case

scenes lwhitgz, p. 10]. Since raytracing is such a slow operation, rendering is described as offline

rendering, as for animated scenes groups of frames are queued together and rendered to some

storage device in batches. These scenes cannot be viewed interactively and thus all frames must

be fully rendered before the scene can be displayed.

2.1.2 Phong Lighting Model

In order to calculate the light intensities for vertices in a variety of rendering systems

including but not limited to raytracing, the Phong lighting model is often employed. Phong's

Iighting model determines the üght intensity on objects due to direct lighting. This lighting model,
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(2.1)

where 1¿ is the intensity of the light at the given wavelength I at some point on an object, 1,¿ is the

ambient light at wavelength À, and k" is the ambient-reflection coeffrcient of the object. The

ambient portion of the equation attempts to provide a simplified model for indirect light transport

between objects in a scene. The diffuse portion of the equation attempts to model basic

reflectivity between objects in the scene. The O¿t value is the diffi:se color of the object being

illuminated , fon is the attenuation rate, I,,o1is the diffr.rse light intensity at the given frequency for

light number m,k¿ is the diffuse-reflection coeffrcient of the object's material, ff is the normal

vector to the point, arrd l is the üght vector to the current light source, rn.

The specular portion of the equation provides a higtrly simplified model for determining

the specular highlights (bright reflective higtfights that appear on very shiny or polished surfaces)

of an object. The k, value is the specular-reflection coefficient of the material, O,t is the specular

color of the object being illuminated, 4 i, the light vector reflected at the point for thehghtm,

7 is the vector between the point and the camera location and, n is the material's specular-

reflection exponent.

2.L.3 Radiositv

Radiosity is a radically different approach in that it is based around the energy absorbing

properties of various materials. In radiosity, objects are divided into rectangular patches over

which light has a uniform intensity [CoV/a93]. Unlike raytracing in which only light sources emit

light, in radiosity, all patches are considered light emitting. The radiosity of any patch is equal to
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the sum of the emitted energy and reflected energy for that patch, where the reflected energy is

the product of a reflection coefficient for the object's material and the energy incident on that

specific patch from all other patches.

Radiosity tends to produce extremely realistic output, images that can often be mistaken

for photographs of the scenes that have been modeled. Yet for its superior image quality,

radiosity has a computational complexity a magnitude higher than raytracing. While radiosity is

even less practical than raytracing for direct real time anirnation, it can be used to improve the

appearance of real time 3D animation engines by precalculating the radiosity of static elements of

the scene. This technique is currently employed quite frequently in video games and architectural

walk-throushs.

2.L.4 Real Time Rendering

Instead of relying on raytracing or radiosity, which are very realistic, yet expensive

techniques, most current real time rendering engines make use of Gouraud shading [HillgO] in

combination with some lighting model. Gouraud shading makes use of the light intensities of

polygon vertices to shade entire faces. Finding the illumination for every pixel of every primitive

might be ideal but it is still too expensive, so instead the illumination values for each of the

primitives' vertices are found. Light intensities of the primitives' internal points are then linearly

interpolated. While this operates quite effectively for small polygon, Iarge polygons shaded using

Gouraud shading often exhibit inaccurate shading, as specular highlights will be lost on these

larger surfaces, and the linear shading will not always reproduce non-linear effects (such as

attenuation) that should be present.

Light intensities are generally determined using the Phong lighting model previously



Chapter II: Background

described, or are precalculated using offIine techniques such as per-polygon radiosity. While

Phong lighting is often used because it allows for dynamic lighting of scenes, it does not account

for light sources being obstructed. This can often result in visual errors such as objects that

should be in shadow instead of appearing fully lit.

Unlike raytracing which operates by traversing scan line by scan line, pixet by pixel,

through the entire frame to determine the entire image, real time rendering operates by rasterizing

each primitive into the frame buffer in the order in which it is presented. This often requires that

poþgons be sorted based on distance from the viewpoint as otherwise, closer objects would end

up obscured by those which should appear further away. This technique of first sorting polygons

based on view depth is commonly called the Painter's Algorithm [HillgO] as it mimics how one oil

painting on canvas obscures previous coats of paint when one applies a new color overtop.

Another method to determine polygon visibility is to track the screen depth of rendered

polygons using a Z-buffer. When beginning a scene, the Z-buffer (a depth buffer with one entry

for every screen pixel) is initialized to the furthest possible distance from the viewing plane.

'Whenever a new polygon is presented, each pixel of the potygon in question is tested against the

Z-bl;ffer. If the new pixel's depth value is closer to the eye point than the previous Z-buffer entry,

the new pixel overwrites the existing one in the color buffer and the previous Z-buffer value is

overwritten with the new one.

Though the appearance of lighting through Gouraud shading provides a reasonable

simplification of raytracing, it should be noted that it is not nearly as accurate. Raytracing

attempts to trace rays projecting from the eye into object space and by doing so naturally takes

into account shadows, multipie levels of reflection, and refraction through surfaces. Real time

techniques do not naturally take any of these three factors into account. Shadows, reflections,

and refraction, to be accurately recreated generally require either preprocessing of scene data, or
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special case techniques (for example, limiting shadows to being projected onto floors, or special

case modeling information to be used in generation of silhouette boundaries. Special effects

required to produce these missing features can greatly slow down real time rendering and are

extremely limited in their ability to accurately recreate the raytraced images they attempt to

replace.

One final factor important to consider is that frame rates, or the frequency at which frames

are constructed and then rasterized, arc generally not static in real time rendering systems. The

time required to draw an individual frame is determined by two primary factors: the time to

update and evaluate the geometry database and the time for all geometry to be processed through

the rendering pipeline. Fluctuations in the time required by both of these processes must be taken

into consideration.

Whereas in offline rendering systems, such as raytracing and radiosity, where rendering

time has no direct effect on the rate at which frames are displayed to a viewer, rendering time

directly determines the rate at which frames will be rendered in real time systems. Thus, scene

complexity, scene overdraw, and geometry database processing must be kept to a reasonable level

to allow the high frame rates preferred by the human visual system. Various studies have shown

[Glas95, p. 18] that the critical flicker frequency (CFF) for most humans under ideal conditions is

around 6O H:z. It should be noted that most cofiìmon video formats run considerably under this

critical threshold, with MPEG1 video running at 30 Hz when using NTSC source material, and 25

Hz when using PAL source material. For synthesized sources, frame rates typically range from 6

Hz targeted for low bandwidth Internet channels to the 30 Hz of NTSC video (NTSC video runs

at 60 fields per second, where each frame requires 2 fields interlaced together, for a total of 30

frames per second). It should be noted that frame rates can be allowed to deviate from the CFF

to some degree if they are not interactive. The greater the required user response time, the more

10
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noticeable deviation from the CFF wiÌl become, and in some cases, such as military flight

simulators, an even higher CFF may be required by some users.

2.1.5 The 3D Rendering PipelÍne

While at first glance rendering a single triangle from 3D space into the 2D-screen space

might appear to be a relatively trivial task it is actualiy quite involved. Before a primitive can be

rendered, it must first travel through the 3D pipetine.

The primitive is first transformed from its local coordinate system into world coordinates

by transiating it by its world position, and rotating it to its world orientation. Once the primitive's

new location has been determined, one checks whether or not it is inside the view volume. The

view volume (also called the view frustum) is an imaginary flat pyramid defined in space by the

camera position, the front and back clipping planes, and the field of view. If an object is entirely

outside the view volume, it is trivially rejected from the pipeline.

If a primitive has not been rejected at this point, it is checked to confirm that its normal

vector is not pointing away from the camera. If it is, then the primitive cannot be seen, and is

rejected from the pipeline. This is referred to as back face culling of the primitives. If the

primitive has not been rejected, it is then lit and rasterized.

The pipeline can be further optimized by trivialiy rejecting all primitives belonging to

objects that are outside the view frustum. This is performed by calculating a bounding volume for

the object and checking if the bounding volume intersects the view volume. The 3D rendering

pipeline order is not strict, and can be modified depending on the optimizations chosen and

advanced knowledge of the scene contents.

1i
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2.1.6 Representation of 3D Objects

A great deal of work has been performed over the lifetime of graphical research into

determining optimal ways of describing artificial objects in artificial rhree-space. The oldest and

most straight forward method is the description of 3D objects using mathematical formulas such

as quadrics [FDFH87, p. aß]. This technique has long been used due to its utility in mathematics

and compactness of the expressions. For example, to define a sphere, all that is required is the

sphere's position and its radius. The combination of quadrics with other basic geometrical

constructs such as pyramids and cubes led to the technique of constructive solid geomerry (CSG).

Constructive solid geometry takes combinations of these simple geometric solids, usually referred

to as primitives, since they are the most basic building blocks of such systems, and combines them

using set operations, as illustrate d n Fig. 2.2.

In recent years CSG has fallen out of vogue and instead has been superseded by modeling

surfaces with various types of parametric curves, including Bézier curves, B-splines, and. non-

uniform rational B-splines (NIIRBS). These curves have proven to be extremely powerful and

easy to use in the modeling of curved objects. They also prove more generic than quadrics, as

Fig.2.2 An example of CSG-a sphere that has
had six smaller spheres subtracted
from it.

T2
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basic quadrics can be constructed as special cases of more general rational curves such as

NURBS. In addition artists generally find them quite powerful, allowing them to model extremely

complex objects more easily.

Though general modeling through quadrics is not as common anymore, one newer

technique has proven very effective in modeling through the use of formulaic descriptions of

objects. Implicit surface modeling, also commonly referred to as metaball modeüng (see Fig.2.3),

allows the construction of complex surfaces through the placement of point energy sources with

exponential decays. Several sources combined together form an energy field, and the surface

described by this field is plotted at points along the field where the energy level crosses below

some given threshold. Metaballs have proven quite useful in the modeling of organics as well as

the modeling of flowing and pooling behaviour of liquids and other systems that can be

approximated by field effects.

However, while all of these techniques allow for various advantages when modeling

various objects and surfaces, the most universal and widely supported geometric primitive is the

triangle. As the simplest possible three dimensional surface element, triangles require only three

vertices to be defined in space. Being the simplest element, all the previously described

An example of Metaball modeling-an
alien hand constructed from 23

metaballs.

Fig.2.3

13
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description techniques can be tessellated into meshes of triangles. This is especially important as

evaluating the other more complex descriptions can be computationally expensive, often making

them impractical for interactive rendering speeds. Thus, while tessellation of more complex

surfaces may reduce rendering time, it does generally increase the required storage space for the

descriptions of these surface types.

2.1.7 Texture Mapping

As geometrical objects become more and more complex, filling in detail explicitly using

polygons can often be wasteful. The chief alternative approach to adding great detail while not

increasing the complexity of a mesh is by painting detail over top of the geometry, a technique

called texture mapping [FDFH87, p. 7al. While there is a variety of complex techniques

possible, the most fundamental concept of texture mapping involves taking a bitmap and painting

this bitmap directly onto the triangular mesh, greatly reducing the number of polygons required to

define complex objects. The image painted onto the geometry is referred to as a texture map, and

can vary in resolution. Vertices in a mesh are attributed coordinates in a U-V space, which define

points mapped into the texture map. These coordinates are called texture coordinates, and by

convention, the boundaries of a texture map are generally mapped between (0,0) for the lower left

corner and (1,1) for the upper right corner.

As textures are being rendered onto 3D geometry, the original images end up appearing as

skewed versions of the originals. These skewing operations, when combined with perspective

correction can often produce distortions across the rendered texture due to linear interpolation.

This distortion is generally more noticeable than other operations combining linear interpolation

with perspective correction such as polygon shading. There are many of approaches that have

I4
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Fig. 2.4 Bitmaps are texture mapped onto the faces of a

cube.

been taken to removing the distortion, but the most common approach, and the primary one

supported by current real time 3D rendering engines is to use INIIP (multum ín parvo - Ítany

things in a small space) mapping. Instead of simply rendering the original texture map, the texture

map is used to construct a series of MIP rnaps, lower resolution versions of the original texture,

constructed by filtering the original image. By convention, these lower resolution maps usually

have dimensions corresponding to half the previous map constructed, with the first map having a

resolution equal to the original source texture. Thus, an original texture of 256 x 256 is reduced

to the series of 128 x 128, 64 x 64, ... ,2 x2, I x 1 images where each reduced image is a filtered

version of the previous image.

'When rendering, selection algorithms are applied on a per-pixel basis to determine which

MIP map should be used. Selection algorithms are not described here, as they are generally

abstracted from the user of a rendering engine. Once selected, the MIP map is then used for

rendering the texture. Yet, this can still produce some visual anomalies due to regions where the

selection algorithms break down and fail to select the ideal candidate MIP map. To produce

15
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better results, a technique known as trilinear filtering can be used. Trilinear filtering attempts

correct for these problems by allowing the selection algorithm to return an inexact solution as to

which MIP map corresponds to the given pixel. This solution, which lies between two known

MIP map levels, is used to interpolate between these two maps. The MIP maps are then also each

bilinearly ñltered, as the U-V lookup corresponding to the pixel often does not relate to an exact

texel in the MIP maps, and these MIP maps are also of different resolutions.

tt Progressive Transmission

The concept of progressive transmission is a straightforward one. Rather than waiting for

an entire message to be received in its entirety before its contents are evaluated, progressive

transmission demands that the message be evaluated in pieces as it is being received over a

channel. The use of progressive transmission has several natural advantages over the simpler

technique of simply waiting till a message is received in full. Whereas the simpler method requires

one to wait until a message has fully arrived before it can be processed, progressive transmission

allows for better resource management on the client side by allowing processing to be multiplexed

with data retrieval. This assumption is generally quite plausible as in general the time required for

transmission of data is considerably greater than the time required to evaluate it.

Progressive transmission techniques also allow for client side control over the channel

through the ability to stop the transmission once enough data has arrived. Further optimizations

are possible, such as shaping the transmitted content to match dynamic channel characteristics, or

progressive detail refinement [DaKi99].

Nonetheless, while progressive transmission of a data source offers several immediate

benefits, taking full advantage of them often introduces some degree of additional overhead, as
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new portions of data sent to a client must be marked based on their temporal and/or spatial

importance to the client. This naturally ieads us to a discussion of wavelets, prime candidates for

progressive transmission techniques due to their locality in space and time.

2.3 Wavelet Transforms

Since the introduction of the concepts of using cosine and sine waves to construct more

complicated waveforms was introduced by Joseph Fourier [OpWY83, ch. 4], the use of

superposition of simple waveforms to approximate more complex ones has been a mainstay of

signal processing. Wavelet theory attempts to replace more traditional Fourier analysis by using

simple aperiodic signals as the basis functions rather than the more traditional periodic sine wave.

The aperiodicity of the wavelet basis makes it a more practical construction tool for use with real

world signals which tend also to be aperiodic. On the other hand, a sine wave basis has long

proven impractical in describing rapid discontinuities, a factor easily demonstrated by the

appearance of Gibbs phenomena in square wave signals [OpWY83, p 186]. As an individual

component in the frequency domain will produce an infinite signal in the time domain, Inany

frequency components are required to reconstruct local discontinuities.

'Wavelets are localized in both time and frequency, and thus are said to be compactly

supported [Glas95, 244]. By scaling and stretching the wavelet function, time domain signals can

be reconstructed. The compactness of the wavelet basis allows it to describe discontinuities in the

time domain signal using fewer coefficients than would be required by a sinusoidal basis. There is

a wide variety of wavelet bases that have been constructed to date, but for this work we limit our

study to the Haar basis.

T7



Chapter II: Background

Fig.2.5 The first six functions of the Haar wavetet. (a) Vo,o þ) Vr,o (c) Vr,r (d) Vzo (e) t4¡zt(Ð ri,tz,z

2.3.1 Haar Basis

The Haar wavelet as shown by Fig. 2.5 is defined as [Sayo96, p. 313]

,^^("):J 
1'0<"'; 

I, u'u ' 
[- 

r,i=". rJ
(2.2)

where the 'mother function'used to generate all sub-band functions for the Haar basis is given by
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where j is the level of the wavelet and fr is the location parameter. Higher values of j indicate

narrower support bases, while different values of k determine the location of this order of wavelet

in the signal. In general for all wavelets, and specifically for the Haar basis, for any given level j,
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there are 2È possible valid locations [Glas95 , p. 2631.

The Haar wavelet can also be thought of as an averaging function. Given some initial data

set with a power of 2 sze, a new set is constructed of equal length. The ìower half of the set is

replaced by the mean of each pair of the original set values, while the upper half of the set is

replaced by the differences between each pair of the original set values. As the mean lies

equidistant between both original points of a pair, all information from the original set can be

easily and quickly reconstructed. Due to its extreme simplicity, the Haar wavelet is considered

the simplest and quickest of all wavelet transforms. But its extreme simplicity makes it one of the

poorest performing wavelets in terms of compact signal description. This is due to its having zero

order matching properties, causing it only to be able to concisely match functions that are

piecewise constant. For more efficient matchings of higher order curves, more complex wavelet

bases such as the Daubechies basis must be used [Glas95, p.2]81.

'Wavelets, such as the Haar basis and especially the previously mentioned more complex

wavelets, are often used in data compression applications due to their quality of having compact

support. This factor often causes large amounts of correlation between the coefficients of the

transformed signals due to large quantities of zero values. The natural redundancy of these large

quantities of zero coeffrcients enables data compression techniques to reduce the storage

requirements for the signal.

2.4 Data Compression

Data compression allows one to reduce the transmission time as weil as the amount of

storage necessary to specify some given information, with a consequence of increasing processing

overhead. This section provides background on some of the basic concepts behind data
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compression and how they apply to this thesis work. Compression for this thesis focuses on both

the two approaches for data compression: lossless and lossy compression. Lossless compression

requires exact reconstruction of the original source signal, while lossy compression allows for

some degree of signal degradation during the compression process. Lossless compression deals

with the removal of redundant information from the signal, while lossy compression additionally

removes what is deemed unnecessarv or irrelevant.

2.4.1 Information Theorv

The idea of quantizing the amount of information a certain event represents was first

presented by Claude Shannon with the concept of self-information [Sayo96, p. 13]. Shannon

stated that given the probability P(A) of some event A taking place, it can be stated that the self

information of A is provided by

i ( A) :tor, 
*J: -ros - P ( A) (2.4)

It is interesting to note that the self information of an event corresponds to an opposite level of

probabiJity of it occurring. For example, high probability events can be seen to have low self-

information, while low probability events are deemed to contain a high degree of seH information.

This can be understood conceptually be considering how humans observe and rate the importance

of events. When rare or seldom occurring events take place, they tend to be noted. Consider the

simple example of the operation of an automobile. If one experiences a safe journey to a

destination, it is rarely considering noteworthy. If one instead experiences an accident during the
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trip, the trip is given great importance and is generally recounted to others.

Further, given a set of independent events A¡ within some channel C, where S is the sample

space from which these events are taken, then it is said that the aveÍa9e self-information of the

channel is given by

H o,n:L p 
Çq,) i(A ): -Z P (A,) log,P (,a,) (2.s)

where H*, is said to be the Shannon zero order entropy, or level of disorder of the channel. Zero

order entropy assumes independence of the various symbols in terms of position and correlation

and only focuses on symbol frequency. Higher order entropies focus on the correlation and

dependence of the various symbols on their immediate neighbors.

2,4.2 Dictionary Coding

As natural language text tends to contain a very large quantity of correiation between

various words and their component parts, the fundamental concept of dictionary coding is that of

textual substitution [Sayo96, p. 98]. 'When a data string in the stream is encountered it is

compared against a dictionary. If the string is found in the dictionary, a code representing the

string is transmitted rather than codes for the individual characters themselves. A simple example

of this concept would be replacing the four characters 'bthe' (where b is a spacing character) with

some token every time it occurs in this thesis text. By doing so, we could significantly reduce the

number of characters required to specify the entire document. In data streams that are higttly

correlated, such as plain text, textual substitution of dictionary codes generaily produces very

good results.
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Ideally, as statistics of a data stream tend to change as the stream changes, dictionaries

must be allowed to adapt to local statistics. Most adaptive techniques owe their roots to LZ77 , a

fundamental dictionary technique based on two separate approaches developed by Jacob Ziv and

Abraham Limpel n 1971 [Sayo96, p. 100]. To encode an incoming stream of data, a sliding

dictionary window is employed. The sliding dictionary is of a fxed size and contains characters

that have previously passed through the encoder, in the order they appeared. The portion of

string that has yet to be encoded is placed in a look-ahead buffer [KinsOO, ch. 16].

When data is encountered in the look-ahead buffer, a search is performed into the

dictionary to determine if a portion of the string formed by the look-ahead buffer already appears

in the dictionary. Should the string begin at the tail of the dictionary, the string is allowed to

overrun into the look-ahead buffer. If the search string is found, an offset into the dictionary

where the portion of the string was found as well as the portion's length are computed. These

two values are combined with the character following the string portion in the look-ahead buffer

to form a code triple. This third element is transmitted to account for the degenerate case in

which the fust character in the look-ahead buffer (and thus the first character in the search string)

cannot be found in the dictionary. Once the triple has been transmitted, the dictionary window

slides to cover the information the triple contained, and the process is repeated.

LZ77 has many natural advantages that make it an excellent candidate technique. Though

encoding of the stream is highly dependent on the efficiency of the dictionary search, decoding a

stream is extremely fast as it merely consists of a long series of table lookups. As well it requires

a minimal amount of memory to operate, as the decoder merely requires enough memory to store

the dictionary and look-ahead buffers in order to operate. Due to its many advantages,WlT has

spawned alarge number of variations including, but not limited toPI(Zip, LHarc, and Arj.

2.4.3 LZSS Compression
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J. A. Storer and T. G. Szymanski imroduced a variation on LZJT , often referred to as

either LZSS or the Storer technique. The primary improvement introduced by Storer and

Szymanski is the use of a cyclic dictionary window rather than merely sliding it over the data

stream [Stor88, p. 64]. Additionally, the triple associated withLZTT is no longer required due to

the introduction of a header bit.

The encoder for LZSS works as follows: The dictionarv is initialized to a set of zeros.

The stream is loaded into the look-ahead buffer. A search is performed into the dictionary buffer

to find the longest possible match string to the string formed by the look-ahead buffer. Unlike

LZll, where the search can extend into the look-ahead buffer itself, in LZSS if it is required to

search past the end of the dictionary, the search wraps back to the dictionary's beginning.

If a string is found, we compute its offset and length. These two values are transmitted

with a 1-bit header of value 0. Should it not be possible to find the string in the dictionary, the

string is set equal to the first character in the look-ahead buffer. This character is transmitted

using a l-bit header of value 1. In either case, the string is removed from the look-ahead buffer

and added to the dictionary, wrapping back to the beginning of the dictionary should its end be

reached.

This technique has several immediate advantages over L277. The first and most obvious

is that rather than wasting at least a single character for each of the offset and length portions of a

triple in the degenerate case, LZSS merely wastes a single bit. Another advantage is that there is

a smaller memory footprint required by the decoder as only the memory for the dictionary is

necessary.

There are two methods proposed by Storer and Szymanski to improve the performance of

this technique. It should be noted that normally length values for a offsetllength pair would range
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between 0 and ZL-I,where Z is the number of bits used to encode the length. The upper bound of

length vaiues that can be encoded using L bits can be improved by considering that certain length

values would never be used by the encoder. For example, trivially, length values of both 0 and I

can be eliminated by noting that a length of zero is meaningless, and a length of I translates into

the non-pairing degenerate case for which length is always implied to be equal to 1. Thus the

length value range can be shifted to fall between 2 and 2L+1, alfowing for improved performance

of the compressor.

The second improvement attempts to improve the encoder's search performance by

imposing a deletion heuristic on the dictionary. Should a search return a successful result, ,S, of

length greater than 1, the deletion heuristic searches the dictionary for the shortest possible

occurrence of a substring of ,S, R. Should R be found at a location other than ,S, it is deleted from

the dictionary, as the string S is already in the dictionary making R redundant (relative to ^S). This

allows the dictionary to contain a larger variety of candidate strings, potentially allowing for

greater performance through matching a larger number of dictionary strings.

2.4.4 Image Compression

While LZ17 and LZSS are general purpose lossless compression algorithms, the more one

knows about a given information source, the greater the number of specific optimizations that can

be applied. Two dimensional images have long been a major focus of data compression, due to

the large amount of data the otherwise uncompressed images require. Images are typically stored

as two-dimensional arrays referred to as bitmaps, where each location in this array - sometimes

referred to as a pixel - requires a static number of bits to describe its color or shading information.

The general case colored bitmap requires 8 bits per color component, where the color
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components are red, green and blue.

As images designed for human viewing generally contain large amounts of correlation and

redundancy, a wide variety of techniques have been employed in the past to reduce image storage

requirements. Though currently in use techniques are too numerous to list here, several proven

techniques include GIF, JPEG, and Portable Network Graphics (PNG, designed to replace GF)'

Image coding techniques, like all other compression techniques, fall under the two categories of

lossy techniques - which tend to attempt to remove data otherwise ignored by the human visual

systern, and lossless techniques which retain all original image information.

Lossy image compression techniques often fall under the category of transform coders,

which attempt to transform the original image from image space into some form of transform

space, first possibly having gone through some form of color space conversion. Once the image

has been transformed into some other space, low frequency coeffrcients are often truncated, and

the remaining high frequency coefficients are retained. These coefficients are then compressed

using some lossless technique, and are stored awaiting the application of an inverse process to

restore an image visually incomparable to the original. For example, MPEG encoders attempt to

compress keyframes (which are treated as images) by dividing the image into a series of 8x8 pixel

blocks on which it then performs a discrete cosine transform. For more general case image

compression, one might choose instead to use fast Fourier transforms, or one of the various

wavelet bases.

Image compression remains an active area of research in which there is ongoing work

investigating every aspect of the compression pipeline, from color spaces and transformation

techniques to frequency selection and coding schemes. One of the techniques currently in vogue

is using wavelets as the transformation technique, as wavelets divide the image into different sub-

bands which can then be encoded separately.
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2.4.5 Video Compression

Where image compression focuses on the correlation between neighbouring regions within

an image, video compression attempts to focus on correlations between successive images.

Though video compression will be only lightly touched on, several primary points should be

made. As hinted above, video compressors operate by dividing a scene into two parts - keyframes

and rweening @ corruption of the word inbetween) frames. Keyframes, as discussed later, are

reference frames. In the case of video compression, these keyframes are used as references points

while the tweening frames describe information about changes that take place between successive

ke¡'frames. Thus, an original video sequence running at 30 frames per second might be divided

such that there is a reference keyframe every 5 true frames, and tweening frames are used to

reconstruct the frames that would lie between these keyframes.

In general, video codecs attempt to reduce the number of required keyframes and improve

the effrciency of the tweening. The most comrnon method of doing this is to divide the keyframes

into blocks of some set resolution, as described earlier. Tweening information is then used to

describe the transformation of these blocks required to reconstruct the equivalent true frames such

that the original is indistinguishable from the synthesized image. In general as time progresses and

more of these delta frames are applied, error in the reconstructed frames accumulates. Thus

keyframes are required periodically to reset the sequence and prevent further elror.

It can be seen that, in general, tweening frames would require very little storage as

compared to the keyframes which require the specification of an entire image. The size of a

compressed video file grows linearly with the number and resolution of these keyframes.

Therefore, much effort has been made in video compression research to reduce the storage
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requfued for keyframes (generally by falling back on image compression techniques), as well as to

reduce the errors that would be introduced by these delta frames.

2.4.6 Geometry Compression

Whereas video and image compression are often used to reduce the storage and

bandwidth requirements for photographed sequences, geometry compression revolves around the

reduction of storage space for models to be used in synthesizing images. A number of techniques

have been developed for compressing three dimensional geometry. The majority of these are

based around several basic methodologies. Currently in vogue are derivatives based upon the

progressive mesh work of Hugues Hoppes [Hopp96]. Progressive meshes take some original

mesh f1 and reduce it to some low detail mesh M0 where n progressive levels can then be

applied successively to M0, producing Mr'M'' ...,M ", such that after then n levels fu :M" .

I Edge Collapse

\:

Vertex Split \

Fig.2.6 The vertex split and edge collapse mesh operations.
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This progressive refinement on the original is performed by constructing a hierarchy of edge

collapsing operations which take two existing vertices connected by an edge and replace them by

a single new vertex equidistant from the two original points. The edge collapse has a

corresponding inverse operation, the venex split (see Fig. 2.6). The vertex split takes an existing

vertex and converts it into an edge, reconnecting the original polygons, and generating new

triangles along marked previously existing edges.

Though progressive meshes have proven quite powerful, there is another more

fundamental method of compressing geometry. Groups of triangles are packaged together in

triangle strips or triangle fans. Triangle strips are structured such that each new triangle consists

of the newest vertex speciñed plus the previous two. Triangle fans are structured such that each

new triangle consists of the newest vertex specified plus the previous one and the original vertex

in the fan. Thus n vertices define n-2 triangles in both cases. Both of these structures share the

feature of each successive triangle sharing vertices with the previous one. By sharing vertices,

one reduces the number of specific indices required to be specified for a given number of

triangles. However, these structures have one basic limitation - the number of triangles that can

be contained in a single strip or fan is generally quite small. As well, determining an ideal set of

triangle strips or fans to construct from a triangle mesh can be an extremely time consuming

process, as one is trying to find a successive series of longest paths across an object that together

make most effrcient use of its topology'

Yet, where speed of determining these structures is not of great concern, they have proven

extremely useful, and some recent technologies have even attempted to exploit properties of both

triangle strips and progressive meshes [Ross99]. Triangle strips and triangle fans remain one of

the main techniques of performing sìmpte lossless compression on groups of triangles. Because of

their simplicity of use, they've remained a fundamental of the real time rendering community since
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its inception. They also make extremely efficient use of memory and enable simple local register

based caching of vertex data on a 3D accelerator. This has made them one of the preferred

techniques for speeding up hardware rendering, as less bandwidth is required to transmit strips

and fans, they require little effort to decode, and don't cause any misses in the graphics hardware's

vertex cache.

2.5 The Hilbert Space F'illing Curve

The Hilbert curve, first proposed by David Hilbert in 1890 [PeJS92, p' 96] and which is a

subset of the more general Peano curves, defines a one dimensional curve that passes through

every point in a two dimensional space. Each time the resolution of the space to be filled is

zoomed in on by a factor of 2, the curve is iterated. The original space the curve f,lled is

subdivided into four new quadrants. 'When iterated, each linear portion of the previous curve is

replaced by an entire Hilbert curve. Thus, four original vertices used to construct the curve are

replaced by 16 vertices, and then 64 vertices, and so on, ad infinitum. As the number of iterations

grow, the curve begins to fill the given space entirely, and yet it should be noted the curve is both

open, and never crosses itself [Kins99].

This self-simüarity defines the Hilbert curve as a fractal, and interestingly, the Hilbert

curve was the very first illustrated example of a fractal. This self similarity and winding behaviour

that the curve takes on in a given space provides it with some useful properties. For exampie, the

Hilbert curve has been demonstrated to be effective for color dithering techniques as it provides a

straight forward distribution of points while not producing unwanted connective artifacts

[P9JS92]. It has aiso been demonstrated that the Hilbert curve exhibits extremely powerful

clustering behaviour tMJFS99l. This clustering behaviour can be used in image compression to
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Fig.2.7 Three iterations of the Hilbert curve

further reduce entropy by clustering together pixels with a higher degree of correlation than other

linear mappings (such as a more straightforward linear traversal) demonstrate.

2.6 Quaternions

Quaternions were invented by Sir William Hamilton in 1843 as an alternate form of

expressing complex numbers [V/aWa92]. Rather than describing complex numbers using two

components, one real and the other imaginary, Hamilton conceived of a system wherein imaginary

numbers consist of a real scalar component and a three component imaginary vector,

q:( s,u):s I v ril v, j +v rk (2.6)

where s is the scalar part of the quaternion q, and v is a three-space vector, with v,, vr, and v. as its

respective components. This allowed him to construct complex volumes to further extend

concepts beyond the limitations of a single complex plane.

Quaternions can be used to represent Euler angles, and unlike Euler angles, quaternions
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do not suffer from the problem of gimbal lock. Quaternions also allow for the easy

implementation of interpolation between object orientations. Quaternion space defines a

hypersphere, and thus to interpolate between two quaternions, one finds the shortest arc between

two points on the surface of the hypersphere. This process is called spherical interpolation or

slerping [WaIVa92].

To demonstrate the necessity for quaternions, it can be shown that more than three

degrees of freedom are required if one wishes to avoid the problem of gimbal lock [Heck97,

p. 151. Common techniques of doing this include specifying an entire nine value 3x3 matrix, 16

value 4x4 matrix, or using two three-space vectors, but the minimal representation is to use only

four degrees of freedom. Quaternions only require four values to be specified and thus provide an

accurate and yet concise representation oforientation values.

2.7 3D Animation

There are two primary techniques used to animate 3D models in time: motion attributes

and keyframes. For the motion attribute technique, during each timestep, objects get assigned a

translation, rotation or scale factor. These attributes are either constants. or based on some set

formula and allow for very simple animations. 'While most motion attribute systems are fairly

simplistic, motion attributes can be used in the creation of procedural animation systems.

Procedural animation, while very powerful, is often rather complicated to both implement and

use, and thus is currently not very commonly utilized.

Keyframing, on the other hand, is a very common methodology that owes its origins to

hand-drawn cel animation techniques developed by Walt Disney studios [WaWa92, p.3a5]. In

traditional keyframing, only certain 'key' frames, frames containing characteristic positions of the
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models, are actually drawn by the core animation staff. The frames in between these keyframes

are then hand-rendered by interpolating between the keyframes. This process is often referred to

as inbetweening or tweening.

In 3D animation, the process is similar. Most commercial animation packages make use of

individual frames in the same method as traditional cel animation. Thus, specific frames are used

as keyframes, where object characteristics are specified, and the characteristics of the models are

interpolated for the remaining frames.

Choosing the best method of interpolating the inbetweened frames is by no means trivial.

Linear interpolation, while perhaps the easiest technique to implement, often proves inappropriate.

Linear interpolation can often lead to very inappropriate motion, since although it does guarantee

continuous motion, it does not guarantee continuous derivatives. This can cause very abrupt

changes in motion. For example, an attempted interpolation of projectile motion with very few

keyframes would contain visual errors as the projectile passed the peak of the arc.

Instead, it is recommended that spline interpolation be used in the place of linear

interpolation for most cases. Spline interpolation using parametric curves produces naturally

curved paths, which usually allow for a more realistic reconstruction of motion. Motion

describing splines also require fewer keyframes than a series of linearly interpolated keyframes to

define rather complicated motion.

2.8 Parametric Curves

In general, parametric representations of curves and surfaces are more useful than implicit

forms. Where a parametric curve is defined as its parameter ø is swept from 0 to 1, implicit curve

definitions of similar curves require the possible solving of nonlinear equations. Traversing an
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implicit curve to determine its shape is not straightforward; solving for a specific variable can

produce multipie roots or points without any roots. In general multivalued implicit functions

cannot be used to trace out their curves or surfaces.

Furthermore, parametric curve forms allow the natural progression through the curve

structure - a parametric definition of a circle allows the construction of the circle by traversing its

circumference in one direction. This facilitates the approximation of the parametric curve using

Iine segments, and parametric surfaces using polygons. By varying the rate at which the

parametric curve is sampled one can construct approximations of different resolutions.

Lastly, parametric definitions of curves allow for a large number of powerfr.rl variations

useful in computer graphics. Only the two specifically used in this thesis are presented below, but

a wide variety of curve and surface definitions are used consistently in computer graphics to

define surface structures and motion paths.

2.8.1 Bézier Curves

One of the more dominant parametric curve representations is the Bézier curve, named

after its originator. A set of control points Po'Pt' "' ' Pn define aBé,2íer curve Q@) of degree

iz such that [V/aV/a9Z, p.731;

Qfu):ï, p,n ,,,(u)
i=0

where

B ,,, (u):" ç ,ut (7 - u)(" -i I

is a Bernstein polynomial , und " Ç i, u binomial coefficient

(2.7)
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It should be noted that in computer graphics, B,ézier curves used tend to be of degree n=3 . The

four Bernstein polynomial basis functions for a third degree Bézier curve are:

,z n!
L,:-'i!(n-i)!

B o,r:(l - u)3

B rr:3u(I-u)t

B zs:3u'(1- u)

Bt.r: 
"

degree n are given by [WaWa9Z, p.751:

do(0\
T:"(P'- Po) and

do (r)
T:n(P. P'-)

or for our cubic we have

Q'(o):3(pr- po)

Q'0):3(pt- pr)

Substituting Eqn. 2.11 andEqn. 2.18 into Eqn. 2.14 provides:

efu):(I- 3u2+ 2u3) po+fu-2u'+ ut) p0, +(3uz -2u3) pr+(ut - u,) pr, (2.1g)

which is only in terms of a curve's endpoints and their derivatives.
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(2.e)

(2.10)

(2.11)

(2.12)

(2.r3)

(2.rs)

(2.16)

(2.11)

(2.18)

Thus the full representation of aBézier curve of the third degree (or Bézier cubic) is given by

Q fu): p o(r - u)3 +3 ptu(t- u)2+3 pzuz (r- u) + prus (2.r4)

Sometimes it is preferable to specify Bézier curves using only two endpoints, as interior points are

unavailable. Without proof it is stated that the derivatives at the endpoints of a Bézier curve of
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2.8.2 TCB Curves

Local tension, continuity and bias (TCB) curves were first introduced in order to give a

high degree of control over keyframe based animation using only a few very simple parameters.

First presented by D. Kochanek and R. Bartels [WaWa92, p. 355], this variation on the simple

Hermite form uses these three new parameters to calculate the tangent vectors between two

endpoints of a curve - or rather, between the positions or orientations at two specific keyframes.

TCB splines attempt to control the curve shape through understandable parameters rather than

simply mathematically abstract numbers. This has made them desirable for artists attempting to

construct kelûamed animation sequences without large amounts of confusing mathematics. All

three parameters, range between 0 and 1. Tension controls how sharply the curve bends,

continuity controls the rate of change in curve speed and direction, and bias controls the direction

of the curve as it passes through the given keyframe.

Given the current keyframe in a sequence k,,the incoming tangent for the keyframe is

given by

rs,:ry(P,-P,-,)+ ry(P, *,- P,)

and the outgoing tangent is given by

,o,:ry ( P,- P, -,) +ry(P,*, - P,)

(2.20)

(2.2r)

where / is the tension tern¡ c is the continuity term, b is the bias tern¡ and P, is the position in

3D space of the fr, -th kelûame. These values can be calculated for any pair of keyframes, since

to determine a value between keyframes k, and k,*r, we need the position at the keyframe fr,
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as the start point for the Hermite forrr¡ the position at the keyframe k¡*r âS the end point, the

outgoing tangent for the fr, keSrframe TD,, and the incoming tangent for the Æ,*, keyframe

ZS,*, . These values are plugged into the basic Hermite equation to extract position or

orientation information for a given set of keyframes.

In order to adjust the speed at which the curves are interpolated to allow for nonuniform

spacing of keyframes, an easing parameter is introduced to adjust the keytiming. The easing

parameter of some local segment i of a curve with a global parameter U is given by:

U-t,
t¡+t-t¡

The parametric continuity of the curve at U: t, tnphes that the value of dQl dU

curve value) is the same regardless from which side the position P, is approached.

AS

(2.22)

(Q being the

This is shown

do, do ,

fr\,-t:fi\t,*u
When expanded using the chain rule, dQldU is given by

dQ _dQ. du : I dQ
dU du dU t,*r-t, du

where i is the segment of the curve over which U falls. Substituting Eqn.

I delu-t.:_L d91, 
__,

t,-t,_, du'-' -' t,*r- t, dut t

(2.23)

(2.24)

2.23 ntoEqn2.24:

(2.2s)

demonstrates that there is a discontinuity in the local derivatives at the key position. The

discontinuity is given by

dQlqUlt *u t,nr-t,
Mn:t, t^ Q'26)

Thus, in order to deal with non-uniform distributions of keyframes, the start and end tansents of a
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.1. . \z1t¡*1_ t¡)

;ã and

Z(t,*r- t,)

t,, "-t.

respectively. This scaling factor is often referred to as easing the curve.
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(2.21)

(2.28)

2"9 Existing Systems for the Transmission of 3D Animation

While the approach taken for the transmission of 3D animation in the thesis is a novel one,

this thesis is by no means the first attempt at the transmission of geometric content over the

Internet. Most current techniques revolve around the transmission of content that is meant to be

viewed interactively, with the viewer abie to at least be able to control a virtual camera. None of

the current 3D techniques described below appear to stream 3D content scheduled based upon

visibilitv.

2.9.1 Virtual Reality Markup Language

Virtual Reality Markup Language (VRML) was originally conceived to be to 3D graphics

what HTML is to text. VRML was meant to provide a simple description language for 3D

content that would allow users to navigate virtual worlds in a similar fashion to how users browse

the World V/ide V/eb. As VRML was somewhat ahead of its time, and the consumer hardware

required to display it was not widespread during VRML's early development, it has never really

taken offto any large extent.
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VRML consists of a straightforward textuai descrþtion of 3D scenes, inctuding triangle

based geometry, keyframed motion, and the abitity to hyperünk to other VRML files. In general

VRML assumes a user controlled dynamic camera, and allows for user navigation through VRML

scenes.

While VRML is a relatively simpte scripting language, the recently updated VRML97

(VRML 2.0), specification now allows inline Java code to be included [CaBM97]. This allows

for the possibiJity of VRML to describe some extremely complex and diverse animated behavior,

including the ability to respond to user input, collision detection and other such dynamic systems.

However, interactivity comes at a price, since the ability of users to navigate through scenes

requires that content must account for free manipulation of the virtual camera. Scenes in VRML

must take into consideration the abiìity of the viewer to walk through and view the virtual world

from any possible location or point of view.

Yet, though VRML is quite powerful in its ability to describe scenes and allow interaction

with thern, it can be observed to be highly non-optimal for use over narïow bandwidth charnels.

Though VRML files are generally compressed using GNU gzip to reduce their storage

requirements, the scene descrþtion is in raw text. Gzip is a compression technique based around

LZ77 that uses Huffinan encoding to encode the pointer-length pairs into a tree. While providing

very effrcient compression, this technique requires a great deal of overhead due to the

manipulation of the Huffrnan tree structures.

The final primary drawback of VRML is the requirement for it to be entirely specified

before it can be rendered. Objects that are described under VRML must be fully specified upon

creation, preventing the possibility of progressive transmission of these objects. For a VRML file

to be viewed by a user, it must fust be fully downloaded, then decompressed and parsed before it

can be viewed.
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2.9.2 Macromedia Ftash and Shockwave

Macromedia's Flash and Shockwave products are probably the most commercially

successful examples of vector based animation systerns. Used as multimedia presentation tools,

Flash and Shockwave support the streaming of various types of multimedia over the Internet.

Flash focuses specifically on streaming vector based animation at very low datarates, while

Shockwave has a more general purpose approach. 'While 
both applications do an excellent job of

streaming different types of 2D animation, neither focus heavily on nor optimize their

performance for 3D content and thus are generally not appropriate solutions for animating 3D

sequences.

2.9.3 Progressive Meshes

As described earlier, progressive mesh technology was first demonstrated as a technique

to transmit poþonal meshes over the Internet. As progressive meshes allow the progressive

fiJling in of detail, they provide a simple and effective technique for building up interior detail of

meshes over time. To build the mesh up progressively, each 'block' transmitted consists of an

entfue detail level. The new detail level is added to the previous data via vertex splitting and thus

the mesh progressively gets more and more detailed as time progresses and more data arrives.
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The power of the technique has been demonstrated by its wide spread adoption as a

continuous level of detail technique and its wide use as a basis others have attempted to refrne

through further research, inciuding Hoppe's own ([Guez99], [ElVa98], [Ross99] for just several

exampies). Progressive mesh support was even included in early versions of Microsoft's DirectX

3D programming software deveiopment kit.

2.9.4 Microsoft Chrome

Microsoft's Chrome product has been shelved and remains an experiment, but its original

purpose was to provide a framework to allow for easy integration of 3D content side-by-side with

commonplace 2D content on the World Wide Web. At the time it was also to be used as a basis

for a future 3D graphical user interface planned for some future version of the Windows operating

system. Whether or not Chrome eventually gets reintroduced in a future Microsoft product

remains to be seen.

2.9.5 WitdTangent's Web Driver

WildTangent's Web Driver is an interesting plugin that sits as an environment in which can

run various types of content developed using either JavaScript, Visual Basic or C++. 'Whereas the

other systems mentioned here are primarily directed to just the display of 3D content, or in some

cases, limited interaction with this content, Web Driver is powerful enough that it is focused on

running much more complex content. Most of the examples provided by WildTangent

demonstrate simple 3D games, and allow for fairly high degrees of interaction, supporting game
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controllers and dynamics engines.

'While Web Driver doesn't inherently support the progressive transmission of model data, ít

does support the progressive transmission of textures, and it allows for scenes to be built object

by object over time. For example, it is possible to create a simple game in which the control code,

artificial intelligence, and physics engines are all loaded first, followed by the models and their

textures. A game can be made initially playable to the user, and more detail can be filied in later,

making the game look more attractive once the essentials have arrived. Thus Web Driver can be

used to produce extremely advanced interactive web content, but does not feature many of the

basic progressive transmission technologies demonstrated by the other systems listed in this

section.

2.9.6 Pulse Entertainment Pulse Player

Pulse Entertainment's Pulse Player is a recent introduction in providing 3D animation over

the Internet. Once initial content has been received by the player, further information required for

the animation, such as object motion or speech can be streamed into the player as it becomes

necessary due to user selected actions. Pulse Player supports an extensive set of options,

including a scripting language JoeScript, definable behaviors, and skeletal animation. Pulse Player

does not appear to support progressive transmission of the models themselves, and instead seems

to merely support the active streaming of behavior scripts and audio.

2.9.7 MPEG-4 Version 2

Revised in December 7999, MPEG-4 version 2 includes the capabilities to stream 3D

geometry in addition to video and audio. As 3D information content is less predictable than video
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and audio content, and may requfue interactivity from the server (in the case of interactive virtuai

worlds, for example), 3D content is transmitted through a side-stream separate from the usual

audiovisual content.

Based upon existing work for VRML [MPEG4a-d], the MPEG-4 version 2 supported

scene description language allows for a wide variety of capabilities. For example, it is possible to

integrate video and audio streams into virtual worlds in the form of either video textures (for

example, a virtual television in the virtual world) or positional audio. Also included as of version

2 of MPEG-4 is the ability to construct deformable human models derived from a standard

parameter set, to enable the use of avatars in virtual environments. Support for modeling of the

human body and its motion is the primary 3D enhancement to version 2, as great effort has been

put into the effrcient compression of body gestures using discrete cosine transforms.

At this time, much of the MPEG-4 standard is in development and therefore is still not yet

public. It currently appears that the scene description format utilizes a superset of VRML,

allowing for the same primitive types and constructs. As well, the scene description system is to

support progressive scene and object construction, with an absolute limit of 1024 active objects at

any time. The MPEG-4 3D subset also appears to support some form of progressive geometry,

based on the progressive mesh work mentioned earlier. The 3D subsystems have been designed

with interactivity as a primary focus so that MPEG-4 content could be integrated into set-top

boxes or simple games. Therefore MPEG-4 has been optimized to support the up-streaming of

data back to servers in addition to allowing event triggers to be directly specified in the MPEG-4

f,les.
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2"10 Summary

Anaiysis of these techniques and understandings of their limitations led to the design of

this thesis and the development of the techniques described within. The combination of

understanding the limitations in current techniques as well as the realization of how these

limitations could be exploited allowed for the design of our new methodology, as described in the

section that follows.

The sections described in the background provide the necessary theoretical information to

follow why current techniques are inadequate and do not properþ exploit natural tendencies in 3D

animated sequences. By understanding how previous 3D animation systems fell short, we could

improve on their performance and produce a more effective solution to streaming non-interactive

real time 3D animation over the Internet.
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Cn¡,pmn IItr
DBsrc¡l

The design of this thesis took a top-down approach. Design began by considering how it

might be able to generally improve on current video compression techniques of displaying 3D

animation over the Internet.

3.1 Animation Coherence

One of the most important factors in compressing animation or video is attempting to

properly exploit coherence between animation frames. It is generally assumed that the source

material naturally contains much coherence, but this temporal redundancy is often difficult to

utilize. Where video compression techniques require that the encoder try to artificially extrapolate

coherence between groups of pixels, compressing 3D animation from its source scene descrþtions

provides us with explicit knowledge of the internal coherence. 'While much research has been put

into trying to segment a scene into complicated components and then tracking their motion, scene

descrþtions directly state how objects are constructed and how they travel through their

environment.

The scene descriptions to be dealt with in this thesis consist of machined parts, such as

those in engines and turbines, shown in operation or cutaways. These machined parts are static

objects whose shapes do not warp and bend during animation, but instead are displayed moving

relative to one another according to their function. Thus, if a limitation is placed on the system

stating that object topologies are not allowed to change, an even greater level of coherence can be

assumed in scenes. Once an object has been fully described, it does not require future description
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in the sequence. Instead, only its movements through space need to be provided, allowing for a

level of coherence in the animated sequence not possible under pixel-based video codec.

3.2 Interactive vs. Non-interactive

Though it might not immediately be clear, the requirements of rendering interactive

environments are quite different from those required to render non-interactive ones. In general,

interactive environments need a great deal more information, as they must allow for user

navigation of the surroundings. These needs can be restricted to some degree, yet so long as the

user is allowed to take control of the virtual camera used in rendering the scene, every possible

permutation of how the user might choose to travel through the world must be accounted for.

Authors of the environment must consider how the world will appear from any of the various

vantage points the viewer is allowed to choose from.

In contrast, in a non-interactive environment, the viewer has no control over the camera.

While less immersive than an interactive world, non-interactive worlds generally require less

information, as the world that is viewed by the user has specifically been restricted by the worid

author. Consider the simple example of a theatrical set, where the stage usually consists of only

specific portions of a room. Or consider a scene in a movie in which only a portion of the

environment, which is presumed by the viewer to extend beyond the screen boundaries, can be

seen. In interactive environments, these unseen regions would have to be accounted for, while in

a non-interactive environment, anything that the author deems out of view need not be taken into

consideration. Because of this, non-interactive environments generally do not require as much

information to be described.

Furthermore, in a non-interactive deterministic environment it is possible to predict every
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object that will be visible, and to evaluate what portions of them will be visible to the camera.

Foreknowledge of what in the scene will be visible, can allow the further removal of unnecessary

information and scene geometry. Information as to when parts of the scene become visible allows

for the progressive construction of the scene descrþtion, adding information into the scene as it

becomes required.

3.3 Ðata Types and Ranges

In order to reduce the overall size of a scene description, we must apply some form of

compression technique. Before a compression technique may be selected, efforts must be made to

reduce the size of the overall animation sequences. If one can decrease the number of bits

required to speciff different values, or group like values together to exploit natural redundancy

before compression is applied, one can improve the performance of various compression

techniques, as the entropy of the source signai has been reduced. This is attempted by using some

knowledge of the limitations of current realtime 3D animation.

The first attempt to reduce the entropy of the file consists of byte-plane partitioning a

series of related floating-point values (or floats). For the purposes of this thesis, oniy single

precision (32 bit IEEE standard) floats are used. These floats are structured such that thev are

made up of a sign bit, foilowed by an 8-bit exponent and then a 23-bit mantissa.

It has been observed that objects with axial symmetry about their local origin or objects

with vertices clustered together will tend to have floating point values with the same exponents.

By packing these exponents together, one should be able to reduce the first-order entropy of the

vertex data. This can be accomplished by simpty rotating the floating point structure by one bit,

and placing the sign bit at the end of the structure and byte aligning the exponent. To increase the
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likelihood of equal byte values, vectors are separated into their vector components (x, y and z)

and lined up with the same components from other vertices. Thus, a series of three vertices a, b

and c will be broken up into aþ,c,, arbrc, and a,brc, with each float's component bytes separated

and aligned in the same rnanner. This should allow further compartmentalization of the unvarying

portions of a series of floating point vertices or vectors.

Another observation is that real time 3D engines only tend to be abie to render on the

order of several hundred thousand polygons per second due to limitations imposed by current

consumer hardware. Because of this, artists creating models for use in such engines are usually

very limited in the number of polygons they can use for individual models as compared to non-real

time 3D engines. Such models rarely exceed 3000-4000 triangles, However many low detail

models require less than 100 triangles. Much research has been conducted in recent years

([HDDM93], [Hopp96], [ElVa98), [Gué299]) to reduce model complexity to fall within the

restrictions imposed by real time rendering engines, while minimally affecting the appearance.

Since an approximate upper limit to the number of possible triangles is known, the storage

requirements of numeric indices and reference numbers can be reduced.

The following scheme is used for reducing the storage requirements of unsigned 16-bit

integers (often referred to as an unsigned short). When reading an unsigned short value from a

file, a first byte is read. If this byte has a value between 0 and 199 (inclusive), we simply use the

value of this byte for our unsigned short value. Thus, values between 0 and 199 only require one

byte of storage. If the value of the byte is between 200 and 255,then we apply the following

formula

f =(o-199)*200+b

4l
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where / is the final unsigned integer value, a is the unsigned value of the first byte read, and b is

the unsigned value of the second byte read. This allows for a maximum value of 1i455 which is

large enough to accommodate future increases in system capability, while optimizing for smaller

array sizes.

While the above technique for packing floats applies to general 3-value floats, one can

improve performance to specifically reduce the storage requirements of normal vectors. As

normai vectors are all of unit length, it can be easily observed that they describe points on a unit

circle. If one uses spherical coordinates to describe a unit normal rather than those of Euclidean

geometry, we now require merely two values to describe normal vector, as the length component

will always be fixed at a value of 1. If we encode the remaining two angular values with 12 bits

each, we can reduce the original 12 bytes required to store a normal vector down to a mere 3

bytes with a minimal reduction in resolution.

3.4 General Software Issues

Early on it was decided that as the foundation of this thesis was the compression of 3D

animated sequences, the thesis would require two separate applications - one to compress the

sequences and the other to decompress and view them. While the specifics of the compressor

were not particularly important at fust, it was known that the decompressor would need to

perform two basic functions simultaneously. It would first have to be able to render the

sequences and second, decompress the incoming streams. The decompressor would have to be

able to do both simultaneously as the basic design calls for the viewing of animation sequences as

they arrive.

Due to the speed required in order to decompress a sequence and render it simultaneously,
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the decompression scheme would have to keep processing to a minimum and rely upon the

majority of optimization of the sequence taking place during the compression phase. Though

consumer hardware continues to improve year after year, the decompressor would have to be able

to run on at least a reasonably powerful consumer systerr¡ while not limited to only the true high

end of the consumer market. It was decided, accordingly, that the decompressor's 3D engine

wouid make use of one of the existing 3D application programming interfaces (APIs) and that the

decompressor would require a 3D accelerator.

Constructing Objects

From the very beginning of this work, one of the decisions that was made was that objects

should be allowed to be constructed over time, as new information about these objects becomes

necessary to the viewer. How to practically approach this problem was another matter. One

possible approach was to simply adopt progressive mesh technotogy. This was ruled out, as while

progressive meshes do a very good job of refuring the detail of a model by adding new vertices

between existing ones during vertex spüt operations, they do not account for a more fundamental

problem. If objects are being animated, and one wishes to only append new polygons into the

scene as they are required, unless the viewer is zooming in on that object, new polygons will be

required at the object boundaries. Consider for example the case of an object slowly rotating in

place. As it spins, new portions of it come into view, and the new poþgons representing these

portions must be added to the scene. Progressive meshes couldn't properly account for the

continuous addition of new polygon boundaries, especially at all levels of the detail hierarchy.

Thus, a new approach would have to be considered.

Another issue that required attention was that, as our decompression would take place
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online, while the scene was being rendered, the decompression process could not be allowed to

become overly complex. If the calculation or memory manipulation overhead for the

decompression process became excessive it would slow down the real time rendering process,

possibly to the point of making it either extremely slow or useless. Compression could be allowed

to be time expensive, as it would take place offline and would be time dependent.

Instead of trying to re-evaluate progressive meshes, a method was conceived where an

object was merely defined as an array of triples of indices into a vertex anay. As these new

triangular faces would be required, new vertices would be added to the vertex array if necessary.

Unfortunately this would also negate any possibility of being able to use either triangle strips or

fans as the constant addition of new triangles to existing strips would incur overhead and thus

undermine any benefits strips might otherwise naturally provide. This overhead would result from

the need to maintain the strip and fan structure when internal portions of the structures might be

missing from the list of required faces. As well, these structures would either suffer or break

down entirely when encountering degenerate cases where very small numbers of disconnected

triangles were added to the scene during a given time slice. Overhead caused by these degenerate

cases, which were predicted to be quite cornmon, would remove any possible advantages strips or

fans might have initially provided.

Yet it should be noted that vertex arrays can be very efficient structures. It has been

shown that smooth surfaces tend to have vertices with average valences of 6 (attached to six

different edges) [ZSSw96]. As individual vertices are reused in an average of six triangles, the

vertex array structure naturally accounts for a large amount of redundancy that would otherwise

need to be stored as separate structures. Vertex arrays can be seen to be very concise and

efficient structures for speci$ring triangle information.

While triangle strþs could no longer be used by the decompressor's rendering engine,
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OpenGL does however support the use of vertex arrays to optimize the transmission of vertex

data to rendering hardware. Thus the construction of arrays of face and vertex data by the

decompressor provides an effective methodology for accelerating rendering, while allowing for

simpler data management by the decompressor.

The array structures had been decided on for representing triangle data, but the acquisition

of this information had yet to be worked out. The problem was that to efFrciently send animation

data - in other words to send this data in the order in which it is required - is no simple task. This

difficulty arose from the problematic nature of the visible surface determination problem.

Determining the order in which a scene becomes visible, and which parts of that scene actually

can be seen by a virtual viewer is not an easy task. The solution decided upon was to render the

animation sequence in the correct order, and simply check what polygons appeared and the order

in which they appeared. To accomplish this task, polygons would be tagged using colors, where

the colors would represent number references. By scanning the pixels of the resulting rendered

images for colors, these number references could be retrieved. The list of retrieved triangles

would identify which polygons could be seen in the given frame, and would be appended to a list

along with a reference to the frame number in which these polygons first appeared.

Once all of the given list of frames had been rendered, the large list of required triangles

would be sorted by the frame numbers in which they appeared. This list would now contain the

animation's polygonal data in the order in which it needed to be streamed. In order to construct

the frame list to ensure the correct enumeration of all polygons, one would have to sample the

frames at a rate double the expected playback frame rate. As well, different rendering engines do

not guarantee exact per-pixel duplication of the rendered result, due to differences in how various

engines select which pixels to render. These differences determine whether or not various tytrles

of triangle edges will themselves be rendered when the entire triangle is being scan converted and
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ñlled in with a given color. Selection of the incorrect edges to hide could cause a small triangle

that is mainly occluded to not appear when rendered under one engine but appear under another.

To account for these anomalies, each frame is rendered with double the width and heisht of the

target frame resolution, so that sub-pixels of the target frame are accounted for, unJ porribt"

differences in edge selectìon by the rendering engines will not affect the final plaþack output.

3.6 RedefïningMaterials

3D Studio Max Release 2.0 allows two basic methods for defining the surface appearance

of a geometric shape, the use of a single solid color (referred to as an object's wire coior) or a

material. Materials can vary greatly in complexity, and are meant to allow objects to take on the

surface properties of real world objects, such as metals, plastics, and organics. Materials as

defined in 3D Studio Max can be very complicated, as they allow for hierarchies of sub-materials

interacting together to produce some final surface property. While this enhances 3D Studio Max's

capabilities by allowing more accurate modeling of an artist's conception, it makes the potential

complexity of object materials too high for this same system to be practical for real time

reconstruction. As well, many of the procedural textures used to generate the sub-materials have

high computational overheads possibly making them impractical for real time reconstruction as

well.

Thus, the remaining solution for the transmission of object materials is to make use of the

post-processed material generated by 3D Studio Max for its rendering. To generate the object

material, the most straightforward manner would be to make use of the builrin rendering engine

available to 3D Studio Max to render out the complex material hierarchy to a simple planar

texture map. Two different methods of exporting the material properties would then be

52



Chapter III: Design

supported. The first would provide low detail information, and would work most appropriately

when dealing with scenes that require very little texture detail and contain small numbers of

vertices. Instead of attempting to transmit the entire texture, one would instead sample the

material values at each vertex, and transmit simple vertex colors in the place of an entire texture.

For simple textures with little detail, or images of fairly continuous color gradients, this technique

could often prove effective of at least conveying the general visual properties of an object while

requiring very little information be transmitted. For more complex textures, this technique would

break down, as detail and discontinuities in the texture would not be maintained, causing the

appearance of visual flaws in the final playback rendering.

The higher detail, and more general pu{pose solution to be used would be to take the

sampled texture and transmit it through the stream as a texture map. Texture maps compiled

from material hierarchies would need to be sampled at high resolutions (256 x 256), yet often a

high amount of detail in the texture would not be required. In addition, in many cases it would

have been desirable to to allow cases in which texture detail is increased over time, for example if

an object is being approached by the virtual camera. Therefore, when objects were to be scan

converted, they would also be analyzed to determine a rough approximation to the target screen

area occupied by the object. This area estimate, which could be determined by noting the two-

dimensional bounding box occupied by visible pixels belonging to the particular object, would

allow the determination of how much texture detail would be required for the plaþack render.

The need to be able to add texture detail as time passes naturally coincides with the

preference of real time 3D rendering engines to use MIP maps to enhance visual quality rendered

texture maps. As constructing these MIP maps by a real time engine would normally require

extra computational overhead, one can alleviate this overhead from the rendering engine by

providing these MIP maps to it directly.
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When being transmitted to the decompressor, one would prefer to have the texture maps

or rather, the various MIP map levels compressed to reduce storage space. This would be

extremely important as a256 x256 pixel texture map at24bit color would require 196608 bytes

to be specified. As it would be preferred to transmit the textures with as little data loss as

possible, a compression technique that effectively reduced the storage requirements while

leveraging the use of the MIP maps was required. One final requirement on a candidate aigorithm

was that decompression of the images must require a minimal amount of processing overhead, as

the decompression engine would not be able to suffer the heavy processing overhead required by

standard algorithms like JPEG. A heavy processing overhead would significantly impact the

performance of the decompressor appìication's rendering engine, and cause noticeable drops in

frame rate.

Due to the need to transmit multi-resolution versions of the texture maps so they could be

constructed over time progressively in conjunction with the need to compress the texture data,

wavelets were selected as the best candidate set of techniques. When wavelets are applied to

image data, they naturally provide a series of multi-resolution reproductions of the original image.

As wavelets are compactly supported, coeffrcients tend to compress effectively using simple run

length encoders, or multipurpose lossless encoders ltke LZTT and its derivatives. However,

though they do not require a great deal of processing overhead while leveraging the multi-

resolution features of MIP maps, wavelet decompression can exhibit heavy processing overhead

for more complex wavelets of high degrees. Therefore, the design would call for only the

simplest of wavelets, the Haar wavelet, to be used for the compression/decompression process at

this time. The design specified that it would be possible to allow for future inclusion of support

for other wavelet types though, as future increases in available processing power delivered by the

availability of faster and faster consumer computers would compensate for the increased
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overhead.

As it is necessary to encode iarge quantities of floating point coefficients, one would

prefer to encode related coefhcients together. Typically, a simple m.anner is to simply treat the

entire two-dimensional array of coeffrcients as a simple one-dimensional array, and encode them.

'While this will allow a lossless compressor to take advantage of horizontally related coeffrcients,

it ignores natural correlation between lines of the original coeffrcient array. If instead coefñcients

are grouped using a Hilbert space filling curve, a greater rate of correlation should be arrived at.

This is due to the winding structure that the Hilbert curve takes - four coefficients are clustered

together in a square block, and then four of these clusters are clustered again. This clustering

structure is repeated until the final block is the resolution of the entire bitmap. This has an

advantage of placing coefficients together that are spatially proximate in the coefficient array.

Spatially proximate coefficients can usually be assumed to exhibit a greater degree of correlation

than otherwise, and thus allow greater performance from the lossless compressor. Utilizing a

Hilbert winding also naturally breaks a square two-dimensional array into quadrants, making it a

helpful and efficient structure for building up MIP maps, as each new level of coefficients can

simply assume all previous levels simply made up the new map's first quadrant. Coefficients

would be taken for each color plane, with each plane quantized and encoded separately to be

reconstructed by the decompression system later. CoefFrcients would be linearly quantized to 8

bits per coeffrcient. Though this will not provide entirely lossless compression of the texture

maps, the relatively small amount of quantization error should not greatly impact texture

reconstruction.

'While the overall compressor system would determine an upper limit for required texture

detail as a result of the amount of screen area required by the models using the texture, the

compressor could fi¡rther reduce the upper limit required. In some cases original source materials
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may have less detail than the maximum MIP map required by the bounding box. For example, if

the texture is a simple solid color, and the bounding box indicated that a 128xI28 texture was

required, bandwidth would be wasted if all MIP map ievels up to 128x128 were transmitted, when

only a single low level was actually required. To minimize the chances of this happening, a simpie

test is performed. The texture is rendered out to the standard resolution of 256x256. Based on

the current maximum MIP map level (by default equal to the bounding box selected value or some

user maximun¡ whichever is less) the next texture is reconstructed to the current maximum from

the coefficients, and to one level less. Thus, if we have a current maximum of 128x128. we

reconstruct the texture at 728x128 and at 64x64. We would then take the smaller of these two

textures, and scale it up to the resolution of the higher level (doubling its resolution) using a

bilinear filter. The peak signal-to-noise ratio (PSNR) of these two images would be taken. If the

PSNR was above a given threshold, it would be known that the higher MIP map level is not

necessary and the maximum could be reduced by one level. This test would then be repeated until

it failed on the given texture.

3.7 Streaminglnformation

While the term streaming implies that the animation compressor would be directty

transmitting data over the Internet to a waiting decompression engine, this was never meant to be

the case. Instead, it was decided early on that animation sequences would be compressed into a

simple output file, which could then be transmitted to some cüent machine. Though other

protocols existed, the simple and straightforward method of allowing the information to be

streamed via HTTP, the basic protocol used for transmitting information from World Wide Web

browsers, would provide a simple general case of streaming technology. Though not necessarily
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the best protocol suited towards real time operation, using HTTP guarantees support by all World

Wide V/eb servers, requires no additional server-side modification, and provides natural

advantages such as guaranteed packet delivery and packet reordering. As well, since many

development environments have their own built in functions to accommodate streaming

information over HTTP, using HTTP would presumably reduce development time and allow

focus on the more complex issues of scene geometry.

Though basic methodologies for reduction of geometry had been determined, the specifics

of how to stream this information needed to be worked out. The fundamental problem was that

as stated previously, geometry had to be separated into chunks of information to be transmitted.

As well, the information being sent would consist of more than straightforward triangle

information, as there were texture Ítaps to contend with, as well as defined parent child

relationships, scene viewing parameters, and motion paths for objects. Due to the variety of

information being transmitted and the need for information to be broken up to compensate for

limitations of time, a static structure to the stream would not be possible.

Instead, a command language was required. By using a cotrunand language to speciff

scene information, this information could be output from the compressor in a freeform tnanner.

This would allow for the interleaving of the various types of information in order to break the

output using time stamps. The commands themselves would have to compact, in the form of

operational codes (opcodes) to reduce storage overhead for the instructions themselves. Thus,

each instruction would be assigned a simple short integer value to identi$r it. Following each

instruction would be a parameter list specific to the instruction. For example, the specification of

a parent-ch-ild relationship between two objects would always require the exact same amount of

information, as one would need to simply speciS the parent and the child. Meanwhile, the

addition of a series of faces to an object, for example, would require a dynamic parameter list

57



Chapter III: Design

whose size was dependent on the number of triangles being added to the object.

Though one could potentially have any sized lists of certain geometry specific data types,

such as vertices and faces, being appended to an object, upper limits were placed on how large

these lists could be. These artificial limits, set in the compressor, lvere put in place to allow more

efficient operation by the decompressor as, by separating large lists of geometrical information

into smaller portions, commands could be more easily parsed, spreading out the command

processing overhead. As well, as the decompression buffer was to be small to improve cache

efficiency, it was believed that keeping commands limited to smaller blocks could speed up and

improve instruction processing.

While these commands would be necessary for describing an animation, not all information

required by the animation would need to be directly stated. Instead, unless otherwise specified,

some information could be inferred through the command structure. For example, though each

object in a scene requires an identification code, and is referenced by object specific commands

through these same codes, the codes for each object never have to be directly specified. Instead,

when a new object is added to the scene its identification code is implied by the order in which it

was added to the scene. At the begiruring of each animation being processed, a marker keeping

track of total object count is initialized. Whenever a new object is added to the scene, it is

assumed to have an identification code equal to the previous total number of objects. Hence, the

first object has an identification code of 0, the second has the identification code of 1, and so on.

Through similar assumptions, we assumed objects, unless otherwise specified, had default

scales of (1.0,1.0,1'0), were located at the world space origin, and were oriented looking down

the Z-axts. Similarly, objects were presumed not to move or change orientation unless otherwise

specified' While these examples are quite straightforward, more complex examples of information

inferences are possible, such as the dynamic calculation of vertex normals if they weren,t directly
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included in the data stream. These dynamic vertex normal values could be calculated by

averaging the face normals, which themselves are constructed by normalizing the cross product of

the edge vectors of any two sides of a triangle face, touching each particular vertex. 'While

dynamically generating normals should produce effective and accurate results it could produce

incorrect values for triangle faces making up the object borders due to the trimming of invisible

borderins faces.

Compressing lrrelevant and Redundant Information

'While great effort had been made to eradicate all information not specifically required

from the data stream to reduce its size, stream length could still be reduced further through

compression. As discussed in the background section, there is a variety of compression

techniques that could be applied depending on the type of information that was being compressed.

Compression used in this thesis was often two fold in nature - first the compression of individual

portions of relevant information through foreknowledge of valid data ranges, followed by a pass

over the entire constructed stream using a lossless compression technique.

For the first pass range based compression, the system would compress data by quantizing

a specific range using a given number of bits. For example, when transmitting quaternions it was

known that, as quaternions refer to specific positions along a hypersphere, all four of its

parameter values would range between -1.0 and 1.0. Thus, instead of transmitting an entfue

floating point value for each quaternion parameter, four 16 bit values were transmitted, where

each 16 bit unsigned word represented values ranging between -1 and i.

Similarly, when transmitting vertex coordinates for geometry, though coordinate values

could potentially be any valid floating point number, a valid range for a given object could still be
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determined by finding its axis aligned bounding box. Given that the bounding box for an object

would be transmitted upon the object being added to the stream (assuming that the use of 32 bit

packed floats had not been specified), its vertices could be located in 3D space by providing an

index of the range (0.0,1.0). This marker could then be encoded to different resolutions

depending on how many bits were specified by the user. It was decided that in addition to the 32

bit packed floats, three vertex encoding resolutions would be provided - 8 bits per component, 10

bits per component, and 16 bits per component. The 8 and 16 bit values were selected as they fall

on byte boundaries and therefore would be easier for a lossless compressor to correlate. The 10

bit value was selected because, as mentioned in the background, 10 bits should provide enough

resolution to encode a 3D model without signifrcant (i.e. visibte) data loss.

This general technique of range-coding floating point values was used throughout the

compressor. The rest of the specific cases used, which are numerous, are all outlined in Appendix

A, which details all the various opcodes.

Once the entire stream would be constructed, it would need to be compressed, as a second

pass. In order to compress it, a lossless compression technique that performed well but required

little processing overhead would be required. This restriction greatly limited the range of

techniques that could be used, as a technique with too high of an overhead would overwhelm the

decompression engine and slow (or possibly stall) the rendering of the animation sequence. More

complicated techniques like Huffrnan coding, which rely on large amounts of data manipulation,

or Arithmetic coding, which is computationally complex, would prove unsatisfactory.

Instead it was initially decided to utilize Limpel Zev Welsh (IZV,D compression, as the

decompression process consists of table lookup operations in conjunction with dictionary

building. Lnl is extremely computationally effrcient, its only algorithmic limitations being the

need to refresh its dictionary to compensate for changing channel statistics and the memory
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overhead required to store the dictionary. Nonetheless the LTi,l algorithm is patented, and thus

must be licensed at cost in order to be used in an application. As paying for rights to the

technique was out of the question, its efficiency was moot, and focus shifted from LZW towards

other dictionary coding derivatives ofL7l77.

After some evaluation, the Storer and Szymanski technique (LZSS) was eventually

decided upon. Though its compression perfonnance was not as good as LTf,l and other more

complex techniques, LZSS had the advantage of being computationally simple if one limited the

use of heuristics. For example, if the deletion heuristic is not used, the decompression portion of

the algorithm is limited to table lookups into the sliding dictionary followed by overwriting old

dictionary information. This turns LZSS into an extremely simple algorithm from the

computational point of view, because all the overhead of searching into the dictionary to find

corresponding best string matches takes place in the compressor, when the overhead can be

afforded. If one instead uses the deletion heuristic, compression performance increases, but at

significant cost to the decompressor as it must now perform matching string lookups into the

dictionary. Unless extremely effective hashing firnctions are used, this can prove extremely

expensive as either linear searches into the dictionary must be performed or large structures must

be managed to keep track of dictionary ordering. For these reasons, LZSS was chosen, though

design called for it to be impiemented without the use of the deletion heuristic.

3.9 Summary

The design of the applications required for the demonstration of the concepts presented in

this thesis was an involved process. It required the conception of a compressor and

decompressor, and how they could be flexible enough to allow for the dynamic construction of
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non-interactive sequences by the decompressor. We developed a method of determining how to

arrange scene elements and how to determine the order in which they needed to be arranged using

color selection.

V/ith limitations of possible implementation and targeted hardware in mind, we decided to

u¡ilize wavelets, specifically the Haar basis, for the compression and transmission of objects'

textures. By decomposing the original models' textures into wavelet coefficients, texture maps

could be transmitted in a multiresolution manner more desirable for the use with MIP maps, as

well as allowing these textures to be more easily compressed. The lossless compression required

by the system had to require as little processing overhead as possible, ffid thus the LZSS

algorithm was selected. Together all of these design considerations attempted to account for

implementation requirements and the limited processing time that would be available to the

decompressor.
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Cnaprnn [V
IupLBvtBNTATIoN

Once the design had been fnaltzed and completed, decisions had to be made regarding

how one would go about implementing the design. Software platforms had to be selected, a

technique for compression had to be chosen, and the compressor and decompressor applications

had to be constructed. A variety of pitfalls forced several of the decisions that were made.

The software was written under Windows NT 4.0 using Microsoft Visual C++ 6.0. The

development platform was a Pentium II running at 400 MHz with 64 MB of RAM. The engines

were split such that the decompressor would operate as a stand alone application while the

compressor would be accessed as a plugin for 3D Studio Max Release 2.0.

4.1 The Decompression Engine

The decompressor application was written using the Microsoft Foundation Class (MFC)

framework. The MFC framework is a series of programming libraries that sit ontop of the

fundamental Win32 API (the core of current Microsoft Windows operating systems). By

encapsulating the original API in a structured, consistent and object oriented framework, MFC

enables programmers to simpli$r and accelerate the development process. As with the Win32

environment, MFC is largely an event driven systen¡ where events fired by the operating system

trigger callback functions that retrieve and deal with these system events and messages.

WhIe using MFC can slow down operation slightly, due to the processing overhead used

to simplify the architecture, it allows the rapid and easy development of interfaces. This was

extremely helpful for this project, as it allowed the quick construction of the application interface.
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The MFC architecture also simplified the work needed to create a muitithreaded appJication, as

the MFC architecture is based around a separation of data, and how this data is visualized. In the

MFC paradigrr¡ data and its manipulation takes place in a Document, while the data visualization

takes place in a View. A single document can possess multiple views, as one might choose a

variety of different ways in which to visualize some group of data. Under the Document/View

paradigrr¡ the document and its views are separate entities, each running in their own threads.

The document reports to the views when they require updating, and the view provides a means

for user input into the document. As the MFC architecture is based around object orientation, all

of the Decompressor source code was written to take maximum advantage of the object oriented

programming model.

The Decompression required the ability to run multithreaded, as it had to allow for the

decompression and compilation of incoming data, while simultaneously displaying this information

to the user in the form of 3D animation. The MFC architecture naturally provided for these

requirements by placing the rendering portion of the code in the View, while placing the

streaming, decompression and database compilation code in the Document. The Document could

then indicate to its View when rendering would be allowed, and what portions of the database

could be rendered (to prevent mutual exclusion issues). The use of multithreading allowed the

issue of properly balancing the rendering process and the decompression process to be offloaded

onto the operating system.

Implementation of the Document attempted to abstract the entire file streaming process so

that it wouid be invisible to the View, and so that the animation database could be constructed as

time proceeded. Therefore, the Document contained a single property, an animation fi.Ie. This

animation file (a C++ class CAnimationFile) was based upon an MFC library class called

CAsyncMonikerFile. The CAsyncMonikerFile class was provided by Microsoft with the
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introduction of ActiveX, Microsoft's attempt at an Internet application model. The

CAsyncMonikerFile class allows one to treat a file existing on an HTTP server as though it was

simply a file on a local system. As this data was streamed using TCP/IP, data arrival was

guaranteed (assuming no lost or broken connections) and all packets were naturally ordered.

'While TCP was not as efficient a solution as one could potentially achieve by designing a special

case UDP solution, using TCP enabled us to largely ignore the issues associated with transfer

protocols, and instead focus on the issues related to the data being streamed.

The CAsyncMonikerFile class had several additional advantages. If one used it to read a

file, one merely had to provide the class with the universal resource locator code (URL), and the

class would automatically fetch the file off the Internet. As the ActiveX subsystems of the

'Windows platform operate through libraries provided with Microsoft's Internet Explorer,

CAsyncMonikerFile could take advantage of the browser's cache and retrieve the file from the

local cache if it was located therein. Furthermore, the CAsyncMonikerFile class, when used in

read mode, operated by trapping an event whenever data had arrived and was awaiting

processing. This caused the class to behave as an effective data buffer, storing multiple blocks of

i. An event is received stating that data is avai1able for
decoding

ii. Ivhile there is data in the CAslmcMonikerFil-e buffer, do:
iii. Take bl-ocks of a maximum size of 512 bytes from the buffer.
iv. If the file header has yet to be decoded:

read and evaluate Lhe raw bvtes provided to qather the
file's attributes.

v. Take the remainder of Lhe block and perf orm a l-ossl_ess
decompression on its contents, adding this new information to
secondary buf fer AnimBuf fer.

vi. Parse the contents of the AnimBuffer for command tokens.
vii. If we have received enough data through the file stream such

that the current connection speed shoul-d allow for continuous
streaming, 1et the View know that it should attempt to render
the database.

viii. If Ehe CAslmcMonikerFil-e buf f er is not empty, go Lo step iii
and repeat.

Fig. 4.1 The behavior of the data retrieval thread
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data, to be processed when deemed convenient.

This CAsyncMonikerFile based anirnation file class contained an animation database (class

CAnimation). As data was received and parsed, as shown in Fig. 4.7, tl'rc animation database

would be filled in with further data describing the animation sequence to be displayed. As one

would not wish to begin animating until some set minimum of information had arrived and had

been added to the database, the Document would place the View in a standby mode. This

standby mode was indicated to the user through a simple message in the View stating that the

system was prebuffering the scene.

Determination of the minimum amount of required information of the scene was

determined using a two-fold process. The user could indicate the speed of the connection to the

Internet using the main application menu. Based on the selection, a preset handicap factor was

chosen. There were 5 handicap factors corresponding to the user selected connection rate - 28.8

kbps, 56 kbps, ISDN (64 kbps), ADSL (128 kbps) and T1 (1.5 Mbps). Handicap factors were set

equal to approximately 707o of the total potential speed of a given connection rate. For example,

for a 28.8 kbps connection, the handicap factor would have been set to 2500. Thus, for a 30

second animation sequence being downloaded over this same comection, the file would have to

be buffered except for the last 75,000 bytes. As the header contained the length of the

compressed file, the Decompressor would calculate the minimum number of bytes required such

that once that number of bytes had been retrieved, one could safely begin animating. This global

'safety' factor would indicate that from the given point forward, assuming an average distribution

of animation data over the remaining animation frames, the decompressor would never need to

pause the playback due to lack of information.

Should this estimate prove incorrect, or should problems be encountered during the

streaming process due to network congestion, a fallback was provided. The animation stream
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contained markers stating that it was safe to play the sequence until a given frame number. If this

marker was reached during playback, and this marker was not equal to the final frame of the

sequence, playback would pause until the next such marker had been retrieved and the 'safety

frame'had been updated to some frame number beyond the current frame.

As objects could be constructed over time, the View engine had to be able to compensate

for the dynamic state of its database. The simplest way to prevent mutual exciusion complications

was to append incoming data to the existing database - in the case of mutual exclusion

complications, one could always simply use the last known safe state of the database without

worrying about touching data that was currently in flux. Each 3D object, defined as the class

CVisualObject or a class inheriting its properties, was added to the database by first allocating the

memory required for all of the model's components. The CVisualObject class contained markers

for each of its properties defining how much of that particular data type had been appended to the

model's database entry. For example, each model has a variable named currenrroratverrices

that would contain the number of vertices that had already been added to the model. Every time a

block of new vertices was appended to the model, the currenrroratverrices value would be

updated to reflect the new vertex count. As these values would not be updated until after the

entire block had been appended, one need not worry that the rendering routines would overrun

the database, or attempt to operate on data values being actively modified. If the entire database

entry for a model was completed, a flag ocomplered would be marked, indicating that the model

could now be compiled to take advantage of extra capabilities available to the rendering engine.

The rendering engine found in the View adjusted its behavior for each model it attempted

to render. It evaluated whether or not the model had been completely specified by the database.

If a model had yet to be completely filled in, the rendering engine operated more carefully,

rendering what had been made available in the database. If normal vectors had not been specified
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(a) (b)

Fig. 4.2 Sample screens from the decompressor application. (a) awaiting a
füe to process (b) sequence playbackpaused

for the model, face normals were calculated on the fly based on the cross product of the face's

edge vectors (producing a flat shading effect). However once an object had been fully described,

if normal vectors had not been manually added to the model, normal vectors could be compiled

quite accurately for the model, a normally calculation intensive operation. Vertex normal vectors

were constructed by averaging the face normals for every face connected to each vertex.

The actual rendering performed by the View was performed using OpenGL version 1.1, as

specified in the thesis design. Using OpenGL allowed for the rendering of the models, complete

with the textures transmitted by the compression engine being mapped onto the proper polygons.

As OpenGL includes an advanced lighting model very similar to the general Phong model

described in the background, it was possible to reproduce lighting conditions in the original

source sequences similar to the lighting produced in 3D Studio Max. Though lighting information

was exported by the compressor, very little of the lighting portion of the project was completed

due to lack of information regarding the way the lighting parameters of 3D Studio Max were
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meant to be used. A shortage of information as to the internal workings of 3D Studio Max in

regard to lighting as well as other factors made the implementation of the lighting portion of the

decompressor no longer a priority. Nevertheless a framework for lighting support was

implemented, and the decompressor would attempt to emulate the default two directional lights

3D Studio included in scenes that otherwise contained no Iights.

When a user selected a file to decode, the decompressor connected to the given URL, and

attempted to download the file. Assuming it succeeded in linking to the file, data began streaming

over the channel. The first part of every file was always a simple header describing specific

information required to display and synchronize the sequence playback (see Appendix B for

further details). Along with information about timing was a 3 byte marker describing the target

resolution of the sequence. Once this information had been received the decompressor would

dynamically resize the application window so that the rendering window was equal in dimensions

to the target resolution. The application prevented a user from selectively resizing the window, as

the target resolution would determine the sampling resolution. If the sampling resolution was less

than double the final playback resolution, the original scene would have been under sampled and

this wouid result in missing poþgons in the final scene.

Though it was easy to observe and visually confirm how rendering was performed in the

decompressor, checking the behaviour of the decompression processes themselves was more

difficult. To this end, diagnostic routines were added to the system to allow the tracking of the

decompression and to allow one to observe the contents and order of the various opcodes in a

given file. A togging window was available to the client that displayed a list of all previously

processed commands for the current file, and listed them in the order in which they arrived. The

diagnostic window allowed the quick determination of whether or not commands were being

processed correctly and whether or not the LZSS algorithm was operating as desired.
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Finally, in addition to all of the basic functionality of decompressing the animation

sequence, an interface was added to allow users to control the sequence playback, consisting of

play, pause, and stop buttons, as well as a slider bar that indicates timing. 'When an animation

sequence began downloading, it signaled the View to begin animation plaþack. This signal

disabled the play button, and enabled the pause and stop buttons. As plaþack occured, the slider

bar was updated to indicate the current time index into the animation sequence. If the pause

button was hit, animation plaþack ceased, but the timing location into the sequence was retained.

Once the system was paused, the play button was enabled, and the pause and stop buttons were

disabled. If the play button was hit, playback resumed at the current timing location, as shown by

the süder bar. Should the stop button have been hit during playback, ptayback ceased, and the

animation sequence was reset to the opening frame. Since plaþack was merely based on the

current data in the animation database being built up, stopping or pausing the playback of the

sequence did not affect the streaming of the sequence.

4.2 Compression Engine

The compression engine went through several iterations before finally arriving at its

current state. The original idea for implementing the compression engine was to write it as a

utility script utilizing the MaxScript scripting language included with 3D Studio Max Release 2.0.

It was felt that MaxScript would provide us with the advantage of rapid development due to the

simplicity of the language, while only sacrificing a minor amount of runtime speed due to the

language being interpreted rather than compiled. Development began under MaxScript, but we

slowly realtzed that the memory and processing overhead required by the compressor simply

proved overwhelming to MaxScript. Attempting to compress any significantly complex scene
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with the MaxScript engine would cause 3D Studio Max to fteeze up, become non-responsive and

cease to function correctiy. It seemed that the color scanning used to determine polygon visibility

required increasingty larger and larger amounts of memory, as colors would be constantly

appended to an existing color list.

Thus, development had to be restarted utilizing the 3D Studio Max plug-in software

developer's kit (SDK). One advantage of 3D Studio Max's design is that the entire application is

build around a framework of plug-in functions. These plug-ins are created as dynamic link

libraries (DLLs) which are loaded at run-time by 3D Studio Max, and allow for the extension of

the application's functionality through third party additions. Almost every built in feature, from

the graphical user interface to the rendering engines themselves, can be supplemented or replaced

by user designed plug-ins.

This allows one to take advantage of the vast array of features and technologies previously

developed for 3D Studio Max, as well as native support for its content. Using an existing

application like 3D Studio Max for a base also prevented a great deal of "reinventing the wheel"

when building the compression engine, as code for much of the functionality required for the for

manipulation of data types and geometry already existed as library functions. Seeing as the

compression engine needed to take an existing sequence created in 3D Studio Max and convert it

into a streamable file, a file exporter plug-in was developed.

The exporter plugin, when actived by a user through the File menu in 3D Studio Max,

would provide a dialog box through which users could select a series of options as to how the

scene was to be compressed. Options accessible through the dialog included camera selection,

material quality, target resolution, animation subset and playback speed, how many bits should be

used to encode vertex components, enabling simple lighting, and the inclusion of normals (see

Figure 4.3).
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Fig.4.3 Compression engine user options dialog box

Due to difficulties in managing changes in the active camera, only a single camera could be

exported with a specific scene. Therefore, all scenes had to contain at least one camera for

export, and the camera to be used had to be selected in the available pull-down menu. This

camera's settings would be used during the visibility test to determine what ended up in the final

output. It should be noted that the compressor did not support the use of controllers for camera

attributes such as field of view or clipping planes. tJVhile field of view values set in 3D Studio

Max were retained and transmitted by the compression engine, as it was unknown how 3D Studio

Max utilizes the field of view value internally to determine the view frustum, frustum values are

not recreated correctly by the decompressor. It is currently recommended that camera attributes

and the scene's aperture width be left in their default settings to ensure correct rendering by the

decompressor.

Due to the switch from Maxscript to the native 3D Studio Max SDK, we had to start over

and considered reevaluating our approach to the problem of determining polygon visibitity. Our
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original approach called for using the built-in rendering engine of 3D Studio Max, as it was felt

that it was already highly optimized, accurate and would simplfy our task of rendering the

polygons. As well, if the application were to be written in MaxScript, this would prove the most

practical approach as access to the rendering engine's functionality is built in, and the design of a

custom renderer to run under MaxScript would have proven quite slow and cumbersome.

Yet, the restrictions of MaxScript were no longer applicabie, as the language had been

abandoned in favor of C/C++. Therefore we considered turning towards using OpenGL as a

rendering engine to accelerate the perforrnance of the visibility determination. Implementation of

the new renderer began, and we constructed a system that used OpenGL to render the poþgons

using colors to mark the polygons, as specified in the design. Unfortunately, it was discovered

that OpenGL does not guarantee that a color specified for a polygon face will be the color

rendered by the video hardware. On some video card drivers, colors would undergo gamma

correction, or other forms of color shift which would make our color scanning operations useless,

as they would not find the correct colors.

Consequently we abandoned the use of OpenGL for rendering the visibility determination

information, and instead, returned to our original approach of using the built-in rendering engine

included with 3D Studio Max. In order to render each frame required for visibility determination,

for every frame, all objects in the scene were sampled. From these sampled objects, a new object

was constructed duplicating all the polygonal data of the original objects except that all object

faces were colored to designate which face number they were, as well as which origìnal object

they belonged to. Face colors \ilere set through the 3D Studio Max vertex color material texture.

To scan for colors, this new duplicate object would be constructed for a given frame, all original

objects would be hidden and objects would be disabled, and then the frame would be rendered to

a bitmap. This bitmap would then be scanned pixel by pixel for color values, as the color values
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would be used as lookup values to determine which faces and objects in the scene actually

appeared in the final bitmap.

It had originally been planned to develop the color scanning system using 24 bit color (the

red, green, and blue components, 8 bits each, appended together) to establish the lookup value -

the high 12 bits would refer to the object number while the lower 12 bits would refer to the face

number. These values would be added with 1 so that the color scanner could immediately ignore

any colors returned with value of 0. WhIe at fust glance, using 24 bits to define these ranges

seemed more than adequate, as 212 (4096) appears to be a generous limitation given the

constraints of the real time rendering engine. However early testing revealed that this range could

prove inadequate in cases where the originai objects being used in the scene were extremely

complex. WhIe only small portions of these objects might appear in a scene, the object beyond

the view range of the virtual camera could still exceed the limit of 4096 triangie faces. As all of

the object's faces must be enumerated to correctly evaluate visibiJity, objects whose polygon count

exceeded the limit wouid cause problems to the system. The solution eventually selected for this

problem was to switch the 3D Studio Max rendering engine from rendering in 32bit color, where

24 bits were used for color and the remaining 8 bits were used for an alpha channel, to rendering

n 64 bit color. As the alpha channel proved useless to the color scanner, the system now used a

48 bit range, which provided us with 24 bits for both objects and faces, and solved the problem of

inadequate ranges.

There was one remaining issue affected by the inadequate range problem for color

scanning. One shortcoming in the initial design of the model exporter was that it never accounted

for the use of smoothing groups in the definition of 3D objects. Smoothing groups are used in 3D

Studio Max to define continuous surfaces that share vertices and surface properties within a larger

model. These smoothing groups proved very important to the accurate representation of models,
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as normai vectors for vertices are defined by the faces that share the vertex, but only those faces

within the given smoothing group. Accordingly each vertex could have multiple normal vectors,

one for each smoothing group that shares the vertex. A simple example of the need for

smoothing groups would be the case of attempting to model a cube (see Fig. 4.4). To correctly

model a cube, one requires three smoothing groups, one for each set of opposing sides. The

vertex normals of each smoothing group wili be perpendicular to the particular side of the cube

that contains them. Thus, if one considers the corner vertices of the cube. each one will have

th¡ee different normal vectors corresponding to the th¡ee different smoothing groups that intersect

with it. Conversely, if we did not separate the cube into smoothing groups, each corner vertex's

normal vector would point along a diagonal away from all of the cube sides. While not

immediately apparent, the replacement of the three vertices with the single average value of the

three (which the single vertex represents) will cause obvious visual errors in how lighting effects

appear on the cube. Instead of appearing as several sides meeting at right angles to one another,

the cube will appear smoothed and thus the various sides of the cube will not appear distinct from

(a) (b)

Fig. 4.4 A comparison between using and not using smoothing groups to construct models
with separate distinct surfaces. Longer arrows show the face normals for each side
of the cube, while the shorter affows represent the resulting vertex normal(s) for the
given vertex, represented by a blue dot. (a) incorrect lighting without smoothing
groups (b) conect lighting with smoothing groups.
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one another.

As smoothing groups were initially overlooked in the system design, they had to be added

to the capabiJities of the system after the fact. While considering several alternatives, it was

decided that any solution chosen would have to require a minimai number of changes to the

existing systems, induce a minimal information overhead to the system to specify the smoothing

groups, and require a minimal processing overhead of the decompressor. The final selection made

was to account for the smoothing groups by taking each original object and dividing it into several

new objects corresponding to each smoothing group. As 3D Studio Max allows for up to 32

smoothing groups per model, the capabilities of the color scanner had to account for 32 times

more objects. With the original 12 bit range for model enumeration, this was a problem, as the

effective upper range was reduced by 5 bits to 27, or only 128 total models, a number much too

low for practical use. The switch from the 32bít rendering engine to the 64bit rendering engine

for use in color scanning, as described earlier, solved this problem.

The solution of splitting the original objects by smoothing groups proved very effective, as

it required no additional support by the decompression engine. The splitting process consisted of

taking the original model as described by 3D Studio Max, and replacing it with new objects, all

belonging to a dummy parent object. This dummy parent object had no properties other than to

take on the original position and pivot of the source object, and to duplicate its motion

controllers. All the new objects that represented the source smoothing groups were child objects

of the dummy node, and duplicated its materials and their relative polygonal information. Thus,

all the smoothing groups operated as though they were components of the original object

seamlessly. As a result no new streaming instructions were created to reflect the new support for

smoothing groups, and no new functionality had to be added to the decompression engine to

support smoothing groups.
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At first glance it would seem that splitting an original object into up to 32 new objects

would induce a great deal of overhead. Yet, in most cases the overhead induced by the object

splitting was rather minimal, and in some cases, the new objects could require less storage than

the original. The reason for the additional overhead being so small is that very little duplicate

information would need to be reproduced between the various objects. The only information that

would always require duplication would be vertices shared by several smoothing groups, as each

new sub-object would require its own reference to the coordinates and possibly the colors of the

shared vertices. Face information, material information, and texture coordinates would naturally

be unique to each face regardless of the subdivision of the original object. Thus these factors

would not encumber the stream with additional information. As one would have to code the

smoothing group information in any case, and would have to do it in such a way as to minimize

decompression processing overhead, the expense of reproducing a small number of the source

object's vertices was not a great one.

Another significant improvement to the system reahzed through the inclusion of support

for smoothing groups was that materials should be separate and distinct from the objects that

uttltze them. The original design called for each object to possibly have a texture map, and this

texture map to simply be part of that object - a design oversight. The design did not account for

more than one object in a scene having the same material. Though this flaw was not obvious at

first, it became so after the addition of support for smoothing groups, as under the original design

each portion of the subdivided source object would require its own texture map of the same

original material. This would have introduced a great deal of unnecessary redundancy. Instead, it

was decided that each material would be granted an identification tag. 'When 
objects were being

enumerated, each unique material was assigned one of these tags. Enumerated objects would

then reference a materialtag, rather than the material itself. When a new object was being added
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to the stream, that object's material tag would be checked to determine if the material had

previously been added to the stream. If it had not, a material identification number would be

assigned internally, the representative texture map would be constructed, and its lowest level

mipmap would be transmitted into the stream immediatety. When other higher level mipmaps

were to be transmitted, they would be identified in the stream by the decompressor via the

compression engine's internal reference number. As these reference numbers were created by

assigning the previous total number of textures transmitted into the stream as a material identifier,

reference numbers were implied to the decompression engine simply through the order in which

the textures arrived. Accordingly, material identification codes were transmitted much in the

same manner as object identification codes were.

WhIe material textures would be sent incrementally, ideally one would want to transmit

the fewest MIP map levels possibie. Two different techniques were used attempt to reduce the

texture detail exported into the streanì, in addition to the two-dimensional screen aligned

bounding box test. The simplest of the two was allowing the user to set the texture detail. The

option dialog had two sliders - a texture quality slider and a maximum MIP map slider. The

texture quality slider was used to let the user set the minimum allowable PSNR. When texture

MIP map levels were transmitted, all coefficients were included. Thus, to allow the texture to

compress more easily, low energy coeffrcients were zeroed out to make the textures more

compressible. The energy threshold was determined by iteratively approximating the threshold

against the texture coefficients and then comparing the resulting texture map with the original

texture. If the PSNR between the reconstructed texture and the original was above a user-set

minimum allowable PSNR the energy threshold would be incremented, whereas if it was below,

the energy threshold would be decremented. Once the energy threshold had been determined, any

coefficients in this texture whose absolute value was below the threshold would be converted to
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zeÍo. By the user lowering the allowable PSNR, more coefficients would be turned into zeros,

making the texture more compressible at the cost of texture detail.

The second technique to reduce the texture detail transmitted was to apply the

reconstructed maximum needed MIP map with its next lower level, as described in the design

section of this thesis. 'When 
comparing the two reconstructed levels, PSNR was determined and

was compared against the user-set PSNR threshold. If the comparative PSNR was above the

threshold, the maximum MIP map resolution was reduced by a level and the procedure was

repeated until a failure was encountered. Both techniques were automatically applied and both

were affected by the user setting of the PSNR threshold.

In order to transmit textures, compound materials would need to be combined into a

single final texture image. This was accomplished by using the internal 3D Studio Max

production quality rendering engine and rendering the objects' material projected onto a fully lit

square. This square was scaled to entirely fill the rendering space, such that the output from the

render would be an exact 256x256 version of the compound texture. As the texture was mapped

using basic two-dimensional mapping, some rnaterials (for example, procedural or noise based

textures used to simulate marbling and similar structures) would not show up correctly. For such

problematic materials it was recommended that users use the built-in 3D Studio Max menu

command allowing them to render the material to a fi.Ie, and use the resulting bitmap as the new

material.

In addition to transmitting information about how objects were meant to appear the

compression engine also had to provide the trajectories and paths of these objects. Motion

transmitted by the compression engine was transmitted using keyframing information provided

internally by 3D Studio Max to allow for accurate reconstruction by the decompression engine

during playback. Failure to accurately reproduce exact position and orientation information for

79



Chapter [V: lmplementation

objects by the decompression engine was a much greater problem for this work than under other

animation systerns. This was due to the polygon sampling done to determine visibility. While in

other animation systems (those evaluated in the background phase of the thesis) objects were

always fully defined such that they could be viewed from any position or orientation, though

possibly with little detail, models exported by this system could not. The information sent into the

stream was entirely view dependent, and required that the object's geometry be exactly recreated

in space. If orientation or position was incorrectly calculated, it would result in obvious visual

errors, such as portions of objects not appearing, or some objects not appearing at all.

Motion paths exported from 3D Studio Max had to be exactly reconstructed using the

keyframing parameters provided by 3D Studio. 'While this at first glance might appear simple, as

3D Studio seemed to provide keyframing information to interpolate values, the values provided in

the case of TCB and Bézier curves could not simply be plugged into the standard equations to

interpolate the correct curves. The values provided had to be processed by the either of the two

engines before they could be used in the equations described in the background section. Bézier

position values needed to be scaled to properþ interpolate curves, as the tangent values provided

by 3D Studio Max were not the desired final values and would result in nearly straight-line paths.

The scaling factor required was to multiply the provided tangent values by the total number of

ticks (ticks were a measure of the time required per frame by 3D Studio Max; by default there are

160 ticks per frame) by the number of frames between the ke1ûames. Bézier tangents were

preprocessed in the compressor before being exported. The TCB curves did not include their

tangent values, and instead required that they be calculated by the decompressor upon the

keyframe having been received.
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Summary

Implementation of this thesis required the development of two applications, a compressor

and a decompressor. After deciding that constructing the compressor using MaxScript would

prove impractical, the compressor was written as a 3D Studio Max Release 2.0 plug-in. The

decompressor was written as a standard MFC appìication utilizing OpenGL to perform the 3D

rendering and TCP/IP to stream remote sequences.

As is common with application development, some problems were overlooked in the

design phase and had to be compensated for in the final implementation. Smoothing groups,

which allow objects to be broken up into distinctly separate surfaces were not originally

accounted for in the design phase and had to be added to the system. In addition, a flexible

material referencing system had also been left out of the design and was created during

implementation.

Due to the lack of documentation as to the inner workings of 3D Studio Max, several

portions of the implementation, such as curve reproduction, were extremely diffrcult. The lack of

access to this information made the development of the lighting portion of the decompressor

impossible and thus it was never fully implemented in this thesis.
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CnaprBn V
Exppnn¡ENTATToN

5.1 Test Suite

One complication that arose in this thesis was that there was no preexisting test suite of

standard animation sequences to test our system against. No preexisting benchmarks existed for

the compression of 3D animation sequences. Thus, we had to construct a series of simple tests to

demonstrate the system using 3D Studio Max. Objects used in these sequences were of static

topology and varying complexity. Due to the great length of time required to compress

sequences, only a limited number of tests were conducted.

'While this solved the immediate problem of the lack of a preexisting test suite, a further

issue existed. How were we to measure the performance of our animation system? As the new

animation system is meant to possibly replace the need for traditional video compression

techniques, the best solution might be to compare final file size against a standard video codec.

Nonetheless, this does not account for natural differences and inconsistencies between the two

techniques. Another approach might be to compare the size of the original 3D Studio Max file

with the compiled streamable file generated by the compression engine. Again, while providing

some insight into the relative performance of the compression systern, equivalent systenìs are not

being compared. For most complex animation sequences, the compressed streamable output

should generally contain less data - but bitmaps accessed by Max materials are generally not

stored with the geometry, and thus must be accounted for separately.

One final obvious solution remains: to compare output produced by our compression

system to other transmittable geometry systems. Unfortunately, with the exception of VRML,
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none of the commercial techniques for streaming animation provide free authoring tools. It is

possible to generate progressive mesh files using free tools included with the DirectX SDK

provided by Microsoft, but they do not account for animation, and merely focus on object

geometry. Thus we are limited to comparing against VRML 2.0 files. To provide a slightly more

fair comparison, file sizes are compared against a hybrid LZ71 compressed form (using GNU

czip) of the VRML file. 'While none of the comparative systems provide an exact relative

measure of the capabilities of our systerr¡ or properly equate how performance is affected by the

progressive nature of our system, they do provide a general idea of overall compression

performance.

5.2 Test Cases

When apptying our compression system, each animation was compressed using the LZSS

technique. Measurements of file length were taken both before and after the LZSS technique had

been applied to demonstrate the capabilities of our LZSS implementation. Shannon's entropy of

the 0'h and 1" order were also taken of the precompressed files to demonstrate potential

compressibility and to again show the limitations of our use of LZSS.

Five basic test cases were constructed in 3D Studio Max. each demonstratine basic

capabilities of the compression engine and how it handles different scenarios. ,"rrl *"."

designed to demonstrate different qualities that animated scenes might require. Included were

scenes in which different portions of models got revealed over time, scenes in which new models

were added to the visible scene over time, scenes in which models were connected through

hierarchies and inherited each others' transformations, and scenes utilizing both simple and

complex materials. The car and airplane models used were constructed by Viewpoint Labs.
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Fig. 5.1 Teapot scene in 3D Studio Max R2

5.2.1 Four Teapots

This sequence consists of four teapots flying and spinning around a static pyramid in a

rough counter clockwise circie. At the same time, a camera and its target spin around the scene in

a clockwise direction, giving the impression of greater speed. This scenario demonstrates objects

using Bézier position tracking and TCB rotation tracking, as well as the effect of solid colors

rather than materials. Each teapot contains 1024 faces and 530 vertices, while the pyramid

contains 8 faces and 6 vertices. The sequence is 200 frames long, at 30 frames per second.
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Fig.5.2 Dodge scene in 3D Studio Max R2

1)) Dodge Flyby

This sequence displays a slow fly-around of an automobile. The car remains still in the

scene, while the camera flies around it, slowly showing off the entire car. This scenario provides a

direct demonstration of the progressive addition of scene information. Additionally, the scene

demonstrates the system's ability to handle non-bitmap based materials as all of the materials used

in constructing the car consist of simple internal materials. The automobile originally consisted of

76642 faces and 10644 vertices. The sequence is 500 frames long, at 30 frames per second.
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{t?

Fig. 5.3 Teapot cutaway scene in 3D Studio Max R2

Teapot Cutaway

This sequence displays a teapot, with smaller teapot bodies inside. The initial teapot is

divided in half along its length, and opens along the seam to reveal another smaller teapot body

inside. This body is split and opened, again revealing another teapot body inside. This is split and

opened revealing a final teapot inside. The scene originally consisted of 1789 faces and 4350

vertices. The sequence is 410 frames long, running at 30 frames per second. The texture maps

used by the two materials have the resolutions of 320x200 and320x240, where one was originally

JPEG compressed, while the other was GIF compressed.

This animation sequence demonstrates several features, including the use of texture Inaps,

and object cutaways. Object cutaways feature objects being opened up to further new objects
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Fig. 5.4 Tori hierarchy scene in 3D Studio Max R2

inside, demonstrating the progressive addition of objects and information to the sequence.

Cutaways are often helpful in demonstrating the operation of machinery and are thus commonly

used to explain the operation of mechanical objects in teaching and training.

5.2.4 Tori Hierarchy

This sequence displays a series of tori all with a cornmon centroid. In their center is a

teapot, and around them is a group of cones. The tori are affanged in a hierarchy, where the

outermost ring is the parent to its inner neighbor, which in turn is the parent of its inner ring. This

third ring is the parent of innermost ring. Though each of the rings has its own rotation

parameters, its absolute orientation is a function of the orientation of its parents. The teapot

remains static and is provided as a point of reference. The cones share a conìmon invisible parent
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Fig. 5.5 Plane & Dodge scene in 3D Studio Max R2

node, and it is the parent rather that the cones themselves which rotate about the tori. The path

taken by the cones is a result of the revolution of this invisibte parent node.

The tori hierarchy demonstrates the inheritance of transformations from one object to

another. The scene originally consisted of 5632 faces and 2842 vefüces. The sequence is 100

frames long, at 30 frames per second.

5.2.5 Flane & Dodge

This sequence consists of the familiar automobile model and an aþlane. The car is

parked on a gray slab. The plane flies by the car and the camera tracks the plane as it passes the

car. As the camera pans, the driver's side and underside of the Dodge never come into view. The

!.
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plane & automobile scene demonstrates the effectiveness of the removal of unseen polygons from

a sequence. Materials on both the car and plane are simple colored materíals. The scene

originally consisted of 2163I faces and 14605 vertices. The sequence is 200 frames long, at 30

frames per second.

s.3 Summarv

Due to the lack of an existing test suite, five simple scenes, dispiaying attributes conìmon

to training and teaching demonstrations were constructed. These scenes contain a wide range of

qualities, including variations in material detail, and different degrees of geometric complexity.

They also demonstrate several conìmon examples of the types of scenarios often seen in training

sequences, such as cutaways or flybys.
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Cn¡.srnn VI
Rrsulrs aND DrscussloN

6.1, Experirnental Suite

Results from the various experiments conducted are compiled by experiment, and

compared against the results from exporting the same scenes to the standard 3DS (originated with

3D Studio) frle format, to VRML which has been compressed using GNU czíp, and rendered by

3D Studio and compressed using MPEG-I. 3D Studio Max no longer directly uses the 3DS

format instead supporting a more flexible 'MAX' format. Still, the older 3DS format has been

around long enough to have become an industry standard, and now virtually every major

modeling package supports the importing or exporting of 3DS format scene descriptions.

For reference purposes, our new format is labeled as the PRT format, where PRT stands

for Progressive Real-time Transmission. Sequences are exported using the following settings -

high quality textures, a talget resolution of 640x480, no nonnal vectors, and default lighting.

Textures were limited to a maximum resolution of 256x256, with a texture threshold setting of 30

Db. Entropy values provided are calculated based on the data sources before any form of

additional compression has been applied. In the case of PRT files, entropy calculations were

taken before the LZSS algorithm had been applied.

For comparison, VRML files were exported from 3D Studio Max using the built in

exporter ptug-in with the following settings: four digits of floating point precision, indented

formatting, no normals are included, primitives are to be used, the polygon type was set to

triangle, and the transformation controller sampling rate was set to lO Hz It can be seen that for

comparative purposes, neither of the two transmittable 3D formats (VRML and PRT) were set to
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include normal vectors.

MPEG-1 compressed video is compressed based on frames rendered by 3D Studio Max to

a resolution o1320x240, at a frame rate of 29.97 frames per second, and at a bitrate of 1.7M bits

per second. Also provided for comparison is MPEG-1 compressed video from frames rendered to

640x480 with a bitrate of 6.8M bits per second.

Finally, limited testing was performed over a 28.8 kbps modem to confirm that the new

compression system does in fact work and allows the playback of sequences before the entire file

has been transferred. Typical connection rates tested were in the range of 28800 to 24000.

6.2 Experimental Results

From the experimental results (Tables 6.1 through 6.5) it can be seen that in all cases, for

reasonably simple scenes being compressed, the polygonal formats clearly outperform the

Table 6.1 Comparative results on the teapot example.

Ou@ut File
Length
(bytes)

Vertex
Error Rate

(7o)

File Length
beþre

Compressio
n (bytes)

Compression
Røtio

(vs.3DS)

Entropy
üh Order

(bits/Byte)

Entropy
7" Order

(bits/Byte)

MPEG-1
(640xa80) 5,795,841 NA 185,248,168 NA 1.078 0.804

MPEG-1
(320x240) 1,M5,889 NA 46,317,568 NA r.106 0.836

3D Studio (3DS) 9r,420 0.00Vo NA 1:i 5.353 4.797

VRML 0MRL.GZ) 41,560 0.00Vo 166.450 2.2:1 3.641 3.135

PRT-Sbitsper
vertex component 25,011 0.377703Vo 28,884 3.66:1 6.648 5.730

PRT - 10 bits per
vertex comDonent 27.219 0.098442Vo ?rì <t< 3.36:1 6.683 5.927

PRT - 16 bits per
vertex comDonent 28,544 0.001459Vo 35,277 3.20:1 6.907 5.769

PRT - 32 bits per
vertex component 42,511 0.007o 41,823 2.15:1 6.998 6.036

the
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Table 6.2 Comparative results on the dodge-flyby example.

Output File
Length
(bytes)

Vertex
Error Rate

(vo)

File Length
beþre

Compression
(bytes)

Compression
Ratio

(vs.3DS)

Entropy
Ut'Order
(bits/Byte)

Entropy
7't Order

(bits/Byte)

MPEG-1
(640xa80) 14,401,537 NA 461,735,936 NA 3.240 2.188

MPEG-1
(320x240) 3,608,s11 NA r15,444,736 NA 3.1 86 z. t+-)

3D Srudio (3DS) 368,661 0.00Vo NA l:l 5.953 5.610

VRML (WRL.GZ) 149,128 0.00Vo 667.326 2.46:l 3.601 3.108

PRT-Sbitsper
vertex component 126.943 0.2083r9%o r40.66r 2.90:1 7.330 6.s43

PRT - 10 bits per
vertex comDonent r37,444 0.051496Vo 148,961 2.68:1 7.407 6.738

PRT - 16 bits per
vertex comDonent 160,169 0.000821Vo 172,',|64 2.30:l 7.482 6.869

PRT - 32 bits per
vertex component 213.748 O.jOVo 235.218 l;12:1 /.f -t I 6.779

video compressor. Video compressors, such as MPEG-I, perform best when large portions of a

scene remain static for long periods of time. Unfortunately, in flyby or cutaway scenarios, Iarge

quantities of the visible scene tend to change shape as new portions of objects are revealed and

brought into view. While typically MPEG compressors do quite well, achieving a compression

rate of around 32:I of the original rendered video frames, they stil under perform all provided

examples of scene description compression. Though each of the provided examples is short in

running length, it should be noted that none of the scene description based techniques are

dependent on running time to determine final file length. Instead, video compression codecs are

subject to the scene description running time, as they attempt to compress individual keyframes as

well as inter-keyframe information. Increasing the running length requfes the increasing of either

the number of keyframes, the amount of inter-keyframe information, or both. Thus it can be seen

that the size of video-compressed sequences is a direct function of their resolution (bitrate) and
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Table 6.3 Comparative results on the teapot cutaway example.
* Additional storage required for texture maps utilized by scene materials

Output File
Length
(bytes)

Vertex
Error Rate

(vo)

File Length
beþre

Compression
(bytes)

Compression
Ratio

(vs.3DS)

Entropy
Ah Order
(bits/Byte)

Entropy
l" Order

(bits/Byte)

MPEG-1
(640x480) 7r,9r9,361 NA 378,789,888 NA 3.466 2.189

MPEG-1
(320x240) 2,959,361 NA 94,706,688 NA 3.468 2.799

3D Studio (3DS) 2r0,465
+ 131,53i* 0.00Vo NA l:1 5.688 4.984

VRML (WRL.GZ) 84,681
+ 131,531* 0.00Vo

370,434
+ 131,531x 1.58:1 3.513 3.015

PRT-8bitsper
vertex comDonent r00,707 0.212224Vo 104,05r 3.40:1 7.035 6.231

PRT - 10 bits per
vertex comDonent 104,003 0.053415Vo 106,889 3.29:1 7.089 6.335

PRT - 16 bits per
vertex component 109,469 O.O0O782Vo I 15,15 1 3.12:1 7.167 6.320

PRT - 32 bits per
vertex component r28,709 0.00Vo t36,991 2.66:1 7.195 6.326

length.

Though it can be seen from the various tables that at 10 bits per vertex component - the

ideal bit coding rate for veftices - we arrive at smaller files than those of compressed VRML, our

scheme does not appear to always perform a great deal better. Of the five experiments

performed, the file size using our scheme is on average 66Vo of the size of the equivalent

compressed VRML file.

While the PRT files are smaller, the lack of being dramatically smaller in the average case

can be explained through one chief factor, the LZSS compressor we employ does not do a very

good job compressing the signal when compared with more processor intensive techniques based

around LZ71 such as Zip, GZip, Arj, or even the LZSS technique using the deletion heuristic.

These other techniques provide much deeper search heuristics to identi$r redundancy, and make
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Table 6.4 Comparative results on the tori hierarchy example.

Output File
Length
(bytes)

Vertex
Enor Rate

(vo)

File Length
beþre

Compression
(bytes)

Compression
Ratio

(vs.3DS)

Entropy
tt'Order
(bits/Byte)

Entropy
7" Order
(biß/Byte

)

MPEG-1
(640x480) 2,914,305 NA 93,086,208 NA 1.856 r.439

MPEG-1
(320x240) 731,137 NA 23.215,008 NA 1.857 1.418

3D Studio (3DS) 117,091 0.00Vo NA 1:1 5.520 4.903

VRML OVRL.GZ) 37,370 0.00Vo 180,286 3.I3:l 3.373 2.878

PRT-Sbitsper
vertex component )5 q?') 0.3143857o 28,305 4.52:l 6.8s6 5.875

PRT - 10 bits per
vertex component 27,843 0.082481Vo 30,140 4.21:l 6.999 6.059

PRT - 16 bits per
vertex component 30,463 0.001162Vo 35,478 3.84: I 7.009 s.858

PRT - 32 bits per
vertex comDonent 44,075 0.00Vo 49.320 2.66:1 7.175 6.143

use of more complex structures to facilitate the further compression of the position/length pairs.

The great complexity of the data stream is primarily due to the data packing techniques used to

reduce the storage requfuements of various data types. As the entropy values demonstrate, a very

large amount of natural redundancy in the information has been removed in order to shrink the

bandwidth requirements so only a limited amount of additional compression could be expected.

Yet, while entropy values are high, they still provide some room in which to further

compress the data. This is demonstrated by the 0'h and 1" order entropies of the PRT files before

compression has been applied. Consider for example the tori hierarchy experiment - the average

zero order entropy value is 7.01, and the average first order entropy value is 5.98. This implies

that a compression system should be able to achieve at least around a I2Vo reduction in overall file

size (only accounting for the zero order redundancy). Yet, for the entire set of vertex bit coding

rates, the LZSS compressor only achieves a mere I0.2Vo average compression rate.
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Table 6.5 Comparative results on the Plane & Dodge example.

Output File
Length
(bytes)

Vertex
Error Røte

(vo)

File Length
before

Compression
(bytes)

Compression
Ratio

(vs.3DS)

Entropy
At'Order

(bits/Byte)

Entropy
7" Order

(bits/Byte)

MPEG-I
(640x480) 5,761,025 NA r85,248,168 NA 3.053 1.878

MPEG-1
(320x240) r,449,985 NA 46,317,568 NA 3.053 1.906

3D Studio (3DS) 620,206 0.00Vo NA l:l 6.419 6.r54

VRML (WRL.GZ) 206,924 0.00Vo 948,548 3.0: I 3.528 3.036

PRT-Sbitsper
vertex component r01,,264 0.793778Vo t18,327 6.12:l 7.236 6.361

PRT - 10 bits per
vertex component i 10,658 0.047624Vo 124,345 5.60:1 7.319 6.564

PRT - 16 bits per
vertex component t3t,333 0.000759Vo 145,395 4.72:1 7.388 6.731

PRT - 32 bits per
vertex comDonent t74,081 O.O}Vo 798,225 3.56:1 7.476 6.616

Another simple test to determine the performance of a basic compression algorithm such

as LZSS is to examine the Shannon's entropy of the file after compression has been performed. If

the compressor has done a good job, the final entropy should be 8 bits/byte - that is to say the

file's statistics should resemble those of white noise. Instead, the average 0'h order Shannon's

entropy of all the PRT fites constructed was 7.89 and the aveÍage l" order Shannon's entropy was

7.37. Though both numbers are high, they still suggest that there is some room for improvement.

In contrast, the GZip compressed VRML fi.les have an average 0'h order entropy of 7.98 and

average 1't order entropy of 1.47 - numbers that imply that a higher amount of correlation has

been removed from the VRML files. The greater performance of GZip over our LZSS

implementation can be demonstrated by compressing the PRT files (before LZSS has been

applied) using GZip. On average the Gzip compressed files are 85.17o smaller than the equivalent

LZSS compressed files. Together with the earlier example of the tori hierarchy, it is implied not
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onty that the performance of the LZSS compressor is underwhelming, but that there exists room

to improve by using more effective techniques.

Still, for our purposes, greater rates of compression must be sacrificed to keep the

decompression overhead at a minimum. As VRML is entirely downloaded before it is

decompressed and parsed, it can allow for the greater decompression overhead required by GZip

as it does not impact performance and instead merely causes a minor delay before the start of

playback. In our scheme, decompression of the stream must be interleaved with the actual

processing and rendering of the scene itself. As the system was required to operate on today's

hardware and not merely under theoretical future constraints, the overhead allowed to the

decompressor was quite limited. When more processing time becomes available in the future,

through the common adoption of better consumer hardware, the compression scheme can simply

be replaced with a better performing technique.

'While the compression performance of the system appears to have room for future

improvement, there are cases where our scheme clearly outperforms compressed VRML. If one

considers the case of the cutaway teapots, the compressed VRML file (with the inciuded texture

maps) is clearly larger than our compressed sequence for every case. If one includes the

materials, the best case PRT frle (at 10 bits per vertex component) is merely one third of the

combined VRML sequence. In all cases the 10 bits per vertex component case always

outperforms the equivalent compressed VRML sequences, and in all cases except the Dodge flyby

the 16 bits per vertex component sequences also had smaller final file sizes than their VRML

counterparts. Compressed VRML was clearly beaten in these cases, in spite of the relatively poor

performance of LZSS when compared to GZip.

In the case of the scene of the airplane flying by the stationary automobile, our scheme

greatly outperforms any of the other schemes. This is largely due to the large number of polygons
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culled from the scene. The final scene contains 10161 triangles versus the original 21632

triangles, and 9461 vertices versus the originaL 14605 vertices, a reduction in polygon count of

over 507o and a reduction in vertex count by 357o. Combined, these factors allow our final scene

description to be a mere 53.5Vo of the compressed VRML equivalent. This scene provides an

excellent example of how effective view dependent culling can be at removing information from

non-interactive scenes. By removing this extraneous information, the scene not only requires less

storage space but also requires less processing overhead for the decompression engine to render,

and thus can be rendered at a faster rate for smoother animation.

It should be acknowledged that view dependent culling can prove ineffective on objects

that are entirely revealed in a scene, such as the various tori in the tori hierarchy scene, and the

teapots in the teapot scene. As well, minor expansion can occasionally take place due to

smoothing groups, as previously explained, as some vertices must be reproduced when objects are

divided up. However, as the other scenes demonstrate, objects that are partially obscured through

a scene greatly benefit from those unseen faces being eliminated.

Though our new system outperforms VRML in terms of output file size, it has a minor

Table 6.6 Performance results from playback of PRT files on a Pentium II - 400
Mhz under Windows NT 4.0 with Service Pack 6 installed. Frame
rates for each scene were generated by averaging four playings of each

of the four sub-files.

Scene Name Playback
Average

Frames per
Second

Totøl
Vertices in

Finøl Scene

Percentage of
Original
Ver'tices

Totøl Faces
in Final
Scene

Percentage
of Original

Faces

Teapot r34.36 2,131 99.11Vo 3,958 96.37Vo

Dodge 30.17 10,701 ß0.jlVo 13,603 8l.l7Vo

Teapot Cutaway 96.76 3,700 85.06Vo 5,948 76.36Vo

Tori Hierarchy 90.1 0 2,39r 84.l3%o 4,370 77.59Vo

Plane & Dodge 34.42 9,461 65.787o 10,161 46.97Vo
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visualization artifact. In scenes exported with 8 or 10 bits per vertex component there can be

minor rendering anomalies along object seaûìs. It should be noted that these anomalies take place

despite the average error per vertex being extremely low - our worst case example had an average

error rate below 0.47o. Though this vertex accuracy problem is not exhibited in individual

models, the 1ack of floating point precision in the 8 and 10 bits per vertex component scenes can

cause minor differences in vertex values between different models. These differences arise due to

vertex values being scaled to fit into a specific bit range, where the the front and tail of the range

are determined using the bounding box of the exported polygons of that object. As the bounding

boxes will be different for each individuat object within a greater model, vertices in these varying

sub-objects will each have a different amount of accuracy to the original sub-object outline.

While these slight differences do not impact the appearance of a sub-object itself, they can cause

minor disturbances in the appearance of the seaÍls between these sub-objects. These disturbances

Fig. 6.1 A rendering of the 10 bits per vertex component

version of the airplane &. automobile scene

demonstrating artifacts from incorrect alignment

of sub-objects in a model.
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along the searìs generally appear as individual pixels missing from the seam line (see Fig. 6.1).

There is a further arttfact our system produces when downloading sequences. In scenes

that do not include normal vectors, normal vectors need to be interpolated. However, this

calculation can not be correctly performed until objects are fully specified. This calculation is also

performed in the same manner in VRML rendering systems. But, in our system we attempt to

render scenes before they are fully specified, and thus when normals are not included with the

scene. In such cases flat shading, the technique of using a constant face normal rather than 3

vertex normals to determine local per-face shading, rather than Gouraud shading must be

performed on the scene until the calculations can be performed. This causes a temporary

reduction in render quality until the object is fulty specified in the data stream. This problem can

be largely alleviated by dividing larger models into a series of sub-objects. As stated before, this

may cause some minor artifacting in 10 and 8 bits-per-vertex sequences'

Even if we ignore these artifacts, the rendering quality of the real time engines employed

by our system as well as those of VRML renderers is generally not as good as the rendered

images produced by the offIine rendering engine used by 3D Studio Max. Whereas lighting is

performed per-vertex in the real time rendering engines, it is performed per-pixel in the 3D Studio

Max renderer. This has its greatest impact when lighting large surfaces that are not heavily

tessellated. In the per-vertex lighting systems, large surfaces with very little tessellation will

exhibit incorrect or missing specular highlights. This problem could be alleviated to a degree by

tessellating surfaces received by the decompressor to provide for finer lighting detail.

Unfortunately the problem of shadows not appearing under the real time rendering engines is not

as easily dealt with - there is no current practical solution to the problem of arbitrarily oriented

objects casting shadows against one another in real time. Thus determination of shadowing

would need to be done as a preprocessing step during the compression phase of the systen¡ and
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would thus in a best case scenario, add extra information into the compressed output.

Moreover, the offline rendered output makes use of fuIl frame anti-aliasing. Anti-aliasing

is a technique employed in off-line rendering engines to improve visual quality by super sampling

each frame pixel. The simplest method to anti-alias a scene requires the sampling of sub-pixel

values at each of the four corners of the square frame pixel. These values are averaged to

produce the final destination pixel stored in the frame. As it requires quadruplíng the rendering

fill-rate (the number of pixels that need to be drawn), full frame anti-aliasing is only now coming

into vogue in consumer real time rendering hardware with the introduction of the 3dfx VSA-100

chip. This new chip allows the automatic enabling of antialiasing for its rendering, allowing for

much more visually pleasing rendered output. It should also be noted that the addition of anti-

aliasing and its smoothing properties should generally remove the seam-line artifacts described

earlier.

Yet rendered frame quality must be sacrificed in order to keep processing loads to a

minimun! while achieving small final file sizes. Some of these higher order effects are simply not

currently practical given the state of today's 3D hardware. For example, it would be possible to

predetermine, during the compression phase, the shadowing performed by the scene lights and to

determine which objects are in shadow and how they shadow each other. These shadows could

be stored as texture maps and transmitted along with object descrþtions. Unfortunately, this

would require additional storage (a shadow texture per object) and would only work for static

objects that never moved. General purpose shadowing is simply not practical as it requires too

gleàt a processing overhead. Thus, as of yet, the determination of scene shadowing and likewise,

scene reflection is not currently practical on consumer hardware. As stated eatlier, render quality

of real time systems must be somewhat sacrificed, though in general these sacrifices are often

minimal. As our scenes are for training purposes, the lack of accurate (to offline rendering
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engines') lighting behaviour is not a critical flaw.

For the compression portion, the greatest problem with our new system is the time

required to perform the visibility testing. With the current impiementation, our system requires

approximately 8-12 seconds per frame to rebuild an object database of medium complexity

(-5000-6000 triangles), perform a simple render, and scan the bitmap for polygon colors. Thus a

typical 5 second sequence requires the testing of 300 frames (we double the frame rate from 30 to

test against the CFF), or approximately 50 minutes of processing on a Pentium II-400 with 64MB

of RAM. Database construction is a memory intensive process and thus can generally run faster

on systems with more memory to work with.

As the object setup typically takes the greatest amount of time for more complex scenes

under our compression systen¡ the system is not as heavily affected by either rendering or

scanning time. Database construction time could be reduced if the database were only

constructed once for the initial frame and the objects simply transformed afterwards. In the

meantime, the compression of a scene can take a great deal of time, as compression time becomes

relative to animation length, much as it is with more traditional video compression techniques.

But unlike traditional video compression techniques, our final output file size will not grow

significantly should an animation sequence be stretched out in time.

Instead, if equated with exporting to VRML and then performing lossless compression,

our system performs poorly when comparisons are based on time of construction. The entire

process of exporting to VRML and then applying GZip typically takes mere seconds regardless of

scene complexity.

Nevertheless our compression system has a natural advantage over VRML, since our

technique can begin animating before the entire scene has been received by the client machine. If

very low bandwidth channels, such as 28.8 kbps modems are used, this advantage is not as

101



Chapter VI: Results and Discussion

obvious, as only very smail portions of the stream won't need to be cached. For example, for the

10 bit version of the Dodge experiment which is 16.7 seconds long, the first 95694 bytes of the

737444 total must be locally cached and processed before animation may begin. This may not

seem like a great deal of savings, but it means that the sequence could begin playback under our

system when less than two thirds of the equivalent GZip compressed VRML file had been

received.

6.3 Summary

Performance of our system is better than that of compressed VRML from the point of

view of required download time as well as final storage requirements. By reducing the amount of

information found in the scene, greater levels of compression are achieved. However, the

employed methods of reducing the amount of data required for transmission come at a cost - there

are some minor visualization artifacts present in current renderings.

It is believed that these visualization artifacts should be eüminated by future improvements

in rendering hardware. As well, the efficiency of the basic LZSS algorithm as a lossless

compression technique is questionabie, and this allows room for future improvement in the

svstem.
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Cru,prpn VII
CoNcr,usroNs AND RncouvrENDATroNS

Conclusions

Following the analysis of the results obtained from the experiments it is clear that the

newly introduced methodology of compressing 3D animation sequences produces smaller

resulting files than those of compressed VRML. In addition, these scenes can begin animating

earlier when downloaded over the Internet to client systems as the new system successfully breaks

the scene up temporally. The amount of the scene that must be buffered before animation begins

is scaled against the user-specified bandwidth, allowing the progressive transmission of sequences

on even very low bandwidth channels such as 28.8 kbps modems. By combining optimal scene

culling by the compressor in conjunction with the progressive construction at the decompressor, it

is possible to transmit only the absolute minimum amount of information from the original scene

database necessary in order to specify the sequence. This buildup of scene data over time allows

the informational content of the scene to be delivered in order and thus enable the rendering of

objects that have been received while new objects continue to arrive in the background.

As this work demonstrates, transmitting 3D animated sequences designed for use with

teaching and training applications, and thus containing objects of static topology, are better served

by utilizing an object oriented compression technique rather than the more traditional video

compressors. In addition to naturally smaller file sizes, transmitting geometry allows for increased

viewing resolutions and higher frame rates without additional storage costs. Yet the image

quality of such sequences is generally not as high at these same resolutions as that of offline

rendered sequences, as they have much grealer time in which to perform more detailed lighting
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and po st-processing effects.

Differing levels of content quality can be set in our system for the data stream by reducing

the resolution of vertex data exported, with a cost of larger file sizes for increased quality.

However reducing the precision of transmitted vertices too far can result in some unwanted

artifacts appearing along inter-object seaffß. As these artifacts appear when using the apparently

ideal coordinate quantization rate of 10 bits per component, we can conciude that this apparently

ideal rate only applies to smooth surfaces, and does not include multiple objects connected along

seam lines. Regardless, it is believed that a Iarge number of these artifacts will naturally vanish

through the introduction of full-screen anti-aliasing support, which will be available in upcoming

consumer 3D hardware accelerators such as the 3dfx VSA-100, ATI Rage-6 and NVidia NV-20,

all of which are due within the next 6 months.

In addition to advancements in 3D hardware, continuing improvements in microprocessor

technology allow for the replacement of some of the techniques used in this system' As

demonstrated experimentally, the LZSS compressor utilized in this thesis performs its fundamental

pu{pose, but does so rather poorly when compared to other more computationally intensive

techniques. Nonetheless, the system still outperforms all tested examples of 3D animation

compression. While there remains room for improvement of some of the techniques presented in

this thesis as discussed below, this work has been demonstrated experimentally to outperform

existing systems in the compression and decompression of 3D animated sequences containing

objects with static toPologies.
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7.2 Recommendations

There are several recommendations on how the work in this thesis could be furthered and

improved in future work. The first class of recommendations seek to take advantage of the

growth in processor capability since the begiruring of this thesis. Consumer targetted processor

speeds are currently more than twice as powerful as they were when we began this work (as of

this writing I GHz AMD Athlon processors are now available), and thus there is now room for

the introduction of more complex algorithms. The first and most obvious expansion that could be

introduced is to consider more powerful lossless compression techniques over the current simple

LZSS implementation in use. Even an adaptation of the unused deletion heuristic should improve

performance.

The next recommendation in this class is to consider using more complex wavelet bases

for the compression of the texture maps. A variety of wavelet functions of intermediate

complexity have been heavily examined in the research community, such as the Daubechies and

Cioflet families. 'While even the lower order Daubechies and Cioflet bases are a great deal more

computationally complex than the simple Haar basis (the simptest of all wavelets), Haar is

generally a poor performer compared to other wavelet bases [ViBL95] used for image

compression.

The next class of recommendations is to expand on this thesis work by improving

performance. For example, it would be worthwhile to investigate at what exact bit rate the pixel

artifacts begin to appear. If it is due to a specific error threshold, it should be more effective to

simply have the compression engine choose the lowest bit rate that will remain above the given

threshold. In any case, it would be better to simply automaticaliy select the best candidate bit rate

rather than allow the user to choose the bit rate, as is currently possible.
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Another more complex idea worth pursuing is to examine if it is possible to efficiently

combine progressive meshes with our existing system by compensating for the growing object

boundaries. This could allow for even better compression ratios as selective quality could be

enhanced or reduced along varying portions of objects. Thus objects far from the virtual camera

could be sent less detailed information without seriously affecting what the viewer sees.

progressive meshes could be further enhanced by combining them together with subdivision

surfaces. Subdivision surfaces are a recent technology that allows the refinement of polygonal

meshes to synthesize additional detail [ZSSw96]. It might be practical to dedicate some of the

soon to be available additional processing capabiJities towards treating the meshes as subdivision

surfaces. This could allow for smoother, more realistic looking, and finer detailed models without

requiring additional information added to the data stream. It could even allow for reduction of

the data stream in cases where it is known that the subdivision would introduce the required

detail. Thus, the integration of both progressive mesh and subdivision surface technology should

be able both to reduce greatly the needed bandwidth as well as improve rendered image quality.

One final area worth pursuing would be the integration of orthogonal illumination maps

tTCRSggl to fake the appearance of greater polygonai detail in models with low triangle counts.

These textures are bump-mapped (bump mapping involves perturbing surface normals to provide

the illusion of greater surface-light interaction) onto existing objects to produce detail that would

normally be impossible without the addition of many orders of magnfude greater geometry detail.

Orthogonal itlumination maps ailow per-pixel lighting rather than the normal per-vertex

lighting allowed in real time engines. This is accomplished through a six-pass rendering scheme

which renders precalculated axis aligned normal maps (texture maps whose values represent

normals rather than colors) that have been adjusted against the given light sources onto the target

objects. Such normal maps are stored using palettized textures, which could provide for even
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greater compression rates. These special texture maps could be integrated into the existing

texture transport systern, and could allow for the addition of very high detail at minimal cost, in

terms of both bandwidth and decompression overhead. The only major flaw in this scheme is that

it requires a. greatdeal of fill rate from the 3D accelerator. Yet, just as the upcoming generation

of 3D hardware accelerators should solve the issue of anti-aliasing, it will provide the fill rate and

support necessary for hardware bump-mapping. As with subdivision surfaces and progressive

meshes, there remains a lot of room in which to experiment with additions and improvements to

the existing system.

Contributions

This thesis contributes to science and technology by:

introducing a novel approach to geometry compression;

demonstrating the power and legitimacy of accurate geometry culling in non-interactive

scenarios enabling 3D content to be efficiently transmitted to viewers;

demonstrating a novel approach to the progressive transmission of triangular meshes;

demonstrating the practicality of utilizing wavelets to reconstruct MIP map levels for

progressive transmission of texture maps; and

providing Mecca Media Group with a superior compression scheme and a practical

alternative to using video compression to transmit animation sequences for use in teaching

and training.

7.3
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Appendix A: OpCode Listing

,A.ppnnnx A
OpConB LrsrrNc

Each OpCode is listed along with a brief explanation, the opcode's numeric equivaient and

the instruction's list of arguments. To simplify the description of the various opcodes argument

lists, arguments are listed as "type-name", where type provides a reference to the data type used

to store the value, and name gives a name reference for the specific ordered value. Types are

itahcized to ease reading.

Name: OPCODE-COMPLETETOFRAME
Arguments: Byte-FO Byte-FI Byte-FT
Comments: The 3 bytes represent the successive bytes na24 bit unsigned frame number.

opcode updates the Readyrilt Frame marker to the specified frame number.

Value: 1

This

Name: OPCODE-ADDVERTS Value:2
Arguments : Sho rt 

-Wlttch 
Sho rt J otal D at aB lo ck-Y efiexValues

Comments: This opcode appends a list of vertices to an object. The first short value specifies

which object reference number the vertices should be appended to. This object

must already exist in the animation database. The second short value provides the

total number of vertices that are listed in the data block that follows.
The size of the data biock varies due to the size of each vertex component and the

number of vertices in the list. Vertex data size is specified in the header for the

file. Total size of the data block should be equal to the number of bit per vertex

component * 3 * Total number of vertices / 8, rounded up to the nearest integer

value.

Name: OPCODE-ADDNORMS Value:3
Arguments : S/zorr-Which S ho rt J otal D ataB lock-NormValues
Comments: This opcode appends a list of normal vectors to an object. The first short value

specifies which object reference number the normals should be appended to. This

object must already exist in the animation database. The second short value

provides the total number of normals that are listed in the data block that follows.

The size of the data block depends on the setting of bcompressedNormafs
(specified in the header). If compressed normals are being used, the datablock size

is equal to the total number of normals * 3. If uncompressed normals are being

used, the datablock size is equal to the total number of normals x 6.

Uncompressed normals range between -1.0 and 1.0, and are scaled 16 bit values'
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Name: OPCODE_ADDFACES

Appendix A: OpCode Listing

Value:4
Arguments : S ho rt _Iù/}.lch S ho rt J otal D ataBlock_FaceValues
Comments: This opcode appends a list of face references to an object. The first short value

specifies which object reference number the faces should be appended to. This
object must already exist in the animation database. The second short value
provides the total number of faces that are listed in the data block that follows.
The data block is a series of shorts, where the total number of shorts is equal to
the total number of faces in the list * 3.

Name: OPCODE_ADDTEXCOORDS Value:5
Arguments : Sho rt _Which S hort J otal D ataB locft_TexCoordValues
Comments: This opcode appends a list of texture coordinates references to an object. The frst

short value specifies which object reference number the coordinates should be
appended to. This object must already exist in the animation database. The
second short value provides the total number of coordinates that are listed in the
data block that follows.
Each vertex coordinate is packed into a 24 bit word, with the U value occupying
the top 12 bits, and the V value occupying the bottom 12 bits. These bit values
represent numbers ranging between -8.0 and +8.0. Thus the size of the data block
is equal to the total number in the list * 3.

Name: OPCODE_ADDVERTCOLORS Value:6
Arguments : Sho rt _Which Sho rt J otal D ataB I ock_ColorValues
Comments: This opcode appends a list of vertex colors to an object. The first short value

specifies which object reference number the coordinates should be appended to.
This object must already exist in the animation database. The second short value
provides the total number of colors that are listed in the data block that follows.
Colors are represented as 16 bit color values with the original red and blue values
divided by 8 and the green value divided by 4. The size of the data block is equal
to the number of colors in the list * 2.

Name: OPCODE_ASSIGNOBJECT_SOLIDCOLOR Value: 12

Arguments: Short_Which Word_ColorValue
Comments: This opcode assigns a solid color to an entire model, instead of the model owning

a texture or possessing per-vertex coloring. The fust short value specifies which
object reference number the coordinates should be appended to. This object must
already exist in the anímation database. Colors are represented as 16 bit color
values with the orisinal red and biue values divided bv 8 and the sreen value
divided by 4.

Name: OPCODE ADDOBJECT
Arguments: ShortJotalVertices Short_TotalFaces <Float_MnCoord> <Float_MaxCoord>
Comments: This opcode creates a new object in the animation database, and assigns this new

object a reference number equal to the number of previously existing models in the
database. The object is assigned total vertex and face counts based on the
arguments specified. If the bits-per-vertex value specified in the file header was

Value:24
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not 32, there follows two 3D coordinate values that define a bounding box for the
model. All new vertices added to the üst, again assuming the bits-per-vertex vaiue
was not 32, are scaled against the bounding box values.

Name: OPCODE_SETPARENTCHILD
Arguments: Short_Child Short_P arent
Comments: This opcode defines a parent-child relationship between two existing models in the

database. This is accomplished by assigning the parent to the child node, as each
node can have a single parent, but multiple children. Both the child and parent
models must already exist in the database.

Name: OPCODE_KEYFRAME_TCBPOS Value:32
Arguments: Short-Which ByteJime} ByteJtrnel ByteJ'rrrc2 ByteJtrne3 FIoat_PosX

Float-PosY Float_PosZ WordJension Word_Continuity Word_Bias
W o r d _E aseTn W o rd _p,as e Ou t

Comments: This opcode defines a TCB position keyframe for an object - in conjunction with
several other TCB ke¡'frames an object can be meant to travel through space. The
object must already exist ín the database. Time values are stored as total number
of ticks into the anirnation the keyframe takes place at. Keyframes times are
signed, as they are allowed to exist before the O-frame.

Name: OPCODE_KEYFRAME LINPOS Value: 33
Arguments: Såorr-Which Byte-Trne} ByteJimel ByteJ'trne2 ByteJime3 Float_PosX

Float_PosY FIoat_PosZ
Comments: This opcode defines a linear position interpolation keyframe for an object - in

conjunction with another linear position interpolation keyframe an object can be
meant to travel through space. The object must already exist in the database.
Time values are stored as total number of ticks into the animation the keyframe
takes place at. Keyframes times are signed, as they are allowed to exist before the
0-frame.

Name : OPCODE_KEYFRAME_BEZPOS Value:34
Arguments: Short_Wltich ByteJtrne} ByteJrnel Byte_TimeZ ByteJime3 FIoat_PosX

Float-PosY Float-PosZ Float_Ir[IanX Float_k[IanY Float_Ir[IanZ
F I o at _OutT arX. F I o at _OutTanY F I o at _OutT anZ

Comments: This opcode defines a Bezier position interpolation keyframe for an object - in
conjunction with another Bezier position interpolating keyframe an object can be
meant to travel through space. The object must already exist in the database.
Time values are stored as total number of ticks into the anìmation the keyframe
takes place at. KeSrframes times are signed, as they are allowed to exist before the
O-frame.

Name: OPCODE_KEYFRAME_TCBROT Value:35
Arguments: Short-Which Byte_Ttrne} Byte_Timel Byte_Twrc} ByteJime3 Float_AngLe

Word-AxtsX Word-AxtsY Word_AxtsZ WordJension Word_Continuity
Word Bias Word Easeln Word EaseOut

Value:28
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Comments: This opcode defines a TCB rotation keyframe for an object - in conjunction with
several other TCB keyframes an object can be meant to reorient itself over time.
The rotation performed by a TCB rotation is a relative rotation. The object must
already exist in the database. Time values are stored as total number of ticks into
the animation the ke1ûame takes piace at. Keyframes times are signed, as they are
allowed to exist before the O-frame.

Name : OPCODE_KEYFRAME_LINROT Value:36
Arguments: Short-Which Byte]ime} ByteJimel Byte_Ttrne} ByteJime3 Word_QuatX

W o r d _QuatY W o r d _QuatZ W o rd _Qu atW
Comments: This opcode defines a linear rotation ke1.frame for an object - in conjunction with

another linear keyframes an object can be meant to reorient itself over time. The
rotation performed by a linear rotation is an absolute rotation. The object must
already exist in the database. Time values are stored as total number of ticks into
the animation the keyframe takes place at. Keyframes times are signed, as they are
allowed to exist before the O-frame.

Name: OPCODE_KEyFRaVE_TCBSCL Vatue:38
Arguments: Short-Which Byte-Tune} Byte_Timel Byte_Time2 Byte_Time3 Float_ScaleX

Float-ScaIeY Float-ScaIeZ Word_Tension Word_Continuity Word_Bias
W o r d _E as eIn W o r d _Eas eOu t

Comments: This opcode defines a TCB scale keyframe for an object - in conjunction with
several other TCB keyframes an object can be meant to change scale over time.
The object must already exist in the database. Time values are stored as total
number of ticks into the animation the keyframe takes place at. Keyframes times
are signed, as they are allowed to exist before the O-frame.

Name: OPCODE_KEYFRAME_LINSCL Value:39
Arguments: Short-Wlnch ByteJime0 Byre_Time1 ByteJtrne2 ByteJime3 Float_ScaleX

F I o at _S c aleY F I o at _S c aleZ
Comments: This opcode defines a linear scale interpolation ke¡rframe for an object - in

conjunction with another linear scale interpolation ke¡rframe an object can be
meant to change scale over time. The object must already exist in the database.
Time values are stored as total number of ticks into the animation the keyframe
takes place at. Keyframes times are signed, as they are allowed to exist before the
0-frame.

Name : OPCODE_KEITRAME_B EZSCL Value:40
Arguments: Short-Which Byte-Ttrne} Byte_Timel Byte_TtrneZ Byte_Time3 Float_ScaleX

Float-ScaleY Float-ScaIeZ Float_kilanX Float_kifanY FIoat_IriIanZ
F I o at _OutT anX F I o at _OutTanY F I o at _OutT anZ

Comments: This opcode defines a Bezier scale interpolation keyframe for an object - in
conjunction with another Bezier scale interpolating keyframe an object can be
meant to change scale over time. The object must already exist in the database.
Time values are stored as total number of ticks into the animation the keyframe
takes place at. Keyframes times are signed, as they are allowed to exist before the
0-frame.
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Name: OPCODE_CAMERA_KEYFRAME_TCBPOS Value:51
Arguments: Byte-Ttrne} Byte-Timel Byte_TtrneZ Byte_Ttrne3 Float_PosX Float_PosY

Float-PosZ WordJension Word-Continuity Word_Bias Word_EaseIn
Word_EaseOut

Comments: This opcode defines a TCB position keyframe for the camera - in conjunction with
several other TCB keyframes the camera can be meant to travel through space.
Time values are stored as total number of ticks into the animation the keyframe
takes place at. Keyframes times are signed, as they are allowed to exist before the
O-frame.

Name: OPCODE_CAMERA_KEYFRAME_LINPOS Vatue:52
Arguments: Byte-Ttrne} Byte-TtrneT ByteJime2 Byte_Time3 FIoat_PosX Float_PosY

Float_PosZ
Comments: This opcode defines a linear position interpolation keyframe for the camera - in

conjunction with another linear position interpolation keyframe the camera can be
meant to travel through space. Time values are stored as total number of ticks into
the animation the keyframe takes place at. Keyframes times are signed, as they are
allowed to erist before the O-frame.

Name : OPCODE_CAMERA_KEYFRAME_BEZPOS Value:53
Arguments: ByteJìme} Byte-lrmel Byte-TrneT ByteJtrne3 FIoat_PosX FIoat_PosY

Float-PosZ Float-Ir{lanX Float_k{lanY FIoat_InTanZ Float_OutTanX
F lo at _OutT anY F I o at _OutT anZ

Comments: This opcode defines a Bezier position interpolation keyframe for the camera - in
conjunction with another Bezier position interpolating keyframe the camera can be
meant to travel through space. Time values are stored as total number of ticks into
the animation the keyframe takes place at. Keyframes times are signed, as they are
allowed to exist before the O-frame.

Name : OPCODE_CAMERA_KEYFRAME_TCBROT Value:54
Arguments: Byte-Ttne} Byte-Ttrnel ByteJ'wrcZ Byte_Time3 Float_Angle Word_AxtsX

Word-AxtsY Word-AnsZ WordJension Word_Continuity Word_Bias
W o r d _E aseln W o rd _Eas e O ut

Comments: This opcode defines a TCB rotation keyframe for the camera - in conjunction with
several other TCB keyframes the camera can reorient itself over time. The
rotation performed by a TCB rotation is a relative rotation. Time values are stored
as total number of ticks into the animation the keyframe takes place at. Keyframes
times are signed, as they are allowed to exist before the O-frame.

Name: OPCODE_CAMERA_KEYFRAME_LINROT Value:55
Arguments: ByteJ'tme} Byte-Ttmel Byte_Ttrne} Byte_Time3 Word_QtatX Word_QuatY

W o rd _QuatZ W o rd _Qu at'W
Comments: This opcode defines a linear rotation keyframe for the camera - in conjunction with

another linear keyframes the camera can reorient itself over time. The rotation
performed by a linear rotation is an absolute rotation. Time values are stored as
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total number of ticks into the animation the keyframe takes place at. Keyframes
times are signed, as they are allowed to exist before the O-frame.

Name: OPCODE_CAMERA_KEYFRAME_TCBRLL Value: 57
Arguments: By te Jime} By t e _T rnel By t e J trne} Byt e J trne3 Flo at _RollValue
Comments: This opcode defines a TCB roll keyframe for the camera around the camera's z-

axis. Time values are stored as total number of ticks into the animation the
keyframe takes place at. Keyframes times are signed, as they are allowed to exist
before the 0-frame.

Name: OPCODE_CAMERA_KEYFRAME LINRLL Value:58
Arguments: Byte J ime} B y te Jtnel By t e _TtrneZ Byt e _Ttrne3 FIo at _RollValue
Comments: This opcode defines a linear roll keyframe for the camera around the camera's z-

axis. Time values are stored as total number of ticks into the animation the
keyframe takes place at. Keyframes times are signed, as they are allowed to exist
before the O-frame.

Name: OPCODE_CAMERA_KEYFRAME_BEZRLL Value:59
Arguments : B yte _T trrc} Byt e -Timel Byt e _Ttrne2 Byt e _Trne3 F Io at _RollValue
Comments: This opcode defines aBezier roll keyframe for the camera around the camera's z-

axis. Time values are stored as total number of ticks into the animation the
keyframe takes place at. Keyframes times are signed, as they are allowed to exist
before the O-frame.

Name: OPCODE ADDCAMERA Value:60
A rg uments : W o r d _F ield _o f_View F I o at _N earPlane F I o at _F arPlane
Comments: Assigns a basic camera to the sign, providing a FOV value scaled up to between

(0,3.141592), as well as a near and far plane. These values together are used to
construct the view frustum.

Name: OPCODE_ADDCAMERA_WITHLOCATION Value: 61
Arguments: Word-Field-of-View Float_NearPlane Float_FarPlane Float_PosX Float_PosY

Float_PosZ
Comments: Assigns a basic camera to the sign, providing a FOV value scaled up to between

(0,3.141592), as well as a near and far plane. These values together are used to
construct the view frustum. The camera absolute location is provided in x,y,z
coordinates.

Name: OPCODE SETCAMERA ORIENTATION Value:62
A rgu ments : W o r d _QuatX W o r d _QuatY W o rd _QuatZ W o rd _QuatW
Comments: Provides the existing camera with a fixed orientation. The four 16 bit values

values define a quaternion by scaling the values to the range (-1.0,1.0).

Name: OPCODE_SETCAMERA_OFtrSET Value:63
Arguments: Float_Yal} Float_Yal7 Float_YaIZ Float_Yal3 Float_Yal4

Float_Yalí Float YaI6 Float YaY/ Float YaIS Float YaL9
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Float_YaIl} Float_YaIIL FIoat_YallZ
Comments: Defines a 4x3 (for rows, 3 columns) matrix which is converted into a 4x4 matrix

internally to provide an offset for the camera.

Name: OPCODE_SETOFFSET Value: 66
Arguments: Short_Wbich Float_YaID Float_Yall Float_Yal? Float_Yal3

Float_YaI4 Float_Yall Float_Yalí Float_Yal7 Float_YaI9
Float_YaI9 Float_Yall} Float_YaIll Float_Yall2

Comments: Defines a 4x3 (for rows, 3 columns) matrix which is converted into a 4x4 matrix
internally to provide an offset for specified object indicated by 'which'.

Name: OPCODE_SETPOSITION Value: 67
A rguments : S ho rt _Wl'ttch F I o at _P o sX F I o at _Po sY F I o at _P o sZ
Comments: The absolute ìocation is provided in x,y,z coordinates for the object specified by

'which'.

Name: OPCODE_SETORIENTATION Value: 68
A rgu ments : S h o rt _Which W o r d _QuatX W o r d _Qu atY W o r d _Qu atZ W o r d _Qu atW
Comments: Provides an existing object specified by 'which' with a fixed absolute orientation.

The four 16 bit vaiues values define a quaternion by scaling the values to the range
(-1.0,1.0).

Name: OPCODE_SETPOSITION Value: 67
Arguments : S ho rt _Which F I o at _P o sX F I o at _P o sY F I o at _P o sZ
Comments: The absolute location is provided in x,y,z coordinates for the object specified by

'which'.

Name: OPCODE_SETSCALE Value: 69
Arguments : Sho rt _Y'/hich Flo at _S caIeX Flo at _ScaleY Flo at _ScaleZ
Comments: The absolute scaling factor is provided as a float triple for the object specified by

'which'.

Name: OPCODE_ADDLIGHT_OMNI Value:70
Arguments: Word_CoIor
Comments: Appends a new omni-directional point source light to the scene, with the given 16b

encoded color. Colors are represented as 16 bit color values with the original red
and blue values divided by 8 and the green value divided by 4.

Name: OPCODE_ADDLIGHT_SPOT Value: 71
Arguments: Word_Co\or
Comments: Appends a new spotlight to the scene, with the given 16b encoded color. Colors

are represented as i6 bit color values with the original red and blue values divided
by 8 and the green value divided by 4.

Name: OPCODE_ADDLIGHT_DIRECTIONAL Yalug'72
Arguments: Word_Color
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Comments: Appends a new directional to the scene, with the given 16b encoded color. Colors
are represented as 16 bit color values with the original red and blue values divided
by 8 and the green value divided by 4.

Name: OPCODE SETLIGHT ORIENTATION Value:73
A rg u ments : S h o r t _Which W o r d _QuatX W o r d _Qu atY W o rd _QuatZ W o rd _Qu at'W
Comments: Provides an existing light specified by 'which' with a fixed absolute orientation.

The four 16 bit values values define a quaternion by scaling the values to the range
(_1.0,i.0).

Name: OPCODE SETLIGHT POSITION Value:74
Arguments : S ho rt _Wlljch F I o at _P o sX F I o at _Po sY F I o at _P o sZ
Comments: The absolute location is provided in x,y,z coordinates for the light specified by

'which'.

Name: OPCODE SETOFFSET Value:75
Arguments: Short_Wllich Float_Yal} Float_YaII Float_YaI? Float_YaI3

Float_Yal4 Float_Yalí Float_Yalí Float_YaI7 Float_YaI8
Float_YaL9 Float_Yall0 Float_Yall7 Float_Yall2

Comments: Defures a 4x3 (for rows, 3 columns) matrix which is converted into a 4x4 matrix
internally to provide an offset for specified light indicated by'which'.

Name: OPCODE_LIGHT_KEYFRAME_TCBPOS Value:76
Arguments: Short_Which ByteJtrne} Byte_Ttrnel ByteJimeT ByteJime3 Float_PosX

FIoat_PosY Float_PosZ Word_Tension Word_Continuity Word_Bias
W o r d _E aseln W o r d _Eas e O ut

Comments: This opcode defines a TCB position keyframe for a light - in conjunction with
several other TCB keyframes a light can be meant to travel through space. The
light must already exist in the database. Time values are stored as total number of
ticks into the animation the keyframe takes place at. Keyframes times are signed,
as they are allowed to exist before the O-frame.

Name: OPCODE_LIGHT_KEYFRAME_LINPOS Yalue:7j
Arguments: Short_Which Byte_Ttme} ByteJtrnel Byte_Ttne2 Byte]ime3 FIoat_PosX

FIoat_PosY Float_PosZ
Comments: This opcode defines a linear position interpolation keyframe for a light - in

conjunction with another linear position interpolation keyframe a light can be
meant to travel through space. The light must already exist in the database. Time
values are stored as total number of ticks into the animation the keyframe takes
place at. Keyframes times are signed, as they are allowed to exist before the 0-
frame.

Name : OPCODE_LIGHT_KEYFRAME_BEZPOS Value:78
Arguments: Short_Which ByteJime} ByteJimel ByteJime2 Byte]ime3 Float_PosX

Float PosY Float PosZ Float InTanX Float InTanY Float ki|anZ
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F I o at _OutT anX F lo at _OutTanY F I o at _OutT anZ
Comments: This opcode defines a Bezier position interpolation keyframe for a hght - in

conjunction with another Bezier position interpolating kelûame a light can be
meant to travel through space. The light must already exist in the database. Time
values are stored as total number of ticks into the animation the keyframe takes
place at. Keyframes times are signed, as they are allowed to exist before the 0-
frame.

Name: OPCODE_LIGHT_KEYFRAME_TCBROT Value: 79
Arguments: Short_Which Byte_Tkne} Byte-Timei ByteJtrneT Byte_Ttrne3 Float_AngIe

Word-AxisX Word-AxtsY Word_AxtsZ Word_Tension Word_Continuity
W o r d _B ias W o r d _E aseln W o r d _Eas e Out

Comments: This opcode defines a TCB rotation kelûame for a light - in conjunction with
several other TCB keyframes a light can be meant to reorient itself over time. The
rotation performed by a TCB rotation is a relative rotation. The light must already
exist in the database. Time values are stored as total number of ticks into the
animation the keyframe takes place at. Keyframes times are signed, as they are
allowed to exist before the O-frame.

Name: OPCODE LIGHT KEYFRAME LINROT Value: 81
Arguments: Short_Which Byte_Time} Byte_Timel ByteJtrne2 ByteJtne3 Word_QuatX

W o r d _QuatY W o r d _QuatZ W o r d _Q u atV/
Comments: This opcode defines a linear rotation keyframe for a light - in conjunction with

another linear ke)rframes a light can be meant to reorient itself over time. The
rotation performed by a linear rotation is an absolute rotation. The light must
already exist in the database. Time values are stored as total number of ticks into
the animation the keyframe takes place at. Keyframes times are signed, as they are
allowed to exist before the O-frame.

Name : OPCODE_LIGHT_KEYFRAME_TCBRLL Value:82
Arguments : S ho rt _Which By t e Jtrne} Byte J wrcI Byt e J ime2 Byt e _T trne3 F I o at _RollValue
Comments: This opcode defines a TCB roll keyframe for a light around the light's z-axis. Time

values are stored as total number of ticks into the animation the keyframe takes
place at. Keyframes times are signed, as they are allowed to exist before the 0-
frame.

Name : OPCODE_LIGHT_KEYFRAME_LINRLL Value:83
Arguments: Short-Wtttch ByteJtne} Byte_Ttnel Byte_TimeZ ByteJtrne3 Float_RollValue
Comments: This opcode defines a linear roll keyframe for a light around the light's z-axis.

Time values are stored as total number of ticks into the animation the keyframe
takes place at. Keyframes times are signed, as they are allowed to exist before the
0-frame.

N a me : OPC ODE_LIGHT_KEYFRAME_B F,ZRI-L Value:84
Arguments: Short_WhichByteJtne} ByteJwreT ByteJtrneZ Byte_Ttrne3 Float_RollValue
Comments: This opcode defines a Bezier roll keyframe for the lisht around the lisht's z-axis.
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Time values are stored as total number of ticks into the animation the keyframe
takes place at. Keyframes times are signed, as they are allowed to exist before the
O-frame.

Name: OPCODE-ADDTARGET-TO-CAMERA Value:87
Arguments: Short-Which
Comments: This opcode assigns a target to the camera. This will cause the camera to aiways

reorient itself point at the specified object regardless of their locations.

Name: OPCODE-ADDTARGET-TO-LIGHT Value:88
Arguments: Short-source Short-target
Comments: This opcode assigns atarget to a light. This will cause the light to always reorient

itself point at the specified object regardless of their locations.

Name: OPCODE-ADDTARGET-TO-OBJECT
Arguments: Short-source Short-target
Comments: This opcode assigns a target to an object. This will cause the object to always

reorient itself point at the specified target regardless of their locations.

Value:89

Name: OPCODE_ADDMIPMAP
Arguments: Short-Which
Comments: This opcode indicates that the stream is changing from the presentation of opcodes

to a group of wavelet coefficients corresponding to an entire MIP map level. The

specification of a MIP map causes the application to enter MIP map processing

mode whereupon all data is assumed to belong to the current portion of the
wavelet coefficient space. It should also be noted that the initial MIP map level is

presumed to be entirely an approximation, and thus is not quantized but merely
provided directly in its original color values.

Value: 100

Name : OPCODE-AS SIGN-MAPTOOB J

Arguments: Short-object Short-texture
Comments: This opcode assigns a specific texture to a specific object. Both the texture and

object must previously exist in the database.

Name : OPCODE-ADDTEXMAPTYPE-HAAR Value: 160

Arguments : F lo at 
-M;n 

F lo at 
-Max 

Byre-Shininess Word-SpecularColor
Comments: This opcode appends a new texture map object to the database. Specifically, this

texture is encoded using the Haar wavelet transforrn, whose coeffrcients are

quantized between the provided min and max values. To aid in lighting
calculations, a shininess value and a corresponding specular reflection color are

also specified.

Value: 110

Name : OPCODE-END OFFILEMARKER
Arguments: None
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Comments: This opcode marks the end of the file. Any information following this opcode
should be ignored.

l.{ame: OPCODE_SETBACKGROI-INDCOLOR Value: 240
Arguments: Word_ColorValue
Comments: This opcode assigns a global background color to the scene, other than the usual

default value of black. Colors are represented as 16 bit color values with the
original red and blue values divided by 8 and the green value divided by 4.
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Appnnnur B
fIBEoBn Srnucrunn

This section describes the header structure for files constructed by the compressor and

read by the decompressor. The header structure is dynamic. Depending on switches set in the

fust four bytes, the length of the header can grow to include more specific information. While the

rest of the file is always compressed using the LZSS algorithrr¡ the header is never compressed

and transmitted as raw data, as its statistics will not match the rest of the file.

The first four bytes are initially read and decoded according to foliowing table:

Bit Information Affect Header
Length

1..0 2 bit code representing how many bits per vertex component are used by this
hle.
00 = 32b,01 = 16b, 10 = 10b, l1 = 8b

2 Use simple shading?

3 Is tick rate eoual to 160 Yes

/1 Is source frame rate set to 30 frames per second Yes

5 Use high quality materials?

6
Are there vertex normals in this file, or should the decompressor calculate
them?

7 A¡e included normals compressed (only applicabìe if bit 6 is on)

8..15 Reserved for future use

16..23 Major version

24..31 Minor version

When the first four bytes are being decoded, if bit 4 is off, then immediately a short value is pulled

from the header and used as the tick rate. If bit 5 is off, another short value is also immediately

pulled from the fi.le and used as the source frame rate. Depending on the settings of bits 4 and 5,

header length can fluctuate by up to four bytes.

Major and minor version numbers are treated as though they were numbers on the Ieft and

right side of a decimal point, forming a simple fixed point number. For example, a major value of
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16 and a minor value of 32 would be equivaient to 76.125. This value is compared against a

constant shared by the compressor and decompressor to confirm that versions match, as well as to

confirm that the file attempting to be parsed is of the proper file type.

Once the initial boolean values are read in, 3 bytes are read. These three bytes represent a

24bit unsigned integer value setting the final frame number. Total time required for the animation

sequence can be determined by multiplying the final frame number by the source frame per second

number.

The next three bytes in the file contain the target resolution. Resolution is retrieved from

these bytes by taking the high 12 bits as the rendering height, and the low 12 bits as the rendering

width. Once retrieved, the decompressor will adjust its resolution to match the target values, and

center itself in the screen.

The final four bytes of the header are the length of the compressed frle. As this

information is not provided by the channel, and is not naturaliy available to the decompressor, this

value is used to determine a threshold of retrieved data that must be overcome before playback

will beein.
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AppBNnx C
Srnucrunp Cnanrs

C.l Ðecompressor Structure Chart

Decompressor Main Menu

Animation

Open Remote
HTTP link

Display Current Logged
Informat¡on
D ialog Log.h

D ialogLog.cpp
Logger.h

Logger.cpp

Pause

S et D ownload
S peed

Prompl User for URL
CGetUrl.h

C G etu rl.cpp

Opsn Remote f¡le via
CAsyncMonikerFile and

retrieve data
Decom prêssorDoc.h

Decom pressorDoc.cpp
A n im ation F ile. h

AnimalionFile.cpp

Parse File to
Database

Render Database
Decom pressorView.h

Decom pressorView.cpp

Felch Instructions Get Current Stable
Database and time stamo

Interpret Instru ctions

For currenl time stamp,
u pdate all ob ject

lran s fo rm s
Process Instructions
(add/update objects,
add/updale textures)

Render objects with
Iexlu res

T extu re. h
TaYtrrrÂ 

^ññ

Anim ation Database
Animalion.h

An¡mation.cpp
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C"2 Compressor Structure Chart

Material hadn't been previously
added, build mater¡al for this

obiect

Render compound mater¡ai to
lexturemæ

Convert têxlurêmap to wavelet
coefficienls

Determine necessary maximum
lêxture resolulion

Add texure marker to outÞut

Local Loop: lf a higher lewl
mipmap for lhe cunent toxturemap

is needed for this block, add the
appropr¡ate group of wa\@lel

subbands

Add Keyframes for this object that
lake place during the block

Mark the cunent block as
completed in the output.

(End of Block loop)

First pass is completed
Cl6s output file

Perform lossless comDression
(LZSS) pass on output f¡le

Add variable length blocks of
informalion, divided up by frame

group¡ngs
(Begin block Ioop)

Divide objects by smoothing
groups, mark¡ng new arlif¡cial

objects

Galher information about all
objects, includ¡ng vertex &

face l¡sts, as well as texture
coordinates

Visibility Determination
Loop

Conslruct object database
for current framo

Render curront frame using
new obiect database

Scan rendered frame for
assigned colors, adding
found values to color list,

referenced by frame number

Gather material bounding
information from lhe f rame

Delete Dalabase and disca¡d
rendered frame

sorl the constructed list of
object vert¡ces and faces by
frama reference numbers

Prepare file for output
Add header to f¡le

Camera
Objecl

Polygonal
Object

Dêtermine which \€rtices
and faces of the objects

belong in the cunent block

lf object has not previously

be€n added to scene, add it
now

Add rele\ant l¡st of vortices for
this block to output

Add relovant list of normals for
thís block to output

Add rele\ant list of texture
coord¡nates for lhis block to oulÞut

z",N
x7
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,A.ppnNnx f,!
Sounce CooB

D.l Compressor Source Code

D.1.1 Opcodes.h

/****************ik*****************************************************
tkq

FTLE:

DESCRÏPTTON:

CREATED BY:

HTSTORY:

^^^^,-J ^ ^ l^v¡lu9qçÞ. ¡¡

Comní l cr rlef i nqs tçt aid readabil-i tv

Jonathan Greenberg

Thesis work

t_

2

3

4
5

1,2

28
5Z

33
34
35
36
38
39
40
4t
Àa

43
51
52
53
q¿,

55
57
5õ
59
60
6t
62

'i> Copyright (c) 2000, A77 Rights Reserved.
**********************************************************************/

#def ine OPCODE_COMPLETETOFRAME
#def ine OPCODE_ADDVERTS
#def ine OPCODE_ADDNORMS

#def ine OPCODE_ADDFACES
#def ine OPCODE_ADÐTEXCOORDS

#def ine OPCODE_AÐÐVERTCOLORS
#def ine OPCODE_ASSIGNOB,JECT_SOLIDCOLOR
#def ine OPCODE_ADDOBJECT
#def ine OPCODE_SETPARENTCHILD
#de f ine OPCODE_KEYFRAME_TCBPOS
#de f ine OPCODE_KEYFRÀME_LTNPOS
*def ine OPCODE-KEYFRAME_BEZPOS
#def ine OPCODE_KEYFRAME_TCBROT
#def ine OPCODE_KEYFRAME_LTNROT
#de f ine OPCODE_KEYFRAME_TCBSCL
#de f ine OPCODE_KEYFRAME_LINSCL
#de f ine OPCODE_KEYFRAME_BEZSCL
#def ine OPCODE_KEYFRA,ME_TCBRLL
#def ine OPCODE_KEYFRAME_LINRLL
#def ine OPCODE_KEYFRAME_BEZRLL
#de f ine OPCODE_CAMERA_KEYFRÀME_TCBPOS
#de f ine OPCODE_CAMERA_KEYFRAME_LINPOS
#de f ine OPCODE_CAMERA_KEYFRAME_BEZ POS

#de f ine OPCODE-CAMERA_KEYFRAME_TCBROT
*def ine OPCODE-CAMERA_KEYFRAME_LINROT
#def ine OPCODE_CAMERÄ,_KEYFRÀME_TCBRLL
#de f ine OPCODE_CAMERA_KEYFRAME_L TNRT,L
*def íne OPCODE_CAMERÀ_KEYFRAME_BEZRLL
#def ine OPCODE_ADDCAMERA
#de f ine OPCODE_ADDCAMERA_WI THLOCATION
#defíne OPCODE SETCAMERA, ORTENTATION
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#define
*define
#defíne
#define
#defíne
#defíne
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#defíne
#define
#define
#define
#define
#defíne
#define

#define
#define
#define

#define OPCODE SETBACKGROUNDCOLOR

O PCODE_S ET CA}{ER.A,_O F F S ET
OPCODE_SETOFFSET
OPCODE_SETPOSTTTON
OPCOÐE_SETROTATION
OPCODE_SETSCATE
OPCOÐE_ADDLTGHT-OMNI
OPCODE_ADDL]GHT_SPOT
O PCOÐE_ADDL I GHT_D T RECT T ONA],
OPCODE_SETL I GHT-ORÍ ENTATION
OPCODE_SETL I GHT_POS I TION
OPCODE_SETLT GHT-OFFSET
OPCODE_L T GHT_KEYFRAME_TCB POS

O PCODE_L I GHT_KEYFRAME_L I NPOS
O PCODE-L I GHT_KEYFRAME_BEZ POS

O PCODE_L I GHT_KEYFRAME-TCBROT
OPCODE-L I GHT_KEYFR.AME_L TNROT
O PCOD E-L Ï GHT_KEYFRAME_BE Z ROT
OPCODE_L I GHT_KEYFRAME-TCBRLL
O PCODE_L T GHT_KEYFRAME-L INRI,L
O PCODE_L T GHT_KEYFRAME_BEZ RLL
O P CODE_ADDTARGE T_TO_CAME RA
OPCODE_ADDTARGET_TO_L ] GHT
O PCODE_ADDTARGET_TO_OB,]E CT
OPCOÐE_TARGET_KEYFRAME_TCB POS

OPCODE_TARGET_KEYFRÀME_L TNPOS
OPCODE_TARGET_KEYFRAME_BE Z POS

OPCODE_ADDM]PMAP
OPCODE-AS S ] GN_MAPTOOB.J
O PCODE_ENDOFF T LEMARKER

OPCODE_ENH_LTGHT_KEYFRAME-TCBROT 2tO
OPCODE_ENH-CAMER.A,_KEYFRAME_TCBROT 2 1 1

OPCODE ENH KEYFRAME TCBROT

63
66
67
68

70
7I
72

AA

75
to
77
78
79
80
8l_

82
83
84
87
88
89
90
9I
92

100
110
198

2L2

#define OPCOÐE_ADDTEXMAPTYPE_HAAR 160
// note this is to aLLow for the future addition of
/,/ more basis functíon twes. This can become usefuf
// as more CPu time is made avaiJ-abl-e with future hardware

#define MAJORVERSION
#define MINORVERSION

a

6

#define
#define
#define
#define
#define

BPC_32
15.Y\- r b
BPC 10
BPC_8
BPC 12 4

0

t_

2

3

#define TTEMSPERBLOCK

/ / #de f ine VIEWSCREENREDUCT
#def ine VIEI{SCREENREDUCT

30
0 .707f
0.767f

// Tvnes of kevframe control-Lersr/

CNT TCBPOS O#define
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#defíne CNT_TCBROT 1
#define CNT_LINPOS 2
#define CNT_LINROT 3

#define CNT_BEZPOS 4
#define CNT_BEZROT 5
#define CNT_TCBRLL 6

#define CNT_LINRLL 7

#define CNT_BEZRLL B

#define CNT_TCBSCL 9

#define CNT_LINSCL 10
#define CNT_BEZSCL 11

#define FLOAT_PI 3 .1,4L592653589j 932384626433832j gsf
#define FLoAT_liALFPr t.si07963267948g66tg23L32t6916398f
#define FLOAT_RAD_TO_DEG 5i.29577951-3og232oe76jgeLsL8l_4105f
#define EPSILON O.OOO1

#define LIGHT_AMBIENT O

#define LIGHT_DIRECTIONAI 1
#define LIGHI_POINT
#define LIGHT_SPOTLIGHT 3

#define MAXTEXTUREPOWER I
#define MAXTEXTURERES 256
#define MINTEXTUREPOWER 3
#define MINTEXTURERES I

#define TEXTYPE_NONE
#define TEXTYPE_HAAR

0
1

#define TABLESIZE t_BO4l_
#define MINBITSIZE 9
#define MAXBITSIZE i4

#define COMPRESSION THRESHOLD 1.333

#define LzSSBITPOS
#define LZSSBITLEN
#define LZSSMAXLEN
#define LZSSMNDOI^I LENGTH

#define SPEED_288 O

#define SPEED_56k 1
#define SPEED_ISDN 2

#define SPEED_ADSL 3

#define SPEED_TI 4

L4
5
( (1 << LZSSBITLEN)+2)

(1 << I,ZSSBÏTPOS)

,/,/ uncomment tro disabl-e dataJogging - Jogging causes an initial_
// httrn in ran,lo-:*^ -^^^Å/ / ¿ stiqÇ¿ rtrS ÞI)ccu

//#define Do NoT LOG l
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D.I.z Vertcol.h

#include rrl"fax. h"

#define VCOL_CLASS_]D 0x0934851
static CIass_rD vcoLCfassÏD(VCOL_CLASS_TD, 0) ;

//---
// VCoL

//---
// This fife incl-udes data to rebuiJ.d the missing Vertex Cofor texture map
/ / xvne thaL SHOULD be incfuded in the 3DSMax SDK, but somehow they forgot.//
/ / ^^ ..,^ ^^^Å +his. f.vt-te to do fþa al^-iaar riar- a]h>q,e J:eCOnStfUCtiOn, it haS been/ / äÞ wc llÇeu cttlÐ cJ t'ç cltc vvJ
/ / i nnl ttrf aå harø

#define VCOL_VERSION 1

class VCol;

clase VCoÌDIg: public ParamDlg {
publíc:

HÏTIND hwmedit ; / / window handLe of the materiaTs editor
diaJog

IMtlParams *iP;
VCo] *theTex,' // current VCoJ being edited.
HV'IND hPanef ,- // Ro77up pane
TimeValue curTíme;
int isAcLive;
BOOL vafid;

//---
VColDlg(HWND hwMtLEdit, ïMtlParams *imp, VCoI *m);
-VcolDfg O ;
BOOL Panef Proc (HVíND hDlg, UINT message, VIPARAM wParam, LPARAM

]Param ) ;

void LoadDialog(BOOL draw) ; // stuff params into diaTog
void ReloadDialog O ;
void UpdateMtlDisplayO { lp->MtlChangedO; }
void ActivateDlg (BOOL onOff) ;

void fnvafidateO { val-id = FALSE; InvalidateRect(hPanel,NULL,0);
it

// methods inherited from ParamDTg:
Cl-ass-ID ClassIDO {return vcolClassTD; }
void SetThing(ReferenceTarget *m) ;

ReferenceTarget* GetThingO { return (ReferenceTarget *)theTex,' i
voíd Delet.eThisO { aetete this; }

. void SetTime (TimeVaLue t) ;

//---
// VCoT: A Composite texture map
//---
clase VCol: public TexmaP {

fríend claee VColDlg;
VColDlg *paramDlg,'
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Interval- ivalid;
BOOL uselfVüi;
publ-ic:

vcol 0 ;
ParamD1g* CreateParamDlg (HVI"NÐ hwMtlEdit, IMLlParams *imp) ;
ULONG Requirements (int subMtlNum) { return

useUVW?MTLREQ_IIV:MTLREQ_W2 ; )
void Update(TimeVal-ue t, Intervale valid);
void ReseÈ O ;
Interval- Validity(TimeValue t) { Interval v,' Update (t,v) ; return

ì]-va-LIc|','l
void NotifyChangedO;

// BvaJ-uate Lhe col-or of map for the context.
ACol-or Eval-Col-or (ShadeContext& sc),'
float Eva]Mono (ShadeContext& sc),'
ACofor Eval-Function(ShadeConÈexE&. sc, fJ-oat u, float v, float du,

float dv);

// for Bump mapping, need a perturbation to appfy to a normal-.
// Leave it up to the Texmap to determine how to do this-
Point3 EvalNormal-PerÈurb (ShadeContext& sc) ;

Class_ID CfassTDO { return vcolClassID; }
SClass_IÐ SuperClassÏDO { return TEXMAP_CLASS_ID; }
void GetCfassName(TSTR& s) i s= _T("Vertez Color"); )
void DeleteThisO { delete bhis; }

int NumSubsO { return 0; i

,// From ref
int NumRefsO { return O; }

RefTargetHandl-e Cl-one (RemapDir &remap = NoRemap O ) ;
RefResult NotifyRefChanged ( Interval changelnt,

RefTargetHandle hTarget,
PartID& partID, RefMessage message );

// ro
IOResul-t Save (ISave *isave) ;

- IOResult Load(Tload *il-oad) 
,'

)t

class VCol-ClassDesc:pubLic ClassDesc {
publÍc:
int IsPublic ( ) { return 1-; }
void * Create(BOOL loading) { return new VCol; }
const TCIIAR ¡. ClassNameO { return _T(tlVertex Color") ,. }
SCI-ass_fD SuperClassTDO { return TEXMAP_CLASS_ID; }
Class_ID CfassID O { return vcolClassID; }
const TCHAR* Category0 { return TEXMAP_CAT_COLMOD; i
t,

static VCol-ClassDesc vcolCD;
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D.1.3 Vertcol.cpp

#include rìvertcol- . h"
#include trresource. hrt

HINSTANCE hlnstance2;

void VCol-::ResetO {
uselfVW = FAISE;
ivalid.SetEmptyO ;

)

void VCol-: :NotifyChangedO {
NotifyDependenÈs (FOREVER, PART A-TJL, REFMSG CIIANGE) ;

VCol-: :VCol- O {
paramDl-g = NULL;
Reset O ;
I
)

ACoLor VCol : :Eval-Col-or(ShadeContext& sc) {
if (gbufID) sc.SetGBuffer]D(gbufID) ;
Point3 P = sc.t¡y¡t(1);
return ACol-or (p.x,p.y,p. z, l. Of) ;
ì
)

fl-oat VCol: :Eval-Mono(ShadeContext& sc) {
return Intens (Eval-Col_or (sc) ) ;
I

PoinÈ3 VCol- : :EvalNormalPerturb (ShadeContext& sc) {
return Point3 (0,0,0) ;

)

RefTargetHandl-e VCol: :Clone (RemapDir &remap) {
VCol- *mne\^t = new VCol ( ) ;
*((MtlBase*)mnew) = *((MtlBase*)Uhie); // copy supercl_ass stuff
return (RefTargetHand1e) mnew;
]

ParamDLg* VCol : :CreaLeParamDlg (HWND hwMtlEdit, IMtl_params *imp) {
VColDlg *dm = new VColDlg(hwMtlEdit, i*p, this);
Ctm- >IJoaCutalog ('I'KU!.;) ;
ParamÐlg = dm;
return dm;

l

void VCol::Update(TimeValue t, fntervaL& valid) {
if ( I ivalid. Inlnterval (t) ) {

ivalid. SetInf inite ( ) ;

.,1vallo t= rval-id;
1
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RefResult VCol::NotifyRefChanged(Interval changefnt, RefTargetHandLe hTargeL,
PartID& partID, RefMessage message ) {

switch (message) {
case REFMSG CHANGE:

ivaliã. SetEmpty O ;
if (paramDlg)

paramDlg- >lnval-idate ( ) ;
break,'

case REFMSG GET PARÄM ÐIM: {
GerpaiamDim *gpã = (CètparamDim*)partID;
return REF_STOP;

t

case REFMSG GET PARAM NAME: {
GetPaiamnãme *g[n = (eàtpararnName*)partID,-
return REF_STOP;

I
returniREF succEED);
)

#define MTL_HDR_CHUNK 0x4000
*def ine USE_IIWV_CHUNK 0x5000

ïOResuft VCol: :Save(ISave *isave) {
f OResul-t res;
// Save common stuff
i save - >BeginChunk ( MTL_HÐR_CHûNK) ;
res = MtlBase: : Save ( isave) ;
if (res!=IO_OK) return res;
isave->EndChunk ( ) ;
if (useuvw) {

i save - >BeginChunk (USE_LW_CHUNK) ;
isave->EndChunk O ;

returri IO_OK;

IOResuft VCol-: :Load(Iload *il-oad) {
IOResult res;
while (IO_OK== (res=il-oad->OpenChunkO ) ) {

switch(il-oad->CurChunkrDO ) {
case MTL_HDR_CHUNK:

res = MÈ]Base: :Load(iload) ;

, 
break;

iload- >Closechunk ( ) ;
if (res!=IO OK)

returñ res,'
ì

return fO OK;

J

static BOOL CAI,LBACK PanelDlgProc (HWND hwndDlg, UINT ßs9, WPARÀM $iParam,
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\llI/AIUàIvt l_Haram) I

VColDlg *Èhenl-g;
if (msg==tr'¡¡ui-INTTDIALOG) {

theDlg = (VColDlg*) fParam;
theDlg->hPanel = hwndDlg;
Seti¡iindowlong ( hwndDlg, GWL_USERDATA, l- Param) ;
I

eJ-ee {
if ( (thentg = (vcol-Dl-9 *)Getwindowlong(hwndDlg, GVIL_USERDATA) ) ==

NULL )

return FALSE;
'ì

!
theDlg->isActive = 1;
int res = theDlg- >Panel_Proc (hwndDlg, Elsg, vrParam, l_Param) ;
theDl-g->isActive = 0,'
reË,urn res;

VColDlg::VCo1Dlg(Hl^iND hwMtlEdit, IMtl-Params *imp, VCol- *m) {
hwmediL = hwMtl_Edit;
iP = imp;
hPane] = NULL;
theTex = m;
isActive = 0;
val-rd = FA,LSE;
hPanel- - ip->AddRollupPage (

hlnstance2,
MAKETNTRESOURCE ( ÏDD_VCOL) ,
PanelÐ1gProc,
_T ( I'Vert.ex Cof or Pa::amet.ers r') 

,
(LPARAM)thís ) ;

curTime = imp->GetTime O,.

void VCol-DIg: : Rel-oadDialog O {
Interval- valid;
theTex->Updat.e (curTime, valid) ;
LoadDialog ( FALSE ) ;

void VColDlg: : SetTime (TimeVal-ue t ) {
fnterval valid,-
if (Èl=curTime) {

curTime = t,-
theTex->Update (curTime, vafid) ;
LoadDial-og (FJ\LSE) ;

, 
T""alidateRect(hPanef,NULL,0) 

;

VColDlg::-VColDlgO {
theTex->paramDlg = NULL;
SetWindowlong (hPanel, GWL_USERDATA, NULL) ;

BOOL VColDlg::PanelProc(HWND hwndDlg, UINT msg, WPAR.AM h¡Param, LPARAM lParam )

I
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int id = LOWORD (wParam) ;

int code = HIWoRD (wParam) ;
swirch (msg) {

CASC WM INTTDÏA],OG:
t
ShowWindow (GetDlgItem (hwndÐIg, IDC_VC_VC) , SW_HIÐE) ;
ShowWindow (GetDlgÏtem (hwndDlg, IDC_VC_WW) , SW_HIDE) ,'

return TRUE;

I
break;

case WM COMMAND:

break,'
CAAE WM PATNT:

if ( !val-id) t
val-id = TRUE;
ReloadDiatog ( ) ;
1
)

break,'
caee WM_CLOSE: break;
ease WM-DESTROY: break;
caee CC SPINNER CIÍANGE:

bieak;
case WM_CUSTEDÏT_ENTER :

case CC SPINNER BUTTONUP:
theTex- >Nãt ifyChanged ( ) ;

UpdateMtlDispl-ay O ;
break;

)
reÈurn FAI,SE;
)

void VCoIDlg: :LoadDial-og(BOOL draw) {
if (theTex) {

Interva] val-id;
theTex- >Update ( curTime, val-id) ;

I
I
l

void VCofDlg: :SetThing(ReferenceTarget *m) {
assert (m->ClassID ( ) ==vqelClassID) ;
assert (m- >SuperC]assfD ( ) ==TEXMAP-CLASS-ID) ;
if (theTex) theTex->paramDlg = NULL;
theTex = (VCol *)m;
if (theTex) theTex->paramDlg = this,'
I,oadÐialog (TRUE) ;

I

void VColÐlg: :ActivateDlg(BOOL onOff) {
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D.1.4 FixelPeano.h

// pixefpeano.h: interface for the CpixeLpeano cJ_ass.

// rhis fiLe defines a structure for use with traversinq Hifberc
// curves of some given order.
//////////////////////////////////////////////////////////////////////

#if
!defined(AFX_PTXELPEANO H 1E990F53 8429 rLD3 9002 OOAAOOB}C442 TNCLUDEÐ )
#define AFX-ÞTxELPEANo H 1E99oFs3 e+zg rÐz õooz õoeaooBsc442 J¡uci,uoeo--'

#if _MSC_VER > 10oO
#pragura once
#endif // _¡,|5C_VAA > 7000

enrur { pTxtrT, T'fÞ

PTXEL_LEFT,
PTXEL_RTGHT,

. PTXEL_DOV'IN

class CPixel-Peano
t
pubJ.ic:

Reset O ;
Switch ( ) ;
CPixelPeano(int sca1e, BOOL bMiddle) ;
BOOL Process O ;
Ínline Push(unsigned int iCommand,unsigmed ínt ilevef)
{

CommandStack IiStackpointer] = iCommand,.

, 
LevelStacklistackpointer++] = ilevef;

inline BooL Empt.y o
I
I

if (iStackpointer == 0) return TRUE;

. return FALSE;
J

inrine BooL Pop(unsigned int &icommand,unsigned int ail,evel)
{

if (¡mptyO ) return FALSE;
iCommand = CommandStack [--iStackpointer] ;
il,evel = Level_Stack IiSÈackpointer] ;
return TRUE;

i
CPixel-Peano ( ) ;
virbual -CPixe'l Peano I ) '

unsigned int coordx, coordy;

private:
int iStackPointer;
uneigned char CommandStack l5l-2l ;
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unsigned char LeveLStack [512] ;
int iSecondstackPointer;
unsígned char SecondCommandStack l5I2l ;
unsigned char Secondlevelstack [512] ;
IJUU]J DUSeÞeCOnO;
BOOL _bMidd1e;

- int _scaIe;
J'

#endif
!def ined(AFX_PTXELPEANO_H_1-8990F53_8429_LJ-D3_9002 0OAAOOB9C442 TNCLWED )
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D.1.5 PixelPeano.cpp

// PixelPeano.cpp: impTementation of the CpixeLpeano cl_ass.

//////////////////////////////////////////////////////////////////////
#include rrlr4¿¡v. þtt
#include 'r Pixel-Peano . h"

#ifdef _DEBUG
#undef THIS_FILE
statíc char THIS_FILE [] =_FILE_;
#define new DEBUG NEIrI

#endif

//////////////////////////////////////////////////////////////////////
/ / ^onsf rtt¡zf i r'>n /Destruction

/ / sve*v-t/

//////////////////////////////////////////////////////////////////////

CPixelPeano : : CPixel-Peano ( )

t
coordx=coordy=0;
iStackPointer = 0;
.busesecond = FAI,SE;

)

CPixel-Peano: : Reset o
t

busesecond = FAI,SE;
if ( bMiddle)î-

t

iStackpointer = 0,.
Push ( PIXEL_RIGHT, _scale- l_ ) ;
Push(PIXEL_UP,0) ;
Push (PIXEL_UP, _scale- 1 ) ;
Push(PIXEL_RIGHT,0) ;
Push (PIXEL_UP, _scal-e - 1) ;
coordx = 0; coordy = 1;
for (int i=0;i<_sca1e-l_;i++)

coordy*=2;
]
el-se
{

coordx=coordy=0;
iStackPointer = 0,.
Push (PIXEL UP, scaf e) ,.

)
]

CPixelPeano: :CPixelPeano(int scale, BOOL bMiddl_e = TRUE)
{

.busesecond = FALSE ì
íf (bMiddle)
{

iSt.ackPointer = 0;
Push (PTXEL_RIGHT, scale-1) ;
Push(PIXEL UP,0) ;
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push ( pIXEL_UP, scal_e_ l_ ) ;push (pIXEL_R]GHT,0) ;push (pIXEL_UP, scal_e_1) ;coordx = 0; coordy = 1,.
for (int i=0;icscale-1;i++)

¡nnrÀr¡*-1 .

)-vvLv)'-z'

else
{

coordx=coordy=o;
ist.ackpointer = 0;
push (plXEL_Up, scafe) ;ìl

_scale = scale;
_bMiddle = bMiddle;ì-l

CPixelPeano : : -Cpixelpeano o
{

]

void swap(int &a, int &b)
{

intt=a;
¡ - h.
lî - ts.

]

CPixelPeano: : Switch ( )

{
int count,.
if (bUseSecond)
{

,// restoring backup
count = iSecondStackpointer;
iStackPointer = iSecondStackpointer;
f or ( int i=0 ; iccount ,. i++ )
{

CommandStack Ii] = Second.CommandStack Ii] ;Level-Stack Ii] = Second.Levelstack Ii] ;
]

]
else
{

// backup current vaLue
count = iStackpoinEer;
rSecondStackpointer = iStackpointer;
for (int i=0;iccount,.i++)
{

SecondCommandstack [i] = CommandSÈack [i] ;Secondlevelstack lil = Levelstack Ii] ;i
)
bUseSecond = !bTJseSc¡nnrì.

BOOL CPixelpeano: :process o
{
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uneigirred ínt l-evel-, command;
if ( ! Pop (command, level) ) reburn FALSE;
if (l-eve1 == 0)
{

switch (command)

{
case PIXEL_LEFT:

coordx--; break;
case PTXEI,*RTGHT:

coordx++; break;
case P]XEL_UP:

coordy--; break;
case PIXEL_DOWN:

coordy++; break;
)
return FAI,SE;

i
elee if (Level == l-)
{

switch (command)

{
case P]XEL LEFT:
{-

Push(PIXEL_LEFT,0),-
Push(PIXEL_DOWN,0) ;
Push(PIXEL_RIGHT,0) ;

) break;
caee PIXEL RIGHT:
{-

Push(PIXEL_RTGHT, O) ;
Push(PIXEL_UP,0) ;
Push(PIXEL_LEFT,0) ;

) break;
case PIXEL UP:
{-

Push(PIXEL UP,0) ;
Push(PIXETaRIGHT, O) ;
Push (PIXEL_DO!']N, 0 ) ;

i break;
case PIXEL DOVüN:

{-
Push ( PIXEI,_DOIrTN, 0 ) ;
Push(PIXEL_LEFT,0) ;
Push(PIXEL_UP,0) ;

) break;
)

)
eLse switch(command)
{

case P]XEL LEFT:
{-

Push ( P]XEL_DOWN, leve] - 1 ),.
Push(PIXEL_LEFT,0) ,-

Push ( PIXEL_LEFT, level - 1 ) ;
Push(PIXEL_DOWN,0) ;
Push ( PIXEL_LEFT, level - 1 ) ;
Push(PIXEL RTGHT,0) ,-
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Push (PïXEL UP, leveL-1) ;
] break;
case PIXEL RïGHT:
{

Push ( PIXEL_UP, level - l- ) ;
- ' ¿DTYtr'T. DTêIJT Ôì .}/1.1Sn\- ',vt,
Push ( PIXEL_RIGHT, level- - 1 )
Push(PIXEL_UP,0) ;
PUSh ( PTXEL_RTGHT, f CVCf - 1 )

Push(PIXEL_LEFT,0) ;
Push (PIXEL DOWN, fevef -1),'

) break;
case PTXEL UP:

I
Push (PIXEL_RïGHT, f evel--1)
Push(PIXEL_UP,0) ;
Push (PIXEL_UP, l-evel- - l- ) ;
Push(PIXEL_RTGHT,0) ;
Push (PIXEL_UP, leve] - l- ) ;
Pl¡Sh (PIXEI,-DO!VN, O ) ;
Push (PIXEL LEFT, ]evef - 1) ;

] break;
caee PIXEL DOtrtiN:

t
Push ( PIXEL_LEFT, 1evel - 1 ) ;
PUSh(PTXEL_DOV{N,O);
Push (PIXEL_DOWN, levef -1) ,'

- ' IDTYE'T. T.E'FT Nì .PlI.SÍI\- -,v, I

Push (PIXEL_DOWN, l-evel- - l- ) ,'

- ' IDTYE'T. TTD NI .I/USn \ -
Push (PrxEL RrcHT, ]evel-1)

i break;
]
relurn TRUE;
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D.1.6 Resource.h

/ / M; ¡racnf f ñatre1 nnar Qf ttrf i a//
/ / rt^ ^.J ^. 

. õ^^^ -/ / usea Dy çomp-Eessor. rc

#def ine IDS_LIBDESCRIPTION
#define IDS_CATEGORY
#def íne IDS_CLASS_NAME
#define IDS_PAIÂMS
*def ine IDS_PROGRESS_MSGO

#def ine IDS_PROGRESS_MSGI
#def ine IDS_PROGRESS_MSG2

*def ine IDS_PROGRESS_MSG3
#def ine IDS_PROGRESS_MSG4
#def ine IDS_PROGRESS_MSG5
#define IDD_PAIIEL
#def ine IDD_COMPRESSDIALOG
#def ine IÐD_OPENGLV,]INDOW
#def ine IDC_CLOSEBUTTON
#define IDC_DOSTUFF
#define IDC_XRES
#define IÐC_YRES
#def ine IDC_RADIOLOT/üQ
#def ine IDC_RADTOHIGHQ
#def ine IDC_COMBOCAMER-AS

#define IDC_FRAMERATE
#def ine IDC_STARTFR.AME
#define IDC_ENDFRAME
#define IÐC_VERTNORM
#define IÐC_COMPNORM
#define IDC_RADIO16B
#define IDC_RADIOI-08
#define IDC_RADIOBB
#define TDC_RADIO328
#define IDC_DIRLIGHT
#def ine IDC_SLIDER_THRESHOLD
#def ine IDC_SLIDER_TEXRES
#define IDD_VCOL
#define IDC_VC_VC
#define IDC VC IIVW

#defíne IDc coioR
#define IDC_EDIT
#define IDC SPIN

qenerated incfude f il-e.

1

2

3

4
5
o
'7

I

t_0

101
L02
103
l-000
l-000
l_003
10 04
L006
t-0 07
1008
1009
t_ 013
1014
101_5

l_ 016
t_01_8

l_ 0 l_9

LO2L
t022
LO23
ro24
LV ZO

10 61_

L254
L255
L456
1_490

1,496

// Next defauTt val-ues for new objects

#ifdef APSTUDIO_INVOKED
#i fndef APSTUDIO_REÄDONLY_SYMBOLS
#define _APS_NEXT_RESOURCE_VALUE 105
#define _APS_NEXT_COMMAND_VALUE 40001
#define _APS_NEXT_CONTROL_VALUE LO26
#defíne _APS_NEXT_SYMED_VAI,UE l-01
#endif
#endif
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D.1.7 Compressor.h

/***********************************************************)t**********
*<

FII'E : Compressor. h

DESCRIPTION: Template UtiJity

CREATED BY: Jonathan Greenberq

HïSTORY: Thesis work

*> Copyright (c) 2000, A77 Rights Reserved.
* * * * * * * * * * ** * *** *** *** ** * * * ** * * 1t( * * * * *** * ** * * * * * * * tî ** ** * ** * * * * * * * * J, * * * * /

#ifndef _COMPRESSOR H

#define COMPRESSOR H

#incLude 'rMax. ht'
#include'tresource.h'r
#include "isidplug.h"
#include rrOpcodes. h'

#include 't iparamm. hìl

#define COMPRESSOR_CLASS_ID Cl_ass_ID (Ox52O24j99, 0x7235b7]-2)
*def ine CURRENT_DESCRTPTOR descVerl
#define PBLOCK_LENGTH l-

#define CURRENT_VERSION 1
#defÍne DBGMODE 1
#define MAXOBJECTS 83-92
#define DEFAULT_XRES 640
#define DEFAULT_YRES 480

TCIIAR *GetString(int id) ;

extern ClassDesc* GetCompressorDesc ( ) ;

extern HINSTANCE hlnstance;

// externaTTy accessibLe gTobals
int iSampleYres;
int iSampleXres;
int iFrameRate;
int iEndFrame;
int iStartFrame;
BOOL bMaterialQual ity ;
BOOL bVertexNormal-s;
BOOL bCompressNormals,-
BOOL bUseShading,-
int iBitsPerVertex;

//tWedef FCNITruWAVELET (fLoat tl , fLoat [] , unsigned int) ;tlpedef void (* FCNINVWAVELET ) (froat [], float [], unsigned inb);

tlpedef sÈruct TriFace {
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int Vertl,-
int, Vert2;
int Vert3;

l-) f fì FAõã.
J _- -

tlpedef struct Vert {
float x;
fLoat y;
f.Loab z ¡ì --t \rêrr.

tlpedef struct Framelist i
Framel,ist *next;
int frameNum;

public:
int AddedRefNumber;

t*
' 

hfãmô1.1 êt .
J 

-. 

¡$¡l¡v!¿99,

class GeoNode {
public:

fNode* curNode;
BOOL IsHelper;
BOOL IsTarget;
int Parentldx;
BOOL IsChild;
TriFace* TrueFacelist;
int* Texlndexlist;
ínt* AddedFacelist,.
int* FaceAddedonFrame,.
int* AddedVertlist,.
int* VertAddedOnFrame;
Ínt nTrueFaceCount,.
int nTrueVertexCount,.
int nAddedFaceCount,.
int nÄddedvertcount;

public:
BOoL bKil]Me;
BOOL IssuperObject O ;
BOOL bMaterial_Assigned ;
fnitBoundingBox ( ) ;
ínt iMinX, iMiny, iMaxX, iMaxy;
int LastRllKeySent;
BOOL IsAssignedTarget ;
inÈ Targetldx,-
fNode* TargetNode;
int LastPosKeySent;
int LastRotKeySent;
int LastSclKeySent;
Point3 pMaxCoord,.
Point.3 pMinCoord,.
int RefNumber;
int nSenÈFace;
int nSentVert;
int. MaterialID;
GeoNode ( ) ,-

-GeoNode O ;
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l.
Jl

class MatNode {
public:

int RefNumber;
MatNode O ;
-MatNode O ;
MtI* curNode;
unsigned char* pTextureMap;
float fTexmapMinVal;
f loaÈ f TexmapMaxVal ,.

f loat* Wave]etCoef f ,-

int iMipNeededOnFrame []-61 ;
BOOL bMipSent [16] ;
int il,astTexturePowerSent;
int, ilvlaxNece s saryTexPower,.

t.
)t

tlpedef sÈruct ListTriangle {
fl-oat V0 [3] ;
float Vl- [3] ;
floaÈ v2 [3] ;
unsigned char colorl4l ¡
float ZdisL;

I -'Ì _!r_sE.'r'r].angle,-

class Compressor : public SceneExport {
public:

float fTotal-Error;
int iTotal-Verts;
pbOutToFile (uneigreed int code, int bitlength, BOOL bFinish

FA],SE) ;
BOOL LZSS_OutputFile2 (int headersize, conat TC!{AR *fiLename) ;

int iSampleRate;
void LZSS_OutputCode(FILE *fo, uneigned int code,inb bitl-ength,

inÈ &Output.BitCount, uneigned int &Output.BitBuffer) ;
void LZSS_Scan (uneigned char * Dictionayy,uneigned char *

LookAhead,
unsigned int &position,uneigmed int clength),.

BOOL LZSS_OutputFil-e(int headersize, const TCHAR * filename);
uneígned int iUncompressedCount,.
unsigned int iCompressedCount,-
BOOL IsMarkedForDeletion (GeoNode *node) ;
MarkNodeForDeletion (GeoNode *node) ;
int iSuperObj Count ,-

INode* SuperObjects IMAXOB,JECTS] ;
BOOL BuildsubObjectl,ist O ;
Buil_dMaterialÏ,ist ( ) ;
BOOL _BForce2Side;
Point3 RetrieveTexelCol-or (fIoat U, float V, uneigned char

'tTexture);
int iDesiredTexturePower;
f loat f TextureQual ityThreshold,.
DetermineNecessaryTexRes (MatNode* node),-
SortMipMapAppearancelist ( ínt frame) ;
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MarkObjBoundingBox(int x, int y, int, ObjNum);
unsigrned char WaveletQuantize(float min, fJ-oat max, float coeff ),.
GeÈCoeffRange (float 'tcoeffs, floab &min, float &max) ;
Ðel-taEncode (float *coeff, int size, int dim) ;
void Haarrnv(f1oat a[], fLoat source[], unsigned int size);
void DetermineThreshol_d(fLoat *coeffs, uneigzred char* frâp, float

l- â rdaÈ Dql\ÌÞ ì .
e¡¡r! / t

void HaarTR(float a[], float source[], unsigned int size);
Daub4TR(float a[], fLoat source[], unsígured int size) ;
RetrieveOriginal-Map (MatNode* node, unsigmed char* map) ;
Buil-d!ùave]etCoef f s (MatNode 'tnode) ;
AddTextureCoef f s (lulatNode *node) ;
aaOutToFile (.AngAxis aa) ;
Matrix3 Getlocal_Matri*¿rÀ'I^Äô *nnzla .¡imeVal_ue t) ;
MarkTargets ( ) ;
void CreateNewObject (GeoNodei. node) ;
TransmitTargetKeysThisSecond(GeoNode *node, int frame, in¡

&LastTKeyNum);
BOOL bPerspView;
fNode* Ol-dCamera;
Matrix3 VptTM;
CleanUpRendering(int framenumber, int SampleRate, int Sample) ;
ViewExPr' ViewPort;
Buil_drndexlist (rNode** ptrl,ist, int *rndexl,ist, int count) ;
cOutToFile (uneigned char cval) ;
CloseOutputFile ( ) ;
int LinVertsearch(GeoNode *node, int VertNum) ;
quatOutToFile (Quat q) ;
MarkCompleteToFrame (int frame) ;
uneigned long BytessoFar;
FrameI,ist * GetFrameptrFromTime(int t) ;
BOOL bobj ectsAddedThisFrame,.
Framel,ist * frHead;
TransmitKeysThisSecond(GeoNode *node, int frame) ;
wOutToFiLe (int ival) ;

FILE* f ileOut,.
int InitFil-eForOutput (const TCHAR * filename) ;
voíd fOutToFil-e (f loaÈ f ) ;
iOutToFil-e (int i) ;
int nlastRefNum;
int nlast.MatRefNum;
voíd TransmitPolyBlock(GeoNode *node,int startFace, int starLVert,

int FinalFrameThisBlock) ;
void Buil-dDataBlock (int uptoframe) ;
void SortVertlistbyFrame (GeoNode *node, int 1o, int hi) ;
void SortFacelistbyFrame (GeoNode *node, int 1o, ínt hi) ;
voíd SortByFrame (GeoNode *node) ;
void rnsertvert.ex(GeoNode *node, int vert, int Frame, int loc);
int VertSearch(GeoNode *node, int VertNum);
void Addvertices (GeoNode *node, int Face,int Frame) ;
void fnsertFace(GeoNode *node,int Face,int Frame, int, loc);
ínt FaceSearch(GeoNode *node, int FaceNum) ,.

void AddFaceTolist (int objNum, int FaceNum, int FrameNum);
BOOL _BUseEnvMap;
PoÍnt3 33O1dÄmbient.;
float fOldLiohLLeveL;
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Point3 33O1dTint;
Point3 33OldBackgrd;
void PrepareForRendering(int framenumber, int SampleRate, int

void RenderCurrenLFrame(int frame, Bitmap *bm, ínt SampleRate, ínÈ

fNode* ConstructObjectDatabase (int frame, int SampJ-eRate, int

void ScanRenderForFaces (Bitmap* bm, inÈ frame) ;
IJUU! uul_l_overEexl acelLsE (, ;
int GetGeometryNodelndex (INode *node) ;
int iCurrentCount,'
BOOL nodeEnum(INode *node) ;

DummyCount (INode* node) ;
int iTotalNodeCount,'
SortObjectlist(Explnterface *ei, Interface *gi, Compressor *exp) ;
l-¡mnraeear I I .
vvr¡rH!evevÀ \ / t

-CompressorO;
int iGeomCount;
int iMatCount;
int iCamCount;
int ilightCount;
int nSelectedCamera,'
GeoNode ceometrylist IMAXOB,]ECTSI ;
MaLNode Materia]List II4AXOB,JECTS] ;
INode* CameraPtrlíst h4AXoB,]ECTSl ;
Ltlc uameraJ_nc[exlJl-st lIvlAÀurJUÈ.;ur':i1 ;
INode* LightPtrlJist I]4AXOB,IECTSI ;
int Lightlndexlist IMAXOBJECTS] ;
int LightPtrrndexlist I]vIAXOB,fECTSl ;

friend BOOL CA¡LBACK CompressorOptionsDlgProc (H}üND hD19, UINT

Sample);

message, WPARÄM wParam, LPARAM ]Param);
int CompressScene (conat TCHAR

InLerface *gi, Compressor *exp);

Tfrr!ì.li , t)
conet TCHAR *LongDesc ( )

Reaf Time 3D Ar:imatÍon f iIe" ) ,- i
conet TCHAR *ShortDesc o
const TCHAR *AuthorName ()

arêêra?ìêrÕtrl. lv4vv¡¡ryv!J / , J

con€rt TCIÌAR *CopyrighÈMessage o
i ¡\ lOoorr\. ì
\!/ t, I

const TCHAR *OtherMessagel ( )
ì'1 }{IAÐS At1ct lvteccalvtêÕl-â") ¡. l

cor¡st TCIIAR *OLherMessage2 ( )

unsigmed int Version o
void ShowAbout (HV{ND hWnd) ;
int DoExport(const TCIIAR *name,

suppressPrompt s=FALSE ),-
)t

cl-ass CompressorCl-assDesc :public Cl-assDesc
public:

*filename, Explnterface *ei,

int ExtCount O {return 1; }
conet TCHAR *Ext(int i) {if (i==9¡ return T("PRT"); else return

{return _T ( "Progressive

{return _T ( ', PRT f i1e', ) ; }
{ return _T ( ".fonathan

{return _T ( "Copyright

i return _T ( t'Developed for
f.ìtreEurn _'r'f "",; l

{return 11; }

RxnTnterface ,.ei Tntarfe¡c *i ROOLv¿, ¿¡¡ee¿ lsve L t

{t
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void *
CompressorO; )

congt TCHAR *
SCI-ass_ID
l-'l ¡<< TIì

CONET TCTIAR*
void

l.Jr

// Hanay rr_Je class

class WorkFile {
private:

FILE *stream,.
public:

FTLE *
int

void

Appendix D: Source Code

IsPubLicO {return 1;i
Create (BooL l_oadinq f= .t¡l{jJ5!;, l reEürn neW

VlorkFile (conet TC}IAR *f il_ename, const TCHAR¡.mode) { stream = NULL,. Open(fil-ename, mode),. };
-WorkFileO { CloseO; };
StreamO { return stream,. };
c]ose ( ) { int ra<rr'l l. -ô. if (stream)

*mode) 
{

resul-t=fclose (stream) ; sÈream = NULL; return resul_t; ì
Open (conets TCTIAR *f ilename, congt TCIARCloseO; stream = _tfopen(filename,mode); )ì

J'

#endif // _coupn4ssoR H

ClassName O {return Getstring(IDS_CLASS_NAME) ; }
SuperClassID O ireturn SCENE EXPORT_CLASS_ID; )
ClassID O {return COMPRESSOR_CI,aSS_iO; }
Category ( ) {return Getsrring tr¡S_Cerseóev) ; }
ResetCl-assparams (eool, f ileReset) ,.
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Ð.1..8 Compressor.cpp

/*** * * ** * * * * * * ** * * ** * * ** ** * * * * * * * * ** * * * * ** * * * ** ** * * * * * *** * ** ** * * * * * ** * *x<

!.JLL;:

DESCRTPTTON:

CREATED BY:

FTTqTñPV.

Compressor. cpp

Appwi zard generated. p Jug itz

,Jonathan Greenberg

Thesis work

*> Copyright (c) 2000, A7J Rights Resen¡ed.
* * * * * * *** * * * * *** * * J' * * **** * J.** * ** ** * * * ** * * * * * * * * * * * * *** * ** * * * ** * ** **** * /

#include nvert.col- 
, hrl

#include "Compressor. hrl
#include rrOpcodss.¡rr
#include 'modstack.h"
#incLude t'mnmath. hil
#incLude ', stdmat " hrr
#incLude "bmmlib.h"
#include rrmalh. h'
#include rtdecomp. ¡rr
#incLude ,, spl ir:e3d. . þ "#inctude rrpixel peano . h'r

Cl-assDesc* GetCompressorDesc ( ),.Interface *intptr;

#def ine MTN (a, b) ( (a) < (b) ) ? (a) : (b)
#define BIGCONSTVAIUE OxTf f f f f f f
#define I¡iM_pAcEFLIp WM USER+]_

HINSTÄNCE hlnstance,.
int controlslnit = FA¡SE,.
static BOOL showprompts;
HDC hÐc,-
HWND htrVnd;

C]assDesc* GetVColDesc O { return &vcolCD,. }

vcol- 'kNewDef aultvcolTex ( ) { return (vcol-* ) creaternsLance (TExMAp_cLAss_rD,CIass_ID (VCOL_CLASS_I D, O ) ) ,. ]'
// rnis function is caJ-l-ed by v{indows when the DLL is l_oaded. This// funcLion may also be callZa many times during time criticaf operations// lixe rendering- Therefore dever-opers need tá be careful what they// ao inside this function. rn the èode beLow, note how after the DLL is// Loaded the first time onTy a few statements are executed.
BOOL I\TINAPI Dl]Main(HTNSTANCE hinstDl,I,,ULONG fdwReason,LpvorD lpvReserved)

hlnstance = hinstDl,I,;
instance handLe-
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if (!controlsrnit) 
{

control_sTniÈ = TRUE;
f nitCustomControl s (hInsf ancc )

^^ñrç^1 ^ 
t LL..ÞLor.uQnErors (n..ns.ance) ; // rnitiaLize MAXts custom

ev¿¡L¿v¿Þ

rnÍtcommoncontrolso; // rnitiaLize win95 control_s
)

, 
return (TRUE);

// This function returns a string that d.escribes the DLL and. where tÌ:e user// couLd purchase the DLL if they donrt have ic.
- declspec ( dllexport ) const TCHAR* LibDescript.ion o
{

return Getstring ( IDS_LIBDESCRIpTToN) ;i-
/,/,^T!:" function reLurns the number of pJug_in classes this DLL
/ / leDU: rvust change this number when add.ing a new cJass

-declspec 
( dlf exporL ) int LibNumberCLassãs o

_ return 1,.

l

// rn¡s function returns the number of pTug-in cl-asses this DLL
- declspec( dllexport ) Cl-assDescr. LibCl_assDesc(int i)
{

switch (i) {
caae 0: return GetCompressorDesc O ;

. default: reÈurn 0;
./
l

// rnis function teturns a pre-defined constant indicating the version of// tne system under which il was eompiTed. rü is used to aLfow the system// to catch obsoLete DLLs.
_declspec ( dllexport ) ULONG LibVersion o

) 
."turn VERSION_3DSMAX;

T"* 
*Getsrring(inr id)

static TCI{AR buf [256] ;

if (hfnstance)
return Loadstring (hrnstance, id, buf , sizeof (buf ) ) ? buf : NULL,.. return NULL;

l

/ / / / / / // / / / // // / / / / / /// / / / / / //// /// / / / / //// / // / //// / / / / ////
static CompressorCl_assDesc CompressorDesc,.
CLassDesc* GetCompressorDesc O {return &CompressorDesc; }
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(l:?-o' shouLd impTement this method to reset the pTugin params when Max is
void CompressorClassDesc : :ResetCl_assparams (gOOi, fiLeReset)
{

)

GeoNode : : GeoNode ( )

curNode = NULL;
fsChild = FALSE;
tsHelper = FAI,SE.
ïsTarget = FAI,SE;
Parentldx - -l_;
TrueFacelist = NULL;
AddedFacelist = NULL,.
AddedVert.List = NULL;
FaceAddedOnFrame = NULL;
VertAddedOnFrame = NULL,.
Texlndexlist = NULL;
nTrueFaceCount = 0;
nTruevertexCount = O;
nAddedFaceCount = 0,.
nAddedVertCount = 0,.
nsentvert = -1;
nsentFace = -1;
RefNumber - -1;
pMaxCoord.x = pMaxCoord.y = pMaxCoord.z = _l_e3gf ;pMinCoord.w = pMinCoord.y = pMinCoord. z = 1e3gf ,.LastPosKeySent = O;
LastRotKeySent = 0,.
LastRllKeySent = O;
LastScl_KeySent - -1;
IsAssignedTarget = FALSE;
Mat.eria]ID = -1;

bMateriaLAssigned = FÀI,SE ;
. bKil_l_Me = FALSE;
l

GeoNode: : -GeoNode o
t

if (nTrueVert.exCount > O)
t

if (VertAddedOnFrame t= NULL)
deLete [] VertAddedOnFrame;

if (AddedVertlist r= NULL)
delete [] AddedVertlisL;

1

ît 
(nTrueFacecount > o)

delete [] TrueFacelist,.
if (AddedFacelist t= NULL)

delete [] AddedFacelist;
if (FaceAddedOnFrame != NULL)

delete [] FaceAddedOnFrame;
I
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TrueFacelisL = NULL;
AddedFacelisL = NULL,.
AddedVertlisÈ = NULL;
FaceAddedonFrame = NULL;
VertAddedonFrame = NULL;

TsChild = FAISE,.
IsHelper = FALSE;
Parentldx - -1;
nTrueFaceCount =
nTrueVertexcount
nÄddedFaceCount =
nAddedVertCount =

if (bKil-l-Me && curMode)
curNode- >Defete ( 0, 0 ¡ ;

¡rrrl\TnÄa - ÀÌTTT.T..

l

GeoNode : : InitBoundingBox ( )

iMaxX=iMaxy=-65535;
iMinX=iMinY= 65535;

i

BOOL GeoNode : : IsSuperObject o

Object *obj = curNode->EvaLWorl-dstate (O) .obj ;
Trl-obl ect *Tri,-
iF lTcrraìng¡)

Tri = NULL;
else Tri

obj - >ConvertToType ( 0 , Cf ass_lD (TRIOB,J_CLASS_ID, O ) I ;
if (tri ec Tri->mesh.numFaces > 0)
{

int i=1;
D!üORD smooth = Tri->mesh. faces [0] . smGroup;
while ( icTri - >mesh. numFaces )

if ( (fri->mesh. faces Ii++] . smGroup & smoot.h)
returr¡ TRUE;

ì
)

StdMat* nodeMtJ-= (StdMat* ) curMode->GetMt.L O ;
it ( ! ( !nodevtJ | | nodeMtl->GetþtireO ) )

return TRUE;
rELurn FALSE;

)

MatNode : : MatNode ( )

{
RefNumber - -L¡
curNode = NULL;
ilastText.urePowerSent = -1.
lVave]etCoeff = NULL;
for (int i=0;í<!6;i++)
{

iMipNeededOnFrame Ii] = 2a47483647 ;
bMipSenE [iJ = FALSE;

n.

0;
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l
// max val-ue for an unsigned 32b int

iMaxNecessaryTexpower = MAXTEXTUREpOWER;
pTextureMap = NULL,-

ìl

MatNode: : -MatNode o

if (WaveletCoeff)
delete [] WaveletCoeff ;

if (pTextureMap)

) 
Uelete [] pTextureMap,.

////////////////////////////////////////////////////////////////////////
/// Utilitv functions

float round(fLoat f)
// rounds a positive ffoat to the nearest inteqer
{-

rr (r - u.5r < tloort(t))
return (floorf (f) ) ;

) 
.tre return (ceilf (f) ) ;

unsígned int RescaleFloat(float va1, froat min, fLoat max, inu bitdepth)
// rescaLes a fLoating point vafue into the specified integer range and
// returns the scal-ed vaLue

fLoat difl = vaÌ - min;
float dif2 = max - min,.
float perc = dift / dif2¡
float scale;
switch (biLdepth)
t

caee BpC_16: scal_e = 65535.0; break;
case BpC_12: scal_e = 4095.0; break;
eaee BpC_l_o: sca]e = 1023.0; break;
caee BpC B: scal_e = 255.0; break;

!
return ( (unsigned int) round(perc * scal_e) );

l

float scareup(uneigmed int val-, floats min, froat max, int bitdepth)
t

float scale;
fl-oat fval_ = (float) vaL,.
switch (bitdepth)
t

case BpC_l_6: scale = 65535.0f; break;
case BpC_12: sca]e = 4095.0f; break;
case BpC_10: scal_e = 1023.0f ; break;

. cage BPC_B: scale = 255.0f; break;
l
fLoat perc = fval- / scale;
return ( min + perc * (max - min) );
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)

unsigrred short Convert_l6bCoLor (COLORREF col-)
// converts a COLORREF vaJ-ue to a 76 bit coLor vaJ_ue
t

unsigned char r,g,b,.
r = GetRVal_ue (co1) ,.

9 = GetGValue(co]);
b = GetBVal_ue (col_) 

,.

r = r >> 3;
s = g >> 2;
b = b >> 3;
unsigned short outp = (r << 11) + (g << 5) + b;

- return (outp);
¡

COLORREF Convert.RGBtoCol_orref (point.3 col_)
,// converts a 3-part fLoat cofor val-ue to a 24b packed. dword vaJ-ue
t

unsigned int color = 0;
unsigned char r. ar = (unsigned char*)&col_or;
ar[0] = (unsigned char) (cof.x * 255.0f);
ar []-l = (unsigmed char) (co1 .y * 255. Of ) ;
arl2l = (unsigned char) (cof.z * 255.0f);
return coLor,.

l

Point3 Transf (const Matrix3& M, coriat point3& V)
// transforms vector V by the matrix M

9^ì nl { r.

r.x = l"l .cetRow(o) ¡93 *y.* + M.GetRow(l-) [o] *v.y + M.GetRow(2) [O] *y. 
" *

M.GetRow(3) [0];
t.y = M.GetRow(0) [1] *V.x + M.GetRow(1) [1] *V.y + M.GetRow(2) [1] *V.z +

M.GetRow(3) t1l;
Y.z = M.GetRow(0) [2]*v.x + M.GetRov¡(1) [2]*v.y + M.GetRow(2) l2l*v.z +

M.Get.Row (3) l2l;

) 
return (r);

BOOL Checkldent,ity(const Matrix3ç M)

// returns true if M is an identity Matrix.. aLl-ows for a LittLe more J-eaway
// than the built in routine

fLoat sum;
sum= M.GetRow(O) t1l + M.GetRow(O) t2l + M.GetRow(1) tOl + M.GerRow(1) t2l +

* 
*.GetRow(2) t0l + M.GetRow(2) I1l + M.GetRow(3) tol + M.GetRow(3) I1l

M.GetRow(3) [2];
if (fabsf (sum) < o.ool-f && (fabsf (M.GetRow(o) iol - l-.of) < o.ooi-f) &&

(fabsf (M.GetRow(1) t1l - 1.0f ) < o.oOj_f ) &&
(fabsf (M.GetRow(2)121 - l_.0f) < O.oo1f))
return TRUE;

else return FALSE,.

]

FileDump(char *filename, unsigrred char *Data, int size, int depth)
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/ / - /l: -^ñ^r+: ^ -^,,+: -^ J"-^- - ¡^'' ¡-^- +^ - ã: 1// a Qtdgnostrlc fauEJ-ne. aumps a DJ-trmap EO a IJ-re
I

t' t-!.8; xrout;

it 
((fout = fopen(fifename, "v;'b")) == NULL)

fprintf (stderr, "Cannot open ouLput fife.\n");

, 
r"turn 0;

unsigined ehar *D = Data,.
for (int y=O;ycsize;y++)

for (int x=0;x<size;x++)
for (int c=0;ccdepth;c++)

fputc (* (D++) , fout) ;
fflush (fout) ;
fc]ose (fout) ;

) 
r"aurn 0;

FileFloatDump(char *filename, float *Data, int size, int depth)
// a diagnostic routine: dumps an image of fl-oats to a fiLe
I

t J.L!.i xlout;
if ( (fout = fopen (f ilename, "vrb,') ) == NULL)
I

fprintf (stderr, 'rCannot open outpuL fi1e.\n");
- return 0;
l
float *D = Data;
for (int y=g ;ycsize;y++)

for (inÈ x=0;x<size;x++/
for (int c=0;ccdepth;c++)

fpuÈc ( (uneigmed char) * (D++) , fout) ;
f f ]ush (fout) ;
fc]ose (fout) ;

. return 0,-

l

TriObject* cetTriObjectFromNode(INode * node, int c del-eteIt)
,// generates a triangJe objeet given a 3DS node. deleteTT specifies
// rhet r:'lcanttrl is needed//
I

del-ete]t = FALSE,-
Object *obj = node->Eval-WorLdstate (0) .obj ;
if (obj ->canconvertToTlpe (Class_ID (TRIoB,f_CLASS_ÏD, 0) ) )

t
triObject *tri = (triobject *) obj->ConverLToType(0,

class_ID(TRIOB,J_CLASS_ID, 0) ) ;
// Note that the TriObject shoul-d onJy be deLeted

// ;f fhe nn'infey'lg it iS not eñ1t27 tn thc nhie¿f//
// pointer that cal-l-ed ConvertTorypeo
j-f (obl l= trr) del-et.eït = TRUE;

) 
r"turn tri;

else
{

return NULL;
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)

//////////////////////////////////////////////////////////////////////////////
/////////

/// Compressor Cl-ass (this is where the magic happens)

Compressor : : ComPressor ( )

i
for (int i=0,'i<MAXOB,fECTS;i++)
t

CameraPtr|ist [i] = NI'ILL;

)
ilightCounÈ = 0;
iCamCount = 0;
iGeomCount = 0;
iMatCount = 0;
nlastRefNum = -1;
n],astMatRefNum - -L¡
BytessoFar = 0;
iSamPleRaLe = 2¡

fTotal-Error = 0.0f;
iTotafVerts = 0;

)

Compressor : : -ComPressor ( )

{
)

void Compressor: : ShowAbout (HVüND hWnd)

t
)

int Compressor::DoExport(const TCHAR *name,Explnterface *ei,Interface *9i,
BOOL suppressPromPts)
{

// Set a gJobal ptompt dispJay sv,titch
sho$¡Prompts = suPPressPrompts ? FALSE : TRUE,'

int status = 0;

SortObjectlist (ei,gi, this) ;

staÈus=CompressScene(name, eí, gi, this) ;

if(status == 0)
return l-; // nialog canceffed

if(status > 0)
Ðebugprint ( t'Progressirre Tranmission Compressor staLus OK ! \'n" ) ;

elee if (status < 0)
DebugPrint ( "Error somev;here in PRT ! \n" ) ;

return(status);
)

etatic BOOL CALLBACK
CompressorOptionsÐlgProc (Hili'ND hD1g, UINT message, WPARAM wParam, LPARÀM
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lParam) i
/ / ttçcrl rÕ õenprate and retrieve the vaLues for the main-menu dialog//

sEatic Compressor *exp,'
Interva] range = intPtr->GetAniÍlRangeO ;
HITIND hCombo, hSl-ider;

// HWND hEditi
int i;

ewitch (message) {
case WM INITDIAI,OG:

e*p = (Compressor *) lParam;
checkDlgButton( ho1g, IDC_RADIOLOI¡IQ, TRUE) ;
checkÐlgBuÈton( ho1g, fDc_RADlo328, TRUE) ;
SetD]gItemInt (hÐfg, IDC_XRES, DEFAULT_XRES, FALSE) ;
SetDlgItemÏnt (hD19, IDC_YRES, DEFAULT_YRES, F'A],SE) ;
SetDlgItemÏnt (hD]g, IDC_FRAMERATE, GetFrameRate O , FALSE) ;
setDlgItemInt (hDlg, IDC_STARTFRAME,

range . Start ( ) /Get.TicksPerFrame ( ) , FALSE ) ;
SetDlgItemInt (hD]g, IÐC_ENDFRAME,

range. End O /GetTicksPerFrame O , FALSE) ;

CheckDlgButton( hDlg, IDC_DIRLIGHT, TRUE) ;
/tr if ( lbscenecontainsNoLight.s)

setDTgrtemrnt (hDl-7, TDC_DTRLTGHT, BN-DTSABLE, TRUE) ;
*/
// connect camera information to combo box here.
hCombo = GetDfgltem(hDIg, IDC_CoMBocAMERÄS) ;
SendMessage(hCombo, CB_RESETCONTENT, 0, 0) ;

for (i=0 ; icexp->iCamCount; i++)
t

SendMessage(hCombo, CB-ADDSTRTNG, o, (LPARAM)

exp->CameraPtrlist Ii] ->GetName O ) ;
i
SendMessage(hCombo, CB_SETCURSEL, (VíPARAM) 0, 0) ;

hsf ider = GetDfgrtem(hDl-g, IDC_SLIDER_THRESHoT,D) ;
SendMessage(hslider, TBM_SETTICFREQ, (WPAR-AM) 50, o) ;
SendMessage(hSlider, TBM_SETRANGE, (WPARÀM)TRUE, (LPARAM)

MAKELONG(30,400) );
SendMessage(hs1ider, TBM_SETPOS, (WPARAM) (BOOL)TRUE,

(LPARAM) (LONG) 3OO) ;

hSlider = GetDfgrtem(hDlg, IDC_SLIDER_TEXRES) ;
sendMessage (hslider, TBM_SETRANGE, (WPARAM)TRUE, (LPARÄM)

MAKELONG (M]NTEXIUREPOWER, M.AXTEXTUREPOWER) ) ;
SendMessage(hs1ider, TBM_SETPoS, (WPARAM) (BooL)TRUE,

(I,PARAM) (LONG) MINTEXTUREPOWER+3 ) ,'

íf (exp->iCamCount == 0)

{
MessageBox (NULI,, 

'r The scene must contarn a camera ln
nrder^ j-n l¡e e-znor-icd rr r¡Êr7-Õì'! " -MB OK) ;t_

return TRUE;

// this REALI'Y shoufd be repJaced by a defauft ftom
the front facing vi ewport

)

: :CenterWindow (hDIg, GetParent (hnfg¡ ¡ t
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::SetFocus(hDlg) ; // For some reason this r^las necessary.
DS-3/4/s6

return FALSE;
caae WM DESTROY:

rãbrrrn FALSE;
case WM COMMAND:

r*ít"t (LOVüORD (wParam) ) {
case IDOK:

)/ unloaa vaLues into Tocal- statics

// THTS TS EQUTVTT,ENT TO A DOMODAL0==TDOK
being returned

// so we grab the dial-og crap HERE

if (IsDlgButtonChecked(hDIg,
TÐC_RADTOI,OWQ) )

bMaterialQuality = FALSE;
elge bMaterial-Qual-ity = TRUE;

if (IsDlgButtonChecked(hÐ19,
TDC_VERTNORM) )

ÞVerEeXI\OrmaIS = I'KU.E;i
el-se bVertexNormaLs = FAI,SE;

if (IsDlgButÈonChecked(hDlg,
rDc_coMPNoRM) )

bCompressNormaLs = TRUE;
else bCompressNormal-s = FAI,SE-

if (IsDlgButtonChecked(hD1g,
T^llñ\ \IUU UIKIf\JNI,' ,,

bUseShading = TRUE;
eLse bUseShading = FA],SE,.

if (IsDlgBuLtonChecked(hD1g, IDC_RADIOBB) )

iBitsPerVertex = BPC_8;
else if (IsDlgButtonChecked(hDlg,

l 
^ñ\ 

\I.L\_ .tgtuJ_\-,J-uÞ) )

iBitsPervertex = BpC_10;
else if (IsDlgButtonChecked (hD1g,

rÐc_RADrol_68) )

iBitsPervertex = BPC_]-6;
elee iBitsPervertex = BPC 32;

BOOL bSuccess;
iSampleXres = GetDlgItemInt( hD19,

IDC_XRES, &bSuccess, FALSE) * 2ì
if (!bSuccess) return FALSE,.
iSampleYres = GetDlgItemÏnt( hD]g,

IDC_YRES, &bsuccess, FALSE) * 2ì
s) return FALSE;tI t !l)ljUCCeS

iFrameRate - GetDlg1temfnt( hDlg,
IDC_FR-AMERATE, &bSuccess, FALSE) ;

if ( !bSuccess) return FALSE;
iStartFrame = GetDlgItemInt( hDlg,

IÐC_STARTFRAME, &bSuccess, FAI,SE) ;
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TDC_COMBOCAMERAS) ;

CB_GETCURSEL, 0, 0);

IDC_SLTDER_THRESHOLD ) ;

SendMessage (hSlider, TBM_GETPOS, O,

]DC_SLIDER_TEXRES) ;

TBM_GETPOS, 0, ot ¡
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if ( !bSuccess) return FAISE;
iEndFrame = GetDl-gItemÏnt ( hnlg,

ïDC_ENDFRAME, &bSuccess, FALSE) ;
if ( !bSuccess) return FALSE;
: :EndDial-og (hD1g, 1) ;

hCombo = cetDlgltem(hD]g,

exp->nSelectedCamera = SendMessage (hCombo,

hSlider = cerDl_gIrem (hOlg,

exp - > f TextureQual ityThreshold
0) / L0.0f¡
hSlider GetDlgItem (hDJ-9,

int counE = SendMessage (hsfider,

exp->iDesiredTexturePower = count ;

TDC_SLIDER_TEXRES) ;
hSlider

)
return TRUE;

case TDC.ANCEL:
::EndDiaLog(hoIg, 0);
ret,urn TRUE;

GeLDIgItem (hDlg,

)
)

return FALSE;
)

// Dummy funetion for progress bar
DWORD !{INAPI fn (LPVOID arg)
{

return(0);
)

int Compressor::CompressScene(const TCHAR * filename, ExpTnterface * ei,Interface * gi, Compressor * expl
I

) l This is the true, practical main function where al-l- the maqic reaLl-v
happens.
// After the diaTog is brought up, the system begins the exporting process,

// described be7ow.

BOOL bFail_ed = FALSE,. // aia any setup tests faif?

// disabl-e keyboard accel-erators to prevent strange behaviours in Max
fram hannãñ:--

DisableAccelerators ( ) ;
if (iCamCount == 9¡
t
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MessageBox(NULL, I'The scene musL contain a camera in order to be
exported.rr, I'ErrorJ ",MB_OK) ,-

, return 0,.

J

if (showPrompts)
t
t

// Put up the options dialog to find out how they want the fife
written !

int resuLt = DialogBoxParam(hfnstance,
MAKETNTRESOURCE ( TÐD_COMPRES SDI.A,LOG ),

gi->GetMAxHIVnd O , CompressorOptionsDlgproc, (LPARÄ,M) exp) ,
if (result <= 0)

return 0;
i
else
{ ll if they're running this via a batch process of some kind, force

these defauJt options.
iSampleXres = DEFAULT_XRES ;
iSampleyres = DEFAULT_yRES;

] 
O*"teriaÌQuality = FALSE,.

// okay, -let's check to make sure eie can actualTy open the f il_e
if ((fil-eOut = fopen(rr_temp'r, rrv/brt )) == NULL)

// if ((fiTeOut = fopen(fifename, 'wb")) == NULL)
I

lf¡ al-l-ecl = lt(U!;;

, 
// messagebox saying unabLe to write Eo file

å1ee f cl-ose (f il-eOut) ;

// now that we have al-f the basic information we need about aLL the
// objects themseLves

it 
( !bFailed && Buildsubobjectlisr o && Buil-dvertexFacer,ist o )

)/ n"iU a face/vertex fist for each polygonal object, using a
/ / rlvnami r-al I v rrpaf arf ârra\/ rñ 7ñn<èr\zê/ / v¿'ttaurlwqLlf vL çqLuu alLsf -- " - memofy.

intPtr->Progressstart (Getstring(]DS_PROGRESS_MSG1), TRUE, fn,
NULL);

// hide afl- the objects in the List
for (int i=0,.iciGeomCount; i++)

Geometryl,ist [i] .curNode->Hide (TRUE) ;
for (i=0 ; iciSuperObjCount; i++)

SuperObjects Ii] ->Hide (TRUE) ;

DebugPrint ( "Const.ructing Materíals.\n', ) ;
// Generate the l-ist of 4f1 marerial< anrl y¡þj¿þ obiects are
// using which materiafs

BuildMaterial-List ( ) ;

iSampleRate = (int) (ceil_f(30.0f / (float)iFrameRare)) x 2;

// #now proceed through the frame List (Joop)
for(int frame = iStartFrame,.frame < iEndFrame+1;frame++)
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I
intPtr->ProgressUpdate ( (int) ( (float) frame/ (fLoat) iEndFrame*l-

00.0f) ) ;
// in the current frame:

ï"r 
(int Sampl-e= 0 ; Sample< iSampleRate,. Sampl-e++ )

#ifdef _ÐEBUG
char buffer [200] ;
sprintf (buffer, " [Frame ffåd, Sample #?d] \n", frame, Samp1e) ;
DebugPrint (buffer) ;

*endif

// transmit al-f active Tights not in the active Jight Tist
// If any Tights previously active turn off in rhi q frama

transmit the ttoff tt message
// Draw aLL current objects in the database, using the schema:
// (object number << 24 + face number) + 1.

DebugPrint ('t Constructing Object.. \n" ) ;
INode* falseobj

ConstructObj ectDatabase (frame, iSampleRate, Samp1e) ;

// Backup oJd frame and environment settings
PrepareForRendering ( frame, iSampleRate, Sampl-e ) ;

// Render frame using 3DSMax,s renderer
Þi r-ñâñ'r bmap = 6;
ãii*äãt"ro bi (,,oimase.pn9,' ) ;
bi . SetType ( BMM_TRUE_6a) ;

// bi.SetType(BMM_TRUË_32);
bi . Setwidth (iSampl-exres ) ,.

bi . SetHeight (iSampleYres/ 
,.

bmap = TheManager->Create (&bi) ;
bmap- >OpenOutput ( &bi ) ;
bmap - >SeLFi l- ter ( BMM_FILTER_NONE ) ;
bmap->SeÈDither (BMM ÐITHER NONE) ;

//DebugPrint ( "Rendering current frame. \n',) ;
RenderCurrentFrame (frame, bmap, iSampleRate, Sampl,e) ;
BMM_Color_64 black64= {0, 0, 0, O} ;
Pi l-man* raa¿lm¡n : fì.!usur¡.q¡/ - v,

readmap = TheManager->Create (Abi) ;
readmap->Copylmage (bmap, COPY IMAGE RESIZE LO QUALITY,b

1ack64);

bmap->Cl-ose (&bi) ;
if (falseobj ) falseobj ->Deleterhis ( ) ;
íf (bmap) bmap->DeleteThis O ;

// Read rendered frame back into a Bitmap (RGB 76/t6/76)
// Scan Bitmap per-pixeJ.

// Compare col-or to g7oba7 col-or l-ist (Ainary search into
¿f,ÞL' 

// rf not found, add to this frame col-or l-ist, and. ad.d. to
gJobaT col-or List
DebugPrint ( "Scanning for objecls. \n" ) ;

ScanRenderForFaces (readmap, f rame ),-
if (readmap) readmap->DeleteThis O ;
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,/,/ restore oLd frame-refated environment settings
Cl eanUpRendering ( f rame, iSampl eRate, Sampl e ) ;

DebugPrint ("Frame Cornpleied. \n,') ;
j

I
aintptr- >progressEnd ( ) ;

intPt.r->Progressstart(GetString(IDS_PROGRESS_MSG2), TRUE, fn,
NULL);

for (int objnumber=0 ;objnumberciGeomCount ;objnumber++)
{

// na¡¡ htê rêér)rt each object's ad.d.ed. face/vertex l_ist based.
or7 

// when they were added to the scene (since to speed
things, we

// originalLy sorted on reference number).
rntPtr->ProgressUpdate ( (int) ( (fLoat) objnumber/ (f1oat) iGeomCo

unt*100. Of) ) ;
Sort.ByFrame (& (Geometrylist lob j number] ) ) ;\

1_r_ntPtr- >ProgressEnd O ;

inrptr->progressstart(GeÈstríng(IDS_pRocREss_Msc3), TRUE, fn,
NULL);

,// create output fil_e and add iiLetpe parameters
int Headerlength = InitFileForoutput (fil_ename),.

// exporting background info
Point3 BgrndColor = intpÈr->GetBackGround(O,FOREVER) ;

if (fabsf (BgrndColor.x) > O. oolf | | fabsf (BgrndColor.y) > o. OOlf
¡ltl

fabsf (BgrndColor.z) > O. OOI-f )

{
iOutToFil-e (OPCODE_SETBACKGROUNDCOLOR) ;
r.rñ,rr-TnE'i I õ rñ^ñvert 16bcol-or (convertRGBLoCoLo¡¡af ltrcrnrtt-n'l nrlv! \!Y!r¡svv¿v! /

)); 
)

if (iStartFrame == iEndFrame)
iEndFrame++;

for
( frame=iStartFrame+iFrameRate,' frame< iEndFrame+ iFrameRate; frame+=iFrameRate )

if (frame > iEndFrame) frame = iEndFrame;
Bui]dDataBl-ock (f rame) ;

l
// Transmit coJ-or l_ist as face/vertex/obj info.
// If first time adding an object:

// Transmit object pTacers (3D offsets)
// Transmit object materiaL information

// Add List of objects in this frame to active object list
// Add keyframe information for any currentJy active objects that

rpmti ra i f

rntPtr- >ProgressEnd ( I ;
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Cl-oseOutputFile ( ) ;

// okay, since we're basicaTTy done, l-et's TossTessTy comPress
the

// whoLe fil-e. As it turns out, we're using the LZSS tecLnique.
if ( ti,zss_OutputFile (Headerlength, f il-ename) ) return FAI,SE;

// Everything is finished, so restote the scene to normaf
// unhide a77 objects in the Tist
for (i=0 ; i<iGeomCount; i++)

Geometrylist Ii] .curNode->Hide (FALSE) ;
for (i=0 ; i<iSuperObjCount ; i++)

a'nay^trìa¡Èc Ii I _>Hide (FALSE) ;

for (i=0; iciGeomCount ; i++)
if (lsMarkedForDeletion (&Geometrylist IiJ ) )

{
ceometrylist Ii] . curNode->Detach ( 0, 1) ;
ceometrylist Ii] .curNode->SetMLl (NULL) ;
ceometryl,isL I i] . curNode - >SetTMControl- ler (NULL) ;

) "uometryl,ist 
Ii] .curNode->Del-etethis O ;

)
eLee

for (int i=0,'i<iGeomCount; i++)

ît 
(IsMarkedForDeletion (&Geometrylist IiJ ) )

ceometryl,ist Ii] . curNode->Detach (0, 1) ;
ceometryl,ist Ii] .curNode->SetMt1 (NULL) ;
ceometryI,ist Ii] . curNode->SetTMControll-er (NULL) ;

) "uometryl,ist 
Ii] .curNode->DeleteThis O ;

)

#ifdef _DEBUG
char buffer [200] ;

if (iTota]Verts == 0) iTota]verts=1;
snrint- f l1'rrf fcr trÀ\¡êrâc)e Er-ror Per Vertex = 9;f percent\n", fTotAlErtot f (

\vs!!v!

f l-oat)iTotalVerts * 100. of ) ;
MessageBox (NULL, buffer,'rFinal Statistics",MB-OK) ;

#endif

// nenabl-e keyboard acceferators in Max
Enabl-eAccelerators ( ) ;

- return 1;
I

Compressor::SortObjectI,ist(Explnterface * ei, InLerface * 9i, Compressor *

9xp)
t

// buiTds a fist of aJ-L the current objects, and sorts them into their
,// various categories.

intptr = 9i;
INode* Head = intPtr->GetRootNodeO ;
iTotalNodeCount = 0;
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int iNumChil-dren = Head->NumberOfChildrenO ;

// dummy count first, just to get node count
for (int idx=O; idxciNumChildren; idx++)

ÐummyCount (Head->GetChil-dNode (idx) ) ;

intPtr->Progressstart (Getstring(IDS_PROGRESS-MSGO), TRUE, fn' NULL) ;

iCurrentCount = 0;

lor (idx=o; idxciNumChildren; idx++)
t

if (intPtr->GetCancef O )

break;
nodeEnum (Head- >GetChildNode ( idx) ) ;

]

// we're done sorting. Finish the progress bar.
intPtr- >Progress¡nd ( ) ;

/ / BuildlndexLisL (CameraPtrList , CameralndexList , iCamCount ) ;
// Buil-dlndexList &ightPtrList,LightlndexList, iLightcount) ;

MarkTargets O ;

. return 0;
l

Compressor : : DummyCount ( INode* node)
/ / a recytrE iwe function used in the enumeration of the number of nodest/
// in fhø q¡ane

{
iTotafNodeCount++ ;

for (int c = 0; c < node->NumberOfChildren0; c++)
DummvCount (node->GetChil-dNode (c) ) ;

return 0;
)

BOOL Compressor: :nodeEnum(Iwode * node)
// nnttmarafêã1.f nodes in the scene, and identifies what they aret/
/,/ Fnr 1al-ar tt<a//
t

iCurrentCount++ ;
int ptr - >progres sUpd.ate ( ( int ) ( ( f loat ) iCurrentCount,/ iTotalNodeCount * 1 0 0 . 0 f

));
objectstate os = node->EvalWorl-dstate(0) ;

if (node->IsGroupHead ( ) )

t
DebugPrint ('rG::oup Begins: \n" ) ;

i

// fne obj member of Objectstate is the actuaL object we wifl- export.

ït 
(os. obj )

// We fook at the super c-lass ID to determine the tpe of the
al¡-i an*

Twitch (os . obj ->SuperClassTD ( ) )

T

case GEOMOBJECT-CLASS-ID :

t
Geometryl,ist liGeomCount] . curNode = node;
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Geometrylist IiGeomCount] . IsHelper = FAISE'
Geometryl,ist IiGeomCounE] . IsChild = node->IsTarget O ;
if (node->GetParentNodeO ->rsRootNodeO )

I
Geometryl,ist liGeomCount] . IsChild = FALSE'
Geometrv],ist [iGeomCount] . Parentldx - -L¡

i
else
i

Geometryl,ist I iGeomCount] . Parentldx
GetceometryNodelndex (node- >GeLParentNode ( ) ) ;

Geometry],íst [iGeomCount] ' IsChild = TRUE;

#ifdef ÐBGMODE
DebugPrint.('r ParenL of node = ");
DebugPrint (node->GetParentNode O ->GetName O ) ;
DebugPrint("; ");

#endif
ì
i-Geomcounc++;

#ifdef DBGMODE
DebugPrint ( "GEOI¡IETRY: " ) ;
DebugPrint (node->GetName O ) ;
ÐebugPrin¡ (rr\¡r't ) ;

#endif
ì
úreak;

case CAMERÄ' CLASS fD:
CamerãPtrliãt IiCamCount++] = node,'

*ifdef DBGMODE
DebugPrint ( "CAMERÂ: " ) ;
DebugPrint (node- >GetName O ) ;
DebugPrint("\n");

#endif
camerarndexlist Iicamcount-1] = iGeomcount;
Geometrylist IiGeomCount] . curNode = node;
Geometrylist [iGeomCount] . IsHelper = FALSE;
if (node->GetParenLNode O ->IsRootwode O )

t
Geometrylist [iGeomCount] . IsChil-d = F-ALSE'

, 
n-ometryl,istliGeomCount] -Parentldx = -1;

åtr"

Geometrylist I iGeomCount] . Parentldx
cetceometryNodelndex (node- >GetParentNode ( ) ) ;

Geometrylist [iGeomCount] . IsChild = TRUE;

#ifdef DBGMODE
DebugPrint("ParenL of node = ");
DebugPrint (node->GetParentNode ( ) ->GetName ( ) ) ;
DebugPrint("; ");

#endif
I
lceomcount++,'
break;

case LIGHT CLASS ÏD:
r,ighEetri,iãt tir,ightCount++l = node;

#ifdef DBGMODE
DebuqPrint ("LTGHT: ") ;
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DebugPrint (node->cetName () ) ;
DebugPrint("\pt'¡,'

#endif
Lighttndexlist IilightCount-]-l = iGeomCount;
Geometryl,ist [iGeomCount] . curNode = node;
Geometryllst IlceomCountl . IsHelper = FALSE;

it 
(node->GetParentNode O ->IsRootNode O )

Geometrylist IiGeomCount] . IsChi]d = FALSE-
Geometrylist IiGeomCount] . Parentldx - -I¡

I
elge
{

Geometryl,ist IiGeomCounE] . Parentldx
GetGeometryNodelndex (node- >GetParentWode ( ) ) ;

Geometrylist liGeomCount] . TsChil-d = TRUE;
#ifdef ÐBGMODE

DebugPrint (t'Parent of node = ") ;
DebugPrint (node->GetParentNode ( ) ->cettlame ( ) ) ;
Debugprint ( "; ,') ;

#endif
I
iGeomCount++,'
break,'

cage SHAPE CLASS ïD:
#ifdef DBGMODE

DebugPrint ('rSIIAPBR: ") ;
ÐebugPrint (node- >GetName ( ) ),'
ÐebugPrint("\n");

#endif
break;

caae HELPER CI,ASS ID:
GeomeErylisEIiCeomCount] .curNode = node;
Geomefryllst IlceomCounÈl . IsHelper = TRUE;
if (node->GetParentNode O ->IsRootNode O )

{
Geometrylist IiGeomCount] . IsChild = FALSE-
Geometrylist IiGeomCount] . Parentfdx - -L;

)
else
t

Geometrylist I iGeomCount ] . Parentldx
GetGeometryNodelndex (node->GetParentNode ( ) ) ;

Geometrylist [iGeomCount] . IsChi1d = TRUE;
*ifdef DBGMODE

DebugPrint("Parent of node = ");
DebugPrint (node->GetParentNode O ->GetName O ) ;
DebugPrint("; ");

#endif
\
íGeomCount++;

#ífdef DBGMODE
DebugPrint ("HELPER: ") ;
DebugPrint (node- >GetName O ),'
DebugPrint("\n");

#endif
break;

)
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)

for (inb c = 0; c < node->NumberOfChildren0; c++)
if ( lnodeEnum(node->GetChildNode (c) ) )

return FAI,SE;

if (node->rsGroupHead O )

f- 
DebugPrint ( "GrouP Ends: \n" ) ;

return TRUE;

i

int Compressor: :GetGeometryNodelndex(INode * node)
// finds the index into the geometry array for the given node pointer.
// if its not found, a -1- is retutned.
I

for (int i=O;iciGeomCount;i++)
if (node == Geometrylist Ii] .curNode)

break;
if (i == iGeomCount)

return -1;
elae return i,'

)

Compressor: :Buildlndexl,ist(INode ** Ptr1,isL, int *Indexl,ist, inb counL)
// finrls t:he 7oc-.:^- ^F ^-^h ^^inter reference in PtrList and pTaces

- -dLLUll VL ÇAVlt Pv

// its reference number in IndexList.

fot (int i=0,'iccount;i++)
t

for(int j=O;Geometrylistljl.curNode != PtrI,istlil &6,

jciGeomCounL;j++) ;
if (Geometryr,ist tj I - curNode ! = Ptrl,ist til )

I
DebugPrint("Error encountered v;hil-e trying to build index

líst.\n"); 
ì
el-ge

Tndex],ist Ii] -- J;
I

t'

Compressor : : MarkTargets ( )
// -^-;^-- -11 r:hê farñFf rcfercn7es tO the VariOUS nOdeS

/ / aÞÞLyttÞ aLL Lr¡ç La4:re

I

{ot (int i=O;i<iGeomCount;i++)
t

if (GeomeLrylist til .curNode->GetTarget O )

t
ceometryI,ist Ii] . TargetNode

ceometryl,ist Ii] .curNode->GetTarget O ;
for (int i=0,' jciGeomCount; j++)

if (Geometryl,ist[j] -curNode
GeometryI,ist I i] . TargetNode)

t
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l.1anma1- rr¡T.i qÈ [i I n-v^ôÈT¿lv - -i .uçv(!!çL!y!rÐu L4l . aqlYsurs - J,
Geometryl,ist [j] . lsTarget = TRUE;
break;

Ì
)

¡<<art-lì t= iGeomCorrnl) :qÞÐç! L \J v*"v t ,

1
J

else
{
L

Geometrylist Ii] .TargetNode = NULL,'
GeomeLrylist Ii] .Targetldx - -L;

Ì
)

)

compressor: : BuiLdMateriafList ( )

/ / Gencratcs the líst of materials and assigns them to our constructed
/ / r'thi er f. database/ / vpJçvv
!

for (inb i=O;i<iGeomCount; i++)
t

Mtl* mnode = Geometrylist Ii] .curNode->GetMtl O ;
if (mnode)

t
BOOL bFound = FAI,SE;
for (int j=o; jcil¿atcounL; j++)

if (mnode == MateriaflistIjJ .curNode)
I

bFound = TRUE;
break;

I
if ( !bFound)
I

Geometrylist Ii] .Material-ID = iMatCount;
Materiall,ist IiMatCount++] .curNode = mnode;

else Geometrylist Ii] .MaterialID = l;

t

int FindSmthVert (int *Vertl,ist, int VertCount, ínt VertNum)
/ / nerf r-¡rms a Tinear search into a vertex List f or a specif ic//
,// vertex number, and returns it's index into the array
T

int loc = -L;
for (int i=0;i<VertCount;i++)

if (Vert.LisL Ii] == VertNum)
t

l-oc = i;
break;

\
reÈurn (loc);

I

BOOL Compressor: :BuildSubObjectl,ist ( )
/ / ñ^t-^^ ^-^h aÁjp¡f and .cTices 'ir inrn ncw n:r'ilgts baSed on Smoothing grOupS

/ / IAJteb edÇr! QDJÇçL altv Þf ¿ue,
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int newCount = iGeomCount,'
iSuPerObjCount = 0;
int *Vertices [32] ;
int *Faces [32] ;
int *FaceID [32] ;

for (int x=0;x<32;x++)
t
t

vertices [x] = new int IIUAXOBJECTS] ;

Faces [x] = new inÈ II4AXOBJECTS*3] ;

FACCIÐ [X] = NEW iNT III4AXOBJECTS] ;

i

int FaceCount [32] ;

int Vertcount [32] ;

Í". 
(int l-oop=O;loop<newcoun¡; foop++)

if ( lGeometrylist [loop] . IsHelper &&

ceometrylist IloopJ . IsSuperObject O )

i
objecr *obj

ceometryl,ist Iloop] . curNode- >Eva1WorldSLate ( 0 ) . obj ;
TriObject *Tri;
Tri = (TríObject*)

obj ->ConvertToTlpe (0, Class-ID (TRIOB,J-CLASS-ID,0) ) ;

it 
(Tri && Tri->mesh.numFaces > 0)

SuperObj ect s I iSuperOb j Count ++ ]
ceometrylist Iloop] . curNode ;

// A mesh can have up Lo a totaL of 32 smoothing
groups.

// as each group is marked using a bitmask in each
face,

// we take the originaT object and split it into up
to 32

// new objects
// if any of these new objects don't have any

vertices
// we discard them. If they do, we append them to

the
// end of the geometry 7ist, and make them chil-dren
// of a new dummy object. We assign the original
// materiaL to afl- of these chifdren
for (int i=0;i<32;i++)
I
t

FaceCountlil = 0;
VertCountlil = 0;

]
for (i=0 ; i<Tri- >mesh.numFaces ; i++)
{

DwoRD smooth = Tri->mesh. faces [i] .smGroup;
DIII RÐ mask = 1;
for (int j=O¡)<32 && ((smooÈh & (mask <. j)) ==

o); j++) ;
if (j==32) j=o;
int loc1
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FindSmthVert (Vertices Ij] ,VertCount tjl ,Tri->mesh.faces Ii] .v[0] ) ;
int loc2

FindSmthVert (Vertices Ij ] , VertCount tj I , Tri->mesh. faces Ii] .v [1] ) ;
Ínt l-oc3

FindSmthVert (VerLices Ij] ,VertCount tjl ,Tri->mesh.faces lil .v[2] ) ;
if (]oc1- == -1-)
t

Vertices Ij ] lvertCount Ij ] l
Tri->mesh.faces Ii] .vIo] ;

locl- = VertCount [j] ++;
ì

ît 
(toc2 == -r-)

Vertices lj I lVertCount Ij ] l
Tri->mesh. faces Ii] .v [1] ;

Ioc2 = VertcountljJ++;
ì
a! (1oc3 == -1)
{

Vertices [j] [Vertcount [j] l
Tri->mesh. f aces Ii] .v [2] ;

1oc3 = VertCount [j J ++;
ì
.É'aceID t jl t¡'acecount [j] I -- i;
Faces Ij] [FaceCount Ij] *3+01 = l-oc1;
Faces Ij ] lFaceCount [j ] "3+tl = Ioc2;
Faces Ij] [faceCount Ij] *3+21 = 1oc3,-
FaceCount [j J ++;

]

// first, letts create a dummy node containing
nothing, but pLaced at the

// coordinates of the original object, urith the
originaT orientation

TriObject* dummyobj = CreateNewTriObject O ;
dummyobj - >mesh. setNumverts ( 0 ) ;
dummyobj - >mesh. setNumFaces ( 0 ) ;
INode* meshnode = 0;
meshnode = intptr->CreateObjectNode (dummyobj ) ;
TC}IAR dummlmame 1255J ;
_tcscpy (dummlmame, GeomeLrylist [loop] . curNode- >GetName (

_Ècscat (dummlmame,_T('r - Dummy Parent"));
meshnode- >SetName (dumm)mame ) ;
fNode* root = intPtr->GetRootNode O ;
if (root)

root - >AttachChild (meshnode, 0 ) ;

Geometrylist []-oopl . curNode = meshnode;
Cont.rol-* contr = NULL;
contr = (Control*) SuperObjects IiSuperObjCount-

1l ->cetTMController ( ) ->Clone ( ) ;
Geometryl,ist []-oopl . curNode- >SetTMControl-1er (contr) ;

it 
( !contr)

Matrix3 tm
Getlocal-Matrix (SuperObj ects IiSuperObj Count-1], 0 ) ;

Geometrylist Iloop] . curNode->SetNodeTM (0, tm) ;
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I

// reproduce any originaT pivot point it had
Point3 offsetPos

Superobjects IiSuperobjCount-1] ->GetobjoffsetPos ( ) ;
Quat offsetRot = SuperObjects [iSuperObjCount-

1l ->Getobjof f setRot ( ) ;
ScafeVafue offsetscl = SuperObjectsIiSuperObjCounÈ-

1l ->GetObjOf fsetscaLe ( ) ;

GeomeLrylist IloopJ . curNode- >SetGroupHead (TRUE) ;
Geometrylist Ifoop] .bKill-Me = TRUE;
MarkNodeForDel-etion ( &GeometryÏ,ist []oopl ) ;

// so now that we have a l-ist of aLL the necessary
faces and vertices, we can

// build up our new objects
for (i=0;i<32,'i++)

if (FaceCount [i] > 0)
t

TriObject* newobj = CreateNewTriObject O ;

// copy verts
newobj ->mesh. setNumverts (VertCount Ii] ) ;
for (int i=0;j<VertCount ¡11 ;j++)

newobj ->mesh. seLvert (j , tri->mesh.ver
ts lvertices [i] tjl I ) ;

/ / ¡nnv farcg/ / ""FI
newobj ->mesh. setNumFaces (FaceCount Ii] ) ;
for (j=0;j<FaceCoun¡ ¡i1 ;j++)

newobj ->mesh. faces [j ] . setVerts (Faces
Ii] [j *3] ,

l'¡aaqfiI fi*?+1 I E'¡caql"iI fi*?+?

l);

Matrix3 MI (l-r ;
if (Tri->mesh.getNumTvertsO 0 &&

SuperObjects IiSuperObj Count-1] - >GetMtl ( ) )

Tri - >mesh.ApplyUVWMap (Mee PT,ANAR, 1- . 0
f ,l_.of ,l_.of ,0,0,0,0,Mr);

if (Tri->mesh.getNumTVertsO > 0)

t
// copy texture verts
newobj ->mesh. setNumTVerts (VertCount I

il);
newob j - >mesh . setNumTVFaces ( FaceCount

til);
for (j=O;j<FaceCount [i] &&

Tri->mesh.numTVerts > 0; j++)
{

Point3 uv,'
TVFace tf

Tri->mesh. tvFace IFaceID ti] tjl I ;
newobj ->mesh. setTvert (Faces Ii]

l'-i*" 1 Tri-\mêch.tvertsltf.tt0]l ) ;LJ r J t Lvr r " newobi _>mesh. setrvert (Faces [i]
l';*2r1 I .Fri--maclr f-\lôr{-c[+F ¡fl ì])r.Lr ¿'LJ ' 'v'1JJ ' ' newobi_>mesh.setrvert(Faces[i]
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lj *¡+Zl, Tri->mesh. tverts [tf . t 12] I ) ¡
newobj ->mesh. tvFace tj I . t t0l

Fâõê<fìl fi*? l.
I+J LJ ¿ J 

' newobj ->mesh. tvFace ij I . t I1l
¡aces []_l [] xJ+rJ ;

newobj ->mesh. tvFace ij I . t t2l
laces [1] [] xj+zl 

]

etge
I

newobj - >mesh. setNumTVerts ( 0 ) ;

, 
r"robj ->mesh. setNumTV¡'aces (0) ;

newobj - >mesh. buildRenderNormals ( ) ;
for (j=o; jcnewobj ->mesh.numFaces; j++)

newobj ->mesh.FJ-ipNormal (j ) ;

r->rricrf tR nrÕÒcrf íes into

-'.^Ê^---f ^^tr:--J_nEetna! setrtrangs so we

subobject operates

i-ntPtr- >CreateObj ectNode (newobj ) ;

t-11->GetMtlO);

bjCount-11 ->GetWireColor ( ) ) ;

unt-11 ->GetNameO );

newnode,'

fsetPos (offsetPos) ;

fsetRot (offsetRot) ;

fsetScale (of f setScl ) ;

ntl);

// now that we've duplicated alL the

/ / fha crrh ahiccf . Î^tc nÕÍ^t Set .SOme//
// know ífs nof a rlãl al-:,iarf but so the/ / vvJvvet 

^

/ / 1 ; l¿a an nr¡f i nart¡ nl¡j ø¡f//
INode*

newnode

newnode = 0;

newnode - > SetMt l- ( SuperOb j ect s I i SuperOb j Coun

newnode - > SetlVi reCof or ( SuperOb j ect s I i SuperO

'IUr-iAK q.ummlmame L¿55J ;
_t c s cpy ( dummlmame, SuperOb j ect s I i SuperOb j Co

TCIIAR namenum[255] ;
_stprintf (namenum, r! part #?d", i) ;

_tcscat (dummlmame, namenum) ;
newnode - >SetName ( dummlmame ),'
newnode - >SetGroupMember (TRUE ) ;
Geometrylist liGeomCount] . curNode

ceometrylist liGeomCount] .bKil-lMe = TRUE;
ceometryf,ist liGeomCount] . IsChi]d = TRUE;
GeomeLrylist IiGeomCount] . Parentldx = loop;

Geometrylist IiGeomCount] . curNode- >SetObj Of

Geometrylist IiGeomCount] . curNode- >SetObj Of

Geometrylist IiGeomCount] . curNode- >SetObj Of

MarkNodeForDel- et ion ( &Geomet ryl,i st I iGeomCou

SuperOb j ect s I iSuperObj Count -
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Ll - >AttachChild (newnode, 0 ) ;
iGeomCount++;

I

lo, (x=0;x<32,'x++)
t

delet,e [] Vertices [x] ;
delete [] Faces [x] ;
deleÈe [] FaceID [x] ;

)

) 
t"turn TRUE;

Compressor : : MarkNodeForDel-etion (GeoNode *node)

t
TCHAR dummlmame 12551 ;
_tcscpy (dummyname, node- >curNode- >GetName ( ) ) ;
_Lcscat (dummlmame,_T ( ttx*DELETEME I I ** " ) ) ;

) 
rode->curNode->SetName (dummlmame),'

BOOL Compressor : :BuildVertexFacelist ( )

// Takes aff Ehe val-id objects in the scene and reproduces their geometric
// attributes in our locaL database.
t

int maxfacecount = 1, maxobjcount = Lì ì
//for (int zz=0;zz< (24-FACEBITCjUNT) ;zz++)

for (inE zz=0 ;zz<24 ;zz++)
maxfacecount*=2 ;

// for (zz=O;zz<FACEBITCOUNT;zz++)
for (zz=O;zz<24¡zz++)

maxobj count*=2 ;
char buffer [200] ;

// if (maxfacecount > 56*200) maxfacecount = 56*200-7;
// if (maxobjcount > 56*200) maxobjcount = 56*200-1-;

if (iGeomCount> maxobjcount)
i

sprintf (buffer,'rYour scerle conLains nrore objects tllan are alfowed
in the scene.\nUse t.he SysLem fr:fonna:ion tool r-rnder the File menu for more
'i ¡f ¡rm¡1- ì nn tl mavnl¡i ¡nrrnl. I .

, lr¡q^vvJ evgLLv t ,

MessageBox(0, buffer, "Errorrr, MB-OK) ;

rETurN FALSE;
)

// tnit aff the data structures to hofd the geometry for the various
,// meshes as they are added to.
for (int i=0;iciGeomCount; i++)

it 
( !Geometrylist [i] . lsHefper)

Object *obj
ceÕmef rvT-i st l'i I - curNode->Eval-Wor]dState (0) .obj ;

TriObjecÈ *Tri;
if (Geometrylist Ii] . IsHelper)

Tri = NUI¡L;
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elee Tri
obj - >ConvertToT)æe ( o, class-rD (TRIOB,J-CI,ASS-ID, 0 ) ) ;

íf (Tri)
t

Geometryl,ist Ii] . nTrueFaceCount =

Geometrylist I i] . nTrueVertexCount
Geometrylist Ii] . TrueFacelisÈ

TriFace lGeometryl,ist Ii] .nTrueFaceCountl ;

Geometrylist Ii] . AddedFacelist
int lGeometrylist Ii] .nTrueFaceCountl ;

(Triobj ecL* )

Geometrylist [i] .FaceAddedonFrame = new

int lGeometrylist Ii] .nTrueFaceCountl ;

Geometryl,ist [i] .Addedvertlist = l}êw

int [Tri - >mesh. numVerts] ;
Geometrylist [i] .VertAddedOnFrame - nevt

int [Tri - >mesh. numVerts] ;
Geometrylist [i] .TexIndexlist = new

int lÎri - >mesh. numverts] ;

GeomeLryl,ist Ii]
Geometrylist Ii]
ceometryf,ist Ii]
GeometryÏ,ist Ii]
Geometry],ist Ii]
ceometryI,ist Ii]

. nTrueVertexcounL

. TrueFaceList

.AddedFaceList

. FaceAddedOnFrame

.AddedVert],ist

. VertAddedOnFrame

Tri - >mesh. numFaces ,'

= Tri->mesh.numVerts;
= new

nes¡

== NULL
== NULL
== NULL
== NULL
== NULL
-- \TrÌT.I.\

aÍrrr llr\u!! | |

Tri->mesh. faces tj I .v t0J

Tri->mesh. faces tjl .v irl

Tri->mesh. faces tjl .v tZl

BIGCONSTVALUE;

BTGCONSTVALUE;

BTGCONSTVALUE;

BIGCONSTVALUE;

if ( (Geometry],ist [i] .nTrueFaceCounL > 0 &&

Geometrylist[i].nÏruevertexcount > 0 ) &&

(GeometryI,ist Ii] - nTrueFaceCount

MessageBox ( 0 ,

"Unabfe Lo allocate memory regu].reo to
compress this scene.\.nClose some applications, or increase Lhe virtual menory

availabl-e on Your system.rr, t'Error", MB OK) ,'

exit (1) ;

i
for (int
{

i =O ; j <Geometrylíst Ii] .nTrueFaceCount ; j ++)

Ganmcf rvT,iStvev¡r¡e e* i 
-.

¡
(]aomcf rwT,iStvev¡rtv vÊ J 

-¡

i
lìÊômef rvT,iStvvv¡rrv v¡ J 

-

ì

f ì 1 ,T?1rêEâñêT,i ql. l-i I Vcrf 'l =LII . rluçr'qus!¿pu LJ r '

l'.i I ,Tr1rêEâõêT,ì cl. I-i I Vert-2LrJ . r! e rJr .

f .i 1 .FrrraÉ'¡noT,i sl- [ì ] Vert3trl .r! erJr.

J

lo, ( j =o ; j <Tri - >mesh ' numverts; j ++ )

I

Geometrylist t il .Addedvertlist I j ]

Geometryl,ist t il . VertAddedonFrame I j ]

ceometrylist til .AddedFacelist Ij ]

Geometrylist til . FaceAddedonFrame I j I
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l
íf. (GeometrylisÈ til .nTrueFaceCount > maxfacecount)
I

sprintf (buffer, "One or rnore of the objecLs in
thís scene contains more than ?d faces. \nUse the System InformaLion toof under
the File menu for more infonnaiion-r',maxfacecount);

MessageBox(0, buffer, 'tErrortt, MB OK) ;

, 
."turn FALSE,'

íf (Tri->mesh.numTVert.s == O)

{
StdMat* nodeMtl= (StdMat*)

Geometrylist Ii] .curNode->GetMt] O ;
if ( ! (!nodeMt] I I nodeMtl->GetwireO ) )

1

sprintf (buffer, "Object \'ås\' is missing
¡nd raarri r-ac nr¡nni rr¡ ¡¡¡r¡ìi n¡{- a< l-¡ l-ra ar.nnrl- a¡l tt

,

Geometrylist [i] . curNode->cetName ( ) ) ;
MessageBox(0,buf fer, "Errorr', MB OK);
return FAI,SE;

l

if (Geometryi,ist [i] .TexIndexlist &.&

Geometrylist Ii] .curNode->GetMtl O )

lot (int j=0; jcTri->mesh.numFaces; j++)
i

Geometrylist Ii] . TexÏndexlist. lGeometryList I
1l Irrlêþâôêt.1<r tì | \/êrr | |¿J . ¡! e LJJ . reru¿J

Tri->mesh.tvFace tjl .t t0l ;
GeometryI,ist Ii] . TexIndexlisE lGeomet.rylisÈ [

ì | 't rllôcã^ôt.1 cr tì | \/ôrr / l!J . ¡! ç LJJ . vele¿J

Tri->mesh. tvFace tj I . t t1l ;
Geometryl,ist Ii] . Texlndexlist IGeometrylist I

r_l .'r'ruet. aceLr_sE. LJ J . verEJ I
Tri->mesh.tvFace tjl .t t2l ;

ì
if (trí l= obj )

Tri->DeleteMe O ;

i
ì

return TRUE;

)

INode* Compressor : : Construct.Obj ectDatabase ( int frame, int SampleRate, int
Sample)
// takes the object database wetve constructed and generates a dupJicate
obj ect
// set, except each face of each object is coLored so that each face col-or
// i¡]ønfifia< ¡^¡hi¡h nhianf nrininalTtr ^r^tñêrf ;f//
t

long time = frame * GetTicksPerFrameO / SampleRate*(l+Sampl-e);

TriObject* obj = CreateNewTriObjecÈ O ;

int currvertsum = 0;

D-49



Appendix D: Source Code

ínt currf acesum = 0,'
MNMesh buifder,'
builder. SetFlag (MN_MESH-CVERTS, TRUE) ,'

fLoat divis = L.of/65535.0f;
// f l-oat divis = 7.0f /2s5.0f ;

for (int i=0;i<iGeomCount;i++)
íf ( lGeometrylist Ii] . IsHelper)
I

Matrix3 ObjTM
Geometrylist Ii] . curNode->GetObjTMAfterV'iSM (time) ;

Object* temPObj
Geometrylist Ii] . curNode- >EvalV'iorldstate (time) . obj ;

if (tempobj ->CanConvertToTlpe (Cl-ass-ID (TRIOB,f-CLASS-ID,0) ) )

I
Triobject* tempTrr = (Triobject*)

tempObj - >ConvertToType ( time,
Cl-ass_ID (TRIOB,J_CLASS_ID, 0) ) ;

for (int j=O; jcGeomeÈryI,ist Ii] .nTrueFaceCount; j++)
t

int64 color = (i+l-) + ((_int6a)j *
(-int64 ) L67772:'6) ;

'"ï#!u""' 3L;'' : Jl":rJl': 
*iÏ"":iiä''' 

"h".*) çco1or;
Point3 vert;
verE

Transf (objTM, tempTri->mesh.verLs [tempTri->mesh. faces tj ] -v [0] I ) ;
buif der. NewVert (vert ) ;
vert

Transf (objTM, tempTri->mesh.verLs ltempTri->mesh. faces t j] .v Ir-] I ) ;
builder. NewVert (vert ) ;
vert

Transf (ObjTM, tempTri->mesh.verts [tempTri->mesh. faces tj ] .v t2l I ) ;
bui]der. NewVert (vert ) ;
VertCol-or c;
c.x = (float) (chcofor[0]+(chcol-or[1]<<8)) *

divis;
c.v = (f l-oat) (chcolor [2] + (chco]or [3] <<8) ) *

divis;
c.z = (fLoat) (chcolor [4] + (chcolor [5] <<8) ) *

divis,'
// c.x = (fl-oat)chcoTor[0] * divis;
// c.y = (fl-oat)chcoLor[1] x divis;
// c. z = (f l-oat) chcoLor [2] * divis;

buifder.NewCVert (c) ;
buifder.NewCVert (c) ;
builder.NewCVert (c) ;
int w [3]

{ crrrrr¡arf srrm . r'1ìrrrvertsum+1, currvertsum+2 } ,'
' es!! 

builder.NewTri (w,NULL,wv) ;

currvertsum+=3;
^trrrf =¡ocrim¿+.

)
if (tempObj ! = LempTri) tempTri->Del-eteMe ( ) ;
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ì
builder.OutToTri (obj ->mesh) ;
INode* meshnode = 0,-
meshnode = intptr->CreateObjectNode (obj ¡ ,
meshnode->SetName (_T ( "Temp Renderabfe Thing" ) ) ;
meshnode->SetWireColor (RGB (255, O, 255) ) ;

Col-or b1ack (0. 0, 0. 0, 0. 0) ;
Col-or white (1. 0, 1. 0, 1. 0) ;

St.dMat* VCmat = NewÐefaultStdMat O ;
Co]or blue (0. 0, 0. 0, 1. 0) ;

VCmat - >SetV'iire ( FALSE) ;
VCmaL - >SetAmbient (black, 0 ) ;
VCmat->SeLDif fuse (white, 0 ) ;
VCmat - >SetSpecular (bLack, 0 ) ;
Vctnat- >SetFilter (black, 0 ) ;
VCmaÈ- >SetShininess ( 0 . 0, 0 ),-
VCmat - >SerShading ( 1 ) ;
VCmat - >SetShinStr ( 0 . 0 , 0 ) ;
VCmat - >Enabl-eMap ( ID_DÏ, TRUE ),-
VCoI *VertCo]or = NewDef aultvco]tex ( ) ,.

VCmat - >SetSubTexmap (ID_DI , VertColor) ,.

meshnode- >SetMt.l (VCmaL ) ;
meshnode- >SetMotBlur ( 0 ) ;
meshnode- >SetCasLShadows (FAISE) ;
meshnode- >SetShadeCVerts ( 0 ) ;
meshnode - >BackCul l_ ( FALSE ) ;
return (meshnode);

)

void Compressor: : PrepareForRendering ( int framenumber, int SampleRate, int
Sample)

long time = framenumber * GetTicksPerFrame O / SampleRate * (l+Sample) 
,.

33OldTint = intPtr->GeLlightTint (time, FOREVER) ;
intPtr->SetLightTint (time, Color (0.0,0.0,0.0) ) ;
_fOldl,ightl,evel = intPtr->Getl,ightl,evel (time, FOREVER) ;
intPtr->SetLightl,evel (time, O. 0) ;
33OldAmbient = intPtr->GetAmbient (time, FOREVER) ;
intPtr->SetAmbient (time, Color (1. O, 1. 0, 1. O) I ;
_BUseEnvMaP = intPtr->GetuseEnvironmentMap ( ) ;
intPtr - >SetUseEnvi ronmentMap ( FALSE ) ;
S3OldBackgrd = intPtr->GetBackGround (time, FOREVER) ;
intPtr->SetBackGround(time, Color (0. O, O. O,0.0) ) ;
_BForce2Side = intptr->GetRendForce2Side O ;
intPtr- >SetRendForce2S ide (TRUE ) ;

// Set active viewport
ViewPort = intPtr->GetActiveViewport O ;
VÍewPort - >GetAffineTM (VptTM) ;
Ol-dCamera = Viewport->GetViewCamera O,.
bPersnV'i ew - ViewPort->ISPersnVi ew I ) 'erÞÀ/v¿çw \/,

ViewPort- >SetViewCamera (CameraPtrl,ist [nSelectedCamera] ) ;
)

void Compressor::RenderCurrent.Frame(int frame, Bitmap 'tbm, inÈ SampleRate, ínt
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Sample)
t

ínt val-;
IscanRenderer* rend = (IscanRenderer*) intPtr->GetDraftRendererO ;
rend- >GetForcewire ( ) ;
rend- >SetAntial-ias ( FALSE ) ;
rend- >setAutoRef f ecL ( FAISE) ;
rend->SetPixeLSize (f . 0f ) ;
rend- >SetAutoRef ll,evels ( 1 ) ;
rend- >SetFil-ter (FALSE) ;
rend- >Setshadows (FALSE) ;
intPtr- >AssignCurRenderer ( rend) ;
val = intPtr- >OpenCurRenderer ( CameraPtrl,ist lnSe]-ectedCameral, NULL) ;
RendParams rp;
rp.fieldRender = FALSE;
rp.frameDur = 1;
rp.superBtack = TRUE;
rp. rendHidden = FA],SE,'
rp.forc:e2Side = TRUE;
ró.mtlEditAA = FAI,SE,'
rp.useEnvironAlpha = FALSE;
rn rlnnl-anri¿li¿gBG = TRUE;tr. uv¿¡e-+¡v

rp.atmos = NULL;
yn ranrlTrne = RENDTYPE NORMAL;!y.!e¡¡g4fY _

FrameRendParams frP;
Color White (l-. 0, 1. 0, 1. 0) ;
Col-or Black(0. 0, 0. 0, 0.0) ;
frp.ambient = White,'
frp.background = Black;
f rp. globallightlevel- = I'ihite;
intPtr- >SetRendShowVFB ( TRUE) ;
va] = intPtr->CurRendererRenderFrame(frame * GetTicksPerFrameO /

SampleRate * (SamPle+t),bm) ;

) 
trtPtr->CloseCurRendererO;

void Compressor: :ScanRenderForFaces (Bitmap* bm, ínt frame)
t

unsigned char *bitmaplvalker = NULL;
int ObjNum, FaceNum, i;
i n{- P.Mf rma .
L..v 91.9f y9,

uneigned long* bPtr = (uneigned long*)
bm- >storage ( ) - >GetstoragePtr ( &BMtype ) ;

bitmapwalker = (unsígned char*) bPtr;
int y;

DebugPrint ( "Scanning. . . \n" ) ;

tX k l l,þ xT^l1r -

if ((fout = fopen("true.bmp", "wb")) == NULL)
I

I

fprintf (stderr, "Cannot open ouEput fife.\n");
// exr-E(3);

)I
unsigned char Header [54]
(
I
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0x42, 0x4d, 0x36, 0x84, 0x03, 0x00, 0x00, 0x00,
0x00 , 0x00 , 0x36 , 0x00 , 0x00 , 0x00 , 0x2B , 0x00 ,

0x00,0x00,
l,¡nai anarl r:har) ( i SamoTeXres & 0x00000jFF) ,r s¿¿p¿J¿¿es

(unsigned char) ( (isampl-exres & 0x0000FF00) >> 8) ,

0x00,0x00,
/-.-_:_^^Å ¡¡.=yt /ia=mnlavrag e 0x000000FF),I uttÞJjttçv çtraL / | !¿atL¡})LçL L=.

(unsigned char) ( (isampLeYres & 0x0000FF00) >> 8) ,

0x00, 0x00, 0x07, 0x00, 0x78, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x84, 0x03, 0x00, 0xL2, 0x0b,
0x00, 0x00, 0x72, 0x0b, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00, 0x00

t

for ( i=0 ; i<54 ; i++ )
fputc (Header [i] , fout) ;

for (y=iSampfeYres- 7 ;y>=0 ; y- - )
for (int x=0 ;xciSampLeXres ;x++)
{

fputc (bitmapwafker [ (x+y*iSampJeXres) *6+0] , fout) ;
fputc (bitmapwaLker [ (x+y*iSamp]-eXres) *6+21 , fout) ;
fputc (bitmapwaTker [ (x+y* isampJeXres ) * 6 +4 ], fout ) ;

I

l
ffTush(fout);
fcLose (fout) ;

for (i=0 ; i<iGeomCount ; i++)
ceometryÏ,ist Ii] . InitBoundingBox ( ) ;

_int64 bitmask = 0x0000000000ffffff ;

f"t 
(Y=o ;Y<isamPleYres ;Y++)

Í", 
(int x=O ;xciSamplexres;x++)

-int64 
col-or = 0;

unsigrned char* chco]or = (unsigmed char*)çcofor;
* (chcolor) = * (bitmapwalker) ;
* (chcofor+1) = * (bitmapwalker+l_) ,.

* (chcol-or+2) = * (bitmapwalker+2) ,'

* (chco]or+3) = * (bitmapwalker+3) ;
* (chcol-or+4) = * (bitmapwalker+4) ;
* (chcolor+5) = * (bitmapwalker+5) ;
if (color != 0)
tt

ô^t^?--.

ObjNum = (int) (color & bitmask);
FaceNum = (int) (color / 0x0000000000ffffff);

assert (ObjNum < iGeomCount) ;
AddFaceTolist (ObjNum, FaceNum, frame) ;
MarkobjBoundingBox (x, y, ObjNum) ,'

\
bitmaPwal-ker+=6 ;

I

I

// now using the bounding box of the object, we guesstimate which sized
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texture we woufd
// need to cover the object. Once we figure this out, we mark it in

the appropriate array.

] 
tortMipMapAppearancelist(frame);

void Compressor: :AddFaceTolist (int ObjNum, int FaceNum, int FrameNum)

// first, we begin by retrieving the object node
GeoNode *cNode = & (Geometrylist [ObjNuml ) ;

// then, we binary search thru the existing faces to see
// if this one is in the database
int location = FaceSearch(cNode, FaceNum) ;

// if its in the database, quit
íf (cNode->nAddedFaceCounL > O && cNode->AddedFacelist Ilocation] ==

FaceNum) refurn,'
// if its not, insert sort the new entry into the database of that

specif ic
,/,/ node, and time stamp it with the given frame number-
InsertFace (cNode, FaceNum, FrameNum, location) ;
AddVertices (cNode, FaceNum, FrameNum) ;

)

int Compressor: :FaceSearch(GeoNode *node, int FaceNum)
// llinartt çFâr¡h for a face's index/ / p¿'LsL f

t
ínt top = g, bottom = node->nAddedFaceCount-1, mid;
while (top < bottom)

mid=(top+bottom) /z;
if (node->AddedFacelist [mid] == FaceNum)

return mid;
else if (node->AddedFace|ist [mid] > FaceNum)

bottom = mid-1;

ì 
else top = mid+l,'

íf (node->AddedFacelist && node->AddedFacelist [topl < FaceNum)
return (top+l) ,'

) "t"e return (top);

void Compressor::InsertFace(GeoNode *node, int Face, int Frame, int foc)
/./ inserts a face into Lhe fist
t

for (int i=node->nAddedFaceCount,' i>loc; i-- )

node->AddedFacer,ist Ii] = node->AddedFacelist Ii-1] ;

, 
rode->FaceAddedOnFrame Ii] = node->FaceAddedOnFrame Ii-1] ;

áode->AddedFacelist [loc] = Face;
node->FaceAddedonFrame []-ocl = Frame;
node - >nÄddedFaceCount + +,'

)

int Compressor: :Vertsearch(GeoNode *node, int VertNum)
1
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// binary search for a vertex,s ind-ex
int top = 0, bottom = node->n-A,ddedVert.Count_1, mid.,.
while (top < boLtom)
t

mid=(top+borrom) /Z¡
if (node->AddedVertlist [mid] == VertNum)

relurn mid;
else if (node->AddedVertl,ist [mid] > VertNum)

bottom = mid-1;
else top = mid+1;

1

íf (node->Added.Vertlist [top] < Vert.Num)
return (top+l);

) "t"e return (top);

int Compressor: :LinVertsearch(GeoNode *node, int Vert.Num)
{ // u"tumes unsorted Tist

inÈ i=0;
whíIe ( i<node- >nAddedVertCount)

if (node->AddedVertlist Ii++] == VertNum)
return (i-1);

) 
return (i);

void Compressor::Insertvertex(GeoNode *node, Ínt Vert, int Frame, int 1oc)
// inserts a vertex into the l_ist

for (ínt i=node->nAddedVertCount.,. i>1oc; i__)
t

node->AddedVertI,ist Ii] = node->Added.Vertlist Ii_1] ;
node->VertAddedOnFrame Ii] = node->VertAdd.ed.OnFrame ti_11 ;]

node->AddedVertlist [loc] = Vert,.
node->VertAddedOnFrame []_ocl = Frame;

) 
rode- >r:ÄddedVertCount++;

void compressor::Addvertices(GeoNode 'knode, int Face, int Frame)
// adds a face into the List
T

int vl- ,v2 ,v3;
v1 = node->TrueFacelist lFacej .Vert1,.
v2 = node->TrueFacelist lFace] .yerl-2;
v3 = node->TrueFacelist lFace] .Vert3,.
// Search AddedVertjcesList. it vI is there, abort
in! locaÈion = Vertsearch(node,vl_) ;
if (node->nAddedvertCount==0 | I node->Ad.d.edvertlist. []-ocationl l= v1 )

// add the vertex
InsertVertex(node, yA, Frame, Iocation) ;locaÈion = Vertsearch(node,v2) ¡

if (node->AddedVertlist I1ocation] l= v2)
// add the vertex
ïnsertvertex(node, v2, Frame, location) ;location = Vertsearch(node,v3) ,.

if (node->AddedVertlist I]ocation] t= v3)
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// add Lhe vertex
InsertVertex(node, V3, Frame, location) ;

]

void Compressor: : SortByFrame (GeoNode *node)
tt

if (node->nAddedFaceCount > 0)
SortFacelisLbyFrame (node, 0, node- >r¡-AddedFaceCount - 1 ) ;

íf (node->r:AddedVertCount > 0)
SortVertlistbyFrame (node, 0, node- >rÀddedVertCount - 1 ) ;

]

void Compressor: :SortFacelistbyFrame(GeoNode *node, int 1o, int hi)
{

// nerforn- - ^,,.; at¡a¡vr ^- the faces based on what frame/ / PçL LvL ttlÞ q vu¿ u^Þvl L vtJ

// the face was added on
inÈ oldhi = hi, oldlo = l-o, mid;
íf (oldhi > oldl-o)
t

mid = node->FaceAddedOnFrame [ (o1dlo+oldhi) >> 1] ,'

while ( 1o <= hi)
I

while ( (1o < oldhi) ça (node->FaceAddedonFramelfol < mid) )

l-o++;
whíIe ( (hi > ol-dLo) && (node->FaceAddedonFramelhil > mid) )

hi--;
if (1o <= hi)
Í

i ñ l- F ômñã l- omnlr -¿¡¡ u Ççtt+rq , uçLl¡yv ,

tempa = node->FaceAddedOnFrame []-ol ;
tempb = node->AddedFacef,ist [1o] ;
node - >FaceAddedonFrame I f o]

node- >FaceAddedonFrame lhi ] ;
node->AddedFacelist []-ol = node->AddedFacelisÈ [hii ;
node->FaceAddedOnFrame [hi] = tempaí
node->AddedFacelist [hi] = tempb;
l-o++; hi--;

i
ì
if (ol-dfo < hi) SortFacelistbyFrame(node, o1dIo, hi);

. if (fo < oldhi) SortFacelistbyFrame(node, 1o, oldhi);
-1
l

void Compressor: :SortVertlistbyFrame(GeoNode *node, Ínt lo, int hi)
t

// performs a Quicksort on the faces based on what frame
// the vertex was added on
int o]dhi = hi, ofdlo = Lo, mid;
if (oldhi > o1dlo)
f

t
mid = node->VertAddedOnFrame [ (ofdfo+oldhi) >> 1] ;

whiLe( l-o <= hi)
1

while ( (1o < oldhi) &6. (node->VertAddedonFrame[fo] < mid) )

fo++;
while ( (hi > oldl-o) && (node->vertAddedonFramelhil > mid) )
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if (l-o <= hi)
{

int tempa, tempb,'
tempa = node->VerLAddedOnFrame []-ol ;
tempb = node->AddedVertlist [1o] ;
node - >VertAddedOnFrame I f o ]

node - >VertAddedOn¡'rame [hi] ;
node->AddedVertlist [1o] = node->AddedVertlist lhi] ;
node->VertAddedOnFrame [hi] = Lempa;
node->AddedVertlist [hi] = tempb;

) 
to*+; hi--;

I
if (oldIo . hi) sortvertr,istbyFrame (node, ol-dLo, hi) ;

, 
if (1o . oldhi) SortvertlisÈbyFrame(node, Lo, oldhi);

l

Compressor: :MarkobjBoundingBox(int x, int y, int objNum)
// is the current x/y coord outside the given bounding box? if so,
// unrlaf e fhe. h,ox.//
{

if (x > Geometrylist [ObjNum] . iMaxx)
Geometrylist [ObjNum] . iMaxx = x;

if (x < GeomeLrylist [ObjNum] . iMinx)
GeometrYlist [ObjNum] . iMinx = x,'

if (y > Geometrylist lobjNum] . il¡laxY)
Geometrylist [ObjNumJ . iMaxY = Y;

if (y < Geometrylist [ObjNumJ . iMinY)
Geometrylist [ObjNumJ . ilvtinV = y;

ì
t

Compressor : : SortMipMapAppearancelist (inb frame)

' 
// Go through all- the objects, and determine which mipmap scafe
// their bounding box corresponds Eo

fot (ínt obj=0 ;objciGeomCount;obj++)
t

int sizex = (Geometrylist tobj f . iMaxx - ceometryl,ist tobj I . iMinx) /
zt

int sizey = (Geometrylist tobj ¡ . iMaxY - ceometrylisÈ tobj I . iMinY) /
z:

int nearest = (int) sqrt (sizex*sizey) ;
int val = MINTEXTURERES;

î"t 
(int i=0,' i<MÃXTEXTUREPOWER-MINTEXTUREPOWER,' i++)

val-*=2;
if (nearest > val- && Geometrylisttobjl.MateriallD != -1 &&

MaterialList [Geometrylist tobj 1 . Materia1ID] . iMipNeededo
nFrame [i] > frame)

Material-List lGeometryI,ist Iobj ] .Material-IDl . iMipNeededo
nFrame [i] = frame;

ì
I

I

int Compressor: :fniÈFil-eForOutput (conEt TCI{AR * filename)
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// L":1Å- LL^ ç:1e header. and ref¡trns ifs lenofh cinra fhc hcafl¿y/ / UULIUÞ Llle L¿¿e t 4!!e Lç¿sLt!Þ LtÞ !ç!¿ye¿t, ,..- ..-J

/ / i en I f Aîf ttal 1,, ^^; ñR +^ ,-^ ^-mnrê<<êd/ / 4v¿s4lLy 3vllJy uv UÉ ÇatttpL uÐpuu,
I
)l if ((fifeout = fopen(fifename, ,wb,,)) == NULL)

it 
( (f il-eOut = fopen("_t.empr' , rr\^¡b'r) ) == NULL)

,/,/ error has occured
)

// We now send a simpJe 4 byte header which incJ-udes some settings,
// and a version number for debug purposes and extendability.

// Now Tetls create a simple mask to be sent as the second byte. fhis
specifies

,// various settings avaiLabLe in the fil-e tpe.
unsigned char boolbyte;
boolbyÈe = (bCompressNormafs << 7) + (bVertexNormals << 6) +

(bMaterialQuality << 5) + iBitsPerVertex;
if (lFrameRate != 30)

boolbyte | = OxlO;
íf (GetTicksPerFrameO != l-60)

boolbyte l= 0xO8;

if (if,ightCount == 0 && bUseShading)
boolbYte | = 0x04;

cOutToFile (boolbyLe) ;
cOutToFil-e (0) ; // this byte reserved for future

expandability
cOutToFil-e ( (unsigmed char) MA,JORVERSION) ;
coutToFil-e ( (unsigmed char)MTNORVERSIoN) ;

// so a Version number of 70
refers to an

// internaJ- version of 7.0

Lr (]-.FrameKaE.e != JU)
iOutToFil-e ( iFrameRaLe) ;

if (GetTicksPerFrameO != l-60)
iOutToFil-e (cetTicksPerFrame O ) ;

// If the frame rate of the source is NOT 30 frames per second, mark
// this, and transmit the framerate to aid in interpretation of
// frame markers.

// now output 3 bytes which staLe how Tong the animation is
unsigned int diff = iEndFrame - iStartFrame,.
unsígmed int uiTime = (unsigned inb) diff;
unsig¡eed char * bTime = (uneigned char*) AuiTime;
cOutToFil-e (bTime [0] ) ;
cOutToFile (bTime []-l ) ;
cOutToFile (bTime l2J ) ;

// devise the target resoTution, and shove it into 24b
if (iSampleXres > 8L92) iSampJ-eXres = 8a92;
if (iSamp]eYres > B:..92) iSampleYres = 8192;
unsigned int res = (iSampleXres/2) + ( (iSampleyres/2) << L2) ;
unsigned char * bRes = (unsigned char*) &res;
cOutToFile (bRes t0l ) ;

D-58



Appendix D: Source Code

coutToFile (bRes []-l ) ;
cOutToFile (bRes [2] ) ;

,// reserve 4 bytes to eventually store fiJeTength
cOuÈToFife (0) ;
cOutToFile (0) ;
cOuEToFile (0) ;
cOutToFil-e(0);

- return (BytesSoFar) ,'

I

Compressor : : CloseOutputFile ( )

iOutToF i l- e ( OPCODE-ENÐOFFTLEMARKER ) ;
. fclose (f ifeout) ,'

l

voíd Compressor : : Buil-dDataBlock (int upLoframe)
// p,,;1åe fha åat-a h1 nol< ttn ttnfil --J,'^^1 ,,Å:^^ fhc oivcn framc. A1 I ohier:f

/ / DULIUÞ Lf!¿ vsua DLvvL sIJ utlLl! atlu LIJvLaULlrv Lt/e

// sections and motion information tequired is ttansmitied
{

Í"r 
(int currobj = O;currobj < iGeomCount;currobj++)

GeoNode *node = &(Geometrylistlcurrobj] );
if (node->n-AddedFaceCount > 0)

I
// first, if there were any polygons that needed ta be
/ / eàrlcrl f nr f his current second of animation, buil-d themtl

// into the f il-e.
ínÈ l-astFacesent = node->nSenLFace;
int lastVertSent = node->nSentVert;
for (int count = l-astFaceSent+l-;counL<node->nÀddedFaceCount

&&
node- >FaceAddedOnFrame Icount] < =uptoframe; count++, node -

>nSenLFace++);
for (count = lastVertsent+1;count<node->nAddedvertCount &&

node - >VertAddedOnFrame I count ] < =uptoframe ; counL + + , node -
>nSentverL++),'

TransmitPolyBlock ( node, lastFaceSent+ 1, lastVertsent+ l-, uptof ra
me'; 

// now, if any motion paths begin during this second, add
them

// into the fiJe
TransmitKeysThisSecond (node, uptoframe ) ;
continue;

\
else
{ // ^^--^ r-'-Lr^ around here// utvvÇ JLSLLLÞ

GeoNode* Light;
static int Last.TarKeySent 12561 , LastLightKeySent 12561 ' start =

TRUE;
if (start)
(
I

start = FALSE;

fot (int looP=O;loop<256 ;looP++)
t

LastTarKeysentllooP] = 0;
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LastlightKeYSent []ooPl = 0;
I

J

for (inÈ count = 0;count < ilightCount;count++)
Í
t

Light = &(Geometrylist ll,ight]ndexlist [countJ J ) ;
if (Light == node)
t

if (Light->RefNumber < 1 && ((Genl,ight*)
Light- >curNode) - >GetUseLight ( ) )

{
// this Tight hasn't been added to the

scene, so we must add it
// but first, w€ musü figure out what

kind of Tight vtetre dealing
// with here.
ewitch( ( (Genl,ight*)

Light->curNode) ->type O )
Í

case OMNI_LIGHT:
// "Omnídirectional- Jight" which we

/./ simpfe Anbient Tight soLtrce
t

iOutToFi]e (OPCOÐE ADDLIGHT OMN

1);
] break;
CASC TSPOT_I,IGHT:
/,/ "Targetted sPotJight"
case FSPOT_LIGHT:
// Free Spotl-ight...
t

iOutToFile (OPCODE ADDLIGHT SPO
rr.t.

) break;
case DIR_LTGHT:
// aasic DirectionaT Light
case TDTR_LIGHT:
// Directìonaf Tight using a Tatget
t

iOutToFile (OPCODE ADDLIGHT DIR
ECTTONAT) ;

, ) break;

Þoint3 lightColor = ((Genl,ight*)
Light - >curNode ) - >GetRGBColor ( 0 ) ;

wOutToFil-e (Convert l6bCofor (ConvertRcBtoco
]orref (lightColor) ) ) ;

Control- *PosCon, *RotCon,'
PosCon

Light - >curNode - >GetTMConLrol ler ( ) - >GetPos iL ionControl- ler ( ) ;
RotCon

Light - >curNode - >GetTMConLroI l-er ( ) - >GetRotat ionControl f er ( ) ;
Control *TarPosCon = NIILL;
if (Light->curNode->Get.TargeL O )
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Light- >curNode- >GetTarget ( ) - >

ñan{-r¡l'larll.vv.¡v!v¿¿ç! \ / t

NULL, *tarposkeys = NULL;

Appendix D: Source Code

TarPosCon

GetTMControf l-er ( ) - >GetPosition

IKeyControl *poskeys = NULL, *rotkeys

.i-+ 
-aa"nf - fì.4¡¡U !çVU¡¡U - V,

int pcount = 0;
ínt tcount = 0;

Light->RefNumber = count+l;
if (PosCon && ( (Genl,ighL*)

Light->curNode) ->Type O != TSPOT_LIGHT &&
( (GenLight*)

Light->curNode) ->T1¡pe ( ) ! = FSPOT_LIGHT)
{

posKevs
GeLKeyControl- Interf ace ( PosCon ),'

- pcounÈ = poskeys->GetNumKeys O ;
j
if (RotCon 6.6. ( (Genl,ight* )

Light->curNode) ->Type ( ) ! = OIYD{I_LIGHT)
i

roLkeys
GetKeyControl f nterf ace ( RotCon ) ;

, 
t.ount = rotkeYs->GetNumKeYs O ;

ít (TarPoscon)

tarposkeys
GetKeyControl- Interf ace ( TarPosCon ) ;

tcounL = tarposkeys->GetNumKeys O ;
]
I',latrixg Mat

Getl,ocalMatrix (Light - >curNode, 0 ) ;

it 
(Pcount == 0)

iOutToFile (OPCODE SETLIGHT POSITION)

iOutToFi l-e ( LighÈ - >RefNumber ) ;
Point3 Position = Mat.GetRow(3);
fOutToFile (PosiLion. x) ;
fOutToFile (position. y) ;

, foutToFile (Position. z) ,'

I
if (rcount 0 &&

( lLight->curNode->GetTarget O | |

Light->curNode->GetTarget O &&

tcounL == 0) )

// if its a free camera with no
orientation keyframes

/./ or a target camera whose
I

iOutToF i I e ( OPCODE_SETLIGHT_ORI ENTATÏ
oN);

iOutToFi l-e ( LighÈ - >RefNumber ) ;
Quat Rotation(Mat);
quatOutToFile (Rotation) ;

i

D-61



Light - >curNode- >GetObj of f setPos ( ) ;

Light - >curNode- >GetObj of f setRot ( ) ;

Light - >curNode- >GetObj offsetScale ( )

Appendix D: Source Code

// now determine the offset for the Tight
Point3 offsetPos

offsetRot

ScaLeVafue offsetScl

Matrix3 OffsetTM (1) , ScI (t) , Tran (1) ;
ApplyScaling (Scl, offsetScl-) ;
Matrix3 Rot;
offsetRot . MakeMatrix (Rot ) ;
Tran. Translate (of f setPos) ;
OffsetTM = Scl- * Rot * Tran,'

( I Checkldentity (Of f setTM) )

iOutToFi 1e ( OPCODE_SETLIGHT-OFFSET ) ;
iOutToFi l-e ( Light - >Ref Number ),'
for (int L1=0 ¡IL<A,'l-l-++)

for (int 12=0 ;I2<3;L2++)
fOutToFile (Of f setTM. GetR

ì
l

( ( (Genlight*) Light->curNode) ->GetUselight O )

TransmitKeysThi sSecond ( Light, uptof rame ) ;
if (Light- >curMode- >GetTarget ( ) )

T r an smi t Target Keys Th i s S econd ( L i ghL' u

La s tT arKey S ent U' i ght - >Re f Numbe

if
{

ow(11) lI2J);

ptoframe,

11 ).*/

l
- break;

)'

// nove cameras around here
GeoNode* Camera

&(Geometryl,ist ICameralndexlist [nSelectedCamera] I ) ;
if (Camera == node)
t

static int LastTargetKeYSent = 0,
LastCameraKeYSent = 0;

if (Camera->RefNumber != 1)
Í

Control *Poscon, *RotCon;
PosCon

Camera - >curNode - >GetTMControl- l-er ( ) - >GetPos it ionControl Ler ( ),'
RotCon

Camera - >curNode - >GetTMControl ler ( ) - >GetRotat ionControl ler ( ) ;
IKeycontroJ- *Poskels = NULL;
ínt rcount = 0;
int Pcount = 0;

)
if
{
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IKeycontrol- *rotkeYs = NULL;
Camera->RefNumber = 1;
if (PosCon)
I
I

poskeys = GetKeyControllnterface (PosCon) ;
pcount = poskeys->GetNumKeYs O ;

ì
i-if (RotCon)
t

rotkeys = GetKeyControllnterface (Rotcon) ,'

rcount = rotkeys->GetNumKeYs O ;
I

// grab controLLet info for the target
Controf *TarPosCon = NULL;
if (Camera->curNode->GetTarget O )

TarPosCon = Camera->curNode->GetTarget O ->
GetTMConÈrol- ler ( ) - >GetPos it ionContro

l-]er ( ) ;
IKeyControl *tarposkeYs = NULL;
int tcount = 0;
if (TarPosCon)
t 

,u.=poskeys
GetKeyControl f nterf ace ( TarPosCon ) ;

tcount = tarposkeys->GetNumKeys O ;

)

// when the camera has been added, we give it a

reference
,// number of rJ-t to indicate this. So, if the

reference id
// is not '7', we know we have to teff the

scene to add the camera
if (pcount == 0)

iout ToF i ]- e ( OPCODE-ADDCAMERA_I{ I THI,OCAT T ON ) ;
elee iOutToFif e (OPCODE-ADOCAMERÄ) ;
cameraobject* obj = (cameraobject*)

Camera- >curNode- >GeÈobj ectRef ( ) ;
float CameraFov=obj ->GetFOV (0) ;
float

nearPfane=obj - >GetEnvRange ( 0 , ENV-NEAR-nÄNGE ) ;
float farPfane

=obj - >GetEnvRange ( 0, ENV_F.AR_RÃNGE) ;

// transmit FOv
wOutToFil-e (ReScaleFloat (CameraFov, 0 . 0f, FLOAT-PI 

'
BPC_16) ) ;

// transmit near PTane
fOutToFile (nearPlane ) ;
// transmit far Plane
fOutToFile ( farPfane) ;
Matrix3 Mat = GetlocalMatrix(Camera->curNode, 0),'

it 
(Pcount == 0)

Point3 Position = Mat.GetRow(3);
f outToFil-e (Position. x) ;
fOutToFile (Position. y) ;
fOutToFil-e ( Position. z) ¡
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I
if (rcount 0 &&

(!camera->curNode->Getrargeto l ' (camera->curNode->Getrarget() && tcount ==
0) ) )

// it its a free camera with no
orientation keyframes

// or a target camera whose
Í
t

iOut ToF i l- e ( O PCODE_S ETCAMERA_OR I ENTAT I ON ) ;
Quat Rotation (Mat) ;
quatOutToFile (Rotation) ;

)

// now determine the offset for the camera
Point3 offseLPos

Camera- >curNode- >GetObj Of f setPos ( ) ;
Quat offsetRot

Camera- >curNode- >GetObj Of f setRot ( ) ;
ScafeValue offsetScf

Camera- >curNode- >GetObjOf fsetScafe ( ) ;
Matrix3 Of f setÎM (l-) ;
Off setTM. PreTranslate (of fsetPos) ;
PreRotateMatrix (Of f setTM, of f setRot) ,'

ApplyScaling (Of f setTM, of f setScI ) ,'

if ( !Checkldentity(OffsetTM) )

{
iOutToFi l- e ( OPCODE_SETCAMERA_OFFSET ) ;
for (int 11=0 ¡IL<A;l-l-++)

for (int l-2=0 ¡I2<3;12++)
fOutToFile (of f setTM. GetRow ( 1l- )

[12] ) ;

ì)
íransmi tlteysThi sSecond ( Camera, uptof rame ) ;

// if (Camera->curNode->GetTarget O )

/ / TransmitTargetKeysThisSecond (Camera, uptoframe , I'a
stTargetKeysent , LastCameraKeySent ) ;

ì'// wel7, its not a Tight or a camera, but it might be an
// object that we need because its a parent to one of
// our chosen displayed objects.
else if (node->RefNumber > -1)

TransmitKeysThi sSecond ( node, uptof rame ) ;

I
t'
tutarkCompleteToFrame ( uptof rame ,) ;

)

void Compressor::TransmitPolyBlock(GeoNode *node, int sLartFace, int
startvert, int Fina]FrameThisBlock)
/,/ transmits aJ,l- poTygon-twe data for the given frame set
I

bobjectsAddedThisFrame = FALSE;

Controf r.PosCon,'kRotCon,'
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posCon = node- >curNode - >cetTMController ( ) - >GetPositionController ( )

RotCon = node - >curNode - >cetTMcontroL ler ( ) - >GetRotat ionControl-Ler ( )

IKeyControf *poskeys = NULL;
IKeyControl *rotkeys = NULL;
ínt rcount = 0;
int pcount = 0;
if (PosCon)

1

poskeys = GetKeycontrol-Interface (PosCon) ;

if (poskeys)

ì 
pcount = PoskeYs->GetNumKeYs O ;

ít (Rotcon)

rotkeys = GetKeyControl-Tnterf ace (RotCon) ,'

if (rotkeys)
rcount = rotkeys->GetNumKeYs O ;

)

Object* tempObj;

it (rcount == 0 e& Pcount == 0)
tempObj = node->curNode->EvalWor]dstate (0)'obj ;

eJse tempobj = node->curMode->GetObjectAef O ->Eval- (0) .obj;
t.empObj = node->curNode->GeLObjectRef O ->Eval (0) -obj;

TriObject* tempTri = (TriObject*) tempobj ->ConvertToTlnpe (0,
class_rD(TRTOB'f_CLASS_]D, O) ) ;

BOOL bobjectSentThisFrame = FALSE,'

t? trêmñtTl I

I
if ( ! tempTri->mesh. normalsBuil-t)

) 
t.*nTri->mesh.buildNormafs O ;

if (node->RefNumber < 0)
{

/ / ; f rhe o|'>ie,ct hasn't been referenced in the output stream//
.// rrcate ã npvr reference number for it, and feed its init info

J'

// the stream
CreateNewObj ect (node ),'
bObjectsAddedThisFrame = TRUE,'
bObiectSentThisFrame = TRUE;

l
// now transmit the face and vert info in bLocks

// firsr,. 7exÌs transmit the fist of vertices for Ehis second//
// in bLocks of 30 or fewet.
for (int curr = sLartvert,-curr<node->nsentvert+1iCurr+=]TEMSPERBLOCK)
t

int VertsThisBlock;
// send the opcode for adding vertices
iOutToFile (OPCODE_ADDVERTS ) ;
iOutToFif e (node - >RefNumber) ;

into
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íf (node->nsentverL+l- - curr < IIEMSPERBLOCK)
VertsThisBl-ock = node->nsentvert - curr + l-;

else
{t

VertsThisBlock = ITEMSPERBLOCK;
I
iOrrttof i 1 e (Vert sThi sBlock ),'
Ewit,ch ( iBitsPerVertex)
t
case BPC 32:

1

,// *** Note that for 32b, actuaf fuff coordinates are
,/,/ sent, not rescaLed coordinaEes.

// first we buil-d a giant bl-ock of bytes and cteate a

// virtual fLoatr array that points at the same memory
// space. Note that we rotate the ffoats by one bit,
// so that the sign bit becomes part of the mantisa
// rather than part of the exponent (which are more
// likely to be simifar) .

unsigned char ByteBlockIITEMSPERBLOCK * 3 * 4l;
float * SameArray = (float*) ByteBlock;
fo. (int i=curr, j=O;i<curr+VertsThisBlock;i++, j++)
ì.

unsigned inÈ RotateMe;
sameArray [j *3 ] =

tempTri- >mesh.verts lnode- >AddedVertl,ist Ii] I . x;
memcpy (çRotaLeMe, &SameArray [j *3 ] ,4) ;
RotateMe = _rotr (RotateMe, l) ;
memcpy (&sameArray [j *3 ] , &RotateMe,4) ;

SameArray Ij *3+1]
tempTri- >mesh.verts [node->AddedVerLi,ist Ii] I . y;

memcpy ( &RotateMe, &sameArray [j *3+]-1, 4 ) ;
RotateMe = _rotr (RotateMe, l) ;
memcpy (&sameArray I j *¡+r] , &RotateMe,4) '¡

SameArray lj ":+zl
tempTri->mesh. verLs lnode- >AddedVertlist li] I . z ¡

memcpy (eRotat.eMe, &sameArray [j *3+2] ,4) ;
RotateMe = _rotr (RotateMe, l) ;

, 
*"*cpy(&SameArrayIj*:+Z] , &RotateMe,4) ;

// now that the array is ful-J-, fet's start packing
the bytes

// together so that the l-ike ordered bytes are
together

unsigrred char SecondByteBlock IITEMSPERBLOCK * 3 * 41 ;
for (j=0;1<L2;j++)

for (i = O;i<VertsThisBlock;i++)

SecondByteBlock I j *VertsThi sB]-ock+ i l
ByteBlock ltZ*i+1J ;

for ( j=0; jcVertsThisBl-ock*3*4¡ j++)
coutToFil-e (SecondByteBlock Ij] ) ;

)
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break;
case BPC l-6:

{ - // aLL x's are sent together, fol-l-owed by a7J y's,
and Z's

for (int i=curr; iccurr+VertsThisBlock; i++)
wOutToFi 1e ( ReScal-eFloat (

tempTri->mesh.verts lnode->AddedVertlist Ii]
I .x,

node- >pMinCoord. x, node- >pMaxcoord. x, BPC_I6
));

for (i=curr,' i<curr+VertsThisBlock; i++)
wOutToFile ( ReScaf eFLoat (

LempTri- >mesh.verts Inode->AddedVertlist Ii]
J.y,

node- >pMinCoord. y, node->pMaxcoord. y, BPC_I6
));

f or ( i=curr,' iccurr+VertsThisBlock,' i++ )

wOutToFi 1e ( ReScal-eFloat (

tempTri- >mesh.verts Inode->AddedVertlist Ii]
1z

node- >pMinCoord. z, node- >pMaxCoord. z, BPC_16
ìì.

1

úreak,'
caee BPC 10:

I
for (int i=curr,' iccurr+VertsThisBl-ock; i++)

pbOutToFile (ReScal-eFloat (

ÈempTri- >mesh.verts Inode- >AddedVertlist Ii]
I .x,

node- >pMinCoord. x, node- >pMaxCoord. x, BPC_I0
),

l_0, FALSE) ;
for (i=curr; iccurr+VertsThisBl-ock; i++)

pbOutToFif e (ReScaleFl-oaÈ (

tempTr i - >me sh . verL s lnode - >Addedvert.Li st I i ]
I .y,

node - >pMinCoord . y, node - >pMaxCoord . y, BPC-1- 0

),
10, FALSE) ;

for (i=curr; iccurr+VertsThisBlock; i++)
pbOutToFi l-e ( ReScal-eFl-oat (

tempTri - >mesh. verts Inode- >AddedVertf,ist Ii]
l.z,

node->pMinCoord. z, node- >pMaxCoord. z, BPC_I0
),

l-0, i==curr+VertsThisBLock- 1 ),'
ì
úreak;

case BPC 8:
{ - // all xts are sent together, foLLowed by a77 Y's, and

for (inÈ i=curr; iccurr+VertsThisBlock; i++)
cOutToFile (ReScaleFl-oat (

tempTri - >mesh . vert s lnode - >AddedVertli st I i ]

I .x,
node - >pMincoord . x, node - >pMaxCoord . x, BPC-8 )
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for (i=curr,' i<curr+VertsThisBlock; i++)
cOutToFile (ReScaleFl-oat (

tempTri- >mesh. verts Inode- >AddedVertlist Ii]
J.I 

' node - >pMinCoord . y, node - >pMaxCoord . y, BPC_8 )

for ( i=curr; i<curr+VertsThisBlock; i++ )

coutToFile (ReScaleFl-oat (

t empTr i - >me sh . vert s lnode - >AddedVert.Li st I i ]
I .2,

node- >pMinCoord. z, node- >pMaxCoord. z, BPC_8 )

) break;
ì
l

// CaJcul-ate the Error factor in the vertices
if (iBitsPerVertex != BPC_32)

for (ínt i=curr; iccurr+VertsThisBlock; i++)
I

float OrigX, OrigY, OrigZ, NewX, NewY, NewZ;
OrigX = tempTri->mesh.verts [node->AddedVertlist Ii] I .x;
Origv = tempTri->mesh.verts [node->AddedVertlist ii] I .y;
OríqZ = tempTri->mesh.verts [node->AddedVertlisL li]l . z ;
NewX

ScaIeUp ( ReScal-eFloat ( origX, node - >pMinCoord. x, node - >pMaxCoord . x,
iBitsPervertex), node- >pMinCoord. x, node- >pMaxCoor

d. x, iBitsPerVertex),'
NewY

ScaleUp (ReScaleFloat (OrigY, node- >pMinCoord. y, node- >pMaxCoord. y,
iBitsPervertex), node- >pMinCoord. y, node- >pMaxCoor

d.y, iBitsPerVertex) ;
NewZ

ScaleUp (ReScaleFloat (OrigZ, node- >pMinCoord. z, node- >pMaxCoord. z,

d. z, iBitsPerVertex) ;

iBitsPervertex), node- >pMinCoord. z, node- >pMaxCoor

float Dist = sqrtf ( (Origx-Newx) * (origX-NewX) +
(OrigY-NewY) * (OrigY-NewY) + (Origz-NewZ) * (OrígZ-

float Base = sqrtf ( origX*OrigX + OrigY*orígY +

if (fabsf(Base) > 0.00001)
fTotalError += Dist,/Base;

iTotal-Verts++;
I

else iTota]Verts+=VertsThisBlock ;

// Deal with Normafs
íf (bVertexNormals)

iourToFile (OPCODE_ADDNORMS ) ;
ioutToFile (node - >RefNumber) ;
ioutToFile (vertsThisBlock) ;
if (bCompressNormaLs)
t

fot (int i=curr; iccurr+VertsThisBlock; i++)
t

NewZ) );

OrigZ*Ori92 );

Point3
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Normalize (LempTri->mesh.getNormal (node->AddedVertlist Iil ) ) ;

float theta, Psi;
if (f abs (Norm.x) < 0.00005)

ThCTA = FLOAT_TIALFPÏ;
else theta = atanf (Norm.y/Norm.x);
if (f abs (Norm. z) < 0.0000s)

psi = FLOAT_HALFPI;
else psi = atanf (sqrtf (Norm.x * Norm.x + Norm.y

* Norm.y) / Norm.z) ;
unsigned int comPound = 0;
unsigrred int value;
unsigned char * fval = (unsigned char*) &vafue;
compound = ReScaleFl-oat (theta, -

FLOAT_I{ALFPI, FLOAT_TALFPI, BPC _I2 ) ;
va]ue = (compound

FI,OAT_HALFPT,
FLOAT HALFP],BPC L2);

cOutToFil-e (fval t0l ) ;
coutToFil-e (fval [1] ) ;
cOutToFile (fval [2] I ;

.)
l
else

for (int i=curr; iccurr+VertsThisBl-ock,'i++)
woutToFif e (ReScaleFl-oat (

Normalize (tempTri - >mesh. getNormal (node- >Ad

dedVertl,istlil)).x,
-1. 0f , l-. 0f ,epc_16) ) ;

for ( i=curr; i<curr+VertsThisBl-ock; i++ )

wOutToFil-e (ReScaf eFloat (

Normalize (tempTri- >mesh. getNormal (node- >Ad

dedVertlistlil)).y,
-l-. of , l-. of , BPC_16) ) ;

for ( i=curr,' iccurr+VerLsThisBlock; i++ )

wOutToFile (ReScaf eFloat (

Normal-ize (tempTri- >mesh. getNormaf (node- >Ad

dedVert],ist Ii] )) .2,
-1.0f,1.0f,9pc 16));

)
I

i

// now leLts transmit the faces, in bfocks of 30 or fewer
for ( curr = startFace; curr<node- >nSentFace+1 ; curr+=ITEMSPERBLOCK)

{
int FacesThisBl-ock,'
// send the opcode for adding vertices
iOutToFile (OPCODE_ADDFACES ) ;
iOutToFil-e (node - >RefNumber ) ;
if (node->nsentFace+1 - curr < ITEMSPERBLOCK)

FacesThisBl-ock = node->nSentFace - curr + 1;
elee FacesThisBlock = ITEMSPERBLOCK;
iOutToFile (FacesThisBfock) ;

fot (int i=curr; i<curr+FacesThisBlock; i++)
I

int location;
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// wote that a Linear search, though sLow and inefficient,
J-S

// rcntire¿l hcre due to our having aJready sotted the Verts
'il -oJäl"Jn'-ltr*. 

added. Thus the verLs are no Tonger in
order

// and we therefore cannot do a binaty search- Yet, it was

// more criticaf to have Ehe speedup in the initial search,
// so thus we use it there rather than here.

locaLion
LinVertsearch (node, node->TrueFacelist [node->AddedFacelist Ii] I .Vert1) ;

if (node->Addedvertlist Ifocation] !=
node- >TrueFacelisÈ [node- >AddedFacelist Ii] I . Vertr)
DebugPrint ('rBrror in data sLream' . . Vertices didn't

match! \n" ) ;
iOutToFil-e ( location) ;
location

LinVertsearch(node,node->TrueFacelist lnode->AddedFacelist Ii] I .Vert2) ;
if (node->AddedvertlisL Ilocation] l=

node->TrueFacel,ist lnode->AddedFacelist Ii] I .vertz )

DebugPrint ( "Error in data stream. - - Vertices didn't
match!\.n");

iOutToFil-e ( ]ocatíon) ;
l-ocat.ion

LinVertsearch(node,node->TrueFacelist lnode->AddedFacelist ¡1] I .Vert3) ;
if (node->Addedvertlist Ifocation] !=

node- >TrueFacelist [node- >AddedFacelist Ii] I . Vert3 )

DebugPrint (trError in daLa stream- . . Vertices didn't
matchl \n" ) ;

iOutToFil-e ( l-ocation) ;
]

J

// now Lransmit any needed Lexture information
if (bMaterialQuality && node->MateriafID != -1)
I

// high quality matetiafs - use Ëexture exporter
// begin by transmitting U/v texture cootdinates for
// each sent vertex by using 72 bits per part (24b for
// the lJ/V set per vertex.

// now fet's transmit the U/V coordinates, in bfocks of 30 or
fewer

t"r 
( curr = startvert ; curr<node - >nSentvert+1 ; curr+=ITEMSPERBLOCK)

int VertsThisBlock;
// send the opeode for adding vettices
iOutToFil-e (OPCODE ADDTEXCOORDS) ;
ioutToFile (node - >RefNumber ),'
if (node->nsentvert+1 - cu.rr < ITEMSPERBLOCK)

VertsThisBlock = node->nSentVert - curr + 1;
eLse VertsThisBlock = ITEMSPERBLOCK;
ioutToFi 1e (Vert sThi sBlock ),'
for (int i=curr; i<curr+VertsThisBl-ock;i++)
I

float texU
tempTri - >mesh. tverts lnode - >TexTndexlist [node- >Addedvertlist I i] I I . x ;
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floaÈ texV
-tempTri->mesh.tverts lnode->TexÏndexlist lnode->AddedVertlist Ii] I I .y;

uneigmed ínt texcoord =
ReScaIeFl-oat (texU, -8 . 0f , I . 0f ,BPC_L2) << L2 ¡

Lexcoord l= ReScaleFloat(texV, -8.0f ,8.0f ,BPC_12),'
unsigined char *tc = (uneigrned char*)&texcoord;
cuuEl.ol r_J-e (Ec LuI
curlE IoÌ, r-r-e ( Ec l- rl
cOutToFile (tc [2]

if (Material-List lnode->Materia]-IDl . ilastTexturePo\¡tersent. == -l-)
// fcvfttr,. hasntt h,een Ãenr âf aJ-L vet, so we need to buiLd the//
// base texture first

BuildWaveletCoeffs (& (Materiall,ist lnode->MaterialID] ) ) ;
Mat eri alLi s t Inode - >Materi a]- IDI . ilast.TexLurePohrersent

MÏNTEXTUREPOWER;

determine
// if highres textures are being used, we must sampTe to

/ / u¡haf f pl(f ttrc resoLutions are aÍf lta1 1v rcotri rcQ//
MaterialList Inode- >Material]Dl . iMaxNecessaryTexPower

iDes iredTexturePower ;

DetermineNecessaryTexRes ( c (lrlateriall,ist lnode - >Material rD] ) ) ;

// Let's final-fy deTta encode the whofe groupl foTTowing a

/ / ñ-ffô,r to traverse the texture. lvote that the//

// approximation is l-eft aLone and not del"ta encoded to

// for quick and simple reconstruction on the other end.
for ( int

i =MAXTEXTUREPOWER, j =!4AXTEXTURERE S ; i >MINTEXTUREPOVTER ; i - -, j / = 2 )
De l- t aEnc ode ( Ma t e r i a l- L i s t I node - >Mat e r i a J ID ] . Wave f e t Co e f

f ,i, j);
F i f eFf oatnump ( " dê ", Mater iafLi s t [node - >Mat er iaf ID] . Wave l-etCo

eff , MAXTEXTTJRERES, 3 ) ; * /

GetCoef f Range ( Materiall,i st Inode - >Materiaf ID] . WaveleLCoef f ,

Materiall,ist lnode- >Materia]-IDl . fTexmapMinval,
Material],ist lnode- >MaLeria]-IDl . fTexmapMaxVal ),'

// transmit the shininess characteristics
float shine0

( (std¡,lat* ) tulaterial-List [node- >MaterialID] . curNode) - >GetShininess ( 0 ) ,'

float shinel-
( (StdMat") Materia]List lnode->MaterialID] . curNode) ->GetShinStr (0) ;

float shine = shineO*shinel;
Color spec

( (StdMat* ) Materiall,ist lnode- >Material]Dl . curNode) - >GetSpecular ( 0 ) ;

iOutToFi l-e ( OPCODE_ADDTEXMAPTYPE_IIAAR) ;
f OutToFil-e (Material-List [node- >MaterialID] . f TexmapMinVal ) ;
fOutToFil-e (MateriaLList [node- >MaterialIÐ] . fTexmapMaxVaf ) ;
cOutToFi]e (ReScal-eFloat (shine,0.0f ,1.0f , epC_8) ) ;
wOutToFil-e (Convert 16bColor (ConvertRGBtoColorref (spec) ) ) ;

hiTbert

BxB

nratri Åa
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if (Materiallist [node->Materia]-tDl -RefNumber == -1)
Material-List lnode- >Materiaf ID] . RefNumber

++nl,astMatRefNum;
't
)

while (Materiall,ist lnode->Material]DJ . iMipNeededOnFrame I

Mater i alLi s t Inode - >Mat eri a]- IDI - iLastTexturePo\'¡erSent -
MINTEXTUREPOWERI <=

Final-FrameThisBlock cc
Materiallist lnode- >Materia]-IDl . ilastTexturePowerSent <=

Material-List [node->Materia]-IDl . iMaxNecessaryTexPower &&

lMaterial-List [node- >MateriaIID] . bMipSent I

Material-List Inode- >Materia]-IDl . il,astTexturePowerSent-
M]NTEXTUREPOWER] )

AddTextureCoeffs (ç (Materiallist lnode->Materia]-rDl ) ) ;

ît 
( !node->bMateriafAssigned)

iOuTToFile (OPCODE_ASS]GN_MAPTOOBJ) ;
iOutToFil-e (node - >RefNumber ) ;
ioutToFile (MaterialList [node- >MaterialID] . RefNumber) ;

node->bMaterialAssiqned = TRUE;
.I

elge
I

// low qualíty materiaLs - use cofor exporter
StdMat* nodeMtf= (StdMat*) node->curNode->GetMtl O ;

if ( !nodeMtl | | nodeMtl->GetWire O )

t

it 
(bObjectSentThisFrame)

// if the object is using a wirecoTor, just assign
the whol-e

// object that wirecofor.
COLORREF objColor = node->curNode->Get!ÙireCol-or O ;
iOutToFite (OPCODE-ASSIGNOBJECT-SOLIDCOLOR) ;
iOutToFif e (node- >RefNumber ) ;

. wOutToFile (Convert-l6bCofor (objColor) ) ;

ìJ
else
{

// ()fhprwisc -.^ .-^^r È^ --ññ1.e COfOTS at eaCh vertexwc IJCCU ua Þalr$/ J

// af fhe nh'ia¡t anð exnorf. theSe./ / çttv vvJvve,

/ / The techníque we shal-l- use wil-J- be to create a

supertexture
// for the object, and sample texel- vafues from the textute

corresponding
/ / rn rhc nrat¡jded texture coordinates

/ / çv v!/v t'Lv\

if ( !MaterialI,ist lnode->Materia]-IDl .pTextureMap)
ì.

Materiaflist lnode->Materia]-IDJ .pTextureMap = rrêw

uneigned char IM¡\XTEXTuRERES"MÄXTEXTURERES*3] ;
RetrieveoriginalMap ( & (MaterialList lnode- >MaterialTD] ),

Material-List [node- >MaterialIDJ . pTextureMap) ;
I
iot (curr
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sEartvert ,'currcnode - >nSentverL+ 1 ; curr+=TTEMSPERBLOCK)
I

1

int VertsThisBl-ock;
// send the opcode for adding vettices
iOutToFi le ( OPCODE_ADDVERTCOLORS ) ;
iOutToFile (node- >RefNumber ) ;
if (node->nsentvert - curr < ITEMSPERBLOCK)

VertsThisBlock = node->nSentVert - curr + 1;
elae VertsThisBlock = ITEMSPERBLOCK;
iOutToFile (VertsThisBl-ock) ;
for (int i=curr,' i<curr+VertsThisBlock; i++)
{

f l-oat texU
tempTri - >mesh. tverts lnode - >TexIndexlist lnode - >AddedVertlist I i] I I . x ;

float texV
tempTri - >mesh. Lverts lnode - >Texrndexlist lnode - >AddedVertli st t i] I I . y ;

Point3 vertcolor = RetrieveTexelCofor (texu, texV,
Mat er i al-Li st Inode - >Materia]- f Dl . pTextureMap

) / 25s.0fì
wOutToFif e (Convert l6bCofor (ConvertRGBtoColorref

lrrart- ¡a] nr\ ì I -
\ve¡evv¿v¡r//r)

l

)

Compressor : : aaOutToFile (AngAxis aa)
/ / u¡ri f êç ñttf en anol e /axi s waTue//
I

i I wOutToFiLe lReScaf e Ff oat (aa. ang7e, -FLOAT-IIALFPI , FLOAT-I-\ALFPI , BPC-76 ) ) ;
f OutToFi]e (aa. angJ-e) ,'

wOutToFile (ReSca]eF]oat (aa. axis.x, -1. 0f , 1. 0f , BPC-]-6) ) ;
wOutToFile (ReScafeFloat (aa.axis .Y, -a. 0f , 1. 0f ,BPC-]-6) ) ;
wOutToFil-e (ReSca]eFloat (aa.axis .2, -I. 0f , l-. 0f ,BPC r6) ) ;

]

Compressor : : cOutToFil-e (uneigrned char cvaL )

/ / nrri f Þe ^1t+, a <i nnl a ¡hara¡f er//
I

fputc (cvaf, fileOut) ;
Pr¡ÈêcQ^Eâr --++;

]

Compressor: : iOutToFile (int ival)
/,/ writes out a custom short - uses one byte fot values beJ-ow 200, two
,// fnr t¡aTttoq nf 2ñô ñr ñrFzfêr//
{

assert (ivaL<11400) ;

if (ival<200)
coutToFi]e ( (uneigmed char) ival) ;

else
t

int if1 = ivaf / zoo ¡

int if2 = ival- Z 2OO;
cOutToFile ( (unEigmed char) if1+199) ;
cOutToFil-e ( (unsigmed char) if2) ;
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)

void Compressor: : foutToFil-e (float fval-)
// writes a raw ffoat out to to the file

unsigned char * fakearr = (uneigrred char *) &fvaI;
cOutToFif e ( f akearr [ 0 ]
cOutToFile (f akearr [1-i
cOutToFil-e (f akearr [2]
cOutToFile ( f akearr [3 ]

J

Compressor : :woutTof ile (int ival)
// writes out a 76 bit word

unaigned ehort wval- = (unsigmed ghort) iva];
unsigned char * bvaf = (unsígrlred char*) c(wval);
cOutToFile (bval [0] ) ;
cOutToFil-e (bval [1] ) ;

)

Compressor : : guatOutToFife (Quat q)
// writes out a 4 ffoat quatetnion, range compressing the vaLues
/ / ^^ +l-f -È ^ñ 1,, p 1117f pc Arp rcrnt.if ed/ / Þu u!!@L vttl)t a ur çeÐ

I

// instead of sending the quaternion as a tul-l- 4 fJoats,
// we first normaLize the Quat, reducing alL 4 components
// to the -7 to l range. t'le then scaLe tàese val-ues to
// fit within a given integer range.
q.NormalizeO ¡
wOutToFile (ReScaLeFloat (q.x, -1. 0f , 1. 0f , BPC-16)
wOutToFil-e (ReScaleFloat (q.y, -1 . 0f , 1. 0f , BPC-16 )

wOutToFile (ReScaleFfoat (q. z, -1. 0f , 1. 0f , BPC-I-6)
wOutToFil-e (ReScaleFfoat (q.*, -1. 0f , 1. 0f , BPC-]-6)

)

Compressor: :pbOutToFile (unsigmed int code, int bitfength, BOOL bFinish)
// ñttfnttf q }:,if r-nåpq nne hvf e af a time./ / vuçyquÐ

I
staÈic int OutpuÈBitCount = 0;
etatíc uneigmed int OutputBitBuffer = 0;

outputBitBuffer | = (unsigned long) code
OutputBitCount ) ;

OutputBitCount += bitfength;
while(OutputBitCount >= 8)

cOutToFile (OutputBitBuffer >> 24) ¡

OutputBitBuffer <<= B;
OutPutBitcount -= 8;
iCompressedCount++ ;

ì
íf. (bFinish && outputBitcount > 0)

t
cOutToFile (outputBiteuffer >> 24) ;
OutputBitBuffer <<= 8;
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OutPutBitCount -= 8;
iComPressedCount++ ;
OutPutBitCount = 0;

, 
O*aPutBitBuf f er = 0,'

J

Framelist * Compressor: :GetFramePÈrFromTime (inÈ t)

for (Framelist* curr = frHead;curr && curr->frameNum I= t;curr
curr->next);

return curr,'
]

Compressor: :TransmitKeysThisSecond(GeoNode *node, int frame)
/ / 'Fha nemc r¡ret:f v mttrh eneaks f or what this does

/ / Lttç ttqtttv yLçcçJ

I
Control *PosCon;
posCon = node- >curNode- >GetTMControlfer ( ) - >GetPositionController ( ) ;
IKeyControl *PoskeYs = NULL,'
Control *RotCon;
RoÈCon = node - >curNode - >GetTMContro1f er ( ) - >GetRotat ionControl l-er ( ) ;
IKeycontrol- *rotkeYs = NULL;
Contro] *Scl-Con;
ScfCon = node->curNode->GetTMControf ler ( ) ->GetScal-eControlIer ( ) ;
lKeyControf *scfkeYs = NULL,'
Control- *Rl-l-Con;
RllCon = nod.e- >curNode- >GetTMControf ler ( ) - >GeÈRol-lController ( ) ;
IKeyControf *rlÌkeYs = NULL;
inb pcount = O, rcount = 0, scount = 0, l-count = 0;

if (PosCon,
poskeys = GetKeyControllnterface (PosCon) ;

íf (RotConi
rotkeys = GetKeyControllnterface (RotCon) ;

if (ScfCon)
sclkeys = GetKeyControllnterface (SclCon) ;

Íf (R]l-Con)
rlLkevs = GetKevContro]Interface (Rl]Con) ;

// rCB stands for Tension ConLinuity and Bias

ITCBPoint3KeY tcbPosKey;
IBezPoint3KeY bezPosKeY;
IlinPoint3Key linPosKeY,'
ITCBRotKey tcbRotKeY;
IBezQuatKey bezRotKey;
ILinRotKeY J-inRotKeY;
ITCBScaI-eKeY tcbScaleKeY;
IBezScaleKey bezScaleKeY,'
Il,inScaleKeY linScaleKeY;
ITCBF1oatKey tcbFloatKeY;
IBezFloatKeY bezFloatKeY,'
ILinFloatKeY linFloatKeY;

// IKey *newkey¡

Point3 Pvalue;
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// now, what we do is we go thru al-f the keys, and fet's say we have n
keys

// that fafl within the given time. We add these N keys to the object,

// with the N+],th key as weJJ, so we have a finaJ- point to interpoLate

// so basicaTTy the scheme is to aJways send the keys that reach to the
end

// of the current time sequence PLLIS the next key as wel-l-. As keys are

// mark them as such.

// note, it may be possibfe to use a buiLt in hidden array caLLed
/ / rkcr¡s | âs narf of Xhe ¿nnlra1 7 ar f ñ acCeSS them. COnSider thiS./ / ^L1r 

øÞ PaLç vL

// its easier than jumping thru them.

BOOL blsÏ,ight = FALSE;
int ilightNum - -1,;
for (int count=O ;countcilightCount;count++)

l-E
node- >curNode)

{t

( (Geometrylist ll,ightlndexlist Icount] I ) .curNode ==

blsI,ight - TRUE,'
ilightNum = count;
break;

\
)

// process the position control-f for the object
if (poskeys)
1

int numposkeys = poskeys->GetNumKeys O ;

int LastKeyToSend;
for (int j = node->LastPosKeySent; j < numposkeys &&

PosCon- >GetKeyTime ( j )

(frame+GetFrameRate O ) *GetTicksPerFrame O ; j++) ;

if (j < numposkeys) j*+,'
LastKeYToSend = j;

BOOL bPosKnown
Class_ID (TCBINTERP_POSITION_CLASS_ID, 0) ;

bPosKnown l=
Class_ID (LININTERP_POSITION-CLASS-ID, 0) ;

bPosKnown | =
Class_ID (HYBRIDINTERP_POSITION_CLASS-ID, 0) ;

BOOL b2
Cl- as s_ID ( POS IT IONNOI SE_CONTROL_CLASS-I D, 0 ) ;

BOOL b3
Cl-ass ID(EXPR POS CONTROL CLASS ID,0);

PosCon- >Cl-assf Ð o

PosCon- >Cl-assID ( )

PosCon- >C]assID ( )

PosCon- >Cl-assID ( )

PosCon- >Cl-assID ( )

eoo| b¿ = posõon->cl-assÏDo == class ID(PATH CONTROL CLASS tD,0);

it 
(bPoslhown)

f"r 
(int i =node->I¡astPosKeySent; i < LastKeyToSend; i++)

int fTime = PosCon->cetKeyTime(i) - (iStartFrame
inLPtr->GetAnimRange O .SÈart O ) tr
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GetTicksPerFrame O ;
// it we're scroJTing thru keyframes that take place

before the start of
// the used animation sequence
if ((fTime < O && i < numposkeys-l &&

PosCon- >GetKeyTime ( i+ 1 )

GetTicksPerFrameO < O) ll
(iStartFrame - intPtr->GetAnimRangeO .Start O ) *

// if the keyframes extend on past our segment of
-ônÍFrn ionnr fhem as wefl-vvr¿vvLttI

(fÏime>0&&i>0&&
(PosCon- >GetKeyTime ( i- 1 ) /GetricksPerFrame ( )

intpLr_>cet4nimRanqe ( ) . Start ( )

(PosCon- >GetKeyTime ( i) /cetticksPerFrame ( )

intPtr- >GetAnimRange ( ) . Start ( )

continue;
unsigned char * bTime = (unsigned char*) cfTime;
if (PosCon->CfassID ( )

Class ID(TCBTNTERP POSITION CLASS ID, 0))
t

it 
(brsl,ight)

iOutToFil-e (OPCOÐE LIGHT KEYFRAME TCBPOS) ;
iOutToFi l-e ( node - >ñeftlunrË-er ) ;

l
else if (node->curNode

CameraPtrList [nSelectedCamera] )

iOUÈTOFi]-C (OPCODE CAMERA KEYFRAME TCBPOS) ;

else
{

iOutToF i I e ( OPCODE_KEYFR-AME_TCBPOS ) ;
iOutToFile (node- >RefNumber),'

)
poskeys->GetKey(i, etcbPosKey) ;

/,/ transmit a 32b time identifier
cOuLToFil-e (bTime [0] ) ;
cOutToFil-e (bTime []-l ) ;
cOutToFiLe (bTime [2] ) ;
cOutToFiLe (bTime 13l ) ;
// rranqm;f fha nnqifian//
foutToFile (tcbPosKey. val . x) ;
fOutToFil-e (tcbPosKey.val .y) ;
foutToFif e (ÈcbPosKey.val. z) ,'

/ / ñ^r,, t-rzncm.if fhê f êne;nn ^^^+:^,,;+,, -ñÅ/ / lfvw çLaltÞrrrl L L¿¿u çç!¿Þ¿vlL¿ çVlJLLllglc!, qtlv

// first rescaJ-e them from the -J- to 7 range so

// 76b each
wOutToFil-e (ReScal-eFloat (tcbPosKey. tens, -

wOutToFile (ReScaleFfoat (tcbPosKey. cont, -

wOutToFile (ReScal-eFloat (tcbPosKey. bias, -

wOutToFi 1e ( ReScaleFloat ( tcbPosKey. easern, -

l-!jn(l!fameJ ò¿è{

r_!;no!rame) ) l

bias settings but

l.hctr fif in

1.0f,1.0f,BPC 16));

l-.of,1.0f,BPC l-6));

1.of,1.0f,BPC 16));
'l of .l.of .BPc 16));
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wOutToFi f e ( ReScaleFLoat ( tcbPosKey. easeout, -
1.0f ,1.0f ,BPC_]-6) );

)
elEe if

Class_ID (LININTERP_POSITION_CLASS-ID, 0 ) )

{

)
else if

CameraPtrLi st [nselectedCamera] )

)
else

( PosCon- >C]assID ( )

poskeys->GetKey (i, &linPosKey) ;

// dl-inPosKeY = newkeY;
r.I (Df slagnE /

{
iOut To F i I e ( O PCODE-L I GHT-KEYFRAME-L INPOS ) ;
ioutToFile (node- >RefNumber) ;

if
Class_ID (HYBRIÐINTERP_POSIT]ON_CLASS-ID, 0) )

t
poskeys->GetKey(i, cbezPosKeY) ;

int cTime, pTime, nTime;
cTime = posCon->GetKeyTime(i) ;

if (i==0)
pTime = cTime;

else pTime = Poscon->GetKeyTime (i-1) ;

if (i==poskeys->GetNumKeys O -1)
nTime = cTime;

else nTime = PosCon->GetKeyTime(i+1) ;

ftoat pScaleFactor = -float(cTime - pTime);
floab nScaleFacLor = float (nTime - cTime) ;

it 
(brsLight)

i OutToF i l- e ( OPCODE_L I GHT-KEYFRAME-BE Z pOS ) ;
iOutToFile (node- >RefNumber) ;

)
el-ee if

CameraPtrList InSe]-ectedCameral )

(node- >curNode

iOutToFile (OPCODE CAMERA KEYFRAME LINPOS) ;

elee
I

iOutToFile ( OPCODE_KEYFRAME_LINPOS ) ;
ioutToFile (node - >RefNumber) ;

)
/,/ transmit a 32b time identifier
cOutToFi]e (bTime [0] ) ;
cOutToFile (bTime [1] ) ;
cOutToFile (bTime [2] ) ;
cOutToFil-e (btime [3] ) ;
// rransmir the oositiont/

fOutToFile (l-inPosKey.val .x) ;
fOutToFif e (l-inPosKey.val .y) ;
fOuLToFile (linPosKey.val . z) ,'

(PosCon- >ClassID ( )
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iOuÈToFile (OPCODE CAMERA KEYFRAME BEZPOS) ;

else
I

iOutToFil-e (OPCOÐE-KEYFRAME-BEZPOS ) ;
., iOttToFil-e(node->RefNumber);
',// transmit a 32b tìme identif ier
coutToFile (bTime [0] ) ;
cuuEl.or,r_r_e (Þ1r-me Irl , ,'

cOutToFile (bTime 12)) ¡
cOutToFil-e (bTime [3] ) ;
// franqmíf fhê -ncirian/ / PVÞ!çL9!!
fOutToFil-e (bezPosKey.va1 .x) ;
fOutToFil-e (bezPosKey.val .y) ;
fOutToFi]e (bezPosKey -val .z) ;
// françmii. |,hÞ fAnõtnt \r+î1.ôrç//
fOutToFile (bezPosKey. intar¡.x * pScal-eFactor ) ;
fOutToFile (bezPosKey. intan.y * pScal-eFactor ) ,'

fOutToFile (bezPosKey. intan. z * pScaleFactor ) ,'

fOutToFiLe (bezPosKey.outtan.x * nScaleFacLor ) ;
fOutToFile(bezPosKey.outtan.y * nScaleFactor ) ;

- fOutToFile(bezPosKey.outtan.z * nScaLeFactor ) ;

ì/
node->LastPosKeySent = LastKeyToSend;

I
else
t

// for non-standard position controlJers, we instead sampTe
the position

// at 1-5 times in the fast second

int currstart = (frame-1) * GetFrameRateO;
int currend = frame * GetFrameRate O ;

int inc = GeLFrameRateo / ]-5;
Matrix3 previousTM ;
if (node->LastPosKeySent > 0)

previousTM
node - >curNode - >GetNodeTM ( node - >La s t Pos Keysent ),'

f"r 
(int time=currstart ;timeccurrend;time+=inc)

Matrix3 tm = node->curNode->GetNodeTM (time) ;
Point3 pos = tm.GetTransO;
Matrix3 nextTM = node->curNode->GetNodeTM (time+inc),'
unsigned char * bTime = (ungigmed char*) çtime;

if ( ! (previousTM. Get.Trans O pos &&

nextTM.GetTranso == pos) )

t
iOutToFi1e (OPCODE_KEYFRÄME_LINPOS ) ;
iOutToFile (node- >RefNumber) ;
// transmit a 32b time identifier
cOutToFile (bTime [0]
cuutr I'o!, a-Le (D r'1me t rl
cuuEJot.are (Dl.ame tzI
cOutToFile (bTime [3]
// +-ranqm;f t-|.1 -^-jrinn/ / lJvÞLULglr
fOutToFife (pos.x) ;
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fOutToFife (pos . y) ;

- fOutToFil-e (pos. z) ;

ìJ
node->LastPosKeySent = currend;

ì

I

// process the rotation control-l- for the object
if (rotkeys)
t

int numrotkeys = rotkeys->GetNumfeysO ;

int LastKeyToSend,'
for (int j = node->LasÈRotKeySentì J < numrotkeys &&

Rotcon- >GetKeyTime ( j )

(frame+GetFrameRate O ) *GetTicksPerFrame O ; j++) ;
if (j < numrotkeys) j**;
LastKeYToSend = j;

BOOL bRotKnown = RotCon->ClassID o
C]-ASS_ID (TCBTNTERP_ROTATION_CI,ASS_TD, O) I I

RoLCon->ClassIDO C]ass ID(LININTERP ROTATION CLASS ID,
0) ll

RotCon- >ClassID ( )

C].ASS IÐ(HYBRIDTNTERP ROTATTON CLASS TD, O);

if (bRotKnown)

i
f"r 

(int i =node->LastRotKeysent; i < LastKeyToSend; i++)

int fTime = RotCon->cetKeyTime(i) - (iStartFrame
intPtr->GetAnimRange O .Start O ) tr

GetTicksPerFrame ( ) ;
unsigzred char * bTime = (unsigned char*) cfTime;

if (RotCon- >C]assID ( )

Class_ID (TCBÏNTERP_ROTATION_CLASS_ID, 0) )

rotkeys->GetKey(i, &tcbRotKey) ;

if (bIslight)
{

iOutToFif e (OPCODE_LIGHT_KEYFRAME_TCBROT ) ;
iOutToFi ]e (node - >RefNumber) ;

i
elee if

CameraPtrl,i st [nSef ectedCamera] )

iOutToFile (OPCODE CAMERA KEYFRAME TCBROT) ;
else
Í
t

ioutToFif e (OPCODE_KEYFRAME_TCBROT ) ;

- iOuÈToFil-e (node->RefNumber) ;
l
// transmit a 32b time identifier

(node- >curNode

cOutToFile (bTime [0]
cOutToFile (bTime []-l
cOutToFil-e (bTime [2]
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L.0f,1.0f,BPC_16) );

l_. 0f , l_. 0f , BPC_15) ) ;

l-.0f,1.0f,ePC_16));

1.0f ,l_.0f ,BPC_16) );

1.0f,1.0f,ePC 16));

before the start of
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cOutToFile (bTime [3] ) ;
// transmit the rotation
aaoutToFif e (tcbRotKey. val ) ;
wOutToFil-e (ReScaleFl-oat (tcbRotKey. tens, -

woutToFil-e (ReScaleFloat (tcbRotKey. cont, -

woutToFi l-e ( ReScaleFl-oat ( tcbRotxey. bias, -

wOutToFi 1e ( ReScaleFl-oat ( tcbRotKey. easeln, -

wOutToFile (ReScaleFl-oat (tcbRotKey. easeOut, -

ì
elee
t
// if we're scroTTing thru keyframes that take pTace

/ / t-ha tt<aà ani maf i nn qamtPnaê//
íf(fTime<0&&i<numrotkeys-1&&

Rotcon- >GetKeyTime ( i+ 1 )
( iStartFrame

intPtr->GeLAnimRanse O . Start O ) * GetTicksPerFrame O < 0)
continue;

rotkeys->GetKey (i, elinRotKeY) ;
if (bIsl,ight)
t

iOut ToF i f e ( OPCODE_L I GHT_KEYFRAME_L INROT ) ;
iOutToFif e (node - >RefNumber ) ;

)
elee if (node->curNode

CameraPtrLi st InSe]-ectedCameral )

iOutToFile (OPCODE CAMER-A KEYFRAME LINROT) ;
else
t

iOutToFile (OPCODE_KEYFRAME_LÍNROT ) ;
iOutToFile (node- >RefNumber) ;

ì

7/ ttun"*it a 32b time identifier
cOutToFil-e (bTime [0] ) ;
cOutToFil-e (bTime [1] ) ;
cOutToFil-e (bTime [2] ) ;
cOutToFile (bTime [3] ) ;
// fransmif f.hc rotation
Matrix3 Transform(l-) ;

lo, (ínt count=O ; count<i+l- ;count++)
I

rotkeys - >GetKey (count , &.l inRotXey) ;

Quat q (linRotKey.val-),'
Quat qi (fnverse (q) ) ;
Matrix3 rot;
qi . tutakeMatrix (rot) ;
Matrix3 Result = rot * Transform;
QuaÈ qr(Result);
Transform = Resul-t;

I
þuat qout (Transform) ,'
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- quatOutToFile (gouL) ;
)

l
node->LastRotKeySent = LastKeyToSend,'

ì

l

// nro¡eç.q ihe roff control-l-er for the object, if it has one//
if (r1l-keys)

int numrllkeys = rl-l-keys->GetNumreys O ;

int LastKeyToSend;
for (int j = node->LastRll-KeySenL; j < numrffkeys &&

RllCon- >GetKeyTime ( j )

(frame+GetFrameRate O ) *GetTicksPerFrame O ; j++) ;

if (j < numrllkeYs) j+*;
LastKeYToSend = j;

f"t 
(int i = node->LastRl-l-KeySent; i < LastKeyToSend; i++)

// jnt fTime = RffCon->GetKeyTime(i);
int fTime = Rll-Con->GetKeyTime (i) - (iStartFrame

intPtr->GetAnimRange O .start O ) *
GeÈTicksPerFrame ( ) ;

/ / i F riê | rê <rrn1 l ina f hrtt kevf r'-^- LL'L u't'^ tl-ace before/ / ----L!!trY LIJLu t\e)tL¿dlilgÞ LILAL LALç I

/ / rt.^ ,'-^J -ñ.i ^af i õñ eÞmtFnlp/ / LJig uÞgq alfltlta¿Lv!! ouYqur¡ee

if (fTime < O && i < numrl-1keys-l- && RllCon->GetKeyTime(i+1)

(istartFrame - intPtr->GetAnimRangeO.startO) *

GetTicksPerFrameO < 0)
continue;

unsigned char * bTime = (unsígned char*) çfTime;

if (RlfCon- >CtassID ( ) Class-ID (TCBINTERP-FLOAT-CLASS-ÏD '
r
1

rllkeys->GetKey(i, &tcbFloatrey) ;

L f (þJ- SiJr-gnE ,
(
I

iOutToFil-e (OPCODE-LIGHT-KEYFRAME-TCBRLL ) ;

., iortToFil-e(node->RefNumber) ;

elee if (node->curNode
CameraPtrli st [nSelectedCamera] )

iOutToFile (OPCODE CAMERÀ KEYFR-AME TCBRLL) ;
el-Ee
t

iOutToF i I e ( OPCODE-KEYFRAME-TCBRLL ) ;
iOutToFile (node - >RefNumber) ;

)
// transmiL a 32b time identifier
cOutToFile (bTime [0] ) ;
cOutToFife (bTime t1l ) ;
cOutToFile (bTime [2] ) ;

cOutToFil-e (bTime [3] ) ;
,/,/ transmit the roLl

0))

D-82



Appendix D: Source Code

fouLToFile (tcbFloatKey. val- ) ;
)
eLse if (R1fCon->ClassID ( )

ClASS_ID (LTNINTERP_FLOAT_CLASS_ID, O) )

I
r1 lkeys - >GetKey ( i , &1 inFl-oatXey) ;
if (bIsLight)
I

iOut ToF i l- e ( O PCODE-L I GHT-KEYFRAME-L INRLL ) ;
ioutToFile (node- >RefNumber) ;

]
else if (node->curNode

CameraPtrLi st InSe]-ectedCameral )

iOutToril-e (OPCODE CAMERA KEYFRAME LINRLL) ;

else
t

iOutToFi l- e ( OPCODE_KEYFRAME_L TNRLL ) ;
iOutToril-e (node - >RefNumber) ;

'l

7/ trun"^it a 32b time identifier
cOutToFi]e (bTime [0] ) ;
cOutToFil-e (bTime [1] ) ;
cOutToFil-e (bTime [2] ) ;

cuuE Jor. r_J_e (l)i ].me L3 J ) ;
// transmit the roff
fôrrt-'FnI'iIa1'l inE'la¡l-l{or¡ r¡=l I .

¡¿v \¿¿¡¡¡ . '5+t t

i
else l_r

Cl-ass ID(HYBRIDINTERP FLOAT CLASS IÐ, 0))
)

rl-tkeys->GetKey(i, &bezFloatKey) ;
if (bIsLight)
Í

i Out ToF i l- e ( OPCODE-L I GHT-KEYFRAME-BE ZRLL ) ;
iOutToFil-e (node - >RefNumber) ;

]
el-ee if (node- >curNode

CameraPÈrI,ist lnSef ectedCamera] )

iOutToFile (OPCODE CAMERA KEYFRAME BEZRLL) ;
elee
ì.

iOutToF i I e ( OPCODE_KEYFRAME_BEZRLT, ) ;

, 
iortToFil-e (node->RefNumber) ;

-/,/ 
transmit a 32b time identifier

coutToFife (bTime [0] ) ;
cOutToFil-e (bTime [1] ) ;
cOutToFil-e (bTime [2] ) ;
cuul;I'or,r_r_e (Dr']-me L3) ) ;
/./ transmit the roJf
fOutToFil-e (bezFloatKey. va] ) ;

ì

l
node->LastRllKeysent = LastKeYToSend,'

I

// if the object has a target, we assign it now, making sure
// to add a scene reference for the object, if one didn't previousJy

(RflCon- >CfassTD ( )
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// exist. Of course, the target isn't necessary if it
// natrør a¡fttall| / -__-___y moves
Contro] *TarPosCon = NULI¡;
if (node->curNode->GetTarget O )

TarPosCon = node->curNode->GetTarget O ->
GetTMControl-l-er O ->GetpositionControl-1er ( ) ;

IKeyControl *tarposkeys = NULL;
int tcount = 0;
if (TarPosCon)
t

tarposkeys = GetKeyControllnterface (TarPosCon) ;

, 
a.ount = tarposkeys->GetNumKeys O ;

iNod"* ParentNode = NUr¡L;
if (node->curNode->GetTarget O )

ParentNode = node->curNode->GetTargeL () ->GeLParentNode O ,'

white (tcount == 0 && ParentNode)
t

if (PareritNode->GetTMControl-l-er ( )

ParentNode - >GetTMControl- ler ( ) - >
GetPosit.ionConÈro]1er ( ) )

i
tarposkeys = GetKeyControllnterface (ParentNode->

GetTMControfler ( ) ->GetPosiLionController ( ) ) ;
tcount = tarposkeys->GetNumKeys O ;

I
ÞarentNode = ParentNode->GetParentNode O ;

i

&&

if (node->curNode->GetTarget O && tcount > 0)

{
if ( ! node- >IsAssignedTarget)
Í

node->IsAssignedTarget = TRUE;
if (Geometrylist lnode->Targetldx] .RefNumber == -1)

CreateNewObject (&(Geometrylist [node->targetldxJ ) ) ;
íf (bIslight)
I

ioutroFi le ( OPCODE_ADDTARGET_TO_LTGHT ) ;
iOutToFile (node- >RefNumber) ;

)
else if (node->curNode == CameraPtrList lnSelectedcamera] )

iOutToFile (OPCODE ADÐTARGET tO C-AMERA) ;
else
t

i Out ToF i l- e ( OPCODE_ADDTARGET_TO-OB,IECT ) ;

- iOutToFife(node->RefNumber);
I
iOutToFile (Geometrylist [node- >Targetldx] . RefNumber) ;

I'// since the object might not actuaTly be visibLe (it couJd just
bea

/ / nni nr i n enar-e) we must make ,sure to process its keys
/ / LtvLlLv

preemptively.
//;trhanh4a¡|-çlatt1r]nnrma.|1vncfnrnrcqqcrfâr.-----

/ / c!¿ç vuJ vvv ---- -'rywdy / lL 3ÇuÞ lLÞ

/ / n-aaaecaå aar] \/ nñr^l
/ / IzL vvçe

Þ øt¡<
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TransmitKeysThisSecond (& (Geometryl,ist Inode->Targetldx] ) , frame) ,'

\
.J

l

Compressor : :MarkCompleteToFrame (int frame)
- 

// mark that everything to this given frame
// is known to be fine.
iOutToFile (OPCODE_COMPLETETOFRAME ) ;
unsigrred Ínt uiTime = (unsigned int) frame - (iStartFrame

intPtr->GetAnimRange (¡ .start O ) ;
unsigmed char * bTime = (unsigned char*) &uiTime,'
int a = intPtr->GetAnimRange(¡ .start O ;
cuuEJol rae (þr'ame lul L'
cuuEIo¡,r-Le (Þ1r-me trl J ,'

cuuElot rr-e (Þ11me tzl J ;
!
t

Compressor::CleanUpRendering(int framenumber, int SampleRate, int Sample)
I

long time = framenumber * GetTicksPerFrameO / SampleRate * (J-+Sample);
intPtr- >setl,ightTint ( t ime, 33OldTint ) ;
intPtr- >SetI,ightl,evel- (time, _f O]dI,ightl,evef ) ;
intPLr- >SetAmbient (Lime, 33Old-Ambient) ;
int Pt r - >SetUseEnvi ronmentMap (_BUseEnvUap ) ;
inLPtr->SetBackGround (time, 33OldBackgrd) ;
intPtr->SetRendForce2Side ( BForce2Side) ;

if (oLdCamera)
ViewPort - >SetViewCamera ( OldCamera ) ;

else
t

ViewPort - >SetAffineTM (VptTM) ;

., UiuwPort->SetViewUser(bPerspView) ;

íntPtr- >Rel-easeViewport (ViewPort ) ;
)

Compressor::TransmitTargetKeysThísSecond(GeoNode *node, int frame, inb
&LastPKeyNum)
t

Control *TarPosCon, *TarRol-Con;
TarPosCon

node->curNode->GetTargetO->GetTMControfferO->GetPositionContro]l-erO;
'tart(oruon

node->curNode->GetTarget O ->GeLTMControl-l-er O ->GetRol-l-Controf ler O ;
IKeyControl *tarposkeys = NULL;
IKeyControl- *tarrolkeys = NULL;
int trcount = 0, tpcount = 0;

if (TarPosCon)
tarposkeys = GetKeyControllnterface (TarPosCon) ;

if (TarRolCon)
i- arrnì Þar¡q - lfar- llar¡ñanÈrnl l¡lg¡f aCe (TafROf COn) ,'uq!¿v¿¡reJ

l- ¡hD¡el{ar¡ .l_ r'u¡Jl/o]-nEJl1ey evry! vv-tvj ,
TÞazDninl-?T{ar¡ }razÞnqT{or¡.vr¿¿uJ¡\ejvua!ve¿lvJ,

l-Lr_nl/or_nEjKey rr-nPosKey;

D-85



Appendix D: Source Code

ITCBF1oatKey tcbFloatKey;
IBezFloatKey bezFloatKey;
ILinFJ-oatKey J-inFloatKey;

Point3 pvalue,'

BOOL blsl,ight = FALSE,'
int ilightNum - -L;
for (int count=0;countcilightCount;count++)

if ( (GeometrylisL [Lightlndexlist lcount] I ) . curl¡ode ==
node- >curNode)

I
bïsl,rght = TRUE;
ilightNum = count;
break;

)

BOOL blsCamera = FATSE;
if (&(GeomeÈrylist lCameralndexlist [nSe]-ectedCameral I ) == node)

.þïscamera = TRUE;

// now, what we do is we go thru afl- the keys, and Let's say we have n
keys

// that fal-l- within the given time. We add these N keys to the object,
along

// with the N+Ltth key as we77, so we have a finaf point to interpofate
f^

// so basicaTly the scheme is to always send the keys that reach to the
end

// of the current time sequence PI'US the next key as weLl-- As keys are
>e!!L ,

// mark them as such.

// note, it may be possibLe to use a buiJ-t in hidden array caJ-l-ed
// 'keyst as part of the controTTer, to access them. Consider this.
// its easier than jumping thru them.

íf (tarposkeys)
{

int numtarposkeys = 0;
if (tarposkeys)

numtarposkeys = tarposkeys->GetNumKeys O ;

int LastKeyToSend;
for (int j = LastPKeyNum,' j < numtarposkeys &&

TarPosCon->GetKeyTime (j ) .
(frame+GetFrameRate O ) *GetficksPerFrame O ; j++) ;

Íf (j < numtarposkeys) j++;
LastKeyTosend = j;

lo, (int i = LastPKeyNum; i < LastKeyToSend; i++)
t

Ínt ftime = TarPosCon->GetKeyTime (i) ;
unsigned int uiTime = (unsigmed int) ftime,-
unsÍgned char * bTime = (unsigrned char*) &uíTime,.
if (TarPosCon- >Cl-assID ( )

Class ID(TCBINTERP POSITION CLASS ID, 0))
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Lt (.o1s!rgnE,
I' 

iOutToFile(OPCODE-TARGET-KEYFR-AME-TCBPOS);

, 
iOrtToFile(node->RefNumber+1),'

eLse if (blsCamera)
t

iOut ToF i I e ( O PCODE_TARGET_KEYFRAME_TCB POS ) ;

, 
iOrtToFile (0) ;

else
-. 

// its an object, not one of Lhose
l
tarposkeys - >GetKey ( i , atcbPosKey) ;

// transmit a 32b time identifier
cOutToFile (bTime [0]
cOutToFil-e (bTime [ 1- ]
cOutToFile (bTime [2]
cOutToFil-e (bTime [3]
// +.rancmif fha -^¡.irj¡n/ / ¿LartÞtltl PUÞLCL9Lr
foutToFile ( EcbPosKey. val . x) ;
foutToFile (tcbPosKey.val. y) ;
foutToFil-e (tcbPosKey.val-. z) ;
/ / Ê--'.^-.'- lh1 f ensir-tn- îñnf inttitv anrl biaS/ / !!uw LLa!!ÞtlLL L ---- çvtrLlttsl v), f

// first rescaJ-e them from the -7 to 7 range so they

// 16b each
wOutToFile ( ReScaleF]oat ( tcbposKey. tens, -

wOutToFile (ReScal-eFloat (tcbPosKey. cont, -

wOutToFile (ReSca]eFloat (tcbPosKey. bias, -

wOutToFile (ReScal-eFl-oat (LcbPosKey. easeln, -

wOutToFife (ReScaIeFl-oat (tcbPosKey. easeout, -

else if (TarPosCon- >C]assIÐ ( )

cl-ass_rD (LTNTNTERP_POSTTTON_CLASS_rD, 0) )

)

tarposkeys - >GetKey ( i , c1 inPosKey) ;
&l-inPosKey = newkey;
t-! (.ol_slr-gfrE,
t

iOut ToF i l- e ( OPCODE-TARGET-KEYFR-AME-L INpOS ) ;
iOutToFile (node- >RefNumber+1 ) ;

l
elee íf (blsCamera)
I

i OutToF i 1 e ( OPCODE-TARGET-KEYFRAME-L I NPOS ) ;
IUUEIOI,r-J-e(U,l;

)

lt""
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// its an object, not one of those
l
)

// rrançmif a i2b time identifierJ/

cOutToFife (bTime [0] ) ;
cuuE Io¡ 1.re (l)l rme Irl ) ;
cOutToFiLe (bTime [2] ) ;

cOutToFife (brime [3] ) ;
./ / f ran<m; f l-hÞ ^^-; r: ^-,/ / LLA!!Þrtt! L LrlL PVÞLC¿ULJ
fOutToFile ( linPosKey. va] . x),'
ittìrr't^h1 têt t rñ9ô<Kê\r atâ t 1rt .. r s+ . I t I

fOutToFif e (l-inPosKey.val-. z) ,'

]
el-se if (TarPosCon- >Cl-assID ( )

Cl-ass_ID (HYBRIDINTERP_POSITION_CLASS_ID, 0) )
t

tarposkeys - >GetKey ( i , ebezPosKey) ;
int cTime, pTime, nTime,'
cTime = TarPosCon->GetKeyTime (i) ;

if (i==0)
pllme - c'r'J_me;

else pTime = TarPoscon->GetKeyTime(i-1) ;

if (i==tarposkeys->cetNumKeys ( ) -1)
nTime = cTime;

else nTime = TarPosCon->GetKeyTime (i+l) ;

float pScaleFactor = -float (cTime - ptime) ;
float nscal-eFactor = float (nTime - cTime) ;

// &bezPosKeY = newkeY;

it 
(bIslight)

i Out ToF i I e ( O PCODE-TARGET-KEYFRAME-BE Z POS ) ;

, 
iOrtToFile (node->RefNumber+1) ;

else if (bfsCamera)
t
t

i Out ToF i 1 e ( O PCODE_TARGET_KEYFRÀME_BE z POS ) ;
iOutToFile (0) ;

l
år".
{

, 
// itrs an object, not one of those

/,/ transmit a 32b time identifier
cOutToFil-e (bTime [0] ) ;
cOutToFile (bTime [1] ) ;

cOutToFile (bTime [2] ) ;
cuucl.ot r_re (þr'].me IJJ ) ;
// transmit the position
fOutToFile (bezPosKey. val . x) ;
IUUEl0t 1J-e (DeZyOSKey.VaJ_.y) ;
fOutToFile (bezPosKey.val. z) ;
/,/ f ranqm; f f hê f AnõFn|, r/ê.f 

^re//
fOutToFile (bezPosKey.intan.x * pScaleFactor ) ;
fôrrl- TnE i I a llrazDncT{ar¡ ì ñl-âñ \¡ * ñQõâl al'=¡l- ¡r '\ .

¿¿e \vvar t ,
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fOutToFife(bezPosKey. intan. z * pScal-eFactor )

fOuÈToFiIe (bezPosKey.outtan.x * nScafeFactor
fOutToFile (bezPosKey. outtan.y * nScafeFactor
fOutToFile (bezPosKey.outtan. z * nScal-eFactor

I

'LastPKeyNum = LastKeYToSend;
I

l

Compressor : : CreateNewObject (GeoNode *node)

Object* tempobj;
tempobj = node->curNode->GetobjectRef O ->Eval- (0) -obj;
TriObject* tempTri = (Triobject*) tempobj ->convertToTy¡re (0,

class_ID (TRTOBJ_CLASS_ID, 0) ) ;
BOOL bObjectSentThisFrame = FALSE;
Control *PosCon, *Rotcon, *Scl-Con;
PosCon = node - >curNode - >GetTMControf f er ( ) - >GetPos itionConÈrof f er ( )

RoLCon = node - >curNode - >GetTMControf l-er ( ) - >GetRotationController ( )

ScfCon = node->curNode->GetTMController ( ) ->GeEScafeControf ler ( ) ;
IKeyControl *poskeys = NULL;
IKeyControl- *rotkeys = NULL;
IKeyControl *sc]keys = NULL;
int rcount = 0;
int pcount = 0;
int scount = 0;

it 
(PosCon)

poskeys = GetKeyControllnterface (PosCon) ;

if (poskeys)
pcount = poskeys->GetNumKeYs O ;

ì
if (RotCon)
t

rotkeys = GetKeyControllnterface (RotCon) ;

if (rotkeys)

ì 
tcount = rotkeys->GetNumKeYs0;

if (Scl-Con)

I
sclkeys = GetKeyControllnterface (Scl-Con) ;

if (sel kews)\ vv+¡-vJ

scount = sclkeys->GetNumKeys O ;
)

node->RefNumber = ++nlastRefNum,'
iOutToFile ( OPCODE_ADDOB,JECT) ;
iOutToFile (node - >nAddedVertCount 7 ;
iOutToFil-e (node - >nÀddedFaceCount ) ;
if (iBitsPerVerÈex != BPC_32)

t
// we must now find a bounding box fot alf the vertices in
// thís node. Note the bounding box is specified using the
// added coordinates raLher than the true object's bounding box
// to enabfe maximaf quantizing detaiT based on what is actuaJly
// exoorted in the scene. WhiJ-e the boundíng box can end up//
,// anywhere, the origin is ALI/AYS tt.e pivot point-
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for (int i=O; icnode->rÀddedVertCount,'i++)
{

float tempx = tempTri->mesh.verts lnode->AddedVertl,ist. Ii]
float tempy = tempTri->mesh.verts lnode->AddedVertl,ist Ii]
float tempz = tempTri->mesh.verts lnode->AddedVertlist. Ii]
if (tempx < node->pMinCoord.x) node->pMinCoord.x = Lempx
if (tempx > node->pMaxCoord.x) node->pMaxCoord.x = tempx
if (tempy < node->pMinCoord.y) node->pMinCoord.y = tempy
if (tempy > node->pMaxCoord.y) node->pMaxCoord.y = tempy
if (tempz < node->pMinCoord-z) node->pMinCoord.z = tempz
if (tempz > node->pMaxCoord.z) node->pMaxCoord.z = tempz

)
// transmit coordinates for Ëhe boundíng box
fOutToFif e (node- >pMinCoord. x) ;
fOutToFile (node- >pMinCoord. y) ;
fOutToFile (node->pMinCoord. z) ;
fOutToFile (node- >pMaxCoord. x) ;
fOutToFife (node- >pMaxCoord. y) ;

) 
aOrtToFil-e(node->pMaxCoord.z) ;

// if the object has no rotation keyframes, yet the object's rotation
// iç nof ifs åeç^"1u ^^-:+:^^ we force an orientation here/ / LÞ !!vu LLÐ svLAUlC LJVÞrÇLatt/

Matrix3 tm = GetlocafMatrix(node->curNode, 0) ;
íf. (rcounÈ == 0)

1

Quat Rot (tm) ;
if (fabs(Rot.x) > o.oo5f ll fabs(Rot.y) > o.oosf ll

fabs(Rot.z) > o.OOsf ll fabs(Rot.w - 1.0f) > 0.005f)
{

// process parents
// ignor parents for now.. -

iOutToFi 1e ( OPCODE_SETROTATTON) ;
iOutToFil-e (node - >RefNumber) ;
Quat iRot (Inverse (Rot) ) ;

. guatOutToFile (iRot) ;

\'

// on
/ / ; f thp nhicrt L-^ ^^ ^^-; +: ^- ka\rfT-âmc. veT f hc ohier:f.ts nosítiOn/ / lL er!ç vuJçvç lJQÞ tt9 LJVÞ¿ULg!! ^ç!LLstttvt rvu cr!ç vuJvçÇ

// is nof ifs de.^"r+ -^-"Ê-'^- r^te fnrre a ¡-¡nsítion here/ / LÐ trvc LLÐ uÇLAU!ç I)UÞ¿CLVLII WC LVLçÇ A ItvÐLL

if (pcount == 0)
r
t

// ignor parents for now...
Point3 Pos = tm.cetTransO;
if (fabs(Pos.x) > o.oo5f ll fabs(Pos.y) > o.oosf ll
. fabs (Pos. z) > 0.005f)
t

iOutToFile ( OPCODE_SETPOS ITION) ;
iOutToFif e (node - >RefNumber) ;
f OutToFile ( Pos . x) ,'

fOutToFile (Pos.y) ;
ruuE lot ]--Le \Pos . z ) ;

ì
ì
l
if (scounL == 0)

.J I
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// ignor parents for now...
Af f ineParts af f ,'

decomp_affine (tm, caff) ;
// only transmit the scafe if its not (7.0,7.0,7.0)
íf (fabs(aff .k.x - 1.Of ) > O.oosf ll fabs(aff .k.y - l-.0f) > 0.00sf

ll fabs(aff .k.z - 1.0f) > 0.005f)
{

ioutToFi 1e ( OPCODE_SETSCAI,E ) ;
ioutToFile (node- >RefNumber) ;
fOutToFile ( aff . k. x) ;
fOutToFiLe (aff.k.y) ;
fOutToFil-e (af f .k.z) ¡

))

// now determine the offset for the object
Point3 offsetPos = node->curNode->GetObjOffsetPos O ;
Quat offsetRot = node->curNode->GetObjOffset.Rot O ;
Scal-eValue offsetscl = node->curNode->GetObjOffseLScafeO ;
Matrix3 OffsetTM (1) , Scl (1-) , Tran (1) ;
ApplyScaling (Sc1, offsetscl) ;
Matríx3 Rot;
offsetRot . MakeMatrix (Rot ) ;
Tran.Transl-ate (of f setPos) ,'

offsetTM = Scf * Rot * Tran;

if ( lCheckldentity(offsetTM) )

t
iOutToFil-e (OPCOÐE_SETOFFSET) ;
iOutToFil-e ( node - >RefNumber) ;
for (ints 1l-=0;11<4; l-l-++)

for (inE 12=0 ¡I2<3,'12++)
fOutToFil-e (of fsetrM.GetRow(11) [12] ) ;

)

// fhis code aJ-fows for the recurrsive specification of parent/chi7d
// heirarchies in fiLe structures.
íf. (node->IsChild)
t

íE (Geometrylist lnode->Parentfdx] .RefNumber < 0)
CreateNewObject (c (Geometrylist lnode->Parentldx] ) ) ;

iOutToFile (OPCODE_SETPARENTCHILÐ ) ;
ioutToFi l-e ( node - >RefNumber ) ;
iOutToFil-e (GeomeÈryI,ist lnode- >Parentldx] . RefNumber),'

I

l

Matrix3 Compressor: :Getl,oca]Matrix(INode *node, TimeVafue t)

Matrix3 nÈm, ptm, rtm(1), piv(1), LÍì;

// cet Parent and Node TMs
nÈm = node->cetNodeTM(t) ;
ptm = node->GetParentTM(t) ;
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// Compute the reLative TM
ntm = nÈm 't f nverse (otm¡ ;

) 
r"tr.t (ntm);

float Bil-inear(float U,float V,unsigrned char A,uneigrred char B,uneigned char
C,unsigned char D)
tt

float r = (l_.0f - U)*(1.0f - V)*(float)A +

U*(1.0f - V)*(fIoat)B + (1.0f - U)*V*(float)C +

U*V* (f loat ) D,.

return (r);
)

Point3 Compressor: :RetrieveTexefCol-or (float U, float V, unsigned char
*Text.ure)
t

// given fToating point X/Y coordinates into a texture, retrieves
// the corresponding 24b cofor

if (U<0.0f ) U=f absf (U) ;

if (V<0.0f ) v=f absf (V) ;
if (U>1.0f) U=l-.0f;
if (v>1. 0f ) v=r-. 0f ;

float xindex = U* (floaÈ) (MAXTEXTURERES-1) ,

yindex = V* (float) (MAXTEXTURERES-l-) ;
int x0 = (ínt)f]oor(xindex),'
int x1 = (inU)ceil- (xindex) ;
int y0 = (ínt)f]oor(yindexT;
int y1 = (Ínt)cei1(yindex);

fLoat fU = xindex - x0;
fLoab ¡y = yindex - y0;

Point3 cofor,'
cofor. x

Bilinear (fU, fV, Texture [3* (x0+y0*MAXTEXTURERES) ] , Texture [3* (x1+y0*MAXTEXTURERES

)1,
Texture [3* (x0+y]-*MAXTEXTURERES) ] , Texture [3* (x]-+yl-*MAXTEXTURERES) I )

coror. y
Bilinear (fU, fV, Texture [3* (x0+y0*MAXTEXTURERES) +1] , Texture [3* (x1+y0*MAXTEXTURER
ES) +l-l ,

TexLure [3* (x0+y1*MAXTEXTURERES) +]-l , Texture [3* (x1+yl*MAXTEXTURERES)
+11);

cofor. z
Bil-inear (fU, fV, Textu.re [3* (x0+y0*MAXTEXTURERES) +2] , Texture [3* (x1+y0*MAXTEXTiIRER
ES) +21 ,

Texture [3* (x0+y1*MAXTEXTURERES)+2] , Texture [3r. (xl+yIT.MAXTEXTURERES)
+21) ;

returri col-or;
)

Compressor: : BuildVfavef etCoef f s (MatNode r.node)
I
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unsigaed char originalmap IMAXTEXTURERES*MAXTEXTURERES*3] ;

RetrieveoriginalMap (node, originalmap) ;

node->!'laveletCoeff = new float IMAXTEXTURERES*MAXTEXTURERES*3] ;

// first, Let's copy the originaT map inEo the coefficient space
// making sure to seperate out the 3 coTor spaces
int sqr = MAXTEXTURERES*MAXTEXTURERES;
for (inb z=0;z<3;z++)

for (int i=0;i<sqr;i++)
node->lvavel-etCoeff Iz*sqr+i] = (fIoat) originalmap Ii*3+zl ;

// FiJeDump ("_or",originalmap,MAXTEXTURERES,3) ;
// Fifeíl-oatnump ( "_ff", node->waveLetcoeff ,MAtTEXTURERES, 3) ;

// now -l.et's perform the wavel-et transform on the originaT image
// and then on the consecutive "approxímation"s-
f loat Data-A.rray IMAXTEXTURERES] ;

for ( int sCa]e=MAXTEXTURERES ; scal-e>MINTEXTURERES ; scale/=2 )

for (int
COIOr= O ; COIOr<MAXTEXTI]RERES *M.AXTEXTURERES * 3 ; CO].OT+ =MAXTEXTURERES *MAXTEXTURERES

,{

f ". 
( ínt i=0 ; i<scal-e; i++ )

for (int j=O;jcscale;j++)
DataArray Ij J

node - >Wave I etCoe f f I cof or+ i *MAXTEXTURERES + j ] ;
HaarTR ( node - >Wave letCoe f f + col-or+ i *MAXTEXTURERES, DataAr

r¡r¡ <¡a'lal .
Lsf , vv5¿vt ,

Ì

!". (i=0;icscal-e;i++)
t

for (int' j=0; jcscal-e; j++)
DataÄ,rray I j J

node - >!'Iave L etCoe f f I cof or+ i + j *MAXTEXTURERES ] ;
f loat TemPArraY IMAXTEXTURERES] ;
HaarTR (TempArray, DataÄrray, scale) ;

for (j=O;jcscafe;j++)
node - >IVavef etCoef f I cof or+ i + j * MAXTEXTURERES ]

TempArrayljJ;
]

)

// now threshold the coefficients to drop out fow detail information
DeLermineThreshold (node- >WavefetCoeff , originalmap, 3 0 . Of ) ;

( 
Fil-eFfoatDump ( "_tr", node->IlavefetCoeff ,MAXTEXTURERES' 3 ) ;

Compressor: :ReÈrieveOriginalMap (MatNode *node, unsígned char *map)

T

// So, what we do is first, find ouE what the originaT textutemap was

// for this object. Right now, the easiest thing Eo do is just
// support Diffuse Maps. So for the immediate future, thatts what I'm
// supporting.
// EventuaTTy this funcLion *shouLd* take aJl- Ehe compound textures
// that this object has, and render/bl"end them togethet into one

// compounded texture.
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// ln any case, construct a texture map, and return it to the 'map'
/,/ structure as a 24b cofor bitmap that *al-ways* has the dimensjons
// 256x256.

// Note that this technique _onJy_ works on textures that can be mapped
// using UVWJ- coordinates. Textures that must rely on XYZ coordinates
// wiLl appear as they wouLd using WWL coordinates - in other words,
// they probabTy won't appear quite as desired. If such textures are
// necessary it is recommended that Lhe RenderMap function in the

3DSMax
// material- editor be used to create a bitmap which wouLd then be

mapped
// to the object.

Mt1* nodeMat = node->curNode;

Triobj ect* obj = CreateNewTriObj ect ( ) ,'

ínt currvertsum = 0,'
int currfacesum = 0;
MNMesh buifder;
builder. SetFlag (MN_MESH_CVERTS, TRUE) ;
Por-nt3 vert;
vert.x = -l-.0f;
vert.Y = -1.0f;
verÈ. z = -5.0f;
builder . Ne$¡Vert. (vert ) ;
vert.x = i-.0f ,-

vert.Y = -1.0f;
builder. NewVert (vert),.
vert.x = -l-.0f,.
vert.y = 1.0f ,'

buiLder. NewVert (vert) ;
vert.x = 1.0f ,.

vert.y = l-.0f ;
builder. NewVert (vert) ;
IfVVert uva(0.0f ,0.0f ,0.0f );
Ifwert uvb(0.0f ,1.0f ,0.0f );
lfWert uvc(1.0f ,0.0f ,0.0f );
Uwert uvd(1.0f ,1.0f ,0.0f );
builder.NewTVer! (uva, 0, 0 ) ;
buiLder.NewTvert. (uvb, 0, 0 ) ;
bui]der.NewTVert (uvc, 0, 0) ;
bui]der.NewTVert (uvd, 0, 0 ) ;
VertColor c;
c.x = 1.0f ;
c'Y = 1'0f ;

1 nF.
builder.NewCVert (c) ;
builder.NewCVert (c) ;
builder. NewCVert (c ),-
builder.NewCVert (c) ;
int i¡vo[3] = {2,0,1};¡- ^ ^ìI-IIE, wl-[Jl = 14,3,¿]ì
buil-der. NewTri (w0, NULL, rrvO ) ;
buÍl-der. Nev/TrÍ (wv1, NULL, rrvl ) ;
buifder. OutToTri (obj - >mesh) ;
Matrix3 I (1) ;
obj - >ApplytIvi,riMap (MAP_PLANAR, !, L, 1, 0, 0, 0, 0, ï, 0 ) ;
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INode* meshnode = 0;
meshnode = intPtr->CreateObjectNode (obj ¡ t
meshnode->SetName (_T ( "Texture Rendering thíng" ) ) ;
meshnode- >setv,Iirecolor (RGe (255, 255, 255 ) ) ;

Color bl-ack(0. 0, 0. 0, 0. 0) ;
Color white (l-. 0, l-. 0, 1. 0) ;
Color grey (0.5,0.5,0.5) ;
Cofor red (1.0,0.0,0.0) ;
Color bl-ue (0.0,0.0,1.0) ;

meshnode- >SetMtI ( (Stdlulat* ) node- >curNode) ;
meshnode- >SetMotBlur ( 0 ) ;
meshnode - >SetRcvShadows ( FALSE ) ;
meshnode- >SetcastShadows (FALSE) ;
meshnode - >SetRenderable ( TRUE ) ;

// meshnode- >SetCastShadows (FALSE) ;
meshnode - >SetcvertMode ( FALSE ) ;
meshnode - >SetShadecverts (TRUE ) ;

ViewParams wP;
,'- nr¡_i'rrne = pRO,J PARÄLLEL,.

// vT). zoom = 7.0f/728.0f;
vp.zoom = I.Of/200.0f;
wp. hither = l-. 0f ;
rrp.yon = 1500.0f;
Matrix3 M (1) ;
Point3 pos(0.0f ,0.0f ,-l-.0f );
M.SetRow(2,pos) ;
wP.affj-neTM = M;

RendParams rp;
// rp.inMtLEdit = TRUE;

FrameRendParams frp;
f rp. background = b1ue;
frp.ambient = grey;
frp.globalLighLI,evel = white;

MNMesh dummybuíIder,'

T\rn¡la* ÈampQgg! = Q,.

Triobject* dummyobj = CreateNewTriObject O ;
dummybuilder . outToTri (dummyobj - >mesh) ;
tempRoot = intPtr->CreateObjectNode (dummyobj ) ;
tempRoot - >AttachChiÌd (meshnode, 1 ) ;

Genl,ight *objLight = (Genl,ig¡¡*) intPtr->Createlnstance (

LIGHT CLASS ID,Class lD(DIR LIGHT CLASS TD,0) );

obj Light - >NewlighL (DIR_LIGHT) ;
obj Light - >Setuselíght (TRUE) ;
obj Light - >Enabf e (TRUE) ;
Point3 LCol (1. 0f , 1. 0f , l.0f ¡ ¡
ob j Light - >SetRGBCol-or (0 , LCol ) ;
objLight->Setrntensity (0, 1. 0f ) ;

pos. z = f.Of;
M. SetRow (2 , pos ) ,'

INode* templight = intPtr->CreateobjecENode (objLight) ;
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templight - >SetNodeTM ( 0 , M) ;
tempRoot - >AttachChild ( templ,ight , 1 ) ;

Bitmap* bmap = 6t
Bitmaplnfo bi;
bi. SetT¡re (BMM_TRUE_32) ;
bi . serwidrh (MAxrExruRERES ) ;
bi . setHeighr (Ir{AXTEXTURERES ) ;
bmap = TheManager->create(cbi) ;
bmap->Openoutput (&bi) ;
bmap - >SetFi lter ( BMM_FILTER-NONE ) ;
bmap - >serDirher ( BMM_DTTHER_NONE ) ;

IscanRenderer* rend = (IscanRenderer*) intPtr->GetDraftRenderero
int success = rend->Open(tempRoot, O, &vp, rp, intPtr->GetIvIAXifWndO ) ;

success = rend->Render (0,bmap, frp,intPtr->Getl4AXHVlnd ( ) ) ;
rend- >Cl-ose ( intPtr- >GetMÄXHlrInd ( ) ) ;

meshnode->De1ete (0, 0¡ ;
templ,ight->Delete (0, O¡ ;
tempRoot->Delete (0, 0¡ ;

BMM_Color_64 b]ack64= {0, O,0,0};
Bitmap* readmap = 9;
readmap = TheManager->Create (cbi) ;
readmap - >Copylmage ( bmap, CO PY-IMAGE-RES I ZE-LO-QUAL I TY, b l- a ck6 4 )

bmap->C]ose (çbi) ;
if (bmap) bmap->DeleteThis O ;

int BMtype = BMM_TRUE_24;
uneígned char* bPtr

readmap- >Storage ( ) - >GetstoragePtr ( aBMty¡le)
= (uneigined

*3+01 = * (bitmapwalker++)
*3+11 = * (bitmapwalker++)
*3+21 = * (bitmapwalker++)

char* )

uneigned
for (int

for
t

map
map
map

cons! float C0 =
const float C1 =
const float C2 =
const floaÈ C3 = -
if (size<4) return
const unsigned int

f"r 
(unsisllred int

q LI

( i + J't I,UÐ(T'EXTURERES )

(i+j *¡4*-EXTURERES)
(i+ j *¡4A*tExruRERES )

O .4829629]-3]-44534af ¡

0 .83651-63 03'13780'79f ¡

o .2241438680420L34f;
o . L2940952255].2604f ;

hal-f size = size >> 1;
i=0, j =O;j<=size-4;j+=2, i++)

- fafì*eôr1T¡a Ii] + f-'l *qarrr¡c fi+1 I
- uv ÐvqluuLJJ ¡ ç! Þvu¿uçLJTTJ I

a l-?*<^rrr¡a li+?l .
v rJ ' r J I

char* bitmapwalker = (uneigmed char*) bPtr;
j =o ; j <MAXTEXTURERES ; j ++ )

(int i=0 ; i<MAXTEXTURERES ;

)

I
J

FiJeDump ( "Ðiagnostic", map, MAKTEXTURERES, 3) ;

Compressor::Daub4TR(float a[], fLoat source[], unsigned int size)
t

C2*source Ij +2]
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aIi+ha]-fsizel = C3*sourceljl - C2*sourssIj+1J +
ñ1 :kqnrrr¡a Ii+?l - C0*SOUfCe Ij+3] ;

1

åfi I =CO*source[size-2] +c1*source[size-1] +

C2*source [0] + C3*source []-l ;
a Ii+halfsize] = C3*sourcelsíze-21 - C2*source lsize-1] +

C1*source [0] - C0*source [1] ;

- return 0;
l

void Compressor::HaarTR(float a[], fl-oat, source[], unsigned int size)
t

consÈ uneigned int halfsíze = size >> 1,'

1", 
(uneigned int i=0 ,j=O; jcsize;1+=2, i++)

- ati I = o.5f*(source[j] + sourcetj+l-J);

) 
) 

a[i+halfsize] = sourceljl - source[j+]-J;

void Compressor::HaarÏnv(floaÈ a[1, float source[], unsigned ínt size)

const unsigned int haLf size = size >> l-,'

fot (uneigned int i=0,j=O; i<halfsize;i++)
1

a I j ++] = source Ii] + source Ii+ha1f size] t'0. 5f ,'

., a I j ++J = source Ii] - source Ii+ha]-f sizel *0 . 5f ;

l

void Compressor::DetermineThreshold(float *coeffs, unaigmed char* RâP, fLoat
targetPSNR)
I

// okay, here we take this texture, first back iL up.
// Once we've backed it up, we begin an iterative process
// of hard threshoTding the coefficients.

f loat duplicate IMAXTEXTURERES*MAXTEXTURERES*3 ] ;

float PSNR = 53.0f;
BOOL bChanges = TRUE;

// so Tong as tfte PSNR

float ol-dPSNR = 0.0f ;
float threshold = PSNR - targetPSNR;
floaÈ step = i-.of ;
while (fabsf(PSNR - targetPSNR) > l-.5f && fabsf(PSNR-o1dPSNR) > 0.05 &&

step >f 0.001)

if (fabsf(PSNR-o]dPSNR) < o.os)
step/=10. 0f;

if (PSNR > targetPSNR)
threshold+=sLep;

else
threshold- =step;
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oldPSNR = PSNR;

for (inE i=0,' i<MAXTEXTURERES*MAXTEXTIIRERES*3,' i++)
duplicate Ii] = coeffs Ii] ;

//FiJeDump ("_origina7", tîtãpt MAXTEXTURERES, 3) ;
/ /Fi 1 etrl oaf f)nmn (tt ^rã+-rrraehni àtI rítta1 i nara ML]'TEXTURERES, 3 ) ;/ / L LLçL I 

-1r'lv

// first/ perform a threshalding
for (int

COIOr= O ,. CO]-Or<MAXTEXTURERES*MAXTEXTURERES* 3 ; CO]-Or+=MAXTEXTURERES*MÂXTEXTURERES

for (int i=0; i<MAXTEXTURERES; i++)
for (int j=0; j<MAXTEXTURERES; j++)

if (fabsf (duplicate Ico1or+MAXTEXTURERES*i+j ] ) <=threshold
&&

I (i<MTNTEXTURERES && J<MINTEXTURERES) )

duplicate Icolor+MAXTExTURERES*i+j ] =0 . 0f;

//FileFloatDump (" threshoJded", dupJicate, MAXTEYTURERES, 3) ;

// second, perform the inverse wavefeË transform
float DataÄrray [MAXTEXTURERES] ;
for ( int scale=MINTEXTURERES* 2 ; scale<=MAXTEXTURERES ; scal-e* =2 )

{
for (ínt

CO].OT=O ; COlOT<MAXTEXTURERES *MAXTEXTURERES* 3 ; COlOT+=MAXTEXTURERES*MAXTEXTURERES

I

f"r 
(int i=0;icscale;i++)

for (int j=O; jcscafe,'j++)
DataArray Ij ]

dupl icate I cof or+ i *MAXTEXTURERES+ j ] ;
float TempArray IMAXTEXTURERES] ;
Haarlnv (TempArray, DataÄrray, scaf e ) ;
for (j=0;jcscale;j++)

dupl icate I co]-or+ i *MAXTEXTURERES+ j J

Tam¡Àrr¡r¡ [i ] .
¿U3I¡FÁ¡¡¡$J LJ J 

' I
iot (i=O;icscale;i++)
!
L

for (int' 1=0; j<scale;j++)
DataArray Ij ]

dupl i cate [color+ i+ j *MAXTEXTURERES ] ;
float TempArray IMAXTEXTURERES] ;
Haarlnv (TempArray, DataArray, scale) ;
for (j=0;jcscale;j++)

dupl icate I color+ i+ j *MAxTEXTURERES ]
tempArrayljJ;

)
J

//FileFloatDùmp ( "_reconstructed't, duplicate, MAKTEKTURERES, 3 ) ;

// fhirrl 1eftc caLcufate the new PSNR for the threshoLded//
,// version of the coeff icients.
float mse = 0.0f, origpeak = -1e38f;
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int sqr = MAXTEXTURERES*M.AXTEXTURERES;
f or (color=0; cof or<3 ,'color++)

for (int i=0; i<MAXTEXTURERES,-i++)
for (inE j=0; j<MAXTEXTURERES; j++)

{
mse+= ( (float)map [co]-or*3* (i+j*MAXTEXTURERES) I -

duplicate Ico1or*sqr+i+j *MAXTEXTURERES] ) *
( (ftoat)map [co]or*3* (i+j*MAxTExTURERES) I -

duplicate Ico1or*sqr+i+j *MAXTEXTURERES] ) ;
if ( (fLoat)maplcofor+3* (i+j*MAXTEXTURERES) I > origpeak)

origpeak = (floaÈ)map [color+3* (i+j*M.AXTEXTURERES) ] ;
I
mse/=255 ' 0 

''PSNR = 10.0f *logl-0f (origpeak*origpeak,/mse) ;

)

// now that we've hit our target, we repJace our original texmap
// coefficienÈs with our threshofded version
for (inb

COfOr= O ,.COfOr<MAXTEXTURERES*MAXTEXTURERES" 3 ; CO]-Or+=MAXTEXTURERES*MAXTEXTURERES

f or (int i=0 ,'i<MAXTEXTURERES; i++ )

for (int j=0; j<UaXTEXTURERES; j++)
if (fabsf (duplicate Ico]or+MAXTEXTURERES*i+j ] ) <=threshold &&

! (i<M]NTEXTURERES && J<MTNTEXTURERES) )

coeffs Icofor+MAXTEXTURERES*i+j ] =0 . 0f;
)

Compressor: :DeltaEncode(float *coeff, inb size, int dim)
1

// foLl-owing the peano path, this function encodes
// the differences between consecutive coefficient vafues
unsigirred int sqr = dim*dim;
CPixef Peano peano (size, TRUE) ;
for (int

Z = Q ; Z <MAXTEXTURERES * MAXTEXTURERES * 3 ; Z + =MAXTEXTURERE S * MAXTEXTURERES )

1

f loat ol-dval- = coef f [z+ (peano. coordx
MAXTEXTURERES*peano . coordy) J ;

float newwal;
for (unsigned int i=1,'icsqr && lpeano.EmptyO;i++)
I

while (peano. Process ( ) ) ;
newvaf - coefflz+ (peano.coordx +

MAXTEXTURERES*peano. coordy) J ;
coeff Iz+ (peano.coordx + MAXTEXTURERES*peano.coordy) ] -=

oldva1 ,'

oldval- = neI¡/val ;
)
peano.Reset O ;

't

.t

Compressor : :DetermineNecessaryTexRes (MatNode* node)
t

// this routine determines what maximum necessary texture resol-ution

D-99



Appendix D: Source Code

// we actuaTly require. After aff, if they cLaím they want a 256x256
/,/ texture but we know that the Loss of detaiL between 1-28x728 is befow
// the given texture quaTity threshold, then we don't reaL7y need the
// zsoxZsî texture anryay. So we appfy this to aJ-J- of our texture
,/,/ resoJutions
unsigi'ned char orig IMAXTEXTURERES*MAXTEXrURERES*3],'

unsigned char recon IMAXTEXTURERES*MAXTEXTURERES*3] ;
for (int i=0; i<MAXTEXTURERES*MAXTEXTURERES*3,'i++) recon Ii] =0;
f loat PSNR [MAXTEXTUREPOWER] ;

f Or (i=MINTEXTUREPOV,]ER+ ]- ; i<MAXTEXTUREPOWER; i++ ) PSNR I i] = O . O f ;
PSNR IM]NTEXTUREPOWERI = l-e10f ;

// first l-et's copy in the minimal" waveLet approxiamation into the
ttorigtt array

for (int
COIOr=O ; COIOr<MAXTEXTURERES*MAXTEXTURERES* 3 ; COlOT+=MAXTEXTURERES *MAXTEXTURERES

)

for (int i=0; i<MINTSXTURERES;i++)
for (int j=0 ; jcl¡ttItEXTURERES; j++)

recon [co]or+j*MAXTEXTURERES+i] = (unsigned char)
node - >Wavel- et Coe f f I cof or+ j *MAXTEXTURERES + i ] ;

// now we do a progressive comparison of consecutive

f "r 
( int scal-e=MINTEXTUREPOÍVER+1- ,' scaIe<MAXTEXTUREPOIIiER; scale++ )

/ / f i ret .1.\nv f ha nrcví r¡tq worl< into our reconstruCtiOn// t vey!

scratchpad
for (uneigrned int i=0 ; i<MAXTEXTURERES*MAXTEXTURERES*3 ; i++)

orig [i] = recon [i] ;
unsigirred int size = 1;
for (ínt j=0;jcscale;j++) size*=2;
// now reconstruct
for (int

COfOr=O ; CO]-Or<MAXTEXTURERES*MAXTEXTURERES* 3 ; COlOT+=MAXTEXTURERES*MAXTEXTURERES
,{

f l-oat DataArray IMAXTEXTURERES] ;
for (i=0; icsize; i++)
t

for (unsigned inÈ j=0;jcsize;j++)
Oata-Arraylj J = recon Icolor+i+j*MAXTEXTURERES] ;

f loat TempArray IMAXTEXTURERES] ;
Haarlnv ( TempArray, Data-Array, s i ze ) ;
for (j=O;jcsize;j++)

recon Icolor+i+j*MAXTEXTURERES] = (unsigned char)
'FomnArr=r¡ [i ] .
¿vr¡¡r¡¡¡¡$f LJJ, 

)

fo. (i=0;icsize;í++)
t

for (uneigned int j=0;jcsize;j++)
DataÄrrayljJ = recon Icolor+i*MAXTEXTURERES+j] ;

f loat TempArray IMAXTEXTURERES] ;
Haarlnv ( TempArray, DataÄrray , size) ;
for (j=O;j<size;j++)

recon Icofor+i*MAXTEXTURERES+jJ = (unsigned
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char) tempArray [j I ;

I'// 
so nov¡ we have 'orig', the previous version, and 'Tecont, the

new version.
// rtfe need Lo take 'orig', and f iTter it to twice the size into a

nAJrf zrrA\l

// cal-l-ed twice. A simpl-e standard Bifinear f ifter is used.
// lsee Numerical- Recipes in C page 723)
unsigned char twice [MÄXTEXTURERES*MAXTEXTURERES*3] ;

for
( COIOr= O ; COfOr<MAXTEXTURERES*MAXTEXTURERES* 3 ; COlOT+=MAXTEXTURERES*MAXTEXTURERE
s)

for (unsigned int i=0 ii<síze¡í+=2)
- for (uneigned int j=0;jcsize¡j+=2)
t

twice I i + j *¡aA*tEXTURERES+cof or]
or íg Íi / 2 +j / 2 *MAxTEXTURERES+colorl,'

twice I i+ 1 + j *MAXTEXTURERES+co]-orl
(orig l.i/ z+j/2*MAxTEXTURERES+col-orl +

orig [ (i+1-) / 2+j/2'IMAXTEXTURERES+Color] ) / 2 ¡
twíce ¡ 1." ( j +1 ) *MAXTEXTURERES+colorl

(orig li / z+j/2 *MAXTExTURERES+colorl +

orig lí / 2+ ( j +r) /z*luiaxrExTuREREs+colorl ) / 2 ;
twice Ii+]-+ ( j +r) *I,AxTEXTURERES+colorl

(orig li / 2+j/2*MAXTEXTURERES+coforl +

otig Íi / 2+ (j +r) /Z*UexTEXTURERES+colorl +

orig [ (i+t) /2+j/2'IMÄXTEXTURERES+cofor] +
orig [ (i+r) / 2+ (j + r ) /z *luiAxrExruRERES+co1or] ) /4 ;

ì

/ /FiTeDump ( "_orig" , orig, MAKTEKTURERES, 3 ) ;
/ /tri 1 e|)ttmn ( t' r-ecrtntt rcr()r1 . MAXTEXTURERES, 3 ) ;/ / L ¿*vps.L.¡/ I _- eev-t t

/ /Fi 1 êf)ttmn ( t' f wi ¡att f wi r-c MAYTEXTURERES, 3 ) ;/ / L Ltçpqtl¡¡l I _erv¿vv ,

// now cal-cufate the PSNR

float mse = 0.0f , origpeak = -1e38f ,'

for
( COfOT= O ; COfOT<MAXTEXTURERES*MAXTEXTURERES* 3 ; COIOT+=MAXTEXTURERES*MAXTEXTURERE

for (unsigrred int i=0;icsize;i++)
for (uneigned int j=0;jcsize;j++)

{
mse+= (f]-oat) ( (recon [color+i+j *MAXTEXTURERES]

twi r:e [co'l or+i +-i *MAXTEXTURERES] ) *
lvv+v+

( recon I color+ i + j *MAXTEXTURERES ]

twice Icolor+i+j *MAXTEXTURERES] ) ) ;
if ( (float)reconlcolor+i+j*MAXTEXTURERESI > origpeak)

origpeak = (float) recon Icolor+i+j *MAXTEXTURERES] ;

]

if (mse == 0.0f )

PSNR Iscaf e] = l-el-0f ;

else
{

mse /=254.A;
PSNR Iscaf e] = l-0.0f *Log10f (origpeak*origpeak,/mse) ;
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l

for (i=MAXTEXTUREPOIVER-1; i>MTNTEXTUREPOV'IER
(PSNR Ii] >fTextureQualityThreshol-d) ; i--)

node - >iMaxNecessaryTexPo\¡rer- - ;
I

&&

Compressor: :GeLcoeffRange(float *coeffs, float &min, fLoat &.max)

// extract the minimum and maximum vaJ-ues from the coeff array
t

float -min = 1e38f;
float _max = -1e38f ,'

fLoat val;
for (unsígned inL J=O;J<UEXIEXTURERES*MÄXTEXTURERES*3;J+=MAXTEXTURERES)

for (unsigned int i=0,'i<MAXTEXTURERES; i++)
if (j>=MINTEXTURERES | | i>=MINTEXTURERES)

{
val- = coeffs ¡j+i] ;
if (val->_max) _max = vaf ;
if (val-<_min) _min = val;

i
max = max,'

- m]-n = _mln,'
J

Compressor : :AddTextureCoeffs (MatNode *node)

t
// adds a specific group of coefficients from the texture map's
// wavel"et coefficients to the outgoing datastream.
// If this is the first group, we send the top l-eft hand bl-ock.
// otherwise we transmit the L-shaped bJ-ocl< composing the other
// tnree.
iOutToFile (OPCODE_ADDMIPMAP) ;
if (node->RefNumber == -1)

node- >RefNumber = ++nlastMatRefNum;
ioutToFil-e (node - >RefNumber) ;
unsigned int val- = 1;
for (int j=0; j<node->ilastTexturePowerSent; j++) vaL*=2 ;
unsigned ínt sqr = val*vaf;
CPixefPeano *peano;
for (unsigned int cofor

0 ; coL or< MAXTEXTURERES * MAXTEXTURERES * 3 ; c o l or + =MAXTEXTURERE S *M.AXTEXTURERES )

ungigrted ínt PixcoLlrlt = sqr;
if (node->ilastTexturePowerSent == MINTEXTUREPOVIER)

ì.

peano = new CPixefPeano (node->ilastTexturePowerSent, FALSE) ;
cOutToFil-e (WaveletQuantize (0.0f ,254 -of ,

node->WaveletCoeff lcoIor + peano->coordx +

MAXTEXTURERES*peano- >coordyJ ) ) ;

f". 
(unsigned int i=l-;icpixcount && !peano->EmptyO ;i++)

whíIe (peano->Process O ) ;
// wote that a very simpfistic form of run Tength encoding is
// used to al-Low for further compaction of the data stream.
// since hìghJy threshofded textures contain a farge number of
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// zeros, instead of simpLy reJying on the gTobal compression
// system to account for this, we directTy take advantage of
// this fact. whereas normaTTy we woul-d encode B bits per
,// waveTet coefficient, we instead encode where vaLues are mapped

// between 0x00 and 1xFE, with jxFF being reserved. jxFF
// is a speciaT symboT used to recognize that we wish to perform
// a simpJ-e run Tength encoding of a string of 0.0f vaTues,
// with the next character sent representing the number of
// zeros (up to 255 of course) .

// ***7¡is is currentTy disabLed

/* if
(úIavel-etQuanEize (node - >f TexmapMinVaT , node- >f TexmapMaxVaT ,

node->líaveJ-etCoeff Icofor + peano->coordx
+ MAXTEXTURERES*peano - >coordyJ )

WavefetQuantize (node- >fTexmapMinVal- , node- >fTexma
pMaxVa7,0.0f) )

{
// swap to a temporary peano stack so we can

scan for zeros
peano- >switch ( ) ;
BOOL bZero = TRUE;
for (int count=0;count<256 &&. i+count<pixcount

&& bZero;count++)
I
I

whiLe (peano->Process () ) ;
bZero

( Vl av e l- e t Quan t i z e ( no de - > f T exmapM i nV a J, no de - > f T exmapMaxV a 7,
node->llavel-etCoeff [co]-or +

peano- >coordx + MAXTEXTURERES*peano->coordyl ) ==
Wave f e t Quant i z e ( node - > f T exmapM i nVa 7,

node- >fTexmapMaxVaT, 0. 0f ) ) ;
I
// switch back to the reaf stack
peano- >Switch ( ) ;
if (count == 7 | | count == 2)

c Ou t T o F i l- e ( 1,1 ave f e t Qu an t i z e ( no de - > f T exmapM i
nVaJ , node- >f TexmapIvlaxVal ,

node->WavefetCoeff [cofor +

peano- >coordx + MAxTEXTURERES*peano->coordyJ ) ) ;
efse
(
I

for (int Joop=0 ; foop<count-7 ; Joop++)
whife (peano- >Process ( ) ) ;

// send a special )xFF code to indicate a

string of zeros
coutToFil-e (255) ;
cOutToFiLe ( (unsigned char) count) ;

I
(

J

eLse * /cOutToFiLe (WaveletQuantize (0. 0f , 254. Of ,

node->IrlaveletCoeff [co]-or + peano->coordx +

MAXTEXTURERES*peano- >coordyJ ) ) ;
I
l
else
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(
1

pixcount-= (sqr>>2 ) ,'

peano = new CPixefPeano (node->ilastTexturePowerSent, TRUE) ;
coutToFi 1 e ( l{ave I etQuanÈ i ze ( node - > f TexmapMinVaf , node - > f Texmap

MaxVal-,
node->VlavefetCoeff Icolor + peano->coordx +

MAXTEXTURERES*peano- >coordyl ) ) ;
{or (uneigned int i=1;icpixcount && !peano->EmptyO;i++)
t

while (peano- >Process O ) ;
/* if
( W av e J e t Qu an t i z e ( no de - > f T exmapM i nV a 7, node - > f T exmaplvlaxV a 7,

node->VlavefetCoeff [cofor + peano->coordx
+ MAXTEXTTJRERES * peano - > coOrdYJ )

l,laveJetQuantize (node- >f TexmapMínVa7 , node- >fTexma
pMaxVaT, 0 .0f) )

f
I

// swap to a temporary peano stack so we can
scan for zeros

peano- >Switch ( ) ;
BOOL bZCTO = TRUE;
for (int count=0;count<256 &e i+countcpixcount

&.&. bZero;count++)
{

whil-e (peano- >Process ( ) ) ;
bZero

(ïnlavef etQuantize (node - >f TexmapMinVal , node - >f TexmapMaxVal ,
node->WaveletCoeff [cofor +

peano- >coordx + MAXTExTURERES'tpeano->coordyJ ) :=
l¡l ave f e t Quant i z e ( node - > f TexmapM i nVa 7,

node - >fTexmapMaxVaf , 0 . 0f ) ) ;
]
// switch back to the real- stack
peano- >Switch ( ) ;
if (count == 7 | | count == 2)

cOutT oF i f e ( Wave f e tQuant i z e ( node - > f TexmapM i
nVal- , node- >fTexmapMaxVaT ,

node->VlavefetCoeff [cofor +

peano- >coordx + MAXTEXTURERES*peano- >coordyl ) ) ;
ef.se
{

for ( int Toop=0 ; Joopccount-7 ; Toop++)
whil-e (peano- >Process ( ) ) ;

// send a speciaT 1xFF code to indicate a

string of zeros
cOutToFiLe(255);
coutToFil-e ( (unsigned char) count) ;

]

]
e-l.se

*,/cOutToFile (!'IaveletQuantize (node- >f TexmapMinVal- , node- >f TexmapMaxVal,
node->WavefetCoeff [color + peano->coordx +

MAXTEXTURERES*peano- >coordyl ) ) ;
l

I
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del-ete peano,'
I
áode - >bMipSenÈ lnode - > iÏ,astTexturePowerSent -M]NTEXTüREPOViERI = TRUE,'

node - > il,astTexturePo\^terSent+ + ;

)

unsigtred char Compressor: :i{avel-etQuantize (fIoat min, float max, float coef f )

// man tr:oefft from the mix->max range into the range of 0 thtough 254//
I

float del-ta = 254.0f / (max - min);
if (coef f > max) return ( (uneigned char) max) ,'

if (coeff < min) return ( (unsigmed char) min) ;

) 
return ( (uneigned char) round( (coeff-min) *delLa) ) ;

BOOL Compressor : : fsMarkedForÐefetion (GeoNode *node)

I
TCIIÄR nodename 12551 ;

l- ôsõnv lnodename, node- >curNode->GetName ( ) ) ;_evev}/J \¡¡v

icueR* pDest = _tcsstr(nodename,_T("**DELETEMEI I **") ) ;
if (pÐest)

return TRUE,'
return FALSE;

Ì

void Compressor::LZSS_OutputCode(FILE *fo, uneigned int code,int bitl-ength,
int &OutputBitcount, unsigned

inb &outputBitBuffer)
t
// static intr OutPutBitCount = 0;
// static unsigned int outrputBitBuffer = 0;

OutputBitBuffer | = (unsigmed long) code
OutputBitCount ) ;

OutputBitcount += bitl-ength;
while (outputBitCount >= 8)

1

fputc (OutputBitBuffer >> 24, fo) ;
OutPutBitBuffer <<= 8;
OutPuLBitCount -= 8;
iCompressedCount++ ;

l
J

void, Compressor::LZSS_Scan(uneigmed char * Dictionary,unsigned char *

LookAhead,
sígned int &position,unsigrred int olength)

I
// A simple straight forward l-inear search into the dictionary.
// Note that the special case of maxJength-7 for a position is
// considered, by not aTTowing a maximum Jength string (tnis
// code corresponds to our end-of-fiLe code
unsigned int maxl-engLh = 0;
unsigrred int bestpos = 0;
uneigned int bOverSized = 0;
if (LZSSBITLEN+LZSSBITPOS > l-6)

bOverSized = 1;
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for (int i=0 ; i<LZSSW]NDOW_LENGTH; i++)

ît 
(Dictionary [iJ == LookAhead [o] )

unsigrred int j=1;
whíIe (Dictionaryt(i+j) ? LZSSWINDOW-LENGTHI == reeþtrþeadljl

&&
j< (LZSSMAXLEN) &&
! ( i == (LZSSWINDOW_LENGTH-1) &&
j == LZSSMAXLEN-t_) )

j*+;

it 
(j>maxlength)

I ^^Âts!!La^¿ ç¡¡y .h = j ;

- bestpos = i;
l

1
)

*^-.itsì^n - lra<f-nnq.PUÞ¡LIU¡¡ - !sÐeÈ/ve,
I ^--rL - *--l anaÈlr.f clrg LII = Ltta^Jçrrv u¡r t

)

BOOL Compressor: :LZSS_OutputFile (int headersize, conÊrt TCHAR *filename)
/ ,/ t.hi < ncrf nrmq T,7.4.1 rnmnress^i nn ttqi no a r-rtl i r: r1 í ai i nnartt

/ / ¿¿Þ PvL uLÐÐ çvtttAJ¿ eoÐ¿vi¡ aÐLltY

/-/ of size L6k, using 74 bit position and 5 bit Tength
t

FILE* finput;
FILE* foutPut;
// fírst, we open the fife we just created
if ((finput = fopen(".-temp", trrbr')) == NULL)
I' // messagebox saying unabJ-e to wtite to fiTe

MessageBox(NULL, "Unabfe to compress the file. Check for avaílable
drivespace on desLination drit¡e' ",

t'Eri:or I r' , MB_OK) ;
TETUTN FALSE;

ì
íf ((foutput = fopen(fil-ename, "wb") ) == NULL)

t
// messagebox saying unabJe to write to fil-e
MessageBox(NULL, "Unable Lo compress Lhe file. Check for avaifable

drivespace on destination dríve- ",
rrError I r' , MB_OK) ,'

return FAI,SE;

)

// used to keep track of our progre.ss.. first grab the Tength of the
input fiJe

long lunComPressedCount = 0;
longi lOriginallength = 1;
fseek (f inPut, 0, SEEK-END),'
lOriginall,ength = ftell (finPut) ;
rewind(finput);
intptr->Progressstart (cetstring (IDS_PROGRESS_MSGS) , TRUE, fn, NULL) ;

// dummy read the header.. the header isn't supposed to be compressed
for (unsigned int i=o; i< (unsigmed int) headersLze; i++)

fputc (fgetc (finput) , foutPut) ;

unsigmed char * Dictionary = new unsigned char ILZSSWINDOW-LENGTH] ;
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uneigned char * LookA.head = new uneigirred char ILZSSVIINDOW_LENGTH] ;

int OutputBitCount = 0;
unsigned int OutputBitBuffer = 0;
for (í=0 ; i<LZsSÌ{TNDow LENGTH;i++)
{

OíctionaryliJ = 0;
- LookAheadlil = 0;
l
inÈ pDict = 0;

int LookÃheadlength = 0;
BOOL bDone = FALSE;
BOOL bOverSized = FALSE;
inb characLer;

whíle ( (LookAheadLengthcLZSSV,lINDOVl_LENGTH) && ( (character
Fnara lFinnr,{- \ \ t= EoF) )\¡*¿¡Ysv, / .

LookÀhead ILookÄheadlength++] = (uneigned char) character;

íf (LZSSBITLEN+LZSSBITPOS > 16)
bOverSized = l-;

while (LookAheadlength > 0)
/./ repeat untiT wetve cfeaned out the LookAhead buffer
t

unsigned inÈ position, length;
LZSS_Scan (Dict ionary, LookAhead, pos it ion, length) ;

ît 
(lensth == o | | lensth == t | | lensth == 2)

LZSS_OutputCode ( foutput , L , L , OutputBitCount, outputBitBuffer) ,'

LZSS_OutputCode ( foutput , LookAhead [ 0 ] , 8 , OutputBitCounL, Output
RlrHìr11ôrl.

length = 1-;

lunCompressedCount+ +,'
I
else

LZSS_OutputCode ( f output, O, I, OutputBitCount, OutputBitBuf f er),'
LZSS outputCode (foutput,position I ( (length - 2

bOverSized) << LZSSBITPOS)
, LzSSBITPOS+LZSSBITLEN, OutputBiLCount, OutputBitBuf f er )

lunCompres sedCount + = l- ength ;

)

// copy l-ookahead code into dictionary, and do it cycJicaJJy.
this wil-l-

// overwrite ol-d entries once the dictionary has been fiTLed

l"t 
(i=0;i<lensth;i++)

DictionarylpDictl = LookAheadlil ;
pDict = ((pÐict + 1) % LZSSWINDOVT_LENGTH) ;

)
// defete the used cocie from the fookahead
f or (uneÍgrned int i =0 ; j <Look-Aheadlength- length &&

j <LZSSWINDOW_LENGTH- 1- ; j ++ )

r,ookÃheadljl = LookÄhead [j+length] ;
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LookÄheadlength- = length ;

if (character == EOF)
bDone = TRUE;

// fill out the LoakAhead buffer with any remaining characters
while (LookAheadLengthcLzSSWINDOvl-LENGTH && lbDone &&

(character = fgetc(finput)) != EOF)
T,ookÀhead[LookÃheadlength++] = (unsigned char) character;

// update the Progress indicator
intPtr->progressUpdate ( (ing) ( (ftoat) lunCompressedCount/ (fLoat) lOri

ginallengÈh". 100. Of ) ) ;
l

LZSS_OutpuÈCode ( f output , O , L , OutputBit.Count , OutputBitBuf f er) ;

LZSS OutputCode (foutput, (1
l-, LZSSBTTPOS +LZSSBITLEN,

OutputBitCount, OutputBitBuf f er ) ;
LZSS_OutputCode ( f ouLput, L, a, OutputBitCount, OutputBitBuf f er ),'
LZSS_OutputCode ( foutput , o , I , outputBitCount, OutpuÈBitBuffer) ;
LZSS_OutputCode ( f output, !, L,OutputBitCount, OutputBitBuf f er ) ;
LZSS_OutputCode ( foutput , O , I , OutputBitCount, OutputBitBuffer) ;
delete [] Dictionary;
delete [] LookAhead;
fclose (foutput) ;
fcfose (finput) ;

tong lFinallength;
// deJete our temporary fiTe
FILE *f temp = fopen ( "_Lemp" , rt Ttt ) '
fseek (ftemp, 0, SEEK_END) ;
lFínall,ength = ftel-1(ftemp) ;
fcLose (ftemp) ;

// _unJink("_temp");
TCHAR fnew [80] , fext [6] = | .orgt' ì
<nr"i nl-f lfne¡^¡ rt%q9qr¡ f i'ìanama favl- )Ð}/¿Å¡¡u! \!¿¿evv, qpçu , !¿¡er¡slr¡et Lv¿re, t

MoveFile ( "_remp", fnew) ,'

#ifdef _DEBUG
char buffer [200] ;
^*-; -f ç /1-."€f ar tt.]'ni.:lÞf/! rr¡L! \uu! rç! , LvwsL

3d\n", lFinall,ength) ;
file length before comPression

MessageBox (NULL, buffer, "Firlal StaListics", MB_OK) ;
#endíf

intPtr- >ProgressBnd ( ) ;

foutput = fopen(f il-ename, 'tr+btt) ;
fseek ( foutput, 0, SEEK_END) ;
lFinallength = ftel-] (foutput) ;
rewind ( foutput ) ;
for (i=O; i< (unsigned int) headersize- ; i++) fgetc (foutput) ;
fnaa Þ naa.!Å/vÞ_u IJuÞ /
F^^Fñ^ñ /farrÈnrr{- .î.nneì .!9EUPUÞ \luuu¡/uL , qyvÐ 

L

rewind ( foutput ) ;
fsetpos (foutput, &pos) ;
unsígned int iva1 = lFinallength;
unsigned char* ucVal = (uneigned char*) cival;
fnrrt-¡lrr¡\/¡l [ñl fnrrl-¡rrl- ì.!f,UÇç \uuvqr Lvl , !vuuù/uu/ ,
fnrr{-¡lrrn\/¡'ì [1] f¡rrl-nrrl- ì.!À/qçv \svvs¡ l¡r, !vse!/se/ /
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fputc (ucVal [2] , foutPut) ;
fnrr{. ¡ /rr¡\/¡'l [?l fnrr{-nrrf I -!PUUç \Uçvq! LJJ r !vsç¡/su/ ,

return TRUE;
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Ð.2 Ðecompressor Source Code

D.2.1 StdAfx.h

// stdafx.h : incfude fil-e for standard system incfude fifes,
// r-¡r nroier:f sncrif ia ínalttðc f iLes that are used frequentTy, but

/ / vL PLvJvvç
/ / ara rhannarl i nf re¡ttcnf 1 w

/ / qLç vttqt/J

*if !defined(AFX_STDAFX_H_A4F36373_C3EB_11D1_87F8_004j\0089C442_INCLUDED_)
#de f íne AFX_STDAFX_H_44 F 3 6 3 7 3_C 3 EB_l lD l-_8 7 F 8-0 0AA0 0 B 9 C4 42 

-INCLUDED-
#if _MSC_VER >= 1000
#pragma once
#endif // _Msc_vER >= Tooo

#define VC_EXTRALEAN // ExcLude rarely-used stuff from l^Íindows

headers

#include <afxwin.h> // MFC core and standatd components
*include <afxext.h> // MFC extensions
# i f nde f _AFX_NO_AFXCMN_SUPPORT
#include <afxcmn.h> // MFC suppott for Vlindows Common

Controfs

#incLude <afxoLe.h>

#endif // _AFx_No_AFXCMN_suPPoRr

/ /Í [aFy ].^/.qtrpr T ^^^^r^$t I
// LL"'

// Uicfosoft Devefoper Studio wifl insert additionaf declarations immediateJy
before the prevíous fine.

#endif
!def ined (AFx srDAFx H A4F36373 C3EB 77DJ- 87FB 00AA0089C442 TNCLWED )

D.2.2 StdAfx.cpp

// crrlafx,con : source fife that incfudes just the standard includes//
// nê-ñmnreqcnr noh v¡i71 hc fha nra-¡-nmrtileri header/ / uvvvlltPlvrÙvL . L/vt! vt¿e Ì'L

// stdafx.obj wiJT contain the pre-compiled type information

#ínclude ì'stdafx.h'r
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Ð.2.3 Resource.h

/ / { { wo_osPENDENcTES } }
// Uicrosoft DeveLoper Studio generated
// Used by Decompressor-Tc

#defíne IDD_ABOUTBOX
#define IDR_MAINFRAME
#def ine IDR_DECOMPTYPE

#define IDD_GETURL
#define IDR_RAWTITLE
#def ine IÐB_PLAYBTITTONS
#define IDD_LOGWINDOW

#def ine IÐÐ_DIALOGTEST
#define IDR_RAWBUFFER
*define IDD_SPEED
#def ine IDIÍ_PLAYBUTTONS
#define IDW_STYLES
#define IDüI_LOGGER

#define IDC_EDIT
#define IDC_FPS
#define IDC_FSTZE
#define IDC_POLYS
#define IDC_VERTS
#define IDC_EDITTEXT
#define IDC_EDITI
#define IDC_RADIOI
#define IDC_RADIO2
#defíne IDC_R-AÐIO3
#define IDC_RÄDIO4
#define IDC_RADIOS
#def ine ID_FILE_OPENLOCATÏON
#def ine ID_ANIMATION_PLAY
#def ine ID_ANIMATION_PAUSE
#def ine ID_ANIMATION_STOP
#def ine ID_VIEVf_ÐIAGNOSTICS
#define ID ANTMATION DOWNLOADSPEED

in¡1 tt¡fa fiTe

100
t28
LZY
130
135
l-37
t_3 B

L5Y

1"4t
1Aa

500
501
5UZ
1000
l-0 02
10 03
10 04
l_0 05
1006
l_007
l_0 08
1009
t_010
l-011
l- 0 1_2

32'77L
32772
32773
3277 4

32775
5¿ I tO

// wext defaul,t vafues for new objects

#if def APSTUDTO_TNVOKED

#i fndef APSTUDIO_READONLY_SYMBOLS
#def ine _APS_3D_CONTROLS
#de f ine _APS_NEXT_RESOURCE-VAIUE
#de f ine _APS_NEXT_COMMAND-VAIUE
#de f ine _APS_NEXT_CONTROL_VAIUE
#de f ine _APS_NEXT_SYMEÐ_VALUE
#endif
#endif

I+J

32',777
l_013
i-0 l_
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D.2.4 Quaternion.h

/,/ Quaternion and Mattix math management system'
// Here Lies the fun math

void euaternionSlerp(float re1ativeTime,float spin,float *quatO,float *quatl,
float &xf, float &yf, floaÈ &zf, float csf);

voíd QuaternionToMatrix(float s, fJ-oat x, float y, fLoab z,
float *Matrix);

void QuaternionMuftiply(float *ql-, float *q2, float *qo);

void Matrixlnverse (float *Original, float *Inverse) ;

void MatrixToQuaternion (float *Matrix,
float &s, float &x, float &Y, float &z);

void MatrixMultiply(float *Matrixl, fl-oat *Matrix2, float *MatrixOut) ;

voÍd VecMatrixMultiply(floab *Vector, float *Matrix, float *VectorOut) ;

void MaÈrixCopy(float *Src, float *Dest);

void TransposeMaÈrix(float +'Src) ;

void. VectorcrossProduct(float *VecQ, fLoat *Vecl-, float *VecOut) ;

void VectorNormal-ize (float *Vector) ;

void ConvertAAtoQuat (float angle, float *axis, float *guat) ;

ftoat Ease( float t, f]-oat a, fLoat b) ;

void qexp ( float *q, float *dest ) ;

voíd qmul( float* 91, float* q2, float* dest );

void qlog ( float* q, float *dest ) ;

// Returns dot product of normil-ized quternions q7"q2
floab qdotunit( float* q1-, float* q2 );

void qnegate ( float *q ) ;

voíd qlndif ( floats* p, fl-oat* q, float *dest );

void qinv( float *q, float *dest );
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Ð"2.5 Quaternion.cpp

#i n¡'lrrda rtsf d:fv.þttf ¿r¡v ¿ sue

#incl-ude "Quaternion. h'
#inc1ude ", . /Compressor,lopcodes. h"
#include <math.h>

void. Ffoatswap(fIoat &f1, float &f2)
{

float temp = ¡1'

f2 = temp;
)

float sÈatic ínIine fsqrt (float a)

{
/* _asm

{
fld dword ptr [a]
fsqrt

]*/ float fval;
dÞttt

T
fld dword Ptr [a]
fsqrt
fstp dword Ptr [fval]

)
return fval-;

)

void euaternionSLerp(floaÈ rel-ativeTime,float spin,float *guat0,float *quatl,
fl-oat &xf, float &yf, float &zf, float &sf)

i
fLoat sclp, sc1q, omega, sinom;
xf = quarO [0] ;
yf = quato [1] ;
2f = quarO [2] ;
sf = quarO [3] ;
float cosom = guatO [0J * quatl [0J + quatO [lJ * guat1 [1] +

guatO [2J * quat]- [2] + guatO [3J * quatl [3] ;

/* fLoat aTpha = rel-atriveTime,k7,k2,angJe;

if (7.0f - fabsf (cosom) < EP1IL2N) {
kl-=7.0f-alpha;
k2 = afpha;

] else {
angTe = acosf (cosom);
sinom = sinf (angJe);
ç1^-r ---r^enjn - analê + qein*FLOAT PI;L!AaL Atr9lÇÐyLtr - øuJLv f èI

k7 = sinf (ang7e - alphaxangTeSpin) / sinom;
k2 = sínf (a7pha*angleSpin) / sinom;

]

xf = k7*quat] [0J * 1r2*quat7 [0] ;
yt = kl*quat} [1-] + k2*quat7 [7] ;

D-113



Appendix D: Source Code

zf = k7*quat) [21 + k2*quatl [2] ;
sf = k7*quat1[3] + k2*quatL[3];*/

if ( (1.0f+cosom) >EPSILON)
I

if ( (1.0f - cosom) > EPSILON)

1

omega = acosf (cosom) ;
sinom = sinf (omega) ;
float angleSpin = omega + spin*FLOAT_PI;
sclp = sinf( omega - relativeTime*angleSpin) / sinom;
sclq = sinf ( rel-atíveTime * angleSpin) ,/ sinom;

)
elee
t

sclp = l-.0f - refativeTime;
sclq = relativeTime;

ì
xf = scfp*guatO [01 + sclq*quatl [0] ;
yf = sclp*quaÈO [1J + sclq*guat1 [1] ;
zf = scfp*quatO [2J + sclq*quat1 [2] ;
sf = sclp*quatO [3J + sclq*quat1 [3] ;

ì
etÊre
t

xf = -quatO []-l ; yf = guatO [0J ;
zf = -quatO [3] ; sf = guauO [2J ;
sclp = sinf( (1.0f - relativeTime)*FLOAT-HALFPI );
sclq = sinf( relaÈiveTime * FLOAT_}IALFPÏ );
xf = scfp*guatO [0J + sclq * xf;
yf = sclp*guatO [lJ + sclq * yf;
zf = sclpr.quatQ [2J + scJ-q * zf ì

.I

]

void QuaternionToMatrix(float s, floaÈ x, float y, f.Loab z,
fLoat *Matrix)

I

fl-oat xsq, ysq, zsq,xy,xz,xw, yz, W, zw ì
xsq=2.Of * x*x; ysq=2.0f *Y*y; zsq=2.0f *z*z;
xy=2.0f *x*y; xz=2.0f *xxz; xw=2-of *x*s;
yz=2.0f *y*z; Yw=2.0f *y*s; zvt=2.0f *z*s;

Matrix[O] = l-.0f - ysq - zsq;
Matrix[4] = xy - zwì // was 7

Matrix[8] = xz + Wì// was 2
Matrix[]-l =xy+zv¡;
Matrix [5] = 1.0f - xsq - zsq;
Matrix[9] =yz-xwi
Matrix[2] =xz-Ywì
Matrix[6] -yz+xv¡ì
Matrix[10]= 1.0f - xsq - ysq;

// bottom Líne, and righthand Line
Matrix [3] = Matrix [7] = Matrix [11] = Matrix [12] = Matrix []-31

Matrix[14] = o.of;
Matrix [15] = L.0f;
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]

void
{

QuaternionMuftiply(float *q1, float *q2, float *qo)

/*

l

void MatrixToQuaternion (float *Matrix,
float &s, float &x, float &Y, float &z)

{
float trace; // diagonal of matrix
Lrace = Matrix[0] + Matrix[5] + Matrix[10];
if (trace > 0.0f)
t

trace = fsqrt(trace + 1.0f);
float invtrace = 0.5f / tîaceì
s=0.5f*trace;
x - (Matrix [9] - Matrix [7] ) "'invtrace;(Matrix [2] - Matrix [8] ) *invtrace,'
z - (Matrix[4] - Matrix[1] )*invtrace;

i
e-1se

zntr J-,JtKi

it (Matrix[S] > Matrix[0]) i = 7;
it (Matrix[70] > lulatrix[a*i+i]) i = 2;
j=(i+1)&3;k=(j+1)23;
trace = fsqrt ( (Matrix [a* i+i] - (Matrix ¡i *a+j ] + Mattix [k*a+k] ) )

+ r.uÍ);
l'v/

j'
void MatrixMult.iply(float *Matrix1, float *Matrix2, fLoat *MatrixOut)

/-/ Matrices are assumed to be 4x4 structures
T

int i, j;
f loat *Ml- = Matrixl , *M2, *MO = MatrixOut,'
for(i=O; i<4; i++)
I

M2 = Matrix2;
tor(j=0;j.4;j++)

{
MatrixOut til tjl = MatrixT

IvlatrixT til t1l
MatrixT til t2l
ruratrixl til t3l
* *(M2) + *

(M1+2) * * (M2+8)

,/ / mtrlf inl ics fwn ntaf arnir¡ns an.d
/ / tttslçLL/L¿e Yqøev!¡¡4v

qo [0J = q1[31*q2 [0] + q]- [0J *q2 [31
qo [1] = q]- [3J 'tq2 [1] - qr- [01 *q212]
qol2l = q1[3J *q2l2J + q]- [0] *q2 [1]
qo [3J = qr- i3J *q2 [3] - qr- [0J *q2 [0]

returns the vafue
+ ql- []-J *q2l2l - q1-

+ q1[]-l *q2 [3] + q1
- q1 []-1 *q2 [0] + ql
- ql[lJ *q2 [1J - q1-

tn Qo
¡2lxq2lI1;
¡21 *q2 [0J ;
¡2lxq213) i
¡2lxq2l2J;

til tol * Matrix2 t0l tjl
* Matrix2 tll tjl +
* ruratrix2 t2l tjl +
* tqatrix2[3] tjl;"/

(M1+l-) * *(M2+4) +

+ * (M1+3) * r. (M2+I2) ;

/*

* (MO++)

M2++;
)
M]-+=A;

_ * (M1)
*
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)

voíd VecMatrixMul-tipJ-y(float *Vector, fl-oat *Matrix, float *VectorOut)

// multipfies a 4 part vector by a matrix [4xa]
I

float *V = VecLor, *M = Matrix, *VO = VectorOut;
for(ínt i = 0¡ í < 4; i++)

*(VO++) = 't(M+i) * *(V) + *(M+i+4¡ * *(V+1) +
*(M+i+B¡ * *(V+2) + *(M+i+12) * *(V+3);

)

void MatrixCopy(float *Src, float *Dest)

I
float *ML = Src, *M2 = Dest,'

lot (int i=0 ;i<!6;i+=4)
t *(M2 ) = *(M1 )¡

'k (M2+1) = * (M1+1) ;
r, (M2+2) = * (M1+2) ;
*(M2+3) = *(M1+3);
M1+=4; M2+=4;

ì

J

void Matrixlnverse (float *Original, float *Inverse)
// Cafcul-ates the inverse for the given matrix using Guass 'Jordan efimination
// speciaTized for a 4x4 mattix

f loat dupe tl-61 ;
f or (int i=0 ; i<a6,' i++ )

dupe [iJ = originat [i] ;

4nt- ìnir¡[4' r^ ^l---- ----.-l = turutu,vÌì
int indxc [4], indxr [4], irow, icol-;

float big, fpivinv;

for (i=0;i<4;i++)
{

big = 0.0f;
for (int j =0 ¡j<4; j ++)

íf (ipivljl != l-)
for (int k=0;k<4;k++)
{

if (ipiv [kJ == 0 )

{
if (fabsf (duPe ¡¡ *++kl ) >= big)
{

l''in - fa].rcf rdupe[j*A+t])t
;;:,-=-l;"-'
icoL = k;

)
)
elee if (ipiv [kJ > ]-) return;

)
++ (ipiv Iicol] ) ;
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if (irow t= icof)
lot (int 1=0; l-<4;1++)
t

FloatSwap (dupe Iirow*4+l] , dupe Iicol*4+]-l ) ;
FloatSwap (Inverse Iirow*4+]-l , Tnverse Iico]-*4+11 ) ;

)

indxr [i] = irow,'
indxc [i] = icol;
fpivinv = 1.0f / dupelicol*4+icoll;
duPe Iico1¡'4+ico]-l = 1. 0f ;
f or (int 1=0 ; l-<4 ; 1++ )

{
dupe Iicol*4+1] *= fpivinv;
fnverse Iico]-*4+l-l *= fpivinv;

Ì
for (j=0;j <4;j++l

if (j r =icot)
t

float temp = dupelj*4+icol-l;
auPeIj*4+ico]-l = 0.0f;
fot (1=0; f<4;1++)
t

aupe I j *4+f ] -= dupe Iico]-*4+l-l * temp;
f¡rrarcoIi*r''+]l -: fnverSeIiCOf*4+1] * temp;

ì
ì

I
io- (int j=3;j>=0;j--)
I
t

íf (indxrljl t= indxcljl)
Éor (int k=0;k<4;k++)

FloatSwap (dupe [k*4+indxr tj ] L dupe [k*4+indxc tj ] I ) ;
i

ìt

void TransposeMatrix(fLoat *Src)

FLoatswap (Src t1l , src [4] ) ;
FloatSwap (Src [2] , src [8] ) ;
FloatSwap (Src [3] ,SrelL2l) ;
FloatSwap (Src [6] , Src [9] ) ;
t,-LOaESWap (:irc [ /l, 5rC Ir5l / ;
FloatSwap (Src [11] , Src [14] ) ;

)

void VectorCrossProduct(fLoat *Vec0, fJ.oat *Vecl-, float *VecOut)

Vecout IO] = VecO [1] *Vec1 [2] - VecO [2] *Vec1 [1] ;
VecOut [1] = VecO [2] *Vec1 [0] - VecO [0] *Vec1 [2] ;

) 
U".Out [2] = VecO [0] *Vec1[1] - VecO []-l *Vecl- [0] ;

void VectorNormal-ize (float *Vector)
t

float sum = *(Vector) * *(Vector) + *(Vector+1) * *(Vector+l) +
* (Vector+2) * * (Vector+2) ;

fLoat facLor = 1.of / fsqrL (sum);

D-111



Appendix D: Source Code

* (Vector ) *=factor;
* (Vector+1) *=factor;

) 
* (Vector+2) *=factor;

void ConvertAAtoQuat(ftoat angle, ftoat *axis, float *quat)
t

quat [0] = axis [0] * sinf (angle*0. Sf) ;
quat [1] = axis [1] * sinf (angle*0.5f) ;
quat [2J = axis [2] * sinf (ang]e*0.5f) ;

) 
Suat t3l = cosf (angle*O. Sf) ;

fl-oat Ease( float t, floab a, float b)
t
// page 355 of Watt &. Watt outLines this as speed controL

float k,'
fLoat s = a+b;

if (s == 0.0f) return t;
if (s > 1.0f) {

a = a/s;
ì 

b =b/s;

r = r .or/ Q.0f -a-b) ;
if (t < a) return ( (k/a) *t*t) ;
elee {

if (r < 1.0f -b) t
return (k* (2,kt - a) );

i e3.ee i

return (1.0f- (k/b) *t.*t) '
I

I

)

void qexp( float *q, float *dest ) // CaTcufate quaternion's exponent.
t

float d, d1;
d = sqrtf ( *(S) * *(q) + *(g+1)* *(q+1) + *(q+2)* *(q+2) );
if (d > 0.0f ) dl = sinf (d) /d; else d1 = l-.0f ;
dest [3] = cosf (d) ;
dest [0] = q [0] *d1;
desr [1] = q[1_J *d1;

, 
dest [2J = q[2] *d1;

// Calcul-ates quaternion product dest = Ç1 * q2'
void qmul( float* q1, float* q2, float* dest )

t
dest[o] = q1 t3J *q2 [3] - qlIoJ *q2 [0] - ql-[1] *q2 [1] - qLl21*q2l2l ;

dest [1] = ql[3J "q2 [o] + ql[0J *q2 [3] + q1[11 *q2121 - q]- [2J *q2 [1] ;
desÈ[2] = ql[3]*q2[1J + q1[1]*q2[3] + q1[2J*q2[0] - ql-[0J *q212] ;

. dest [3] = ql- [3J *q212] + ql[2] +.q2 [31 + q]- [01*q2 [1] - ql- [11"q2 [0] ;

l

// neturns dot product of normil-ized quternions q7*q2
f loat qdoLunit ( f loat* ql-, f l-oat* q2 )
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{
return ql tOl *q2 [o] + q1[]-l *q2 [1] + ql- [2] *q2l2l + ql[3] *q2[3] ì

)

float qmod( float* q ) // Returns moduL of quaterníon
{

float d;
d = sgrtf (S[0] *q[0] + q[1] *q[1] + q[2] *q[2J + q[3]*q[3] );
if (d == 0) d = 1 ì // for some case.
return d;

)

void qnegate ( float *q ) // Negates q;
{

fLoat d;
d = 1.of /qmod(q) ;
S t3l *= d,'
s iol *= -d;
s l1l *= -d;
S,l2l *= -d;

)

void qinv( float *q, float *dest ) // MuTtiplicative invetse of q.
{

float d;
d = 9[0] *s[0] + q[1J *q[1J + s[2] *q[2] + q[3] *q[3] ;
if (d != 0.0f) d = 1.jf/d; el-ee d = l-.0f;
dest[3] = q[3J* d;
dest [0] = -q [0] * d;
dest [1] = -q[lJ * d;
desr [2] = -q[2]* d;

i

void qlog( float* q, float *dest ) // CalcuJ-ate quaternion's l-ogarithm.
{

float d;
d = sgrtf ( StOl*q[o] + q[1]*q[1] + ql2l*q[2] );
if (S I3l l= 0.0) d = atanf (d/S t3l ) ; eLse d = FLOAT-PI*0.5f;
dest[3] = 0.0;
dest [0] = q [0J *d;
dest [1] = q [1J *d;
dest [2] = q[2J *d;

)

// Cal-cuJate Togarithm of the reJ-ative rotation from p to q
void qlndif ( fLoaÈ* p, float* q, float *dest )

{
f loat inv [a] , dif [4] ;
floab d,d1;
float s;

qinv( p,inv ),' // inv = -p;
QuaternionMultiply ( inv, q, dif ) ;

// dir = -P*q

d = sqrtf ( dif [0] *dif [0] + dif [1] *dif [1] + dif [2] *dif [2] ) ¡

s = p[0] "s[0] + p[1]*q[1] + p[2]*q[2J + p[3]*q[3J;
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íf (s != O.Of) d1 = atanf (d/s),' else d1 = FLOAT-PI*0.5f;
if (d r= o.of) dt /= ¿.

dest[3] = 0;

dest [0] = dif [0] *d1;
dest [1] = dif [1] *dl;
dest [2] = dif [2] *d1;
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D.2.6 Texture.h

// Texture.h: interface for the CTexture cLass.

//////////////////////////////////////////////////////////////////////

#if ldef ined (AFX_TEXTURE_H_8ÐBA47E1_40 9A_11D3_9 016_0 0AA0 OB9C442 _INCLUDED_)
#define AFX_TEXTURE_H_8DBA47E1_4094_11Ð3_9016_00440089C442_INCLIIDED_

+if _Msc_vER > t-000
#pragma once
#endif // _MSC_VER > 7000

#include " . . fCompressor,/Opcodes.h"

cl-aeE CÎexture
I

iublic:
floab fShininess;
f loat SpecularCol-or [4] ;
BOOL bTexturelnUse;
unsigned int iTextureBindNum,'
BOOL bTextureUnbound,'
unsígned char * MipMaps [MAXTEXTUREPOWER+1] ;
int iCurrentMiplevel,'
float fTextureMax,'
fl-oat fTextureMin;
int iTextureTransformTlpe ;
CTexture *next,'
DumpMipMap (char *filename, unsigned ínt power) ;

SeLTextureType(int tyt¡e, float min, float max),'
l-'Favl- rrra I ì .
vrvJù99¡v \, ,

virtual -CTexture O ;
l.

#endif //
!defined(AFX TEXTURE H BDBA47EL AO9A 71D3 9076 00AA0089C442 INCLWED-)
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D.2.7 Texture.cpp

// Tcvfttrp îrin. imnlpmênfa|.inn af the CTextufe cLass.//-."Fy

//////////////////////////////////////////////////////////////////////

#include "stdafx.h"
#include "decompressor. hrt
#include rrTexLure . hrr

#ifdef _DEBUG
fiunoeE IHI!' t J_Lts;

AEaE,tC Cnar .l.tlt:;_t.JJJtl I t =_!.J!!i_:
#define new DEBUG NEW

#endif

//////////////////////////////////////////////////////////////////////
/ / Cons,rrttr:f i on /Destruction

/ / 4vv1v1¿/

//////////////////////////////////////////////////////////////////////

CTexture: : CTexture o

bTextureïnUse = FALSE;
iText.ureTransformType = TEXTYPE_NONE;
iCurrentMiplevel = MTNTEXTUREPOWER;
f or (int i=0,'i<MAXTEXTUREPOV'IER+1,. i++)

MiPMaPs [i] = NULL,'
Þlextrll.reunoouncl' = 'Il(Utsi i
LlexErl.feijl-n(lNüm = NUI¡l¡i
fShininess = 5.0f;
SpecularColor [0] = 1. 0f;
SpecularColor [1] = 1. 0f ,'

SpecularColor [2] = 1.0f;
SpecularCo]or[3] = 0.5f;
next = NULL;

)

CTextu.re : : -CTexture ( )

t
for (int i=0; i<MAXTEXTUREPOIVER+1;i++)

if (MipMaps IiJ )

del-ete [] laipMaps IiJ ;
)

CTexture: :SetTextureTlæe(int type, float min, float max)
t

ÍTextureTransformType = TEXTYPE }IAAR,.
fTextureMin = min;

) 
tt"xLureMax = max;

CTexLure: :DumpMipMap (char *filename, uneigmed int power)
t

t _LLE x f OuE ,-

if ( (fout = fopen(f ilename, "wb")) == NIILL¡
t

fprintf (stderr, I'CannoL open output f ile. \n") ;
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., t"aurn 0,'

uneigned char *D = MipMaps lpower] ;
uneigned int size = 1;
for (unsigned int count=O;count<power,'count++) size*=2 ¡

for (unsigrned int y=g ;ycsize;y++)
for (unsigned int x=0,'xcsize;x++)

f or (unsigmed int c=0; c<3 ,'c++ )

fputc (* (D++) , fouE) ;
ff]ush(fout);
fclose (fout) ;
ra{-rrrn fì.
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D.2.8 Logger.h

# i f ! def ined (AFX_LOGGER_H_7 F0 C 9 3 0 9_6D3 C_l- i-D3_8 FF2_0 0AA0 089 C4 42 _INCLUDED_)
#de f ine AFX_LOGGER_H_7 F0 C 9 3 0 9_6D3 C_1 1D3_8 FF2_0 0AA0 0B 9C4 4 2_TNCLUDEÐ_

#Íf _MSC_VER > l-000
#pragma once
#endif // _MSC_üER > 1000
// T,nn¡er h - header fife//

#ínclude 'r resource . htr

/////////////////////////////////////////////////////////////////////////////
// /-f,nnnør Åia1r/ / --*-Jg
claas Clogger : public CDialog

)/ construction
publ-ic:

BOOL Create O ;
õr ^-^^- I õïv!v:rvç! r-,Jnd* pParent = NULL) ; // standard construcEor
CWnd* m3Parent;
r-nE m nru,'

/ / DJ_aJ-Og uaEa
/ / { { erx_nerA ( cLogger )
enrur { rDD = rDD_LocüIrNDow };

// ¡vOrn: the Cl-asstqlizard wil-J- add data members here
// ] ]arx_pare

// overrides
// CLasstlizard generated virtuaf function overrides
// { {arx_vtRTUAL (cLogger)
protected:
virtual void DoDataExchange (CDataExchange* PDX) ; // DDX/DDV support
/ / ] ]erx_vtRruAL

/ / Tmnl emenr.af i on
proteãted,

// Generated message map functions
// { {erx_trsG (cLogger)

// NOTE: the CfassWizard wiff add member functions hete
//]]arx uso/ | J J"-"-"-

. DECI,ARE_MESSAGE-MAP 0
Jr

/ / t { zFx r'vstrp.T r,or-arrowJ I/ / L L'--
// Microsoft VisuaL C++ wiTl- insert additionaf decl-arations immediateTy
hef ore f.he nrcwíous l-ine.

#endif //
!def ined (AFK_LOGGER_H_7F0C93 09_6D3C_77D3_8FF2_00AA0089C442_INCLWED_)
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D.2.9 Logger.cpp

// togger.cpp : implementation fil-e
// fhis aLl-ows us to Jog data to a dial_og window

#incLude "stdafx.hil
#incl-ude rrdecompressor. hrt
#include'tlogger.h"

#ifdef _DEBUG
#defíne new DEBUG_NEIV

#undef THIS_FILF
etatic char THIS FILE [] = FILE ;
#endif

/////////////////////////////////////////////////////////////////////////////
// CLogger diaTog

Clogger: :Clogger (CWnd* pParent /*=MJLL*/)
CDialog (Clogger: : fDD, pParent)

1

¡/ { {arx_oeTA_rvrr (cLogger)
// N?TE: the Cl-assWizard wiTL add member initiaLization here

// ) ]arx_narA_rvrr
m3Parent = pParent,-

) 
*_rID = Clogger::IDD;

void Clogger : : DoDataExchange (CDataExchange* pDX)
t

CDialog: :DoDataExchange (pDX) ;
// { {arx_oerA_MAp (cLogger)

// NOTE: the Cl-assWizard wil_L add DDX and. DDV cafLs here
//]]epx DATA MAP

l

BEG]N MESSAGE MAP (Clogger, CDialog)
/ / | I AFX_MSG_MAP ( CLogger )

// NOTE: the Cl-assllizard wil-l- add messaqe map macros here
// ] ]erx_usc_MAP

ENÐ_MESSAGE_MAP 0

/////////////////////////////////////////////////////////////////////////////
// îT^-^^ L-*J?^-^^/ / wuvYycL ¡¡¡çÞÞayE trdrtutcL i;

BOOL Clogger: :Create o

, 
r"turn CDial-og: :Create(m_nID, m3parent) ;
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D.2.10 GetUrl.h

#if !defined(AFX_GETURL_H_44F36359_C3EB_11D1_87F8_00.A.A0089C442_INCLUDED_)
#de f íne AFX_GETURL_H_44 F3 6 3 5 9_C3 EB_l 1 D 1_8 7 F 8_0 0AA0 0 B 9 C4 42 _INCLUDED_

#if _MSC_VER >= 1000
#praguna once
*endíf // _MSC_uER >= 7000
// GetUr].h : header fife

/////////////////////////////////////////////////////////////////////////////
// CGetUrJ diaTog - retrieves an url- from a user

class CGetUrl : public CDialog

)/ construction
public:

CGetUrl (Cvtnd* pParent = NULL) ; // standard constructor

/ / uJ_arog uaEa
/ /{ {arx DATA(cGeturf)/ / L 1""'-u'¿

enun { rDD = IDD_GETURL };
Cstring m_UrlName;
/ / ] ]asx_oera

/,/ Overrides
// CLassWizard generated virtual- function overrides
// { {nrx_vtRTuAr' (cGeturl-)
protected:
virtual void DoDaLaExchange (CDataExchanger. pDX) ; // DDX/DDV support
// ] ]erx_vrRruAL

/ / Tmnl emenfat.i o4//
protected:

/,/ Generated message map functions
/ / { {arx_usG (cGeturt )

// N)TE: the CLassWizard wil-l- add member functions here
/tJJapx uso
' 

/ J J"'"_''v

. DECI,ARE_MESSAGE_MAP O
t.

/ / [ [ar¡v r^rctrp? r.nr-arrnml ]// LL"¿

// Microsoft Devel-oper Studio wil-L insert additionaJ. decLarations immediately
bef ore the previous l-ine.

#endif //
!defined(AFX GETURL H A4F36359 C3EB 77D7 87FB 00AA0089C442 INCLWED )
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D.2.lI GetUrl.cpp

// ãatrlrl lnn . imnTFñFnfâfinn fife/ / L . vÌlta

#include " stdafx. h'r
#include rrDecompressor. hrl
#include "GeLUrl.h"

#ifdef _DEBUG
#define new DEBUG NEW

#undef THIS_FILE
etatic char THIS FILE [] = FILE ,

#endif

/////////////////////////////////////////////////////////////////////////////
/ / r-r:crrtrl åi al a/ / - *----rs

CGetUrl : : CGetUrl- (Cwnd* pParent /*=NUI'L* /)
I, 

CDialog(CGetUrl-: :IDD, PParent)

// { {AFX_DATA_rNI? (cGeturl)
m ur]Name - T(ttrt¡'

t 
/7 ] ]arx-nere- rwrr

void CGetUrl : : DoDataExchange ( CDataExchange * pDX )

I
CDialog: :DoDataExchange (PDX) ;
//{ {erx DATA MAP(cGeturf)/ / L L4 '¿ "-Ù1'

DDX_Text (pÐX, TDC_EDITI, m_UrlName) ;
//Ilapx DATA MAP/ / J )"'1'-P1

]

BEGIN MESSAGE MAP(CGetUrl, CDialog)
- // { {aex-use-MAP (cGeturr)

// N?TE: the Cl-assWizard wiff add message map macros hete
//J ]erx-usc-MAP

END_MESSAGE_MAP (,

/////////////////////////////////////////////////////////////////////////////
/ / rr:çrrlr7 meqq¡ -^ L^^)1^--

!/ - ...---Jyç llattuleLÞ
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D.2.12 GetDownloadSpeed.h

#if
ldefined(AFX GETDO!ùNLOADSPEED H 97EBBCA3 F9EE 11D3 909C 00AAOOB9C442 INCLUÐE
D_)
*define
AFX_GETDO!ÍNLOADSPEED_H_97EBBCA3_F9EE_l-1D3_9 0 9C_0 0AA0 089C442 _TNCLUDED_

#if _Msc_vER > 1000
#pragma once
*endif // _MSC_VER > L000
// GetDownToadSpeed.h : header fiLe

/////////////////////////////////////////////////////////////////////////////
// CGetDownToadspeed diaTog

claee CGetDownl-oadspeed : publÍc CDialog
t
// Construction
public:

ínt iSpeedSelector;
CGeLDownloadSpeed(CWnd* pParent = NULL) , // standard constructor

/ / ulølvg uaLa

/ / { { erx_nerA ( cGe tDown 7 oadsp e e d )
enuur { rDD = IDD_sPEEÐ };

// NOTE: the Cfasswizard wil-l- add data members here
//J ]AFK_DATA

,/,/ overrides
// Cl-asswizard generated virtual- funetion overrides
/ / { { erx_wnruAL ( cG e t DownT oadsp e e d )
protected:
virtual void DoDataExchange (CÐataExchange* PDX) ; // DDX/DDV support
// ] ]nrx_vrRruAL

/ / rmnl amanfaf i nn//
protected:

,// Generated message map functions
// { {atx_usG (cGetDownToadspeed)
afx_msg void onRadiol O ;
afx_msg void OnRadio2 O;
afx_msg void OnRadio3 O;
afx_msg void OnRadioa O ;
afx_msg void OnRadios O ;
virtual BOOL OnTnitDialog(l ;
/ / ] ]esx_rqsc

. DECLARE_MESSAGE_MAP0

/ /{ [z¡.v T^Iqtrpt- 7 nnnmrnml 7/ / I Lñ!'^_r¡v!!¡\¿_!uuHllv!\J /
#endíf //
! def ined (AFX_GETDOVINLOADSPEED_H_?7EBBCA3_F9EF,_77D3_90 9C_00AA0089C442_INCLWE
n)
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D.2.13 GetDownloadSpeed.cpp

// GetDownToadspeed. cpp : impTementation fife

#inc1ude "stdafx.h"
#incl-ude t'deccmpressor . hrt

#Ínclude I'GetDov;nloadSpeed. h"
#include r' . .,/Compressor./Opcodes.h'

#ifdef _DEBUG
#define new DEBUG NEW

#undef THIS_FILE
SEaEaC Cnar 'lltJ-5 t'1!!j Ll = ¡-L!ai ì
#endif

/////////////////////////////////////////////////////////////////////////////
// ceetoownToadspeed dialog

CGet,DownloadSpeed: :CGetDownloadspeed(ClVnd* pParent /,+=NULL* /)
CDialog (CGeLDownloadSpeed: : IÐÐ, pParent )

I

/ / { { AFI_DATA_IN I T ( CGe tDown f o adSp e ed )

// wofs' the Cfass\lizard wilL add member initiaJization here
//T}apx DATA TNTTI t ) J1""_*'¿

iSpeedSelector = SPEED 288;
)

void CGetDownl-oadSpeed: :DoDataExchange (CDataExchange* pDX)

{
CDialog: :DoDaLaExchange (pDX) ;

/ / { { epx_nerA_MAP ( cGetDownl- oadspeed)
// NOTE: the Cl-asslnlizard wiLL add DDX and DDV cafl-s here

- //) ]arx_nare_uee
l

BEGIN MESSAGE MAP (CcetDownloadSpeed, CDial-og)
/ / | | AFK_MSG_MAP ( CGe LDown 7 oadSp e e d )
ON_BN_CLICKED (IÐC_R.ADÏOI , OnRadiol- )

ON_BN_CLICKEÐ ( IDC_RADIO2 , OnRadio2 )

oN_BN_CLICKED ( ÏDC_RADIO3 , OnRadio3 )

ON_BN_CLICKED ( ÏDC_RADIO4 , OnRadio4 )

ON BN CLICKED(IDC RADIOS, OnRadio5)
//i ]AFX-MSG-MAP

END_MESSAGE_MAP 0

/////////////////////////////////////////////////////////////////////////////
// CGetDownJoadspeed message handfers

BOOL CGetDownl-oadSpeed: : OnInitDialog ( )

ì.

CDialog: :onÏnitDialog ( ) ;

CButton* pCRBI = (CButtonr.) GetDlgltem(IDC RADIO1);
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CButton* pCRB2 = (CButton*) GetDlgltem(IDC_R-ADIO2) ;
CButton* pCRB3 = (CButton*) GetDlgItem(IDC_RÀ,DrO3) ;
CButton* pCRB4 = (CButton*) GetDlgItem(IDC_RADIOA) ¡

CButton* pCRB5 = (Ceutton*) GetDfgltem(IDC_RADrOS) ;

switch (iSpeedSelector)

case SPEED_288 z

pCRBJ- - >SetCheck (l- ) ;
break,'

case SPEED_S6k:
pCRB2 - >SetCheck ( 1 ) ;
break;

case SPEED_ISDN:
pCRB3 - >SetCheck ( 1 ) ;
break;

case SPEED_ADSI,:
pCRB4->SetCheck (1) ;
break;

case SPEED_T1:
pCRB5 - >SetCheck ( 1 ) ;
break;

]

return TRUE,. // return TR|IE unfess you set the focus to a controL
// FYr-FÐt,r^^T: OCX ProperLy Pages shouLd return FALSE

)

void CGetDownloadSpeed: :OnRadiol- ( )

t
iSpeedSelector = SPEED_288;

)

void CGetDownloadSpeed: :OnRadio2 o
t

) 
ttneedsel-ector = SPEED_56k;

void CGetDownl-oadSpeed: :OnRadio3 o
It
- iSpeedSeLector = SPEED_ISDN;
¡

void CGetDownloadSÞeed : : OnRadio4 ( )

i.qnêê.tsêlector = SPEED ADSL;
i

void CGetÐownloadSpeed: :OnRadio5 o
{

- iSpeedSefector = SPEED_TI;
I
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D.2.I4 Dialoglog.h

#if I def ined (AFX_DIALoGLOG_H_7FOC93 0A_6D3C_11D3_8FF2_0 0AA0 089c442_TNCLUDED_)
#define AFX_ÐIAIOGLOG_H_7FOC930A_6D3C_l-1D3_8FF2-00AAOOB9C442-INCLUDED-

#if _MSc_vER > l-000
#pragma once
#endif // _MSC_üER > 7000
// DiaLogLog.h : header f il-e

/////////////////////////////////////////////////////////////////////////////
// CDialogLog dialog - this shows the actuaT 7og window

clase CDialoglog : public CÐialog

)/ con"ttuction
publíc:

C]ear ( ) ;
Log(ehar *t.ext);
BOOL Create O ;
cDialoglog(CWnd* pParent = NULL) ì // standard constructot
CWnd* m3Parent;
int m_nIÐ;

// DiaTog Data
/ / { {erx_oerA (cDialogLoi )
enrur { tDD = TDD_DTALoGTEST i;
float m_fps;
long m_fsize;
ínt m3o1Ys;
int m_verts;
// ] ]nrx_nara

,/,/ Overrides
// ClassVizard generated vírtuaf functíon overrides
// { {erx_vtRTUAI' (CDial-ogLog)
protected:
virtual void DoDataExchange (CDataExchange* pÐX) ; // DDK/DDV support
/ / ] )erx_vtRruAL

// Tmnlemcnfefi4¡//
protected:

// Generated message map functions
/ / { { apx_t¿tsG ( cD i alogLog )
virtual BOOL onlnitDialog ( ) ;
/ / ] ]aPx_¡'tsc

. DECT,ARE_MESSAGE-MAP O

JI

t t ( l ¡ nv rn7ôñDD t.nfaf Tn¡lJ J,/ / I ÍAr^_!lvò¿,Kr_lvtn
#endif //
! def ined (AFX_DIALOGLOG_H_7F0Cg3 OA_6D3C_77D3*BFF2-0 0AA0089C442-INCI'WEÐ*)
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D.2.15 Dialoglog.cpp

t1i =1 anr.aa ¡nn i mnl pmenf.ati on f ileuLaLvSuvJ. çLrt'

#include I'stdafx. h"
#include rrcteccmPressor. h!l
#include t'Dia1ogÏ.og. h"
#include r' . . /Compressor/Opccdes -lt"

#ifdef _DEBUG
#define new DEBUG_NEV'I

#undef THIS_FILE
etatic char THTS FILE [] = FILE ì

#endíf

/////////////////////////////////////////////////////////////////////////////
// CDialogLog diaTog

CDialoglog: : CDialoglog (CVünd* pParent /*=NULL*/)
CDialog (CDialogf,og: : IDD, PParent)

I
/ / { { erx_oeTA_ruru ( cD i aJ ogLog )

m_fps = 0.0f;
m_fsize = 0;
m¡>o1Ys = 0;
m verts = 0;
/7 ] ]erx_ner+_rurr
m nD¡ranl- = np:rêrìi- :

) 
*_tID = CDialoglog::IDÐ;

void CDialoglog : :DoDataExchange (CDataExchange* pDX)

t
CDialog: :DoDataExchange (PÐX) ;

// { {enx_oerA_MAP (cDiaLogLog)
ÐDX_Text (PDX, IDC-FPS, m-fPs) ,'

DÐX_Text (PDX, TDC-FSfZE, m-fsize) ;

ÐÐX-Text (PDX, TDC-POLYS, m3o1Ys) ;

DDX_Text (PDX, IDC-VERTS, m-verts) ;

. //] ]erx_nere_uee
I

BEGIN_MESSAGE-MAP ( CDialoglog, CDialog )

/ / { { arx_tvtsc_MAP ( cD i a7 ogLog )

// ] ]erx_usG_MAP
END_MESSAGE_MAP O

/////////////////////////////////////////////////////////////////////////////
/ / õñ: -1^aT ^ã ñâecaõø hanrf l erc/ / wuldLUgDVS ItLÇÞÞaYç

BOOL CDialoglog: :Create o

return CÐialog: :CreaÈe (m-nID, m3Parent),'
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)

CDialoglog: :Log (char *text)
t
#ifndef DO_NOT_LOG

CString cs (text) ,'

CRichEdirCtrl- * pCEOutput = (CRichEdit.Ctrf*) GetDlgItem(IDC-EÐITTEXT) ;

int endc = pCEOutput->GetWindowTextlengthO ;

pCEoutput->SetSel (endc, endc) ;
pcEOutput - >RePlaceSef ( cs ) ;
pCEOutput - >LineScroll ( 1 ) ;

#endíf

BOOL CÐialoglog: :OnInitÐiatog ()

t
CDialog: :OnInitDialog ( ) ;
return TRUE;

)

CDialoglog : : Clear o
I

CString cs("");
CRichgdirCtr1 * pCEOutput = (CRichEditctrl*) GetDl-gItem(IDC-EDITTEXT) ;

int endc = pCEoutput->GetüiindowTextlengthO ;
pCEOutPut->SetSe] (0, -1) ;
pCEOutput - >RePlaceSel (cs) ;
pCEOutPut - >Clear ( ) ;

] "tdq = pCEOutput->GetÌVindowTextlengthO ;
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D.2"16 Animation.h

// rnis fiLe defines al.l. of the animation database subsystems
// Fnr l-ha nrn-ic¡f inrlttrfinõ qfrltcfttraq for nl:,t^--^ rJ-LÊ-

/ / LVL Ç!!e PLvJvvvt '-JÇÇuÞr !LJt!çÞ/

// and cameras.

#if ! def ined (ANIMATION_HEÄDER)

#def ine ANIMATION HEADER

#include <91\91.h>
#include <91\g1u.h>
#include <91\g1aux.h>
#íncIude " . . \Conrpressor\opCodes . Ìt"
#include 'TexLure. hrl

cl-ass CKeyFrame
t
public:

float angleaxis [4] ;
float scale [3] ;
BOOL bChecked;
uKey!rame(/;
-CKeyFrame O ;
int Type;
float fTime;
int iTime;
float conÈinuity, tension, bias;
f l-oaÈ easeln, easeOut ,'

float inTan [4] , outTan [a] , pos [3J , rot [4] , ro11;
CKeyFrame* prev;
CKeyFrame* next;

t.
JI

cLass CVisualobject
// rhis class defines visibTe objects
I

iublic:
UpdateBoundaries (int From) ;
upaatenotl (float fTotal-Time) ;

SetOffset (float *offsetarray) ;
CaLculateTCBQuatDeriv(CXeyFrame *prev,CKeyFrame *curr,CKeyFrame *next);
void CheckCompleteO {bCompleted = 95¡ectCompleteO ; }
BOOL AddTexCoords (int Number, float floatarr [] ) ;
BOOL AddvertColors (int Number, unsigmed char coforl-ist t I ) ;
TextDumpFacelist (unsigirred int total-, int* il,ist) ;

BOOL AddNormals (float * NorrnArrary, int total) ;
BOOL AddTCBScaleKey(int frame, fJ.oat *sca1e, float tens, floab cont,

fl-oat bias, float easeln, fLoat easeout, float invTicksPerFrame),'
BOOL AddBezierScaleKey(int frame, float *scale, float *inTan, fLoat

*ouLTan, float invTicksPerFrame) ;
BOOL AddlinearScaleKey (int f rame, f loat x, f l-oat y, f loat z, f.LoaE

invTicksPerFrame) ;
uneigned int iDisplaylist;
BOOL bHasArrays;
SetScale(float x, fl-oat y, f.LoaE z) ;
AddBezierRollKey(int frame, float ro11, float invTPF) ;
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BOOL vfithinFustrum (float *BackTransform, f loat
GenerateverLexNormal s ( ) ;
Reset ( ) ;
CVisualObject* Target,'
SetOrientation (fIoat *quaternion) ;

SetPosition(fIoaÈ x, float y, float z) ,'

unsigned char sofidRed, solidGreen, sofidBfue;
BOOL bSol-idcolor;
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zNear, f l-oat. zFar) ;

AssignSolidcolor (uneigned char red, unsigned char green, uneigned char
bl-ue);

BOOL AddTCBRoLationKey(ínE frame, float *rot'
float tens, float cont, float bias, float easeln, float easeout,

floaÈ invTicksPerFrame) ;

BOOL AddTCBEnhRotationKey(int frame, short count'
float ang1e, float *axis, float tens, float conL, fl-oat bias,
float easeln, float easeout, float invTicksPerFrame);

BOOL AddLinearRotationKey(int frame, float *roL'
float invTicksPerFrame) ;

BOOL AddBezierRotationKey(int frame, float *rot'
float invTicksPerFrame) ;

BOOL AddTCBPositionKey(ínt frame, float *pos, float tens, float cont'
float bias, float easeln, ftoat easeouL,float invTicksPerFrame);

BOOL AddBezierPositionKey(int frame, float npos, float *inTan, float
*outTan,

float invTicksPerFrame)
BoOL AddlinearPosit ionKeY ( int

f loat invTicksPerFrame)
float MinX, MinY, l(inZ;
float MaxX, MaxY, MaxZ;
float GetMinXO {reburn MinX;
float GetMaxXO {return MaxX;
float GetMinYO {reÈurn MinY;
float GetMaxYO {return MaxY;
float GetMinZO {return MinZ¡

frame, float x, float Y, fLoaL z,

float GetMaxZO {return MaxZ;}
void SetMaxX(float f) {MaxX = f;
voíd SetMinX (fLoat f ) {lainx = f ;

void SetMaxY(fl-oat f) {MaxV = f ;
void SetMinY(fl-oat f) {uinV = f;
void. SetMaxZ(float f) {Maxz = f;
void SetMinz (f loaÈ f ) {l"tinz = t;
UpdateTransform ( float CurTime) ;

UpdateScale (float fTotalTime) ;

UpdateRotation (fl-oat fTotalTime)
UpdatePosition ( f loat fTotafTime)

CVisuafObj ect* ParentObj ect ;

BooL AddPatch(int *intlíst) ;

BOOL AddFaces (int Number, int facelist [] ) ;
BOOL Addvertices (int number, f loat f loatarr [] ) ,'

CVisual-Object (ínt VCount, int PCounÈ, int FCount)
CVisualobject O ;

virtual -CVisuafObject O ;

float *VertexArray;
// an array of xyz vafues for vertices
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floats *NormalArray;
// an array of normal- val-ues for the vertices

unsigined char *VerÈexColorArray;
// an array of vertex coJ-or indices that correspond to vertex numbers

int *PatchÀ,rray;
// an array of patches, each patch is a sub array of 76 val-ues
// tnat contain vertex numbers

int *FaceArray;
f l-oat *TexCoord-Array;

int Totaf Faces,'
int TotaLVertices;
int CurrentTotalVertices ;

inÈ CurrentTotalNormal-s ;

int CurrentTot.alColors ;

int CurrentTotal-Patches ;

int CurrentTotalFaces ;

int CurrentTotal-TexCoords ;
int TotafPatches;
float Transform[16];
f loat TimelastUpdated,'
// used for constructing the offset matrix, to adjust the pivot
ftoaÈ OffsetMatrix [16] ;

BOOL bCompleted;
// when bCompTeted is true, we know the object is compTeteJy defined
// because of this, we can then compile the poTygon information
// into vertex arrays. vertex arrays can speed up rendering by qtite
// a bit by removing the function cafL overhead from defining each
/,/ vertex

float ScfX, Sc1Y, ScLZ¡
float PosX, PosY, PosZ;
float OriW, OriX, OriY, OriZ;
f loat Rol-l-;

CKeyFrame* RotKeyframes,'
CKeyFrame* PosKeyframes,'
CKeyFrame* Rolf Keyf rames,'
lìTfar¡Fr¡ma* (a'ì J{or¡f rameq.!!gr!¡99,

CKeyFrame* CurrPosKeyframe;
CKeyFrame* CurrRotKeyframe;
CKeyFrame* CurrRollKeyframe,'
l-Ì{ê\¡E'râmê¡k (-rrrr-Çc'l Kcr¡fremr--*"'€i
CTexture* TextureMap;
CVisuafObject* next;

private:
BOOL ObjectComplete O ;ì.

)t

claes Clight : publíc CVisualObject

pu-blic:
clishr ( ) ;
virtual- -Clight O ;
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BOOL bEnabled; // is this Tight on?
float Color [4] ;
i n{. Trno .

floaÈ fSpotCutoff;
- float fSpotExponent,-
t,

cLass CCamera : publie CVisualObject.
t
public:

CCamera O ;
floaÈ fFieldOfView;
floaE fNearPlane;

- float fFarPlane;
t,

class CAnimation
// The animation database that controLs the entire animation
I
public:

f l-oat BackgroundColor [3] ;
Reset ( ) ,'

CTexture* FindTexture (ínt Num) ;
CTexture* addTexture O ;
CTexturer. Texturel.istHead ;
int iTargetX;
int iTargetY;
jJUUL l)¡jl-mple¡'naql_ng ;
int ÍSourceTPF;
int isourceFPS,.
unsigrred int MajorVersion;
unsigmed int MinorVersion;
BOOL bMaterialQualit.y;
BOOL bVertexNormals,-
BOOL bBeginningNewAnimation ;
CVisual-Object* Findobject (int Num) ;
CVisualObject* AddVisual-Object (int VCount, int PCount, int FCount) ;
CAnimationO;
vÍrtuaL -CAnimation O ;

r-nE KeaoyI ]-J_l_f rame ;
int FinalFrame,-
BOOL bTimeNotset;

CVisual-Obj ect* Obj ectl,istHead;
int TotalKeyFrames;

BOOL LightingEnabled;
clight Ambient,.
Clight Scenelights IGL_MAX_LIGHTS- 1] ;
ínt ilighLsInUse;

float FramessoFar;

CCamera SceneCamera;

DWORÐ OldTime;
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ÐWORD CurTime;
DWORÐ StartTime;

ì
t,

#endif
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D.2.17 Animation.cpp

///////// //// // ///// / / / / // / / / /// / // // / //// / / //////
,/ / A^.'--Ê.'

/ / tuJlttlaÇLvlr.çPP

#incl-ude " stdafx. h"
#include rrAr:imation . h"
#incIude " . . /Contpressor,/Opcodes.h"
#include "Qualernion. hl
#include I'meth. h"

//////////////////////////////////////////////////////////////////////
// r-animaf.ion CTass
//////////////////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////////////////
/ / Ínnçfrtt¡f i nn /Destruction

/ / 4vçLvt!/

//////////////////////////////////////////////////////////////////////

CÀnimation : : CAnimation ( )

{
LightingEnabled = FAI,SE,'

ReadyTillFrame - -2¡
FinalFrame = ox7fffffff;

ObjectlistHead = NULL;
bTimeNotSet = TRUE;

bBeginningNewAnimation = TRUE ;

TexturelistHead = NULL,'

BackgroundColor[0] = 0.0f ;
BackgroundColor[1] = 0.0f ;
BackgroundColor [2] = 0.0f;

)

CAnimation : : -CAnimation ( )

{
CTexture *ctex = NULL;
if (TexturelistHead)

ctex = TextureListHead->next;
while (ctex)
{

delete TextureÏ,istHead;
TexturelistHead = ctex;
ctex = ctex->next,'

]
if (TexLurelistHead)

del-ete TexturelistHead;

CVisual-Object *curr = NULL;
if (objectListHead)

curr = Objectl,istHead->next;
while (curr)
{

D-139



Appendix D: Source Code

delete Obj ectlistHead,'
ObjectI,istHead = cirrri
Cì-l:l::l: = Curr->next ì

)
if (Oh¡i eet-.ListHead)

delete Obj ectlistHead ;

)

//////////////////////////////////////////////////////////////////////
// Global effects to animated sequences
//////////////////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////////////////
// Material HandLing
//////////////////////////////////////////////////////////////////////

CTexture* CAnimation : :AddTexture ( )

/ / adris a texxure to the animation set
{

CTexture *CT = new CTexLure;
if ( lTexturelistHead)

TexturelistHead = CT;
else
{

CTexture *curr = TexturelistHead,'
while (curr->next)

Cl.lff = Curr->next,'
curr->next = CT;

]
return CT;

]

CTexture* CAnimaÈion: : FindTexture (int Num)

{
CTexture* curr = TexturelistHead,'
int i = 0;
while (i++<Num && curr)
{

Cll'ff = C11ff->neXE,'

)
reEurn curr;

)

//////////////////////////////////////////////////////////////////////
/ / ñll) p¡+. If znå1 i------^-ng
//////////////////////////////////////////////////////////////////////

CVisualObject* CAnimation::AddVisualObject(int VCount, int PCount, int FCount)
// arlrle an ohiccL to the animation set.//
{

CVisualOb j ect *CVO = new CVisualObj ect (VCount , PCount , FCount ) ,'

if ( lObjectl,istHead)
Objectl,istHead = CVO;

else
{

CVisualObject *curr = Objectl,istHead;
whil-e (curr->next)
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CU.fr = Curr->next;
curr->nexL = CVO;

Ì
)

return CVO;
Ì
J

CVisuafObject* CAnimation: :FindObject (ínt Num)
/ / oi \rên f hp nhicr|. TT) nttmher rFf ttrne : nni nl.ar f n fhal- a}:,4a¡|-/ / | LELULIIÐ a PvLLILCL çv Utla¿ vpJÇvL
tt

CVisual-Object* curr = ObjecÈListHead,-
inÈi=0;
while (i++<Num && curr)
{t

CUI]î = Curr->next;
Ì
)

return curr;
Ì
)

//////////////////////////////////////////////////////////////////////
/ / Ãli s'ttal Ohicrf Cl-ass//
//////////////////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////////////////
/,/ Construct ion/Dest ruc t ion
//////////////////////////////////////////////////////////////////////
l-\fi <rr¡'l ôLrio¡t- . . ñ\/i crr:l ôÌrì a¡t- / \vJ ee e \ /

t
TimelastUpdated = -1.0f;
TotalPatches = 0,.
TotalVert.ices = 0;
Total-Faces = 0;
Normal-Array = NULL;
VertexArray = NULL;
VertexColorArray = NULL,.
TexCoordÄrray = NULL;
PaLchÄrraY = NULL;
bSol-idColor = FALSE.
FaceArray = NULL;

next = NULL;
ParentObject = NULL,'
.bcompl-eted = FALSE;
bHasArrays = FAI,SE;
CurrentTotal-Normal-s = 0;
CurrentTotal-Col-ors = 0;
CurrentTotal-Vertices = 0;
CurrentTotal-Patches = 0,.
CurrentTotal-Faces = 0,-
CurrentTotal-TexCoords = 0;

ll¡ r rrÞnqlfar¡ -Ifame = NUI¡lri
CurrRotKeyframe = UULL;
UurrRollKeylrame = NULL;
CurrScl-Keyframe = ITULL;
PosKeytrames = NULL,.
RotKeyfra$es = NULL,.
Rol-l-Keyframes = NULL,.
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ScLKeyframes = NULL;

ScfX = 1.0f ; Scl-Y = 1.0f ; S:IZ = 1.0f ;
PosX = 0.0f; PosY = 0.0f; PosZ = 0.0f;
OriX = 0.0f; OriY = 0.0f; OriZ = 0.0f; OriüI = 1-.0f;
Target = NULL,'

OffseLMatrix[0] = 1.0f,' OffsetMatrix[1] = 0.0f ;
OffsetMatrix [2] = 0.0f; OffsetMatrix [3] = 0.0f;
OffsetMaLrix[a] = 0.0f; OffsetMatrixlsl = 1.0f;
OffsetMatrix[6] = 0.0f; OffsetMatrix[7] = 0.0f;
OffsetMatrix[8] = 0.0f; OffsetMatrixtgl = 0.0f;
Of f seÈMaÈrix []-01= l-.0f ; Of f setMatrix [11] = 0.0f ;
Of f setMatrix [12] = 0.0f ,' Of f setMatrix tr3l = 0.0f ,'

Of f setMatrix [14] = 0.0f ; Of f setMatrix [15] = 1.0f ,'

TextureMaP = NULL;
)

CVisual-Obj ect : : CVisual-Obj ect (int VCount, int PCount , int FCount )

{ rF.iñôr.âôt-Ttñdated = -l_.0f ;
TotalPatches = PCount;
Total-Vertices = VCount;
TotalFaces = FCount;

if (FCount > 0)
FaceArray = new int [FCount*3] ;

else FaceArray = NULL;

if (VCount > 0)
t

NormalArraY = new f Loat [Vcount*3] ,'

VertexArraY = new f loat [VCount*3] ,'

VertexCol-orArray = new unsigned char [VCount*3] ;

, 
t"*CoordArraY = new f loat [VCount*2] ,'

else
{

NormafArray = NULL;
VerLexArray = NULL;
VertexCol-orArray = NULL;
TexCoordÄrray = NULL;

)

íf (Pcount > 0)
PatchÀrray = new int [PCount*]-61 ;

elEe PatchArray = NULL,'

bsolr-dcoior = FALSE;
next = NULL;
ParentObject = NULL;
bcompl-eted = FA-I¡SE;
.bHasArrays = FALSE;
CurrentTotal-Normal-s = 0;
CurrentTotal-Col-ors = 0,.
CurrenLTotal-TexCoords = 0;
CurrenLToLal-Vert.ices = 0;
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CurrentTotal-Patches = 0;
CurrentTotalFaces = 0;
CurrentTotaLTexCoords = 0;

UüffHOsÁeylfame = NUI¡1¡i
CurrRotKeyframe = NULL;
UllffKO-LIKeyIfame = NUi¡l¡i
CurrSclKeyframe = NTILL;
PosKeyframes = NULL;
Þ¡l-T{ar¡frañes = NULI¡;
RollKeyframes = NULL,'
SclKeyframes = NULL;

Scl-X = 1.0f ; Scl-Y = 1.0f ; S:IZ = 1-.0f ;
PosX = 0.0f; PosY = 0.0f; PosZ = 0.0f;
OriX = 0.0f; OriY = 0.0f; OriZ = 0.0f; OriW = 1.0f;
Target = NULL,'

TexLureMaP = NULL;

OffsetMatrix [0] = 1.0f; OffsetMatrix []-l = 0.0f;
OffsetMatrix [2] = 0.0f; OffsetMatrix [3] = 0.0f;
OffsetMatrix[a] = 0.0f; OffsetMatrix[5] = 1.0f;
OffsetMatrix [6] = 0.0f; OffsetMatrix [7] = 0.0f;
OffsetMatrix [8] = 0.0f; OffsetMat.rix [9] = 0.0f;
of f setMatrix [10] = 1.0f ,' of f setMatrix [11] = 0.0f ;
offsetMatrix[]-21 = 0.0f; offsetMatrixtl3l = 0.0f ;

) 
OttsetMatrix tl- l = 0.0f ; Of f setMatrix []-51 = l-.0f ;

CVisualObj ect : : -CVisuaLObj ect ( )

{
íf (FaceArray)

// del-ete [] FaceArray;
delete [] FaceArray;

if (NormaIArray)
delete [] NormalArray,-

if (VertexArray)
del-ete [] verLexArray,'

if (VertexColorArray)
delete [] VertexCol-orArray;

if (TexCoordÄrray)
delete [] TexCoordÄrrayì

if (PatchÀrray)
delete [] PatchÄrray;

/* whiJ-e (PositionÐvents)
I
¡

CAnimEvenL *curr = PositionEvents- >next ;
del- ete Pos it ionÛvents ;
PositionEvents = curr;

]*/
while (PosKeyframes)

CKeyFrame *curr = PosKeyframes->next;
del-ete PosKeyf rames;

- PosKeyframes = curri
l
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while (RotKeyframes)

CKeyFrame *curr = RotKeyframes->nexl;
delete RotKeyframes;

, 
*otKeyframes = cürri

i

//////////////////////////////////////////////////////////////////////
/ / /11r'í anr rf znå1 i/ / --*-----n9
//////////////////////////////////////////////////////////////////////
/ / \7i <rta1 ¡amn^nên+. ñânaõÞmên+.//

BOOL CVisualObject: :AddVertices (int number, fLoat fl-oatarr [] )

t
if (number+CurrentTotalVertices > Total-Vertices)

return FAï,SE;
f l-oat * VArray = Vertex.A,rray + CurrentTotal-VerÈic€s*3;
fLoat * flist = f]oatarr;
f or (int i=0,. icnumber; i++)

* (VArray) ** = * (fl,ist++) ;
* (VArray) ** = * (flist++) ;
* (VArray) ++ = * (flist++) ;

// VertexArray[CurrentTota]-Vertices*3+71 = fJoatarr[i*3+7];
// 

, 
t"ttexArray [CurrentTota]-Vertices*3+21 = fLoatarr [i*3+2] ;

ðurrentTotal-Vert i ce s + =nurnber ;
if (ObjectCompleteO) bCompleted = TRUE;

- return TRUE;

l

BOOL CvisualObject : :AddNormals (float *NorrnArray, int tota1)
t

if (totaf+CurrentTotalNormal-s > Total-Vertices)
return FAI,SE;

f loat * NArray = Normal-Array + CurrentTolalNormal-s*3,'
float * flist = NornÀrray;
for (int Í=0 ; i<total; i++)

* (NArray) ** = * (fl,ist++) ;
* (NArray) ** = * (fl,ist++) ;

I 
* (NArray) ** = * (fl,ist++) ;

ðurrentTotalNormal- s+=total- ;
if (ObjectCompleteO) bCompleted = TRUE;

) 
r"turn TRUE;

BOOL CVisualObject::AddFaces(int Number, int facelist t l)
t

if (Number+CurrentTotalFaces > Tota]Faces)
return FAï,SE,.

int * FArray = FaceArray+CurrentTotal-Faces*3;
int * pl,ist. = facelist,-
for ( int i=0; icNumber,- i++ )
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I
* (FArray++) = * (plist++) ;
* (FArray++) = * (plist++) ;
* (FArraY++) = * (P¡,ist++) ;

// FaceArray [CurrentTota]-Faces*3+01 = facel-ist Ii*3+0] ;
// FaceArray [CurrentTota]-Faces*3+1-l = f acel-ist Ii*3+l] ;
// FaceArray [CurrentTotaJ-Faces*3+2] = facel-ist Ii*3+2] ;

CurrentTotal-Faces+ + ;
ì
J
i ç ¿ôh-.i ê^f l-^mn'ì af e I \ I

\vvJvveevlrrF¿vev\/ /

ÐUOmPJ-eEeO = II{U!];

) 
r"aurn TRUE;

BOOL CvisualObject: :AddPatch(ínt * intlist)
1

if (16+CurrentTotal-Patches > Total-Patches)
return FALSE;

for (int i=0; i<16; i++)
PatchÄrray [CurrentTotalPatches*]-6+il = intlist Ii] ;

CurrentTotal Patches++ ;
if (ObjectCompleteO) bCompleted = TRUE;
return TRUE;

I

BOOL CvisualObject::AddVertCol-ors(inÈ Number, uneigned char col-orl-ist[] )

if (Number+CurrentTotal-Co]ors > Tota]Vertices)
return FALSE;

unsigned char * CArray = VertexColorArray+CurrentTotaLCol-ors*3 ;
unsigned char * clist = colorl-ist;
for (inb i=0; i<Number; i++)

* (CArray++) = * (cl,ist++) ;
* (CArray++) = * (cList++) ;

I 
*(CArraY++) = *(c1,ist++);

ðurrentTot a1 Col-ors + =Number ;
if lôhiêôt-l-^mnlafe Iì ì

bCompleted = TRUE;
retur¡r TRUE;

)

BOOL CVisualObject: :AddTexCoords (inb Number, float floatarr [] )

t
if (Number+CurrenLTotal-TexCoords > Total-Vertices)

return FALSE;
float * TArray = TexCoordArray+CurrenLToLalTexCoords*2 ;
float * tl,ist = f]oatarr;
for (int i=0 ; icNumber; i++)
t * (TArray++) = * (tl,ist++) ,'

ì 
*(TArray++) = *(tl,ist++);

óurrentToE alTexCoords + =Number,'
.if /^t^-.1 ^^Ffì^mn'lal- aI\ \¡! \v!J sçueurrrÈ,¿çuç \ / /

bCompleted = TRUE;
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BOOL CVisualObject: :ObjectComplete ( )

{
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I
I

,/ qe

return (

( (CurrentTotal-Col-ors == TotalVertices | | bSolidColor) | |(CurrentTotalCol-ors == 0 && lbSolidColor) ) &&
(CurrentTotalTexCoords == TotaLVertices | | !TextureMap I

(TextureMap &&
TextureMap->iTextureTransformT)T)e == TEXTYPE NONE)

CurrentTotal-Faces == TotafFaces &&
CurrentTotalPatches == TotalPatches &&
CurrentTotal-Vertices == Tot.a]Vertices

i

//////////////////////////////////////////////////////////////////////
// õT:^Lr õ1-^^/ / wu!9!!c uraÞÞ

//////////////////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////////////////
/ / Consf rnr:f i on /Destruction//
//////////////////////////////////////////////////////////////////////
Clight : :Clight ( ) : CVisual-Object ( )

{
bEnabl-ed = FALSE,.
Color [3] = r.0f;
Type = LïGHT_POINT;
fSpotCutoff = 180.0f;
fSpotExponent = 0.0f;

)

Clight: : -Clight o
{
)

/ / / llfpr^¡ Kat¡Frami nn <f rr1îl'rtyâ// /

CKeyFrame : : CKeyFrame ( )
{

Prev = NULL;
next = NULL;
Type = CNT_LïNPOS;
.bChecked = FALSE.
inTan [0] = 0.0f;
inTan [1] = 0.0f;
inTan [2] = 0.0f;
inTan [3] = 0.0f;
outTan [0] = 0.0f;
outTan [1] = 0.0f;
outTan [2] = 0.0f;
outTan [3] = 0.0f;
easeln = 0.0f;
easeout = 0.0f;
bias = 0.0f;
continuity = 0.0f;
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tension = 0.0f i
angleaxis [0J = ang]eaxis [1] = angfeaxis [2] = angfeaxis [3] = 0.0f;

)

CKeyFrame : : -CKeyFrame ( )

!
I

BOOL CVisualObject::AddlinearPositionKey(int frame, floaÈ x, fl-oat y, floaE z,
f loat invTicksPerFrame )

t
CKeyFrame *newKey = new CKeyFrame,'
newKey->Type = CNT_LINPOS;
ne\¡rKey->iTime = frame;
newKey->fTime = ((float) frame) * invTicksPerFrame;
newKey->pos [0] = xi
newKeY->Pos [1] = Yi
newKey->pos [2] = z;
aT{ê\¡F'râmê *êrrrï = PnsKar¡fr-*ames;

it 
( !curr)

PosKeyframes = newKey;

, "rtrPosKeyframe 
= PosKeyframes;

eLse
I

while (curr->nexL)
Cl]If = Curr->neXt;

curr->nexL = newKey;

- newKey->prev = curr->next;
I
return TRUE;

)

BOOL CVisualobject::AddBezierPosiLionKey(int frame, float *pos, float *inTan,
float

*ouLTan, f loab invTicksPerFrame)
t

CKeyFrame *newKey = new CKeyFrame;
newKey->Type = CNT_BEZPOS;
newKey->iTime = frame,'
newKey->fTime = ((float) frame) * invTicksPerFrame;
newKey->pos [0J = pos [0] ;
newKey->pos [1J = pos [1] ;
newKey->pos [2J = pos [2] ;
newKey->inTan[0] = inTan[0] ;
newKey->inTan []-l = inTan [1] ;
newKey->inTan[2] = inTan[2] ;
newKey->outTan [0] = outTan [0] ;
newKey->outTan[1] = outTan[1] ;
newKey->ouLTan l2l = outTan [2] ,'

l-T{ê\rl'râmê tkcrìrr = ÞnqKcr¡fr-.-'ames;
if ( ! curr)
t

PosKeyframes = newKey,'

, 
arrrPosKeyframe = PosKeyframes;

else
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while (curr->next)
Ct-lIf = Curr->neXt;

curr->next = newKey;
newKey->prev = curr->nexL;

return TRUE,.

]

BOOL CVisualObject: :AddTCBpositionKey(int frame, float
cont, float bias,

easeOut,

invTicksperFrame )

{
CKeyFrame *newKey = new CKeyFrame,.
newKey->Type = CNT_TCBpOS;
newKey->iTime = frame;
newKey->fTime = ((float) frame) * invTicksperFrame;
nevrKey->pos [0] = pos IO] ;
newKey->pos []_l = pos [1] ;
newKey->pos [2] = pos [2] ;
newKey->tension = tens,.
newKey->continuity = cont;
newKey->bias = bias;
newKey->easefn = easeln;
newKey->easeout = easeOut;
CKeyFrame *curr = posKeyframes;
íf. ( ! curr)
1

Pnql{or¡fr¡m! ve¡luJr¡qrrlêS = newKey;

) "rrrposKeyframe = posKeyframes;

eLee
t

whiLe (curr->next)
CUrr = CUrr->neXL;

curr->next = nevfKey;
newKey->prev = curr->next

*pos,
fLoaÈ tens, float

)
¿f (newKey->prev &&
t

newKey- >prev- >prev)

float easeln, float

float

(1.0f +

// it there are three nodes, caLcul-ate the inTan/ouLTan
,// vaLues for the middfe node

// calculate the
floar dsA = (1.0f

(1.0f
newKey- >prev- >bias ) ;

float dsB = (1.0f
(1.0f +

newKey- >prev- >bias ) ;

tangent vector
- newKey->prev->tension) *

newKey->prev->continuity) *

- newKey->prev->tension) *
newKey->prev->continuity) * (1. Of

fLoat dsAdjust = (newKey->prev->fTime - newKey->prev->prev->fTime)

(nevùKey->prev->fTime - newKey_>prev_>prev_>fTime) ;
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float ddÀ' = (1.0f - newKey->prev->tension) *
(1. of + newKey->prev->conÈinuity) * (1-.0f

newKey- >prev- >bias ) ;
ftoat ddB = (1.0f - newKey->prev->tension) *

(1. Of - newKey->prev->continuity)
newKey- >prev- >bias ) ;

fl-oat ddAdjust = (newKey->fTime - newKey->prev->fTime) /
(newKey- >prev- >fTime - newKey- >prev- >prev- >fTime ) ;

floaÈ vL,v2;
vl- = newKey->prev->pos [0J - newKey->prev->prev->pos [0] ;

v2 = newKey->pos IO] - newKey->prev->pos [0] ;
newKey->prev->inTan[0] = dsAdjus¡*( dgA*v1 + dsB*v2 );
newKey->prev->outTan[0] = dsAdjusti'( ddì\*vl + ddB*v2 ),'

vl- = newKey->prev->pos [1J - newKey->prev->prev->pos [1] ;

v2 = newKey->pos [1J - newKey->prev->pos [1J ;
newKey->prev->inTantll = dsAdjustJ'( dsA*v1 + dsB*v2 );
newKey->prev->outTan[1] = dsAdjus¡* ( fliÀ*vl- + ddB*v2 ),'

v1 = newKey->prev->pos [2] - newKey->prev->prev->posl2l ;

v2 = ne\^¡Key->pos [2J - newKey->prev->pos [2J ;
newKey->prev->inTan[2] = dsAdjus¡* ( dsA*vl + dsB*v2 ),'
newKey->prev->outTan[2] = dsAdjust*( ddÂ*vl + ddB*v2 );

it 
( ! newKey- >prev->prev- >Prev)

// if there are onTy three nodes in the l-ist,
// we know that new->p->p is the original first
// node- Thus we can accuratefy caTcuJate its
// vafue.

// a mctre âîîttrârê rânoc.n+. walue for the 7st node,//
/ / ther rer¡7 ac es f hc ei mn1 er r-al cuLation f isted bef ow

/ / çLrL qvç ¿

f loat f2O , f:--} ,v2O ,vLO ¡

f2O = newKey->fTime - newKey->prev->prev->fTime;
fl-O = newKey->prev->fTime - newKey->prev->prev->fTime;

v2O = newKey->pos IOJ - newKey->prev->prev->pos [0J ;

v1O = newKey->prev->pos [0J - newKey->prev->prev->pos [0] ;

newKey- >prev- >prev- >outTan [ 0 ]
newKey- >prev- >prev- >tension) *

rrDñ*ñ trfì.. rL I I

(v20*(0.25f - f1-O/(2*f.2O)) + (v10 - v20*0.5f)*1.5f

v2o = newKey->pos [1] - nehlKey->prev->prev->pos [1J ;

v10 = newKey->prev->pos [1] - newKey->prev->prev->pos [1J ;
newKey- >prev- >prev- >ouLTan [ ]- l (1.0f

newKey- >prev- >prev- >tension) *
(v2O* (0.25f - fIO/ (2*f2O)) + (v10 - v20*0.5f ) *1.Ut +

v20*0.5f ) ;

v2O = newKey->pos [2J - newKey->prev->prev->pos [2] ;

vl-O = ne\¡rKey->prev->pos [2] - newKey->prev->prev->pos [2] ;

newKey- >prev- >prev- >outTan [2 ] (1.0f
newKey- >prev- >prev- >tension) *

(v20* (0.25f
v20*0.5f ) ;

ftO ¡ 12*729¡ ¡ + (v10 - v20*0 .5f) *1. Ut +

* 11 nf

(1.0f
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;f ífq nÕf
this'Ll- be

]
else
i

// Pretend the current key js the J_ast key.

// overwritten anw\lav.
float v;
v = newKey->pos [0] - ne\.¡Key->prev->pos [O] ;
newKey->inTan [0] = v* (1.0f - newKey->tension) 

,.v = newKey->pos []_l - newKey_>prev_>pos [1] ;
newKey->inTan[1] = v* (1.0f - newKey->tension) ;v = newKey->pos [2] - newKey->prev->pos [2] ;

) 
t"*Key->inTan [2] = v* (1.0f - newKey->tension) ;

if (newKey->prev)

// this is a case where ¡¡¡e,re dealing with the 2nd
// Key in a l-ist.. so we process the special_ case of
// rhø L,aai^-i^^ ^F +L^ 1:^r L^/ / LrrÇ ucgllutlrrg uL LrJe lJ-str. nere ,newKey_>prevt and
// tne speciaT case of l-ast node in the List

ín which case therets ne

float v;
v = nehrKey->pos [0] - newKey->prev_>pos [O] ;
ne\n/Key- >prev- >outran [0] = v* (i- . 0f - newKey- >prev- >Èension) ,-newKey->inTan [0] = v* (l_. Of - newKey->tension) ,.

v = nehrKey->pos [1] - newKey->prev_>pos [1] ,.

newKey->prev->outTan [1] = v* (1. Of - newKey->prev->tension) ;
newKey- >inTan [1] = v* (1 . Of - newKey- >tension) ,.

v = newKey->pos [2] - newKey->prev->pos [2] ;
newKey->prev->outTan [2] = v* (1. Of - newKey->prev_>tension) ;

ì 
t"tKey->inTan [2] = v* (1.0f - newKey->tension) ,

// otherwise we only have one node.
// neea for tanqents
reÈurn TRUE;

l

BOOL CVisual_Object: :AddBezierRotationKev(int
invTicksPerFrame )

I
CKeyFrame *newKey = new CKeyFrame;

frame, floaÈ *rot, float

newKey->Type = CNT_BEZROT;
newKey->iTime = frame;
newKey->fTime = ((float) frame) * inv1icksperFrame,.
newKey->rot [0] = rot l1l ;
ne$/Key->rot [t] = rot [2] ;
newKey->rot [2] = rot [3] ;
newKey->rot [3] = rot IO] ;
CKeyFrame *curr = RoLKeyframes;
it ( !curr)
I

RotKeyframes = nev¡Key,.

. CurrRotKeyframe = RotKeyframes;
]
el-se
{

whil-e (curr- >next )

CUrr = CUrr->next;
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curr->next = newKey;
newKey->prev = curr->next;

ì.l

) 
t"turn TRUE;

BOOL CVisual-Obj ect : :AddlinearRotationKey ( int frame, float *rot, float,
invTicksPerFrame )

{
CKeyFrame *newKey = new CKeyFrame;
newKey-tType = CNT_LINROT;
newKey->iTime = frame;
ne\,rKey->fTime = ((ftoat) frame) * invTicksperFrame;
newKey->rot l0l = rot [1] ;
newKey->rot []-l = roLl2J;
newKey->rot [2] = rot [3] ;
ne\¡¡Key->rot [3] = rot [0] ;

l-lfar¡Fr¡ma *nrrrr - ÞaÈl{ar¡€y -- ames ;
if ( lcurr)
t

RotKeyframes = newKey,.
CurrRotKeyf rame = RotKeyf rames,-

]
else
I

while (curr->next)
CUrr = Curr->next,'

CUrr->next. = ne\,/Key;
nev/Key->prev = curr->next;

.I

J

reEurn TRUE;
)

gtatic void CompElementDeriv (float pp, fJ.oat p, float pn,
fLoat *ds, float *dd, float ksm,
float ksp, fLoat kdm, float kdp)

{
f loat de1m, del-p;

rìalm - ñ - ññ.vv,
¡laln - ññ - ñ.È"*ds = ksmr.delm + ksp*delp;

] 
*UU = kdm*delm + kdp*delp,.

BOOL CVisualObject: :AddTCBRotationKey(int frame, float *roL,
float tens. float

conL, fLoat bias,
float easeln, fLoat

a¡<aôrrf

f l-oat
invTicksPerFrame )

t
CKeyFrame *nel¡/Key = new CKeyFrame;
newKey->Type = CNT_TCBROT;
newKey->iTime = frame,-
newKey->fTime = ((fIoat) frame) * invTicksperFrame;
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nevrKey->angl-eaxis [0] = rot l1l ;
newKey->angJ-eaxis [1J = roL12] ;
newKey->angleaxis [2] = rot [3] ;
newKey->angleaxis [3ì = rot [0] ;

float scalefactor = sinf (newKey->angleaxis [3] *0.5f) ;
fLoat tempquat [4J ;
Èempquat [0] = newKey->angleaxis [0] *scal-efactor;
tempquat [1] = newKey->angleaxis [1] *scalefactor,.
tempguat [2] = newKey->angleaxis [2] *sca]efactor;
tempguat [3] = cosf (newKey->angleaxis [3] *0. Sf) ;

ner^rKey->tension = tens;
newKey->bias = bias;
newKey->continuity = cont;
newKey->easefn = easeln;
newKey->easeout = easeout;
CKeyFrame *curr = RotKeyframes,-
if ( ! curr)
I

RotKeytrames = newKey;
CurrRotKeyframe = RotKeyframes;

l
else
{

whiLe (curr->next)
Cl¡rr = Cl¡rr->neXE;

curr->rrext = newKey;
ñêÌ^tTaê\t- \ñ7-E-eV = Curri

ì
l

// Rotations used must be FINAL orientation, though onJy
// reJative rotations have been transmitted- Since
// quaternions refer to orientation positions and don,t
// easify account for the number of revol-utions used
// to achieve that orientation, we transmit AngJeAxis
// values rather than quaternions for TCB rots.

// fhus, we previousl-y converted the angle-axis vaLue
// into its reLative quaternion equiviTent (tenpquat).
// Once we've estabLished the order or the current
// rotation key, we now determine the true finaL J-ocal-
// orientation of this key by going backwards and
/ / nremttl f i n] t/i rtn rnn<a¡t-ttt- i tra nf Q¿y fOtaiiOnS .//
if (newKey->prev)

QuaternionMultiply ( Lempquat , nehrKey- >prev- >roL , newKey- >rot ) ;
elee
I

newKey->rot [0] = tempquat [0] ; newKey->rot [1] = tempquat [1] ;

) 
t"tKey->rot [2] = tempquatl2l; newKey->rot [3] = tempquat [3] ;

if (newKey->prev && newKey->prev->prev)
// Cal-cuJ-ate the quaternion derivatives for the middLe frame of

// known existing three frames, with the current frame being the
// Last of the three.
CaL cuL ateTCBQuatDeriv ( newKey- >prev - >prev, newKey- >prev, newKey) ;

the
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else if (newKey->prev)
// We know this ís the second frame in the series. thus, we
// cafcul-ate the vaLues for the first frame
Ca l- cul at eTCBQua tDe r iv ( IrIUf,L, newKey - >p rev, newKey ) ;

// pretend the current key added js t]:e Last
if (newKey->prev)

Cal- cul- ateTCBQuatDer iv ( newKey- >prev, newKey, WULL ) ;
return TRUE;

i

BOOL CVisualObject: :AddTcBEnhRotationKey(inE frame, short count,
f l-oat angle,

float *axis,
float tens, float

cont, float bias,
float easeln,

float easeOut,
float

invTicksPerFrame )

// TNIS FUNCTTON TS CLIRREJVTT,Y NOT BETNG USED

// with angles over 1-80', we need to invoke a speciaL case sol-ution
// and buil-d a series of intermediate keys to interpoLate thru (every
// SO'). The reason behind this is that unl,ike raw angTes, which can
// specify muTtipJe resoTutions, unit quaternions are l-imited in that
// they specify an absol-uËe position on a hlpersphere, not a rel-ative
// positioning aTTowing for muLtip-Ze revol-utions. This is especiaTTy
// true when they,re created by converting from an angLe axis
// specification due to the cal_cul_atíons invoJ-ved.
// So what we do is if the angTe js >= l_80,, we know that wetLL end
// up rotating the wrong direction if we simply try to sTerp to the new
,/,/ orientation and we're guaranteed to not account for muLtipTe
/,/ revol-utions. So to get around this, we spJit the rotation into a
// group of successive rotations of 90' , spaced in time so they
/ / narrcqñ^nÅ +n rL^ ^^^1 ^__--__r)flA trO trne AngJe amount.
float muIt,. float sign = 1.0f ;
if (count < 0)
t

muLt=FLOAT_FIALFPf ;

I 
aotnE = -Count;

el-ge
{

mu]t = - FLOAI_IÍALFPI,-
sign =-sign,-

ì
)

CKeyFrame *J-astKey = NULL;

float lastQuat [4]
t
- 0.0f,0.0f,0.0f,1.0f,
)t

float RotQuat [4] ;
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CKeyFrame *curr = RotKeyframes;
if (curr)
t

while (curr)
{

lastKey - c:urr,
CuIf = Curr->next,.

i

CKeyFrame *OrigKey = lasÈKey;
float oldtime = lastKey->fTime,.
float newtime = ((ftoat) frame) * invTicksperFrame;

float timesumrecip 1.0f / (ta¡st (angle) + FLOAT IIALFPT
count ) ,.

float diff = fabsf ( (newtime - ol_dtime) *timesumrecip) ;

ConvertÄALoeuat (mul_L , axis, Roteuat ) ,.

l"r 
(int i = O;i<counr;i++)

CKeyFrame r.netvKey = new CKeyFrame;
newKey->Type = CNT_TCBROT;
newKey->fTime = oldtime + (FLoAT IIALFPT* (fr_oat) (i+r_)

// these 5 vafues may need to be ad.justed
newKey->tension = tens ;
newKey->bias = bias;
newKey->continuity = cont;
nev¿Key->easeln = easeln;
nev/Key->easeout = easeout;

lastQuaL [0] = l-astKey->rot
l-ast.Quat [1] = lastKey->rot
lastQuat [2] = ]astKey->rot
l-astQuat [3j = ]-astKer¡->rot

QuaternionMul t iply ( Roteuat

lastKey->nexL = ne\¡¡Key;
nevüKey->prev = lastKey;

. lastKey = newKey;
¡

ConvertAAtoQuat ( angle * s ign, axi s, Roteuat )
CKeyFrame *ne\^rKey = new CKeyFrame;
ne\.vKey->Type = CNT_TCBROT;
ne'¡¡Key->iTime = frame;
newKey->fTime = ((floats) frame) * invTicksperFrame;
ne\n¡Key->tension = tens;
newKey->bias = bias,.
newKey->continuity = conE;
newKey->easefn = easeIn,.
newKey->easeOut = easeouL;
l-astQuat [0] = l-astKey->rot [0] ;
l-astQuat [1] = lastKey->rot [1] ;
l-astQuat [2] = l-astKey->rot [2] ;

[0];
IrJ ;
r^lL¿J ì
l-1

, lastQuat , newKey- >rot )
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fastQuat [3] = lastKeY->rot [3] ;
QuaternionMult iply ( lastQuat , RotQuaL , newKey- >rot ) ;
J-astKey->next = newKey;
newKey->prev = lastKey;

ì
l
else

// this is the original keyframe... so we can basicaTTy just
straight convert

// tne axis angTe val-ue to a quaternion
CKeyFrame *newKey = new CKeyFrame;
newKey->Type = CNT_TCBROT;
newKey->iTime = frame,.
newKey->fTime = ((float) frame) * invTicksPerFrame;
newKey->Lension = tens;
newKey->bias = bias;
newKey->continuiLy = cont,'
newKey->easeïn = easeln;
newKey->easeout = easeouL;

ConvertAAtoQuat (ang1e*sign+count*mu1t, axis, RotQuat ),.
/* if (curr)

{
whiJ-e (curr)
t

JastKeY = curr;
CUrf = Curr->next;

]
l-astQuat [0] = l-astKey- >rot [0] ;
l-astQuat [1] = TastKey- >rot [1] ;
l-astQuat [2] = lastKey- >rot [2] ;
l-astQuat [3] = LastKey->rot [3] ;
JastKey->next = newKey;

]*/
QuaternionMult iply ( lastQuat , RotQuaE , newKey- >rot ) ;
ne\,ùKey->prev = lastKey;
RoLKeyframes = ne\^/Key,'

. CurrRot.Keyframe = newKey,'
l

) 
r.turn TRUE;

CVisual-Object: :AddBezierRol-1Key(int frame, float rol-l-, float invTicksPerFrame)

CKeyFrame *newKey = new CKeyFrame;
ne\¡rKey->Type = CNT_BEZRLI,;
nehrKey->iTime = frame,.
newKey->fTime = ((ftoaÈ) frame) * invTicksPerFrame;
newKey->roll = rol-f ,'

ñT{ar¡l"r=ma * ¡ttvv - Da'l '1 T¿ar¡F-rames;
iE ( lcurr)
t

RoJ-lKeyframes = newKey;

, "rrrRollKeyframe 
= RollKeyframes;

eLse
I

while (curr->next)
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CIIII = Cürf->next;
curr->next = nevJKey;
newKey->prev = cürI->next,-

)
return TRUE;

i

BOOL CVisualObject: :AddlinearscaleKey(int frame, fLoat x,
float y, f\oab z,

float
invTi cks PerFrame )

CKeyFrame *newKey = new CKeyFrame,.
newKey->Type = CNT_LINSCL;
nev/Key->iTime = frame;
newKey->fTime = ((float) frame) * invTicksperFrame,.
newKey->scale [0] - x;
newKey->scale []-l = y;
newKey->scale [2] - z;
lãT{ar¡!'r¡mo *¡rrrr - Qal lfat¡Fv-*ames,.
if ( ! curr)
{

SclKeyframes = newKey,-
CurrSclKeyf rame = SclKeyf rames,.

)
else
!
t

whil_e (curr->next)
CUrr = Curr->next,'

curr->next = newKey;
newKey->prev = curr->next;

I
¡

- return TRUE;
l

BOOL CVisualobject: :AddBezierScal-eKey(int frame, f 1-oat *scale,
float *inTan, float

*outTan,
float

invTicksPerFrame )

t
CKeyFrame *newKey = new CKeyFrame,.
NC\¡¡KEY- >TYPE = CNT_BEZSCL ;
newKey->iTime = frame;
newKey->fTime = ((float) frame) * invTicksperFrame;
newKey->scal-e [0] = scale [0] ,-

newKey->scale [1] = scale [1] ;
newKey->scale [2] = scale [2] ,-

newKey->inTan[0] = inTan[0] * 30.f;
nevlKey->inTan[1] = inTan[1] * 30.f;
nern/Key->inTan[2] = inTan[2] * 30.f;
nevrKey->out.Tanl0l = outTan[0] * 30.f ,.

newKey->out.Tan [1] = outTan [1] * 30. f ,.

newKey->ouÈTan[2] = outTan[2] * 30.f;
CKeyFrame *curr = Scl_Keyframes;

it 
( lcurr)

SclKeyframes = newKey;
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CurrScl_Keyframe = SclKeyframes ;
i
elee

while (curr->next)
CUrr = Curr->next;

curr->nexL = rreu/Key;

- ne\¡¡Key->prev = curr->next,.
l

] 
."turn TRUE;

BOOL CVisualObject: :AddTCBScal-eKey(inb frame, float *scale,
fLoat tens, float cont,

float bias,
float, easeln, fLoat

easeOuL, fLoat invTicksPerFrameJ
t

CKeyFrame *newKey = r¡ew CKeyFrame;
newKey->Tfpe = CNT_TCBSCL;
newKey->iTime = frame;
newKey->fTime = ((float) frame) * invTicksperFrame;
newKey- >scaLe [0] = scal_e [0] ;
newKey->scale [1] = scale [1] ;
ne\nrKey->scal-e [2] = scale [2] ;
newKey->tension = tens;
newKey->cont.inuity = cont;
newKey->bias = bias;
nev/Key->easeln = easefn;
newKey->easeOut = easeout;
CKeyFrame *curr = SclKeyframes;

?t 
( I curr)

SclKeyframes = newKey;

) "rrrSclKeyframe = SclKeyframes;

else

while (curr->next)
Cl]rr = Curr->next;

curr->next. = nehrKey;

I 
ra*Key->prev = curr->next;

return TRUE,-

)

CVisualObject::AssignSolidCol_or(uneigned char red, unsigned, char green,
unsigned char bl-ue)
1

bSol-idColor = TRUE;
sol-idRed = red;
sol-idGreen = green;

. solidglue = blue ì
I

Ccamera: :CCamera O : CVisual_Object o
t
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f FarPl-ane = l-000 . 0f ;
fNearPlane = 1.0f;
fFieLdOfView = 90.0f;
Þa]1 - n rìç.

]

CVisualObject::SetPosit.ion(f1oat x, float y, float z)
t

posx = x; posy = y; pasz = z;
)

CVisual-Obj ect : : SetOrientation ( float *quaternion)
t

OriX = quaternion[0];
OriY = quaternion [1] ;
OrLZ = quaternionl2l;

) 
Ort¡4 = quaternion [3] ,-

CVisualObject::SetScal-e(float x, float y, float z)
t

, 
t.tx = x; Scl-Y = y; SIIZ = z;

CVisual-Object : : Reset ( )
/ / reqaf ,q l-ima rfananrf ant. rlal-a in l-hi c ahlant'
I

CurrRotKeyframe = RotKeyframes;
CurrPosKeyframe = PosKeyframes;

- CurrRoJ-J-Keyfrãmê = RollKeyframes;
I

CVisuaLObj ect : : GenerateVertexNormal-s ( )

static int ContainingFaces [10] ;
for (int i=0;icTotalVertices*3;i++)

Normal-Arraylil = 0.0f;
f or ( i=0 ,. icTot.al-Faces ; i++ )

i
fLoat Norma] [3] ,'

// cafcul-ate normal-
float VecO [3]

VertexArray IFaceArray I i*3+t] i.3 
1

VerÈexArray IFaceArray Ii*3] *31 ,

VertexArray IFaceArray I i* 3 +1] *3 +11
\fcrl. cvArrer¡ [É-¡¡oArrar¡ [ i *?] *?+1 lLgI LL ¿J

VertexArray lFaceArray I i* 3 +1 ] * 3 +2 l
VertexArray IFaceArray I i*3 I 1, 3 +2]

)t

f loat Vecl_ [3]
tt

VertexArray lFaceArray Ii*3+1 J *3 
J

VertexArray IFaceArray Ii*3+2] "3 l,
VertexArray IFaceArray I i * 3 +1 ] * 3 +l-l

\Tarf avÃrr=r¡ [A'¡naÀrr=r¡ [ì *?¿,)1 *2-1 ] ,sr !¡ svv¿ ¡!;"il;;;;åoitå..o'ray 
I i * 3 +1 J * 3 +2 ]

VertexArray IFaceArray Ii*3+2 ) * 3+21,
ì.
lt
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VectorCrossProducL (Vec0 , Vecl , Normaf ) ;
vectorNormal- íze (Normal- ) ;

Normal-Array IFaceArray Ii*3 ] *31 += Normal [0] ,'

NormafArray IFaceArray Ii*3+1J *31 += Normal [0] ;
Normal-Array IFaceArray Ii*3+2J *3J += Normaf [0] ;

Normal-Array lFaceArray Ii*3 ] "3+rl += NormaL [1] ;
Normal-Array [FaceArray Ii*3+1] *3+rl += Normal [1] ;
Normal-Array [FaceArray Ii*3+2] *3+tl += Normal [1] ;

Normal-Àrray IFaceArray Ii*3 ] *3+zl += Normal [2] ;
Normal-Array [FaceArray Ii*3+1] "3+zl += Normal [2] ;

, 
*ormalArray [FaceArray Ii*3+z] *3+21 += Normal [2] ;

ior (i=O ; icTotalVertices; i++)
VectorNormal i ze (Norma]Array+ i * 3 ) ;

CurrentTotalNormals = TotafVertices ;

)

BOOL CVisualObject::WithinFusLrum(float *BackTransform, float zNear, float
zFar)
/ / r-ther:k i f t.hc nhicr-f ts lnattnðit | ---- vuJ euL p uvultvltrS UU^ !Þ WlLJtLt!

{
return TRUE;
f l-oat Final-Transform 116l ;
MatrixMul-tip1y (BackTransform, Transform, FinalTransform) ;
MatrixMu1tip1y (Transf orm, BackTransf orm, Final-Transf orm) ;

/*
// muLtipJy the bounding box by the modefview matrix
// since the bounding box is no Tonger axis aligned, generate a

// new axìs aligned bounding box
f J-oat p IBJ [3J ;
ptjl t1l = pt2l tjl = ptel t)l = pt6l t)l = GetMinxo
ptll t)l = pt3l t)l = ptsl t)l = ptTl [0] = GetMaxxo

ptjl ttl = ptll t1l = pteJ t7J = ptsl tll = cetvinYo
pt2J ttJ = pt3l t1J = pt6l [7] = p[z] ti.l = GetMaxYo

pt)l t2l = p[1] [2] : pt2l [2] = pt3l t2l = GetMinzo
ptel t2J = ptsl t2l : pt6l [2] = p[zJ t2J = GetMaxzo

f l-oat r [B] [s] ;
for (int i=0; i<8; i++)

VecMatrixMuJtiply (p Ii] , FinaLTransform, r Ii] )

// this uses a bounding sphere technique.

// Firqf 7øf tq oaf fha rarfittq nf fhe qnhare
/ / , ¿vv

f l-oat radius;
float r1 = GetMaxXO * GetMaxXO + GetMaxYO * GetMaxYO +

cetMaxzO * GetMaxZO;
fl-oat 12 = GetMinXO * GetMinxO + GetuinY0 * GetMinYO +

GetMinZO * GetMinZO;
if (r1, > 12)

radius = sqrLf (r1) ;
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el-ee radius = sQrtf (r2) ;

floaÈ o[3] = {o.of,o.of,o.of},
PLJI;

VecMatrixMulÈip1y (o, Final-Transf orm, p)
if (ptzl < ptol - !-4L42L36*radius | |

p t2l <-P Io] - L-41-42:-36*radius
P t2l < P [1] - L.4L42a36*radius
pl.2J <-P[1] - a-4L42136*radius
pt2l <-radius + zNear ll
pL2l>radius+zFar)
return F.A'],SE;

// cLip the bounding box against the
// outside the fustrum, return FALSE

return TRUE;

Appendix D: Source Code

fustrum. if it is entirelY

CVisualobjecL : :UpdatePosition (fLoat fTotalTime)
t

whiLe (CurrPosKeyframe && CurrPosKeyframe->next &&

CurrPosKeyframe->next->fTime < fToÈal-Time &&

CurrPosKeYframe- >next - >next )

CurrPosKeyframe = CurrPosKeyframe->next ;

if (CurrPosKeyframe && CurrPosKeyframe->next &&

CurrPosKeyframe->next->fTime <= fTotatTime)
// if we get here, we can assume that we're in a special case of
// being at the end of the keyframe Tist for this object where

'next'

-^^.J | ; ^-PVÞLULvlt
It

(CurrPosKeyframe &.& !CurrPosKeyframe->nexL)

PosX = CurrPosKeyframe->Pos [0J ;
PosY = CurrPosKeyframe->Pos [1ì ;
PosZ = CurrPosKeyframe->Pos [2J ;

I
åt"" if (CurrPosKeyframe && CurrPosKeyframe->fTime <= fTota1Time

CurrPosKeyframe->next->fTime >= fTotaLTime)
// first ensure that we,Te interpoTating between the proper

I
// now swttch based on which tlpe of controffe( wetre using
switch (CurrPosKeYf rame- >TYPe )

t
CASE CNT_LTNPOS:

I
float difL = CurrPosKeyframe->next->fTime

// is the fast keyftame. Thus, need to fock to the final-

PosX = CurrPosKeyframe->next->pos [01 ;
PosY = CurrPosKeyframe->next->pos [1J ;
PosZ = CurrPosKeyframe->next->pos [2] ;

i
else
{

tl
{

&&

frames
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CurrPosKeyf rame- >f Time,'

CurrPosKeyf rame - >f Time ;

Appendix D: Source Code

f loat dj-f2 = fTotal-Time

fl-oat perc = dif2 / difl-;
PosX = (CurrPosKeyframe->next->pos [0]

CurrPosKeyframe->pos [0] ) * perc +
CurrPosKeyf rame- >pos [0 J ;

PosY = (CurrPosKeyframe->next->pos [1]
CurrPosKeyframe->pos ItJ ) * perc +
CurrPosKeyf rame- >pos [ 1 J ;

PosZ = (CurrPosKeyframe->next->pos [2]
CurrPosKeyframe->pos [21 ) * perc +
CurrPosKeyframe- >pos [2i ;

) break;
cage CNT_TCBPOS:
case CNT BEZPOS:
t-
1

X(t) = ( 2t3 - 3t2 + 7)*P1x +
(-2t3 + 3t2 )*P4x +
( ts - 2t2 + E) *R1-x +
( t3 - t2 )*R4x

*************

**** EasiJy derived from Bezier and Bezier derivative def'n ****

'Jon's Note .' See paqe 353-356 of Vlatt &. Watt

or better yet

Reference: Doris Kuchanek and Richard BarteLs,
"InterpoTating SpTines with Local- Tension, Continuity, and Bias

ControTt',
tanmnttf ar llr=nhi ne 1 Q . 2 ñn. 33-47, JUJy 1984 (Sf GGRAPH 84 )Lv,¿t uu

fl-oat difl- = CurrPosKeyframe->next->fTime -
CurrPosKeyf rame - >f Time ;

f l-oat dif2 = f Tota1Tíme
CurrPosKeyf rame- >f Time,.

float perc = dif2 / difl;
float newTime

Ea<a lnar¡ larrrrD^sKeyffame->easeo11t,
CurrPosKeyframe- >next - >easeln) ;

float sqr = newTime*newTime; float cube
sqr*newTime,'

PosX =
( Z.Of*cube - 3.Of*sqr +

l-. 0f ) *CurrPosKeyframe->pos [0J +
( -2.Of*cube + 3.0f*sqr

) *CurrPosKeyframe->next->pos [0] +
(cube - 2.Of*sgr +

newTime ) * CurrPosKeyf rame - >outTan [ 0 ]
(cuÞe - sqr

) *CurrPosKeyframe- >next - >inTan [0] ;
PosY =
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( Z.Of*cube - 3.Of*sqr +
1. 0f ) *CurrPosKeyframe->pos []-l +

( -2 .of*cube * 3.of*sgr
) *CurrPosKeyframe->next->pos l1J +

(cube - 2.Of*sqr +
newTime) *CurrPosKeyframe->outTan [1] i(cube - sqr
) *CurrPosKeyframe- >next- >inTan []-1,'

PosZ =
( Z.Of*cube - 3.0f*sqr +

1.0f) *CurrPosKeyframe->pos [2] +
( -2 . 0f *cube + 3 . 0f ,.sqr

) *CurrPosKeyframe->next->pos [2] +
(cube - 2.Of*sqr +

newTime) *CurrPosKeyframe->outTan [2] ](cuþe - sqr
) *CurrPosKeyf rame- >next - >inTan [2 ] ;

) 
] break;

)
else if (PosKeyframes && CurrPosKeyframe == PosKeyframes &&

CurrPosKeyframe- >fTime > fTota1Time)
{

PosX = CurrPosKeyframe->pos [0] ;
PosY = CurrPosKeyframe->pos []-l ;
PosZ = CurrPosKeyframe->pos [2] ;

I
l'

I'
CVisual-Obj ect : :UpdateRotation ( float fTotalTime)
t

while (CurrRot.Keyframe && CurrRotKeyframe->next &&
CurrRotKeyframe->next->fTime < fTotal-Time &&

CurrRotKeyframe- >next - >next )

CurrRoLKeyframe = CurrRoÈKeyframe->next;
if (CurrRotKeyframe && CurrRotKeyframe->next &&

CurrRotKeyframe- >next- >fTime <= fTotal-Time)
// if we get here, we can assume that we're in a special case of
// being at the end of the keyframe fist for this object where

'next'
// is the Last keyframe. Thus, need to l-ock to the finaL

position

OriX = CurrRotKeyframe->next->rot [0] ;
OriY = CurrRotKeyframe->next->rot [1] ;
OriZ = CurrRotKeyframe- >next->roL L2l ;

, 
Oril{ = CurrRoLKeyframe->next->roL[3] ;

el-se
I

if (CurrRotKeyframe && !CurrRotKeyframe->next)
{

OriX = CurrRotKeyframe->rot [0] ,.

OriY = CurrRotKeyframe->rot []-l ;
OríZ = CurrRotKeyframe- >roL l2l ;
OriW = CurrRotKeyframe->rot [3] ;

I
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else if (CurrRotKeyframe &&
CurrRotKeyframe->fTime <= fTotal_Time &&
CurrRotKeyframe->next->fTime >= fTotal_Time)
// tirst ensure that we're interpoTating between the proper

{

[4] , inTan [¿] ,-

CurrRotKeyframe- >next - >rot IO] ;
CurrRotKeyframe- >next- >rot [1] ;
CurrRotKeyf rame- >next - >rot [2 ],.
CurrRot.Keyframe- >next- >rot [3] ;
= CurrRotKeyframe- >next->inTan [0]
= CurrRotKeyframe - >next - >inTan I t ]
= CurrRotKeyframe- >next->inTan [2]
= CurrRotKeyf rame- >next - >inTan [3 ]

// now switch based on which tyTte of controJ-l-er we,re usinq
switch (CurrRotKeyframe- >Type)
T

CAse CNT_LINROT:
case CNT_BEZROT:

t
float dotO =

( CurrRotKeyf rame - >next - >rot I O ]

( CurrRotKeyf rame - >next - >rot I O ]

( CurrRotKeyf rame - >next - >rot I t]
( CurrRotKeyf rame - >next - >rot [ ]_l

( CurrRotKeyf rame - >next - >rot [2 ]

(CurrRot.Keyf rame - >next - >rot [2 ]

( CurrRotKeyf rame - >next - >rot [3 ]

( CurrRotKeyf rame - >next - >rot [3 ]

fLoat dotl =
(CurrRotKeyframe->next->rot [0] +

(CurrRotKeyframe->next->rot IO] +

(CurrRotKeyframe->next->rot It] +

(CurrRotKeyframe->next->rot []_l +

(CurrRotKeyframe->next->rot [2] +

(CurrRotKeyframe->next->rot [2] +

(CurrRotKeyframe->next->rot [3] +

(CurrRotKeyframe->next->rot [3] +

if (dotr < dorO)
{

rot [0] = -rot IO] ;
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float rot
rot [0]
r^È ['l ] -!vu !¿l

rot [2]
rot [3]
i '^m^- f ^l¿¡¡rq¡I LUI
r-nlan [1J
i ..h--. f ôlLLtLqL! LZ )

r-nlan LJI

CurrRotKeyframe->rot [0] ) ,k

CurrRotKeyframe->rot [0] ) +

CurrRotKeyf rame- >rot [1] )'k

CurrRotKeyframe->rot []_l ) +

CurrRotKeyframe->rot [2] ) *

CurrRotKeyframe->rot [2] ) +

CurrRotKeyframe->rot [3] ) *

CurrRotKeyframe->rot [3] ) ;

CurrRot.Keyf rame- >rot [ 0] ) *

CurrRotKeyframe->rot [0] ) +

CurrRotKeyframe->rot [1] ) *

CurrRotKeyframe->rot [1] ) +

CurrRotKeyframe->rot [2] ) *

CurrRotKeyframe->rot [2] ) +

CurrRotKeyframe->rot. [3] ) *

CurrRotKeyframe->roÈ [3] ) ;
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rô¡ [1 ] - -rnr fr ]5vu L¿J - -vu ¡+¡ ¡'

rot [2] = -rot 12l ;
rot [3] = -rot [3] ;

inTan[0] = -inTanlOl
inTan []-l = -inTan [1]
inTan[2] = -inTan[2]
inTan[3] = -inTan[3]

ri nh+

I
)

// this makes sure that wetTe rotating in the

// direction around the circLe by following the
// shorter path
floaÈ difl = CurrRotKeyframe->next->fTime -

CurrRotKeyf rame - >f Time ;
float dif2 = fTotalTime

float perc = díf2 / difl_;
// sferp between start and finish

QuaternionSlerp (perc, 0, CurrRoLKeyframe- >roE,
roÈ, orix, oriY, oTiz,orii{)

CurrRotKeyf rame - > f Time ;

j break;
cac,e CNT_TCBROT:

1

float difl = CurrRotKeyframe->next->fTime -
CurrRotKeyf rame - > f Time ;

f loat dif2 = f Total_Time
CurrRotKeyframe - >fTime ;

float perc = ditz / difj-;
float newTime

Ease (perc, CurrRotKeyf rame- >easeOut,
CurrRotKeyf rame - >next - >easeln) ,.

f loat anql_e
(CurrRotKeyf rame- >next - >angleaxis [3 ]

CurrRotKeyf rame- >angleaxis [3] ) ;
float spin,-
if (angJ_e > 0.0f )

spin = floorf( angJ-e/ (2.gf*FLOAT pI) );
else

spin = ceilf ( angle/ (2. Of*FLOar_PI) ) ;
// angJe = angJe - (2. Of *Fl,oAT_pI) *spin;

// sJ-erp between start and finish
fLoat p l4l,q [4], finaltime;

QuaternionS 1 erp ( newTime, sp in, CurrRot Keyf rame _ >ro
J-

roL,p [0],p [1],p [2],p [3] )

QuaternionS 1 erp ( newTime, spin, CurrRot Keyf rame - >ou
tTan,

I ); 
inTan,q[0],q[1],q[2],q[:

finaltime = ( ( (1.0f - newTime) *2. of) *newTime) ;
QuaternionSlerp (finaltime, O,p, q, OriX, Oriy, OriZ,O

rirv) ;
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) 
i break;

Ì)
etee if (RotKeyframes && CurrRotKeyframe == RotKeyframes &&

CurrRotKevframe->fTime > fToLafTime)
{

OriX = CurrRotKeyframe->rot [0] ;
OriY = CurrRotKeyframe->rot []-l ;
OriZ = CurrRotKeyframe- >roEl27 ;
OriW = CurrRotKeyframe->rot [3] ;

l

i'
CVisual-Obj ect : : UpdaÈeRol-l- (f loat f TotalTime)
t

// process roJling keyframes
white (CurrRofl-Keyframe && CurrRollKeyframe->next &&

CurrRollKeyframe->nexL->fTime < fTotalTime &&
CurrRollKeyframe- >next - >next )

CurrRoll-Keyframe = CurrRol-lKeyframe- >next ;
if (CurrRol-IKeyframe && CurrRollKeyframe->next &&

CurrRof lKeyframe- >next->fTime <= fTotaLTime)
// if we get here, we can assume that we're in a speciaT case of
// being at the end of the keytrame Líst for this object where

'nextl
// is the Last keyframe. Thus, need to Lock to the final

position
RoIl = CurrRo]]Keyf rame- >next- >roLf ;

else
t
(

if (CurrRol-l-Keyframe && ICurrRollKeyframe->next)
Rol-l- = CurrRolfKeyframe->ro11,'

else if (CurrRollKeyframe && CurrRollKeyframe->fTime <= fTotal-Time
&&

CurrRollKeyframe->next->fTime >= fTotalTime)
// first ensure that we're interpoLating between the proper

frames
{

// now switch based on which ty¡se of controffer wetre using
switch ( CurrRol-LKeyframe- >Type )

t
case CNT LINRLL:
(
1

fl-oat difl- = CurrRol-l-Keyframe->next->fTime -
CurrRol lKeyf rame - >f Time ;

float dif2 = fTotalTime
CurrRol lKeyf rame - >f Time ;

float perc = díf2 / difl;

Rol1 = (CurrRol-l-Keyframe->next->ro11 -
CurrRollKeyframe->roll-) * perc +
CurrRol l-Keyf rame - >rol- l- ;

) break;
case CNT TCBRLL:
t

float difl = CurrRoll-Kevframe->nexL->fTime -
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CurrRoL l- Keyf rame - > f Time,.
float dif2 = fTotalTime

CurrRol- lKeyf rame - >f Time ;
float perc = dif2 / difl;
float newTime

Ease (perc, CurrRol lKeyf rame - >easeOut,
CurrRol- lKeyf rame - >next - >ease In ) ;

f Loat sqr = newTime*newTime,. f loat cube
< ¡r ¡k n ar^rrT i ma .

¡ ¡r!¡9 ,

( 2.Of*cube - 3. Of*sqr +
1 . 0f ) *CurrRol-1Keyframe- >rolL +

( -2.Of*cube + 3. Of*sqr
) *CurrRol-lKeyf rame- >next - >rol_l_ +

(cube - 2. Of*sqr +
nar¡¡'laima\ *ñrrrrÞ^l I 1.^"t--ñ^ -^,,Èr^'^ r^l¡¡ew¡¿LL¡E/ -*..^-,lKeyframe->outTan [0],+

(cuþe - sqr
) *CurrRollKeyframe- >next - >inTan [0] ;

] break;
caae CNT_BEZRLL:
1

float difl = CurrRol_l_Keyframe->next->fTime -
CurrRoL lKeyf rame - > f Time ;

float dif2 = fTotalTime
CurrRol- l- Keyf rame - > f Time ;

float perc = dif2 / difl;
float sqr - perc*perc; fl_oat cube = sqr*perci

( 2.Of*cube - 3.Of*sqr +
l- . 0f ) *CurrRoll-Kevframe- >roLl_ +

( -2.Of*cube + 3. Of*sqr
) *CurrRol-lKeyframe- >next- >ro1l_ -

(cube - 2. Of*sqr +
perc ) * CurrRol l-Keyf rame - >outTan I O ]

(cuþe - sqr
) *CurrRollKeyframe- >next - >inTan [0] ;

- ) break,.

IJ
else if (RollKeyframes && CurrRollKeyframe == Roll-Keyframes &&

CurrRollKeyframe->fTime > fTotal_Time)
Rol-f = CurrRoll-Keyframe->roll- ;

)]

CVisualObj ect : : UpdateScale (fl-oat fTotal_Tíme)
I

,// process scaling keyframes
whiLe (CurrScl_Keyframe && CurrSclKeyframe->next &&

CurrSclKeyframe->next->fTime < fTotalTime &&
CurrScl_Keyframe - >next - >next )

CurrSclKeyframe = CurrSclKeyframe->next,.
if (CurrScl-Xeyframe && CurrsclKeyframe->next. &&

CurrScl_Keyframe->next- >fTime <= fTotal_Time)
// if we get here, we can as,sume that we're in a speciaT case of
// being at the end of the keyframe l_ist for Lhis obiect where

'nextl
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// is the fast keyframe. Thus, need to fock to the finaf
position

1

ScIX = CurrScfKeyframe->next.->scal-e [0] ,'

SclY = CurrScfKeyframe->next->scaLe [1] ;
SIIZ = CurrScfKeyframe->nexL- >scal-e l2l ;

ì
¿

else
t

it 
(CurrScfKeyframe && !CurrScl-Keyframe->next)

SclX = CurrScl-Keyframe->scaIe[0] ;
SclY = CurrScl-Keyframe->scale [1] ;
SIIZ = CurrSclKeyframe->scale [2] ;

I
else if (CurrSclKeyframe && CurrScl-Keyframe->fTime <= fTotal-Time

&&
CurrSclKeyframe->next- >fTime >= fTotal-Time)
// tirst ensure that we're interpoTating between the proper

frames
{

// now swifch based on which ftne nf rnnfrniler ¡¿atre ttqino//
switch (CurrSclxeyf rame- >type)

case CNT LINSCL:
I-

float difl- = CurrSc]Keyframe->next->fTime -
CurrScl-Keyf rame- >f Time;

f l-oat dif 2 = fToLaf Time
CurrSc lKeyf rame - > f Time ;

fl-oat perc = dif2 / difi-;

SclX = (Currscl-Keyframe->next->scale [0]
ñrrrre¡'l Ttarrfr¿¡¡g->SCa1e [0] ) * perC +
õ;;õ;il¿íil"*.- >scare r ol ;

SclY = (CurrSclKeyframe->next->scale []-l
r-rrrrQ¡'ì l{arrf r¿¡¡19- >SCaf e [1] ) * perC +
ô='s;i;èii="*u - >scate [ 1 ] ;

S:IZ = (CurrSclKeyframe->next->scale [2]
CurrScl-Kevframe->scafe [2] ) * perc +
il;;ã;i;àíi'"*" - >scare r2 r,.

i break;
caee CNT TCBSCL:
I-

SclX = CurrSclKeyframe->scal-e IO] ,.

ScIY = CurrScl-Keyframe->scafe [1] ,.

ScIZ = CurrScl-Keyframe->scal-e [2] ;
] break;
cage CNT BEZSCI,:
I-
t

float difl = CurrSclKeyframe->next->fTime -
CurrSclKeyf rame- >f Time,-

float dif2 = fTotaLTime
CurrSc lKeyf rame - >f Time ;

float perc = dif2 / difl-;
fLoat sqr = perc*perc; float cube = sqr*perc,'
SclX =

( Z.Of*cube - 3.Of*sgr +
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1. 0f) *CurrScl-Keyframe->scale [0] +

) *Currscl-Keyframe->nexL->scal-e [0] +

perc) *CurrScl-Keyframe->outTan IO] +

) *CurrSclKeyf rame- >next - >inTan [ 0],-
sõ | v -

1. 0f ) *CurrScl-Keyframe->scale [1] +

) *CurrSclKeyframe->next->scale [1-] +

perc) *CurrScl-Keyframe->outTan [1] +

\ rkf-rrrrQ¡'l T{arrf r=rr1g->neXt->inTan [1] ;
c.alq -

1. 0f ) *CurrSclKeyframe->scale [2] +

) *CurrScl-Keyf rame- >next - >scal-e [2 ]

perc ) *CurrScl-Keyf rame - >outTan [2 ]

) *CurrScLKeyframe- >next - >inTan [2 ] ;
) break;

)
Ì
)
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(-2.of*cube +

(cube - 2.Of*sqr +

I ar rha - <ñr-a-

( Z.of*cube - 3.of*sqr +

( -2 . 0f*cube + 3.Of*sqr

(cube - 2.Of*sqr +

/ ¡r rlra - eñr
"Y-

( Z.Of r.cube - 3.0f *sqr +

+ 3.Of*sqr

(cube - 2.Of*sqr +

/¡rrlra - cñr
"Y-

( -2 . 0f*cube

]

CVisualObject : :UpdateTransform (float CurTime)
{

a!L

eLse if (SclKeyframes && CurrScLKeyframe == SclKeyframes &&
CurrSclKeyframe- >fTime > fTotalTime)

!
Scl-X = CurrSclKeyframe->scale[O] ;
ScfY = CurrSclKeyframe->sca]e [1] ;

, 
t.f Z = CurrScJ-Keyframe->scal_e [2] ,.

// this aLfows us to recursivel-y update the transformation matrices of

// ohicr-f s in f h¿ database//
if (CurTime != TimelastUpdated)
t(

TTnrì¡l. oÞnq i | ì an f ñrrrTi maì .
\ vs! ¡ ¡¡¡¡e / ,

TTnd:l- cRaJ- el- inn l(-rrr'Tima\ .
\ esr ¡ ¿rrrv / ,

UpdateScale (CurTime) ;

float TransformationMatrix [16] ;

f loat Local-SclMatrix [16]
{ scl-x, o.of, o.of, o.of,

0.0f, ScIY, 0.0f, 0.0f,
0.0f, 0.0f, S:IZ, 0.0f,

- 0.0f, 0.0f, 0.0f, 1.0f,
t.)t

float Loca]RotMatrix [16]
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{ L.of, o.of, o.of, o'of,
o.of, l-.0f, o'of, 0'0f'
o.of, o.of, l-'of, o'0f'
o.of, o.of, o'of, 1'0f'

);
itoae LocalTrnM-¿¡i1 [161
{ l-.0f, o-of, o.of, o'of,

o-of, 1.0f, o'of, 0'of'
o.of, o.of, l-'of, o'of'
PosX, PosY, PosZ' 1'0f'

);
QuaternionToMatrix(oriv'i,orix'oriY'orj-z'r'ocalRotMatrix);
staticfloatTempMatrixrI16],temp¡,latrLx2|L6],TempMatrix3[16];
MatrixMultipf V ti,ä.a1Scf Matrix, f,oèatRotMatrix, TempMatrixl ) ;

MatrixMultiply (TempMatrixl-' LocafTrnMatríx' Transform) ;

MatrixlvluJ-tipIy (fJmpt'tatriil , I'oca7Trnlvlatríx ' TempMatrix2 ) ;

MatrixMult¡\lV (of isetMattix ' TempMa=rix2 ' Transf orm) ;

/ / matrixuiultipJy (rempnatrii2 ' of f setMatrix ' Transf orm) ;

if (ParentObject)
t 

n.tentobject->Upd'ateTransform(CurTime);
MatrixMultiply ttr-nsiãim, parentobj ect - >Transform, Transformat

ionMatrix) ;

ationlvlatrix) ;

transformatíon

Watt &. Watt

Mat r ixMul- L ip ly ( P ar en1 Ob j e c t - >T r ans f o rm' TempMat r ix2' T rans f otm

MatrixCopy (TransformationMatrix' Transf orm) ;

i

if (Target)
{

Target - >UpdateTransf orm ( CurTime )''
// here we replace the rotation portion

// matrix with a targetting one'
float vector [3]
{

Target->PosX - PosX,
Target->PosY - PosY,
Target->PosZ - PosZ,

Ì;
úectorNormalize (vector) ;

// now we construct the B Matrix as listed on

the

Page 9 of

float
float
{

dot = vector [2] ;

view [3]

_ dot * vector [0] ,

_ dot * vector [1] ,

1.Of _ dot * vectorl2] ,

);
float uP [3] ;

VectorC-rossProduct (vector, view 
' 
up )

float s []-61
{' lrp [o] , view [o] , -vector [o] '

,tP tr: , view [lJ , -vector [1] '
.ttb tzl , view [2J , -vector [2] '

ô
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0, 0, 0, L,
);
float LocalRol-lMatrix [16]
{ cosf (RolI) , sinf (Ro]]) ,

-sinf (Rol1) , cosf (Rol-l-) ,

o.0f, o.of,1.0f,0.0f,
o.of, o.of, 0.0f, L.0f,

\¡
float NewTrnMatrix [16]
{ r.ot, o.of, o.of, o.of,

o.of, 1.0f, 0.0f, 0.0f,
o.of, o.of, 1.0f, 0.0f,
Transform [12] , Transform
Transf orm [14] , l- . 0f ,

);
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0.0f,0.0f,
0.0f, 0.0f,

l'1 ? l

MatrixMult iply ( B, LocalRol lMatrix, TempMatrixl ) ;
Mat rixMul t ip 1y ( TempMat rix1, NewTrnMatrix, Trans f orm )

]

- TimelastUpdated = CurTime;
-t
t

CVisualObject : :UpdateBoundaries (int From)
I

(int i=From,' icCurrentTotalVertices ; i++)

(GetMaxXO < VertexArrayli*3 l)
Qat- MrvY /17ãrf- êvÃrr¡r¡ [i :t? I I .

\ rv!ev¡L¿¡¡¡ll¡ L- ¿ r t t

(GetMaxYO < VertexArrayli*3+1J )
Qal-M¡vV l\/êrt- êyArrar¡ [i tr?+'1 ] ) .

\Ìv¡gv¡g¡¡¡VlL.¿.1J''

(GetMaxZ O < verLexArray li*3+2J )

Ral-Mav7 l\/arl- ovÀrrar¡ [i *?+?l I .
. eJ , ,

(cetMinxO > VertexArray[i*3 ])
SetMinX(VerEexArray[i*3 ] ) ;

(cetMinYO > VertexArrayli*3+tl )

SetMinY (VertexArray Ii*3+r] ) ;
(GetMinz O > vertexArray [i*3+2] )

SetMinZ (VertexArray Ii*3+2J ) ,-

)

CVisualObject: :TextDumpFacelist (unsigned int total, int *il,ist)
{

static int count = 0;
static ínt tric = 0;
char buffer [200] ;
sPrintf (buf f s¡, " t'** Nevi

OutputDebugstring ( buf f er ) ;

for
t

LI

t-1

l-f

l-l

r-I

l-1

f due !IÐ L #?d***\r\nrt ++¡nrrnl- ì .

sprintf (buf f er, "åd Faces Ädded. \r\r¡1 ", tota]) ,' OutputDebugString (buf fer) ;

!o= (unsigined int i=0,'i<total-; i++)
I

sprint.f (buf f er, "Triangle åd:
?d.\rr\n", Lric++, iLisL Ii*3], iI,ist Il*3+1], iList Li*3+21) ;

OuLpuLDebugstring ( buf f er ) ;
)
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if lOl'lìacf f-amn'l ol-a I ì I\vvJueevvlrl!/¿çuç \ / ¡/

OutputDebugstring ( "#.###Object is nov; Completed\r\n,,) ;ôrr.t- nrrþlìaÈ,,¡Qt-ri ñ^ / fi rr \ .vuu¡/suuelqyD Lr ¿¡rY \ J i
O¡rf nr:f Dal-ìrrrSJ- ri nc ¡/ t' - --fì^-o T.i êr ---- --n^ñ^vsu¡,uLUç!qYoL!r¿rv \ ===.lr(Jlle !!ÞL-----iuulrc LiSC======DOne LiSt======DOne

ljst======Done Lisi======Done Liei- ===\ r\ n rr \ .
--- \! \¿r / 

'

CAnimation: :Reset o
1

// Cleanup the previous anjmation now.
CTexture *ctex = NULL;
if (Texturelist.Head)

ctex = Texturel,istHead_>next;
while (ctex)
t

delete TexturelistHead,.
TexturelistHead = ctex,.

, CEex = Ctex->next;
l
if (TexturelistHead)

delete TexturelisLHead ;
TexturelistHead = NULL;

CVisual-Object *curr = NULL.
if (obj ectListltead)

curr = ObjectlistHead->next;
while (curr)

delete Obj ectlistHead;
ObjectlistHead = cürri
CUrr = Curr->next.;

1

¿t (ObjectListHead)
delete Obj ectlistHead;

LightingEnabl_ed = FAI,SE.

ReadyTillFrame = -2;

ObjectlistHead = NULL;
bTimeNotseÈ = TRUE;
bBeginningNewAnimation = TRUE;

// reset the camera
SceneCamera. posx = 0. Of;
SceneCamera.posy = 0.Of;
SceneCamera. PosZ = 0. Of;
SceneCamera.OriX = 0.Of;
SceneCamera.Oriy = 0.0f ;
SceneCamera.OriZ = 0.Of;
SceneCamera.OrihT = l_. 0f ;

whiLe ( SceneCamera . posKeyframes 
)

t
CKeyFrame *curr = SceneCamera.posKeyframes_>nexÈ,.
del-ete SceneCamera. posKeyframes ;
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SceneCamera.PosKeyframes = cürri
I
ácenecamera. PosKeyframes = NULL,'
SceneCamera.CurrPosKeyframe = NULL;

whiLe ( SceneCamera . RotKeyframes )

t
CKeyFrame *curr = SceneCamera.RotKeyframes->next;
deleÈe SceneCamera . RotKeyframes ;

., t""neCamera.RotKeyfrâffiês = curr;

êcenecamera.RotKeyframes = NULL,'
SceneCamera.CurrRotKeyframe = NULL;

while ( SceneCamera . Rol-lKeyframes )

CKeyFrame *curr = SceneCamera.RollKeyframes->next;
dei-ete SceneCamera . RoflKeyframes ;

. SceneCamera.RollKeyframes = curri
I
SceneCamera. RollKeyframes = NULL;
SceneCamera.CurrRollKeyframe = NULL;

SceneCamera. fFarPlane = 1000. 0f ;
SceneCamera. fNearPlane = 1-.0f;
SceneCamera. fFieldOfView = 90. 0f ;

'i r.ì aÈrarnrrSe - 0;

BackgroundCol-or [0] = 0;
BackgroundColor [1-] = 0;

- BackgroundColor[2] = 0;
It

CVisualObject::Cafcul-ateTCBQuatDeriv(CKeyFrame *prev, CKeyFrame *crtrr,
CKeyFrame *next)
// Given the three keyframes, this cal-cul-ates the the incoming and outgoing
// tangents. Note that this compensates for either prev er .next not
^--: ^+: ^-Ç^LÞLlrrq.

// tn oln", werds, cases of the first and l-ast frames, which are exceptionaJ-.

// Wote that this function currentLy appears to work perfectTy. Quaternion
vatues
// need to be precalculated before this function is used, using FINAL
quaEernt-ons
// for a given keyframe, not the vaTues straight-converted from Angl-eAxis
vafues
// which wouLd mereTy be RELATM quaternions. We presume this preprocessing
/ / -L^- L-^ L^^- ncrfnrmarf urhcn y¡g affive hefe,/ / Þ UYP ttdÞ uÇÇtr PeL LvL trtÇv wtrÇt!

// fhis code is adapted from the IPAS sampJe code for KXP information
provided
/ / L-- ^..,^Ã^^1- ()rioinel s(1rtr¡F information can be found at/ / uy ôuLvqçÞ^. vL LJLrlaL Þvu¿ uL

/ / ht tp : / / www - aut ode sk . com/ support / t e chdoc s / f ax7 0 0 / f ax7 4 6 . htm
I

float 9m [a] ;
float 9p [a] ;
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)

if ( next t= trlur,r, ) {if (fabs (nexÈ->angl_eaxis [3]
2.of*FLOAT Pr-.001)-{

f loat I [a] ;
S t0l = n€xt->angJ.eaxis IO] ;
St1l = next->angleaxis [1] ;
St2l = next->angleaxisL2J ¡

st3l = 0;
qlog( 9,9p );

)
else
{
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curr->angleaxis [3] )

Srn t3l

æ t3l

if ( prev t= l¡uLL ) {
if (fabs (curr->angleaxis t3l ) > 2. of*FLoAT pI_. OooOl)Í-
t

floar eLal ;
St0l = curr->angleaxis IO] ;
S t1l = curr->angÌeaxis [1] ;
S,L2l = curr->angleaxisl.2l ;
st3l = 0;
qlog( q,gm ) ;

]
else
{

f loat q>rev [4] ,.

q¡rev [0] = prev->rot [0] ;qprev[1] = prev->rot [1] ;qprev[2] = prev->roLl2l ;
q>rev [3] = prev->rot [3] ,.

if (qdotunit( q>rev,curr->rot ) < O.Of)
qnegate( çrev 7;

- qfndif ( q>rev, curr->rot, grn );
)

float qnext. [4] ;
qnext. [0] = next->rot [o] ;
qnext [1-] = next->rot [1] ;
qnext [2] = next->roEl2l ;
qnext [3] = nexL->rot [3] ,.

if (qdotunit( qnexE,curr->rot ) < o.of)
qnegate( gnext );

qlndif( curr->rot, qnext, ep );

if ( !prev)
{ qln tol

SP[3]; ]
if ( !nexr)
{ ætol

Smt3l; )

float fp =
if (nexL &&

{

= eP[0];

= 9m[0];

¡ I¡

prev)

sm[1] = sptll

sp t1l = qm t1l

= l-.0f, cm = 1.0f

; qln[2] = æ[2];

; Sp [2] = ern [2] ;

- curr->continuitw:

* (float) (next->fTime - prev->ffime) ) ;
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fp = ( (f l-oat) (curr->fTime - prev->fTime) )*dt;
fn = ( (f l-oat) (next->fTime - curc->fTime) ) *dt;
float dt = 1.0f/(0.5f * (float) (next->iTime - prev->iTime));
fp = ( (float) (curr->iTime - prev->iTime) ) *dt;
fn = ( (floab) (next->iTime - curr->iTime) ) "dt;
float c = fabsf( curr->continuity );
fn - fn L õ - ¡ rk fn'Ly - -y v 'Et
fn=fn+c-c*fn;

)

f loat tm = 0.5f * (1.0f - curr->tension) ,.

float cp = 2.0f - cm;
float bm = 1.0f - curr->bias;
float bp = 2.0f - bm;
float tmcm = tm * cm,'
float tmcp = tm * cP;
float ksm = l-.Of - Lmcm * bp * fp;
float ksp = -tmcp * bm * fp;
float kdm = t.mcp * bp * fn,'
float kdp = tmcm * bm * fn - l-.Of;

float qa [aJ , 9b [4] ;

fot (int i=0;í<4;i++)
t

qali]= 0.5f * ( kdm * qm[i]+ kdp * q>[i] );

) 
nbtil= O.sf * ( ksm * qmlil+ ksp * Wlil );

f loat qae [4] , qbe [4] ;
gexp ( qa, qae ) ;
qexp ( qb, qbe ) ;

QuaternionMul-tiply( curr->rot, eâê, curr->inTan ) ;
QuaternionMultiply( curr->rot, qbe, curr->outTan ) ;

)

CVisuafobject : :SetOffset (float *offsetarray)
{

for (int i=0;i<4;i++)
for (int j=0;j<3;j++)

OffsetMatrixIi*4+j] = * (offsetarray+i*3+j) ;

]
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D.2.18 AnimationFile.h

#if
!defined(AFX ANIMATIONFILE H 44F36380 C3EB l-1Dl- 87F8 00AAOOB9C442 INCLUDED )

#define AFX_ANIMATIONFILE_H_44F36380_C3EB_li-Dl-_87F8_004.A0089C442_INCLIIDED_

#include I'Animatíon.hr' // Added by CJassView
#if _MSC_VER >= 1000
#pragma once
#endif // _MSC_VER >= t-000
// Animerionrí1e..h : This abstracts the actual- animation database, and deafs//
// entireJy with the retrievaf of data, and the processing of the opcodes
// receíved.

fl-oat inline FABS(float bl-ah) // cal-cuJ-ates the a quick fToating point abs.
{
t

// courtesy of Crom
unsigrred int* a = (unsigined inÈ *) cblah;
unsigned int b = Ox7fffffff 6. * (a) ;
float r = *((f1oat *) &b);

- reLurn (r);
J'

/////////////////////////////////////////////////////////////////////////////
// CAnimationFife command target
#define BUFFERSIZE 5]-2

class CAnimaÈionFile : public CAs)mcMonikerFile
{
// Attributes
publíc:

// ñnara+ inne//
public:

CAnimationFil-e O ;
virtual -C.AnimationFife ( ) ;

private:
unsigned int iCompressedCount;
unsigned int iuncompressedcount;
unsigned int bitlength;
unsigned int GetCode(int &codepointer, BYTE * CodeBuffer, int bitlengÈh,

int &input_bit_count,unsigned int &input_bit_buffer),'
public:

long lBufferRequired;
int iSpeedType;
inÈ iSpeed;
BOOL bPreBuffering;
long lTota1Filel,ength;
BOOL bÐecodeComplete;
unsigned char *Dictionary,'
Þaeaf I I .

,// Overrides
ínt DecodeHeader O ;
Haarlnv(float atl , float source[], unsigned int size) ;

ConvertColorlíTo2|(unsigrred int source,unsigrred char &red, unsigined char
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&green,
uneigrred char &.blue) ,'

float invTPF;
float ScaleUp(unsigned int val, float min, floab max, int bitdepth);
unsigned char DecodeByte (unsigrned char * Buffer, int & pointer) ;

unsigned shorÈ Decode!'Iord(unsigned char * Buffer, int & pointer);
unsigned. int DecodePartiallVord(uneig:eed char *Buffer, int &pointer,

unsigirred int bitlength, unsigned inb &input_bit_buffer,
unsígned int &input-bit-counÈ, int &total);

float DecodeFfoat (unsigined char * Buffer, int & pointer) ;

BOOL bAbortAnimation;
ProcessVersionNumber ( ) ;
int iBitsPerVertex;
BOOL bCompressedNormal s,'
BOOL bDownloadComPlete,'
BOOL bAnimat ionlnProgress ;

BOOL Decode3Floatlist (int count, uneÍgmed char *Buffer, fLoat
*f]oatList, int &pointer) ;

BOOL bReadyToDisPlaY;
CAnimation Animation;
BOOL DecodeCode(int &codepointer, BYTE *CodeBuffer, int &respointer,

BYTE t,ResBuffer,
BOOL &Reset);

int AnimPos;
void DecodeAnimation(int Headerlength,BOOL &Reset, int HoldBack),'
void ParseAnimation O ;
BYTE BUffCT IBUFFERSTZE*2] ;
BYTE ANiMBUffCT IBUFFERSIZE*48] ;
inb Buf f erPos,'
// Cl-asswizard generated vittual function overtides
/ / { { erx_vtRTUAL ( cAninat ionF i l- e )

prot,ected:
vírtual void onDataAvailabfe (Dv,ioRD dwsize, DWORD bscfFlag) ;

virtual void onProgress (uLoNG ulProgress, ULONG ulProgressMax,
ULONG UfSLATUSCOdC, LPCTSTR SZSTATUSTCXT) ;

/ / ] ]erx_vtRruAL

// Generated message map functions
// { {arx_usG (cAnimationFiLe)

// NOTE - the CLassltizard wifL add and remove member functions
here,

// ] ]arx_uso

/ / lmnl emenf.aXi on//
protected:
private:
. unsigned int ÐecodeShortlnÈ (uneigined char* Buffer, int &pointer) ;

JI

/////////////////////////////////////////////////////////////////////////////
/ / | | ^f,v r^rolnry r.nrzq,rnnl I/ / | IIaE'\_!.¿v.>J1fi1_!vøtLvtrJ J

// Mir-rn.;off f)eve1 nncr .grttrf ir': wil-J- insert additionaf decl-arations immediateTy//
hefnrø fhc nreviouS fine.

#endif //
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D.2.19 AnimationFile.cpp

// Animafion{i'l¿ nnn. imnlcmanf¿fj6n fil_e/ / t'LLv.çL¿Lr

#incl-ude " stdafx. h"
#include'rmmsystem. hrl
#incLude ttmath. h'r
#incLude I'Quaternion. h"
#include "Decompressor. h"
#incLude 'rAnimationFif e. h"
#ínc1ude " . . 7'Compressor/Opcodes.h"
#include " . . /Cornpressor/Pi:telPeano.h"

#include "AnimaLior-r. h"

#include "Dialoglog.h"

*ifdef _DEBUG
#define new ÐEBUG NE!'I

#undef THIS_FILE
statíc char THIS FILE [i = FILE ì

#endif

extern CStatusBar *mSwndstaLusBar,'
extern CSliderCtrl-* pSf ider;
extern BOOL bSl-iderCreated,'
extern CDialoglog *pLog;
extern CWnd *pl,tlin;

/////////////////////////////////////////////////////////////////////////////
// canimationFife

C-Animat ionFil-e : : CAnimat ionFi I e ( )

t
iSpeedType = 0;
bPreBuffering = FAISE;
bAnimationlnProgress = FALSE,'
bAbortAnimation = FAI,SE'
bReadyToDisplay = FA],SE,'
bDecodeComplete = FALSE,'
Dictionary = new unsigned char [LzsswrNDow_LENGTH];

)

CAnimationFile : : -CAnimationFil-e ( )

deleÈe [] Dictionary;
)

// Oo not edit the foTTowing Jines, which are needed by CJassWizard.
#if 0

BEGIN MESSAGE l,lAP (CAnimationFife, CAslmcMonikerFile)
/ / { { AFK_MSG_MAP ( cAnimat ionF i l- e )
/ / I larx MSG rqAPt / J J"'

END MESSAGE MAP0
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#endif // o

/////////////////////////////////////////////////////////////////////////////
// CAnimationFiTe member functions

CAnimaL ionFi Ie : : OnDataÄ,vailabte (DVùORD dwS i ze, DWORD bscf Flag )

//fillthebufferwithamaximumof256characters,andthenparseit
commands.

gtatic long m-dwReadBefore;
static BOOL bReseL,'

do this on the first data recieved from the connectaon
( (bscfFtag & BSCF-FIRSTDATANOTIFICATION) 1= 0)

m dwReadBefore = 0;
BufferPos = 0;
¡\nimPos = 0;
bDownloadComPlete = FALSE;
bl\lcortAnimation = FAISE'
Animation.bBeginningNewAnimation = TRUE;

bDecodeComPlete = FALSE;

ewitch (iSpeedTY¡re)

t
case SPEED-288:
caae SPEED-56k:
CAEC SPEED_ISDN:
caae SPEED-ADSL:
case SPEEÐ T1:

I
bPreBuffering = TRUE;
l-Buf ferRequired = 2L4'7 48364'7 ;

)

pT,og->m-fsize = dwSize;
bi,"ã-'uþdateoata ( FALSE ) ;

ÐhïORD dwArriving = dwSize - m-dwReadBefore;
whíIe (dwArrlving > 0 cc tbAbãrtAnimation && lbDecodecomplete)
t

int iHoldBack = 3;
if (dwArriving > BUFFERSIZE - 1)

t -- - -.'¡nnnarryu\.Read(Buf fer + BufferPos' BUFFERSÍ-ZE) '
m_dwREAdBEfOTC += BUFFERSTZÊ ;

dwArriving -= BUFFERSIZE;
BUffCTPOS += BUFFERSIZE;

)
elee
t

Read(Buffer + BufferPos' dwArriving) ;

m-d-wReadBefore += dwArriving ;

güfferPos += dwArriving;
dwArriving = 0;
i$oldBacl< = 3;

I
ir (m-dwReadBefore >= lBufferRequired)

bPreBuffering = FALSE;

if
{

iSPeed = 2500; break;
iSPeed = 5000; break;

iSpeed = 5700; break;
iSpeed = 1l-400; break,'

iSPeed = l-34000; break;
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pl,rlin - > RedrawlrÏindow ( wULI,, NULL, RDV'I_INVAI T DATE ) ;

if ( lAnimation.bBeginningNewÃnimation I I

BufferPos >= 14)
{

/ / .i f t¡at re þpni nní na ^arcã rhe headef/ / L v vvJ LtlltLLtJ t E4' vv v

/ / nrhcr¡¡i sp àp¡nmnrccc fhc ãnimation
/ / vrlevl

// data
if (Animation.bBeginningNewÀnimation)
{

bReSeT = TRUE;
DecodeAnimation (DecodeHeader ( ) , bReset, iHoIdBack) ;

- ParseAnimation O ;
Ì
eLse

DecodeAnimation ( 0, bReset, iHoldBack) ,'

ParseAnimation ( ) ;
)

I

l

CAslmcMonikerFil-e : : onData-Availabl-e (dwSize, bscf Flag) ;

)

void CAnimationFile: :OnProgress (ULONG ulProgress, ULONG ulProgressMax,

f 
ULONG ul-StatusCode, LPCTSTR szStatusText)

ñQfri na e.vv e! !¡¡J e t

switch (ul-StatusCode)

case BINDSTATUS FINDINGRESOURCE:

{
s . Format ( "Looking up ?s r' , szStatusText ) ,'

mswndStatusBar->SetPaneText (0, (LPCSTR) s, TRUE),'

] break;
cage BTNDSTATUS USTNGCACHEDCOPY:

{
s. Format ( "Grabbilrg loca1 copy from cache", szstatusText) ;
m3wndstatusBar- >SetPaneText ( 0, (LPcsTR) s, TRUE) ;

) break;
case BINDSTATUS CONNECTïNG:

{
s.Format ("Site found. . . connecting to ås'r,szstatusText) ;
m3wndstatusBar->SetPaneText (0, (LPCSTR) s, TRUE) ;

] break;
case BINDSTATUS BEGINDOV,INLOADDATA :

{
s. Format ( "Beginning cransfer. . " , szSÈatusText) ;
m3wndStatusBar- >SetPaneText (0, (LPCSTR) s, TRUE) ,'

) break;
CagE BTNDSTATUS_DOWNLOADINGDATA :

s. Format ( "?d conrpleted",
// (int) (700. g't' (f Joat) uTProgress
(f l-oat) ulProgressMax) ,

ulProgress) ; //, ulProgressMax) ;
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m3wndStatusBar->SetPaneText (0, (LPCSTR) s, TRUE) ;
) break;
case BINDSTATUS ENDDOÌ{NLOADDATA:

{
s. Format ( "DownLoad Completed", szStatusText) ;
m3wndStatusBar- >SetPaneText ( 0, (LPCSTR) s, TRUE) ;

bDownl-oadcomplete = TRUE;
\

)

CAs)mcMonikerFi 1e : : OnProgress ( u1 Progres s, u1 Progres sMax,

) 
r1StatusCode, szStatusText) ;

int CAnimationFil-e : : DecodeHeader ( )

t
plog->m_fsize = 0;
plog->m3o1ys = 0,'
plog->m_verts = 0;
plog->ClearO;
char buffer[200];

int i=0;
// parse animation header
uneigned char b0 = guffer [0] ;
unsigned char b1 = euffer [1] ;
uneÍgned char b2 = guffer [2] ;
unsígned char b3 = euffer l3l ;

plog->Log ('rParsing f Íle header. . . \r\n" ) ;

,// Process bools from the header
iBitsPerVertex = b0 & 0x03;

bCompressedNormal-s = b0 & 0x80;
if (bCompressedNormal-s)

plog->Log("- Compressed normal-s included\r\n") ;
else plog->Log("- Compressed normals not incl-uded\r\n"),-

Animation.bVertexNormaLs = b0 & 0x40;
if (Animat.ion. bVertexNormal-s)

plog->Log (I' - VerLex normal-s included\r\n" ) ;
else plog->Log('t - VerLex nonnals not. incl-uded\r\n") ;

Animation.bMaterialQuality = b0 & 0x20;
if (Animation.bMaterialQuality )

pl,og->Log("- Texturenìaps useC. \r\n") ;
else plog->Log("- Object or vertex col-ors only used.\r\n");

i+=4;
if ( (b0 a 0x10) == 0)

Anl-maEl-on. l-¡jource.BPti = JU ;
else

Animation. iSourceFPS = DecodeShort.Int (Buffer, i) ,.

sprintf (buf fer, " - Origi-nal Frarnerate = ?d\r\n",Animation. iSourceFPS) ;
pl,og- >Log (buffer) ;
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if ( (b0 c 0x08) == 0)
Animation.iSourceTPF = 160;

else
Animation. iSourceTPF = DecodeShortlnt (Buffer, i) ;

sprintf (buf f er, " - Oi:íginal- Ticlci:ate = %d\r\nrr ,Animation. iSourceTpF) ;
pl,og- >Log (buffer) ;

it 
( (b0 & 0x04) == 0)

.Animation. bSimpleShading = FAT SE;

, naog- >Log ( " - Sirnpl-e shading not being used. \r\n" ) ;

else
I

Animation. bSimpleShading = TRUE ;

- plog->Log("- Simpl-e shading being used.\r\n");
l

invTPF = l-.0f / (float) (Animation.iSourceTPF * Animation.iSourceFpS),.
// cet Version number
Animation. Maj orVersion= b2 ;
Animation. MinorVersion= b3 ;
ProcessVersionNumber ( ) ;
sprinLf (buffer, 't- File version number = Zð. åd\r\n',,

Animat ion . Ma j orVers ion , Animat ion . MinorVers ion ) ,.

pl,og->Log (buffer) ;

unsigned int frame = 0;
uneigrred char* ucTime = (uneigmed char*) &frame;
rrcTi me IOl = Tìc¡odaP,r¡l-o lRrrf f ar i I .

jÇe\!s¡leLtLl,

ucTime [1] = DecodeByte (Buffer, i) ;
ucTime [2] = DecodeByte (Buffer,i) ;

Animat.ion.FinalFrame = frame;
sprintf (buffer, " - Total internal frame count = ?d\r\n,',

Animation. Final-Frame) ;
plog->Log (buffer) ;

if (bSl-iderCreated)
t

pSlider- >Set.Range ( 0, Animation. FinalFrame*100, TRUE) ;

) 
nttider->SetPos (0) ;

unsigned ir¡t res = 0;
uneigned char *ucRes = (unsigmed char*) &res;
ucRes [0] = DecodeByte (Buffer, í) ;
ucRes [1] = DecodeByte (Buffer, í) ;
ucRes [2] = DecodeByte (Buffer, í) ;

Animation.iTargetX = (res & 0x0O0OOFFF);
Animat.ion.iTargetY = (res >> L2) ;

int val- = 0;
int cx = (::GeLsystemMetrics(sM_CxscREEN) >> l-) - Animation.iTargeLX/2;
int cy = (::GetSystemMetrics(SM_CYSCREEN) >> 1) - Animation.iTargeLy/2;
if ( !b.AbortAnimaÈion)
t
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pWin->MoveVilindow (cx, cy,Animation. iTargetX+12,Animation. iTargety+98
);

. pwin- >Redrawvüindow O ¡ / /xurt, NTJLL, RDW_TIMALTDATE I nnw_ueoaTENohT) ;
l
sprintf (buffer, rr- Animation resofution = ?dx?d\r\n",

Animation. iTargetX,Animation. iTargetY) ;
plog->Log (buffer) ;

uneigned ínt totall,en = 0;
unsigned char *ucf,en = (unsigned char*) ctotallen;
uclen [0] = DecodeByte (Buffer, i) ;
uclen []-l = ÐecodeBYte (Buf f er, i) ;
uclen[2] = DecodeBYte(Buffet,i) ;
uclen [3] = ÐecodeByte (Buffer, i) ;

if (totali,en != 0)
l-Tot.al-Filel,engt.h = totall,en;

else lTotal-Fil-el,ength = 1;

sprintf (buffer, r'- Total file length before LZSS = ead\r\n",
lTotalFil-elength) ,.

pl,og- >Log (buffer) ;

floaÈ multiplier = (float)Animation. FinalFrame /
( float) Animation. iSourceFPS;

l-BufferRequired = l-Tota1Filel,ength - (long) ( (float)iSpeed*multiplier) ;
if (l-BufferRequired < 0)

lBufferRecruired = 0;

bPreButtering = TRUE;
pI,og- >Log ( 'rHeader Parsed. \r\n" ) ;

) 
return (i);

void CÄnimat ionFi le : : ParseAr¡imat ion ( )

int i=0,'
BOOL bDone = FALSE;
static f loat f l-oatlist []TEMSPERBLOCK*31 ,.

static int intlist 1256*31 ¡
static unsigned char charlist [256*3] ;

// note that Lhis TittLe group of variabl-es are used for decoding
texture mipmaps

etatic BOOL bDecodingTextures;
Etatic CTexture *DecodingTex;
etatic int Coefficientlndex;
gtatic int CoefficientBound,-
static f loat Coef f icientMatrix IMAXTEXTURERES*MAXTEXTURERES*3 ] ;
static CPixel-Peano *pPeano;
static int CoefficientCol-or;
statíc int Coefficientlnc;
static float lextureDelta;
etatic float PreviousCoeff ;

i f (Animat ion . bBeginningNewAnimat ion )
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// reset Locaf variabfes for new fife
Animation.bBeginningNewAnimation = FALSE;

bDecodingTextures = FALSE;
DecodingTex = NULL;
Coefficientlndex = 0;
CoefficientBound = 0;
CoefficientCol-or = 0,'

PPeano = NULL;
TextureDel-ta = 0.0f;
PreviousCoeff = 0.0f;

)

// AnamPos-=¿;

whil-e (i<AnimPos && !bDone && lbAbortAnimation)
// parse individual oPcodes

inÈ tempi;
temPi = i;

// If we are decoding texture mapsr we do that here & now.
if (bDecodingÎextures)
i

f loat tempStore,'
/ / arlrl f e.xf.tire components untiL the current mipmap is

f il-7ed.
if (DecodingTex->iCurrenLMiplevel- == MINTEXTUREPOWER)

for (int loop = tempi;Coefficientlndex<CoefficientBound &&

i<AnimPos ,' loop++ )

{
unsigmed char databyte = DecodeByte (AnimBuffer, i) ;
if (databYte != OxFF)

t * ( Coe f f i c i entMatrix+ Coe f f i c ientCof or *MAXTEXTURER

ES*MAXTEXTURERES+
pPeano - > coordx+MAXTEXTURERE$ *pPeano - > coord

v) (float) (0.0f + (float) databYte *

l-.003 93700787f) ¡

while (pPeano->Process O ) ;
Coefficientlndex++ ;

]
elee
t

// here we have our zero decoder
int count = DecodeByte (AnimBuffer, i) ;
if (count == 0) courÌt = 256;
Coef f ic ient Index+=count,'
for (int

innerl oop= O ; innerl-oop< count,' innerl oop+ + )

{ * ( Coef f i c i entMat r ix+Coe f f i c ienÈCof or*MAXTE
XTURERES *M-AXTEXTURERES +

pPeano - > coordX+MAXTEXTURERES *pPeano -
>coordy) = 0.0f;
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whil-e (pPeano->Process ( ) ),'
ì

)
else
for (int loop = tempi;CoefficientlndexcCoefficientBound &&

icAnimPos ,' loop++ )
I

unsigned char databyte = DecodeByte (AnimBuffer, i) ;
l-l (claEaþvEe != ux!!,
{

tempstore = (float) (DecodingTex->fTextureMin + (

float)databyte * TexLurenelLa) +

PreviousCoeff;
* ( Coef f i c i entMat rix+Coe f f i c i entCol or* MAXTEXTURER

ES*MAXTEXTURERES+
pPeano - > coordx+MAXTEXTURERES *pPeano - >coord

rrì - +-ôññCl- ^rô.I t - 
eer¡¡À/vuv¡e,

// PreviousCoeff = tempstore; // uncomment to
enabl-e del-ta decodinq

whiLe (pPeano->Process ( ) ) ;
. Coefficientlndex++;
J

else

/ / here we have our zero d-ecod.er
int count = DecodeByte (¡\nimBuf fer, i) ;
íf (count == 0) count = 256;
Coef f ic ient Index+=count ;
for (int

innerloop= 0 ; innerloop< count ; innerl- oop+ + )
I
1

* ( Coe f f i c ientMat rix+Coe f f i c i enÈCo1or*MAXTE
XTURERES *MAXTEXTURERES +

pPeano - >coordx+MAXTEXTURERES *pPeano -
>coordy) = PreviousCoeff;

while (pPeano->Process O ) ;
ì

ìJ

]

it 
(Coefficientrndex == CoefficientBound)

if (++CoefficientColor == 3)
t

// now cJ.ean up a bit
bDecodingTextures = FAI,SE;
if (pPeano)
{

delete pPeano;
pPeano = NULL;

I
i¡ (DecodingTex- >iCurrentMiplevel

MINTEXTUREPOWER)

{
// Copy the texture data into the the
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object's texture hofder for
// this mipmap feveJ-.
DecodingTex- >MipMaps IMTNTEXTUREPoWER] =

new uneigmed
char IMINTEXTURERES*MINTEXTURERES*3 ],'

for (int,
countx=0 ,'counLx<MINTEXTURERES ; countx++ )

for (Ínt
county= 0,' county< M INTEXTURERES,' county+ + )

for (int
cof or=0,'color<3 ; col-or++)

,t ( DecodingTex- >MipMaps IMINTEXTUREPOW
ERI +3* (MINTEXTURERES*county+countx) +color)

(unsigned
char ) * ( Coe f f i c i entMat r ix+ co L or *MAXTEXTURERES *MAXTEXTURERES +

county*MAXTEXTURERES +cou
nÈx) ;

/,/ everage & sampfe the MIN texture size
to construct the rest of the

/ / Lower LeveL mipmaps down to a 1-x7 map -

int power=MINTEXTUREPOWER- 1 ;
for (int vaf= (MINTEXTURERES

l- ),'va1 >0,'va1=va1>>1 )

{
DecodingTex->MipMapsfpower] = new

unsigrred char [va]-*vaI*31 ;
for (int color=O ,'coLor<3 ; cof or++ )

for (ínt
countx=0; countx<val ; countx++)

for (ínt
county=0 ; county<val- ; county++ )

* (DecodingTex->MipMaps lpower] +3* (county*va1+countx) +color) = (

* (DecodingTex- >MipMaps Ip
ower+11 +3* ( (county..1)*val-+ (counLx<<l-) ) +co]or) +

* (DecodingTex- >MípMaps Ip
ower+11 +3* ( (county<<1) *va'+ (countx<<l-) +1) +col-or) * 

* (DecodingTex->MipMaps [p
ower+l-l +3* ( ( (county<<1) +i-) *val-+ (countx<<1) ) +color) +

* (DecodingTex- >MipMaps [p
ower+l-l +3* ( ( (county<<1) +l-) *val-+ (countx<<1) +1) +co]or) ) >>2;

ñ^frtôr- - .yvYùet ,

)
ì
!
el-se
I

// first fet's begin by caJcuTating the
mipmap resolution

int val- = MINTEXTURERES;
for (ine

count=MTNTEXTUREPOWER;count<DecodingTex->iCurrentMiplevel-1;count++) val*=2;

approximation

coefficients.

/ / (nntt fhe nrcvious texture data as the/ / ""yf

/ / f or the current mipmap l-evel- ' s
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count}/=Q ; courÌty<va1 ; county++ )

col-or=0,' color<3,' cofor++ )

r r. MAXTEXTURERES * MAXTEXTURERE S +

ES+countx) =

Maps [DecodingTex- >iCurrentMiplevel - 1] +

f vì ¿¡a'ì nrl .

Appendix D: Source Code

for (int countx=0;countx<val;countx++)
for linl-

( int

* ( Coef f icientMatrix+co1o

for

countY'kMAXTEXTURER

* (DecodingTex- >Mip

?* lr¡eI *nôrrnf v+õôllnJ \ v s¿

val-*=2;
// Do a wavelet decode
fLoat DataArray [MAXTEXTURERES] ;
fLoat TempArray IMAXTEXTURERES] ;

for (ínt col-or=0;col-or<3 ;color++)
t

for (count=0 ; count<val ; count++ )

t
for (int

DataÄrray Icount2] =* (Coef

counL2 *MAXTEXTURER

swí tch ( DecodingTex- > iTextureTr

{
// insert inverse

ca¡ e TEXTYPE IIAAR:

)
for

count2 *MAXTEXTURER

count2 = 0 ; count2 <val ; counL2++ )

f i c i entMat r ix+ co 1 or * MAXTEXTURERE S * MAXTEXTURERE S +

!;lj+Countr);

ansf ormTlpe)

waveLet transforms here

Haarlnv (TempArray, DataArray, val) ; break;

( count2=0 ; counL2<val- ; count2 ++ )

r * MAXTEXTURERES * M.AXTEXTURERE S +

ES+count) = TempArray[count2J ;
)

* (Coef f icientMatrix+col-o

l"t 
(count=0 ; count<val ; count++)

for (int
count2=0,' courìt2 <vaf ,' count2 ++ )

DataArray IcounL2] =* (Coef
f i c i entMat r ix+ c o 1 or * MAXTEXTURERE S * MAXTEXTURERE S +

COUNT*MÃXTEXTURERE
S+count2);

TempArray IMAXTEXTURERES] ;
swi tch ( ÐecodingTex- > iTextureTr

rnaFnrmtFrmaì

I
/ / insert r-nverse

waveLet transforms here
cas¡e TEXTYPE TIAAR:
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Haarf nv (TempArray, DataÄ.rray, val) ; break;

( count2=0 i count2<val-; count2++ )

r * MAXTEXTURERES * MAXTEXTURERES +

t2) = TempArraylcount2l ;

Appendix D: Source Code

* ( Coef f icientMatrix+co1o

count *MAXTEXTURERES +coun

)
for

t
)

// Copy the texture data into the the
object's texture hofder for

// this mipmap Levef.
DecodingTex- >MipMaps IDecodingTex - > iCurrent

Mipl,evell = new unsigned char [val*va]-*31 ;
for (cof or=0; cof or<3 ; co]or++)

for (int countx=0;countxcval-;countx++)
for (int

county=0 ; county<val ; county++ )

for (inb
nnì ar-rì . ñ^1 ^T¿2. COIOf ++ )'vv¿vL' 't *(DecodingTex->MipMaps[DecodingTex->
iCurrentMiplevell al :t (vaI*county+countx) +color)

(unsigned
char ) * ( Coe f f ic ientMat rix+ col-or *MAXTEXTURERES *MAXTEXTURERES +

county*MAXTEXTURERES + cou
ntx) ;

)
plog->l,og ('IMipMap decoded successful-ly' \r\n" ) ,'

// n:^-^^ar.ia na¡fp -.haf simr>l v dttmns fhc rttrrenf minmert fr-t a fi1.e
/ / u!d9ll9ÞL¿u uuuç çrtaL ÐLtLtL/L! rstttA/Ð ÇrtE v4L ¿u¿¿ç ¡¡¡¿¡/rl

// char buf [200] ;
// sprintf (buf, "-mip?d",DecodingTex->iCurrentMipLev

/ / DecodingTex- >DumpMipMap (buf , DecodingTex- >iCurren
tMipLeveT) ;

DecodingTex- > iCurrentMiplevel++ ;
DecodingTex->bTextureUnbound = TRUE;
DecodinqTex->bTexturelnuse = TRUE;

)
else
{

CoefficientBound
(Coef f icientCol-or+1 ) *Coef f icientlnc ;

// PteviousCoeff = 0-0f;
, PP"ano->Reset O ;

.,J
J

)

/ / Þrntaçe nnanrl¿g//
eLse switch (DecodeShortlnt (AnimBuffer, i) )

1

case OPCODE_ADDVERTS:
/ / arlå vcrf i.ee f Õ an obiect//
{
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if (i+4 >= AnimPos)
{t

i = t.empi;
bDone = TRUE;
break;

]
J

uneigned ehort, which,'
unsigned short total;
which = DecodeShortlnt (AnimBuffer, i) ;
total- = DecodeShortlnt (AnimBuffer, i) ;

CVisuafObject* VisObj = Animation.FindObject (which) ;

ewitch ( iBitsPerVertex)
{t

caee BPC 32:
tt

if (i+totaf*4*3 >= enimPos)
tt

ì - l.am-r .
¿ 

- 
ugr!¡y¿,

bDone = TRUE;
break;

i)
// unpack Lhe bytes into a grouP of

// fl-oats are packed (for vertices A,B,C)
as

xAo _xB 0 _xc 0 _xA7 _xB 7 _xc 1 _xA2 _XB 2 _XC 2 _XA3 _XB 3 _XC 3

YAO _YB O _YC O _YA7 _YB 7 
-YC 

l-_YA2_YB 2 _YC 2 _YA3 _YB 3 _YC 3

zA0 _z B 0 _z c 0 _zA 1 _zB 7 _Z C 7 _ZA2 _ZB 2 _Z C 2 _ZA3 _Z B 3 
-Z 

C 3

Decode3Fl-oatI,ist (total,AnimBuf fer, f foat1is

) break;
J

caee BPC L6:
{(

if (i+Lotal-*2*3 >= AnimPos)
{t

.i 
- Èamnì .

r 
- 

uglrrF!,

bDone = TRUE;
break;

Ì)

for (int loop=g;1oop < total;loop++)

floatfist lloop*3 ] =
ScaIeUp ( DecodeWord (AnimB

11?1ô7 I Ig!!v¡, +/ ,

VisObj ->GetMinXO ,

visObj - >GetMaxX O ,

BPC_I-6 ) ;
for (foop=o;loop < tota];loop++)

f f oatlist []-oop*3+l-l
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Scal eUp ( DecodeWord (AnimB
rrffor i ìgLLv',4' 

' visobj - >GetMinY ( ) ,

Visobj - >GetMaxY ( ) ,

BPC_16);
€^- ¡/'l ^^^-ñ.\ ¡vvy-v , loop < total- ; l-oop++ )

f loatl- ist [ ]-oop* 3 +2 l
ScaleUp ( DecodeWord (AnimB

lttÎôf I I

visobj ->GetMinZ O ,

Visobj ->GetMaxZ O ,

BPC_I6);

) break;
caee BPC 10:
{

; f ¡f .i rr-nÈãl *1.25*3+1 >= AnimpOS)
{

i = tempi;
bDone = TRUE;
break;

Ì
J

unsigned int bbuf=O, bcount=O;
inÈ pcount. = total*3;

for (int loop=g ; loop < total ,'loop++ )

fLoatlist Iloop*3 ] =
ScaleUp (DecodePart iaIWor

d (AnimBuffer, i, 10, bbuf , bcount, pcount) /
visObj - >GetMinX ( ) ,

Visobj - >GetMaxX ( ) ,

BPC_r_0 ) ;
for (loop=O;1ooP < tota1,'looP++)

f loat1ist lloop*3+11 =
ScaleUp ( DecodePart. ial-Wor

d (AnimBuffer, i, 10, bbuf , bcount, pcount),
Visobj ->GetMinY O ,
VisObj - >GeLMaxY ( ) ,

BPC_10);
for (foop=O;IooP < total-;foop++)

floatlist Ifoop*3+2]
ScaleUp ( DecodePart ialWor

d (AnimBuffer, i, 10, bbuf , bcount, pcount),
Visobj ->GetMinZ O ,

VisObj ->GetMaxZ O ,

BPC_]_O);

) break;
case BPC 8:
{

if (i+tot.al-*3 >= AnimPos)
tt

i = tempi;
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bDone = TRUE;
break;

)

for (int loop = 0;foop < total;loop++)

floatfist Iloop*3 ] =
ScaleUp ( DecodeByte (AnimBuf f er,

.iì
VisObj - >GetMinX ( ) ,

visobj - >GetMaxX ( ) ,

BPC_8);
for (loop = 0,'loop < tota];l-oop++)

f loaEIist []-oop*3+11
Scaleup ( DecodeByte (.AnimBu f f er,

1t

VisObj - >GetMinY O ,

VisObj - >GetMaxY ( ) ,

epc_8);
for (1ooP = O;foop < total;1ooP++)

fl-oatf ist Ifoop*3+2]
ScaIeUp ( ÐecodeByte (AnimBuf f er,

.il
Visobj ->GetMinZ O ,

Visobj ->GetMaxZ O ,

BPC_B);

) break;
)
if ( !bDone)
{

if (visobj )

{
if ( !Visobj ->AddVertices (total-, floatlist) )

{
AfxMessageBox ( " \

Error - Attempt to add more vertices than the \n\
set maximum for Èhe given model affows. " ) ;

bAbortAnimation = TRUE;

)
eLse
{

if (iBitsPerVertex == BPC_32)
Vi sObj - >UpdateBoundaries (Visob

j - >CurrentTotalVertices) ;

char buffer [2oo] ;
sPrintf (buffer,

"%d Ve::tices Added Lo object
#åd. \r\n", totaf , which) ;

pÏ,og- >Log (buf f er) ,'

if (VisObj ->bCompleted)
{

char buffer [200] ;
sprintf (buffer,

"Object #%d
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namn I at- =d \ r\ n 'r çþigþ) ,.

plog- >Log (buffer) ;
I

)
't
)

else
{

AfxMessageBox ( " \
An Object reference found for an object not yet added to the\n\
Animation database'r'); 

bAbortAnimation = TRUE;
I

I

) break;
case OPCODE ADDNORMS:

// aaã a bJ-ock of vector normafs to an object
I

if (i+4 >= AnimPos)

_ = EemDa;
bDonc = TRUE;

, 
break;

int which;
int toEal;
which = DecodeShorÈTnt (AnimBuffer,i) ;
total = ÐecodeShortlnt (AnimBuffer, i) ¡

CVisual-object *Curr = Animation.FindObject (which) ;

it 
( lcurr)

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added Èo the AnimaLion database.r');

b.AbortAnimation = TRUE;
break;

ì
ie (bCompressedNormaf s)
I
t

if (i+total-*3 >= AnimPos)
{

ì - l-amni .
! 

- 
evr!¡y¿ t

bDone = TRUE;
break;

ì

// Instead of 6 bytes per normaJ-, we use 3

bytes per
// normaT. These 3 bytes specify two 72b

^^-1 ^^d!!3LÇÞ,

// used to comPute a rotation.
// lle convert from sphericaT coordinates to

CATCEEIAN
// coordinates, assuming a fixed vector Tength
// of one.
uneigned int combo = 0;
unsigrred char * pcombo = (uneigned char *)

&conìico;
unsigned int theta, PSi;
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for (ínt loop = O;foop < total;loop++)
{

pcombo [0J = DecodeByte (AnimBuffer, i) ;
pcombo [1] = DecodeByte (AnimBuffer, i) ;
pcombo [2J = DecodeByte (AnimBuffer, i) ;
theta = ( (combo & 0]{00FFF000) >> L2) ;
psi = (combo & 0x00000f'FF);
float fTheta = ScafeÜp (theta,

-FLOAT_HALFPT , FLOAT_HALFPT ,BPC_I2) ;
ftoat fPsi = Sca]eUp(psi,

-FLOAT-HALFPI , FLOAT-HAITFPI ,BPC-I2) ;
f loatl-ist [loop*3 ] =

cosf (fTheta) * sinf (fPsi) ;
f l-oatlist Ifoop*3+1]

sinf (fTheta) * sinf (fPsi) ;
f 1oatlist Iloop*3+2]

cosf (fPsi) ;
I
J

)
else
t

if (i+tota]*6 >= AnimPos)
{t

i = tempi;
bDone = TRUE;
break;

]
for (int loop = O;loop < total;1oop++)

floatfist [1oop*3 ] =
ScaleUp (DecodeWord (AnimBuffer, i) ,

-1.0f,
1.0f,
BPC_16);

for (loop = O;foop < totaf;foop++)

f l-oatf ist []-oop*3+11
ScaleUp (ÐecodeWord (AnimBuffer, i) ,

-r-.0f,
1.0f,
BPC_I6);

for (Ioop = o,'foop < totaf;1ooP++)

f]oatlist Ifoop*3+2]
ScaIeUp (Decodellord (AnimBuf f er, i ) ,

r 
^€

'1 
^€i"l-i ^' .

)
íf ( !Curr->AddNormafs (fl-oatlist, total) )

{
AfxMessageBox ( " \

Errôr - at-t-êmnt was made to add more normal-s than the\n\
seÈ maximum for a specific objecL model affows.");

bAbortAnimation = TRUE;
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)
el-se
{

char buffer [200i ;
sprintf (buffer,

" ?d lrTormal-s Àdded Lo obj ect
#?d. \r\n " , LoLaf , which) ;

pl,og- >l,og (buf f er) ;
if (Curr->bCompleted)
{

char buffer[200];
sprintf (buffer,

"Ob j ect #?d cornpleted . \r\n" , which) ,'

plog->Log (buf f er) ,'

)

)
] break;

case OPCODE ADDFACES:

// aaA a bLock of faces to an object
{

if (i+4 >= AnimPos)
{

i = tempi;
bDonc = TRUE;
break;

)
int which;
unsigmed ínt total ,'

which = DecodeShortlnt (AnimBuffer, i) ;
Lotal = DecodeShortlnt (AnimBuffer, !) ¡

CVisualObject *Curr = Animation.FindObject (which) ;

int multipli-er;
if (Curr && Curr->Total-Faces < 200)

multiplier = L;
else multiplier = 2;

unsigined int foop,'
int*ilist=intlist;

// because the size of the facefist js not static and
i < rfø¡ønrf an+.

have enough data 
// on the vertex numbers referenced' we check if we

/,/ retrieved at the head of every face

for (1oop = o;l-oop < total;loop++)
{

if (i+3*mult.iplier >= AnimPos)
t

i = tempi;
bDone = TRUE;
break;

)* (ilist++) = DecodeShortlnt (AnimBuffer, i) ;
* (i],ist++) = ÐecodeShortlnt (AnimBuffer, i) ;
* (il,ist++) = Decodeshortlnt (AnimBuffer, i) ;

]
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Íf (bDone) break,'
if (Curr)
{

if ( lCurr->AddFaces (totaf, intl-ist) )

{
AfxMessageBox ( " \

Error - Attempt was made to add more faces than the\n\
set maximum for a specific object mode1 alIows.");

b.AbortAnimaEion = TRUE;

)
else
{

char buffer [200] ;
sprintf (buffer,

'r ?d Faces Added to obj ect
#åd. \r\n" , total , which) ,'

plog- >Log (buffer) ;
íf (Curr->bCompleted)
{

char buffer [200] ;
sprintf (buffer,

"Object #?d
¡n,nnl o¡ a¡t \ -t - rt WhiCh) ;' nlog->Log(buffer);

)
)

i
else
{

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE;

i
) break;

case OPCODE_AÐDVERTCOLORS :

{
if (i+4 >= AnimPos)
{

i = tempi;
bDone = TRUE;
break;

)
int which;
int total-;
which = DecodeShortlnt (AnimBuffer, i) ;
totaÌ = DecodeShortlnt (enimguffer, i) ;
CVisuafObject *Curr = Animation.Findobject (which) ;
if (i+tota]*2 >= AnimPos)
{

i = tempi;
bDone = TRUE,.

break;
)
unsigned char * cl,ist = charl-ist,'
for (int loop = 0;1oop < total-;foop++)
{
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unsigned long color = Decodel'Iord (AnimBuf fet, í) ¡

converLColotLíTo2! (color, * (clist), * (cT,ist+l), * (c
IJLS|-+¿) ) ;

cl,ist+=3;
)
if (Curr)
{

if ( ICurr->AddVertCofors (totaI, charlist) )

{
AfxMessageBox ( " \

Errôr - aft-emrrt was made to add more vertex col-ors than the\n\
set maximum for a specific object modef al-lows.");

bAbortAnimation = TRUE;

)
elee
t

char buffer [200] ;
sprintf (buffer,

"åd Vertex Cofors Àdded to object
#?d. \r\n", total,which) ;

pI,og->Log (buf fer) ,'

if (Curr->bCompleted)
{

char buffer [200] ;
sprintf (buffer,

"Object #?d
-.^,--l -r aÄ \ -\ ñ 't WhiCh) ;ev.,Lvrçueu. \¡ \4+ ,,r¡¡¡v¡-, , 

plog_>Log(buffer);

i
)

)
else
{

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added Lo the Animation database. "),'

bAbortAnimation = TRUE;

)

) break;
case OPCODE-ADDTEXCOORDS :

i
if (i+4 >= AnimPos)
{

i = tempi;
bDONC = TRUE;
break;

)
int which;
int tota1,'
which = DecodeShorÈInt (AnimBuffer, í) ¡

total = DecodeShortlnt (AnimBuffer, !) ;

CVisuafObject *Curr = Animation.FindObject (which) ;

if (i+total*3 >= AnimPos)
{

i = tempi;
bDoNE = TRUE;
break;
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I
float * flisL = fl-oatlist;
f or ( int loop = 0 ,' Loop < total- ; loop++ )

I
(

unsigined int holder = 0,ucoord,vcoord;
unsigned char *pHolder = (uneigned

char*) çhol-der;
pHolder [0] = DecodeByte (AnimBuf fer, i) ,'

pHolder [1] = DecodeByte (AnimBuffer, i) ;
pHolder [2] = ÐecodeByte (AnimBuffer, i) ;
ucoord = ( (holder & 0x00FFF000) >> ]-2) ;
vcoord = (hoLder & 0x00000FFF);
float fU = ScaleUp (ucoord,

-8.0f,8.0f,8PC_12);

float fV = ScaleUp (vcoord,
-8.0f,8.0f ,BPC_!2) ;

f l-oatList Iloop*2 ] = fu;
- f loatf ist []-oop*2+11 = fV;
l
if (Curr)
r
t

if ( !curr->AddTexCoords (tota], f ]oatlist) )

{
AfxMessageBox ( " \

Flrr¡r - Al-fêmnf was made to add more vertex co]ors than the\n\
set maximum for a specific object model- aIIows.");

bAbortAnimation = TRUE;

)
elee
1

char buffer [200] ;
<nrìnl-f ll'¡rrf f,-*--€f ,

"?d Text.ure Coordinates Added to
nhio¡f #*d \r-\nrr l- nl- el whi r-h) :Íos' \! \rr , uves¿

plog- >Log (buffer) ;
if (Curr->bCompleÈed)
t
t

char buffer [200] ;
sprintf (buffer,

"Object #åd
cornpleted. \r\n" , which) ;

plog- >Log (buffer) ;
]

)'
else
t

AfxMessageBox ( " \
An objecÈ reference \¡/as found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE;
'l

) break;
caEe OPCOÐE_ASSIGNOB'JECT_SOL] DCOLOR :

t
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(i+4 >= AnimPos)

i = tempi;
bDone = TRUE;
break;

unsigned ehort which;
which = DecodeShorElnt (AnimBuffer, i) ;

CVisuafobiect *curr = AnimaLion. FindobjecL (which)

it 
( lcurr)

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation dat.abase. ");

bAbortAr¡imaÈion = TRUE;

- break;
l
unsigned int sourcecol-or = DecodeWord(AnimBuffer, i) ;

unsígned char red, green,bfue;
ConvertCoIorL6To24 (sourcecolor, red, çJreen, bl-ue ) ;
curr- >AssignSolidcofor (red, green, b]ue) ;

char buffer [200] ;
sprintf (buffer,

It e n I 'i ¡1 l-n] ¡r (%d, åd,3d) assigned to object
#?d. \r\n'r,

red, green, bfue, which) ;
plog- >l,og (buf f er) ;

) break;
case OPCODE ADDOBJECT:

// aaa a new object
t

ínt bYtelength = 6;
if (iBitsPerVertex l= BPC-32) bytel-engLh += 24;
Íf (i+bytelength >= animPos)
t

i_ = tempa;
bDONC = TRUE;
break;

ì
únsigned short Tvcount;
unsigned short TPcount = 0;
unsigned short TFcount;
TVcount = DecodeShortlnt (AnimBuffer,í) ;
TFcount. = DecodeShortlnt (AnimBuffer, i) ¡

CVisuafObject* visObj
Animat ion . AddVi sualobj ecÈ ( TVcount , TPcount , TFcount ) ;

// If the object is defined using refative vertices,
// get the bounding box to use for scaling'
if (iBitsPerVerLex != BPC 32)

visOb j - >SetMinX (DecodeFl-oat (AnimBuf f er, i )

visobj ->SetMinY (DecodeFloat. (AnimBuf fer, i)
visobj - >SetMinZ (DecodeFloat. (AnimBuf fer, i)
visOb j - >SetMaxX (DecodeFl-oat (AnimBuf f er, i )

visobj - >SetMaxY (DecodeFloat (AnimBuf fer, i )

visObj ->SetMaxZ (DecodeFl-oat (AnimBuf fer, i)

íf
{
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CVisual-Obj ect *curr = Animation. Obj ectlistHead,'
int ObjCount = 0;
while (curr->next)

Curr = Curr->next;
- Obj CounL++ ,'

l
char buffer [200] ;
sprintf (buffer,

"Nerr' object #?d has been creaLed coinposed of ?d
faces and %d ver:tices. \r\n" ,

Obj Count , TFcount , TVcount ) ;
pl,og- >Log (buffer) ;
pI,og- >mjofys+= TFcount ;
plog- >m_verts+= TVcount ;
pl,og- >UpdateData ( FALSE) ;

) break;
case OPCODE SETP.ARENTCHïLD:

// establishes a parent,/chifd refationship between the two
// specified objects
I

if (i+4 >= AnimPos)
t

l- = Eempl;
bDone = TRUE;
break;

I
unsigned ahort cnode,pnode,'
cnode = DecodeShortlnt (AnimBuffer, i) ;
pnode = DecodeShortÏnL (AnimBuffer, i) ;

CVisualObject *Chil-d = AnimaÈion. FindObject (cnode) ;

CVisualObject *Parent = Animation.FindObject (pnode) ;

it 
(lchild ll !Parent)

AfxMessageBox ( " \
An object reference vras found refering to an object not yet\n\
added to the Animation database. ");

bAbortAnimation = TRUE;

., break;

ôfrifA->Parentobject = Parent;
CVisuafObject *curr = Animation.ObjectlistHead;
int iParent = O,iChi]d = 0;
while(curr->next && curr != Parent)
i

Fl1rt - \ñôVr .

ÍParent++;
ì
cürï = Ar¡imation.ObjectlistHead;
while(curr->next && curr != Child)
t

CUrr = CUrr->neXE;

ì 
ichild++;

char buffer [200] ;
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sprintf (buffer,
"Nerv object #åd has been named a child of object

#åd. \r\n",
iChild, iParent) ;

plog- >Log (buf f er) ,'

) break;
case OPCODE KEYFRAME TCBPOS:

// add a new rce position keyframe to the scene
{

if (i+2 >= lVrimPos)
{

l_ = tempa;
bDone = TRUE;
break;

)
unsigned short which;
which = DecodeShortlnÈ (AnimBuf fer, i) ,'

CVisualObject *curr = Animation.FindObjecL (which) ;

if ( !curr)
it 

Af*MessageBox ( "\
An object reference \¡/as found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE;
break;

)
if (i+25 >= AnimPos)
{

i = tempi;
bDone = TRUE;
break,'

)

l-.0f ,l-.of ,BPC_16);

1.0f ,l_.0f ,gPC_16);

1.0f ,l-.0f ,BPC_16);

1.0f ,l_.0f ,BPc_16);

1.0f ,l_.0f ,BPC_16);

int frame = 0;
unsigrred char* ucTime = (unsigmed char*) &frame;
ucTime [0] = DecodeByLe (AnimBuffer, i) ;
ucTime [1] = DecodeByte (AnimBuffer, i) ;
ucTime [2] = DecodeByte (AnimBuf f er, i) ,'

ucTime [3] = DecodeByte (AnimBuffer, i) ;

float pos [3J
1

DecodeFl-oat (AnimBuf fer, i) ,

DecodeFloat (AnimBuffer, i) ,

DecodeFl-oat (AnimBuf fer, i) ,ì.
float tension = Scal_eUp (DecodeWord(A¡rimBuffer, i) , -

float continuity = ScafeUp (DecodeWord (A¡rimBuffer, i) , -

float bias = ScaleUp (DecodeWord(AnimBuffer, i) , -

f loat easeÏn = Scaf eUp (DecodeWord (.AnimBuf f er, i ) , -

f loat easeOut = scal-eUp (Ðecode!{ord (AnimBuf fer, i) , -
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curr- >AddTCBPosit ionKey ( frame, pos, Lension, cont inuity, b
ias, easeln, easeOut, invTPF) ;

char buffer1256l ¡

sprintf (buffer,
"Object #?d has been assigned a TCB position

keyframe\r\n\
I tating place at frame ?d and position (Zf,Zf,Zf) with the
parameters: \r\n\
I tension = zf, bias = zf, continuity = zf, ease in = eof, ease out
?f\r\n",

which, frame,pos [0J ,pos [1J ,pos [2] , Lension, continu
ity, bias, easeln, easeOut ) ;

plog- >Log (buf f er) ,'

) break;
case OPCODE KEYFRAME LINPOS:

// aaA a new lin"ut InterpoLation position keyftame to the
scene

t
if (i+2 >= AnimPos)
t

i = tempi;
bDone = TRUE;
break;

I
uneigined ehort which;
which = DecodeShortlnt. (AnimBuf fer, i) ,'

CVisualObject *curr = Animation.Findobject (which) ;

it 
( ! curr)

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE;
break;

I
íf. (i+15 >= AnimPos)
t

ì - ¡amni .r - eerrr!,¿t

bDone = TRUE;
break;

)

int frame = 0;
unsigmed char* ucTime = (unsigned char*) &frame;
ucTime [0] = DecodeByte (AnimBuffer, i) ;
ucTime [1] = DecodeByte (AnimBuf fer, i) ,'

ucTime [2] = DecodeByte (AnimBuffer, i) ;
ucTíme [3] = DecodeByte (AnimBuffer, i) ;

float pos [3J
1

DecodeFloat (AnimBuffer, i) ,

DecodeFfoat (AnimBuffer, i) ,

DecodeFfoat (AnimBuffer, i) ,
ì.),
curr->Addr,inearPositionKey(frame,pos [0J ,pos [1] ,pos [2J ,
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lnvr'¡/r,r ,'

char bufferL256l;
sprintf (buffer,

"Object #?d has been assigned a TCB position
]¡ar¡f r=ma\ r\ n\
| +-r-..i -^ ^r-ce at frame åd and position (zf ,zf,?f)\r\n",I LqArrrY ,'teuç qu rlqlrrç 'ou q 

which, frame,pos [0] ,pos [1J ,pos [2J ) ;
pT,og- >Log (buffer) ;

) break;
case OPCODE KEYFRAME BEZPOS:

/./ ^dd a new fCa position keyframe to the scene
\

if (i+2 >= AnimPos)
t

'i - famnì.r _ vgrrrF¿,

bDone = TRUE;

, 
break;

unsigned short which,'
which = ÐecodeShortlnt (AnimBuffer, i) ;
CVisualobject *curr = Animation.Findobject (which) ;

ìf ll¡rrrrl
t

AfxMessageBox ( "\
An object reference was found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE;
break;

I
íf (i+39 >= AnimPos)
t

i = tempi;
bDone = TRUE;
break;

)

int frame = 0;
unsigmed char* ucTime = (unsigmed char*) &frame;
ucTime IO] = DecodeByte (AnimBuffer, i) ;
ucTime [1] = DecodeByte (AnimBuffer, i) ;
ucTime [2] = DecodeByte (AnimBuffer, i) ;
ucTime [3] = DecodeByte (AnimBuffer, i) ;

ftoat pos [3]
t

DecodeFl-oat (AnimBuf fer, i) ,

DecodeFl-oat (AnimBuf fer, i) ,

DecodeFlo¿¡ (turimBuffer, i) ,
ì.
float inTan [3]
t

DecodeFloat (AnimBuffer, i) ,

ÐecodeFlo¿t (Ar:imBuffer, i) ,

DecodeFlo¿t (Ar:imBuffer, i) ,
ì
)t

float outTan [3]
i
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DecodeFl-oat (AnimBuf fer, i) ,

DecodeFl-oat (AnimBuf fer, i) ,

DecodeFl-oat (AnimBuf fer, i) ,'t.
)t

curr- >AddBezierPositionKey ( frame, Pos, inÎan, outTan, invT

char buffer1256l;
sprintf (buffer,
"object #åd has been assigned a Bezier position

].orrf r¡ma\ r\ n\\ê \¡¡ \

I tating place at frame ?d and position (zf,Zf ,Zf) with the
ñÞrâñaf-êrq.\r\n\

I itrtrn = (zf ,Zf ,zf), outran = (zf.,zf ,zf) .\r\n",
which, frame,pos [0J ,pos [1J ,pos [2J , inTan [0] , inTan I

11 ,
intan [2] , outTan IO] , outTan [1] , outTan [2] ) ;

plog- >Log (buf f er) ,'

i break;
case OPCODE KEYFRAME TCBROT:

// ada a new fce rotation keyframe to the scene

if (i+2 >= AnimPos)

l_ = tempa;
bDone = TRUE;
break;

ì
uneigned ehort which;
which = DecodeShortlnt (AnimBuffer, i) ;

if (i+11- >=AnimPos)
t

r = Eempa i
bDone = TRUE,.
break;

)

ínt frame = 0;
unsigmed char* ucTime = (uneigned char*) &frame;
ucTime [0] = DecodeByte (enimeuffer, i) ;
ucTime [1] = DecodeByte (AnimBuffer, i) ;
ucTime [2] = DecodeByte (AnimBuffer, i) ;
ucTime [3] = DecodeByte (Ãnimeuffer, i) ;
CVisualObject *curr = Animation.FindObject (which) ;

it 
( lcurr)

AfxMessageBox ( " \
An object reference \¡/as found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE,'
ì
else
t

fLoat rot [4]
t

DecodeFloat (AnimBuffer, í) ,
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-ScaleUp (DecodeWord (AnimBuffer, i) , -
1 . Of , l-. Of , BPc_l-6 ) ,

- ScaleUp (DecodeWord (AnimBuffet , í) , -
t .0f ,l- . 0f , BPc_16 ) ,

-ScaleUp (DecodeWo¡fl (AnimBuffer, i) , -
1. 0f , i-. 0f , BPc_16 ) ,

];
f loat tensl-on

ScaleUp (DecodeWord(AnimBuffet, i) , -1.0f ,1.0f ,BPC-]-6) ;

float continuitY
ScaleUp (Decodeword (AnimBuffer, i), -1. of , 1. 0f , BPc-16),'

f loat bias = ScaleUp (DecodelrTord (AnimBuf f er, i) , -
l_.0f ,1.0f ,BPC_16) ¡

fLoat easeln
ScaleUp (DecodeVlord (AnimBuffer, i), -1 - of , 1. 0f , BPC-16 ) ;

float easeout
ScaleUp (Decodelrlord (AnimBuffet, i), -1. of , 1. 0f , BPC-16) ;

curr- >AddTCBRotationKey ( frame, ToL, tension, contin
uitY' 

bias, easern, easeout, invTPF) ,'

char buffer1256l;
sPrintf (buffer,

"Object #åd has been assigned a TCB

rotation keyframe\r\n\
I taking place at frame ?d with Angfe Axis val-ue: zf degrees
(zf. , zf., ?f ) \r\n" ,

which, frame, rot [0J *FLOAT-RAD-TO-DEG, rot [1] ,roE12
l,rotl3l );

plog- >Log (buf f er) ,'
't

) ureat;
caee OPCODE-KEYFRÀME-LINROT :

// add a new Linear rotation keyframe to the scene
{

if (i+2 >= AnimPos)
t

' - t-amni .r - evrrry¿,

bDone = TRUE;
break;

ì
uneigned short which;
which = DecodeShortlnt (AnimBuffer,!) ;

íf. (i+l-1 >=AnimPos)
t

i - ramnì .
! 

- 
çe!rt/f ,

bDONE = TRUE;
break;

ì

int frame = 0;
unsigned char* ucTime = (unsigmed char*) çframe;
ucTime [0] = ÐecodeByte (.AnimBuf f er, i) ;
ucTime [1] = DecodeByte (AnimBuffer, i) ;

ucTime [2] = DecodeByte (AnimBuffer, i) ;

ucTime [3] = DecodeByte (AnimBuffer, i) ;

CVisualObject *curr = Animation-FindObject (which) ;
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if ( ! curr)
t

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation database. ");

, 
bobortAnimation = TRUE;

elee
{

fl-oat rot [4]

ScaIeUp (DecodelVord (Æ'ri*",tf f er, i) , -
1.0f,1.0f,8Pc_16),

ScaleUp (DecodeWord (AnimBuffer, i) , -
l-.0f ,1.0f ,BPc_16),

ScaleUp (Decodeword(AnimBuffer, i) , -
l-.0f ,1.0f ,BPC_16),

ScaleUp (DecodeV'iord (AnimBuf fer, i) , -
1.0f,1.0f,BPC_16),

ì.
J'
curr- >AddlinearRotationKey (frame, rot , invTPF) ;

char buffer1256l;
sprintf (buffer, "Object #?d has been assigned a

Linear rotation keyframe\r\n\
| ¡=Þi na nl âce at f rame åd with quaternion (e"f ,Zf ,Zf ,Zf) \r\n",

which, frame, rot [0] , rot [1] , rot [2J , rot [3] ) ;

, n"og->Log(buffer);
.} ur""L;

/* case oþco)E-KEYFRAME-BEZR)T: (Jnnecessary
// add a new Bezier rotation keyframe to the scene
I

if (i+2 >= AnimPos)
t

l_ = Eêtrlpa i
bDone -- TRW;
break;

]
,,--: --^.1 <harl- r¡hi oh.UlrÞ!3!tea rt!!!ç!! /

which = DecodeShortlnt (AnimBuffer, i) ;

if (i+77 >=AnimPos)
{

i = tempi:

'DONC 
= TRUE;

break:
ì

J

int frame = 0;
unsigned char* ucTime = (unsigned char*) &frame;
ucTime [0] = DecodeByte (AnimBuffer, i) ;
ucfime [7] = Decode9yte (AnimBuffer, i) ;
ucTime [2] = DecodeByte (AnimBuffer, i) ;
ucTime [3] = DecodeByte(AnimBuffer, i) ;
CVisuaTObject *cltrr = AnimaEion.FindObject (which) ;

it ( !curr)
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{
AfxMessageBox l " \

An object reference was found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE;

]
efse
{

ffoat rot [4]
{

S cal eUp (Decodetlord (AnimBuf f er , i ) , '
7.0f,1.of,BPC_76),

Scaleup (DecodeWord(AnimBuffer, i) , -
7.0f,1.0f,BPC_L6) ,

Scaletlp (DecodeVlord(AnimBuf f er, i) , -
7.Of,1.0f,BPC_L6) ,

Scalettp (DecodeWord (AnimBuf f er, i) , -
7.Of,7.0f,BPC_76) ,

J;
curr - >Add9e z i e rRot at i onKey ( f r ame, rot, i nvT P F ) ;
char buffer [256] ;
sPrintf (buffer'
"obiect #td has been assigned a Bezier rotation

keyframe\r\n\
| +-t-,'hÆ ^r?ce at frame Zd wít.h quaternion (Zf ,tf ,Zf ,Zf) \r\n",
I UdNltty I/Lc

which, frame, rot [0], rot [7], tot [2], rot [3] ) ;
pLog- >Log (buffer) ;

]
] break;*/

case OPCODE KEYFRAME TCBSCL:

// aaa a new rVP scaTe keyframe to the scene
Í

íf (!+2 >= animPos)
I

i = tempi;
bDONC = TRUE;
break,'

I
unsigned ehort which,'
which = DecodeShortfnL (AnimBuffer ' t) ;
cVisualobject *curr = Animation.Findobject (which) ;

if ( ! curr)
t

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added Lo the Animation database.");

bAbortAnimation = TRUE;
break;

ì
if (i+25 >= AnimPos)
t

ì - l-am¡i .
! 

- 
eelrlF¿,

bDONC = TRUE;
break;

i

D-206



Appendix D: Source Code

int frame = 0,'
uneigned char* ucTime = (unsigned char*) &frame;
ucTime [0] = DecodeByte (AnimBuffer, i) ;
ucTime [1] = DecodeByte (Ãnimeuffer, i) ;
ucTime [2] = DecodeByte (AnimBuf fer, i) ,'

ucTime [3] = DecodeByte (.Frnimeuf fer, i) ;

float scale [3]
{

DecodeFl-oaL (AnimBuf f er, i) ,

DecodeFLoat (AnimBuffer, i) ,

DecodeFl-oat. (AnimBuf fer, i) ,

);
float tension = ScafeÜp (DecodeVlord (A¡rimBuffer, i) , -

l-.of ,L.0f ,ePC_16);
float conLinuity = ScaleUp (Decode!üord (AnimBuffer, i) , -

l-.of ,1.0f ,ePC_16);
float bias = ScaleUp (DecodeWord(AnimBuffer, i) , -

1. 0f , l-. 0f , BPC_16 ) ;
f Loat easeln = ScaleUp (DecodeWord (-A'nimBuf f er, i ) , -

1 . Of, 1. of, BPC_16 ) ;
floab easeOuÈ = ScafeUp (DecodelVord (AnimBuffer, i) , -

1.0f ,l-.0f ,BPC_16);

curr- >AddTCBScaleKey ( frame, sca1e, tension, continuity, bi
as, easeln, easeOut, invTPF) ;

char buffer1256l ¡

sprintf (buffer,
"object #?d has been assigned a TcB scale

1¡ar¡f r¡mc\ r\ n\
| - takino nlace at frame ?d and scale (Zf ,e"f.,e"f) with the parameters:\r\n\
I es¡L¿¡¡J 14$

i tension = zf , bias = zf, continuity -- eof , ease in = zf , ease out
% f\r\n" ,

which, f rame, scale IO] , scale []-l , scale [2] , tension, c
ontinuity, bias, easeln, easeOut ) ;

PLog- >Log (buffer) ;

i break;
case OPCODE KEYFRAME LINSCL:

// ^aa a new Linear InterpoTation scaTe keyframe to the
scene

f
if (i+2 >= AnimPos)
t

'i - t-amni .

bDONC = TRUE;

- break;
I
unsigned shorÈ which,'
which = DecodeShortTnt (AnimBuffer, i) ;
CVisualOb-iect *curr = Animation.FindObject (which) ;

i, 
( lcurr)

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
edded r.o f.he Animation dat.abase. ") ;

bAborLAnimation = TRUE;
break;
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i
if (i+15 >= AnimPos)
t

ì - t-amni .
r 

- 
ugl!¡r+,

bDONC = TRUE;
break;

)

int frame = 0;
uneigned char* ucTime = (unsígned char*) &frame;
ucTime [0] = DecodeByte (AnimBuffer, i) ;

ucTime [1] = ÐecodeByte(AnimBuffer, i) ;

ucTime [2] = DecodeByte(AnimBuffer, i) ;

ucTime [3] = DecodeByte (ÀnimBuffer, i) ;

float scale [3]
t

DecodeFl-oat (AnimBuf f er, i) ,

DecodeFloat (AnimBuffer, i) ,

ÐecodeFLoat (AnimBuffer, í) ,
\.t,

curr->AddlinearscaleKey(frame, scale Io] , scal-e It] , scale I

2l , invTPF) ;
char buffer1256l;
sprintf (buffer,

"obiect #?d has been assigned a TCB scale
Lo.'f r=ma\ r\ n \

\+ \-- \

| 
- taking place at frame ?d and scale (Zf,'"f,?f)\r\n",

which, frame, scafe [0] , scale Ir] , scale [2] ) ;
pl,og- >Log (buffer) ;

) break;
caee OPCODE KEYFRAME BEZSCL:

// ada a new Pezier scaTing keyframe to the scene

I
íf (i+2 >= AnimPos)
I

i = Lempi;
bDONC = TRUE;
break;

ì

unsigned short which;
which = DecodeShortlnt (AnimBuffer, i) ;
CVisualobiect *curr = Animation.Findobject (which) ;

it 
( ! curr)

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation database.");

bAbortAnimation = TRUE;
break;

I
if (i+39 >= AnimPos)
t

i - {_amn¡ .
f 

- 
eer¡¡Y¡ t

bDONE = TRUE;
break,'
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]

int frame = 0;
unsigned char* ucTime = (uneigned char*) &frame;
ucTime [0] = ÐecodeByte (AnimBuf f er, i) ,'

uctime [1] = ÐecodeByte (AnimBuffer, i) ;
ucrime [2] = DecodeByte (AnimBuffer, i) ;
ucTime [3] = DecodeByte (AnimBuffer, i) ;

float scal-e [3]
t

ÐecodeFl-oat (AnimBuf fer, i) ,

DecodeFl-oat (zu:imBuf fer, i) ,

DecodeFl-oat (AnimBuf f er, i) ,
l.),
float inTan [3]
1

DecodeFloat (AnimBuffer, i) ,

DecodeF]oat (A¡rimBuffer, i) ,

DecodeFLoat (AnimBuffer, i) ,
ì.
)t

ftoat outTan [3]
i

DecodeFloat (AnimBuffer, i) ,

DecodeFloat (AnimBuffer, i) ,

DecodeFfoat (AnimBuffer, i) ,
t.),
curr- >AddBezierScaleKey (frame, sca1e, inTan, outTan, invTP

I.ì.
char buffer1256l;
sprintf (buffer,
"objecL #åd has been assigned a Bezier scaling

Þer¡f r:ma\ r\ n\
r ¡-L.i-^ ñr -ce at frame åd and scaLe (Zf ,Zf ,Zf) with the parameters:\r\n\I Ld^a¡¡lJ P¿d

i irrr"r, = (zf ,e"f ,Zf) , outran = (zt,zf ,zf) .\r\n",
which, f rame, scaf e [0] , scal-e [1] , scale [2] , inTan [0] ,

r_nlan Ial ,
inTan [2] , outTan Io] , outTan [1] , outTan [2] ) ;

pl,og- >Log (buffer) ;

) break;
// CAMERA STUFF

caee OPCODE-CAMERA-KEYFR-AME-TCBPOS :

// add a neÍit TCB position keyframe to the scene
t

if (i+25 >= AnimPos)
T

i = tempi;
bDONC = TRUE;
break;

I
)

inb frame = 0;
unsigned char* ucTime = (uneigmed char*) &frame;
ucTime I0l = DecodeByte (AnimBuf f er, i) ,'

ucTime [t] = ÐecodeByte (AnimBuffer, i) ;

ucTime [2] = DecodeByte (AnimBuf fer, i) ,'

ucTime [3] = ÐecodeByte (AnimBuffer, i) ;
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float pos [31

t
DecodeFloat (AnimBuffer, i) ,

DecodeFfoat (AnimBuffer, i),
DecodeFfoat (zu:imBuffer, i) ,

l.
)t

float tension = ScafeUp (DecodeWord(AnimBuffer, i) , -

float continuity = Scateup(Decod'eWord(AnimBuffer' i)' -

f loat bias = ScaleUp (Decod'eword (AnimBuf f er' i) ' -

float easeln = ScaleUp (Decodelford (AnimBuffer' i) ' -

float easeout = ScaleUp (DecodeWord(A¡rimBuffer' i) ' -

Animat ion. scenecamera . AddTCBPosit ionKey ( frame, pos , tens

ion, continuity, bias, easeln, easeOut, invTPF) ;
char bufferl256J;
sprintf (buffer,
lcamera has been assrgned a TCB position keyframe\r\n\

Itakingplaceatframe?dand.position(z1,z{',zf\withthe
parameters: \r\n\ .: -^ _ ,F ^,,È
I tension = zf, bias = zf, continuity = zf ' ease in = zt ' ease ouL

åf\r\n",
frame,pos [0J ,pos [1J ,pos [2) ' tension' continuity'bi

as, easeln, easeOut) ;
PLog- >Log (buf f er) ,'

) break;
case OPCODE-CAMERA-KEYFRÀME-LINPOS :

// add a n"i Linear InterpoJation position keyframe to the

{
if (i+l-5 >= AnimPos)
{

i = tempi;
bDone = TRUE;
break;

)

int frame = 0;
unsignedchar*ucTime=(unsignedchar*)cframe;
ucTime [0] = DecodeByte(AnimBuffer' i) ;

ucTime [1] = DecodeByte (AnimBuffer, i) ;

ucTime [2] = DecodeByte (AnimBuffer, i) ;

ucTime [3] = DecodeByÈe (AnímBuffer' i) ;

float Pos [3J

DecodeFf oat (lrnimBuf f er , i) ,

DecodeFloat (zurimBuf f er, i) 
'

DecodeFl-oat (A¡:imBuf fer, i) '
];
Animation. scenecamera . AddlinearPositionKey ( frame, pos [ 0

Lpos []-l ,Pos [2] , invTPF) ;
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char bufferl256J;
sprintf (buffer,
I'Camera has been assigned a TCB position keyframe\r\n\

I tafing place at frame ?d and position (e"f,Zf,?f)\r\n",
frame,pos [01 ,pos [1J ,pos [2] );

plog->Log (buffer) ;

) break;
case OPCODE-CAMER-A'-KEYFRAME-BEZPOS :

/ / -.r.f mñF nosif ìon kewfrAme tO the SCene/ / dau a !!Çw LwD IrvÞLçLvtt Jrvl, L-

I
if (i+40 >= AnimPos)
t

i = tempa;
bDONC = TRUE;
break;

I

inb frame = 0;
uneigmed char* ucTime = (unsigmed char*) &frame;
ucTime IO] = DecodeByte (AnimBuffer, i)
ucTime [1] = DecodeByte (AnimBuffer, i)
ucTime [2] = DecodeByte (AnimBuffer, i)
ucTime [3] = DecodeByte (AnimBuffer, i)

float pos [31
I

DecodeFfoat (AnimBuffer, i) ,

DecodeFloat (AnimBuffer, i) ,

ÐecodeFloat (AnimBuffer, i) ,
ì.),
float inTan [3]
I

ÐecodeF]oat (AnimBuf f er, i) ,

DecodeFfoat (AnimBuffer, i) ,

- DecodeFloat (AnimBuffer, i) ,

itoat outTan [3]
t

DecodeFLoat (AnimBuffer, i) ,

DecodeFl-oat (AnimBuf fer, i) ,

DecodeFLoat (¡mimBuf fer, i) ,
ì.
Jt

Animat ion. SceneCamera . AddBezierPositionKey ( frame, pos , i
nTan,outTan, invTPF) ;

char buffer1256l;
sprintf (buffer,

I'Camera has been assigned a Bezier posiÈion
keyframe\r\n\
| 

- Èaking place at f rame ?d and position (zf ,zf ,zf) \^¡ith the
n¡ramaJ-arq.\r\n\

I irrt"r, = (zt,zf ,%f), outran = (?f ,zf ,zf).\r\n",
frame,pos IOl ,pos [1] ,pos [2J , inTan [0] , inTan It] , inl

an [2] , outTan IO] , ouÈTan [1] , outTan 12) ) ¡
plog- >Log (buffer) ;

) break;
caee OPCODE-CAMERÄ-KEYFRAME-TCBROT :

// add a new TCB rotation keyframe to the scene
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if (i+11- >=AnimPos)
I

r = Èempr;
bDONC = TRUE;
break;

]

int frame = 0;
uneigned char* ucTime = (uneigned char*) aframe;
ucTime [0] = DecodeByte (AnimBuf f er, i) ,'

ucTime [1] = DecodeByte (AnimBuffer, i) ;

ucTime [2] = DecodeByte (animeuffer, i) ;
ucTime [3] = DecodeByte (AnimBuffer, i) ;

floab rot [4]
t

DecodeFl-oat (AnimBuf fer, i) ,

ScaleUp (DecodeWord (AnimBuffer, i) , -
l-.of ,1.0f ,BPc_16),

Scafeup (DecodeWord(AnimBuffer, i) , -
1.of ,l-.0f ,BPc_16),

ScaleUp (DecodeV'iord (A¡:imBuf f er, i) , -

1.of ,l-.0f ,BPc_16),
li
float tension = ScaleUp (Decodevlord (AnimBuffer, i) , -

1.Of ,l-.0f ,BPC_16);
floaÈcontinuity=ScaleUp(Decodetr,Iord(AnimBuffer,i),-

I 
^ç 

1 n€ ÞDfr 1Á,.!'v!'L'vLtu'v-1v" 
float bias = scal-eup(Decod'eword(AnimBuffer'i)'-

l-.of ,1.0f ,BPC_16);
f loab easeln = Sca]eUp (Decode¡ge¡d (AnimBuf fer, i) ' -

l-.of ,l-.0f ,BPC_16);
float easeout = ScaLeUp (DecodeWord (AnimBuffer, i) , -

l-. of , l-. 0f , BPC_16) ;
Animation. Scenecamera . AddTCBRotationKey ( frame, rot, tens

.i 
^- ¡nnfin"ìf-r¡rv¡r' vv¡¡e¿¡¿Ére' 

bias, easern, easeout, invTPF) ;

char buffer1256l;
sprintf (buffer,
ilcamera has been assigned a TcB rotation keyframe\r\n\

I taking pface at frame Zð. with Angle Axis vafue:. Zf degrees
(zf ,zf, ?f ) \r\n',,

frame, rot [0J *FLOAT-RAD-To-DEG, rot [1] ,roEl2l, rot I

"l 
ì

plog->Log (buffer) ;

] break;
caee OPCODE-CAMER-A-KEYFRAME-LINROT :

/-/ add a new TCB rotation keyframe to the scene

t
if (i+11 >=AnimPos)
t

1 
- 

fêmñl .
f - 

ee¡¡¡v+,

bDONC = TRUE;
break;

'l

int frame = 0;
unsigned char* ucTime = (unsigmed char*) &frame;
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ucTime [0] = DecodeByte (AnimBuffer, i) ;
ucTime [1] = DecodeByte (AnimBuffer, i) ;

ucTime [2] = DecodeByLe (AnimBuffer, i) ;

ucTime [3] = DecodeByÈe (AnimBuf f er, i) ,'

float rot [4]
Í

ScaleUp (Decode!'Iord (AnimBuf fer, i) , -
1.of ,l-.0f ,BPC_]-6),

ScafeUp (DecodeWord(AnimBuffer, i) , -
1.0f ,l-.0f ,BPc_16),

ScaleUp (ÐecodeWord (AnimBuffer, i) , -
l-. 0f , l-. 0f , BPc_16),

ScaIeUp (DecodelrÏord (AnimBuffer, i), -
1.Of ,1.0f ,BPc_l-6),

);
Animation. SceneCamera. AddLinearRotationKey ( frame, rot , i

nvTPF) ;
char buffer1256l;
sprinÈf (buffer, t'Camera has been assigned a Linear

rotation keyf rame\r\n\
I r =t .i ñÃ ñr ace aL f rame ?d \.rith quaternion (Zf , Zf , eof , %f.) \r\n" ,I uaÀ¡¡¡:i yre

frame, rot [0] , rot [1] ,roLl2J, rot [3] ) ;
plog->Log (buf f er) ,'

) break;
/* case opcoDF_ce¡vtEpe_KEYFRAME_BEZROT: // Unnecessary

// add a new TCB rotaLion keyftame to the scene

I
if (i+1-7 >=AnimPos)
{

. = tempi;
bDONE = TRUE;
break;

ì
J

int frame = 0;
ünsiqned char* ucTime = (unsigned char*) &frame;
ucTime [0] = Decode9yte (AnimBuffer, i)
ucTime [7] = DecodeByte (AnimBuffer, i
ucTime [2] = DecodeByte (AnimBuffer, i
ucTime [3] = DecodeByte (AnimBuffer, i
f l-oat rot [4]
{

ScaJeup (DecodeVlord (AnimBuffer, i ) ' 
'

ScalelJp (DecodeWord (AnímBuf f er, i ), -

ScaletJp (DecodeWord (AnimBuf fer, i ), -

ScaJeUp (Decodeword (AnimBuffer, i ) , -

];
AnimaL ion. SceneCamera. AddBezierRotat íonKey ( f rame, rot, i

cnar DurTer L¿5oJ ;
^^-: ^þ € /A,, F tar
ÐL/L Ltte L \psL L eL I

,Camera has been assigned a Bezier rotation

7.0f,7.0f,8PC_76) ,

7.Of,7.0f,BPc_76) ,

7 . 0f , 7 . 0f , BPC_16 ) ,

1-.of ,7.0f ,BPC_J-6),

ntr'TÐF | .

keyframe \r\n\
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I taking pJace at frame 2;d with quaLernion (tf,Zf,Zf,Zf) \r\n",
frame, rot [0], rot [7], rot [2], tot [3] ) ;

pLog- >Log (buffer ) ;
] break;*/

case OPCOÐE CAMERA KEYFRÄME BEZRLL:
Í-

if (i+7 >=AnimPos)
I

i = tempi;
bÐone = TRUE;
break;

)

int frame = 0;
unsigned char* ucTime = (unsigmed char*) &frame,'
ucTime [0] = DecodeByte (AnimBuf fer, i) ,'

ucTime [1] = DecodeByte (AnimBuffer, i) ;

ucTime [2] = DecodeByte(AnimBuffer, i) ;

ucTime [3] = DecodeByte (AnimBuffer, i) ;

float ro11 = DecodeFloat (l\nimBuffer, i) ;

char buffer1256l ¡

sprintf (buffer,
trCamera has been assigned a Bezier ro11 keyframe\r\n\

I taking place at frame ?d with angle ?f\r\n",
frame, rofl) ;

pl,og- >Log (buffer) ;

) break;
// END CAMERA STUFF

caee OpCODE ADDCAMERA: // specifjes a camera fieJ-d of view, near
r^ F=r nJ¡ne< ÀËrqnTllfes. zv¿vLsvvv t

recommended this be done

used.
{t

if (i+L2 >= AnimPos)
I

r = EemPai
bÐone = TRUE,'
break;

I
Ánimation. SceneCamera. fFieldOfView = ScaIeUp (

DecodeWord (AnimBuffer, i ) , 0 . 0f , FLOAT-PI , BPC-16 ) ;
Animat ion . SceneCamera . f NearPf ane

ÐecodeFfoat (AnimBuffer, i) ;
if (animation.SceneCamera.fNearPl-ane == 0. 0f)

AnimaLion.SceneCamera. fNearPlane = t' 0f ;

Animat ion . SceneCamera . f FarPlane
DecodeFloat (AnimBuffer, i) ;

char buffer1256l ¡

sprinÈf (buffer,
I'Camera added to sceïìe wíLh FOV = Zf , near plane

= Zf., far plane = ?f\r\n",
Animation. SceneCamera . fFiel-dOfView*FLOAT RAD TO

DEG, AnimaL ion. SceneCamera . f NearPlane,
Animation. SceneCamera. f FarPlane) ;

pl,og- >Log (buffer) ;

) break;

/ / and. not attached to a J<eyframe, so it' Ê

/ / âq ezrT v ãs noss.iL'>1 e i f the def aul-ts aren I t
/ / vqLL)'
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cae e OPCODE_ADÐCAMERÀ_IVITHLOCATION :

// Specifies a camera fiel-d of view, near & far

// This aLso adds in the Location and orienEation

,/,/ camera as this camera has no keyframes attached-
{

if (i+30 >= AnimPos)
{

i = tempi;
bDone = TRUE,.
break;

Ì
Animation.SceneCamera.fFiel-dOfView = ScafeUp (

DecodeWord (AnimBuffer, i ) , O . Of , FLOAT-PI , ePC-16 ) ;
.Animat ion . SceneCamera . fNearPlane

DecodeFl-oat (AnimBuf fer, i) ;
íf (Animation.SceneCamera.fNearPl-ane == 0.0f)

Animation.SceneCamera. fNearPlane = 1. 0f ;
Animat ion . SceneCamera . f FarPl-ane

DecodeFloaÈ (AnimBuffer, i) ;

Animation. SceneCamera . Posx
DecodeFfoat (AnimBuffer, i) ;

Animation. SceneCamera . PosY
ÐecodeFloat (AnimBuffer, i) ;

Animat ion . SceneCamera . Posz
ÐecodeFfoat (AnimBuffer, i) ;

Animation.Scenecamera.OriX = 0. 0f ;
Animation.SceneCamera.OriY = 0. 0f ;
Animation.SceneCamera.OriZ = 0. 0f ;
Animation. SceneCamera.OriW = 1. 0f ;

char buffer1256l;
sprintf (buffer, rtCamera added to scene with FoV = Zf ,

near plane = Zf, far plane = åf\r\n\
I posiEion = (Zf,Zf, åf) \r\n",

.Animation. SceneCamera . fFieIdOfView*FLOAT RAD TO

UEU.
Animat ion . SceneCamera . fNearPlane,
Ar¡imat ion . S ceneCamera . f FarPlane, Animat ion . SceneC

amera. PosX,
Animat ion . SceneCamera . PosY, Animat ion . SceneCamera

.PosZ) ;
plog->Log (buffer) ;

) break;
case OPCODE_SETCAMERÄ_ORI ENTAT ION :

t
if (i+8 >= AnimPos)
Í

]- = Eempl-;
bDone = TRUE;
break;

)
Animation.SceneCamera.oriX = scaleUp (

DecodeVford(AnimBuffer, i), -1. 0f , 1. 0f ,BPC 16) ;
Animation. SceneCamera.oriY = scafeUp (
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Ðecodelrlord(AnimBuf fer, i) , -1.0f ,l-.0f ,BPC-16) ;

Animation. SceneCamera.OriZ = ScaIeUp (

DecodeWord(-AnimBuffer, i) , -1-Of ,l-.0f ,BPC-I6) ,'

Animation.SceneCamera.oriW = ScaleUp (

Ðecodeword (AnimBuffer, i ) , - 1 . 0f , 1 . 0f, BPC-16 ) ;

char buffer1256l;
sprintf (buffer, "camera seL to initiaf orientation

(r"f , %f., zf., zf) . \r\n",
Animation. SceneCamera . OriX, Animation ' SceneCamera

ôri V ' Arrrmat ion. SceneCam era.Orí2, Animation . SceneCamera

.oriw);
plog->Log(buffer);

] break;
caee OPCOÐE SETCAMERÀ' OFFSET:

t
íf (i+48 >= AnimPos)
I

r = tempti
bDone = TRUE;
break;

ì
itoat offset [12] ;

for (int looP=O;loop<l2 ;loop++)
offset Iloop] = ÐecodeFLoat (AnimBuffer, i) ;

Animation. SceneCamera. SetOf f set (off set ) ;

char buffer [200] ;
sprintf (buffer,

rtsceneCatnera has been of f set to
llzf ,zf ,%fl l%f ,zf ,zf) le"f ,zf ,%tl l%f ,zf ,e"f) I ' \r\'n",

offset [0] , offset [1] , offset [2] , offset [3] ,

offset [4] , offset [5] , offset [6] , offseLlTl ,

offset [8] , offset [9] , offset [10] , offset []-11 ) ;
pÍ,og->Log(buffer);

] break;
case OPCODE-SETOFFSET :

t
if (i+2 >= AnimPos)
Í

i - tamni .
r 

- 
ue¡rrÈ/¿t

bDONC = TRUE,.
break;

Ì
unsigned ehort which;
which = DecodeShortlnt (AnimBuffer, i) ;

if (i+48 >= AnimPos)
Í

ì - {-amni .
r 

- 
gvlllÈ,¿'

bDone = TRUE;
break;

)
cvisualobject *curr = AnimaLion.Findobject (which) ;

if ( !curr)
1
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AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation daÈabase while Lrying to set an offset-");

bÄbortAnimation = TRUE;
ì
else
t(

float offset [12] ;

for (int l-oop=0;loop<12; loop++)
nf f cc{- f 'l nnnl = DecodeFle¿t (AnimBuf fer, i) ,-L+vvrJ

curr- >Setof f set (of f set ) ;

ehar buffer [200] ;
sprintf (buffer,

"Object #%'d has been offset to
ll,e¿f ,"<f ,ZfJ [%t,Zf ,Zf] [Zf ,Zf ,Zf] [%f ,Zf ,e"f] I . \r\n",

which,offset IO] ,offset [1] ,offset [2] ,offset
1.1L5l r

offset [4] , offset [5] , offset [6] , offset [7] ,
a€f cat f Ql nf f qei IQl of f qat ['l O] nf f sef [1 1 I )

;

., n"og- >Log (buf f er) ;

) break;
case OPCOÐE SETPOSIT]ON:

// sets an absofute position for a given object

if (i+2 >= AnimPos)
t

i = tempi;
bDONC = TRUE,.

break;
I
unsigned ehorb which;
which = DecodeShortlnL (AnimBuffer, i) ;

if (í+12 >= AnimPos)
{ ì = temni;

bDone = TRUE;
break;

ì
ôvisualobject *curr = Animation.FindObject (which) ;

it 
( ! curr)

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation database. r');

bAbortAnimation = TRUE;
I
el€te

floab pos [3]
{' D."odeFfoat (AnimBuffer, i) ,

DecodeFl-o¿¡ (AnimBuf fer, i) ,

DecodeF]oat (enimBuf fer, i) ,
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T;

curr->seEPosition(pos Io] ,pos []-l ,pos t2l) i

char buffer [200] ;
sPrintf (buffer,

"object #åd has been positioreed at
(zf 

' zf '''.f') ' \r\n" ' *hich, pos [oJ , pos [lJ , pos [2] ) ;
pl.og- >Log (buffer) ;

)
) break;

case OPCODE SETROTATION:
tt -u- -n rÈrcslste orientation for a given object/ / sCLÞ A!! øuÞ\

{ íf (i+l-O >= AnimPos)
{ r = tempi;

bDONC = TRUE;
break;

)
unsigned short which;
which = DecodeShortfnt (enimeuffer, i) ;

CVisualobject*curr=Animation.Findobject(which);

íf ( ! curr)
{

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation database.r');

bAbortAnimation = TRUE;

i
else
{

float roÈ [4]
t

ScaleUp (DecodeWord(AnimBuffer, i) , -
1.0f ,1.0f ,BPc_16),

ScaleUp (DecodeWord(AnimBuffer, i) , -
l-.of ,1.0f ,BPc_16),

ScaleUp (DecodeWord (AnimBuffet , i) , '
l-.of ,1.0f ,BPc_16),

ScaleUp (DecodeWord(Animguffer, i) , -
l-.0f ,1.0f ,BPc_l-6,, t.t,

curr- >SetOrientation (rot ) ;

char buffer [200] ;

sPrintf (buffer,
"Object #Ud has been oriented to

(Zf ,Zf ,"¡.f.,%î.) . \::\n",
which, rot [o] , rot [11 ,toLl2f , rot [3] ) ;

plog->Log (buffer) ;

)
) break;

ease oPrcoÏS;iTii2otu," 
scare rot: a siven object
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it 
(i+l-4 >= À,nimPos)

l_ = Eempa i
bDone = TRUE;

, 
break;

u¡¡sigried ahort which;
which = DecodeShortlnt (AnimBuffer, i) ;
CVisualobject *curr = Animation.FindObject (which) ;

it 
( !curr)

AfxMessageBox ( " \
An object reference was found refering to an object not yet\n\
added to the Animation database.'r) ;

bAborLAr¡imation = TRUE;
I
else
I

fl"at scafe [3]
I

ÐecodeFl-oat (AnimBuf fer, i) ,

DecodeFLoat (AnimBuffer, i) ,

DecodeFLoat (AnimBuf fer, i )

("6f.,2f ,Zf) . \r\'nrr,

\;
curr->SetScale (scal-e [0] , scale [1] , scafe [2] ) ;

char buffer [200] ;
sprinÈf (buffer,

"Object #å'd has been scaled to

which, scal-e IO] , scale [1] , scale l2l ) ;
plog->Log(buffer);

)
) break;

// ADD LTGHTS HERE

CASC OPCODE ADDLTGHT OMNT:

it 
(í+2 >= enimPos)

r = tempai
bDone = TRUE;
break;

'l

unsigned short sourcecolor = Decode!'Iord(AnimBuffet, í) ;

unsigned ehar red, green,blue;
if (Animation. ilightslnuse < GL_MAX_LIGHTS)

I
ConvertCol-orL6lo24 ( sourcecolor, red, green, bl-ue ) ;
Animation. Scenelights [Animation. iLightslnUse] . Co

lor [0]
(ftoat) red / 255.0f;

Animation. Scenelights [Animation. ir,ightslnUse] . Co

lor [1]
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tor tJl = _1 . ur;

Tlpe = LIGHT_POINT;

APPendix D: Source Code

(float) green / zss-ot¡
Animation. SceneÏ,ights lAnimation. iLightslnUse]' Co

(float) blue / 255.0f;
Animation. Scenelights lAnimation - ilightslnUse]' Co

AnimaÈion. Scenelights lAnimation - il,ightslnUse++]'

char buffer [200] ;
-^-i nFt ¡/Ìrrrf f ar
Þyr ¿¡rL! \vs! !v¡ ,

rrPoint Light #%d has been added to the
scene with color (f f , Zf , %f. ) . \r\n" ,

Animation. ilightsInUse, red, green, blue) ;

, n"og->Log(buffer);

) ure"t;
case OPCODE-ADDLIGHT-SPOT :

if (i+2 >= AnimPos)
t .i - 'l-amnr .

¿ 
- 

evrr¡F¡,

bDone = TRUE;
break;

)
unsigned shorÈ sourcecolor = DecodetrVord(AnimBuf fer, í) ,'

uneigned char red, green,b1ue;

ît 
(Animation. ilightslnUse < GL-MAX-LIGHTS)

ConvertCoforl 6To24 ( sourcecolor, red, çtreen, bfue ) ;
Animation. scenelights lAnimation. ilightslnuse] . co

lor [0]

l-or [1]

lor [2]

lor[3] = 1.0f;

Tlpe = LIGHT_POINT;

r¡ith cofor (%f'zf'z:*)'\r\n" 
Animation.il,ightsrnuse,red',green,blue) ;

pl,og- >Log (buf f er) ,'

)
) break;

case OPCODE ADDLIGHT DIRECTIONAL:
{-

if (i+2 >= AnimPos)
{

i = tempi;
bDone = TRUE;
break;

)

(float) red / 255-of;
Anímation. SceneLights lAnimaÈion - iLightslnUse]' Co

( f l-oat) green / zss - ot ;
Animation. Scenelights [Animation. ilightslnuse]' Co

(f1oat) blue / 255.0f;
AnimaLion. Scenelights lAnímation- il,ightsrnUse] ' Co

Animation. Scenelights lAnimation. iI,ightslnUse++]'

char buffer [200] ;
sprintf (buffer,

"SÐotl,iqht #?d has been added to the scene
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unsígned short sourcecolor = DecodeWord(AnimBuffer, i) ;

uneigrred char red, green,bfue;
if (animation. ilightslnUse < GL-MAX-LTGHTS)
{

ConvertColorL6To24 (sourcecolor, red, green, blue) ;
Animation. Scenelights [Animation - iLightslnUse] ' Co

Ior [0] (float) red / 255.0f;
Animation. Scenelights lArìimation. iLightsrnUse] ' Co

lor [1]
( f l-oat ) green / zss . of ;

Animation. Scenelights lAnimation. il,ightslnUse]' Co

lor [2] (float) blue / 255.0f;
Animation. Scenelights [Animation. if,ightslnUse]' Co

lor[3] = l-.0f ;
Animation. Scenelights lAnimation. iLightslnUse++]'

Tlpe = LIGHT_POïNT;
char buffer [200] ;
sprintf (buffer,

"Directionaf Líght #åd has been added to
t.he scene wit.h cof or (%f ,'6f. , Zf ) . \r\n" ,

Animation. ilightsInUse, red, green, bfue) ;

- pl,og->Log(buffer);
.t

) break;
case OPCODE ADDTARGET TO CAMER-A:

r(

if (i+2 >= AnimPos)
I

i = tempi;
bDONC = TRUE;
break;

I
J

unsigned int which = DecodeShortlnt (AnimBuf f er, i) ,'

cvisuafobiect *curr = Animation.Findobject (which) ;

íf ( lcurr)
t

AfxMessageBox ( " \
An object reference \^¡as found refering to an object not yet\n\
added to the Animation database.'r) ;

bAbortAnimation = TRUE;
I
else
Í

Animation.SceneCamera-Target = curr;
char buffer [200] ;
sprintf (buffer,

"SceneCamera has been assigned object #%d

as a Larget. \r\n'r ,
which) ;

- pl,og->Log(buffer);
l

) break;
case OPCODE-ADDTARGET-TO-OBJECT :

íf (i+4 >= AnimPos)
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AfxMessageBox ( " \
An object reference was found refering Lo an objecÈ not yet\n\
added to the Animation database-");

bAbortAnimation = TRUE;

)
elee
{

scurr->Target = tcurr;
char buffer [200] ;

sPrintf (buffer,
"object #åd has

source,targeL);
PLog- >Log (buffer) ;

)

) break;

{
i = tempi;
bÐone = TRUE;
break,'

)
uneigned ínt source =

uneigned int target =

CVisualObject *scurr

CVisualObject *tcurr

if (!scurr ll !tcurr)
{

Appendix D: Source Code

DecodeShortfnL (AnimBuffer, i) ;

DecodeShortlnÈ (enimguffer, i) ;

= Animation.FindObject (source),'

= Animation.FindObject (target) ;

been assigned object #%d

as a targeL. \r\n!',

A texture reference was
added to Lhe AnimatÍon

ãn alr-ì ørl rcf erence WaS

added to the Animation

case OPCODE-ASS] GN-MAPTOOB,] :

t
if (i+4 >= AnimPos)
I

i = tempi;
bDone = TRUE;
break;

1

r r-r -L^Li n^^^raclrnrf TnÈ la¡imtrrrffcr- i )unslgmedíntwhichobj=DecodeShortlnt(AnimBuffer,!)¡
unsigrred inb whichtex = DecodeShorttnt (AnimBuffer, í) ;

CTexLure* ctex = Animation.FíndTexture (whichtex) ;

CVisuafObj ecL* cobj = Animation. FindObj ect (whichobj ) ;

if ( ! ctex)
{

AfxMessageBox ( " \
found refering to a texture not yet\n\

database. r') ;
bAbortAnimation = TRUE;

i
else if (lcobj)
{

AfxMessageBox ( " \
found refering to an object not yet\n\

daLabase. " ) ;
bAbortAnimation = TRUE;

i
else
{

cobj ->TexLureMap = ctex;
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char buffer [200] ;
sprintf (buffer,

'rTexture #3d has been assigned obj ect
#åd. \r\n",

whichtex, whichobj ) ;

, noog->Log(buffer);

Ì ut""L;
case OPCODE-ADDTEXMAPTYPE-IIAAR :

t
if (i+l-l- >= AnimPos)
t

i = tempi;
bDonc = TRUE;
break;

Ì
)

CTexture* curr = Animation.AddTextsure O ;
float min = DecodeFloat (AnimBuffer, i) ;
float max = DecodeFl-oat (AnimBuffer, i) ;

curr->fshininess = ScaleUp(
DecodeByte(AnimBuffer,i), O.Of,1.0f,BPC-8) rr

t28.Of;

uneigrred int sourcecolor = ÐecodeWord(AnimBuffer, i) ;

unsigned char destcolor [3] ;
ConvertCo l-or L6l o2 4 ( sourcecol or, de stcol-or [ 0 ],

destcolor [1] , destcolor [2] ) ;
const float recip = l-.of / 255.of ;

curr->SpecularColor [0] =recip* (f l-oat)destcol-or [0] ;

curr->Specularcolor [1] =recip* 1float) destcoLor [1] ;
curr->specularcolor [2] =recip¡' (float) destcolor [2] ;

curr- >SetTextureTlpe (TEXTYPE-IIAAR, min, max) ;

char buffer [200] ;
snri ntf (buffer,-------iNew texLure add of type Haar, with a

ñrrånf ì zar'i on\ r\ p -=nna nf ( 2f Zf ) \r\n" ,\{uq!¡Ur¿sLfvr¡ \¿ \¡¡ \ v+ ¿

min,max);
pl,og->Log(buffer);
sprintf (buffer,

tt TexLure has shininess val-ue of Zf r'¡ith a
qner:u I ar color of (Zf , Zf , ?f ) \r\n" ,'Fvv'*¿"^+ curr->fshininess, curr->SpecularColor [0] , curr->Sp
ecufarCofor [1] ,

curr- >SpecularColor lz) ) ¡
plog->Log(buffer);

) break;
case OPCOÐE_AÐDMÏPMAP :

t
if ( i+2 >= 7\nimPos )

I
i = tempi;
bDone = TRUE;
break;

I
unsrgrred int which = DecodeShortfnt (AnimBuffet, í) ;

CTexture *curr = Animation.FindTexture (which) ;
if ( ! curr)
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AfxMessageBox ( " \
A Lexture reference was found refering to a texture noÈ yet\n\
added Lo the Animation database.");

bAbortAnimation = TRUE;
ì

else
ì.

mr_pmap.

// nranarc fhc Õ.nicr-f for addition of a texture/ / PL ÇL)aL

bDecodingTextures = TRUE;
DecodingTex = curr;
jt 

(curr->iCurrentMiplevel == MINTEXTUREPO'I'{ER)

MINTEXTURERES *MTNTEXTURERES ;

CPixef Peano ( MTNTPXTUREPOWER,

Coefficientlnc

pPeano
FALSE) ;

)
eLEe
{

unsigned int val- = 1;
for (int i=0; jccurr->iCurrenLMiplevel; j++)

Coefficientlnc = va]*val - (val*val >> 2) ¡

ñDêãnô - neW

CPixel-Peano (curr- >iCurrentMiplevel, TRUE) ;
I
ôoefficienttndex = O;
PreviousCoeff = 0.0f;
Coeff icientBound = Coefficientlnc ;

CoefficientColor = 0;
lextureDelLa = (curr->fTextureMax

curr->fTextureMin) / Zs+.Of;
char buffer [200] ;
sPrintf (buffer,

"Ðecoding a Le>:ture Mipmap of power 3d for
Lexture åd\r\n",

curr- >iCurrentMiPlevel , which) ,'

- pt,og->Log(buffer);
l

) break;
case OPCODE-SETBACKGROÜNÐCOLOR :

t
íf (i+2 > AnimPos)
I- i = tempi;

bDone = TRUE;

, 
break;

unsígned int sourcecol-or = DecodeWord(AnimBuffer, i) ;

unsigmed char destcolor [3] ;
ConvertCo:orL6To24(sourcecoÌor, destcolor IO], destcolor I

conat float reciP = L'of/255'of;
Animation.BackgroundCol-or [O] = destcofor [0] * recip;
Animation.BackgroundColor [1] = destcol-or []-l * recip;
Animation.BackgroundCol-or [2] = dest.col-orI2l * recip;

ll ,destcolor[2] );
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) break;
caee OPCODE-COMPLETETOFR-AME :

// indicates that aLJ data is valid untif the
specífied

. // keyframe. AfTows checking of animation'
t

// we setup a simple debug operation' If the
ReadyTiTlFrame -= 0,

// since that doesn't technicaTTy make any serlse
(since we BEGIN at frame 0)

it 
(i+3 > AnimPos)

ì - lêññ1 .r - 99!¡¡F¿,

bDONC = TRUE;
break;

I
unsigned int frame = 0;
uneigined char* ucTime = (unsigrned char*) çframe;
ucTime [0] = DecodeByte (AnimBuffer, i) ;

ucTime [t] = DecodeByte (AnimBuffer, i) ;

ucTime [2] = DecodeByte (AnimBuffer, i) ;

if (frame r= 0)
Animation. ReadyTill-Frame = f rame ;

el-eeAnimaLion.ReadyTil]Frame=]-67'772]-6;//since
this is beyond our max frame #,

// everything wiTJ novt appear as it's ready
bReadYToDisPlaY = TRUE;

// Animatíon-FramesSoFar = 0.0f;

// play with time vafues here?
íf. (Animation.bTimeNotset)
t

Animation.O]dTime = timeGetfime O ;
AnimaLion- StartTime = Animation' OIdTime;

. Animation.bTimeNotSet = FALSE,.

l

pwin- >RedrawWindow ( ) ;

char buffer [200] ;

sprinEf (buf fer, rr***Complete to f rame marlcer p'l aced at
");

pLog- >Log (buf f er) ,'

sprintf (buffer, "3d and novr ready co

di spl ay* * * \r\n ", Animat ion . ReadyTi L lFrame ) ;
plog->Log(buffer);

) break;
CASC OPCODE_ENÐOFFII,EMARKER :

// END of the data fife has been reached
plog->l,og ( "END oF FILE marl:.er reached' \r\n" ) ;
pl,og-tloã(rt---- ----\r\n");
bDONC = TRUE;
bÐecodeComPlete = TRUE;
eeeP (1000,15) ;
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) break;
defaulb:

char buffer [200] ;
sprintf (buffer,

ItInvalid opcode 3d found in source file's decoded
\ v\ * ll

ÞL!çqlrr. \! \lr ,

ÐecodeShortlnt (AnimBuf f er, tempi) ) ,'

plog- >l,og (buf f er) ;
OutputDebugstring (buf f er ) ;
AfxMessageBox( "Inval-id opcode dj-scovered. " ) ;
bAbortAnimation = TRUE;

ì

)

// AnimPos+=2;
for (int j=i; jcanimPos; j++¡

AnimBuffet tj -il = AnimBufter Ij ] ;
AnimPos-=i;

// if aborEed, stoP downToading!
if (bAbortAnimation)
t

IBinding* pIBind = GetBinding O ;

, P-"índ->Abort O ;

l

void CÄnimationFil-e: :DecodeAnimation(ínt Headerlength,BOOL &Reset,int
Hol-dBack)
t

int curPointer = Headerlength;
static in! curMode = 0,'
BOOL bDone = FAI¡SE;
for (int j=0; jcuoldBack'' j++)

Buffer[BufferPos+jJ = 0;

while (curPointer < (BufferPos-Hol-dBack) && !bDone)
,// transl-ate whatever we have in the buffer,
// and dump it into the AnimBuffer
bDone = DecodeCode(curPoinÈer,Buffer,AnimPos,AnimBuffer,Reset) ;

for ( int i=0 ; curPoinEer<BufferPos ,' i++ , curPointer++ )

Buffer Ii] =Buffer IcurPoinLer] ;

BufferPos = i,'
if (bDone)

bDecodeComplete = TRUE;

)

BOOL CAnimaLionFile: :DecodeCode (int &codepointer, BYTE * CodeBuffer,
int &respointer, BYTE *

ResBuffer,
BOOL &Reset)

I' 
// decode the current code fisted at the codepointer Tocation, and

// place it,s true val-ue into ResBuffer, adjusting codepointer and

// respointer as we go.

// if adding the current codets result to the resuft buffer wiLl-
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// overfl-ow the buffer, return faLse, and

// Decompress a singTe I'ZSS codeword from
// tne resul-t in the resbuf fer.

sbatic int inPut-bit-count;
eÈatic uneigned int input-bit-buffer;
static unsigned int PDict;

Appendix D: Source Code

adjust back the two Pointers.

the codebuffer, and PJace

if (Reset)
\

input_bit-count = 0;
input_bit_buffer = o;
pDict = o;
for (int i=o; í<LzsswTNDovl-LENGTH,'Dictionary [i++l = 0) ;

iCompressedCount = 0;
iunCãmPressedCount = 1;
Reset = FALSE;

I
)

unsigned, char HeaderBit = Getcode (codepointer,codeBuffer, 1-,

ì nnrrt bì t ^^r'ñf i nnr,t- hi t þ1¡f f g¡) 
,.IIIyUU_!! u_9vu¡¡u, ¿¡¡P se-vr e-'

if (HeaderBit == l-)

t
unErigrned char newchar = Getcode (codepointer, codeBuffer, 8,

input-bit-count, input-bit-buf f er ) ;
Dictionary [PÐict] = newchar,'
nTriar- = lnDict+1) 3 LZSSIÍINÐOW LENGTH;
!/vrvu - \rvÉve¡-,

, 
*."Buf fer Irespointer++] =ne\¡/char;

erE'e
i

1^^n ¡arla/ / geE Efie -v"e ----
unsig:ned int word

GetCode ( codepointer , CodeBuffer, LZSSBITLEN+LZSSB]TPOS ,

input-bit-count, input-bit-buf f er ) ;
// ¡f the code is 2^27-7 we,ve reached our stop code, so stop'
unsigned int test = ( (1 << (LZSSBITLEN+LZSSBITPOS) ) -l-) ;

if (word == test)
return TRUE,'

unsigned int pos = word & ( (1 << LZSSBITPOS) -1) ;

uneigned int l-en = word >> LZSSBITPOS;
for (unsigir¡ed int i=0,'i<1en+3; i++)

ResBuffer [respointer++] = Dictionary [ (pos + i)
I,ZSSüTTNDOW_LENGTH] ;

for (i=0;i<len+3,'i++7
+ i) Z LZSSWINDOW_LENGTH]Dictionary [ (pDict

ResBuf f er Irespointer- len- 3+ i] ;
pDict= (PDict+1en+3)

)
return FALSE;

)

? LZSSWTNÐOW LENGTH;

floab CAnimationFil-e: :ScaleUp(unsigned int vaI,
bitdepth)
t
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fLoat scale;
floaÈ fva] = (floab) val;
switch (bitdepth)
i

case BPC_16 : scal-e = 65535 - 0f ; break;
case BPC_12 : scale = 4095 . 0f ,' break;
case BPC_10: scal-e = 1023.0f ; break;
case BPC 8: scal-e = 255 -0f ; break;

]
float perc = fval / scale,'

) 
r"trrr ( min + perc * (max - min) );

unsigi"ned inb CAr¡imationFile : : DecodeShortlnL (uneigr¡ed char * Buf f er, int &

pointer)
// axfrar:fs a clvnamic ,,short" integer val-ue from the buffer, which can either

//eJ¡e4svev4s1

DE

// e or 76 bits Jong, depending on what the val-ue is
t
t

unsigned char vall = ÐecodeByte (Buffer,pointer) ;

if (val-l- > I99)
return (DecodeByte (Buf fer,pointer) + (val-l--199) *200) ;

elee return vall-,'
\
)

float CAnimationFile: :DecodeFloat (unsigned char *Buffer, inb &pointer)
// extracts a 32 bit fJoat vafue from the buffer
I

f Loat val,'
uneigned char * fakearr = (unsigrned char *) &va1;
memcpy ( çval , Buffer+Pointer, 4 ) ;
Pointer+=4;
return vaf;

)

unsigr¡ed Ehort CAnimationFile::DecodeV'Iord(unsigir¡ed char *Buffer, ínt &pointer)
/./ extracts a 76 bit word value from the buffer
t

unsigned ehort vaL;
memcpy ( cva1, Buf f er+Pointer, 2 ),'
naì nf-arr-9 .
vv!¡¡Çv¡ | -4,

leËurn vaI,-
)

unsigrred char CAnimationFile::DecodeByte(unsigmed char *Buffer, ínt &poinLer)
// evtra¡fç ân R h;f ht¡fe walne from the buffer//
Í

unEigned ehar val;
memcpy ( cva] , Buffer+Pointer, 1 ) ;
pointer++;
return val;

)

unsigned int C¡¡imationFile: :DecodeParÈiafi^iord (uneigreed char *Buf f er, int
î-nn'i nt-av ' ,rnsiqned
int bitl-ength, unsigned inb &input-bit-buffer,

D-228



Appendix D: Source Code

unsigned
int &input_bit_count, int &total)

unsígned ínt return-value;

while (inpuL_bit_count < bitlength)
t

input_bit_buffer | =
(unsigned int) DecodeByte (Buffer,pointer)

ì nn"F hi È ¡nr:nÈ \¿¡¡vsu --t --*.,-/ ;

- inpuE_bit_count += 8;
J

reLurn_val-ue = input_bit_buffer >> (32-bitl-ength) ;
input_bit_buf f er <<= bitl-ength;
ì nnrrf h.i t ã^rrñf -- hi {- 'l ânãth-

totaf--;

) 
r"turn(return_value);

BOOL CAnimationFife::Decode3Ffoatlist(int count, unsigned char * Buffer, float
* floatl-ist, int & pointer)
t

int loop,'
uneigned char chararr [256*3] ;

for (tooP=0; looP<12; ]oop++)
for (inb foop2=0 ; loop2<count ; Ioop2++)

// memcpy(&chararr[7oop*count+7oop2],
Buf f er+point er+ Toop+ count * 7oop2, 7 ) ;

chararr [1oop2*1-2+1oop] = Buffer lpointer++] ;

// pointer+=count * 3 * 4ì
uneigned int temp,'

!o. (foop=O ; looPccount ; looP++)
1

memcpy (&temp, &chararr [loop*3*4] ,4) ,'

Èemp = _rotl (temp,1) ;
memcpy(&floatlist [1oop*31 , &temp,4) ;

memcpy(ctemp, &chararr Ifoop*3*4+4] ,4) ¡

temP = -rotl- 
(temP' 1) ;

memcpy (cffoatl-ist []-oop*3+11, &temp, 4) ;

memcpy (&temp, &chararr [loop*3*4*8] ' 
4) ;

temP = -rot1 
(tem'' l-) ;

memcpy(ef foatl-ist Ifoop*3+2] , &temp,4) ;
ì
reÈurn TRUE;

)

C-Animat ionFi l-e : : ProcessVers ionNumber ( )

t
if (Animation.MajorVersion != MA,JORVERSION | | Animation.MinorVersion !=

MINORVERS]ON)
Í

AfxMessageBox (t'\
Error! The version of the animation file is incompatibl-e with\n\
this version of the decompression engine.'r
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bAbortAr¡imation = TRUE;
bPreBuffering = FAISE;

I

CAnimationFil-e::ConvertCoforl6To24(unsigmed inÈ source, unsígned char &red,
uneigined char &green,

unsigmed char &b1ue)
i

unsignned int temP;
temp = (source & Ox0000F8OO) >> 11; red = (unsigned char) temp << 3;
temp = (source & O><OOOOOTEO) >> 5; green = (unsigned char) temp << 2;
temp = (source & OxOOOOOoIF) ; blue = (unsigned char) temp << 3,'

I
J

CAnimationFife::HaarInv(fIoat a[] , f1oat source[], uneigrred int size)
I

const unsigned int haffsize = size >> 1;

f"t 
(uneigrred int i=0, j=O;ichalfsize;i++)

a[j++] = sourceIi] + sourceIi+halfsize]*0.5f;
- a Ij++] = source Ii] - source Ii+haffsize] *0 ' 5f;

)'

uneigmed int C.AnimationFiLe::GetCode(int &codepoinLer, BYTE *CodeBuffer, int
1...i +'l an¡ÈÌrv¿u¿v¡¡Yu¿¿, 

ínt

&input bit-count, unsigmed int &input-bit-buffer)
t

unsigmed int return-va1ue;

whíIe (input_bit-counL < bitlength)
Í

rnPut-bit-buffer | =
(uneigned int) CodeBuffer Icodepointer++]

i-¡"F 1-rìf narrnf l
¿¿¡Pse 

-*t --*^.-/ ;

inPut-bit-count += 8;
iComPressedCount++ ;

ì
ieturn-va]ue = input-bit-buffer >> (32-bitlength) ;
input bit_buffer <<= bitl-ength;
.innrrr- l-rìt ggu¡l -= bitlength;

) 
t"turn (return_value) ;

CAnimationFife: :Reset ( )
(
I

BufferPos = 0,'
AnimPos = 0;
bDownloadComplete = FALSE'
bAbortAnimation = FALSE;
bAnimationlnProgress = FAI¡SE;
bReadyToDisPlaY = FAT,SE;
bDecodeComplete = FAISE;
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bPreBuffering = FAT,SE;
Animation.Reset O ;
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D.2.20 MainFrm.h

// MainFrm.h : interface of the CMainFrame cl_ass

/////////////////////////////////////////////////////////////////////////////
# i f I de f ined (AFX_MATNFRM_H_A4 F3 6 3 7 5_C3 EB_1 1D1_8 7 F8_O OAAO OBg C4 42 _TNCLUDED_ )

#dCfiNE AFX_MATNFRM H 44F36375 C3EB ]-1D1 87F8 OOAAOOB}C442 TNCLUDED

#if _MSC_VER >= 1000
#pragma once
#endif // _MSC_VER >= 7000

claee CStyleBar : public CTool-Bar
t
public:

CSI-iderCtrl m Sl-ider;
t.Jt

clasa CMainFrame : public CFrameWnd

protected: // create from serialization onTy
CMainFrame O ;
DECLARE_DYNCREATE ( CMa inFrame )

// ettributes
public:

// ñnora|,innc

public:

// overrides
// Cl-assWizard generated virtual- function overrides
// { {arx_vtRTUAL (cMainFrame)
virtual BOOL PreCreateWindow(CREAT¡STRUCT& csl,-
// ] ]arx_vtRruAL

// ImpJementation
publíc:

virtual -CMainFrame O ;
#ifdef _DEBUG

virtual void AssertValidO const;
virtual void Dump(CDumpContext& dc) consb;

#endif

publie | // controL bar embedded members
int width;
BOOL CreateStyleBar O ;
CStatusBar m wndSLatusBar,-
CStyleBar m-wndPlayBar;

/ / (leneraf arf ma<n- .F,,^^ç: ^/ / L'Leësage map TunccJ-ons
protected:

// { {avx_usG (cMainFrame)
afx_msg int OnCreate (LPCREATESTRUCT lpCreaLeStrucL) ;

// Norn - the Cl-assVizard wifJ- add and remove member functions
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here.
//DoNoTEDITwhatyouSeeintheseb]-ocksofgeneratedcode!

// ] ]esx_use
. DECLARE_MESSAGE-MAP0

/////////////////////////////////////////////////////////////////////////////

// { {erx_rwsnRr-LocArroN} }
// Uicrosoft Devel-oper Studio wifL insert additionaf decLarations ímmediately
before the Previous fine.

t. . | 
- / |

++YLwL L / /

!def ined(AFx MAINFRM H A4F36375 C3EB 11D7 B7F8-O0AAO0B9C442-INCLWED-)
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Ð.2.21 MainFrm.cPP

/ / v-.inú1rm nnn jmnl pmcnf.ãtion of the ClulainFrame cLass
/ / J',Jd rtlt L ttt . çL/t/

#include "et.dafx'h'
#include t'DecontPressor - l-1"

*include 'rMainFrtn - h.
#include "resource.h"

#ifdef _DEBUG
#define new DEBUG-NEW

#undef THIS-FILE
statíc char THIS FILE [] = 

-FILE-;#endif

CstatusBar *m--PwndStatusBar ;

CSI-iderCtrf r'PSIider ;

CStyleBar *PBar;
BOOL bsliderCreated = FALSE;
CWnd *pWin = NULL;

/////////////////////////////////////////////////////////////////////////////
// ctwainFrame

IMPT,EMENT_DYNCREATE ( CMA iNFTAME, CFTAMEV'1Nd )

BEGIN-MESSAGE-MAP (CMainFrame, CFrameWnd)

/ / { { erx_vt s e_IvtAP ( cMa inFr ame )

Il wõrp _ the CJasswizard wiLf add and Temove mapping macros

here.
//DoNoTED|TwhatYouseeinthesebfocksofgeneratedcode

!
ON WM CREATEO

l/j ]{rx-usG-MAP
END_MESSAGE_MAP 0

static UINT indicators []
!
L

ID-SEPARATOR, /'/ status Line indicator
ID_INDTCATOR_CAPS,
ID-]ND]CATOR_NUM,
TD TNDTCATOR SCRL,

t,

etatic UINT BASED-CODE ButtonStyles []
f

// same otder as in the bitmap 'styLes'bmp'
ID_AN]MATION-PI,AY,
ID_ANIMATION_PAUSE,
]D_ANIMATION_STOP,
TD_SEPARATOR,
rn strpaRATÕR. // for puTTbar (pTacehoJder)

)t

/////////////////////////////////////////////////////////////////////////////
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// CMainFrame construction/destruction

CMaj-nFrame: : CMainFrame o
t

ÀfxrnirRichEdir O ;
. pVrin = this;
l

CMainFrame : : -CMainFrame ( )

int cMainFrame : : oncreate (LpcREATEsrRUcr lpcreatestruct )

if (CFrameWnd: :OnCreate(lpCreateStruct) == _1)
return -1,.

if ( !m_wndstarusBar. create (thie) | |

! m_wndstatusBar. Set fndicators ( indicators ,
eízeof (indicarors) /eízeof (UINT) ) )

{
TRACE0 ('rFaíl-ed to create status bar\n,') ;

) 
-"aurn -1 ¡ // taiL to create

m3wndStatusBar = &m wndstatusBar;

CreateStyl_eBar ( ) ,.

- return 0;
l

BOOL CMainFrame : : preCreate!üindow ( CREATESTRUCT& cs )

' 
// this styJe prevents the window from being resizedcs.sryle = tûs_ovERLAppED I ws_svsvENlT I VíS_BORDER 

I

WS_M]NTM]ZEBOX;
cs.cx = 500+12;
cs.cy = 375+98;
width = cs.cxi

cs.y = (::GetsystemMetrics(sM_cyscREEN) >> 1) _ 270;cs.x = (::GetsystemMetrics(sM cxscREEN) >> 1) _ 320;

) 
."turn CFrameWnd: :preCreateWindow(cs) ;

/////////////////////////////////////////////////////////////////////////////
// CuainPrame diaqnostics

#ifdef _DEBUG
void CMainFrame : :AssertValid ( ) const

. CFrameV,ind: :AssertVa]id ( ) ;
l

void CMainFrame: :Ðump (CÐumpContext& dc) conatI
CFrameWnd: :Ðump (dc) ;
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l

*eno].f / / DþÞUr)

/////////////////////////////////////////////////////////////////////////////
// c¡vlaingrame message handTers

BOOL CMainFrame: : CreateStyfeBar ( )

t
const ínt nDroPHeight = l-00;

if ( !m_wndPl_ayBar . create (this , ws_cHILD I WS_I/ISIBLE I CBRS-BOTTOM I

CBRS_TOOT,TI PS I CBRS-FLYBY , rDw-sTYi,ES ) , I I

!m-wndPl-aye"t. r,oadBitmap ( IÐB-PLAYBUTTONS) | |

!m_\n/n¿p1ayBar. SetButtons (ButtonStyles , eizeo9 (Buttonsty1es) / eízeof'
(UTNT) ))

t
TRAcEo("Failed Lo creaLe Pfay Bar\n");
return FAI,SE; // fail to create

)

// Create the combo box
m_wndPlayBar . SeLBut.t.onÏnfo ( 4 , IDW-PLAYBUTTONS , TBBS-SEPARATOR, width

on ì .

ÕÊa¡+- Tãõi-.

m-wndPlayBar.GetItemRect (4, &rect) ;

rect.toP = g'
recL.bottom = rect-toP + 20;
if ( !m-wndPlayBar.m-Sf ider. Create (

ws_vrsrBLE I WS_TABSTOP,
r"ãt, am-wndPLaYB.ar , IDV'I-PLAYBUTTONS) )

Í
TRACEO ("Failed Lo creaLe slider\1n") ;

return FALSE;
I
pStider = & (m-wndPlayBar.m-sfider) ;
pBar = &(m_wndPlaYBar) ;
bSliderCreaÈed = TRUE;
return TRUE;

I
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D.2.22 DecomPressor.h

// Decompressor,h : main header fi]-e for the DECoMPREssoR appTication

#if
ldefined(AFX_DECOMPRESSoR_H-44F3637]-_c3EB_1lD1-87F8_ooAAooB9c442-]NCLUDED_)
#define AFX-ÐECOMPRESSOR-H-A4F3637L-C3EB-l-1D1-87F8-OOAAOOB9C442-INCLTIDED-

#if _MSC_Vgp ¡= 1000
#pragma once
#endif // -usc-vsn 

>= Tooo

#ifndef 
-AFXWIN-H-#error inciude 'stdafx.h' before including this file for PCH

#endif

#include r,resource . h,' / / main symbols

/////////////////////////////////////////////////////////////////////////////
// CoecompressorAPP:
// See Decompresrot."pp for the implemenEation of this cLass

class CÐecompressorApp : public CWinApp

{
pubLic:

ññôñ^ññrêcanrÀn¡ f ì .
uuççvlt+/!vÞÞv!õ}Jy \ / t

// overrides
// CfassWizard genetated virLual function overrides
/ / { { erx_vtRTuAL ( CDecompre s sorApp )

Public:
vírtual BOOL Initlnstance ( ) ;
virÈuaL int Run();
// ] ]arx_vrRrrtAL

/ / Tmnl cmen|.efi On
/ / Lttt}/tvtL.vLLç4v1

/ / { { erx_¡uts G ( cD e c omp r e s s orApp )

afx-msg void OnAPPAbout O ;

//N}TE-theC].ass|izardwilTaddandremovememberfunctions
here,

//DoNoTED|Twhatyouseeinthesebfocksofgeneratedcode
!

// ] ]AFK-MSG
DECLARE_MESSAGE_MAP 0

ì.),
/////////////////////////////////////////////////////////////////////////////
// { {erx_tvsaRr-Loclrrov} }

//
*endif / /

!defined(AFX_DECIMPRESS}R_H-A F36377_C3EB_71Dl_B7FB_o0AAO0BgC442-INCI'wED_)
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D.2.23 Decompressor.cPP

// t)c¡nmt-tre.s s,Õr-,:nn ' Defines the cLass behaviors for the appJication.
/ / uçvvttlL,L çe

#incLude " stdafx. h'l
#include rrDecompressor, h'l

#include ilMainFrm.h"
#incLude "DecompressorDoc - h"
#include IDecortpressorView - h"

#include "91\gl.h"
#include "91\glu.h"
#include "91\qlaux. h"

#ifdef _DEBUG
#define new DEBUG NEW

#undef THIS FILE
static etrar fgfS FILE tl = FILE ;

#endif

extern unsigned int TitlescreenTexture;
extern uneigrred char ¡' litlecFxarrayì
extern uneigned int BufferingTexture;
extern uneigned char * Bufferarray;

/////////////////////////////////////////////////////////////////////////////
// CDecompressorAPP

BEGIN_MES SAGE-MAP ( CDe comp re s s orApp, CWinApp )

/ / { { erx-¡rtsc-MAP ( cDecompre s s orApp )

ON_COMMAND ( ID-APP-ABOUT, OnÄppAbout )

// NOTE - the Classwizard wiff add and remove mapping macros
here.

// DO NOT EDLT what you see in these bfocks of generated code!
// ] ]esx_tutsc_MAP
// Standard fil-e based document commands
ON-COMMAND ( ID-FILE-NEW, CVüinApp: : OnFileNew)
ON COMMAND (ID-FILE-OPEN, CWinApp: :OnFileOpen)

END_MESSAGE_MAP 0

/////////////////////////////////////////////////////////////////////////////
// CDeconpressorApp construction

CDecompressorApp : : CDecompressorApp ( )

1

// rooo' add construction code here,

] 
,, pl_ace a77 significant initiaTization in Initlnstance

/////////////////////////////////////////////////////////////////////////////
// The one and onTy CDecompressorApp object

CÐecompressorAPP theAPP ;
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/////////////////////////////////////////////////////////////////////////////
// CDeconpressorApp initiaL izataon

BOOL CDecompressorApp: : ïnitlnstance ( )
t

// standard initiaLization
// rf you ate not using these features and wish to reduce the size
// of your final- executabJe, you shouTd remove from the following
// the specific initial-ization routines you do not need.

#Ífdef _AFXDLL
Enabl_e3dControl_s O ; // CaLl_ this when using MFC in ashared DLL

#elee
Enable3dcontrol-sstatic o ; // cal_l_ this when Jinking to MFcstaticaJJy

#endif

// change the registry key under which our settings are stored..
// You shoul-d nodify this string to be something appropriate
// such as the name of your company or organization.
SetRegistryKey (_T ( " Local Àppüii zard-Generated j\ppl ications,' ) ) ;

LoadStdProfil-eSettingsO ; // Load stand.ard .IIV.I fil.e options (including
MRU)

// Register the application's docltment tempLates. Document tempLates
// ,serve as the connection between documenxs. framc winrl4e¡s and. views.
CS ingleÐocTemplate * pDocTempl_at.e ;
pÐocTemplate = new CSingleDocTemp1ate (

TÐR_MATNFRÄ,ME,
RUNTIME_CLASS ( CDecompres sorDoc ),
RUNTTME-CLASS (cMainFrame) , // main sDr frame window
RUNTTME-CI,ASS ( CÐecompressorView) ) ;

AddDocTempl_ate (pDocTempl ate ) ;

// Parse command l-ine for standard sheJ-l- commenåe Dl-)tr f ;
ccommandlinernfo cmdrnfo; 

stranaarQ snelJ commands' DDE' file open

ParseCommandline ( cmdlnfo ) ;

// Dispatch commands specified on the command l_ine
if ( ! ProcessShe]lCommand (cmdTnfo) )

return FALSE;

HGLOBAL Titl_eGFXHandJ_e, Buf ferHandl_e,.
: :gJ_Enable (GL_TExTURE_2D) ;
HRSRC hrc = FindResource(NULL,MAKEINTRES9URCE(IDR_RÀ9üTITLE) ,,,Rè.WIvlApi,) ;HRSRC hrc2= FindResource (NULL, MAKEINTRESOURCE (IÐR-RAVTBUFFER) , r'RAV¡r{Ap,') ;

Titl-eGFxHandl-e = LoadResource (AfxcettnstanceHandre ( ) , hrc) ;BufferHandl-e = LoadResource (AfxGetrnstanceHandre o ,]nrc.2) ;

TitleGFXarray = (unsigned char*) LockResource (Titl_eGFXHandl_e) ;Bufferarray = (unsigrred char*) LockResource (BufferHandle) ;

: :g1PixeJ-Storei (GT,_UNPACK ALIGNMENT,I) ;
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: :glGenTextures (1, &TitlescreenTexture) ;
: : glBindTexture (GI,_TEXTURE_2D, TitlescreenTexture) ;

: : glTexParameteri ( GL-TEXT[]RE-2D, GL-TEXTURE-WRAP-S, GL-REPEAT ) ;
: : glTexParameteri ( GL_TEXTURE-2D, GL-TEXTURE-!ÍRAP-T, GL-REPEAT ) ;
: : glTexPaTameI eT i ( GL_TEXTIIRE _2D, GI,_TEXTURE_MAG_FT LTER, GL_LINEAR ) ;
: : gITCXPATAMCTCTi ( GL_TEXTURE_2D, GT'_TEXTURE_MTN_FILTER, GL_LTNEAR) ;

::gl-TexImage2D ( GL_TEXTURE-2D, 0, GL-RGB, 256, 256, 0, GL-RGB,
GL_UNSIGNED_BYTE, Tit]ecFxatray ) ;

: : glPixelstorei (GL_UNPACK_ALIGNMENT, 1 ),'
: :gLcenTextures (1, &Buf feringTexture) ,'

: : glBindTexture (GL_TEXTURE_2D, Buf f eringTexture ) ;
: : glTexParameLeri ( GL-TEXTURE-2D, GL-TEXTURE-VIRAP-S, GL-REPEAT ) ;
: : glTexParameLeri ( GL_TEXTURE_2D, GL_TEXTURE_IIRAP_T, GL_REPEAT ) ;
: : gf TexParameteri ( GL_TEXTURE_2D, GL-TEXTURE-MAG-FILTER, GL-LINEAR) ;
: : glTexParameteri ( GL_TEXTURE_2D, GL_TEXTURE_MIN_FTLTER, GL-LINEAR ) ;

::glTexImage2D( GL_TEXTURE_2D, 0, GL-RGB, 256, 256, 0, GL-RGB,
GL_UNSIGNED_BYTE, BufferarraY ) ;

// rhe one and onTy window has been initiaTized, so show and update it.
m3Mainwnd- >Showwindow ( sw_SHoW) ;
m3MainV,ind- >Updatewindow ( ) ;

return TRUE,'

)

/////////////////////////////////////////////////////////////////////////////
// CaboutDJg diaTog used for App About

claes CAboutDlg : public CDialog

itøri.,
ceboutDlgO;

// DTafog Daca
/ / { {erx_nerA ( cAboutDt-g )

enrur { rDD = rDÐ_ABourBox };
// ] ]erx_nare

// Classblizard generaEed virtuaf function overtides
// { {AFX_VTRTUAI, (cAboutDTg)
protected:
virtual void DoDataExchange (CDataExchange* pDX) ;
// ] ]esx_vtRruAL

/ / Tmnl cmcnr.aii on//
proteeted:

// { {erx_usG (CAboutDTs)
// No message handfers

/ / J ]asx-tqsc
DECLARE MESSAGE MAP 0't.

Jl

CAboutDlg : : CAboutDlg ( ) : CDialog ( CAboutÐlg: : IDD )

t
/ / { {epx_PerA_rMrr (c}sboutDf g)

// DDX/DDV support
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)

voíd
{

)

BEGIN-MESSAGE-MAP (CAboutDlg, CDialog)
/ / { { AFX-MSG-MAP ( CAboutDT g )

// ¡vo message handfers
/ / ] JAFr_MSG-MAP

END_MESSAGE-MAP 0

/ / z¡¡ ¡ammanà fo run the diaTog/ / ñyLl
voíd CDecompressorApp : : OnAppAbout ( )

CAboutDlg aboutDlg;

- aboutDlg.ooModal O ;
l

/////////////////////////////////////////////////////////////////////////////
/ / CDecompressorAPP commands

inÈ CDecomPressorAPp : : Run ( )

BOOL bÐoingBackgroundProcessing = TRUE;

while ( bDoingBackgroundProcessing )

{
MSG msg;
while ( ::PeekMessage( &msg, NULL, O, O, PM-NOREMOVE ) )

t
if(lPumpMessage())

{
bÐoingBackgroundProcessing = FALSE;

: :PostQuitMessage(0 ) ;
break;

\
1''// let MFC d'o íts idJ-e processing

LONG l-Id1e = 0;
while ( AfxGetApp O ->On]dle (l-ldl-e++ ) )

// Perform some background processing hete
// using another caJ-I to OnTdle
CView r. pActiveView = NULL;
CFrameWnã * pFrm = (CFramewnd*) AfxGetMainWnd( );
if (pfrm) pAcLiveView = pFrm->GetActiveViewO ;

cÐecompressorview* pclone = (CDecompressorview *) pActiveview;
if (pActiveview && pcTone && lpcTone->bStartingïJpLeveL7)
if (PActiveView && PClone)

ì 
PClone->Invalidate(FALSE);

ieturn CWin-APP: :RunO ;

/ /l l^ñv ^^ñA r^rIT
/ / J larz_ua¡õ_¿¡v'

CAboutDlg : : DoDataExchange (CDataExchange* pDX)

: DoDataExchange (POx¡ ;

DATA_MAP (CAboutDlg)
DATA_MAP

^ñi -l ^^.uur4rvY.
//{[z¡x/ / L L'-"'-
//llaF.'x/ / ) )'-- "-
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D.2.24 DecompressorDoc.h

// necompressorDoc.h : interface of the CDecompressorDoc cfass

/////////////////////////////////////////////////////////////////////////////

#Íf
tdefined(AFX DEcoMpRESsoRDoc H A4F36377 C3EB 11Dl-_87F8_0oAAOOB9CAA2-INCLUDEÐ

\

#define AFX_DECOMPRESSORDOC_H_A F36377_C3EB_11D1--87F8-00440089C442-INCLUDED-

#if _MSC_VER >= 1000
#pragima once
#endif // _MSC_VER >: 7000

#inctude "AnimationFil-e. h"

class CDecompressorDoc : public CDocument

t
protected: ,// create from serial-ization onJy

CDecompressorDoc O ;
DECLARË-DyNCREATE ( CDecompre s sorDoc )

// Attrìbutes
public:

// ñnaral-inn<//
public:

// Overrides
// Cfasswizard generated virtuaf functìon ovetrides
/ / { { epx-v r RTUAL ( cD e c omp re s s o rDo c )

public:
virtual BooL OnNewDocument ( ) ,'

virtual void Seriafize (CArchive& ar) ;

// ] Jarx_vtRTuAL

// lmnlemcnfafion//
public:

virtual -CDecompressorDoc ( ),'
#ifdef _DEBUG

virtual void AssertVatidO const;
virtual- void Dump(CDumpContexL& dc) conet;

#endíf

public:
CAnimationFile* AnimF ;

protected:
// Generated message map functions
protected:

/ / { {erx_usG ( cDecompres sorDoc )

// NOTE - the Cfassl¡lizard wifL add and remove member functions
u^-^

// Do NOT EDIT what you see in these bfocks of generated code
!
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/ / ] ]erx_usc
. DECI-ene-laessAGE-MAP ( )

/////////////////////////////////////////////////////////////////////////////

// { {erx-tNSERr-LocArroN} }
// I4icrosoft DeveToper Studio wiff insert additionaf decl-arations ímmediateTy

before the Ptevious fine'
//

#endif ^^n I ^^ñ. 
/ /

! d.ef ined (AFí_DECOMPRESSORDOC-H A4F3 6377-c3EB-L1-D7-87 FB-OOAAOOB9C442-INCLWED

)
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D.2.25 DecomPressorDoc.cpp

// oecompressor]oc.cpp : impTementaEion of the cDecompressorDoc class

// Just a placehol-det for the animation database

#include I'sLdafx-hrl
#ínclude rrDecompressor - h'l

#include trDecomPresgorDoc ' h'r

#ifdef _DEBUG
#define new DEBUG-NEhÏ

#undef THIS-FILE
sbatic char THIS FIi,E[] = 

-FILE-;*endif

#ifdef _DEBUG
#pragma warning (disable : 4o74)

*pragma init-seg (comPiler)

/ /fnrwarå fn. decf.
/ / LvL

BOOL AFXApI AfLocHook(size-t nSize, BOOL bObject, LONG lReguestNumber);

//set various sYs hooks
static AFX_ALLOð_HOOK PrevAfl-ocHook = AfxSetAl]ocHook (AllocHook) ;

LONG g_lFirstRegCaught = 0;

BOOL AFXAPI Al-l-ocHook(size-t nSize, BOOL bObject' LONG lReguestNumber)

t
if ( I g-lFirstReqCaught )

\, 
g-lFirstReqCaught = fRequestNumber; - ,^ -,\
TRACE ( "L_Afx: CaughL first alloc request number t äd) \n" '

g_lFirstReqCaught) ;

//turn off memory al-J'oc tracking
prevAl-l-ocHook = Àt*SeteltocHook (PrevAltocHook) ;

//set memory aJ'J'ocat'ion breakpoints here

i
return TRUE;

]
#endif

/////////////////////////////////////////////////////////////////////////////
/ / îne¡nmnrcssefDoc

/ / çsvvv¡¡,r4 v'- -

ïMPLEMENT-DYNCREATE ( CDecompressorDoc , CDocument )

BEGIN-MESSAGE-MAP (CDecompressorDoc, CDocument)
- / / { { AFX-MIG-MAP ( cDecompr e s sorDoc )

//xorn-theCJ.assíizardwiTfaddandremovemappingnacros

//DoNoTEDÏTwhatyougeeintheseb]-ocksofgeneratedcode!

D-244



Appendix D: Source Code

/ / ] ]esx_usc_MAP
END_MESSAGE_MAP O

/////////////////////////////////////////////////////////////////////////////
/ / CDecompressorDoc construct ion/destruct ion

CDecompressorÐoc : : CDecompressorDoc ( )

{
AnimF = new CAnimationFil-e;

)

CÐecompressorDoc : : -CÐecompressorDoc ( )

{
deLete AnimF;

)

BOOL CDecompressorDoc : :OnNewDocument ( )

{
if ( !CDocument::OnNew¡ocument O )

reÈurn FALSE;
return TRUE,-

)

/////////////////////////////////////////////////////////////////////////////
/ / CDecomoressorDoc seriaf ization

void CDecompressorDoc : :Serialize (CArchive& ar)
{

if (ar. IsStoring ( ) )

{}
eIEe
{}

)

/////////////////////////////////////////////////////////////////////////////
/ / îT)a¡nmnra<enrñan ¡7i aanaef 'ì ¡c//

#ífdef _DEBuc
void CDecompressorDoc: :AssertValidO eonst
{

CDocument : : AssertVal id ( ) ;
)

void CÐecompressorDoc: :Dump (CDumpContext& dc) const
{

CDocument: :Dump (dc) ;
)
*endif //_DEBUG

/////////////////////////////////////////////////////////////////////////////
/ / CDecomnrecsorþçc commands//
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D.2.26 Decompressorvie\ü.h

// DecompressorView.h : interface of the CDecompressorView cfass
// n; qn7:¡zs fha ¿nj¡¡¿tiOns - alL ÕnenGT, çncr-ific ranåeríno is//
// here (with the exception of some al-l-ocation in CDecompressor
/////////////////////////////////////////////////////////////////////////////

#if
!defined(AFX DECOMPRESSORVIEW H A4F36379 C3EB l-l-D1 87FB 00.AAOOB9C442 INCLUDE
D_)
#define
AFX DECOMPRESSORV]Eh7 H A4F36379 C3EB ]-]-D]- 87F8 OOAAOOB9C A2 TNCLTIDED

#if _MSC_VER >= l-000
#pragrma once
#endif // _MSC_VER >= 7000

#include "91\91 .h'l
#include 'gI\glu.h"
#include "gl\glaux.h"
*include <afxadv.h>
#ínclude "Dialog],og.h'r // Added by CJassView

claeg CÐecompressorView : public CView

irotected z // create from serial-ization onTy
CDecompressorView ( ) ,'

DECLARE_DYNCREATE ( CDecompre s sorVi ew )

// ettributes
publie:

CDecompressorÐoc* GetDocument ( ) ;
fLoat aspect_ratio;
float aspect ratio inv;
int m_cx;
int m_cy,'
CDC* m3DC;

private:
HGLRC m_hRC;

,/ / ^^^--þ: ^-^/ / vL)eLaL!9!)Þ

public:
BOOL InitializeOpenGl ( ) ;
void SetupFlags O ;
BOOL RenderScene O ,'

BOOL SetupPixelFormat O ;

// overrides
// CLasswizard generated virtuaf function overrides
/ / { { arx_vt RTUAL ( cD e c omp r e s s o rv i ew )
pr:blic:
virtual void OnDra\^r(CDC* poC); // overridden to draw this view
virtual BOOL PreCreateWindow(CREATESTRUCT& cs) ;
protected:
/ /l lzrY \lrp'rrrar,/ t ) J"'
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/ / Tmnl c.me.nf atí on/l

public:
PlayAnimation ( ) ;
BOOL bCurrentl-yDrawing;
ReBindTexture (CTexture *tex) 

,'

BOOL blogActive;
ñnj -l aal aa T.anTrlinÄnw.uvlqf v9!v9 lvy vl r¡¡uvw ,

BOOL bEndedNatural-l-y,'
ÐlvORD dwFrames;
DWORD dwTimePerDivision ;
float fNextBlock;
BOOL bIsPlayAb1e;
BOOL bStopped;
BOOL bStart ingRendering ;
BOOL bstartingUpl,evel 1 ;
BOOL bstarÈingUpl,evel-2 ;
BOOL bStartingUplevel3 ;
BOOL bStartingUplevel4 ;
void Setupcamera O ;
void FileProcess (int number) ;

void RenderPatch(CVisualObject r. Obj, ínt * PatchVertices, float
'l ê<Hârê | .

void RenderObjecLs O ;
void SetupObjects O ;
void SetupLighting O ;
f l-oat f Time;
f l-oat f Totaf Time,'
virtual -CDecompressorView ( ) ;

#ífdef _DEBUG
vÍrtuaL void AssertVal-id() conct;
virtual void Dump(CDumpContext& dc) const;

#endif

protected:

// Generaf,eð meseeñF mãr. fttnr-l-,iorls//
protecbed:

// { {atx_usG (CDecompressorview)
afx_msg void OnFileOpenlocation O ;
afx_msg int oncreate (LPCREATESTRUCT lpCreateSÈruct) ;

afx_msg void onDestroyO ;

afx_msg void OnSize (UINT nType, int cx, int cy) ;
afx_msg BOOL OnEraseBkgnd(COC* pnC) ;
afx_msg void onFileMruFilel- O ;
afx_msg void OnFileMruFile2 O;
afx_msg void onFil-eMruFiLe3 O ;

afx_msg void OnFil-eMruFife4 O ;

afx_msg void OnAnimationPlay O ;

afx_msg void onupdateAnimationPlay(ccmduf* pCmdUr) ;
afx_msg voíd OnA¡.imationPause O ;
afx_msg voíd OnUpdateAnimationPause (CCmdUI* pCmdUI) ;
afx_msg void Or¡ÀnimationStop O ;

afx_msg void OnUpdateAnimationStop (CCmdUI* pCmdUI) ;
afx_msg void OnViewÐiagnostics O ;

afx_msg void OnÀnimationDownloadspeedO ;

// ] Jerx_uso
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. ÐECI,ARE_MESSAGE_MAP 0

#ifndef -DEBUG 
// debug version in Decompressorview'cpp

inline CDecompressorDoc* CDecompressorView: :GetDocument o

i return (èÐecompressorDoc*)msDocument; i
#endif

/////////////////////////////////////////////////////////////////////////////

// { {erx-tusaRr-LocArrov} }
// uicrosoft Developer studio wiLl insert additionaf decl-arations immediateTy

before the Previous fine'
//

#endif
!def ined ØF|_DEXIMPRESSORVIE\I-H-A4F3637g-c3EB-11D7-87F8-OOAAOOB9C442-INCLWE
D)
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D.2.27 Decompressorview.cpp

/ / Deromnrcseor.üi cw cnn : imol-ementation of the CDecompressorView cfass
// uçvvtttyL . -,..r--"

#include I'stdafx.hl'
#include <mmsystem.h>
#include <math.h>
*inctude I'MainFrm. hrl
#include I'Decompressor. h"

#inctude "DecompressorDoc . h"
#include I'DecompressorView. h"

#include ilGetUrf.h"
*include "AnimaLionFil-e . h "

#inctude "QuaLernion.h"
#include'r . . /Compressor,/Opcodes.h"

#inc1ude "DialogÏ,og.ht'

#include rrGetDownLoadSpeed. h"

#ifdef _DEBUG
#define new DEBUG NEIV

#und.ef THIS FILE
static char THf S FILE [] = FILE 'i

*endif

unsig:red int TitleScreenTexture ;

uneigned char * TitleGFXarrayì
unsigmed int BufferingTexture;
unsigned char * BufferarraY,'

extern CSliderCtrl* pSlider;
extern CStyleBar *PBar;
extern BOOL bsliderCreated,'
extern CWnd *pÌVin;

CDialoglog *pl,og;
//////7//7t/ilil1t///////////////////////////////////////////////////////////
/ / îñernmnrees,nrView

/ / evvvvtttyL

IMPLEMENT_DYNCREATE (CDecompressorView, CView)

BEGIN_MESSAGE_MAP (CDecompressorView, CView)
/ / { { erx_¡rtsc_IqAP ( cD e comp re s s o rv i ew )
oN CoMMANO ( rp_r rI,¡_oPENLOCATION, OnFi leOpenlocat ion )

ON_WM_CREATE 0
ON-WM_ÐESTROY 0
ON_WM_STZE 0
ON_WM_ER.A,SEBKGND 0
or_col,ruaxD ( rÐ_F ILE_MRU_FÏLE 1, OnF i l- eMruri I e 1 )

oN_coMMAND ( ID_FILE_MRU_FÏLE2 , OnFileMruFile2 )

oN_coMMAND ( ID_FILE_MRU_FILE3 , OnFifeMruFil-e3 )
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ON_COMMAND ( ID_FILE_MRU_FILE4 , OnFifeMruFilea )

oN_coMMAND ( ID_AN ]MAT I ON_PLAY, OnÄn imat i onP I ay )

ON_UPDATE_COMMAND_UI ( ID_ANI MAT I ON_PLAY, OnUpda L eAn ima t i onP f ay )

ON_COMMAND ( I D_ANI MAT I ON_PAUS E, OnÄnima t i onPaus e )

ON_UPDATE_COMMAND_UI ( ï D_ANI MAT I ON_PAUS E, OnUpda t eAn ima È i onPaus e )

ON_COMMAND ( ID_ANIMATION_STOP , OnÄnimat ionStop )

oN_ÜPDATE_COMMANÐ_UI ( r D_AN r MAT r ON_STOP, OnUpdat eAnima t i ons t op )

ON_COMMAND ( ID_VIEW_DIAGNOSTICS , OnViewDiagnost ics )

ON COMMAND (ID ANIMATION DOWNLOAÐSPEED, OnÄnimationDownfoadspeed)
//j ]erx_uscl'tep

END-MESSAGE-MAP ()

/////////////////////////////////////////////////////////////////////////////
/ / cDcanmnregsorView construction/destruction//

CDecompressorView: : CDecompressorView ( )

bstartingUPlevefl- = TRUE;
bStartingUPlevel2 = FAISE;
bStartingUplevel3 = FAI,SE;
bStartingUPlevel4 = FAI,SE;
fTotafTime = 0.0f;
fNextBfock = 1.0f;
bStopped = FALSE;
bStartingRendering = TRUE;
bIsPlayAble = FALSE;
dwFrames = 0,'
dwTimePerDivision = 0,'
bEndedNaturally = TRUE;
LogWindow.Create O ;
blogActive = FALSE;

- pT,og = &(LogWindow);
l

cDecompressorView: : -CDecompressorView ( )

t
LogWindow. Destroylrlindow ( ) ;

)

BooL cDecompressorView: : Precreatewindow (CREATESTRUCT& cs)
t

TODO: Modify the llindow cfass or styles here by modifying
the CREATESTRUCT cs

return CView : : PreCreateWindow (cs),'
)

/////////////////////////////////////////////////////////////////////////////
/ / r,nonn-nraeearl/'i êt', rf rahli nõ

/ / vuççvtLLI2L

void CDecompressorView: :OnDraw 1g¡gr' pDC)

t
CDecompressorDoc* pDoc = GetDocument O ;
ASSERT_VAI,ID (pDoc) ;

if (bStartingUplevel2 cc lpDoc->AnimF->bPreBuffering)
t

bStartingUplevell- = FALSE;
bStartingUplevel2 = FAISE;
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bStartingUplevel3 = TRUE;
'l
J

i f lhQl- ârl- i n¡Tl¡T.or¡o'l 'l I
\vvee!u¿¡¡YvylvYv¿À/

I

bStartingUplevel2 = FALSE;
: : glMatrixMode (GL_PRO,JECTION) ;
: :gll,oadIdentityO ;
: :glMatrixMode (GL_MODELVIEW) ;
: :glloadIdentityO ;

CRect Region;
GetWindowRect (Region) ;
: : glViewporL (0, 0, Region. right-Region. Ieft, Region.bottom-

Daa'i nn l- nn\ .. Évyt ,

: :gfClearCofor(0. 0f , 0.0f, 0.0f , 1. 0f) ;
: : glCf ear (GL_DEPTH_BUFFER_BIT) ;
: :glEnable (GL_DEPTH_TEST) ;
// display spTash background
: : glEnable (GL_TEXTURE_2D) ;
if (pDoc- >AnimF- >bPreBuf f ering)
{

: :glBindTexture (GL_TEXTURE_2D, Buf feringText.ure) ,-

bStartingUplevel2 = TRUE;
ì
else

: : gl-BindTexture (GL_IEXTURE_2D, TitleScreenTexture) t
::glCoJ-or3f (l-.0f ,1.0f ,1.0f );
: : glBegin (GI,_QUADS ) ;

::glTexCoord2f (0.0f , 0.0f ),'
: : glVertex2f (-I. 0f , - l- . 0f ) ;
: :gfTexcoord2f (1.0f, 0.0f) ;
: :glVertex2f ( L.0f , -1. Of) ;
: :glTexCoord2f (1. 0f , 1. 0f) ;
: :gJVertrexzr( l-.ur, L.ur) ì
: :glTexCoord2f (0. 0f , 1. 0f) ;
: :glVertex2f (-1.0f , l-.0f ) ;

: :glEndO ;

) 
tr.pBuf f ers (miÐC- >GetSaf eHdc ( ) ) ;

: : glDisabf e (GL_TEXTURE_2D) ;
if ( lpnoc->AriimF->bReadyToDisplay | | pDoc->AnimF->bPreBuffering)

return;
if (pDoc->AnimF->bÄbortAnimation )

t
bStartingUpl,evell = TRUE;

, 
return;

i-if (bStartingUplevell)
I

bstartingUpl,evel-1 = FALSE;
retur¡¡;

I
J

it 
(bStartingUplevel3 )

.O5tarELngupleveJ-J = ¡AI¡UE; i
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bStartingUplevel4 = TRUE;
OnÄnimationStop ( ) ;
retur¡r;

)

: : glClearCoLor (ppoc- >AnimF->Animation. BackgroundCofor [0],
pDoc - >.AnimF- >Animation. BackgroundColor [ ]-1,
pDoc- >AnimF- >Animation. BackgroundCol-or L21, l. of ) ;

: :g]c]ear (GL_CoLoR_BUFFER_BIT I ci,_orerH_BUFFER_err) ;
: :91Enab1e (GL_DEPTH_TEST) ;

: :g1Color3f (1.0f ,l-.0f ,1.0f ) ;

if (RenderScene O )

I
: : glMaLrixMode (GL_MODELVIEi^I) ;
::gfFinishO;

if ( l : :SwapBuffers (m3DC->GetSafeHdc O ) )

{
TRACE("Error while double bufferíng\n") ;

)

if (bStartingUplevel4 )

1

OnanimationPlay ( ) ;
bStarLingUplevel4 = FAISE;

ì)
)

/////////////////////////////////////////////////////////////////////////////
/ / CDecompressorView diagnostics

#ifdef _DEBUG
voíd CDecompressorView: :AsserËValidO congt
I

CView: :AssertValid ( ) ;
]

void CDecompressorView: :Dump (CDumpContext& dc) const
1

CView: :Dump (dc) ;
)

CDecompressorDoc* CDecompressorView::GetDocument O // non-debug version is
inl-ine
L

ASSERT (m3Document - > I sKindOf ( RUNTIME_CLASS ( CDecompres sorÐoc ) ) ) ;

1 
return (CDecompressorDoc*)msDocument;

*endif //_DEBUG

/////////////////////////////////////////////////////////////////////////////
// CDecompressorView message handfers

void CDecompressorView: : OnFileOpenLocaLion ( )

t
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CÐecompressorDoc* pDoc = GetDocument O ;
ASSERT_VAIID (pDoc ) ;

uGeEUrr o1g,-
íf (dlg.DoModal O )

t
if (pDoc- >A¡rimF)
{

delete pDoc->.AnimF,'
pDoc->AnimF = new CÄnimationFile;

I

// this doesntt actual-l-y pfay the animation, it just
.// sets al-f the internal- variabfes that al-l-ow the
// engine to pTayback an animation. That's why
// its set before the OpenO command, as the fife
// opening must be compJeted before the function
// returns.
bStartrngUplevell = TRUE;
bIsPlayÄble = TRUE;
bEndedNaturafl-y = TRUE,'
PlayAnimat ion ( ) ;

it 
( !pDoc->AnimF->open (dlg.m-urllrame) )

AfxMessageBox ( "Unabfe to Open specified URL" ) ;
bïsPJ_ayAbl_e = F¡ìISE,.
pDoc->AnimF->bAnimationlnProgress = FAISE'
reuurn;

ì
:- ^Af xGetApp ( ) - >AddToRecentF j-l-el,ist (dl-g. m Url-Name ) ;

ì

l

int CDecompressorview : : OnCreate ( LPCREATESTRUCT lpCreateStruct )

t
if (Cview: :OnCreate (l-pCreateStruct) -= -1)

return -1;

if ( !InitializeOpenGlO )

{
TRACE ( "OpenGL failed to init. \n" ) ;
AfxMessageBox (rrError initializing OpenGL" ) ;

)

return 0,'

)

BOOL CDecompressorView: : Initial-izeOpenGl ( )

{
m¡>ÐC = new CClientDC(this) ;

if (nUf,f, == mjDC) // faiJure to capture DC

{
TRÄ.CE ( "Error capturing DC\n" ) ,.

relurn FALSE;
)

if (!SetuplixelFormatO )

{
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TRACE ("Pixel-Format. failed\n" ) ;
return FAI,SE,'

)

¿f (o == (m_hRc =
::wglCreatecontext (m3DC->GetSafeHdcO ) ) )

{
TRACE("Failed to creat.e OpenGL context\n");
return F.AISE;

i

if (¡'er,St ==
: :wglMakeCurrent( m3DC->GetSafeHdcO, m_hRC ) )

{
TR-A,CE("Failed to make OpenGL context Lhe current contest\n"),'
return FALSE,'

)

SetupFlags O ;

return TRUE;

)

BOOL CDecompressorView: : SetupPixel-Format ( )

{
PIXELFORMATÐESCRIPTOR Pfd =

{
si zeof ( PIXELFORMATDESCRI PTOR),

L,
PFD_DRAbr_TO_hrrNDOrV 

I

PFD_SUPPORT_OPENGL 
I

PFD_DOUBLEBUFFER,

24,
0, 0, 0, 0, 0, 0,
0,
0,
0,
0, 0, 0, 0,
-tÂ

o,
ñ

PFD_MAIN_PLANE,

0, 0, 0

);
int pixelf ormat,'

if (0 == (pixelformat =
: : ChoosePixelFormat (m3DC- >GetSaf eHdc ( ) , epf d) ) )

{
TRACE("Failed to choose a pixel format"),'
return FALSE;

)

if (FALSE ==
: : SetPixelFormat (m3nC- >GetSaf eHdc ( ) , pixelformat, Cpf d) )

{(
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TRACE("Failed to seL chosen pixel formaL");
return FALSE;

)

return TRUE;

)

/////////////////////////////////////////////////////////////////////

/ / / Ani maf i nn Di qn] atr tr.ntt|, i ncs///

void CDecompressorView: : SetupCamera ( )

t
CDecompressorDoc* pDoc = GetDocument O ;
ASSERT_VALIÐ (pDoc) ;
CCamera* SceneCamera = & (pDoc->AnimF->Animation. SceneCamera),'

// tirst, 7et's deaf with any keyframes the camera might have

SceneCamera- >UpdateTransform ( fTotalTime ) ;

: :glMatrixMode (GL_PRoJECTToN) ;
: : gll,oadldentity ( ) ;

float xMin, xMax, yMin, YMax,'

/* fToat tdist = pDoc->AnimF->Animation. SceneCamera. fNearPl-ane * 0. 5f ;
if (SceneCamera- >Target )

{
fLoat deftax = SceneCamera->TargeL->PosX - Scenejamera->PosX;
fToat deftaY = SceneCamera->Target->PosY - SceneCamera->PosY;
ffoat deftaz = SceneCamera->Target->PosZ - Scenecamera->PosZ ;
tdist = sqrtf (del-taX*def tax + deLtaY*deTtaY + del"taZ*del-taZ) ;

]*/
xMax = pDoc->AnimF->Animation. SceneCamera. fNearPfane *

// xMax = 2.0f * tdist *
tanf (pDoc->AnímF->Animation.SceneCamera.fFiel-dOfView * 0.Sf) ;

// O. Sf * tanf (pDoc->AnimF->Animation. SceneCamera. fFiel-dOfView)
// tanf (pDoc->AnimP->Animation.SceneCamera.f Fiel-dOfVíew '+ 0.5f ) *

// tanf (pDoc->AnimF->Animation.SceneCameta.fFieLdofview) ;
xMin = -xMax;

yMax = xMax * aspect_ratio_inv,'
yMin = xMin * aspect_ratio_inv;

::glFrustum( xMin, xMax, yMin, yMax,
pDoc - >AnimF - >An imat ion . SceneCamera . f NearPl ane,
pDoc - >AnimF- >Animation. SceneCamera . fFarPlane ) ;

/* : :gJuPerspective (

pDo c - >An imF - >An ima t i on . S c eneC ame r a - f F i e J dO f V i ew,
aspect_ratio,
pDoc - >AnimF - >Animat ion . SceneCamera - fMearPTane ,

pÐoc - >AnimF - >Animation. SceneCamera. f FarPl- ane ) ; * /

/* ffoat GLMatrixo [76] ;
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// use me to find the mattix vaLues
: : gTGetFToatv (GL_PRO,IECTION_MATRIX, GLMattix) ) ;

*/

if (pDoc - >AnimF- >Animation. SceneCamera . ParentObj ect )

: : glMulLMatrixf (pDoc- >AnimF- >Animation. SceneCamera.
ParentObj ect - >Transf orm) ,'

float Rotation [16]
t

1.0f, O.Of, o.of, o.of,
0.0f, 1.0f, 0.0f, 0.0f,
0.0f, o.of, 1.0f, o.of,
0.0f, 0.0f, 0.0f, 1.0f,

l¡
f loat Transl-ation [16]

l-.0f, o.of, o.of, o.of,
0.0f, l-.0f, o.of, 0.0f,
0.0f, 0.0f, l-.0f, 0.0f,
0.0f, 0.0f, o.of, 1.0f,

l.It

: : glMu1 tMatrixf (pDoc - >.AnimF - >Animat ion . SceneCamera . Of f setMatrix ) ;

// perform Quaternion to Matrix transTation, and store in our
Matrix

// tnis way we generate our orientation
Quat ernionToMat rix ( pDoc - >AnimF - >Animat ion . S ceneCamera . Or iV'Ì,

pÐoc->AnimF- >Animation. SceneCamera. OriX, pDoc- >AnimF- >Animation. Sce
neCamera. OríY,

pDoc- >AnimF- >Ar¡imation. SceneCamera. OtíZ,Rotation) ;
Translation [12] = -pDoc->AnimF->Animation. SceneCamera- PosX;
Translation [ 13 ] = -pDoc - >AnimF- >Animation. SceneCamera - PosY;
Transfation [14] = -pDoc->.AnimF->Animation. SceneCamera- PosZ ¡

it 
(pOoc->AnimF->Animation. SceneCamera. Target)

float vector [3]
i

pDoc- >AnimF- >Animation. SceneCamera. Target->PosX -
pDoc- >AnimF- >Animation. SceneCamera. PosX,

pDoc->AnimF- >Animation. SceneCamera. Target- >PosY -
pDoc- >AnimF- >Animation. SceneCamera. PosY,

pDoc- >AnimF->AnimaLion. SceneCamera. Target- >Posz -
pDoc- >AnimF- >Ànimation. SceneCamera. PosZ,

l.tt
VectorNormal- i ze (vector ) ;

// now we construcE the B Ivlatrix as l-isted on Page 9 of Watt &

WatL
float dot = vectorl2] ,'

float view [3]
t

- dot * vector [0] ,

- dot * vector [1] ,

1.0f - dot * vector[2],
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t;
float up [3] ;
VectorCrossProduct (vecLor, view, up) ;
float B [16]
t

upIo], view[0J, -vector[o], o,
up [1] , view []-l , -vector [1] , o,
up [2] , view [2J , -vector [2] , o,
0, 0, 0, I,

ì.
)l

glMultMatrixf (B) ;
glRotat"f (pDoc - >AnimF- >Animat ion . SceneCamera . RoI1 * l-8 0 . 0f /FLOAT-PI ,

o.of ,0.0f ,l-.of );

elee : :glMultMatrixf (Rotation) ;

fLoat m [16] ; glGetFloatv(GL-PRO,JECTTON-MATR]X,m) ;

: :glMu1tMatrixf (Transfation) ;

) 
r :glMaÈrixMode(GL-MODELVIEW) ;

void CDecompressorView: : SetupI,ight ing ( )

// õ^r^ ,,'. --,{ nanqiottres f hc scene,s Tights based on animation info
/ / ùcLÞ u¡l atJv wvtlLLYUL ve

I
CDecompressorDoc* pDoc = GetDocument O ;

// setup Tighting for scene

: : glMatrixMode (GL-MODELVIEi¡i) ;
::gll,oadIdentitYO ;

if (pDoc - >AnimF- >Animation. Light ingEnabled)
I

/* whife (pDoc->AnimP->Animation.Arnbient.CurrPositionEvent &&

pD o c - >An i mF - > An imat i on . Amb i e nt . cur r P o s i t i onEv en t - > EndF

TAme <
pDo c - >An i mF - > An i ma t i on . Cu r r KeyF r ameNuntb e r )

{ ll increment the Ambient Jight's keyframe untif we have an

event that ends on or
// aftet the current keYframe

pDoc - >AnimF - >Animat ion. Ambient . CurrPos it ionEvenË =
pDoc - >AnimF- >Animation. Anbient . currPosit ionEvent - >next

]

// setup each enabTed Tight one at a time
it (pDoc- >AnimF- >Animation -Ambient .bEnabf ed)

gJLightiv (GL-LTGHT) , GL-AMBIENT,

pDoc - >AnimF - >Animat ion. AmbienL - cofor ) ;
for (int i=0 ; i<GL-MAN-LIGHTS-7 ; i++)

if @noc- renimï- rAnimation. SceneLights [i] -bÛnabfed)
t

g7I'ight fv ( GI'_LIGHTT + i, GL_POS ITION'
pDoc - >AnimF - >Animation - SceneLights I i] - Pos ) ;

g7I'ightiv (GL_LTGHTT+i , GT,-DTFFUSE '
pDoc - >AnimF - >Animation - SceneLights Ii]' cofor ) ;
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ì

// enabLe each Jight
gJEnabJe ( GL_LIGHTING ) ;

if (pDoc - >AnimF - >Animation. Arnbíent . bEnabJed)
gJdnabJe (GL_LïGHT) ) ;

far (i=0;i<GL MAX LIGHTS-7;i++)
i f þooZ - >an imF - >An imat íon . S c eneL i ght s I i ] . b4nab l- ed )

gTÛnabTe (GT,-LIGHTT+i) ; */
int ActiveCount = 0;
for (int i=O ; icpÐoc->AnimF->Animation. it ightslnUse; i++)

íf (pooc- >AnimF- >Animation. Scenelights IiJ - bEnab]-ed)

t
CI,ight *Currlight =

& (pDoc- >AnimF- >Animation. Scenelights IiJ ) ;
fl-oaÈ pos[4] = {o.of, 0.0f, o.of, l-.0f,};
CurrlighL - >UpdateTransform ( fTotal-Time ) ;

if (Currlight->T¡re == LIGHT-SPOTLIGHT)
t pos [0] = Currlight->Transform[12] ;

pos [1] = Currl,ight->Transform [13] ;
pos [2] = Currl,ight->Transform[14] ;

: : glLightfv (GL-LIGHT0+ActiveCount, GL-POSÏTIoN,
Pos);

ît 
(Currlight->Target)

float Dir [3]
t

Currlight - >Target - >Transform [ 12 ]

Currl,ight - >Transform [ 12 ] ,
Currlight - >Target - >Transform [ 13 ]

Currlight - >Transform [ ]-3 L
Currlight - >Target - >Transform l1a l

Currlight - >Transform [ 14 ],
)t
: : gll,ightfv (GL_LIGHTO+AcÈiveCount ,

GL_SPOT_DIRECTION, Dir) ;

l

lt""
f loat DirMaLrix []-61

{
CurrI,ight- >Transform [ 0],

Currlight - >Transform [1] ,
Currlight->Transform [2] , 0.0f,
CurrI,ight- >Transform [4],

Currlight - >Transform [5],
Currlight->Transform [6], 0. 0f ,

Currl,ight - >Transform I I ] ,

Currf,ight - >Transform [9],
Currlight->Transform [10], 0. 0f ,

. 0.0f,0.0f,0.0f,1.0f,

itoat P.Axis t3l
{

o. of, o. of, 1. of,
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\¡
float Dir [3] ;
VecMatrixMuJ-t iply (DAxi s, DirMatrix, Ðir) ;
: : glLightfv (GL_LIGHT0+ActiveCount ,

GL_SPOT_DIRECTION, Dir) ;

I
: : gll,ight f ( GT'_LIGHTo +Act iveCount,

GL_SPOT_EXPONENT,
Currlíght - >fspotExponent ) ;

: : glLightf (GL_LIGHT0+ActiveCount ,

GL_SPOT_CUTOFF, Currlight - >fSpotCuLoff ) ;
: : glI,ightfv (GL-LIGHTO+ActiveCount, GL-DIFFUSE,

Currlight - >Color) ,'

ì
else íf (Currlight->Type == LIGHT-DIRECTIONAI)
t

float Dir [3] ;

it 
(CurrlighL->Tarset)

Dir IO] = Currlight->Target->Transform [12]
- Currl,ight->Transform []-21 ;

oir [1] = currlight->Target->Transform [13]
- Currlight->Transform [13] ;

oir [2] = CurrI,ight->Target->Transform [14]
- Currlight->Transform [14] ;

ì
else
{

fLoat DirMatrix [16]
{

CurrLight - >Transform [ 0],
Currlight - >Transform [1],

Currlight->Transform[2], 0. 0f ,

Currliqht - >Transform [4 ] ,

Currlight - >Transform [5],
Currlight->Transform [6], 0. 0f ,

CurrI,ight - >Transform [ 8 ] ,

Currlight - >Transform [ 9 ] ,
Currl,ight->Transform [10], 0. 0f ,

- 0.0f, 0.0f, 0.0f, l-.0f,

itoat. oexis [3]
I- o.of, o.of, 1.0f,
t;
VecMatrixMultiply (DAxis, DirMatrix, Dir) ,'

)
pos [O] = Dir [O] ; pos l1l = oir [1] ; Pos [2]

Dir l2l ;
Pos [3] = 0.0f ì
: : gll,ightfv (GL_LIGHT0+Activecount , GL-POSITION,

Pos);
: : gll,ightfv (GL LIGHTo+ActiveCount, GL-DIFFUSE,

Currlight - >Co1or) ,'

I
J

else if (Currlight->T11pe == LIGHT-POINT)
{

Pos IO] = Currl,ight->Transform[12] ;
Pos [1] = Currlight->Transform [13] ;
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Pos [2] = Currl,ight->Transform []-41 ;

: : glLightfv (GL-LIGHTo+Activecount ,

: : gll,ight fv ( GL_LIGHTo +Act ivecount,
Currlight - >color ) ;

Currlight - >Color) ;

)
elee if (Currlight->Type == LIGHT-AMBIENT)

: : glf,ightfv (GL_LIGHTo+Activecount ,

: : glEnable (GL_LIGHTO+ActiveCount ) ;
ActiveCount++;

]

ì
etse if (pDoc->animF->Animation.bSimpleShading)
1

float pos[4] = { -l-.0f, l-.0f, l-.0f, o.0f};
ftoat PosR[4] = { l-.0f, -l-.0f, -1.0f, o.of};
ftoat ColorA[4] = {0.05f, o.o5f, o.o5f, t.of };
floab co]orD[4] = {r.of, 1.of , l-.of , r.of };
float czerol|l = {0. Of, o. of, o. of, o. of };
: :glI,ightfv(GL-LTGHTO, GL-POSITION, Pos) ;
: :gll,ightfv(GL-LIGHTO, GL-DIFFUSE, ColorD) ;

: :gll,ightfv(GT'-LIGHTO, GL-AMBIENT, CoforA) ;
: :gJ-Lightfv(GL-LIGHTI-, GL-POSITION, PosR),'
: :glLightfv(GL-LIGHTI, GL-DIFFUSE, CoforD) ;

: :gllightfv(GL-LIGHTI-, GL-AMB]ENT, Co]orA) ;
: :glShadeModef (GL-SMOOTH) ;

: : g1Enable (GL-LTGHTING) ;
: :glEnable (GL-LIGHTO) ;
: :glEnab1e (GL-LIGHTI-) ;

.)
I

void CDecompressorView: : SetupObjects ( )

// repositions and reorients objects based on anímation info

CDecompressorDoc* pDoc = GeLDocument O ;

// prepare objects fot rendering
CViãualO¡j ect *CurrObj = pDoc- >AnimF- >Animation. Obj ectlistHead,'

// fnr all olliects...//
while (CurrObj )

{
CurrOb j - >UpdateTransf orm ( f TotalTime ) ;
CurrObj = currobj->next;

i
)

void CDecompressorView :

float TesRate)
{

:RenderPatch(CVisualobject * Obj, int * PatchVerÈices,

GL_

GLD

POSITION,

DTFFUSE,

GL_AMBIENT,

gJ-ven an array
L^^^^1 -$^

of 16 vertex references into the Obj 'a naf¡h nttf lnaseå nr1 fhc s,necified rate (which wea yøue¿L
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already figured
// using LOD estimates)
float Vertices []-61 [3] ;

lot (int i=0 ¡ icL6,'i++)
1

Vertices til tOl = obj ->VertexArray [PatchVertices [i] *3+01 ;
Vertices til t1l = Obj ->VertexArray lPatchVertices [i] *3+11 ;
Vertices til t2l = obj ->VertexArraylPatchVertices Ii] *3+21 ;

i

// strict OGL caffs. probably wouJd be faster (since we'd be forcing a
4x4 ç,ncr:i a1 r-.ase)

// if repTaced with own code to do the same thing for evafuating B-
patches.

// rf nurbs are required... weLl-, maybe not...
int iTesnate = (int)TesRate;
glMap2f (GL_MAP2_VERTEX_3, 0,1,3,4, 0,r,1-2,4, &Vertices[0] t0l );

- gfEval-Mesh2 (GL_FILL,0, iTesRate,0, iTesRaÈe) ;

l

void CDecompressorView: :RenderObjects ( )
/ / rlra¡,tc f ha an'imaf inn ntliprf c//
I

conet float white-cofor[4] = { 1.0f, 1.0f, l-.0f, o.5f };
const fLoat low-shininessIt] = { 50.of };
CDecompressorDoc* pDoc = GeÈDocument O ;

// Begin by first determining the inverse tranform for the camerats
rotation

// and Eransformation. MuLtípJy them together to construct the camera
inverse

// needed to check for what's within the frustum
fl-oat Cameralnverse [16] ;
Matrixlnverse (pDoc - >AnimF- >Animation. SceneCamera . Transform, Cameralnverse

// now that we have the inverse camera matrJ-xl
/ / 1 cf I e lnccti n ranåcri no fhe ohi ects/ / vçJ Lt!

// prepare objects for rendering
CVisualObj ect *CurrObj = pDoc- >AnimF- >Animation. Obj ectT,istHead;
whiLe (CurrObj )

t
CurrObj - >UpdateTransform ( fTotalTime) ;
. .a] T.naáTrlonl- i l-r¡ I ) .

uv¡¡g+vJ \ / 
': : glMultMatrixf (CurrObj - >Transf orm) ,'

: :glMultMatrixf (CurrObj ->OffsetMatrix) ;

// now, since the object is inside, at J-east partiaTly, we draw

if ( CurrObj - >WithinFustrum ( Cameralnverse,
pDoc - >AnimF - >AnimaE ion . SceneCamera . f NearPl ane,
pDoc - >AnimF- >Animation. SceneCamera . fFarPlane ) )

t
Currobj - >CheckComplete ( ) ;
fl-oat normal [3] ;
if (CurrObj->bCompleted && CurrObj->CurrentTotafNormals == 0

tE
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! pDoc- >AnimF- >Animation. bVertexNormaLs)
CurrObj - >GenerateVertexNormals ( ) ;

( CurrObj - >bCompleted)

if (Currobj ->bSolidCol-or)
t
// these two commands cause the vertex coTor
// to be used. as the object's material ptoperty,
,/ / -11^,.,;ñd .Far nar-trêrt, êv rnlof (WhiCh We

/ / d!!aw!!!3 LvL LreL

/ / oeneral 1w want) .//
: :g1Enable (GL-COLOR-MATERIAL) ;

: : glColorMaterial (GL-FRONT, GL-DIFFUSE) ;

white_color) ;

low shininess);

ray) ;

y);
cJ<?

white_color) ;

tow_shininess);

rtexArray) ;

alArray) ;

Obj - >VertexColorArraY)

alFaces*3,

: : glMaterialfv (GL_FRONT,

: :qfMaterialfv (GL FRONT,

GL_SPECUI,AR,

GL SHINÏNESS,

: : glColor3ub (CurrObj - >solidRed,
CurrObj - >solidGreen, Currobj - >solidgl-ue) ;

: : glEnableCl- ientstate ( GL-VERTEX-ARRAY ) ;
: : g 1 Enab1 eCl- ienLSt ate ( GL-NoRI\4AL-ARRÄY ) ;
: : gl-vertexPointer (3, GL-FLOAT, 0, currobj ->vertexAr

: : glNormalPointer (GI,-FLOAT, 0 , CurrObj - >NormalArra

: : glDrawEl-ements (GL-TRIANGLES, CurrObj - >Total-Face

GL-UNSIGNED-INT, CurrObj - >FaceArray) ;
: : glDi sab l- eCf ient S t ate ( GL-VERTEX-ARRAY ) ;
: : g 1 D i s ab l- e C l- i ent S t at e ( Gr,-NORMAL-ARRÄY ) ;

) ' :gtDísab1e (GL-COLOR-MATERIAI,) ;

eLse
I

it 
( !pDoc- >AnimF- >Animation. bMaÈerial-Quality)

: :glEnable (GL-COLOR-MATERTAL) ;
: :glColorMateriaf (GL-FRONT, GL-DTFFUSE) ;

: :glMaterialfv(GL-FRONT, GL-SPECULAR,

: : glMaterial-fv (GL_FRONT, GL_SHfNINESS,

: : glEnableCf ienÈState (GL-VERTEX-ARRAY) ;
: : crl Enatrl eClientstate (GL NORMAL ARR-AY) ;
: : glEnabteC] ientstate (GL-COLOR-ARRAY) ;
: :glvertexPointer (3, GL-FLOAT,0, Currobj ->Ve

: : gfNormal-Pointer (GL-FLOAT, 0 , CurrObj - >Norm

: : glColorPointer (3, GL-UNSIGNED-BYTE, 0, Curr

: : glDrawEfements (GL-TRIANGLES , CurrObj - >Tot

GL UNSIGNED INT,CurrObj ->FaceArray) ;
- .o'l Ð'i ="bl .ClientState (GL VERTEX ARRÄY) ;

: : glDi sab l- eCf ients t aLe ( GL-NORMAL-ARRAY ) ;
- .o'l Di sabl eclientstate (GL co],oR eRRAY) ;
: : glDisabl-e (GL_COLOR-MATERIAL) ;

D-262



)
elae
{

CurrObj - >TexLureMap- >bTexturelnuse )

Appendix D: Source Code

float shine [1] = {
float spec [4J
{

s.of );

. l-.0f, 1.0f, 1.0f, l-.0f

itoat *specular = spec;
// render with texture coords
: : glEnable (GL_COLOR_MATERÏAL) ;
: : glColorMateriaL (GL_FRONT, GL-DIFFUSE) ;

: :glCol-or3ub (255 ,255,255) ;
t-r

{t

( CurrObj - >TextureMap - >bTextureUnbound)

uap) ;

j - >TextureMap - >iTextureBindNum) ;

CurrObj - >TextureMap - >f Shinines s ;

CurrObj - >TextureMap- >SpecularColor ;

cnaarr'l arl .
eyvv*+$¡ / ,

shine) ;

eY);

rl-ovArrar¡l:

alArray) ;

TexCoordÄTTay) ì

alFaces*3,

RÄY) ;

(CurrObj ->TextureMap &&

: :91Enab1e (GL_TEXTURE-2Ð) ;
l-E

ReBindTexture ( CurrObj - >Texture

: : glBindTexture (GL-TEXTURE-2D, CurrOb

shine Io]

eno¡rr'l ¡r

)
: : glMaterialfv (GL_FRONT,

: : glMateria]fv (GL_FRONT,

GL_SPECUI,AR,

GL_SHTNTNESS,

: : gÌEnableCl- ientstate (GL-VERTEX-ARRAY) ;

: : 91 Enabl eCl- i ent S t at e ( GL-wORIIAL-ARRAY ) ;
: : 91EnableCl-ientstate (GL-TEXTURE-COORD ARR

: : gfvertexPointer ( 3 , GL-FLOAT, 0 , CurrObj - >Ve

: :glNormalPointer (GI,-FLOAT, 0, Currobj ->Norm

: : glTexCoordPointer ( 2 , GL-FLOAT, 0 , CurrObj - >

: : glDrawEl-ements (GL-TRIANGLES, CurrObj - >ToL

GL-UNSIGNED-INT, CurrObj - >FaceArray) ;

: :glDisab1e (GL_TEXTURE_2D) ;

: : g lDi sabl- eCl i ent S t at e ( GL-VERTEX-ARR-AY ) ;
: : g1D í sabl-eC1 ient State ( GL-NORMAL-ARRÀY ) ;
. :crlDi sableClienLState (GL TEXTURE COORD AR

: : glDisable (GL_COLOR-MATERIAL) ;

I

åt""
/ / I;aain hr¡ ¡fra¡^tinn f hc sf raìoht f ri anol e f ar-tcs

uY sLatt!!ry LltÇ ÐLLutJtlç

if (CurrObj ->CurrentTotalNormals>0 )
I

if (CurrObj ->CurrentTota]Co]ors > O)
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{
: : glBegin (GL_TRIANGLES ) ;
for (inÈ i=0 ; i<CurrObj ->CurrentToLal-Faces; i++)
{

normal [0]
(Currobj - >NormalArray ICurrobj - >FaceArray [ 3 * i] I +

CurrObj - >NormalArray [CurrObj - >FaceArray [ 3 * i+ ]- I I +

Currobj - >Normal-Array [Currobj - >FaceArray [3 * i+2 ] I ) * 0 . 33 33 3 3 333 f ;
norma] [1]

(CurrObj - >NormalArray ICurrobj - >FaceArray [3 * i ] + 1 I +

CurrObj - >NormaLArray ICurrobj - >FaceArray [ 3 * i+ 1] +1 I +

Currobj - >NormalArray lcurrobj - >FaceArray ¡3'tla] I +lJ ) * 0 . 333 3 33333 f ;
normal- [2]

(CurrObj ->NormafArray ICurrobj ->FaceArray [3*i] +21 +

Currobj ->NormalArray [CurrObj ->FaceArray [3*i+1] +21 +

Currobj - >NormafArray [CurrObj - >FaceArray [: * i+z ] +2 I ) * 0 . 3 333333 33f ;

: :glNorma]3f (normal [0] , normal- [1] , normaf [2]
);

: : 91 Co1 or3ub ( CurrOb j - >Vert exCol-orArray I Cur
rObj - >FaceArray Ii*3 J *3 J,

CurrObj ->VertexColorArray ICurrObj ->FaceArray Ii*3J *3+1-] ,

Currobj ->VertexColorArray ICurrobj ->FaceArray Ii*3J *3+2] ) ;
: :glVertex3f (CurrObj ->VertexArray ICurrObj -

>FaceArray Ii*3J *3J ,

currobj ->vertexArray ICurrobj - >FaceArray Ii*31 *3*11,

currobj ->vertexArray [Currobj ->FaceArray Ii*11 *3*21 ¡ '
: : glColor3ub (CurrObj - >VertexCol-orArray ICur

robj ->FaceArray Ii*3+1] *31 ,

CurrObj ->VertexcolorArray ICurrObj ->FaceArray Ii*3+1J *3+1] ,

CurrObj - >VertexColorArray ICurrObj - >FaceArray Ii*3+1J *3+2] ) i
. . õ] \/êrl- êv? f ( CurrOb j - >VertexArray ICurrOb j -

>FaceArray Ii*3+1] *31,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii'k3+1] *3+1-l 
,

Currobj ->vertexArray [Currobj ->FaceArray Ii*3+1] *3+21 ) ,'

: : g1 Color3ub ( CurrOb j - >Vert exCol-orArray I Cur
rObj - >FaceArray Ii*3+2] *31,

Currobj ->verLexcolorArray ICurrobj - >FaceArray Ii*3+2 J *3+]-1,

Currobj ->verLexcolorArray lCurrobj ->FaceArray Ii*3+2J *3+2] ) ;
. . al r/crr-oy?f (Currobj ->VertexArray ICurrObj -

>FaceArray Ii*3+21 *3J ,

Currobj - >VerLexArray ICurrobj - >FaceArray I i* 3 +2 ] *3 +11 ,
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Currobj - >vertexArray [Currobj - >FaceArray I i* 3 +2 ] * 3 +2 I ) ;
)
::gl-EndO;

i
else if (CurrObj - >bSolidCol-or)

: :glEnable (GL_COLOR_MATERIAL) ;
: :glColorMaterial (GL_FRoNT, GL_DIFFUSE) ;
: :91Co1or3ub (CurrObj ->solidRed, CurrObj ->solidcre

en, CurrObj - >solidBlue) ,'

: : glBegin (GL_TRTANGLES ) ;

T"r 
(inb i=0 ; icCurrObj ->CurrentTotafFaces,' i++)

: :gl-Normal3f (CurrObj ->NormalArray ICurrObj -
>FaceArray Ii*3] *31 ,

CurrObj - >NormalArray ICurrobj - >FaceArray Ii*31 *3*11,

Currobj ->Normal-Array Icurrobj ->FaceArray Ii*:1 *3*21 ¡'
: :glVertex3f (Currobj ->VertexArray ICurrObj -

>FaceArrayIi*3] *31,

Currobj ->vertexArray ICurrobj ->FaceArray Ii*3] *3+l-l ,

CurrObj ->VertexArray [CurrObj ->FaceArray Ii*3] *3+2J ) ;
: : gfNormal-3f (CurrObj ->NormalArray ICurrobj -

>FaceArray I i*3+1J *3 J,

CurrObj ->NormalArray ICurrObj ->FaceArray Ii*3+]-l *3+11 ,

Currobj - >NormaLArray ICurrobj - >FaceArray Iit 3+1] *3+21 ) ¡

: : glVertex3 f ( Currobj - >VertexArray ICurrObj -
>t.aceArray []-xJ+.Ll *51 

,

Currobj - >VertexArray lCurrobj - >FaceArray Ii*3+1] *3+1-1,

CurrObj - >VertexArray ICurrobj - >FaceArray Ii*3+1] *3+21 ) ;
: : glNormal 3 f ( CurrObj - >NormalArray ICurrObj -

>FaceArray Ii*3+2] *31 ,

currobj ->NormalArray ICurrobj ->FaceArray Ii*3+2] *3+11 ,

Currobj - >NormalArray ICurrobj ->FaceArray Ii*3+2] * 3+2) ) ¡
: :glVertex3f (CurrObj ->VertexArray ICurrObj -

>FaceArray Ii*3+2] *31,

CurrObj ->VertexArray ICurrobj - >FaceArray Ii't3+2] *3+11,

CurrObj ->VertexArray lCurrobj ->FaceArray Ii*3+2] *3+21 ) ;
I

!
::glEndO;

ì
åtr" if (Currobj ->TextureMap &&

CurrObj - >TextureMap- >bTexturelnUse)
I

: :glEnable (GL_TEXTURE_2D) ;
: :g]Enable (GL_COLOR_MATERTAL) ;
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: :glColorMaterial (GL_FRONT, GL_DIFFUSE) ;
if (Currobj ->TextureMap->bTextureUnbound)

ReBindTexture ( Currobj - >TextureMap) ;
: :glBindTexture (GL TEXTURE_2Ð, CurrObj ->TextureMa

p->iTextureBindNum) ;

: :glBegin (GL_TRI.ANGLES) ;
: :glColor3ub( 255,255,255 ) ;

t". 
(int i=0 ; icCurrObj ->CurrenÈTotafFaces,' i++)

. .^] \l^rmâr "€ (CurrQbj ->NormalArray [CurrObj -
>FaceArrayIi*31 *3J 

,

Currobj ->NormalArray ICurrobj ->FaceArray Ii*3] *3+11 
,

Currobj ->NormalArray [CurrObj ->FaceArray Ii*3] *3+21 ) ;
: : glTexCoord2f (Currobj - >Texcoord.Array ICurr

Obj - >FaceArray Ii*31 *21,

CurrObj ->TexCoordÄrray ICurrObj ->FaceArray Ii*3J *2+L] ) ;
: :glVertex3f (CurrObj ->VertexArray ICurrObj -

>FaceArrayIi*3J *3J,

CurrObj - >VertexArray ICurrobj - >FaceArray Ii*31 *3*11,

Currobj - >VertexArray [currobj - >FaceArray Ii*3] "3+21 ) ;

. . a] rrrnvm¡ I 2 € ( Currobj - >NormalArray ICurrObj -
>FaceArray Ii*3+1] *31 ,

Currobj ->Normal-Array ICurrObj ->FaceArray Iir.3+]-l *3+1-l ,

CurrObj - >NormafArray ICurrObj - >FaceArray Ii*3+1] *3+21 ) ;
: : glTexCoord2f (CurrObj - >TexCoordÄ,rray ICurr

Obj - >FaceArray Ii*3+1] *21,

Currobj - >Texcoord.Array ICurrobj ->FaceArray Ii*3+1J *2+L] ) ;
: :glVertex3f (CurrObj ->VertexArray ICurrObj -

>FaceArray Ii*3+1] *31 ,

Currobj ->VertexArray ICurrobj ->FaceArray Ii*3+1] *3+11 ,

Currobj ->VertexArray lcurrobj ->FaceArray Ii*3+1] *3+21 ) ;

. .dl\r^?mâ'r "f (CurrObj ->NormalArray ICurrObj -
>FaceArray Ii*3+2] *31 ,

Currobj ->NormafArray ICurrObj ->FaceArray Ii*3+2] *3+1-l ,

CurrObj - >NormalArray [CurrObj - >FaceArray Ii*3+2] *3+21 ) ;
. . a'l'Favr-nare7.)f (CurrObj - >TexCoordÄrray ICurr

Obj - >FaceArray li*3+21 *21 ,

CurrObj - >TexcoordArray ICurrobj - >FaceArray Ii*3+2 J *2+L1 ) ;
. .ñl r/êTiê*ef (CurrObj ->VertexArrayICurrObj -

>FaceArray Ii*3+2J *3J ,

CurrObj - >VertexArray ICurrobj - >FaceArray I i * 3 +2 ] * 3 +11 ,
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Currobj - >vertexArray [Currobj - >FaceArray I i* 3 +2 ] * 3 +2 I ) ;
)
::glEndO;

'l
)

J

else

if (Currobj->CurrentTotalColors > O)

t
: : glBegin ( GL-TRIANGLES ) ;

T"t 
(int i=0; icCurrObj ->CurrentToÈal-Faces; i++)

: : gIColor3ub ( CurrObj - >VertexCol-orArray ICur
robj ->FaceArray Ii*3J *3J ,

Currobj ->VertexColorArray ICurrobj - >FaceArray Ii*31 *3+1],

Currobj - >VertexColorArray ICurrobj ->FaceArray Ii*3 J *3+2] ) ;
. . ¡] \/art- a-?f (CurrObj - >VertexArray ICurrObj -

>FaceArrayIi*3J *3J ,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii't3] *3+l-l ,

CurrObj ->VertexArray [Currobj ->FaceArray Ii*3] *3+2J ) ;
: : glColor3ub (CurrObj - >VertexCoLorArray ICur

rObj ->FaceArray Ii*3+lJ *3J ,

Currobj ->VercexcolorArray lCurrobj ->FaceArray Ii*3+1J *3+]-l ,

currobj - >vertexcolorArray ICurrobj - >FaceArray I i * 3 + 1 i * 3 +2 ] ) ;
: : glVertex3f (CurrObj - >VerLexArray ICurrObj -

>FaceArray Ii*3+1] *31 
,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3+1] *3+11 ,

CurrObj - >VertexArray ICurrObj ->FaceArray Ii*3+1] *3+21 ) ¡
: : glColor3ub (CurrObj - >VertexColorArray ICur

rObj - >FaceArray Ii*3+2] *31,

Currobj - >vertexcolorArray ICurrObj - >FaceArray Ii*3+2 J *3+1],

Currobj - >verLexcolorArray ICurrobj - >FaceArray Ii*3+2 J *3+2] ) ;
: : g1VerLex3f (CurrObj ->VertexArray ICurrObj -

>FaceArray Ii*3+2i *3],

Currobj - >vertexArray ICurrObj - >FaceArray I i * 3 +2 J * 3 +1] ,

CurrObj - >VertexArray ICurrObj ->FaceArray Ii*3+2] *3+21 ) ;
l
::91EndO;

ì
erge

if (p¡oc - >AnimF- >Animat ion. bS impleShading )

{

i f /r-rrrrôhi ->bSolidCo]or)\ vs¡ ¡ vryJ

I
: : glEnable (GT,-COLOR-MATERIAL) ;
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i=O ; icCurrObj - >CurrentTotal-Faces ; i++ )

{

robj - >FaceArray I i*3+11 * 3 J

ay [CurrObj ->FaceArray Ii*3J *3J ,

rObj - >FaceArray I i*3+1J *3+1]

ay lcurrobj ->FaceArray Ii*3J *3+1] ,

robj - >FaceArray Ii*3+11 *3+2]

ay [Currobj - >FaceArray Ii*3 1 * 3 +27

rObj - >FaceArray I i*3+11 *3 
J

ay ICurrObj ->FaceArrayli*3+2] *31 ,

rObj - >FaceArray Ii*3+1J *3+1]

ay [currobj - >FaceArray Ii*3+2 J *3+11,

rObj - >FaceArray Ii*3+1 J * 3 +2]

ay [currobj - >FaceArray Ii*3+2] * 3+21,

ormaf);

GL_DIFFUSE) ;

bj ->solidGreen, Currobj ->solidBl-ue) ;

Appendix D: Source Code

. -ol Cnl orMaferi a1 (GL FRONT,

: :g1Co1or3ub (CurrObj ->solidRed, Curro

: :glBegin (GL_TRIANGLES) ;
( int

float Normal [3] ;
/ / ra1 r'tttl af.e normal-//
TIOAE VECU LJI

{
CurrObj - >VertexArraY ICur

CurrObj ->VertexArr

CurrObj - >VertexArraY ICur

CurrObj - >VertexArr

Currobj - >VertexArraY ICur

CurrObj - >VertexArr

);
float Vecl [3]
{

CurrOb j - >VertexArraY ICur

CurrObj ->VertexArr

CurrObj - >VertexArray ICur

CurrObj ->VertexArr

Currobj - >VertexArraY ICur

CurrObj - >VertexArr

);
VectorCrossProduct (Vec0, Vec1, N

VectorNormaf ize (Normal ) ;
: : glNormal-3fv (Normal ) ;
: :glVertex3f (CurrObj ->VertexAr

ray lCurrobj - >FaceArray Ii*3 J *31,

Currobj ->VertexArray ICurrobj ->FaceArray Ii*3] *3+1-J 
'

Currobj - >VertexArray [Currobj - >FaceArray I i*3 ] * 3 +2 I ) ;
: :glVertex3f (CurrObj ->VertexAr

ray lCurrobj ->FaceArray Ii*3+1] *31,

CurrObj ->VertexArray ICurrObj ->FaceArray Iir'3+1] *3+11 ,

Currobj ->verLexArray ICurrobj - >FaceArray Il't3+1] * 3+21 ) ì
: :glVertex3f (CurrObj ->VertexAr

ray [Currobj - >FaceArray I i*3+2] * 31,

D-268



CurrObj ->VertexArray lCurrObj - >FaceArray Ii*3+2] *3+11,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3+2] *3+21 ) ,-

)
::glEndO;

)
else
{

Appendix D: Source Code

if (CurrObj ->TextureMap &&

i
: :glEnable (GL_TEXTURE_2D) ;
: : g1Enable (GL_COLOR_ITIATERIAI) ;
: :gl-ColorMaterial (GL FRONT,

íf

ReBindTexture ( CurrObj - >T

: :g1BindTexLure (cL TEXTURE 2D,

: : glBegin ( GT,_TRIANGLES ) ;
: :glColor3ub (255 ,255,255) ;
for (int

{
float Norma] [3] ;
// caLcuJ-ate normaL
fLoat VecO [3]
{

CurrObj ->VertexArr

CurrObj - >Ver

CurrObj - >Vert,exArr

CurrObj ->Ver

CurrObj - >VertexArr

CurrObj - >Ver

\;
fLoat Vecl [3]
{

CurrObj - >VertexÄ,rr

CurrObj - >Ver

CurrObj ->VertexArr

CurrObj - >Ver

CurrObj - >VertexArr

CurrObj ->Ver

CurrObj - >TextureMap- >bTexturelnUse )

rlT. rìTEETTCEI.

( CurrObj - >TextureMap - >bTextureUnbound)

avi-rrroMen).v¡lv5Èv..srl t

CurrObj - >TextureMap- >iTextureBindNum) ;

i=0; icCurrObj - >CurrentTot.alFaces; i++ )

ay ICurrobj ->FaceArray Ii*3+11 *31

texArray [CurrObj - >FaceArray Ii*3] *31,

ay ICurrobj - >FaceArray Ii*3+1] *3+11

texArray [CurrObj ->FaceArray Ii*3] *3+i-1,

ay ICurrObj ->FaceArray Ii*3+1] *3+Zl

texArray ICurrObj - >FaceArray Ii*3] *3+21

ay lCurrobj ->FaceArray Ii*3+1] *31

LexArray [CurrObj - >FaceArray Ii*3+2] *31,

ay ICurrObj - >FaceArray I i*3+1] *3+11

texArray [CurrObj - >FaceArray I i * 3 +2 J *3 +1] ,

ay ICurrObj - >FaceArray Ii*3+11 *3+2]

texArray ICurrObj ->FaceArray Ii*3+2] *3+2f ,

T;
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Vecl,Normal);

TexCoordArray ICurrObj - >FaceArray I i* 3 1 *2 1 ,

Currobj ->TexcoordArray ICurrobj ->FaceArray Ii*3] *2+11 ) ;

rtexArray ICurrObj ->FaceArray Ii*3] *31 ,

Currobj ->VerLexArray ICurrobj ->FaceArray Ii*3] *3+tl ,

CurrObj - >VertexArray [CurrObj - >FaceArray Ii*3 ] *3+21 ) ;

TexCoordArray ICurrObj ->FaceArray Ii*3+1] *2J ,

CurrObj - >TexcoordArray ICurrObj - >FaceArray Ii*3+1J *2+1] )

rLexArray ICurrObj - >FaceArray Ii*3+t] *31,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3+1] *3+11 ,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3+1] *3+2)) ;

TexCoordArray ICurrObj - >FaceArray lí*3+21 *21 ,

Currobj - >TexcoordÄrray ICurrObj - >FaceArray I i" 3 +z ] r.2 +11 )

rtexArray [CurrObj ->FaceArray Ii*3+21 *3J ,

CurrObj - >VertexÄrray ICurrObj - >FaceArray I i*3 +2 ] * 3 +l-l ,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3+2] *3+21) ;
I

Appendix D: Source Code

VectorCros sProduct (Vec0,

VectorNormal i ze (Normal ),'

: glNormal3 fv (Normal ) ,-

: glTexCoord2f (Currobj - t

: glVertex3 f ( CurrObj - rVe

: gl-TexCoord2 f ( CurrObj - t

: glVertex3f (CurrObj - tVe

: glTexCoord2 f (Currobj - t

: glVertex3 f (CurrObj - tVe

: :gl-End O ;
)
else
{
: :glEnable (GL_COLOR_MATERTAT) ;
: : glColorMateriaf (GL_FRONT,

: : glBegin (GL_TRIANGLES) ;
GL_DIFFUSE) ;

for
i=0 ; i<Currobj - >CurrentTotaLFaces ; i++ )

{

rObj ->FaceArray Ii*3+11 *3J

ay [CurrObj - >FaceArray Ii*3J *3J,

rObj ->FaceArray Ii*3+1] *3+l-l

( int

float Normal [3] ;
/ / r-a1 rttT af a n¿-trmaf//
rroau vecu tJl
tt

CurrObj - >VertexArray ICur

CurrObj - >VertexArr

CurrObj - >VertexArray ICur

CurrObj - >VertexArr
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ay [CurrObj - >FaceArray Ii*3J *3+1] ,

CurrObj - >VertexArray ICur
robj ->FaceArray Ii*3+1] *3+21

CurrObi - >VertexArr
ay [currobj - >FaceArray Ii*3 J * 3 +2]

];
float Vecl- [3]

Currobj - >VertexArray ICur
robj ->FaceArray Ii*3+1-J *3J

CurrObi ->VertexArr
ay [CurrObj ->FaceArray Ii*3+2] *31 ,

CurrObj - >VertexArray [Cur
robj ->FaceArray Ii*3+1J *3+1]

CurrObi - >VertexArr
ay lCurrobj - >FaceArray Ii"3+2] *3+11,

CurrObj - >VertexArray ICur
robj ->FaceArray Ii*3+1] ¡.3+21

CurrOb-i ->VertexArr
ay ICurrobj - >FaceArray Ii*3+2 J * 3 +2],

);
VectorcrossProduct (vec0, Vecl-, N

ormal- ) ;
VectorNormalize (Normal ) ;
: : glNormaL3 fv (Normal- ) ;
: :gÌColor3ub ( 255,0,0) ;
: :glVertex3f (CurrObj ->VertexAr

ray [CurrObj - >FaceArray Ii*31 *3 J,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3] *3+l-l ,

CurrObj - >VertexArray [CurrObj - >FaceArray Ii*3] *3+21 ) ;
: :g1Color3ub ( 0,255, 0) ;
: :glVertex3f (CurrObj ->VertexAr

ray lCurrobj - >FaceArray Ii*3+1] *3 l,

Currobj ->VertexArray ICurrobj ->FaceArray Ii*3+]-l *3+11 ,

Currobj ->vertexArray lCurrobj ->FaceArray Ii*3+]-l *3+21 ) ;
: :'glColor3ub( 0,0,255) ;
: :glVertex3f (CurrObj ->VertexAr

ray [CurrObj - >FaceArray Ii*3+2] *31,

CurrObj ->VertexArray [CurrObj ->FaceArray Ii*3+2] *3+11 ,

Currobj ->VertexArray [CurrObj ->FaceArray Ii*3+2] *3+21 ) ;
I
: :gl-End O ;
Ì

.J
I
else
{

: :glBegin(GL TRTANGLES) ;
for (int

.i -rì. i -ñrr+v.rl-rì --lurrentTotal-FaceS; i++)¿-vr¡\çq¡ÀvvJI
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: :glVertex3f (CurrObj ->VertexArray ICu
rrObj ->FaceArray Ii*31 *3J ,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3] *3+11 ,

CurrObj - >VertexArray [CurrObj - >FaceArray I i* 3 ] * 3 +2 I ) ;
: : gf Co1or3ub ( 0 ,255 , 0) ;
: : gJ-Vertex3f (CurrObj - >VertexArray ICu

rrobj ->FaceArray Ii*3+11 *31 
,

CurrObj ->VertexArray ICurrObj ->FaceArray Ii*3+]-l *3+11 ,

CurrObj - >VertexArray ICurrObj ->FaceArray Iir.3+]-l * 3+21 ) ;
: : glColor3ub ( O ,0 ,255) ;
: :glVertex3f (CurrObj ->VertexArray ICu

rrObj ->FaceArray Ii*3+21 *3J ,

Currobj ->VertexArray ICurrObj - >FaceArray Ii*3+2] *3+11,

Currobj ->VertexArray [Currobj ->FaceArray Ii*3+2] *3+21 ) ,.

I
::glEndO;

I

i
ì

)

CurrObj = CurrObj->next;

))
BOOL CDecompressorView: : RenderScene ( )

{
IJUU! Dwal-El-ng = lALsËj ;

if (lbStopped && !bwaiting) dwFrames++;

CDecompressorDoc* pDoc = GetDocument O ;
pDoc - >AnimF- >Animation. OldTime = pDoc - >AnimF- >Animation. CurTime ;
pDoc->AnimF->Animation.CurTime = ÈimeGetTime ( ) ;

dwTimePerDivision+= (pDoc - >AnimF- >Animat ion . CurTime
pDoc - >AnimF - >Animat ion. OldTime ) ;

if (bSLiderCreated &&
( (float) pSlider->GetPos O r' 0.01f) >=

pDoc - >AnimF - >AnimaL ion . ReadyTil lFrame )

// pSJider->SetPos (pDoc->AnimF->Animation.ReadyTiTTFrame * 700) ;
bwaiting = TRUE;

ì
ifoat fNewTime = (fLoat) pSlider->GetPosO /

( (float) pDoc->AnimF->Animation. iSourceFPs * 100.0f) ;
tIOaE CtlI = tl\ul' (INer¡/Il_me - IIOEal-'Il_me, ;

it 
(dif > 0.00s)

fTotalTime = (float) pSlider->GetPosO / ((float)
pDoc->.AnimF->Animation. isourceFPS * l-00.0f ) ;

fNextBl-ock = ceilf (fTotalTime) ;
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dwFrames = 0,'
dwTimePerDivision = 0,'
pÐoc->AnimF->Animation. SceneCamera. Reset ( ) ;
for (int i=0;i<GL MAX LIGHTS;i++)

pÐoc- >enimrl>animation. Scene],ights- >Reset ( ) ;
CVisual-Object* Curr = pDoc->AnimF->Animation. Objectl,istHead;
whil-e (Curr)
ì.

Curr->Reset O ;
Curr = Curr->next;

)
bStartingRendering = TRUE;
pDoc->AnimF->Animation.FramesSoFar = fTotal-Time *

(fIoat) pDoc->AnimF->Animation. iSourceFPS ì
)

/,/ caLcuLates overaLl- framerate
if ( ! (bstopped | | bwaiLing) && fTotaltime >= fNextBlock)
t

LoglVindow.m_fps = (float) dwFrames,/ ( (float) dwTimePerDivision *
0.001f ) ;

LogWindow. UpdateData ( FALSE ) ;
// Uncomment to cal-cul-ate current framerate
// dwFrames = o;
// dwTimePerDivision : 0;

- fNextBlock+=l.0f;
l

fTime = (float) (pDoc->AnimF->Animation.CurTime
pÐoc- >AnimF- >AnimaLion. Ol-dTime) / l-000 . 0f ;

if ( !bStopped && !bVlaiting,
fTotalTime+=fTime;

// it an initiaf "go ahead" hasn't been specified, we rea77y don't need
// to proceed
i f (pDoc - >AnimF- >Animat ion. bTimeNotSet )

reburn FALSE;

if(!(bStopped||bVüaiting)&&pDoc->AnimF->Animation.FramesSoFar>
0.0f)

t
if (fabsf (pDoc->AnimF->Animation. FramesSoFar+O.0005f) >=

pÐoc - >AnimF - >Animat ion . ReadyTi 1 l-Frame )

if (pDoc->AnimF->Animation.ReadyTill-Frame >=
pÐoc - >AnimF- >Animat.ion. Final-Frame )

(

bStopped = TRUE;
ÞljncteclNaEuralJ-V = IKUts;;

)'t
)

else
I

int oldTi¡¡s = pSlider->GetPos O ;
int newTime = (int) (fTotafTime *

(float) pÐoc->AnimF->.Animation.iSourceFPS *
100.0f) ;

pDoc->AnimF->Animation.FramesSoFar+= fTime rr (float)
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pDoc - >AnimF - >A¡.imation. iSourceFPS ;
íf (bslidercreated && ol-dTime != nelvTime)

pSlider- >SetPos (newTime) ;
i

)

SetupObjects O ;

SetupCamera O ;

SetupLight ing ( ) ;

if (bStartingRendering)
{

bstartlngRendering = F-AISE-
return FALSE;

]

RenderObjects O ,.

return TRUE;

)

void CDecompressorView: : SetupFlags ( )

{
::glClearCofor (0.0f ,0.0f ,1.0f ,0.0f ),-
: : glCLearDepth ( r . Ot ) ;
: :glEnab1e(GL DEPTH TEST) ;

)

void CDecompressorView: : OnDestroy ( )

{
CView: : OnÐestroy ( ) ;

if (F.A¡SE == ::wglMakeCurrent (0, 0) )

{
TRACE("Error cleaning up S1-', ) ,-

)

if (FAISE == ::wglDeletecontext (m hRC) )

{-
TRÄCE ( " Error cleanÍng up #2 " ) ,.

)

if (m3ÐC)
delebe mSDC;

)

voíd CDecompressorView::OnSize(UINT nType, int cx, int cy)
{

CView: :OnSize (nT1pe, cx, cy) ì

if ( 0>= cx | | 0>= cy)
return;

: :glViewport (0,0, cx, cy) ;
aspect_ratio = (f toat) cx/ (f.LoaL) cy;
aspect_ratio_inv = 1.0f ,/ aspect_ratio,.
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// this resizes !L^ ^r-'r^.^ ^1^^- the bottom of the screenLl!É ÞtlvÇL alvtt9
1ìÞô^l- Þaai nn -¿leJ ¡ v¡¡ ,

íf (bSliderCreated)
{

pSlider- >GetWindowRect (Region) ;
pSlider->Move!üindow (70, 0, cx-l O-LO, 20) ;

)

BOOL CDecompressorView: :OnEraseBkgnd (CDC* pDC)

t
reÈurn TRUE;

)

void CDecompressorView : : OnFileMruFilel- ( )

FileProcess (0) ;
]

void CDecompressorView : : OnFifeMruFile2 ( )

Fil-eProcess (1) ;

)

void CDecompressorView : : OnFil-eMruFil-e3 ( )

t
FileProcess (2 ) ,'

)

void CDecompressorView: :OnFileMruFile4 ( )

t

) "tteProcess 
(3) ;

CDecompressorView: : PlayAnimat ion ( )

t
CDecompressorDoc* PDoc = GetDocument O ;
ASSERT_VALID (pDoc ) ;
'hctsnnnaâ 

- FALSE;
pDoc->AnimF->bAnimationlnProgress = TRUE;
if (bEndedNaturalJ-y)
1

dwFrames = 0;
dwTimePerDivision = 0;
pDoc- >AnimF- >Animation. Scenecamera. Reset ( ) ;
f or (int i=0 ,'i<cl, MAx LTGHTS; i++ )

pDoc - >AnimFl>Ani-mat ion . S cenel i ght s - >Reset ( ) ;
CVisualObject* Curr = pDoc->AnimF->Animation. ObjectlistHead;
while (Curr)
{

Curr->Reset O ;
Curr = Curr->next;

ì
ústartingRendering = TRUE,'
pDoc->AnimF->Animation. FramesSoFar = 0. 0f ;
pSlider->SetPos (0) ;
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fTotalTime = 0.0f;
fNextBlock = 1.0f;

l

void CDecompressorView: : FileProcess (int number)
t

CTlacnmnraqqôrllñnìk nTl¡¡ : êal-ñn¡rrmant- lì .yyvv - ¡¿ç\/,
ASSERT_VALID (pDoc) ;

// this doesn't actuaffy pfay the animation, it just
// sets al-L the internaL variabJ-es that a7l-ow the
// engine to playback an animation. That's why
// its set before Èhe Openo command, as the fiLe
// opening must be completed before the function
,/,/ teturns -

bStartingUplevell = TRUE;
.þIsPlayA-bLe = TRUE;
Þ!jn0.eqNaE.uralJ-y = I'KUE;
PlayAnimation ( ) ;

if (pDoc->AnimF)
t

delete pDoc->AnimF,.

- pDoc->AnimF = new C-Animat.ionFile;
j

// now to grab the url- name
CRecentFilelist MRU(1, I'Recent File List", "Fil-e?d" , 4) ;
MRU.ReadI,ist O ;

if ( !pDoc->AnimF->open (MRU lnumber] ) )

{
AfxMessageBox("Unable Lo Open specified URLr') ;
Dl-SI/J.ay/\ÞJ-e = .FAl¡S.Èii
return;

i

)

void CDecompressorView: : Or¡-AnimationPlay ( )

I
PlayAnimation ( ) ;

)

void CDecompressorView: :OnUpdateÄnimationPlay (CCmdUI* pCmdUI)
{

CDecompressorDoc* pDoc = GetDocument O ;
ASSERT VALID(pDoc);

// pCmdul->ønabfe(!pDoc->AnimF->bAnimationlnProgress && bIsPJayAbTe) ;

pCmdUÏ->Enable (bStopped && bIsPlayAble &&
I pDoc - >AnimF - >bAbortAnimat ion ) ;
l

void CDecompressorView : : OnAnimationPause ( )

t
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CDecompressorDoc* pDoc = GetDocument O ;
ASSERT_VALID (PÐoc) ;
bStoPPed = TRUE;

) 
O"rdedNaturallY = FALSE,'

void CDecompres sorView : : OnUpdateAr¡imat ionPause ( CCmdUI * pCmdUI )

i
CDecompressorDoc* pDoc = GetDocument O ;

ASSERT_VA],IO (POoc) ;
pCmdUIl>Enable ( lbStopped && bIsPlay¿b1e

I pDoc - >AnimF - >bAbortAnimat ion ) ;
a
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&&

&&

void
{

CDecompres sorView : : OnAnimat ionstop ( )

CDecompressorDoc* pDoc = GetDocument O ;

ASSERT_VALIÐ (pDoc) ;
bStoPPed = TRUE;
fTota]Time = 0.0f ;
fNextBlock = 1.0f;
dwFrames = 0;
dwTimePerDivision = 0;
pDoc- >AnimF- >Animation. SceneCamera. Reset ( ) ;
for (int i=0 ; i<GL-MAX-LIGHTS,' Í++ )

pDoc->AnimF- >Animation. Scenel,ights- >Reset ( ) ;
CVisualObject* Curr = pDoc->AnimF->Animation.ObjectlistHead;
while (Curr)
f

Curr->Reset O ;
Curr = Curr->next;

I
bstartingRendering = TRUE;
pDoc->AnimF->Animation. FramesSoFar = 0 - 0f ;

pSlider->SetPos (0) ;
bEndedNaturally = FAI,SE;
pDoc- >AnimF- >A¡timation. bTimeNotSet = FALSE ;

CDecompressorView: : onupdateAnimat ionstop ( CCmdUI * pCmdUI )

CDecompressorDoc* pDoc = GetDocument O ;
ASSERT_VALID (PDoc ) ;
pCtndtll - >EnabJe (pDoc - >AnimF - >bAnimat ionlnProgress ) ;-pc*auf 

->Enable ( tbst.opped && bIsPlayAble

)

void
i

I pDoc - >AnimF - >b.AbortAnimat ion ) ,'

i

void CDecompressorView : : OnViewDiagnostics ( )

t
if (blogActive)
{

Logwindow. Showwindow ( SW-HIDE ) ;
blogActive = FALSE;

]
elEe
{

Logl{indow. ShowWindow ( SW-SHOW) ;

bl,ogActive = TRUE;
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]

CDecompressorView: : ReBindTexture (CTexture *tex)
t

// fhis function constructs the OpenGL bindíngs for the generation
// of a mipmapped texturemaP.
if ( tex- >iTextureBindNum)

: :glDeleteTextures (1, &(tex->iTextureBindNum) ) ;

unsigned int val- = MINTEXTURERES;
for (int i = MINTEXTUREPOWER;i<tex->icurrentMiplevel-1;i++) va!*=2;

: :glGenTextures (1, & (tex->iTextureBindNum) ) ;
: : glBindTexture (GL-TEXTURE-2D, tex->iTextureBindNum) ;

: : glTexParameteri (GL_TEXTURE_2D, GII_TEXTURE_h]R-AP_S, GL_REPEAT),'
: : glTexParameteri (GL_TEXTURE_2D, GT'-TEXTURE-WRÀ'P-T, GL-REPEAT) ;
: : glTexParameteri (GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR) ;
: : glTexParameteri (GL_TEXTURE_2D, GL-TEXTURE-MIN-FILTER,

GL_LTNEAR_MI PMAP_LTNEAR ) ;
for (i=tex->iCurrentMiplevel-1,'va]>0 ;val->>=1, i- - )

: : glTexImage2D (GL_TEXTURE_2D, tex- >iCurrentMiplevel - 1 - i, GL_RGB,

va1, vaI,
O, GL_RGB, GL_UNSIGNED-BYTE, tex->MipMaps Iii ) ;

..OITCYIÌNT¡f IGL TEXTURE ENV, GL TEXTURE ENV MODE, GL-MODUI'ATE);

tex->bTextureUnbound = FALSE;

]

void CDecompressorView: : OnAnimat ionDownloadspeed ( )

t
CÐecompressorDoc* pDoc = GetDocument O ;

CGetDownloadSPeed d1g ;
dlg. ispeedsel-ector = pDoc->AnimF->iSpeedType;
if (dlg.DoModal O == IDOK)

I 
pDoc->AnimF->iSpeedType = dlg- iSpeedSelector,'
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