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An efficient and affordable vision system was developed

for object recognition" The system consisted of a charge

coupled device (cco ) camera, an IBM AT compatible

microcomputer, and a Frame Grabber board. The objects to
be identified eonsisted of a square, a rectangle, a circle,
an equilateral triangle and an isosceles triangle.

ï he results obtained from this system yielded consistent
identification of arl the objects used, and rejected those

objects that were not within the scope of the project. A

number of software based variables were developed. The

optimum values for these variables was also obtained for
the application. In addition to identifying the objects

correctry, the software algorithms provided information
regarding the geometricar attributes of the objects and

their orientatj-on relative to the screen coordinate system.

The software argorithms were written using the Microsoft
FortranTT languaqe and compilers, and the execution time

required to obtain results was estimated to be less than

eight seconds. T he methods and aì_gorithms used in the

software programs were found to be dependent on the types

of objects to be identified " L imitations of the software

include the types of objects it can identify, and

extrapolation methods to find the cotner coordinates. I n

addition, some possible extensions to t.he program are

discussed and methods by which the execution speed may be

enhanced are outlined.
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The gradual introduction ofl robots in the area oF

manufacturing provided tireless, efficient, and consistent
performance of many tasks. However, there were limits to

the tasks they could perform. For reriable performance of

robotized work celIs, the entire work area had to be

CHAPTER I:

accurately set.

abnormalities before entering the automated manufacturing

ceI1.

TNTRODUCTTOzu

apparent: the robot needed to be equipped with the eyes of,

the supervising operator that oversaw its work. Thus the

possibilities of robotic vision were introduced to the

industrial world.

The interaction of computer vision and robotics provided

the manufacturing ce11 with lhe ability to adjust to

situations, such as aligninq pieces to be welded or

The next step toward full automation became

Ihe parts had to be inspected for any

reorienting a part for machining.

heavily used in conjunction with robots in the automotive

and shipbuilding industries for welding, painting¡ sorting,

and accurate part orientation, and also in the electronics

industry for the manulacture of integrated circuit chips

l1 ,21. In addition, it is used to evaluate conditions in

hazardous env i ronments such as the ocean floor which i s

attainable by unmanned submersibles t¡]. More recently,

the aqriculture field has been using vision to sort grain

Currently vision is



automatically according to variables such as size, shape,

co ì o¡, and texture.

ïhe field of vision has also created a vari-ety of nelv

possibilities in the real-m of flexible manufacturing. It
permibs a less constrained work environment for the

functioning of a robot. A good understanding of, the basic

concepts behind vision is

this thesis was then:

1 ) to develop microcomputer based algorithms for
obj ect recognition and classiFication of simple.

objects;

2) to extract geometrical attributes which will
define the location and orientation of the

object; and

3) to accomplish these objectives in an efficient

mannet to create an affordabtre, microcomputer

based vision system.

A thorough problem description and associated image

processing theory is presented in chapter II. chapter III
details the algorithms developed to achieve object

recognition, and the results obtained from these routines

hence impetative. The scope of

are presented in Chapter IV.

developed algorithms, future modifications and conclusions

are discussed in Chapter V.

Ihe limitations of the



CHAPÍER TIg IMAGE THEORY AND PROBLEM DEscRIPTIOT

This chapter discusses the basic elements of an image

processing system. It briefry describes some of, the image

processing techniques widely used today with particurar
emphasis on met.hods used in this project. A more detailed
presentation of these topics is dealt with in references

14 15 ,6 17l.

2"1 The Digital- Image Processing System

There are three basic elements of a

system: the digit izer, the processor,

device.

The diqiLizer receives a continuous analog signal from

the image sensor in the camera, which represents the spatial
brightness, or Iight intensì_ties, in the scene.

digiLtzer sampres and quanLizes the signal into a discrete
representation of the image, usually in a numerical form

which is proportionar to the right intensities detected by

the sensor. These numbers then serve as input to a digital

computer where processing may be carried out quickly. There

are many types of digitizers, lhe most common of which are

microdensiometers or flying spot scanners, which use

digital processing

and the display

photographs or other negat ives as input.

these devices is then fed to image dissectors or television

cameras, which can use almost any medium as input and then

The
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display the digitized image on a monitor.

Image processors are devices that provide boLh t.he

eapacity for storing the digi Lízed image and the capability
of manipul-ating the image for specific apprications. They

range from specialized microprocessors to fulL computer

systems that are capabre of performing a large number of
simurtaneous calculations on large arrays f,or real t ime

processing. The efficiency of the system is dependent on

bhe compJ-exity o f the problem,

images, and the amount of image pnocessing required.

The display device is a medium by which the converted

image arrays may be viewed by bhe human eye. These incrude

cathode ray tubes (CRT's), television monitors, and

printers. The reconstruction of such a digitized, processed

imaqe can be used to compare with the originar image to
monitor accutacy qualitatively.

2 "2 I rnage P rocessing T echniques

Image processing methods farl into four major categories:
image diqitization, image enhancement, image encoding, and

image segmentation and representation.

Image digítization converts a continuous analog image

signal into discreter spatial and grey 1eve1 components.

Image enhancement improves the quarity of the image to the

the size of the input

required level necessary for the application.
techniques used are entirely dependent upon the desired

4
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application and, thus, the field is a large one. However,

some of the fundamentaL techniques deveroped should be

menLioned, namely: histogram modification and equalization,
j-mage smoothing, and image sharpening.

Histogram techniques modi_fy the frequency range of the

grey Ievels oi an image to create a more usable image for
certain apprications. Image smoothing methods reduce the

noise in an image, and include neighborhood averaging of the

grey Levels to produce a more balanced image. L ow pass

filters which atbenuate the high frequency or sharpness

( edges, noise) attributes of the image, are also employed to

create a more blurred Iook. Image sharpening, on the other

hand, utilizes high pass filters which attenuate the low

frequency components of an image, thus accentinq the edges

present in the scene.

Image encoding techniques are also dictated by the

particular application. The image must be coded in such a

manner so as to maintain an acceptable representation of the

original image while preservì-ng the information required f,or

the application. The techniques also employ as Iittle

storage as possible so as to facilitate a high processing

speed.

Image segmentation and representation classifies the

features of an image to enhance the speed and quality of

subsequent feature ext ract ion and scene analysis

operations. Ihe most common techniques in this category



include edge extraction methods by grey revet thresholding
which scan the image for significant changes in adjacen t
grey levels to enhance the edges in the image, as well as

template matching which utilízes a mask of a known object or

feature to detect a common feature pattern in an image.

2 "t The 0bject Recognit.ion Froblem

The objective of this thesis was to develop a

microcomputer based

recognition, and then to determine the orientation and shape

parameters associ ated with an obj ect . The u rtimate goal was

to use this information module as an interface to the robot

manufacturing cerl presently in place at the AutomaLion /
Manufacturing Laboratory of the University of Manitoba. The

objects used in this project were restricted to simple and

regular shapes such as a square, a rectangle, a circle r âfl

equilateral triangre, and an isosceres triangle. It also

assumed that at any given time only one object would be

vision algorithms

present in the scene.

camera at distances varying from 7tt to 24" from the camera

lens. As a resurt approximately one quarter of the camera's

fierd of view is util ized. These restrictions were imposed

primarily to standardize the experimental setup and can be

modified in the future.

for

set of

object

The objeets appeared before the



2"4 General Hardware and Program Structure

The camera used in this project was a panasoníc color

video camera (moder no" !.lv -3240) " The image capturing and

subsequent display was achieved through the use of a F rame

Grabber board manufactured by Data Translation (model no.

DI -2853-SQ-60H2) , which provided for square pixeJ. display
(t :t pixel- aspect ratio). The Frame Grabber board contains

a 16-bit anarog to digital (n/0) converter on-board which

has a throughput of 1 00 r000 sampì.es per second, and a frame

can be grabbed in approximately 1/30 of a second. This

board also contains two memory buffers, each capable ofl

containing an entire rl? x 512 pixel image with 256 grey

levels.

The Frame Grabber board is

a MIND AI microcomputer (l

processor and a more powerful

are displayed on an RS-1 70

monitor.

The program developed to recognize the objects was

written using Microsoft Fortran U3 "30 i8l. These proqrams

were linked to a specific software module supplied with the

Data Tanslation board. The subroutine Iibrary (fnfS) has

been designed for real time image processing [9].

IBM compatible and is used in

BM compatible) with a B0B7

80287 coprocessor. T he images

standard RGB video display

lì.brary provides not only the communication between the

camera and the computer, but also has the capability to

perform a number of operations and image manipulations very

The



quickry. The routines developed as part of this work may be

divided j-nto four categories: thresholding, edge detection,
feature extraction, and object recognition. Ihe overall
development of the program wilI be described in chapter Iir
in bhis thesis.

2 "5 Thresholding

The image dealt with in this study is a 512 x 512 pixel
array with 256 grey level-s of image" Grey levels, in this
case, range f,rom 'rblack' represented traditionally by a

vaLue of rr0rt to ttwhite" represented as tt?55".

interrnediate values represent different tones of grey

present in the image. Thresholding is used to reduce the

grey level image to a binary one. s ince the applicab.ion

deals only with si.mple shapes, it is sufficient to use a

binary image as opposed to a detailed multi-1eve1ed grey

image. Thus a reduced data set is used without losing any

information.

consistent results were obtained with a fixed threshold

value. I f there was less contrast between the object and

the backg round, or i F shadows created a signi fieant effect

in the scene, an adaptive thresholding routine may have to

be incorporated into the proqram to alleviate these

probLems.

5 ince lighting and contrast were fixed,

Threshol"ding an image involves selecting a grey leveJ_,

above which all grey fevels are assigned the leveI 255, or

The



"white'r, All grey levers berow this limit are assigned the

varue 0, or "b lack". For the present study the ob jects r.Jere

made out of black cardboard and were firmly attached to
white cards to provide a sharp contrast between the object
and the background. T hus, th black obj ects on the white
cards produced a maximum cont rast, and a threshold Level of
127 was chosen as the boundary point between the two. If,
there was a lot less contrast between the background and the

object, the most suitable threshold Ievel could be deter-
mined by experimental methods.

2 "6 Edqe Detection

0nce threshorded, an image detect ion algorithm is used to
scan the image for an object, nemeJ-y 0 's, and then folrow
the contour of the object to extract the coordinates of, the

edge points. It was assumed that the image is a reasonabre

one and that a1l 0's represent part of the object only and

do not berong to any isolated smudge or noise outs ide the

edges of the object 
"

amount of data used to represent the image. In additi-on, it
reduces the number of times the image must be accessed to
obtain all the information necessary for object recog-

nition. Further, all the features required in thj_s appli-
cation may be determined usinq the edge points only.

0ther alternative methods such as run J_ength encoding or

scan line encoding courd be used to locate the object and

T his process greatly reduces the



wou 1d also serve as an image

same time,

2.7 Feature Extraction and 0bject. Recognition

The feature extraction and object recognition argorit.hms

anaryze the edge poinbs to obtain the information required
to determine the type of object present and its appropriate
features and orientation characteristics. The features ex-
tracted f,or this study are the area, the geometric center,
and the coordinates of the corners of the object.

0bject recognit ion utilizes the number of corners, the
length of sides, and the radial J-engths from the geometric

center to the corners, or "ha1f-diagonal_s". These then

determine the type of object present in the field of view of
the camera.

ïhe two categories, feature extraction and object recog-

nition, overrap when distinguishing the circre from the rest
of the objects. since a circular object does not contain

any corners, the presence of, a circular object is determined

before all- the aforementioned features are extracted. The

percentage of equal radial lengths determines whether the

program is diverted to the eircle test section or continues

to calculate the corner coordinates of one of the other
objects.

compression mechanism at the

The algorithms required to extract the features and ori-
entation of the objects are detaí1ed in the next chapter.

10



3"1 General Structure of the Frogram

ChIAFTER III: VISI0ru APPLICAfI0N PROcRAM

0nce a raw imaqe has been obtained by a camera, the

steps required for the development oF object recognition and

feature identification begin. This chapter details the set

of routines required to distinguish the given objects From

one another. AII of the techniques used are spatial-domain

methods; that is, they manipulate the individual pixels of

the image, as contrasted to frequency-domain methods ( such

as Fourier transform methods) which modify the transform of

an image. The choice was made afber a careful- review of

material on relat.ed sub jects I t 0 ].

The application programs were developed in two parts.

The lack of sufficient memory in the microcomputer prevented

the pEograms from being combined. T he first module referred

to as " TSTL0AD rr hereafter, contains the steps employed to

acquire an adequately threshoLded binary image from the

F rame Grabber. i t also contains routines used to obtain the

edge coordinates of the object. The edge coordinates are

then stored in a data file. The second module referred to

as " TSTIMAGE ", performs retrieval of the file containing

the coordinates and also contains the aJ.gorithms required to

identi fy the obj ect.

aspects related to the two modules of the software program.

Ihis chapber foeuses on various

11



1"2 Obtaining an Image and ExtracLi.ng the Edge

As previously stated, the first step toward object
recognition is to acquire an image from bhe camera. To

access the camera through the Data Iranslation (Ol ) Frame

Grabber hardware, the program utilizes the subroutine

J.ibrary (fRfS) p.ovided with the DT software.

subroutj-nes contain the information required to set up the

system to accept images, and provide access to the optional

filtering, threshordingr âîd various other image processing

utilities.
util ized to obtain the image required for the analysis
developed in this thesis. These subroutines are identified

throughout this chapter as those in bold print beginning

with the letters rrISil and their full description can be

found in the DT IRIS Manual t9 l.

Before the camera can be accessed, the system must be

initialized. This is achieved by calling the subroutine

wj-th the syntax ISIruIT( ) which initiates access to the DI

This section explains only those routines

Frame Grabber. From now on the DT IRIS subroutines will be

denoted by their appropriate syntax. Next, the system is

commanded to accept the signal from the external source,

namely the camera, by calling the routine ISSYNC(1 ) ( where

the number rtltr denotes the external source).

ïhese

The on-board Data T ranslation hardware provides two f,rame

buffers labelled 0 and 1. These are used to hold the 512 x

512 pixel image received by the eameta (input frame buff,er),

12



and the processed image displayed by the software ( output

frame buffer) 
"

require very lit.tle processing of the i-mage before ex-

tracting features.

processing speed, the same bu ff,er ( o ) is used to input the

image and display the image.

calring the rsrNFR(0) and IS0TFR(0) routines which set the

input and output frame buffers, respectively. Frame buffer
0 is then cleared by calling the ISFCLR(0) routine.

0nce the hardv{are is configured to accept an image, the

next step is to ready the system to threshotd the captured

image. This can be accomplished by making use of one of the

seven input and output look-up tables ( LUT r s ) . These

LUTrs allow the user to manipulate the 256 grey levels to

suit a variety of purposes, such as creat.ing negatj-ves of a

scene or asslgning multi-levet thresholding values. The

so ftware must use an input and output LUT , and i f no

manipulation is required, the system defaurts these values

to the identity tabte (0 ) which leaves the input and outpuL

scenes intact. T he table used to convert the image to a

binary one is LUT 6 , and is caI Ied through the ISI¡{TS (6 )

subroutine. The table converts pixels in the intensity qrey

Ievel range of 0 to 127, to a value of 0. This corresponds

However, the aÌgorithms developed here

Therefore, to increase the overall

ïhis is accomplished by

to the black objeet in the scene.

intensity grey level in the 128 to 2.55 range is converted to

255" This corresponds to the full intensity of the white

Any pixel with an

13



used in each scene. In this manner, each individuar pixel
in the image is converted to brack or white, creabing the

desired binary image required for f,urther processing, and

reducing the amount of memory required to hotd an image.

since no further manipulation of the pixers is required,
the output LUT used in the program corresponds to the ident-
ity table, LUT 0. The output LUT is the tabl_e by which the

scene in buffer 0 is filtered through before being displayed

on the monitor. This function is called from the routine
rsOuT5(0 ), and leaves the threshorded binary image as is.

Thus, when the display of the output frame buffer is en-

abred, the image seen on lhe RGB monitor is the threshorded

binary image processed through the input LUT.

Finally, the program uses the "pass-thru" mode oF image

acquisition by carling the rsPAss() routine, which commands

the camera and F rame G rabber board to monitor the scene.

The camera continues to do so until it is interrupted by

the rSFREz() routine which instructs the system to "freeze,,
the current image" The frozen image, or frame, is qrabbed

and held r âñd subsequently thresholded by the ISTNTS(6)

command" The data is then stored in buffer 0 and auto-

matically displayed on the monitor. The data stored is then

ready for edge extraction.

3 "3 Locat.íon and AceessinE of Image

The image residing in the on-board buffer

14
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designated

( corumn ) are 512 pixels each as shown in F igure 1 . r he

object typically occupì-es no more than one third of the

pixels in IMAGE, and the computer memory avail_able to run

the program is Limited" In order to maintain the speed of
processing , the program must use the least amount of dat a

necessary without losing any pertinent information. This is
accomprished by utitizing a wrhlD0w array with IMAGE that
hords 64 rows of 512 columns. The |VIND0w array reduces the

amount of IMAGE data by removing those rows of the IMAGE

that do not contain part of the object. This increases the

speed of processing as the on-board buffer need only be

accessed a f,ew times rather than for each pixer. I t couLd

be expanded to remove alr the unnecessary columns, but this
would not create any fundamental charlenge. I f a boundary

of }'lIND0l.l is accessed by the program, wIND0w is updated to
hord the information area required. The F/IND0l,,l updating

process is illustrated in Figure 1 
"

For example, the edge point "n" in Figure 1 ? which has a

l{IND0l{ array row eoordinate of 64 corresponding to an I MAGE

array row value of 72, is located and i-ts IMAGE coordinates

are ext racted and put into thei r row and column arrays

designated as B0RDR and B0RDc respectively. Thus B0RDR( n)

is 72 and B0RDC(n) is rtarr in the IMAGE array. The search

begins for the next point on the edge of the object. Since

point "n" is on the lower boundary of the WIND0Vll array

as IMAGE(n0WrC0L), where both R0W and COL

15
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containing the edge information, the array must be updated

to provide continuous edge data for the contour followinq

algorithm.

rounding a located edge point "n' must be present in the

!.'lIND0!{ array at the same time" Thus the !.lIND0w array is
updated in such a manner as to contain the located edge

point "n", and all of the eight surrounding points. The top

row in the l{IND0l,l is therefore updated to row l1 of the

IMAGE array, and the bottom row of the l.lIND0lll is row 1j4 of

The algorithm requires that al1 pixels sur-

the ïMAGE array.

coordinate ( 2, a) of the Ì,,fIND0!'l array r âñd the data is now

present to continue the search for the next edge point
rr n+,1 il .

The array ÌtlIND0l,l(64 1512) is filled by calling the DT IRIS

routine ISGETP. The full syntax of ISGETP is:

I ScETp (BUFFER, R0W, CoL rCoU¡üT, IBUFF )

where BUFFER is the DT on-board buffer in which the image

resides, namely bu ffer 0 . R0W and COL ate the coordinates

of the poì-nt f rom which the retrieval is to start, COUÍ{T is

the number of bytes, or pixels, to be retrieved and IBUFF is

the array in which the information is to be stored. T here

were problems associated with the hardware and software

system that temporarily restricted the number of pixels that

could be retrieved at one time. Therefore, each row is

individuaJ-1y retrieved and stored in IBUFF rather than Lhe

The edge point "nrt now resides 'at

entire 64 rows at a time. This however can be quickl y

17



modified in t.he fluture. Thus¡ groups of 64 rows

IMAGE(512,512) are accessed individuaJ.ly by calling:
ISGETP (0 uROWe0, 51 2, rBUFF )

64 times. Each row call-ed is then stored in IBUFF and

transferred to its appropriate position in l.ÍIND0l'l(64 ,:-1z) "

t.4 Edqe Detection

This routine accesses the array IMAGE in buffer 0 and

extracts the edge coordj-nates of the single object found

therein. It is assumed that the image is a reasonable one

and that alI 0's represent parb of the object, and not. an

isolated smudge outside the edges of the object.

First, a row scan is performed to Find the first point on

bhe edge of the object. The rows are accessed starting from

row 0 of iMAGE using the ISGtTP routine which stores a row

in I BUFF (512) 
"

intensity level is 0, or rrb1ack". If no 0 is located in a

row, the next row is scanned from Ieft. to riqht. This

oF

continues until the first pixel whose intensity is 0 is
located. This point is on the edge of the object and its
coordinates are labelled FR0l,l, FC0L ( row and column coord-

T he row is searched for a pixel whose

inates respectively).

allocated to contain the tow and column coordinates respect-

ive1y. The initial coordinates, B0RDR(1) and B0RDC(1) are

set to FR0lll an FC0L respectively. The search for the first

point on the edge is illustrated in Figure 2

I wo arrays, B0RDR and B0RDC, are

1B

The first
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point located in Figure 2 corresponds to FR0w=2 and FC0L=4.

0nce the first point is located, a contour folJ_owing

algorithm is used to f,ollow the edge in a clockwise

directionr ÊXtracting the coordinates of each successive

edge point as and when it is found. The l^llND0V'l(64 ,512)
array is utilized to provide access to the IMAGE(512,512)

residing in the on-board DT memory buffer 0, and is updated

by those methods outLined in the previous section. For

solid shapes, the edge of the object consists of a set of

contiguous pixels. Therefore, the contour algorithm wil_l

continue until the first point is relocated.

To effect this, the first problem is to determine which

neighboring pixel is the next one on the edge. F or each

point, there are eight surrounding pixels" Figure J shows

the nine pixels with the 'rcurrent" or last confirmed edge

point, or pixel, in the center. Since the edge is a set of

contiguous points, it follows that ab least two oF the

surrounding eight pixels are al"so part of the edge. These

two pixels denote the previous point on the edge and the

next point on the edge. At each st age of the edge point

extraction process, this block of nine pixels is mapped to

the edge with the known or current edge point in the

center. The next step of the search i-s to find which of the

surrounding eight pixels is the next edge point to be found

in a clockwise direction from the current point.

cloekwise search direction, which was arbitrarily chosen,

zo

T he



FIGURE 3s Eight Surrounding pixels

DCT= I , NXTDCT=

il)

nt ¡ôôcÀl'r ñrvFrvtJr1ñÊtY I rIAE.L

DCT=4,NXTDCT= I

(4)

DCT= 2, NXTDCT =7
(2t

DCT= 5, NXTDCT=2
( s)

ffi=IMAGEI )=O=OBJECT

DCT=3, NXTDCT=
(3)

DCT= 7, NXTDCT= 4
(7t

FIGURE 4: Eíght possible Direct,ions to Start,

Search for NexÈ pixel

DCT=6, NXTDCT=3
(6)

DeT=8,NXTDGT=5
(B)

n =TMAGE ( ) =2s5= BAcKGRouND

2t



ensures that the object wirt arways be to the right of bhe

edge and the background to the Left of L.he edge.

ïhe direction by which the search is initiated, from the
previous pixel to the current pixel, is known and this can

be used to determine the direction to begin the search for
the next pixel.

directions denoted as "DcT'n by which a point can be found,
and the corresponding initial direction to begin the search

for the next edge point referred to as "NxTDCT'r . In the

illustration shown, the object is shown cross-hatched. Trre

initial direction i-s shown as a bold ]ine and the next

direction is shown as a dotted rine in Figure 4 " ln each

case, the next direction is shifted elockwise by one

direction with respect to the initial directj_on. similar
approaches have been discussed in references lll ,lzJ.

Figure 4 shows the eight possible

TABLE 'l : I nit.ial Direetions and Next. Directions

Last d
to lo

ed

irection taken
cate cunrent
ge point
(ocr)

n

2
t
t+

5
6
7
E

First direction taken
to start search for

next edge point
(ruxrocr)

6
7
B

1

2
t
4
5
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ï able 1 shown above lists these pairs of directions and

next direetions. For example, if the currenl point. was

found by moving f,rom the surrounding point direction number

7, as shown in Figure 4 number i, it is found by moving in
direction J (0cl=l) from the previous point. According t.o

Tabl e 1 , the search for the next edge point must begin by

moving in direction B. However, this particul_ar pixel is
not part of, the object or edge. Thus the direction is
incremented by one direction clockwise, and the search

continues in this manner until the next edge point is
located. The coordi-nates of this point are placed in their
respective B0RDR and B0RDC arrays. The next point is then

updated to the status of t'currentt' point, and the search

continues.

illustrated in Figure 5.

Figure 6 íIlustrates a sample object contour.

directions taken to locate each edge point are shown as

arrows pointing into the center of the point in question.
ïhe arrows emanating from the center of Ehe points indicate
the initial direction used to start the search for the next

edge point 
"

Edge point number 4 is found by moving from the current
point, rocated at coordinate ( z ,6) ¡ âîd searching

consecutive directions shown in Line 4 of Table z" The

arrow pointing out of the current point is the next

direction to take to start the search for poinL 4, and

A flow chart depicting this process is

The
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Lr2,3 r4

L02,3,4 r5
2 

'"3

5r617,8
5r617,B
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5,6,7 ,g,L

"
N-2
N-I

N
N+1

Last
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Point
Coords"

2
2
2
4
4
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:

I
I
I
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corresponds to directíon 7 listed in column 5 of Tabl-e 2 for

point 3 " It is also the first direction listed in the

second column of T able 2 foc pixel 4 "

location does not reveal a point on the object. Therefore

the direction is incremented clockwise by one direction and

the process is repeated until an object point is located.

Ihe l-ist of directions searched before locating the next

point is shown in Tabl e 2, column 2 for poinL 4, A f,te r

searching in directions 7, B, 1, 2 and 3, and edge point is

located by searching in direction 4 from the current pixel
(2 ,6). T he coordinates o f this point are stored in the

B0RDR and B0RDC arrays. The current point is updated to the

4th point, and the direction taken to locate this point
(Oirection 4) is used to determine the first direction to

start searching f,or poinL 5, which is direction 1 " Ihese

steps are all shown in line 4 oÍ TabIe 2" This table also

shows the steps taken to find the rest of the points

illustrated in Fiqure 6.

However, this

5 "5 Feature Extraction and 0bject RecogniLion

I n order to recognize an object, a set of parameters must

be chosen to dif,ferentiate uniquely one object from

another. The objects dealt with in this thesis are simple,

regular shapes, and are limited to a square, a rectangle, a

circle, an equilateral triangler âîd an isosceles triangle"

Any other object is considered as unknown. The number of
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maximal radii from bhe qeometric center is one of the
fundamentaL parameters used to decide which object is
present. They represent the number of corners present in
bhe obj ect. 0nce the number of corners present has been

determined, other aspects sueh as rengths of sides and

hal f-diagonaLs can be calculated and compared to determine

the type of object present in the image.

The features required for objeet recognition are

exLracted from the edge coordinates stored in arrays B0RDR

and B0RDC. From these arrays, the geometric center (xGryG)

is cal-curated and the distances from that center to points
alonq the edge are used to find aI1 maxima or corners.

t "5.1 Geometrie Cent,er

The geometric center of

applying Greenrs formula [10]

discrete border points. The

used to determine the area of

The genecal form of Green'

is given by:

SJtt-frdxdv = 
Jc¡*¿*

wnere Ë is along the cont

counterclockwise directi-on.

def ined as;

an object can be found by

for extracting features using

edge coordinates can also be

an obj ect.

s formula for a planar reqion

lP¿x + Qdyl

our

The

of the region R taken in a

area A of an object can be

(3-1 )
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To get the area from Green's formula, the variables Q and

P in equation (3-1) are set to x and zero respectively.
ïhus for N points on the border (tne 1¡+1 ¡th is the first),
area A becomes:

nF¡r5
A = J x,dy = I [(x.,,,+xrr)(yn*,-y^)J

tnsr-Tz

A = 5l dxdy

R

= 1 /2ã, tunx,r+r-x*,y,', I + 1 /? Zr[x,,n,y,,,o, -Xnyn ] ( t-3)

An expansion of the second term denoted as ilBrr in
equation (3-3) yields:

B = 1/Zl(x^ye -x, yr )+(xry, -xzyz )+(xa ya -xeyg )+
*( *"-, Y^-r -xo.-aY..-1)+( x¡Yn, -xv-¡Yx-¡ )+( x,.r*¡yñÞ, -xñyr{ ) I G-+)

This can be further simplified as:

3-z)

P oint. ( trl+1 ) is the f irst point f or an enclosed edqe.

Hence B = 0r and area A reduces to a simpri-fied equation:

B = n /2 [ ( -x ,y, )+( xn¡",yn*, ) I

N

A = 1/2 4l^ny^n,-xn+ryn ]f'\31

ß-s )
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(s-ø)



Similarly, Green's f ormul"a is
eoordinates of the geometric center

object.

are:

XG = 1/A

ïhe equations f,or XG and

ti
R

Conversion of

and YG as:XG

x' dx. dy

used to calculate the

(XC,VC) of the encloséd

YG over an entire region

and

these equat ions

ñ
xc = 1/(zÐ/xi (yn*,- y,.,);

nÉl

ñ
YG = -1 /(zÐ Zvf (x,.,*,- xr,)"

n=l
and

Thus, the calculations for the geometric center of an

object can be performed using equations (l-s), ( l-B ) and

(s.-g) given above. The x and y in th equati-ons are repraced

by the array values of B0RDR and B0RDC, respectivery. The

orientation of the axes in Green's formula shown in Figure 7

part A consists of x being horj"zontal and Y being vertically

upward. Figure 7 part B indicates the orientation of these

axes required for this application" It can be seen from

this diagram that the orientabion required by Green's

formulae is maíntained.

YG 1/A JJ
R

using Green's

y. dx . dy (t-t )

Formula gives

(v-s)

ß-e)
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3.5.?. Detection of Maximal Radii

The nexb step of the object recognition problem j.s to

find the maximal radii of the object, which are defined as

the points further away from the geometric center than their

surrounding edge points" To differentiate these points from

the rest, the distances from the edge points to the center

(XC,YC) are first calculated"

I t is assumed that a relatively reasonable image may be

obtained from the F rame Grabber with minimal noise. This is

a reasonable assumption since vision systems generally

require a very controlled lighting environment. However the

image can still be non-idea1. The edge of an object will

Iikely contain some noise that may not be eliminated by the

pre-processing algorithms. T he diqit izat ion produces this.

Therefore, calculating distances to each individual point

could yield inaccurate results, such as a false corner. To

eliminate this, groups of a fixed number of adjacent poirrts

along an edge, represented by parameter 'TNUMAVE¡ur are

averaged together to find the average row and column

coordinates (XnVf,YAVE), associated with each group. IL is

this average point that is used to calculate the distance to

the qeometric center"

The optimum number of consecutive points (tttU¡,lnVf) to be

averaged was determined through analysis of typical data,

which is presented in Chapter IV . T he number must be kept

to a minimum to produce high speed computations. In order
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to obtain an accurate result, each averaged point ( real
number coordinate) is associated with an actual- point on the

edge ( integer coordinate).

points must be done in an unbiased manner so that the center
point has a true averaged coordinate associated with it.
ïhis implies that NUMAVE must be an odd whore number. The

distances from bhe geometric center to the averaged coord-

inates are calculated and stored in an array DSTNC(n) u

where n is the edge point number. An example to illustrate

this is shown in Figure B. The corresponding data is lis,ted
in Iable 3. The software routine wraps bhe ends of the

coordinate list logether to assure continuity alonq the end

points when calculating the DSTNC array.

0nce the distances are calculated, the algorithm

deveroped must search them for the maximums r or corners.

These can be found by first extracting the increasì-ng and

decreasing trends flrom the data. A TRANS(n) array is set up

to indicate how the distance is changing from one point to

the next. Ihe distances for Lwo successive edge points are

compared to determine whether point rrnrr is longer, shorter,

or equal to point "n-1 ". I f it is found to be longer, the

TRANS(n) value is set to +1. If the distance is found to be

shorter, the fRANS(n) value is set to '1, and ifl they are

Therefore bhe averaging of,

equa1, TRANS(n) is set to 0.

int roduced to represent the tolerance allowed for two

distances to be deemed as equal

A variable'oRADIT0L* is
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For example, an object

correspondinq Cistances

following relations are

TRANS(n) for the various

DSTNC(N+1)-DSTNC(n) > +RADIT0L : TRANS(n+Î )=1@
DsTNc ( ru+z ) -osTNC( n+1 )

-RADIT0L< DSTNC(m+1 )-DSTNC(m) ( +RADIT0L cTRANS(m+1 )=0 (r-t t )ffi
-RADI TOL < SRADI TOt_ : TRANS ( m+2 )=0 (3-12)

I dearly a1l rRANS element values wourd be zeto for a

circle , since the distance îrom the qeomet ric center to

every point would equal the radius. similarly, the rRANS

array for the square and t rj-angre wou Id consist enti rery o f
chains of 1 's and -1 's with no 0rs. This is irlustrated in

Figure 10.

with several edge points and their
is illustraied in Figure 9" The

used to determine the values of

points shown in the figure.

DSTNC ( n+2 )

In reality, due the inherent discrete nature of the data,

the circle's TRANS array may conbain some 'l's or -1 's.
simirarly, the array for the square or triangle may contain

some 0ts. However, unless the image data are extremely

corrupted, these irregurarities in the TRANS array will make

up only a small percentage of the entries. The image

from the Frame Grabber was analyzed to verify this

assumption, Hence, accounting for a smal1 percentage of

non-zeto numbers in the TRANS array, the object may be

(r-ro)

(r-ro)
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identified as being circular. parameter "crRcL* was intro-
duced as the minimum percentage of zero's a circLe will
have. Its optimum value was determined experimentarly and

is discussed in Chapter IV.

I f the percentage of zero's in the IRANS array is less

than parameter cIRCL, the object wirl be identified as not

being a circle, and ideal1y, the TRANS array should not

contain any zero t s. However, as mentioned above, it may

have a few 0 t s present due bo some noise or resoLution

problems" Thus, a scan is performed on the TRANS array to

eliminate al1 0's that are imbedded between identicar

non- zeto TRANS avalues and replace them with the non- zeto

varue as shown in box B in F igure 11 " Those zero's not

imbedded bebween identical values such as Lhose marked in

box A of Figure 11 are left alone. In this manner, irreg-

ularities ean be eliminated without distorting the true

image.

F rom the structure of t.he TRANS array, it is obvious that

all single 1rs or -1 's imbedded between identical values in

the array can only be noj_se or diqitization errors.

Therefore a second scan, which acts I ike a noise filter, is

performed on the TRANS array to eliminate transient 1 's and

-1's¡ âs shown in boxes D and E in Figure 11" All transient

1 's or -'l rs embedded between non- identical TRANS values,

such as those shown within box C in Figure 11, are left

aLone. Ihis process is valid fon straighL edges, but if
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more comprex shapes are used this method may break down by

locating maxima's in curved edges.

The resulting TRANS array for porygons essentially
contains chains of 1's and -1's, with a smarl p"rcentage of
0's interspersedr frostly around the midpoints of, the sides.
The ideal case would consist of eight chains of alLernating
1 's and -'l 's f or a squarer âñd similarry six strings f or a

triangle as shown in Figure 1 0. The chains of 1 's would

denote an increase in radial length towards a corner, and

the chains of -1 's would indicate a decrease in the radial
distance moving away from a corner and toward a side
midpoint. Therefore, the next step in the argorithm is to

search for these chains or trends in the TRANS array.

5.5 " f Identifying Transitíon Points

A t rend is defined as inereasing or decreasing based on

the varues of a chain of adjacent points. For exampre, an

increasing trend would have a chain of consecutive points
each with TRANS varues of 1, and a decresing trend wourd

have a chain of consecutive points with TRANS values of -1 .

The number of points included in each chain is represent.ed

by a variable'rsTLEh{!0. For the analysis in this thesis,
sTLtN has a value of B. The justification for this is
discussed in Chapter IV.

0nce a trend is identified, the

the opposite tcend has been Located.

search continues until

That is, if one is on
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an increasing trend (+1's), the scan continues until a chain

of points indicating a decreasing trend ( -1 's) is iound. A

transition area has now been located and is defined by the

rast chain of points of the first trend and the Firs-t chain

of points of the second trend" There may be a mixture of,

0ts, 1's or -1ts between the two trends. The coordinates of

the first and last points of the first trend (x1 , y1 and

X2rY?), and the endpoints of the second trend (Xl,yl and

x4 r Y4 ) , are extracted and placed consecutively in arrays ARX

and ARY ( row and corumn respectively). Their respective

TRANS values are put into array TREND. The search continues

until the first trend identified has been relocated. A

sample scan is illustrated in Figure 12 " The table below

indicates the points whose coordinates are extracted from

the list and are used as markers ( n) for the transi-tion

areas.

P0INT n

n

2
t
&
5
6
7
I

After all

into arrays

calculated.

ARX ( n) ,nRY ( n)

d

b
c
d
e
f
q
h

the transition areas are located and entered

ARX and ARY, the transition points are

Whenever two lines have a definite

TREND(n)

1

1

-1
-1
-1
-1

1

1
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TRANS

8 PTS. END OF
tsl'TREND IStTREND

Illustration of Trend Search

START OF
2NdTREND

END OF
adrnEruo

xZ,Yz

STARTOF
SrdTREHlo

FIGtJRE 13 s Intersection of Tç.¡o Lines

xI, yI

x3,y3

x4 ,V4

BEGINNING
OFTREND 2

BEGINNING
END OF OF
TRENDI TREND 2

-----@+, 
_@_-_Ë__-+

xt ,Yt xZrYZ xB'Y3 x4rYq

FIGURE 14: Points on Same Line

I

I
I

x¡ ,vr îeruo or
I TREND I

x2,Yz 4
.l

x3 ,Y3 trro,**,*o
x4,y4J or rneruo z

f
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intersection, such as the corner illustrated in Fígure 1j,
the coordinates of, their intersection can be determined by

solving the equaLions for the two lines simurtaneously. rhe
four points identifying each transition area are assumed to
define two separate rines that have an intersection point
(xr uYr ) " The method to calculate th intersection point can

be derived as follows:

L ines A-B and C-D

equat ions:

Xt = mt Y¡ +

Xz= ]¡tt ye+

Solving these equations

are represented by

bl

bl

(¡-t¿+)

(t-ts)

frl=

B¿=

o,:

or:

xg= m"Ys+

X4= rrY4*

simultaneously,

(n,-xr)/ (y, -y");
( nr- xa) / ( yr-yo );

the fo I lowing

xì- ml Yt

(x2yr -xry¿ )/(yr -yr); and

x3- m.Y5

( t* y, -xzya ) / (y,- y¿ ) "

SimilarIy,

obtained by:

bÈ

bz

ß-t t)
ß-tt )

one can obt ain :

the intersection of the

(l-18)

(t-tg)

(f-20)

two lines (XI,yI)

ß-21)
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XI = mrYI +

XI = m¿YI +

VI = b*- br"
M¡ - ffiz-

Therefore:

bl;

br; and

XI =

YI =

Substituting and simpì.ifying equations (3-25)

YI = \Xr- xzl(yÊ-y*) - (*s- xo)(y,-yr)
xI = (x*vt- xov¿ìÍx, -xr) - (xrv-- I,.y*)(x+-x¿)txr- x")(y"-ya) (*r- xa)(y, -yz)

(m, br- mrb, ) / (n,- *") ;

ba- br.
M¡-Me

As can be

zero when the

on the s ame

the sides of

14. In this

to define the

(t-zz)
l¡-zcl
(3-?q)

seen from the equations, the denominators equal

lines are parallel or when aLI four points are

line. This ideally occurs at the midpoint of
a polygon (minimal radii) as shown in Figure

case the two middle points are simply averaged

transition point as f,ol_lows:

and (t-zs )

(t-ze)

special consideration is given to bhese areas in the

computer program to eriminate any ttdivision by zero" errors.

To determine which equation to use, the array TREND must

and (3-26) 
z

(j-27 )

ß-ze)

XI = u and YI = va* v-e
a,

(s-zg)
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first be examined. A maximum is found when a transition
area goes from TREND(n)=1 to TREND(n)=-1. conversely, a

minimum is found when a transibion area goes from -1 to 1.

Therefore, by examininq the TREND array for the second and

third points of each transition area, it may be determined

whether a transition point is a maximum or not. These

maxima are separated fronm the rest and placed in arrays
C0RNR and C0RruC ( row and column respectively).

0nce alI the maxima have been f,ound ( assuming no false
corners exist) the object is routed to the TRIANGLE or

QUADRILATERAL test sectons according to the number of true
maxima" If the number oF maxima, or corners, is anything
other than 3 ot 4, the objecb is rejected as "unknown".
Future enhancements could add other tests at this point.

3"5"4 qUADRILATERAL Test Section

In the quadrj-lateral test section, the rengths ol sides

are first carculated, and are then compared for equality.

The half-diagonals, which are the distances from the

geometric center to each corner, are also calculated and

compared for equality.

h1f-diagonals are within a certain toleranee defined as

o¡5IDET0Lu8e then the object is recognized as a SqUARE.

the sides are not within SIDET0L, they are not all equa1,

and the opposite pairs of sides and opposite pairs of half-
diagonals are then compared for equality. I f they are both

i f all four sides and atL four
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within SIDEf0L of each other, the obj ect is recogn ized as

being a RTcTATGL[, I f neither comparison is proven, the
object is rejected as an unknown quadri_Latera1. Further
expansion of this test section cou Id incl_ude additional
objects such as a parallelogram or rhombus. The optimum

value of SIDET0L is discussed in Chapter IV.

The orientatj-on of a quadrilateral is defined in this
study as the smallest, clockwise, positive angle of any side
with respect to the positive y-axis as shown in Figure 15.

ïhe caLculation of bhis angì-e takes advantaqe of the faet
that for any regular quadrilateral, one need only cal_culate

th four-quarant angles of two of any two adjacent sides, and

then add 1 B0 degrees to each to determine the directed
angles o f the other two sides. The possible angles are

limited to the range 0 to 360 degrees. The four angles are

then compared to determine the smalrest positive ang1e,

HrNP05, which is designated as the angle of orientation of,

the object.

3 "5 " 5 TRIAzuGLE Test Seet i.or¡

In the triangle test .section, the lengths of the sides

are calculated and compared for equality. I f aL1 three

sides are within tolerance SIDET0L , the obj ect is found to
be an EQUILATERAL TRIAruGLE. If they are not equal, pairs of

sides are compared for equality. If two sides are found to
be within tolerance SIDET0L , the obj ect is an IsOscELEs

¿+4



ANGLE ¿E

X (ROW)

y (coL )

A¡¡GLEl+180=AIIGLE3

A¡{GËE2+180=ANGLE4

FIGüRE 15: Orlentation Angle

ANGLE 2

ANGLE 3

&ffìrPOS = A}IGËE I

X (ROW}

for a Quadrilateral

ANGTE I

y (CoL )

FÍGURE 16¡ Orientat,íon Angle for a Triangle

ANGTE 2

MINPOS = AI{GI"E I
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TRTANGLE" Any other type of triangle is rejected as

scaLene. The angle of orientation for a triangle is deiined
in the same way as that for the quadrlaterals. rhis is
shown in F igure 16 " However all three angles are calcurated
separately and then compared to determine the minimum

positive angle, MiNP0S.

5"5.6 CIRCLE Test Section

In this section, the dj-fference between the maximum and

minimum radii, DTFFER, is compared to sIDET0L " i f DIFFER is
within SIDET0L, the objeet is recognized as a crRCLE,

otherwise it is rejected as an unknown object.

3.6 Summary

There are some variabl-es whose optimum value can onry be

determined by considering the interaction between the

camera, the scene, the frame grabber board and the

associated software" A number of data has to be collected
and analyzed to arrive at the quatitatj-ve and quantitative

aspects of the objects'features. The variables that are

influenced by this interaction are:

1 ) NUMAVE: optimum number of consecutive points on the

edge of an object whose average row and column

coordinates are used to determine radial

distances.
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2) RADTTOL:

') 
CIRCL:

the percentage toLerance level used to

compare adj acent radii, and thus determine

increasing and decreasing in formation.

the percentage of zero's in bhe objects'
TRANS array above which indicabes the

presence of a ej-rcIe and the absence of a

simple polygon.

the number of consecutive points on an edge

whose TRANS values must be identieal 1's or

-1 's to determine the presence of a trend..

the percentage tolerance level associated

4) STLEN:

5 ) SIDETOL g

ïhe optimum varues for these variables were determined

from analysis of actuar image data obtained from the Frame

Grabber. rhe various tests used to obtain the daLa as well
as a dj-scussion of the anaLysis is presented in the next

chapter,

with

"half-diagonals" of a polygon.

the equality of sides or
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A number of tests were conducted to verì.fy the software
based argorithms and to find the optimum values for the
vari-ables used therein. T he raw data for alr these bests
are presented in Appendix A, and appropriate extracts f,rom

bhese data are then used throughout this chapter. T he

objects used in the tests were cut out of black cardboard
and then mounted on a white background to provide a sharp
contrast. They were presented in the camera's fierd of
view, over a range of 7n to 24t. away from the 1ens. 0n1y

the ambient liqht of the room was used to illuminate lhe
scene. However, because of the sharp contrast between the
object and the baekground, the lighting was found to be

adequate flor this study.

This chapter discusses the optimum values found for the
various variables"

CHAFTER IV: EXPERIMENTAL RESULTS

&.1 0ptinrum Value of NUMAVE

hluMAvE is the number of adjacent poinLs on an edge. The

average coordinate of these points is used to calculate the
distance to the geomebric center. It is arways an odd,

whole number that directly associates the distance computed

to an actual point on the edge without any geometrical
bias.

Qualitatively, it may be seen that, if too few points are
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used for the average, the results are sensitive to
the digitization and transmission noises. 0n the other
hand r âs more and more points are used in obtaininq the
averaqe coordinate value, the corners become increasingly
rounded. The resurti-ng corner coordinates extracted from

this data will tend to produce shorter and shorter side
lengths.

These general izaLions are ev ident when examining the
numerical results.

equals one, the resurts yietd erroneous corner locations,
result.ing in unidentifiable objeets. This can also be seen

by examininq the data for the circLe. Table 4 indicates
that by using NUMAVT values of one or three, corners were

erroneousry located resulting in incorreet identi_fication
of the circles. Thus the optimum value for NUMAVE must be

at least five"

F ígure 17 irlustrates a square whose corner coordinates
are protted for NUMAVE values of seven and twenty-one.

ïhese data are baken from DATA A4 part 3 in Appendix A.

The corners in these results are compared to corners
extracted f rom the raw .edge cooDdinates. A comparison of
the values in Table 5 indicates the change in the length of
the sides as NUMAVE increases. The largest difference in
side lengths from the actual for NUMAVE equar to seven is
? "t, pixers (o.91%) ? and for NUMAVE equal to twenty-one it
is 6"94 pixels (2.7%)"

For the polygons used, when NUMAVE
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NUMAVE I .D. RADI I DIFFERENCE
MAXIMUM MiNiMUM MAX - MIN

1-
3-
5 CIRCLE
7 CIRCLE
9 CIRCLE

11 CIRCLE
13 CIRCLE
15 CIRCLE
17 CIRCLE
19 CIRCLE
21 CIRCLE
49 CIRCLE
69 CIRCLE
89 CIRCLE

AVE:
SP READ :

s7.415
97 .42.4
97.43'
97 "435
97 " t+42
97 .441
97.446
97 "427
97 "411
96 "695
95 .368
96-692

COMMENTS:

r oo leer
1 00.658
100.615
100 .57 4
100 "547
100.510
100.461
100 "411
100 "364

99 "201
98.101
9 6 .62.6

1 ) All averages and spreads done from NUMAVE = 5 to 21
onIy"

2) AII dashes (-) indicate the erroneous Iocation of
corners"

97 "431
0 .049ó

t.270
1"234
3 "1BOt "119
3.105
3 .O69
t .017
2 "9862.953
2..506
2"733
2 "914

TABI-E 4: Ef'fects of' Increasing NUMAVE on a Ci.rcle

100 "5t7
o "32%

3 "106
10 "21tó
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KEY
(AI gACTUAL DATA
(7 I ' DATA FOR NUMAVE ' Z
(21 l' 0ATA FOR STUMAVE' 2t

t71336,34,53.43
tA) 337, 53

(2t) 332, 55

t03.16, t64.o4 (2tl
to2.4 , t6 t.6 (71

t0t,t6t (Al

FTGURE 17 ¡ corner rocation with rncreasÍng Nur{A\IE

AFIGLE (Al'23.2'
ANGLE(7).23.3'
ANGLE l?tl e 24.7ë

TABT,E 5s corner r-ocat,ion Data with rncreasing NUMAVE

"å'CTUAI¡

NUÌ'ÍA\IE=7

1fiinfl$/E=l].

.ACTUAIJ -
NUMjL\IE=7

(8)

ÀcyruAr, *
NUM¡LI¿E=Z1

(*)

203,399 (A I
2O3.54,397.42(71
209.64,395.73 (2tl

Length of Sldes
(pixels)

438,295.5 (Al

437.28, æ3.65 (71

258.94

256.59

254.99

2.35

0. 918

3"95

1" 32&

436,29O, l2l)

256.79

255.7 4

249.94

1.04

0.4Lt

6 "94

2 "7+

262.69

260.5'l

256,99

2,L2

0"918

5"71

2.r7*

NOiI'E¡ AmUAt data 1s taken frorn RAW data"

259.54

257 "74

253.49

1.8

0.6e8

6"0

2,33

23.2

23.2L

24"68

0.01

0. 04t

1" 49

6,39t
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Further examination indicates a cLockwise shift of 1.47

degrees in the orientation angle when moving f,rom NUMAVE

values of seven to twenty-one. The difference in angle
between the true and calculated angle for a NUMAVE val_ue of
seven is 0 "01 degrees (o.o+g). Ihe difference in the
angles f,or a NUMAVE value of twenty-one is 1.48 degrees
(s.+ll) , and hence the NUMAVE value of twenty-one is too
1arge.

From scanning the data for inbermediate NUMAVE values,
there seems to be nothing gained from using large values. of
NUMAVE as opposed to smarler values of, say, seven or

nine. The speed of processing using large values will arso

be reduced 
"

lhese results stem from data taken at a fixed distance

from the camera l-ens. simirar tests were performed to

investiqate the effects of increasing NUMAVE at distances
of approximately 7",14,,,20n and 24n from the front of the

camera. It was found that the gain by using larger values

of NUMAVE f{as negJ.igible and arso the speed of processing

will be considerably reduced. Hence attention was given to

the lower possibre NUMAVE vaJ.ues, namely five, seven and

nine, at the different distances.

Table 6 shows the maximum percentage difference between

equal sides (or radii) of each shape, for NUMAvE values of
five, seven and nine over the given range of distances.

It was found that in general, the maximum percentage
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OBTEc1r NUMAVE

SQUARE

RECTA¡TGLE

DISTA¡{CES FROM ORTECN TO CAI.ÍERA
.- (APPROXTMATE)7?t Itn'u Irou' l24"

5
7
9

rsoscEtiEs
rRTÀ}IGLE

5
7
9

EQUILåTER.LL 5
TRIANGLE 7

9

4"7 I
4. 14
4.2

5
7
9

CIRCIiE

3.1
2.3
2.6

4"0 I
4.L4
4.2

MA)ffMUM

0.8
1"9
1.9

2.6
2"3
3"5

4"Ll &
4 "224.22

5
7
9

1.4
1.9
2"TI

NorE: Dlfferences are betrveen tÏre longest and shortestsides or- radÍi¡ ald are expresséd as a percentageof the shortest side or raäii"

0,4
L.8
1.9

1.4
1.5
L"2

2.0 &
2.5
2.5

5
7
9

s"43
6. 08
5. 91

1.0
1.1
1.0

o "250.3
0"4

1.3
2.9
3"2

5. 43
6"08
5. 91

5.5
5"2
4.8

1.4
L,3
1.3

o.2
0.11
0. 03

5.5
5.2
4.8

5.0
4.9
4"7

I.0
1"5
1.5

TABT,n 6: Maxi¡nu¡n percentage Difference of
Sides ,/ Radius

5.0
4.8
4"7

4,9
4.9
4"6

4"8
4"8
4"6
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difference occurred at the shorter distance of 7u . I t was

evident that the circre yietdecl the highest difference, and

i-t was found that a signi ficant ly rarger number of, changes

in adjacent radii were present at the shorter distances.
Therefore the value of variabl_es cIRCL and sIDET0L coul_d

not be kept constant in order to obtain these results for
constant NUMAVE" These eflfects are discussed later.

ïhus, the optimum value of NUMAvE was chosen to be

seven. T his value produced the least amount of distortion
of the various eharacteristics, and arso kept the
processinq speed close to a minimum.

4 ,2 0ptimum V alue of STLE|I

A trend is either increasing towards a corner or

decreasing towards a midpoint of a side. At a corner, for
example, the trend will increase and then decrease. This
can be easily seen by considering the distances from the
geomet ric center to the corner point. T he J.ength decreases

as one moves away from the corner toward the midpoint o f
the side " Each increasing and decreasing trend must be

accurately represented in order to reach the objective of
pinpointing a corner coordinate. The rRANS array is such

an indicator" A IRANS array vaJ.ue is either a 1, -1 e or 0,

to represent increasing, decreasing, or constant distance

lengths of adjacent points on the edge bo the geometríc

center " T hus, chains of 1 rs would represent an increasing
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trend, and so on.

The number of adjacent points included

chain is STLEN. I t is obvious that a trend could not be

accurately designated using only one or two points as

indicators. They could be subject to noise or digitization

error and would not necessarily reveal the true nature of

the trend present. IL is conceivable that pairs or trios

of points of the opposite trend could be imbedded in a

trend, and therefore produce inaccurate results. Since the

endpoints of two chains ate used to Iinearly extrapolate

the corner coordinates, they must contain enough points to

produce accurabe results. Therefore, the problem focuses

on the choice of a value for STLEN that would indicate the

type of t rend present, and would predict corner coordinates

accurately.

Qualitatively, if very large vaLues of STLEN were used,

in each trend

the trend would be identified correctly, but the endpoints

would be so far away from each other that a line between

them would not necessarily be a valid one for all points

contained between them. A value of STLEN, therefore, must

be chosen that is smaIl enough to balance this problem,

without aJ.lowing the chain of points to be subjected to a

significant amount of noise or dígiLizatíon error.

The data presented in Tables Ã3, Bi, C3 and D3 of

Appendix A show the effects of increasing STLEN values f,rom

one to twenty Incorrect identifications of the objects
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oecurred frequently when STLEN was less than f,our. These
data also indicate that there is rittle or no change found
in corner coordinates, with a1I shifts being typicarly under
O.75 pixels.
orientation which was a maximum change of o.112 degrees or
2"66%" The tengths of the sides onry change by a maximum of
0 "68 pixels. This accuracy wourd certainry seem to be good

enough for aIl practical purposes.

These data indicate that no extra accuracy is gained from
using higher values of sTLEN. These aLso increase the
processing time required f,or the calculations. The same

results were found not only for the fj.xed distances from the
eamera from which the data was taken, but also for the range
of distances of approximately 7', to Zq". Ihus the vaLue of
sTLEN was more dependent on the desired accuracy of the
corner coordinates extrapolated using its endpoints. The

optimum value for srLEN was chosen to be eight to take into
account all these factors.

There is Iittle change in the angle of

4 ,t 0pti*num Vak¡e of' RÂDI T0l_

RADTTt¡- is the tolerance, expressed as a percentage, to
which the radii of an object, located in the DsTNc array,
are eompared f,or equality. crearly the size of the objects
used is an important factor when determining this variable.
The smaller the object, the more signif,icant the differences
between adjacent radii will be" Ifl more pixers are used to
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represent the edge of an object, the ress significant these
differences become" Therefore, the value of RADIT0L is
expressed as a percentage of the radius rather than as a

specific number of pixels. This enables the program to
identify the objects consistently, independenb of the size
of, the object,

ï able 7 shows the effect of different values of RADr T0L

on a circle.

unidentifiabl-e'r resurts. Thus, a minimum value of o.z% was

required.

significantly jumped until alr (1009ó) of the radii were

deemed as equal at a RADIT0L value of O.j5%.

since the objects used are regular shapes, the criticar
areas r or areas where the least amount of radiaL change

occurs, wirl be those around the midpoint oF a side or near

the corner of a porygon r of between . adjacent radii of a

As RADIT0L increased, the number of zerci's

Values under O.Zo,Á yielded "object

circle.

radii of a circle (olslnzucr) u their adjacent radial
dif,ferences (Offn" A), and their cortesponding percentage

difference (Dtrr. B) " T ables 9 and 1 0 show the same

information for the midpoint of a side and the corner of, a

square. similar data were gathered for aIl the shapes

used, and it would found that using a RADIT0L value of, o.zgó

yierded accurate distinetion between adjacent radii for
both the circle and polygons. The TRANS array values for
this RADIT0L value are given in the tabLes under the rRANS

I able B lists for three groups of points, Lhe
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R.ADITOL

(8)

T"D,

*
0.1
0" r.5
o"2
0. 25
0.3
0.35
0.4

# znnots
(cNrzERo)

:
CIR.
CIR.
CIR.
CIR.
CTR.

s Nol[E: Dashed li¡res had incorrect, identifications.

# ¡æn
POTNTS

-
552
560
561
561
561

SAGE RADII
ZEROS 14Ð( MIN

(8) I (PÐ{EI-S)
lr

uãt
561
561
561
561

nã. n
99.8

100. o
100.0
L00. 0

:
97 "4
97 .4
97.4
97.4
97 "4

DTFF.
MAX-MIN
(PÐGL)

100. 7
100. 7
100. 7
100. 7
I00. 7

:
3.3
3.3
3.3
3.3
3.3

TABLE 7: EffecÈs of Increasíng Rå,DITOL on a Circle
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E[6E CooRIìS, IiSTAHIE

PT, $ RDH COL TO XG,YG

7¡n tE¡ ttÂùo¿ 1Ji .( / r.l

t6l 15¡ 170

Iå4 l5? 1i0

363 r51 170

t6ó 150 170

367 11? 169

368 148 169

369 147 I 69

170 r46 tó9

371 t15 169

7:7?. 144 169

47, ró639

87.1369? 0.00a34

87.11893 0,(10021

87,3124 u.0022?

87,51734 Cr,00234

87,71367 U,0ir?47

97,96127 0,00259

88,20007 0. Û0271

88,2.5031 0.000:7
88, ll l84 (',00û?0

88.38464 a,0ùu8?

DIFF, OF Oi5T,

HU

417 ?9 tB7

4t8 ?8 187

4r9 97 t8B

420 96 I 89

421 95 I 90

422 95 1?l

42;: 94 192

424 93 I 93
¡tÉ ôô ¡ñ,c¿J 1 L l'!.f

42b 91 194

42t' 90 195

ttH!'{t

*

-0
0.034i 0

0.021I 0

^ 
ôõðg

V. LLLL I

0. ?34I I

0. 247r I
0,?59T I

0.2711 1

0,057u 0

0.0701 0

0. 0B2il r:r

87. 57?46

87.31069 0.¡-10048

87, Í0764 0,00026

87,3779 0,00t4S
87. l1846 0.00t09
Eó,85707 0, u0?89

86,å2388 rr.00269

8å,55754 0. 110077

Bó,64186 0.0011?7

86. 74502 rl, û0 I 1 I
86.72675 0.00{rll

41 78 lot
4? 71 102

41 79 tol
44 B0 t04
43 Bl 305

46 8l 30ó

47 82 307

0, 048I

0, 0?67,

0. I 48r

0. t09T

0, 289ï
0,2697

0.077i.

0.097f
0,119ï
0,021t

0

t
tl

0

-l

-l
-l

0

0

0

0

84,94751

84,?5844 (r.0.î013

84, ?8537 0. (100t2

85,0282? 0.00(r50

85,087r7 0,00069

85. ló199 0.ir0088

85,?5?68 
'1,r.i()106

c0LUtlN DESCRIFTI0I'| Ft]R TABLES B, I, ANo 10,

EDGE FT, å: Edqe point nunber in lisi,
R0H,C0L: Coordinates of edge point (true d¡ta).
DISTAI'lCt: R¿dius {rorn geonetrir cpntpr (XB,YG) t¡

the ¿veraqe coordin¡te (lilJllAVE=5).

0lFF of DI3T, A: 0lSIANCEtil-ItISfAl,lCtti-ll=0lFFIil
DIFF n{ DIST, B: DiFFtil/IlISIANCEtil Ai A FERCTNTAGE.

IRAf,lS: TRAIIS array value o{ edge point based on
ó^ñttñl - ,l nqnitl¡ltuL - \-t,L!,,

0,013I
v. 1,.\¿.t

0, 050I

0, 0å97

0,088ï
0, t 06I

0

0

0

0

0

('

(l

ÍÂBLE E: R adi.i. [-enEth I r¡f ormat.ior¡ - C irctr e Farts
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COR¡IER OAÏA - SOUíIRE

ED6E C{]OFDS, DISÏAIIIE TRAÌIS DIFF OF II5T,
PT,# ROH COL TO X6.Y6 å A F

ôtELI J

276

2i7

?78

Lt 1

280

281

28?
añt
¿ o,r

î84
1ñÊ

286

747

288

:89

290

291

L7i

il tt

añE
¿?-l

?9Á

797

2-e8

L71

Irt0

30t

Itl?
3il3

lrl4
I05
lrl6
j,rl

t{Ax:

I'1 I l.l:

t7ó 388 17?. tBB0

-377 388 ti2.8254
37,q 388 173, 466?

379 388 174.1104

380 3BB I 74,7Í8(l
381 388 I 75,4088

182 t88 176,0630

383 388 r76.7?03

384 LR8 177,t809

185 3BS I 78, 041ó

38Å rFB 178, i1 l5
,ña tdô I 1ñ añt Ê.rÕ.r -J00 l / l, JoiJ

188 I88 I 80,0545

189 lB8 I 8C , 7t05

390 388 l8r.?åil
39t IBB !81,5171

392 387 181.49?4

3?2 186 rBl,t889
392 38Í tB0, 606-5

!:92 184 179,8885
ad^ aña t1ñ tlttJ7L ,ìÞ,r l/t,1i"\t
7:.17 lB? 178,4605

¡9? 381 177,7|J07

192 180 t77,04?:7
aòñ a1ñ I tr tfôtr,rtl .1/7 l/o.,\,ìIJ

392 r7g r 75, ÁlB2

392 377 174.?l?B
312 17å t74,2441
tññ a1c rtt ctrô
"rl¿ ,rl.r l/,\."rJlo

392 374 t72,8b24
aña 11, ¡ tô I ttñJt¿ r\/.ì ttL,ttJT

192 372 171,492å

3i2 371 170.8123

r81.5171

170, B1 23

I

I 0, 6374 0, t6?r
I 0,6408 0, ír9T
I 0, ó142 0, 370Í
I 0. É476 0.3717,

I 0,6508 0,37rÍ
I 0 , 654? 0. t727,

l 0, ó573 0. t72't
I 0,6ó06 0.372ï
t 0.b637 0,37tI
I 0,6å69 0. I73ï
I 0. 67 0, t74'l
I 0,673 0,3747,

I 0,676 0.174',t

l 0,512Ê 0,294ï
0 0,254 0. l40r
0 0,0?47 0,0147

0 c,I0li 0,168I
-t 0.5824 0, l?z1
-t 0,718 0,199i,
-t 0.7154 0,t99ï
-r 0,7t26 0, I99I
-1 0,7û98 0,399ï
-1 Q,7()7 0,19?I
-l 0,704? 0, t99)l
-l 0.7013 0,399r
-l 0.6?84 0.199ï
-t 0,6955 0.399r
-t 0.6925 0,3997.

-l 0, Å894 0. l9?r
- I 0. å965 0. 3997,

-1 0,6835 0. i98I
-1 0,6801 0,IeBI

0.7l8fJ

0. r1247

CNRtlER COORD,

TABLE 9 z

(DATA AFoVEi: 392.388

Radii Length lr¡formation
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column in Figures B, 9 and 10.

4.4 Opt.imum Val¡¡e of CIRCL

Ihe change in radii of a circle is ideally 0. However,

detectable di fferences between radii can be created when

using a diqitized image of the circle. Hence the TRANS

array, whose values show the number of different or

constant radii, will conceivably contain -1 and/or +1

values, but the majority of this array wilt be 0's.
Therefore a percentage value, represented by "crRcL*e must

be chosen to differentiate between a very noisy polygon and

a circular object.

A number of tests were performed on the circle and the

other polygons to determine the minimum percentage of 0's
present in each shape. T he resurLs for a fixed distance

from the camera are listed in Tabl e 11 "

bhis number ranged from 51 0 to 552 in 561 circumference

points which cottespond to the range 90% to 9B%"

polygon tests revealed that the majority of 0's were

rocated around the midpoint of a side. The number of
zero's present in thesg shapes ranged from 56 out of a

totar of 715 perimeter points of an equilateral triangle
(7 "B'^) ,

(29 .1'^) .

T able

array for

to 3O1 in 1034 perimeter points in a square

12 shows the number of zero's present in the TRANS

different distances from the camera ranging from

For the circle,

The
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OBJECT

ô^ttîññ rùvurl¡ti¡l I
2
3

ISOS. TRIÀNGI,E 1
2
3

EQUIIJ. TR,IANGLE 1
2
3

# ZEROS

REqIANGIiE
CIRCLE

30i.
298
251

# EæE
FOTMTS

TABLE 11: TlpÍcal Totals of Zerof s in Objects

oanggr ¡ruMAvE
(PI)(ELS)

74
78
68

SQUARE

1034
1033

953

I
I

56
70
65

SAGE
ZEROS

775
782
757

159
552

RECTA}TGLE 5
7
9

29
28
26

715
7]-4
710

5
7
9

118
85
34

ISOSCEI,ES 5
ÏRIAI.IGI-.,E 7

9

9.55
9 "97
8"98

752
561

DISTA}ÍCE FR,OM CAT\ÍERA (APPRox. )711 ll4ttl2ottlzatl

EQUIL.
TRTAi'TGI.,E

7.83
9.80
9.15

3]-"7
3r"2
31" 3

2T"T4
98.40

MÐfiMUU
MTNTMT]M

2L"9
25 "4
25"9

20. 1
20"s
20.8

CÏRCT.,E

5
7
9

9.8
1,1. 3
11" 6

14.5
17.0
17.1

1s. 0
15. 2
L6"7

L0.2
r0.2
10.4

7.L
7"6
7"6

5
7
9

12 "412.5
]-2"s

11.5
10.4
11. 2

3L.7
9"8

TABL,E 12: Tlpical Percentage of
Ranges of Distances

6.5
6.1
6"7

4"3
4"9
5"4

95"5
96.5
98.4

11. 0
l_0.4
10.4

20.9
6.1

5.0
5.8
5.8

4"9
5.2
5.2

75 "4
85"3
90.7

L6"7
4"3

5.3
4"6
3.9

69.0
72 "3
82 "3

11.5
3.9

72. O

69. 0
72.O

Zero ¡ s û¡er
from Camera

63



7n to 24"" it was found that the maximum number of zero's
was 31 "7% for a square located approximatel y 7,, from the

camera. The minimum number of, zerots was 3.99á for an

equirateral triangle Located at approximately 24,,. The

circle tests revealed that a maximum number of zerots
(98,49i) was present at approximately 7n and a minimum

percentage of 691ó was found at both ZO" and 24n.

ïhus the optimum varue for cIRCL was l-argely based on

the variance of the circle's radii" A varue of 6r% was

arbitrarily chosen to give a broader tolerance for
detection of circul-ar objects, while clearly rejecting
other shapes over the range of distances.

4.5 0ptimum Value of SIDETOL

0nee the corners of a polygon have been determined, the

program compares Iengths of sides and tengths o f
half-diagonals to determine the type of object present in

the image. SIDET0L is the tolerance, expressed as a

percentage, within which these lengths are said to be

equal. The difference between maximum and minimum radii of

a circre is also compared to SIDET0L for finar confirmation

of the object being a circle as opposed to being elliptical

or oval in shape.

This variable is very mueh dependent upon the amount of

image area taken up by the object. if the object occupies

much of the 512 x 512 image grid, the sides will be longer
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and wilI be less sensitive to

than an ob j ect using l-ess

SïDET0L cannot be too large

supposed to be equal could

Consequently, the smallest

determined"

The data in rable 13, which is summarized f,rom Table 6,

indicates the maximum percentage difference between equal

sides" This information indicates that to distinguish all
the obj ects from one another the minimum percentäge

difference between the longest equal side and the unequal

side of the isosceles triangle being tested was 9 "5%, this

is denoted as the maximum value of SIDET0L.

It is still conceivable that some of the data may be

corrupted somewhat due to noise or digiLîzation error.

Thus, an arbitrary value of 6.5% was chosen to

differentiate between equal and unequal lengths. While

this percentage seems high, it was found that anything

Iower resulted in incorrect identification oF some of the

quantizat ion error and noise,

image space. In addition,

otherwise sides thab are not

be deemed to be as such.

opt imum v alue must be

triangles"

significant effect on computing time"

4 "62 Summary

ï he opt imum values

NUMAVE:

RADITOL:

0n the other hand, this number has no

of the variables of interest are:

7 pixels

0 "2%
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OBJEgI

SQUARE

RESIA}TGI-,8

EQUTL. TRT.ANGLE

ÏSOS" TRTANGT,E

CIRCT,E

DISTAI.ICE FROM CÀMERÀ (AppRoX. )711 Itn,'lro"l24"
4.74

3.1

2. Ll

1.9
(10.1)

6. 08

NOtrE:

4.72

3.5

1.1

1.93
(10.4)

5.5

1)

2)

3)

4,22*

1"5

1" 35

0. 3L
(9. 5)

5"0

All values are maxirmrm percentages based on
the maxímrm dÍfference betv.reen équa1 sides.
Those values in parenttresis O indicate the
maximun _percentage between the ¡naxirm¡rn equal
side and the unequal side.
Va1ues for the circle are percentage
d.ifferences betv¡een the naximr:m aná ¡nÍni¡nurnradii.

2 "5*

3"2

L.49

o,2
(e"5)

4.8

TABLE 13: Differences Betnseen Equal Sides
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CIRCL:

cTt rñt .U I L L lì o

SIDEÏOL:

These values were found to yietd accurate resutts over a

range of dj-stances from the camera from approximatery 7,, to
24" .

65%

B pixels

6 .5%

It was also found that the optj_mum varue of one variable
was dependent upon some of the other variabres in order to
get consistent and accurate resurLs over the range of
distances.

NUMAVE, cIRCL and SIDET0L was required. The opti.mum varues

of variables RADIT0L and sTLEN were not affect.ed by the

change in distances.

ïhus an optimum combination of variables
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ïhe objective of this thesis was to describe and

demonstrate the necessary steps to effect object
recognition using a vision camera through the development

of a fast, simple method of identifying certain objects.
As with any "simp1e" method, there are limitations. Indeed

the very word impJ.ies a trade-off of such ri.mitaLions in
order to. achieve the stated objective( s). The computer

algorithms deveroped to demonstrate the object recognition
tasks had to incorporate many trade-offs, and there were

certainly many ways to expand the program to accommodate

more complex problems.

This chapter discusses the known rimitations of the

CHAPTER V c C0ruCLUSIONS Ar{D REC0Þ{MENDATIONS

software implementatj_on of the alqorithms.

suggests possible ways to improve the program such as

through the extension of the routines for the enhancement

of speed and accuracy. A possible application in the area

of robotics is also discussed in this chapter,

5 "1 l-i¡r¡i.tat.ions of the Software Routines

The most obvious Limitation of the program ries in the

type of objects it can identify. This stems from the

method used, itself" The radii are measured from the

geomebric center to an averaged point on the edge, and each

difference is compared against bhe tolerance, RÂDrT0L e to

It al-so
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determine whether the edge is increasing towards a corner
or decreasrng away From one. I f the objeet's shape is
irrequrar or non-symmetrical, a corner may not necessarily
be a maximum" rhis is irlustrated for a quadrilateral in
part A of Figure 1 B " This is al_so the case when corners
are cut off from the regular shaped objects, such as the
isosceles triangle in part B of Fiqure 1 B. These fiqures
were tested for rejection. Although they were rejected as

unidentifiable objects, the characteristics of the shapes

reveared incorrect corner coordinates due mostly to
complete omission of one of the cut off corners.

In addition, it is not know as to how many sides the

regular shaped objects can have before the optimum RADIT0L

value should be reduced. The more sides the object has,

the more the object could resembre a cirele. This wit I
result in a gfeater number of zeto values in the TRANS

array. This quesLion can only be answered through further
testing. Thus, the program: âs it stands, is criticalty
dependent upon the symmetrical qualities of the objects.

Another rimitation is ev ident in the radial comparison

technique used.

against RADI T0L for equality. t f they are within this
tolerance, there is no significant change registered. The

next comparison, between radii 2 and i, may arso be withi_n

the tolerance, but it is conceivable that radii I and 1 may

differ by more than the tolerance. This is the case, lor

Adjacent radii 1 and 2 are compared
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RESULTING
ÏRANS ARRAYuotrat\il

FIGURE 18: Ãbnormal Objects

(B)
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example, for an ovar or ellipse, where the incremental
change in adjacent radii could be within RADIT0L but the
edge moves graduatly away from or towards the geomet ric
centre as the edge is traversed. Although this particular
example wourd be unusual or rare for the shapes considered,
future relinement of the program courd be incorporated to
account for these incremental possibilities.

5.1 .1 0ther Limitations of the System

DiqiLization of an image for processing wirr arways

create a less than ideal representation of a scene.

Nevertheless ¡ âccurate resuLts may indeed be obtained even

with this limitation.

sufficiently represents the simple, regurar shapes used in
this study, and may be expected to do so as long as the

shapes occupy a reasonable part of the fulr scene. But if
more complex shapes were used, iL may be desirabre to have

a finer resolution grid. I.'lith increased resorution, there
is an increase in storage space required to hold the image

and an increase in processing time to manipulate the dala.

ïhus the hardware used and the software required is
entirely dependent on the complexity of the objects used

and the application of the problem, expressed in terms of
the speed and accuracy required for the results.

In this study, only the ambient light of the room was

used. Furthermore, the objects used were merely shapes cut

The 51? x 512 pixet grid

71



out of brack cardboard attached to a white card. Thus, any

dark shadows created by the slightly elevated shape became

part of the object when thresholded. As it turned ouL in
the tests performed, this did not create inaccurate
identification.

sides, SIDEI0L, courd take any variances caused by this
into account.

manufacturing environment, where these shadows could create
significant disturbances in the data, more testing would be

necessary to determine the optimum Iighting required, and

the optimum thresholding level needed to reduce these
disturbances to a workable leve1.

Ihere was some overheating and accessinq problems

associated with the DT IRIS hardware and software. Combined

with the memory available in the microcomputer, this caused

the programs to reside as two separate routines. This
greally increased the time required to get the final
results to about 15 to 20 seconds because of the time

required to type in the commands. This however could be

rectifi-ed in the future.

Indeed the tolerance for equality of

However, in order to adapt to a

5.2 Reeom¡r¡endations for Future Enhancements

Initiall-y it was assumed that only one object was

present in the scene at one time, and that aL1 brack pixels

are part of the object. The proqram, as it stands finds
the flirst edge pixel and then follows a contiguous set of
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pixels around a single object contour, and other such

contours in the scene are ígnored. The proqram could be

modified to search for more than one object in the scene.

0nce the minimum number of pixers required to repDesent the

edges of the objects is known, the number representing an

identi fied edge may be compared to the minimum number to
conclude that it is an object rather than a noisy blotch of
the background"

A particular usefur purpose of such a modification is
evident. In order for a robot

know its physical location.

expanding the progam to inelude caribration or reference

points.

identification and Iocation of a likely smaller reference

point included in the scene with the object, and the

abitity to distinguish this point from blotches of noise

shadows that could also be present in the scene.

Alternatively, a partial frame could be used to contain the

reference point.

0ne other problem that requires f,urther work is the

ability to identify "spikes'u that do not represent the edge

of an object" This is illustrated in Figure 19. The

figure shows that the smoothing process, which uses the

averaqe of NUMAVE points alonq the edge to calcuLate the

radius, is still unable to remove this I'spike'r. The

resulting TRANS array values, which are displayed at the

Such a development would require the

to grasp the object, it must

This may be achieved by
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bottom of Fiqure 19, indicate the presence oF a maximum.

The prograrn as it stands cannot detecl whether this maximum

is part of the object or is caused by extraneous noise. An

extension of the program to examine the pattern of maxima

and minima in an object could be introduced to remove this
limitation.

5 "2,1 Enhancing Exect¡tion Speed and Accuracy

Although the processing speed was taken into
consideration throughout bhe program development, there åre

areas that could be modified to lurther reduce the number

of computations.

respect to averaging oF points along the edge. currently,
every point. on the edge has an average point associated

with it in order to achieve subpixel accuracy. Further
testing will Iikely reveal that it is unnecessary to use

every point on the edge. By skipping to every third or

fourth point to rocate trends, a sufficiently accurate and

efficient location of all transition areas may be obtained.
More detailed averaging in these areas could then provide
more accurate informat ion required to extract the

coordinates of the maximum or minimum points therein.
ïhus, the average points could be calculated for every

third or fourth edge pixel, and comparison of the resulting

radii could be performed for every third or fourth pixel as

0ne improvement could be made with

we11. Ihis would reduce considerabJ_y the number of
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carculations and iterations required in the proqram.

Also, the manner in rvhich two adjaeent radií are
compared could also be modified. Currentl_y, the program

compares the differenee between two adjacent radi i to
variabre RADI T0L to determine whether the two radii are
equa1.

incrementar changes discussed in sect ion 5 .1 . This might
be alreví ated by comparing t.he two radial distances on

either side of the pixel in question, to determine whether

it is Iodged between equal radi i, or whether it is located
along an increasing or decreasing trend.

In addition, the software algorithms, which were written
in the Fortran language, could be rewritten in the c

ranguage which lends itself to mope efficient data

manipulation and therefore to increased speed of
operations. A majority of image work and ímage related
graphics is presently written in the C language.

The program currently resides in two separate programs

and must be called individually. By combining the two the

This creates the possibiJ.ity of errors due to

execution time required can be reduced.

program requires approximately 15 seconds to run both parts
and obtain results, but most of this time is spent in
typing in the program commands. It is estimated that when

combined, the program will take no more than B seconds to
obtain results.

objects resíding in the scene utit ized a smaller fraction

Ihis could be further reduced if the

Presently the
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of the entire image. currently they occupy approximatery
1/4-1 /3 of the camera's f ieLd of vi_ew"

An expansion of the extraporation process could provide
more accurate results. The current program provides a

transit ion point based on the carcu rat ions per formed on the
intersection of two lines, which are each represented by

only the endpoints of each trend rine (eight pixels in
length). Although this method provides fairly accurate
results because the images were reasonable ones, this
accuraey courd be increased by using more points to
identify these Lines.

This could be accomplished by two methods. A

methodology could be deveroped to make use of more points
between the two endpoints of each rine used and some line
fitting subroutine. Another mebhod could use the other
trend endpoints to produce the intersection. At present,

the lines represented by the endpoints contain onJ.y eight
edge points ( eight is the optimum value of sILEN ) , and

these eiqht points are located either at t,he end or

beginning of a trend. The program courd be modified to

include the other ends of each trend, which wouLd increase

the number of points used and provide a more accurate

calculation of the transition point. This is irlustrated
in Figure 20"

T hese methods would

idenLifying intersections

provide greater accuracy

of straight lines. However
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more comprex and time-consuming algorithm, such as a

b-spline, would have to be used to represent curveci edges.

Additional testinq would have to be per formed to find the
optimum method for distinguishing specific forms which

would provide the accuracy desired without sacri ficing too

much processing speed. In order to include curved objects
in the program's repertoire of identifiable shapes, a much

more complex method of extrapolation must be incorporated
into the present software.

5.3 Appli.cati"on of the Devetoped Algorithms

A conceptual although realistic application of the

vision algorithms developed in this thesis would invoLve

orienting the gripper of a robot arm to the proper

alignment for the object to be grasped.

The vision system presented in this study provides the

data required by the controlrer to perform a task. It
enables the robot to accurately grasp an object regardress

of its orientation and location r âod place it in an

appropriate, predetermined rocation with predetermined

orientation.

algorithms, such as the type of object present, the

location of the geometric center of the object (xG, yG) 
,

the corner coordinates, the lengths of the sides, and the

orientation of the object, MINP0s, can be effectively used

in such a control scheme.

The information obtained from the vision
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5 "4 Concl¡¡sions

In summary, the study set out to investigate Lhe

fundamentals of a microcomputer based vision system to
create a simple object recognition module n,as achieved.
From the resu.lts of chapter IV, it may be f airly coneluded

that this objective has been achieved, albeit wit_h

accompanying limj_tations to its application.
ïhe known limitations of the software were mainry due to

the types of objeets it can identify combi_ned with the
nature of the radiar comparison technique employed by irre

program. Execution speed limit.ations were also present and

included the nature of the Fortran language and the systems

inability to contain the entire image at one time. It was

also found Lhat the accuracy cou ld be enhanced in the
module that calculates the intersection of two lines by

introducing more points and/or incorporating a more

sophisticated line interpolation and curve matching method.

Recommendations to alleviate the limitations found were

discussed.

detection and reduction of computations required to obtain
the results were also outlined.

Additional aspects such as false corner
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I.D" : Identification type.

0RIENT. ANGLE (0fe.) : Angle oF 0rientation, in
c0RNER c00RDrNATEs : coordinates of each corner.
R0kl, COL = R0W coordinate, C0Lumn coordinate.
LENcTH 0F 5IÐES : Side lengths.

ÃSPECT RATIf] (n"n" ) : Ratio of the height to the

an object. Height uses the length of one

AVERAGE A.R. : Ratio as above except the average

sides is used for height.

AVE. : Average of column.

KEY TO AFPENDIX A

For NUMAVE data : average for NUMAVE = 5 to ?1.

For STLEN data : average flor STLEN = 4 to 20.

SPREAD : Maximum - minimum corumn varue, as a percentage.

STD" : Standard deviation (ru method).

ACTUAL: Measured aspect ratios.

% DTFFERESICE : Percentage difference between actuar and

av etage aspect rat ios.

MAXIMUM : Maximum column value.

MïNïMUÞ4 : Minimum column vaIue.

MÃX-HIN: MAXIMUM - MiNIMUM column values.

CruTZER0: Number of zeros in IRANS array.

& EDGE PT5" : Number of points on the edge.

degrees.

width of

side.

to two

N0ïEg ArL dat.a is t.aken ab a fli"xed distance from t.he
e arne tr a Ler¡s "
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I RECI. t0,J{ 225.12 309.0t 30t.02 Bt.St t{t.ôt Jt.tl
J RtCr. 70.5r5 ?25.51 ¡00.t5 l0¡.02 8t.8t il7.19 J1.86

5 RtCl. 70.JJ9 ?25.t2 J09.0t J0r.29 S7.98 ltl,ól Jl.{I
7 R[CI. t0.toB 225,tô J08.93 Jot.5' 8r.02 t{t.t9 Jt.22
I RtCr. 70.t12 225.{J J0r,98 J01.57 8t.0? 11ö.82 12.09

il RECÎ, t0.8I ?25.{I Jor.e0 30t,58 8t.1å ¡ló.82 J2.09
tJ RECI. t0.ôrJ 225.Jó J00.25 30t.J¡ 87.8ó ¡{ó.tJ 3r.B{
t5 Rtcf. 70.aJ7 2?r,À9 308.0ô J01.9{ 8ô.t ilô.Aô Jl.t{
17 Rtcr. t0.577 22r.8ô tot.ôt I0l.91 8ó.t t{ô.7ô l?.?2
r9 RrcI. t0.3t, 22t,0ó t07.ô7 ¡0?,ttr 8?.0t ilô.ta J2.22

2t RtcI. 70.805 224.73 Jol,9J 10r.7ô S8.33 t{7.25 l?.0'

IATA II: IflC$NSIIE {UMVE .RTCÍAH6IE

cof,r{tR c00RDlHâlEs

?231
ROH Cf}l. ROH COL.

nl,t. t0.528 225.il 108.tr ¡0t.a8 87.r0 ilô.98 il.8t ôô.55 252.0{ ?J3.ôt tó|.38 2J{.43 lú8.20 0.?198 0,ilo{
sPREA0 t.02r 0.Jrt 0.ilr 0.28t t.Bôt 0.ò91 3.tÎt l.Jrl 0.ó9t 0.83¡ 0.7u 0.9?l 0.t81 0.87¡ 0.ô81

stD. 0.22t 0.298 0.1ó9 0.2ó9 0.589 0.30? 0.t01 0.2r3 0.ô0t 0.ils 0.131 0.800 0.J88 0.0021 0.0011

âCIUAL 0.7¡02 0.70t{
¡ 0tFttREtct l.Jól o.{Jl
ñAill{uñ 70.83 225.{3 109,0{ ¡0?.t3 88.J3 t{t.ôt 12.2? ôÁ.89 252.9ô 2Jr.70 rór.92 23f.J9 ló8.19 0.tzr 0.ilJ
ñliltñur 70.r08 22t,ó9 30t.ó7 t0r.29 8ô.70 t{ó,ô6 31.il ôô.0? 251.?t 2J2.il l6J.t0 2Jl.2l rôt.18 0.tr? 0.708

ñAr-ðil{ 0,122 0.7t t.J7 0.8{ r.ó3 t.ol l.os 0.8, ¡.t5 t.r9 1,22 2.t5 l.lr 0.00ô 0.005

{{
R06 CoL.

ôô.89 252.t0 ?JI.7tr lôl.ll 2J5.21 lô8.J| 0.720 0.707

ôô.89 ?52.{0 2JJ.l2 lôJ.lJ 2ll.8t lôS.31 0.t22 0.709

ôó.89 ?52.t0 2J1,72 tòJ.70 2J5.27 lÀ8.¡{ 0.720 0.708

ôó.71 ?5t.ó 211.70 lôr.l¡ zJr.ôt lô8.17 0.718 0,?01

ôò.7t 25t.ô 21J.il ¡ò1.21 2J3.óó lô8.{t 0.t21 0.t12

ôô.?9 ?52.óô 2J2.81 16l.51 23l,gl 1ó8,1S 0.7?{ 0.t12
a6,{ 251.1 2J3.¡2 tôt.?5 21t.80 ¡ó8.{9 0,t21 0,7il

ôô.02 2S2.29 2¡{.t5 lôt.92 2J5.J9 tó0.tr 0.71' 0.701

ô6.18 ?5¡.2t 23{.0J tô{,{t 23J.21 tA0.r{ 0.7r8 0.7r?
ôó.18 25r.2t 23J.t' lôl.tô 2J1.2{ råS.l{ 0,711 0.il1
òô.87 252.9ó 212.7t rôt.11 215.0ô rô7.18 0.t18 0.t0î
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t.0.0R1tilt,
âr8rE
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I t0utl.ôr.330 tót.t0 25t.25 390.00 tt8.00 J89.06 ilt.t0 257.93 2ó2.t0 26{.t0 222.00 0.8t5 0.8ô0
2 tgulL.ó1.r39 lôJ.29 251,5? 3t0.00 ¡78.00 J89.08 il5.5{ 258.t2 2å2.tô 763,n 222,21 0.8{t 0.0ó2
I t0ljlL.ót.{19 tó¡.29 ?5t.59 J90.00 J78.00 J89.00 lt5.51 25S.t2 2ô2.1J 2ó5.09 2?2.28 0.8il 0,862
{ toult.ót.4J9 tô2.Át 25t.2r J90.t5 t78.07 t89.00 il5.57 ?59.00 2ó2.50 2ô5.{3 221.28 0.851 0.8ó5
5 Ê0ulL.ô1.ó19 16?.as 25t.21 190,t5 178.0t J8t.00 lt5.5t ?59.02 lô2.¡0 2ô5.fi 22J.Jt 0.051 0.0ô5
ô t0ulL.ôt.{{J tóJ.29 25{,59 J90.¡5 J79.0' JS9.00 1t5.tr 258.29 2ò2.50 2ó5.09 222.t5 0.8tt 0.s62
t t0utL.ó1.{J9 tô2.ô7 25{.2{ t90.t5 ¡r8.0' t89.00 uf.f, ?59.00 2ó2.50 2ô5.tJ 22J.28 0.85r 0.8ò5
I E0U!L.ór,32r tó2,ô7 25t.2r J90.2{ t70,il J89.00 ilt.{J 259.J9 2ó{.20 2ó6.05 22J.20 0.845 0.859
I t0utL.ór.J58 lô2.ô5 25r.2J Je0.?2 Jt8,52 J99,00 il5.5t 259.t0 262.9t 2ó5.t{ 22J.50 0.850 0.0ót
l0 €0utL.ór.J58 tô2.ó5 25{.23 3e0,22 J70.52 J89.00 lt..{J 2sî.J0 26{.0e 2ôô.0{ 22t.tô 0.8t5 0.s60
lr t0ulL.ôr.358 tô2.ó5 25{.2J Jr0.22 J?8.s2 !0t.00 il{.tJ 259.J0 26t.09 2ôö.0{ 22J.tó 0.8t5 0,860
t2 tqull.Át,158 lô2.ó5 ?5t.2J J90.?2 t78.52 J81.00 ils.5t 259.J0 2ó2.15 2A5.1{ 22J,J0 0.850 0.0ôJ
tJ t0utL.ót.lJo tó?.a5 25t.23 J89.00 t78.00 t81,00 il{.tJ 257.99 2ó3.57 2åô.0t 221.t8 0.8{t 0.s59
l{ t0ull.ôt.¡t0 t6?.ô5 25r.23 ¡S9,00 Jt0.00 t99.00 ilt.tt 257.90 263.57 ?ôå.0t 22t.78 0.8{l 0.059
15 EsurL.ôt,J¡0 rò2.ó5 2fr.2I J89.00 378.00 381.00 ilt.tJ 2s7.98 2óJ.57 2ôô.0t 22t.78 0.8il 0.8s9
lô E0ulL.ól.lJ0 tó2.ô5 25t.2J t8î.00 J78.00 ¡89.00 ilt.tJ 257,98 2ó3.St ?ôô.0t ?2t.78 0.8il 0,s59
rt teult.ôt.¡J0 ta2.ô5 25r.2¡ 3s9.00 u8.00 J89.00 ilt.tJ 25t.9ß 2óJ.5t ?åÁ,0t 221.t8 0.8il 0.859
18 toulL.ôl.Jlo ló2.ó5 25{.2J 389.00 378.00 Jos.0ó ils.t9 257.e8 2ó2.At 26t,7t 222,06 0.8tó 0.8ót
r9 t0ulL.ót.J30 ró2,a5 25r.23 389.00 tto.00 J89.0ô il5.3t ?57.e8 ?62.¡t 2ôt.il 222.0ö 0,8aô 0.861
20 E0ulL.ór.JJo ró2.ó5 25r.2J ¡S9.00 U8.00 t88.0ó lts.J9 25?.98 2ó2.61 2ót.il 222.0ó 0.8tó 0.8Át
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tt
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c0nilEß c0080rHrrEs tEË6rH $ s¡085
12¡3t23

R0Ë cot. R0Ë coL. (¡l

ßvt. 61.J77 tô?.80 25{.28 389.ó8 Jt8.t5 I8S,S6 il5.07 258.t9 2ô1.07 2ó5.tS 222.52 0.8t58 0.8ótt
sPRtA0 0,{Bt 0.ôll 0.rt 0.J2t 0.t9t 0.?ót 0.e9t 0.5ål 0,70t 0,5ll 0.7?t t.01t 0.óò1
slo. 0.oil5 0.50ó 0,t28 0.5ò{ 0.2J8 0.t59 0.5t? 0.sse 0.ô2t 0.509 0.óó0 0.00J2 0.0020

ácTuâL 0.8il1 0.855¡
¡ ltfttREH[t 0.llt o.t?t
íA¡tñuí ól.at9 tó3.70 ?5{.59 J10.2t 3t8.il 189.08 ils.5r 259.39 26t.?8 2Áô.0t ?2J.50 0,85t 0.8ó5
ñl}l¡RuI ót.J2r tó?.å5 25{.2I ¡89.00 t78.00 J88.0r tß.$ 257.93 2ót.t¡ 2ô{.70 22r.?8 0.s{t 0.sst
mt-HlH 0,295 t.05 0.3ó t.2{ 0.71 t.02 l.r{ l.{6 t.85 t,I{ t.72 0.009 0.00ô
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ont[Hr. C0ßHER Co08ltffAlts
SIrtH t.0.â}{6LE I I 2 7 J J

t0r6. I Rox cflt . R0ü c0L. Rot c0L.

I tguil,. t.82{ H2.00 tó0.J0 t9t.50 t2t.00 tJJ.00 15.00 ó5.t0 6á.tt óó.t2 5ô.59 0,8t7 o.8i¡2 €gutt.ót.218 lóJ,00 25,t.00 389.00 t78.00 J89.00 116.00 25Ì.78 2ô2.00 2ót.80 222.02 o,¡u o.g¿¡¡ tsutt.ól.Jtt tó2.80 2st,10 Js9.0o It8.00 J80.?o t¡5.t0 251,7r 262,áA ?ót.81 22t.82 0.8{5 0.0ó0I Eoutt.ôt.t08 tó2,80 ?51,20 tBî,00 J7S.O0 Js8.09 ils.27 25t.8ó 2ó?.7J 26{.ó8 22t.09 0.8{5 0.8A05 telJtt.ót,Jts tò?,ôt 25{.lJ J89.00 J78.00 t88.lt il5.t{ 257,91 2ô2,5a 2a{.?r 222.00 0.8tÁ 0.8ótô Egutl,ôt,J2J 162.70 ?5t.28 t89.00 J78.00 Jss.0t ils.lô 25r.9t 2A2.ót 2ò1.7{ 22t.9t O.8ts 0.8ó08 Eoult.ót,Jlo tô2.ó5 2ft.2J J89.00 Jr8.00 Jss.0ô il5.Jr ?57,98 2ó2.ót zbt,t4 222,06 0.stö 0.8ôt¡0 t0uft.ôt.Jt{ tó2,óô 25t.?ó !8î.00 Jr8.00 J88.0S il5,{2 2Jt.9ô 2ô?.58 2ót.72 222.05 0.stó 0.8ôlt5 tlutL.6r.l!0 tô2.6ô 251.2t J09,00 I?8,00 J08.0J lls.il 25r.tr 2ô2.39 2ôt.r0 222.03 o.srr o.s¿o
20 toulL.ôt,J28 tô2.ó6 ?5t.?J J89.00 578.00 ¡80,02 l¡5.1t 25t,i1 2h2.31 2ót.Á8 222.0ó O.8tá 0.8ó0AvE. ô1.J28 ló2.49 251.25 J89.00 378.00 J8s.0ó lt5.l9 257.9t 262.6226t,12 222.0t 0.8{5J 0.8ô0JSPREAo 0,oil 0.09I 0.051 0.00¡ 0.00¡ 0.02¡ 0.t5t 0.05! 0.0ôt 0.0{t 0.ost 0,tu 0.t¡ls10. 0.01il 0.05 0.0{ 0.00 0.00 0.0J 0.05 0.0r 0.05 0,0r 0.0ô 0,000J 0.000I

ACIUAL

r D¡FFIREHCE 0'8ó91 0'87ô0

2.82¡ t.87tñâItñut ôt.3t8 tó2.80 ?5t.3J J89.00 3?8.00 380.il lt5.lt 257,98 2å2.71 2ót.r u2.o¿ o,¡$ o.gorntHtñlJñ ô1.308 tö2.ô5 25t.20.J89.00 J78.00 388.02 n5.27 25?.8ò 2ó2.5ô 2ót.ô8 ?2t.89 0.sts 0.só0ñAr-ñ¡H 0.0r 0. r5 0. tJ 0.00 0.00 0,09 0. It O.tz 0. lt 0. r I 0. 17 0.001 0.00r

DnlA CJt lltCRtAStx6 SttfH - tolJ¡LâIERA|. IAtAflELtS
âsPECÍ

LTXSüI I}f SIDTS HEI6N¡ RAIIO AVTRAESt 2 J (A,R.t â.ß.(¡t tHt tH/8t

I t0utL. 8.0ó? t05.50 t35.50 ltr,00 188.50 t?0.50 t2r.00 6?.Jt ó5.0t ôs.55 58.?2 0.812 0,87ó2-
J tgu¡1.89.t78 ztr.:0 t18.00 t53.20 J7ô.t0 t07.75 J7ó.50 ?ô0.99 25{.55 2ô2.0J 22t.s6 0.s95 0.g97{ tsutL.89.955 ?79.tJ t{7.il tsJ.l0 J7ô,J0 107.f0 J?ô.50 2ôt.ts 25{,40 2ó2.20 228.¡t 0.8r7 0.89r5 toutL.89.99t 2r9.ôJ t{t.t5 153.00 3tó.25 tot.ô¡ J7ô.25 2ôt.2t 25t.ôt ?át.9t 228.t2 0.s96 0.897À tgutL.89.99l ?79.5t il7.57 t5?.9ô J7ô,?l t07.50 ttó.25 2ôt.JJ 25t.St 262.0J 228.?' 0.897 0.898I $U|I.89,99ó 279.75 ill.69 152,9ô J76.15 t07.50 J7ó.tt 2ó1.20 25t.5t 2ó¡.rr 228.t9 0.89ó 0.898t0 tgu¡1.89.998 279.15 Ht.65 152.9ô 37å.t2 t07.50 J76.13 26t.2î 25t.5t 2bt,11 228,20 0.89r 0.098t5 toutL.90.00t ?7î,7t t{7.5t t52.97 ¡7ô.07 t07.5t 3tó.0r 2ôt.lo 25t.57 2ô1.8J 22S.20 0.81ó 0.8e8
20 t0ull.90.('01 279.7t rt,ô0 ts2.9, Jtó.0s tot.is t7ô.0i 2ôt.?t 25{,iE tót.71 228.1ô 0.89ó 0.g9,A\lt. 89,990 271.ó5 H7.ó5 t52.99 J7ó.tó {0r.5J 37ó,20 2ô1.2t 25t.51 2åt.90 128.t8 0.09ôt 0.8978SPREAo 0,05t 0.1ß 0.t2t 0.09¡ 0.07t 0.oJt 0,t2t 0.0?¡ 0.091 0.1ól 0.071 o.l0t 0.18¡slo. 0.0[9 0.lt 0.0, 0.05 0.09 0.0{ 0.lr 0.05 0.0, 0.r5 0.05 0.0002 0.0005âCIURL 

o.Bò19 o.B7Ágt otFFEREt{Ct J,05I 2.{0tl{âlllluñ 90.001 279.75 117.75 t5J.l0 17ô.J0 r07.ó3 t7ó.50 2ót.35 254.6t 262.20 228.27 0.s97 0.0r9ñlt{lñuñ 89.955 279,tJ l{7,57 152.9a ltó.05 t07.50 J?ô.05 2ót.¡8 25t.t0 ?6t.tr 228.tt 0.89ó 0.897HAr-Rll{ 0.0tó 0.J2 0. r8 0. t{ 0,25 0. rI 0.{5 0. r8 0.23 0.rJ 0. rt 0.001 0.002

I tgutl.t0,2Jó tJt.00 t30.50 18t.00 t82.50 201.00 til.00 Á8.t2 ôt.ót ó{.70 59.t5 0.r27 0.89t2-
J EsutL. 5.05? JJ2,50 t{0.00 220.20 ¡tô.t0 {t7.¡3 t5I.ôt 2ót.72 ?f8,t3 258.rJ 22t.ô8 0.ssz 0.87{{ t0utl. 5,ott JJ?.50 l{0.25 220.00 J7t.JJ 177.{0 JsJ.ó0 2ô1.5t ?58.{0 ?5}.î0 22t.3t 0.sso 0,s725 t0utL. {.98t LU.l8 t40.25 2?0.00 Jrô.25 t?7.ó0 15J.80 2åt.¡e 258.58 25S.25 22t.18 0.871 0.8r2ô tcutL, {.r90 3J2.¡8 l{0.J8 2t9.9ô Jrô.2t {r7.5t J53.tl 2ôt.?5 2s8.59 258,05 221.02 0,s78 0.8ils t0utt. {.15ó JJz.Jl ß0.{r 219.9ó 376.tJ tt7.5J JsJ.El ?at,il 250.5t 258.1t ?2ô.90 0.878 0.0Itt0 t0utl. {.9t0 lJ2.J{ t10.J9 2t9.9ó J7ô.t2 ttt.st 15J.8ó ?ô1,t5 258.5t 258.t9 22ó.90 0.878 0.87t
15 tsulL. {.9¡8 J52.J0 ß0,t0 219.9t J7ö.07 t?t,al JsJ.e0 2ôt.0t ?58.ô2 2sS.21 22ô.80 0.s77 0.8il
20 tgutL. t.9¡f JJ?.28 140.{0 2t9.e8 J7ô.05 t7r.ôt 153.90 26t.0{ 25S.58 2t8.2t 22ó.tI 0.8tt 0.871AvE. {.9ô35 J32.3á l{0,Jô 219.98 376.t7 477.sô ¡5t.!0 26r.22 25S.55 258.t5 22ó.î9 0.87t9 0.8710sPRtÁD 2.óôl 0,07t 0. t?t 0.02I 0.0'l 0.05t 0.08t 0. l8¡ 0.09t o. t{t 0,?ô1 ,0.Jll 0. tJtsID. 0.043? 0.0, 0,0, 0.02 0.09 o.ot 0. ¡0 0. tá 0,07 0. ¡¡ 0.?0 0.oo0t 0.000{âcluAl 0,8{{9 0.8¡5t

1 DtFtERtltcE 3.etr t,87t
HAil¡ilJñ 5.0{7 J3?.50 lto.{2 210.00 37ô.It tt7.ôt 353.t0 2ô1.5t 258.12 258.2t 22r,37 0,880 0.0r2
|ilHtñua 4.9t5 J32.28 t{0,?5 ?t1,9ó 3t6,05 {tr.40 J5I.ó0 26t.04 258.t0 257.90 ??ô.17 0,877 0.8ilñr¡'ñtH 0.rJ2 0.22 0.17 0.04 0.28 0.24 0.J0 0,47 0,22 0.J7 o.¡o o.o(,¡ o.ool
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ORIEHI, CORI{TR COORDIHATTS

A'Jt. (0t6. I noH C0L. f,oH C(}L. RoH CoL.

t0utL,ôt.¡J0 tå?,ó5 25t.21 189.00 378.00 38s.0ó lt5.t0 25t.98 2ó2.ó0 2ó{,t3 222.0¡ 0,8tô 0.86t
EeulL,ó1.330 ló2,ó5 25{.2J J89.00 3ts,00 388.0a lt5.t0 25t.98 2ó2.ô0 2ót.7t 222.0t O.s{ô 0.8ót
Egult.ôt.J¡0 tô2.ô5 25{.2I J89.00 J78,00 J89.0ô lt5.t0 257.98 2ó2,Á0 26t,lt222,01 0.s{ó 0.8ót
t0urL.ó¡.ô51 lôJ.aó ?55,lJ 389.00 377.00 Jso,0a ils,t0 25ô.0t 2ót.ó0 2Á{.it 220.1t 0.8il 0.8ó0
toull.ór.65J lóJ,óô 295.1I I89,00 J77.00 J87.01 il5.5t 25ô.0t 2Át.tó 2ôt.22 2?0.t5 0.8t2 0.8ó0

041å [{r ¡flEAtås¡HË flUñAl,E - I0UILAIERAT rRrAfl6rrs

il toulL,ô1.850 tô3.ôó 255.tJ J89.00 3tô.00 t8t.8l 1t5.3{ 213.5t 2ó0.tå 2ô1.22 219.90 0.8{{ O.8Al
lJ t0utL,ót,il0 tôt.t9 255.5t J89.00 J7ô.00 J86.8t llJ.5t 25{.t7 2á0.tt 2ô2.t{ 218.2t 0.8J8 0,8Íó
t5 t0utL.ót.910 tó5.t1 255,5r 589.00 J75.00 JBô.2J tlå.J0 ?5J.t0 25B.tr 2ót.¡{ 218.2t 0.8fi 0.8ó0
l7 Eoutt.ôt,9t0 tô5,t9 255.5t J09,00 175.00 J0ó.?J iló.J0 253.?0 258.il 2ôt.2{ 2t8.2t 0.8{t 0.860
19 EsutL.ò2.200 tô6.00 ?56.tJ J09.00 3?t.00 JBô.2J ilô.t0 2J?.09 25r.71 2ót.03 216.ó7 0.81t 0.8ót
2t E0u¡t.ô2.?00 t66.00 25A.tI J89.00 t7t.00 J85.ó2 ttt.Jt 252.09 256.7t 259,90 ?tô.9t 0.8t5 0.8ô3âvt. ô1.02t tô4.50 255.5ó 389.00 J?5.78 t8ó.98 ils.tô 25t.ó0 25e.81 2ô2.51 218,9ò 0.0r?7 0.8ó05

SPRTAO

5r0. 0.2ôlr t.t?ô 0.ô09 0,000 t.tl5 0.81t o.ô0s t.85J 1.055 t.7?2 t,ôJ2 0,0023 0.0021ACIUâL 0.8ó99 o.0tóg
t DltffßEHcE J.lJ¡ t.ost
rAIttlJñ ó2.200 tóô,00 25ó.{J Js9.00 t78.00 J8s,0ô il7.il 257.9S 2ô2.ó0 2òl.tJ 222.0t 0.8tò 0.sô{
lltxlñuñ ót.Jto ló2.ó5 25t.?J ¡89.00 57{.00 J85.a2 ils,t0 25?.09 256.?t 259.98 2lô.Á7 0.818 0.85t

Ii:li1-----llll--l:1.'..-l:11-..3:33..-1i3.--l:ll-..i:ll--l:lL..l:31...i:li...l:ll..1lll..lTt_
I tgutL.89.8t1 280.79 t1ô.òJ t5l.2t tt6.21 t08,51 37t.9J 2óJ.ót 25t.2t 2ôJ.J5 230.10 0.s95 0.89t
3 t0u11.89.82ô 200.79 l{t.ôl 152.1ó J7ö,t5 108.5t 3tô,tJ 2ô2.9ô 25ó.07 2ôJ.15 229.ó8 0.897 0.8185 Eoutt's9,99ó ?r9.75 ltt.Å9 lJ2.tå Jrô.15 tor.f0 J7ó.tt ?ót.5¡ 255.0t 2ót.t7 ?2s.JJ 0.895 0.89å
Ì t0ult.89.9tô 279.75 llt.69 t52.t6 3t6.t5 t07.50 3tó.t7 2ó1.5J 255.0t 2ô1.7t 22S.JJ 0,89t 0.89ó
I tout1.89.99ô ?79.t5 llt.69 t5?.t6 J76.15 {07,J0 J7å.lt 2ôt.53 255.0t 2ôt,tt 228.Jt 0.893 0.8eô
t¡ t0u11.89,995 2t9.tJ ilî,2ô t5t.00 J76.t{ t07.50 ¡7ô.tr 259.?t 25J.50 2ô0.5ô 22ô.15 0.892 0.S95
ll EcutL.90.J2ô 279.t3 l{9.2ó t5t.00 J76,1{ tot.t0 37t.?o 259.2t 253.t0 259.2J ?2ô.tt 0.09J 0.8îJ
15 t0uil..90.0ó8 2t9.{¡ 1t9,26 r5t.80 t75.0ù {0t.{0 1t1.70 25r.8ô 252.A0 259.2t ?2{.Bt 0.890 0.891
t7 tou11.90.0ó8 278.òJ lt9.9l l5{.s0 J75.00 t07.t0 tlt.r0 25ó.90 25?.ào 259,0ô 22t.71 0.08ô 0,89t
19 E0utt.90.0ó8 278.ôl H9.9t tst.80 375.00 107.t0 ¡7t.70 25a.r0 ?52.ô0 259.0ô ?2l.tt 0.00ö 0.891
2t touIl'.90,ils 278.ôJ l{9.91 t5ô.00 Ji5.00 {0ó.ôt J?t,tî 25å.JJ 250.ôt 258.50 2?].ó0 0.s92 0.t97AVt. î0.070 279.2' 118.95 153.90 375.ô4 {07.Jó J¡5.JJ 259.01 25J.tr 2ó0.t0 225.9t 0.8915 0.89t0

SPREAD 0,Jt¡ 0.tot l.t9t 2.Jot 0.ilt 0.2t¡ 0.{5¡ 2.01t t,t{t 1.2Át 2.09¡ 1.08t 0,7JI5r0. 0.0999 0,t7t 0.il2 t.20t 0.5ô9 0.259 0.75t 2.0t{ t.399 t.2BJ t.îil 0.00J6 0.0021AcruAL o.Bô99 o.Btóo
t DftttnEflcE 2.t9I 1.97¡
ñAntluñ 90.t2ô ?79.75 l{9.Ît t5ó.00 37ô.t5 {07.50 Jtó.t7 2il.53 255.01 261.7t 228.JJ 0.0e5 0.s9t
htftñun 89.995 ?78.ôJ t{r.ô9 t5?.{ô 175.00 {0ó.ót Jlt,{9 ?5ó.Jt 250.ó{ 258.50 22J.åO 0.886 0.89¡
ñAr-ntil 0.t3t t.t2 2.72 J.5t t,l5 0.8ó t.ô8 5.20 {.{0 J.2t t.?J 0.010 0.00t

l.ilI 2.0r¡ 0.8ô¡ 0.00t 1,0ót 0.óJI t.a5¡ 2.It¡ 2.271 l.8lt 2.tôt o.elt 0.90t

âsPtcr
LTH8ÎII OF S¡OTS IIEIEHT RAT¡O A'JTf,AEE

I 2 3 tA,R,tâ.R.
ßt tHt ilt/u

I t0utt. t.7ll ]3?.Át t¡8.$ 2t9.îó l?ô.15 {77.St 35t.93 zAJ.09 259.{{ 2å0.fi ?29,tô O.8St 0.88t
I tsutL. {.956 ¡t2.JJ H0.t? 2lî.tó J7å.t5 trt.f8 $3.8t 2ót.lt 258.59 258.tJ 22ó,89 o.8rt 0.87t
5 tgult. 1.954 $2.tJ ilo.t2 2t9.94 Itó.t5 t7t.58 t5t.8t 2ól.l{ 258.59 2s8.lJ ?26.09 0,87t 0.871
7 t0ut1. 1.95ô JJ?,!J ¡t0.t2 219.t6 t7ô.t5 t77.t8 ¡5I.81 2ót.r 258.5t 258.N 22ó.81 0.87t 0.071
I tsutt. {.889 J31.57 t{0.ô8 22t.00 375.00 t?ô.00 t53.t2 259.t0 25ó.7J 25?,Jt 225.0A 0,877 0.07J
il Esult. {.7?2 331.5' ll0.ô8 ??r.00 Ir5.00 trt.s8 ]5J.8t ?s1.t0 zsr.t5 ?58.15 22t.8a 0.8?t 0.8r2
t3 t0utl. {.908 JJt.57 r0.ôs 22?.00 ¡75.00 t76,80 J55,r2 ?58,ô7 255.il 2S7.lt 22t.8ó 0.0t9 0.816
15 E0U!L. {.908 ¡3t,¡0 t42.t¡ 22?.00 trt.00 {rô,80 ¡it.12 157.¡t 255,t{ 23t.tS 2?t.tt 0,8?3 0,stt
t? t8ufr. {,908 JJt.50 l{2.1J 222.00 ¡75.00 {7å.s0 JlJ.12 25t.J¡ 255.t{ 25ô,tg 22I.It O.SÌI 0.87t
19 tsutL. {.92t 311.50 l{?.tJ 22t.00 !t5.00 ttô.80 t33.t2 25ô.9t 2!{.il ?5ò.tB 2?t.il 0.8tô 0.0t{
2l tgult. 5.29ó 3J0.Jô lt3.tô 223.00 3t5,00 {7ô,J7 tst,5t ?55,t9 251.1ô 25t.12 2?1.50 0.87t 0,8ó8

A9t. {.9{ll J31.58 l{1.38 221.35 I75.2ó {t7.0t JsJ.17 258.4t 25ó.{2 256.92 ?2t.{J 0.0152 0.87t8
SPRIAU il.a2I 0,591 t.9{¡ 1.371 0.J11 0.251 0.ó51 ?.t9¡ 1,ólt l.5lt 2.J7I 0.97t o.9lt
srD. 0.nrô 0.51t 0.95t t.0t9 0.t?8 0.{22 0.ôóó t.?9ó l.{39 1,2r2 t.ô78 0.002ó 0.0022

ACTUAT 0.st49 0.855t¡ 0lrftnEHCE J.S9t t.gsthâ¡tñlja 5,29Á t32,t3 t4J,tô ??3.00 176.t5 trr.5g t53,8t 261.il 25S,59 258,35 22ó.89 0,Sre 0,0tô
nlHtnuñ 4.t22 J30.Ió t{0.{? 21t,9ó 37s.00 {7ó.J7 J5r.st 255.19 25{,1ô 2st,42 221.5ô 0.871 0.8ó8
ñAr-ñlH 0.57{ t,97 2,n ¡.0{ t.t5 t.2t 2,J0 5.ó5 q.tJ 3.eJ 5.Jl 0.009 0.008

92



ç6

å00'0 lt0'0 1ß'¿ 0t't 00't t9'l 00'0 00'0 00't ¿¿'t il't 1r.¿ 6|l.0 H¡r-ruc
18ö'0 r¿¡'0 0r'tç¿ çç'¡8[ ¿ç'09¿ tB'çr¿ $'$l 00']tt 00't0] 00'ttÊ 8¡'tt¡ Ît.çil t69.t9 cnflilfl
l6ô'0 ç86'0 t¿'tg¿ Í¿'lt¿ ß'11¿ Tl'88¿ $'til 00'l(t 00'ç0ì t¿'ltt gt'0¿¿ 9r.ilt 1ta.19 ufiullu{lçl'l ¡11'¿ ïHlUlJJtg ¡
t8áô'0 0ç00'¡ lvfllJv
r¿00'0 tt00'0 [8¿'0 r(lt'0 tet'0 ([9'0 000'0 000'0 t9l'0 t01.0 9¿t.0 ]09.0 ¿ç80.0 .otg

te8'0 tBz't t9t't $ç'0 ¡0t'0 ¡¿À'0 t00'0 t00'0 tç¿'0 ilt.0 tzl.0 il8.t trt.0 09lrJs
u8å'0 88t6'0 0s'çç¿ ¡8'0t¿ t0'¡t¿ tà'98¿ tt'$t 00'r¿1 l,ï'r0r ¿ì'ilt Þt'¿t¿ t0.9¡t ¿8¿.19 .lÂt

80å'0 00['0 08'çç¿ [6'0t¿ 00't9¿ 9t'¿R¿ il'til 00'](t ft'r0T 00'ttl il.t¿t (ç.s¡t tô9.Îe .90st

¡RÀ'0 ottr'0 0B'ggt [à'0r¿ 00't?I ?t'18¿ f]'til 00'ttÎ f]'t0r 00'Ítt 8t.t¿l lç.ßil tå9.t9.s0st
ô8['0 tf,l'0 8å'çç¿ ç['t[[ 00'tel 1r'¿8¿ $'tl¡ 00'xt 1]'r0r 00't¿t ö¡.¿¿¿ tt.çt¡ (r¿.f9 .50st

ôrrt'0 tB['0 0['çç¿ ç¿'tâ¿ 00'trI tt't8¿ f]'ilt 00']¿l 1r'r0r 00'l¿1 e¿.il¿ $.ßil tÎt.19 .S0Sl

çfìô'0 9tô'0 çr'rç¿ t).0r¿ 00.19¿ il.98¿ tr.Îil 00.ttt rr.l0l 00.Î¿t t?.t(¿ 9i.9¡t 0t¿,r? .50st

ç0â'0 tI['0 åî']ç¿ ¿ç'0[¡ 00'tr¿ 8l'18¿ il'til 00']al n'r0] 00.Ítt t¿.¿¿l ¡t.ilt t¿t.n .sosl

e8ô'0 8t['0 ßt'ççt 8e'0t¿ 00't9¿ [ç'tR¿ t]'til 00'ttt tr'ù0] 00'tft t].¿¿¿ 10.ilt 00¿.te .s05t

çsÀ'0 ?l['0 çr'rç¿ rt'0å¿ 00,tet il.t8¿ Ír.til 00.]¿1 fr.]0r 00.1¿l tr.ll¿ er'?il 0lI.tT.sf]st
ç[['0 r{å'0 0t'tç¿ ¿¿'0¡l¿ 00'le¿ tt'ß8¿ t}'Îtt 00'}(t t}'t0} 00'tlt çÍ'!{¿ B}'ilt 9¿E'te.s{tsl
ánå'0 ¡0t'0 8ó'99¡ s¿'lô¿ 00'tt¿ Ít'I0¿ Îf'$t 00')¿r il'r(|t 00.ttt t¡.tI¡ ¡t'9il lt¿.t9.s0st
¿B['0 6¿t'0 çç'çç¿ l('01'¿ [0'le¿ 9t'î8¿ t]'t]l 00'tI1 ¿ç't0] ¡¿']¿t çî'0t¿ E]'ett 9tå'f9'sOs¡
t[['0 ¿0ô'0 R8'sç¿ ç¿'t[¿ tç'09t ]t'r8¿ il'1]t 00'T¿t 00']rì] 00't¿f ô¿.t¿¡ Ît.ßil il8.te .gos¡

tIr'0 ç[['0 t¿'lç¿ ç¿'t[t ô0'lî¿ frBS¡ tl't]t 00'r{t ¿s't0} ¿¿'ilÎ t¿.t¿¡ tt.lt¡ l¡0.t9 .sost

t6['0 sst'0 t¿'(ç¡ 9¿'tò¿ ô0't9¡ t]'08¿ Ît'l]t 00'tft ¿ç't0] ¿¿.ttÎ ô¿.Ift ff.9il t¿8.Ít .s05t

¿få'0 ôl['0 çc'çç¿ ¿1.0[¿ t0.tr¡ îß'90¿ ft.t]t 00.]at ¿ç.r0r ¿¿.]¿l gt.st¿ 0].rn 9n,t? .s0st

tnâ'0 [¿['0 tç'ßç¿ It'0t¿ ô0'tr¿ eô'98¿ t]'r]t 00'r(t ¿ç']0] tl'ttt çt.0t¿ 8t'ît¡ ilÀ.tÎ .50st

tBö'0 Ît['0 r]'rç¿ t('0ål ¿s'nl 00't8¿ $'$t 00']ll 00.90t 00.tfÎ çt.s(¡ 8r.9il l¡¿.tç .s0sl

¡¡6'0 ç¿å'0 tt'tç¿ 3l'$¿ Í0'te¿ ¿¿'98¿ tì'tlt 00't(Î trtol ¿0.1¿¡ ô9.¿t¿ 9t.¿il 01(.tt.sost
t0ô'0 t¿å'0 çç'ßç¿ il'0r¿ ô0't9¿ 9å'19¿ $'tl¡ 00')¿r ¿s'roì ¿¿'t¿t çt.8¿¿ 9r.9il 9¡t.t9.sost
¿8['0 9¿['0 åÎ'tß¿ ¿t'0¡t t0'19t 08'9¡¿ 1]'trt 00']¿t 9r'r0r ¿0't¿r g¡'8r¿ 8t.9il il¡.ff .sost

0¿

ôt

8l
TI

9t

ll
il
ll
¿l
il
0¡

g

ù

I
t
I

m/Ht ilil mr .toJ nou .105 aw ..t01

'u'r r'ü'vr I ¿ ¡ I I ¿ ¿ I
3gVUr,ll 0llut lll9l9l 810¡8 J0 Hl6fll1 ErlWltU00t ð1ff805

lJldsv

aoE t'gtúl
I l]91{V

.lHlltü 'g.l
I

rStl

3Tnt8t slT¡Jsost . tslt m{llstsH0t :t0 ilvE



DATA D]: INGEASING STLEN -

OR¡THT.

STLEH ¡.0. âH6U I
r mt6.I Rou

r toul[. r.ils 12J.50 r0r.s0 t28.Í0 1il.00 ¡tó.50 tJ5.50 ót.ô8 Á9.ó2 70.2r ô0.98 0.8tó 0.872

2-
J ¡S0S. å{.0ô5 il7,00 ?ts.50 371.00 roJ.00 J72.ór ill,at zEl.ôr 25î.33 28e.0r 25J.12 0.9rt 0.987

I tsos. ôr.tol ilô.il ?78.57 I?J.00 t0J.00 J72.7t ¡tJ.50 28{.90 251,50 2S9.{8 25J.ór 0.îrt 0.987
5 rsos. 6r.061 ltó,t5 27s.¡8 3?3.00 {0J.00 372.s0 HJ.{0 28r.95 ?59,ó0 289.15 25J.ót 0.9tt 0.98t
ô 150s. ô4.010 ltô.3t 2Ì0.lJ 3il,00 {01.00 Jt2.¡t t{J.{B 285.09 239.32 281.ôÁ ¡5J.81 0.îtg 0.t80
I ls0s. 6r.083 ltô.51 278.tt trJ,00 roJ.00 J72.r1 t{J.t8 285.t{ 259.52 28t.ô9 25J.î0 0.978 0.988

t0 ls0s. ót.079 iló,5? 278.J{ ¡7J.00 roJ.00 172.9? ilJ.J9 285,t7 ?59.ôt 289.t5 253.9t 0.978 0,989

r5 ls0s, 6t.0s{ uó.{{ 278.J! 373.00 t03.00 J12.9ò ltJ.{5 281.25 259.55 289.82 25r.02 0.971 0.90r
?0 ls0s, ôr.072 u6.50 278.2t JtJ.05 t0J.02 J72.tt ilJ.il 285.2ô 259.58 28e.tó 25{.0J 0.97r 0.988

Avt. ôr.082 ltó.51 278.J8 J7J.00 toJ.00 Jt2.88 ilJ.{t 285.t0 ?SÍ.55 289.ô5 25J.85 0.9780 0.9878

SPREAD 0.0ôl 0.?'l 0.10t 0.01t .00t 0.0át 0.08t 0.rJl 0.0r1 0.tJ¡ 0.t51 0.tôl 0.171

sro. 0.0r rô 0, t05 0.085 0.0tt 0.00t 0.07å 0.0J1 0. t30 0.0r0 0, r¡t 0. r{t 0.0005 0.000s

ACIUAL t.0050 0.r1S7

I DltF. 2.ó8t ¡.081
ñAilrlJñ ô1.tot il6.75 278.5t t73.05 toJ.02 ttz.97 t{J.50 ?85.24 2J9.ôt 289.82 ?5r.0J 0.lre 0.981

ñil{tttur{ at.0ót ttó.il 270.29 J71.00 t03.00 1t2.75 llJ.39 281.90 259,50 20î.15 25J.tl 0.Ìt7 0.98t
ñAI-ñ¡lt 0.039 0.lt 0.28 0.05 0,02 0,22 0.il 0.3ó 0.ll 0.ll 0.J1 0.002 0.002

c08l{tR c008DIHâtEs

t2?5J
cfl.. . rou cot. Rot coL.

Iffi-ES TRIPI\ELES

â5PtCI

LTHEIH fF SID€S }IS16ll¡ RAI¡O T'JTRAGE

I 2 I rA.R.ìA.R.
l8l tHl rH/8t

I EoU¡1.¡ô.910 t26.00 t3J.00 ¡70.00 l9r.f0 tt5.00 t28.00 7J.20 68.?l ô9.18 ô1.7å 0.ttl 0.91ó

2 ¡S0S. 10.il9 Jzt.00 t2t,00 t95.00 tr8{,00 rÍ0.00 J8?.00 2î2.9J 255.0t 289,82 2òJ.ll l.0ll 1.02'
J ts05. 90.il1 J23,r0 t21.20 t95.00 J8t.50 t50.J¡ J82.ót ?92.91 255.11 290.óJ 2ôl.Aô 1.0¡J 1.028

I ts0s.90.J55 32J.25 12t.25 t95.00 J0{.3J t50.30 J8?.75 292.ó8 255,50 290.82 2ô1.3? l.oJt 1.02?

5 ¡S0S. 90.3r2 3?3.JJ r?r.JJ t95.00 l8{.?5 {s0.rJ J82.8ô 292.5? 255.|J 290.78 ?ó1.22 1.010 1.02t
ó tsos. 90.J00 J2¡.2ó t?r.15 tît.9ô J8r.2t {50.52 381.8t 292.50 255.56 290.84 2óJ.ll 1.010 1.02ô

I ¡S0S. e0.ztt J2J.26 r2t.39 tÎt.9ô J8{.rl t50.52 182.9r ?92.il 255.5ó 290.81 2ôJ.01 1.021 1.02t
l0 1s05. î0.2ó5 321.26 l2l.12 t91.9ô J8l.12 {50.52 392.91 ?92.Jó 255.5ô 290.8{ 2ô2.95 1.0?9 1.0?å

t5 ts0s. 90.?r9 J?3.?t t2r.il t9t.97 J8l,0t t50.r0 J82.9ô 292.28 255.51 290.8J ?6?.88 1.029 1.02ó

20 150s. 10.2t¡ ¡23.26 r2t.lô lÍ1.98 J01.05 150.51 J8?.91 292.25 255.5J 2e0.83 2ô?.01 1.029 1.02ô

ôvt. 90.285 JzJ.2ô tzt.J¡ t9t.9t JS{,1ó rÍ0.19 J82.89 292.$ 255.5? 290.82 ?AJ.0r t.02î{ 1.0259

spREiD 0.r2¡ 0.0J: 0,r71 0.021 0,0t¡ 0.021 0.0ól 0,r51 0,ost 0,02¡ 0.181 0.1fl 0.il!
stD. 0.0365 0.027 0.0ô8 0.01t 0,09t 0.0¡t 0.07t 0.r{ 0,01t 0.020 0,tô5 0.0007 0.0001

nctuâL t,0050 0.9987

t DIFF, ?.{lt 2,rJl
ñAuñuñ 90,1Í5 32¡.3J t2r.{ó tt5,0ù I8{.33 {50.52 3S2.97 292,68 255.5ô 290.81 261,32 t.oJr t.027
ntllilrtlr 90.2ß 3?3.21 12t.25 t9{.1ó J8t.05 t50.n J02.t5 292.?5 ?55.tJ 290.78 2t?.Bt r.021 t.02ô
hAt-ntx 0. ilz 0.09 0,2t 0.0{ 0.28 0.09 0,2? 0,{J 0. N 0.0ô 0.t0 0.002 0.001

r totllt.ô8.5ó5 ¡6t.00 ?8,f0 ¡0t.00 r2J.00 lÌ{.00 H9.50 ó1.9t 72.05 72.18 59.e9 0.83J 0.850

2-
3 ¡S0S. ô.t7t t98.00 08.00 228,80 3t2.ô0 {10.00 231.50 28ô.2ó 259.00 289.?ó 255,28 0.9SS 0.191

I I50S. ô.19ô t98.00 !8.00 220.it lt2,tJ {{r.82 2J1.55 28ó.10 258.81 ?Sr.óJ 255.{1 0.90t 0.191

5 t50s. ô.tD 198.00 88.00 228.80 lr2.ô0 {lt.tJ 211.55 286.2ô 258,82 289.55 255.3{ 0.e8t 0.e91

6 tsos. 6.r89 r98.00 88.00 ?28.87 Jn.ó8 ilt.ô9 ?J|.il 28ô,35 ?58.85 281.15 255,{J 0.907 0,99{

I ls0s. ô.1e5 tr8.00 88.00 220.90 3t2.aJ {4t.ól ?ll.{5 28ô.I0 2s8.12 209.1? 255.11 0,est 0.9e1

t0 ts0s. ô.?2t tî7.88 8r.9ô 2?8.91 3t2.å0 {lt.¡0 2J{.10 2gÁ.lI 238.70 289.{î 255.{{ 0.987 0.T91

t5 ts0s. ô.2il t9t.91 81.9t 228.92 Jt2.ô2 llr.5t 2Jl.Jô 28ô,3J 2s8.70 201.10 255.15 0.98t 0.9e1

20 ¡sos. ô,225 r97.8r 8t.9{ 228.9{ ¡7?.ôr {1r.53 2ll.¡5 28ô.¡ô 258.ôâ 289.12 ?J5.19 0.e89 0.99{
ô9t. a.202{ [7.95 8t.991 228.89 ltz.ål {17.ä5 2J{.{l 28ô.¡J 258,?5 209.{8 ?55.{3 0.îB7l 0'9t19
9Pn€å0 0.tt¡ 0.0ôt 0.071 0.0ôl 0.03i 0.0ôl 0.09t 0,05t 0.08t 0.081 0.0ól 0, l21 0.08X

srD. 0.0tô5 0.05¡ 0.02I 0.01J 0.0{5 0.099 0.07, 0,041 0.0i8 0.01r 0.041 0.000¡ 0,0002

âcfuAl 0.97î1 0.19J{

¡ DtFt. 0.821 0.0t1

hAilñut{ ó.225 19S.00 88.00 228.9{ 172.t5 {17.82 ?J|.55 28Â.10 258,8t 289.ôI 255.{9 0.988 0.9î1

h¡Htñuñ ó. t7t 19t,88 87.9{ 228.80 1t2.60 {4t.55 2J{,35 28ô.26 ?58,ôô 289.{0 235.3{ 0,18t 0.991
nAr-ñtH 0.0{8 0.t2 0.0ó 0,t4 0.t3 0.27 0.?0 0.t4 0.2t 0.2{ 0.r5 0.001 0.001
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0Rltxl. t0RiltR co08Dn{Atts
HlJñ- l.0.AH0rt I I 2 2 I 3

AllE. t0E6. I RoU toL. R0Ë t0L. R0$ CoL.

r Isos. óJ.7il ils.5r ?7t.t8 3?3.00 t0t.00 37t.00 ilJ.tJ 286.îr 2ô0.5t ?10.t9 255,ó9 0.98t 0.eeo
J lsos. 6J.90? iló.51 270.37 J'J.O0 10t.00 J72.il l1t.t0 285.58 260.52 289.¿9 25t.t{ 0.976 0.98t
5 lsos. ô1.083 iló.5{ 278.3t 37J.00 tút.00 Jt?.ît ilt.t8 285.t{ 259.52 28t.ót 25t.î0 0.978 0.980
t lsos. ó{.083 ilô.5{ 278.37 37J 00 t03.00 t72.il il3.t8 285.il ?59.É2 20e.ô9 25t.90 0.e78 0.980
I lsos. aJ.1ó8 il8.J0 278.ó0 3rJ.00 {0t.00 372.9¡ l{¡.18 283.16 25t.t2 2S8.2t 252.0¡ 0.eIt 0,181

ll 1s05. ó1.150 lr8.J0 278.60 JtJ.00 {02.00 Jtz.l{ Ht,t5 20¡.02 15t.ô5 287.1J 252.00 0.978 0.187
rJ ls0s. å1.t50 lt8.¡0 278.ó0 ¡7J.00 t02.00 3r2.ß rt,¡5 28¡,02 23r.ô3 zgt.t5 2s2.00 0.978 0,t8t
t5 1s05. ór.?ó7 il8.87 2t9.52 Jt3,00 t02.00 372.il 1il.J5 202.il 2Jt.ó5 287.08 ?50.Ît 0.971 0.185
rt lsos, 6r.r50 ¡18.87 ?79.52 J¡3.00 {0t.00 Jrl.il ilt.$ 281.ôt 25ô.ô3 28r.08 ?50.r{ 0.e7¡ 0.981
tî ls0s. ó1.t50 ilB,87 ?r9.52 J73.00 t01.00 t70,50 t4t.5B 28t.ót ¡5ó.{J 285.A0 250.80 0.î78 0.987
?t lsos. ór.Ílt lt9.8t ?80.81 tt¡.00 {00.00 J70.5s Ht.so 2t9.7t 255.$ 203.¡5 ?18.e2 0.97f 0.9S'

âvE. ó1.2J5 tlS.2t 279.t0 J'].00 {0t,89 JI2,05 t{t.il 282.18 25r.79 20t.t5 25t.ôt 0.9?ô] 0.9Sr5
sPRtâ0 0.s5t 2.821 0,88¡ 0,00t 0,7st 0.¡J¡ 0.tá¡ l.eot t.59t t.5t¡ r.90¡ 0.75t 0.tst
slD. 0.18t0 t.oJ 0.77 0.00 0.r9 0.85 0.t5 l.ô2 t.to t.ls ¡.tÎ 0.002t 0.002t
âCIUAL t.0050 0,99st
r DITFEREHCE ?.8st t.22¡
rAilñrlñ ôt.5t7 il9.07 ?80.8t J?J.00 toJ.00 t72,9t nt.58 285.il 239.32 209,ô9 25J.90 0.e70 0.e09
r1illñuí 61.9ô8 iló,51 278.J7 JtJ,00 t00.00 3t0.s8 tlJ.t8 2t9.tt 255.tJ 285.15 2{8.12 0.îtt 0.98t
hAr-tt¡H 0.5{9 l.JI 2.{7 0.00 ¡.00 2.JJ L l0 $.¡ô 1.09 t.15 t.t8 0.00¡ 0.00t

DAIn Dl: lHCRffslilË HlJñAl,t - lS0sCtLfS IntA{6ttS
Âq9Flt

LtHGtH 0t SlDts BE¡ÊltI RAno AlJtRá8t

I 2 I rt.ß.lA.R.
l8l lHt ftr/El

I IS0S. 90.03J 32J.?å t2¡.J9 t9t.96 J8t.t5 t50.tJ ¡8t.00 292.tt 255.tt 29t.r3 2ôt.0t 1.0J0 1.02s
3 lsos. 90.2r7 32t,?6 I2t.39 t9t.96 l8t.t5 t50.52 I0?.9t 2î2.{t 255.5ô 290.8t 2Àt.01 t.029 I.02ó
5 ls0s.90.ztt 32J.2ó lzt.J9 tgr,9ó 38t,tf r:C.52 382.9t 212.{l 255.5t 290.8t ?At,ot t,029 t.02á
7 ¡S0S. 90.2t7 322.ót r2r.5? t9ô.0t 38r.t5 {50.52 J8?.9t 29t.5t 25t.52 2î0.19 2Á2.JJ t.oil t.029
I ts0s.90.ttc J22.ór t2t.52 t9ô,00 J8{.15 t19.5t J82.20 2tr,57 25I.J2 289.ît !6?.57 t.0J6 1.0J2

il tsos. e0.{40 ¡22.ô4 t?t.5t lîô.00 J0t.t5 t11,5t Js2.20 21t,5t 25J.52 ?89.91 ?ò?.5? t.0Jô t.0J2
l3 ts0s, 90.100 t22.t5 t2l.t8 l9ä.80 t83.00 ilg.51 J82.20 288.5ô 252.il ?88.55 259.tJ t.02t t.02t
¡5 ls0s. 90.t00 322.J5 t2t.l8 l9ô.80 3s3.00 lt9.5t 382.20 2s8.56 252.rt 288.55 259.tI t.02' t.02t
r7 ¡s05. e0.t80 J22.35 t23.t8 t9a.80 J8J.00 il9,5t J82.20 288.5ô 2t2.71 288,55 ?59,tI t.017 t.02t
r9 150s. 90.510 J22.57 t2r.00 t98.00 J8!.00 4{9.36 J80.ôt 287.t0 25t.Jt 20ô.25 ?58.tô t.028 t.02ô
2l ls0s. 90.51 122.5t 121.00 t98.00 18J.00 {r9.¡ô 380.ót 28t.10 2st,J7 28ó.2J 250.tó t.028 t.02t

AVt. 9ú.J3î J22.ô0 t22.ôl t9ó.Á0 J8l.5t {{9.70 J82.0t 289.73 253,1t 288.87 2ó0.ôt t.0297 t.027S
sPRtâD 0.r01 0,?8¡ 2. r3t t,55t 0.Jot 0.2u 0.59t t.tJt l.óô¡ t.ôt¡ t.t5¡ 0,99t 0.óJ¡
srD. 0.t1J2 0.2ô t,05 0.9J 0.57 0.r{ 0.t9 t.81 t.2r t:ô5 t.82 0.00J{ 0.0025

ACruAt t.0050 0.190t
r DIFTEREXCE 2.{6t 2.921
ñânnun 90.51 323.2ó 124.00 t98.00 38r.t5 t50.52 J82.9t 292.il 253.3ô ?90.99 2ôJ.0t t.0J6 t.0J?
ñlt¡ntJñ 90.t8 322.J5 121.39 t9{.96 J8J.00 il9.1ô J80,t{ 287.{0 25t.J? 28ô.?5 25S.1ó 1.027 1.02ô

HAr-filx 0.Jö 0.91 2.ôl J.0l t.15 t.tô 2,21 5.0¡ t.t9 r.7{ {.t5 0.009 0.00ô

I tsos. ô.tn 198.00

J t50s. ô.ril t98,00

5 1505. A.t95 19S.00

t t50s. ô.500 198.00

I ts05. ô,500 t9s.00
il tsos. ô.500 t98.00

t¡ 150s. ô.55t 19r.8ó

t5 ls0s, ó.655 t9t.8ô
t7 ts05. ô.ó55 ¡97.8ó
r9 1s09. 6,ó78 t9t.88
2t 160s. ô.8ót ¡97.88
A\,t. ô,5ôôt 197, tJ

sPfttAo t0,zlt 0.0[
sÌ0. 0. tTlt 0.07

ACIUât

¡ DIFTENEHCE

r{Ailðun ô.8ó7 ¡98.00
hlHlñuñ ô.195 I97.86
hAr-alH 0,b12 0. 11

8t.00 228.90 J72.ô3 4rr.ô3 ?Jr.{5 28?.J0 2n8.r2 281.11 25ô.5J 0.99? 0.99'
8t.00 ?28.10 ltz.ôJ ll0.r1 ?3{.il 287.t0 259.ôô 2r0,81 25ô.29 0.987 0.995
88,00 228.90 J72.ô3 ilI.áJ zJt.{5 28A.30 25S.t2 209.t2 255.{t 0.987 0.99t
89.00 2J0.30 1r2.50 r{t.ôl 2Jr.{5 2s5.JJ 257.rr 288.91 25t.ó{ 0.r89 0.99t
89.00 210.10 It2,50 il7.ò3 ?3r.15 285.$ ?5t.t7 288.9t ?5r.6t 0.989 0.9ît
89.00 2J0,50 Jt?.50 {r7.t9 21J,68 285.JJ 25t.51 288,tl zft.aJ 0.989 0.995
90.04 2J0.I0 J72.50 {r7.t9 2tJ.68 ?8{.32 257,5t 28r.75 tsJ.{9 0.10t 0.9e2

90.0{ 2J0.7J Jtt.tJ {1t.t9 2JJ.ô8 28J.ó0 25ô.7¡ 287.75 251.89 0.905 0.fi1
90.0r 2J0.7J 37t.7¡ il7.t9 ?ll,ô0 28t.ô0 25ô.73 ?87.75 252.89 0.98S 0.9îr
9l.N 230,tS Iil,?¡ {t5.88 23t.ôJ 282.52 215.óô 28ö.02 ?51.ît 0,185 0.99t
lr.tl 23r.5ó 170,02 lr5.88 2¡¡.t3 20r.7r 25r,tt 28ò,02 2il,il 0.988 0.91t
89.il 2J0,{l 372.0t {{7.05 ?J3.9r 28r.23 25ô.92 28r.85 25t.54 0,98ô0 0.99r7
J.{9t t.l51 0.11¡ 0.31¡ 0.33t l.ô21 t.óôt r.l8t l.óll 0,t71 0.5{l
0.99 0.Áa 0.57 0.ò5 0.37 t.{2 t. l7 l, t¡ l.J¡ 0.00t, 0.00¡t

0.979r 0.99t{
0.791 0. r{l

9t.tJ 251.5å 572.ó3 117.ô3 ?3r.45 ?Só.Jo 258.72 281,{? 255.il 0,989 0.99t
88.00 228.90 ¡70.82 {t5.88 2Jt,ôI 28t,7t 25{.17 28ô.02 251.34 0.984 0,992
J.t3 2.òó t.8t t.i5 0.8? 1.5î 1.25 3.19 {.07 0.005 0.005
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DArÁ â2: EoHSISTEHCY flF d.ttRHnE Ptlsllloils - sSuf,RES

LEHITH OF S¡DES ASPTCI âVETAEI

Ìtsl¡.0. I 2 3 { f,All0 A'R.

0 tA.ß.t lârct/
ô g e I lA/9llBrÞl

sc. 255.0¡ 2ór.02 25?.01 25t,00 0.9tt 0.980

s0. 2ó2.00 259.05 259,02 255.01 l.0ll l,0l{
s0. 25t.82 259.03 251.05 2ó2.21 0,995 0.982

ss. 25ó.00 25{.85 2åt.01 25t.05 1,005 1.010

ss. ?55.91 258.J0 25t.99 25J.52 0,191 1.00{

s0. 2ô0.85 25ô.21 255.2J 253.89 l.0lS 1.012

s0. 257.8ô 25ó.1{ 25ô.J7 258.82 1.00t 0.199

s0. 257.21 ?55.il 2ó2.]t 258.25 1.008 1.012

Avt. ?5t.8t ?5t.1Á 25r.8t 254.9t l.00ls 1.00?f

spftEAo 2.711 2.101 1.201 l.J9l l.¡ll l.l5l
sro. 2.219 ?.058 2.ó5ô 2.ô92 0.012¡ 0.0tll

ACIUAT t.0000 l.00lJ
¡ otFtER€HCt o. l5I 0. l¡I
ñArtñun 2ô2 2ó1,02 ?ó2.31 262.21 l.0lg l.0ll
ñtilñuñ 255.0r 251.85 251.05 255.32 0.97' 0.982

ñAr-ñlx ô.î1 ô. lt 8.2ô 8.?l 0.011 0.032

DAIâ 8?: [oHslsltxcY 0F ALITRXåÎE PoS¡Il0]15' ntcrAH6l.^€s

LEflEIH OF SIDES

rrslt.0. I 2 3

0

âBC

¡ Rtcl. î1.{f l{J.¡0 9J.13 ll{,¡Á 0.ô38 0.óll
2 ßECI. 9¡.ól l10.ll 91.29 119.2? 0.4ó8 0,649

J RECI. 93.01 r{0.03 95.01 l{0.09 0.óôl 0.åtl
{ RECI. 93.{l l{ô.57 îô.05 Il0.Jl 0.4J, 0.ó12

âvE. 92.87t t42.50 ?1.3t ll¡.08 0.ó520 0.655?

spnEÂo 2,lal {.5t¡ J.09I A.JÁl {.7ôl {.5t1
srg. 0.8s4{ 2.[9¡l 1.2t82 l.ôóJ, 0'0llJ 0,0t12

ÂETtål o.aôJô 0.ô612

t otrttRtscE l.7sl 1.24X

BAilHJñ 9I.ó{ l4ó.5t 9ô,05 ¡{8.39 0.ôô8 0.ótl
r{t}t¡¡uð 91.45 140.03 9J.13 111,29 0.ô3t 0.ô{l
ñAr-atä ?. t9 á.54 2,i2 î. I 0.011 0.0J0

TSPECI AllEßAEE

RATIfl A.R.

lâ.R.1 lArCl/
(n/81 l8r¡l
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DAÏA m: Co[stsrtÈcT fF åLIISi|ATE postIt(lHS

EOUILATERAL Ir¡ßX6LTS

rrsf t.0,
0

I ¡0. 2r3.{t ?ô0,{3 2ó1.!ô 2il.2r 0,s80 0.805? Eg. zôt.ôt 2ôt.28 ?ôt.92 22ô.ô5 0.8ôt 0.8ô8
J r0, 2óJ,ô2 25r.2t 2ôJ.3ó 2t0.il 0.895 0.S9{
{ rs. 23t.98 2ó2.ôt 2ót.7J 2?2.06 0.8tô 0.8ôt
5 t0, 262.8¡ 2ôf.8{ 257.ft 226.t{ 0.85J 0,8{t
ó t0. t58.al 2ôt.0J 2ôt.0? 222.1t 0.81t 0.85{
7 t0. 25t.ô{ 2ô¡.il 259.tó 22J.8J 0.S5t O.S"Jo

I t0. 2ô0.{1 258.ò9 265.t0 226.t0 0.87{ 0.0s0

tEx6tH 0f s¡oEs H€tÊHt âSptcl âvERAEt

I ? J RATIOA.R.
B fl 0t/8t

¡vE. 2ót.2{ 2ót.ô5 262.2J 22ó.il 0.86{J 0.8óô5
SPREâ0 2.84¡ J.29¡ ?.¡ü {.07t 6.l5t ó.07t
sID. 2,ilò 2.ò50 2.J58 I.tts 0.018ó 0.017?

Â0IUAL 0.s57{ 0.8Áá0
I 0tFFtßtHct o.slt 0.0Á1
rArrñuñ 2ó5.4t 265.St 2ó{.7J 25t.27 0,89ts 0.8eJe
nlilldllñ 25t.98 2ft.?{ 257.5t 222.0ô 0.8ilJ 0.8il¡
Râr-ntx 7.tJ 8.ó t.l9 9.?0ôî 0.05It 0.0525

DAIâ O2: COHSISIE{CY fF ALTTRI{ATI POS¡IIOHS

ts0sctLtS tatât6L€s

rEsr I.0,
!

ttH6lH 0F stD€s HEtGfiI ASptCÌ âllERAGt

I 2 3 Râr¡t}â.n.
Ë t{ tH/st

tsos. 29t.óô 2ôt.81 29J.0ô 2ôr.J2 t.02t t.0¡t
ls0s. 2e0.s0 2ô0.5t ?89.s0 ?59.98 0.999 0.99ó
¡s0s. 29¡.12 ?5J.t7 213.08 2ôt.il t.0Jô 1.oil
¡s0s. 20t.tô ?ót.00 290.99 2s5.rî 0,980 0.188
1s05. 28t.il 2ôt.t0 29¡.il 25t.12 0.tó5 0.rs6
150s. 28t.9{ 2ô?,19 281,2t 258.ôt 0.9Só 0.9s5
ls0s. 286.99 259.58 ?95.10 ?55.9ó 0.98ó t.005
lsos. 28t.J0 259,ô7 290.8{ 25ó.29 0.î87 0.995

AVt. ?C9.ô8 ?ó0.t8 2t2.08 ?58.82 0.t9{8 t.0000
sPR$0 {.8ll ?.581 t.zst 5,9st 7.tt¡ {.î5t
sT0. {,t{ô t.180 ?.t0t {.t¡8 0.0?tô 0.0t55âcluA! 0.9t2t 0.99ól

r ottf$EHæ
ñÂ¡¡ñufi ?9t,éå 2ó?.t9 195,9 ?ôt.¡t t.oJât t.0J{¡
f,lHllun ¡93,t{ ?55,{t 289.2{ ?$t,t2 0,9ò18 0,98t8
nAt-ñtB t¡.92 6,tZ ô.óò t5.3t2 0.0il¡ 0,0{95

0.28t 0.101
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rrosra¡r_cer,_rüas6 
;îg:,-rå

D llne# I ? Mlcroeoft FþRrRANTz v3.30 M"::ioÍåå3t $tltla: I Progran_Get_Inage l
2 Sstorage:z
3 $large
I +f:gq"q? window(64,512),bordr(2000),bordc(2ooo),ibuff(st2)s +nteSe{? numedge, lr ilror, J ,Ilcol, fiag9, frów, fcöi, act, rì:<taêt
I +"Èegerâz nunS r ãc, ar, topróä, Uotrowr nxÉtóp, nr-Èuot '7 fntegerÈA flagl0,icheck-I charact€r fr¡ame*zo9 co¡flßon ,rldatarzwlrdoø

IO
1lc. Inltlallze arrays.
]? c Edge polnt. coordlnates wtll be stored in BORDR,EORDC (ro!r,13 c col, resp.)
14 c The ùuage fron tlre Efr rRrs eystero 1s accessed in wlndows of15 c 64 roura by 512 coh¡mr¡e aL a tirne, whlch ls stored 1n
1.6 c wINDOt¡(64rSt2).
17 c rzurr(sr2) le used to 6tore one rou of ttre irnage at a tlme.
l-B
19 do 5 1=112000
20 borù(i)-O
21 bordc(i)-g
22 5 contlnue
23 do 6 1-1,51224 lbuttll¡-12o25 6 cont,Inue
26 do 7 l=116427 do e 1-1,5122a wlrulor(1,J)-!2929 I contlnue
30 7 contlnue
31 f1aglO-0
32
33 c . Inltiallze ûT IRIS eystern.
34 c Set synchronlclty to external (l): 1s6ync(1).3s c set lirput ard output Uuirere Èô i¡ufrer o¡'iiinfr(o),
36 c lsotfr(0)
37 c SeÈ lnput.I{$_to 6 (ttrreshold at IZ?): tslnts(6).
38 c set outpuÈ LUT to 0 (ldenttty): lsoute(o).
39 c clear buffer O for récepÈlon-äf hage:'tåtcfr(O)
40
4I call lelnito
42 call ieeync(l)43 call lelnfr(o)
44 call leotfr(0)45 call lelnts(6)46 call leoute(o)47 call lefclr(o)
48
49 c . Obtaln 1.4age uelng pass-thru node:lspassO.
50 c !?eeze tlre lnage and store ln buffer-O: iäfrezo
51
sZ call lspaseo53 call lefreao
5ó
55 o . Check, lnage to Eee lf obtålnd correctly.
56

I
I
I
I
I
I
2
2
I
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kosran_Ger_rnase 
ãî:;r_r3

o r^tne# L ? lr1croeoft FþRrRA¡r?7 *.ro *93i0íåå3s7 do 9 i*lrsI 58 cal.l lsqetp(OrL,O,5L2,ibuff)r s9 lcù¡eck-lct¡eck¡lbu¡f(riI 60 9 contlnue
91 lf(lcheck.ne.t2?E)ttren62 fIagIO-463 Eotõ roo64 endlf
65
66 c . Iocat€ flrst, edge polnÈ on obJect.
67
68 frorF520
69 fcol-Szo
7o call fretpt(ibuff , frol, fcol)7L 1f(frou.gt,.5t5)tt¡en
72 c no obJect ln'ecene73 flagl0-I
74 qorò roo75 endlf
!9 vrrlte(*, r (lxrar14, tL/ltl rfrourfcol-rrfrowrfcol
77
78 c ' Fr4 IrurÈ potnts on edge by readrng ln a wndøu(64,5r2) of t!¡e
72 " global 1u¡ge(512,sr2) In m m:s Èútlur-0.80 c NLJHEæE: nr,¡ntÈr ót eäge polnts founA. 

--
8I c DCt: d1¡ectlon tal<en ,Éo -tfn¿ 

currenÈ-eage polnt.82 c M$Dqf : dlrestlon to etårt Iooklng for iexi,-eAge potnt.83 c TOpROw: top row of window(64rsl2) -h 
sfobaf coórdinates.84 c BoltRow¡ botto¡¡ row of vtnåow'fn äfoUaÍ-ðoords.85 c M(FIþP: updated top row of v¡1naoúl-86 c NKIBcff! updated ¡oLtc¡¡ row of wlrylou.87 c À\r49:_I*rcol coorde. of -edge pÈ. fn wlr}åow coord. systen.88 c rrRor{,rrcol: .rø*rcor coorde.-ot'pt.-tn grobar-cõõ;å.-'"t;. -

89
90
91
92
93
94
95
96
97
98
99

I00
101
102
I03
L04
I05
I06
t07
ro8

numedge=l
bortr( I) of¡es
hnrric(l) -fso1
flag9=0
dct=2
nxtdct-7
toprowafrou-1
botrow-toproFÞ63
arÈ2
llroue0
lIcoI=0
1f (botrow. 9t. 5 11 ) ttren

botrc*rgs1l
toprcnd*44g
a¡ãf row-toÞron-Èl

endlf
nxttoF@0
nxtboÈ-0
Ec@fool+1

199 call qetlm(toprow)
I10 200 nung*o
111
I12 c . If rcnø acceesed le on top or botton boundary of wlndow,
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Fogran-Get-bage Paqe, 3
or-23-89
09: 06: 13

D Llne$ 1 7 Hlcrosoft FOR{IB.A¡|-,? V3.30 I'farch 1985
Il3 c uBdata accorrlÍrglY"
rl4
tI5 lf ( ( llrow. eq. I) . or. ( tlr$r. eq. 64) ) t!¡en
116'èatt upr¿Irditlrø*rllcolrtoprawrnxttoprbotrow,ructbotrar,ac)
II? 6r¡dlf
II8
ll9 € ¡cooâ6o rout,lnø detan¡lneo nerrt, dlrecÈlon to ta¡(@ to sLelt
I2o o . fooklng for nexe polnc on conÈour of, obJecÈ
12l
L22 call nxtdlr(flaggrarracrllrowrllcolrnxtdctrnurrSrdct)
123
124 lf((nun8.ge.1).arxf.(flag9.eq.0))theri
I25 1f(nuu0.eg.tltl¡en
126 , iaII dcÈI(flaggrôrrêcrllrøu,llcolrnxtdctrnun8)
L27 lf (nung . gt,. I) tÌ¡er¡
I28 flagl0-2
L29 qoto 300
130 endlf
I3I srldlf
r3z endlf
133
134 c " o o. o o o If flret potnÈ fon¡¡ut agaln, end lteratfon.
135 c otl¡e¡:t¡ls€ ator€ soords: In BORDRTBORDC arraye, alrú
136 c updats varlables.
13?
Il8 tf ( ( tiron+toprcñr-1. eq. frcet) . and. ( llcol-l. eg. fcol) ) then
139 rurtdstao
I40 olae
141 nuEßdgosnu¡o8dg€+I
I42 bordr(nunedge) -llrcn*ltsoprow-1I43 bordc(nunedge)øllset-¡
I44 dctFr¡xtdst,
145 a¡.'llrcn¿
146 ac-llcol
I47 flagg-O
148 endtf
I49 lf (IÞÊdcÈ.r¡e.0) then
150 goto 200
I5I endlf
ls2
153 c 

" 
c. o o o o If tlrle potnt, tn tlre progrrau hae been reached, the

I54 c edgo of, tlre obJect has been euccessfufly located.
r55
Is6 8IagI0-3
157
I58 300 lf(flagl0.eq.1)then
r59 urrttá1", ' [lx;ê/) o ) ¡No obJecg ln ecene. ¡

160 endlf
16I lf(flag10.øq.2)then
L62 wrttã¡*n,(u,a/),) tcåriL Dcrg done tr¿lce: no pt. found.¡
163 @ndtf164 tf(f,laqto.@q.3¡Èh6n165 ùrftó(tr'(rxra/) t) ¡8ue6@aafully oenpleEød @ntltø
166 & algorltl¡¡a. t

16? endlf
168 If(flagr0.eq,4)then
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Pfæfan G€g thâda
ãi!ãr-,å

D tine# t ? ¡4lcroeofr togrr,A¡flz v3.30 M":3itÍåà3169 wrlte¡ø,'(lx,a/) ¡) rrrage & wrrdcn¿ ñõt-ioaa"a coãÃctr[;-" -'170 €¡¡dlf
I7l cafl feerutfl
172
173 c . e o o. o . Eave all border FolnÈa, srrtÈs to flle on dlek.
174
I75 calL eavpte(bordrrbordcrnr.rnedge)
I?6
177 stop
I78 end

Nane qæ€

ÀC I}ITEGERô2
ÀR TNTEGM,åz
BORDC II'¡IIIEGERT2
BORDR INTEGERûz
¡OTN,Ofl INTEGERÛ2
DCII I}ITEGEtr{ú2
FCOfJ IÌ'¡TEGERÊ2
FLAG].o INTEGM,û?
FLAGg T¡{TEGIR,Tz
Ft'fÀl'{E cHÀR*20
FROv T}EEGERÊ2
I INTEGER*2
IBUFF I¡'MEG!A,Tz
ICTIEQ( I}TEGERi2
rIC\]L TNTEGER,Ê2
IIROI{ IMTEGERÛ2
J I}TTEGER*2
NTJMS T}¡TPEGTR,T2
NI,JMEDG IIWEGER*z
}TXTB T INTEGM,*z
ID(TDCI IMTEGER{2
M TIþP I¡\EEGERÊZ
TOF'IIOH I}ITEGER,Êz
WINDOW II{TECERô2

Offeet, P Claee

50
40
O IÀNGE
O IÀRGE

38
32
26
20
30

éôÈûÈ
24
I6

4OOO LÀNGE
22
44
42
18
52
28
48
34
46
36
O ,/I}TDAT4,/

L79
180
tBl
I82
IB3
I84
185
186

I 187
I 188
I 189
2 1.90
2 I9I
e 19A
e 193
2 194
2 195

a"þroutlne fçatpt(lbuff , frø, fcol)
lntegert2 lbuf f (512), frow, fcol
lnteger*2 aarbb, flag?, flag8

flagS-0
flagT-0
do 40 aao2r512

If,(flag?.eq.0) tlren
call legetp(O, aa, 0, SlA, fbuffl
do 30 bb-SrsU

lf (flag8. eg.0) t¡iêr¡
tf (lbuff (bb) . eq. 0) ttren

lrsÞô6
fool*Þb-å
flag?-1
f,IagB-l

102



Eogra¡¡-1c€È_eêgs

D l^lne{ I
2 196
2 L97
2 I98
I t99
I 200

20I
e0e

7
er¡dtf

endlf
30 contlnue

er¡dlf
40 contl¡u€

ret¡¡rn
errd

NatrE flT€ Offset p Claee

ÀA I}ÍTEGERÉ2
BB IIfTEGERÊ2
FCOL T}¡TEGEÍ{Û2
FI.AG7 I}¡TEGER,â2
FLAGS I}fTEGEN,É2
FROI, TMTEGERå2
IBUTF INTEGERù2

203
206 sl¡broutlno-up¡l¡d (ltrow, llcor, toprøorrurttop, botrær, nr<tboÈ, ar, ac)?1: þFs"ry? wtrurow 1e a , siz ) , fiovì rt¿åi ¡op';å,¿, ¡"cro,
1y9 $regerÊ2 nxttoprn¡ftbot,Errôc2o7 cou¡no¡l ,¿l¡dat¿r¿w-lirdou
20a

?9? c ...ô,.o t¡pdat€ ulndos(64,512).
2r0
?lt lf (llron.eq.t)üren
2L2 ru<tlot-tõprä*f213 nxttop=nxtbot-63
?11 lf (ruccrop. rr. o) rhen2r5 nxttop-o216 r¡xÈbot-632Ll arr-topr-ou+12I8 slse2I9 Àn-63220 endtf22L el8e
?22 1f(lfro*.a9.64)then223 nxttoPbotroir_l224 n)fÈboÈ-ructtop|63225 lf(nxrbot.qr:srtlürgn226 rxtbot*5ll227 nxtÈop-44822A ar-boC¡¡ow-n¡rttopà1229 else
230 aJFe
23t erdlf
272 erdlf
233 exldlf
234 acptlcol435 tlroræar236 Èoproænrêtop
237 botrcñdønlctboe
238 call getlu(toprow)
239 r6b¡rn

58
60
I

56
54

s
0

Mlcrosoft, Eþ8ÍRA¡{7?

Ê
ô 

'åRGE

Page 5
0I-23-89
09 : 06: 13

V3.30 l.farch 1985
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Proglran_c€t_IEage

D Line# I
240

Namê

Àc rlIrEcR*2
ÀR I}{TEGERÈz
BOTROI.{ INTEGER*2
rlcl)L INIEGM,*z
ITROW I}ITEGERû2
NXrBor tìlTEcm,È2
}D(TI\]P II.¡TEGM,*z
ÏþPROI,¡ IMTEGER*2
WINDOW INTEGER*2

r)æ€

7
end

Off,6et

241
242
243
244
245
246
247
244
249
250
251
252
253
254
255
256
257
2s8
259
260
26L
262
263
264
265
266
267
268
269
270
27L
272
273
274
275
2?6
277
278
279
280
2Bl

P Class

ô
å
È
Ê
ø
â

È

/IÌ{DÀT4//

28
24
16

4
0

20
12
I
0

Page 6
01-23-89

ldcrosofr FoRrRÀN7? v3. 30 M"::ioi;à3

subroutlne n:<Èdlr (f1ag9, ar, ac, Ilrow, ll,c- 
GËãõåäz' îüö ) ;, .9, Jf row, ri.ol ;,"ôåkffi ff¿3¡", 

u".,
lnteger*2 b,lndow(64, 5iZ)
co¡m¡on / tndatar/trlndow

lf (dcÈ. eq. 1) ttren
r¡xtdct-6

^cal 
I dctvl ( f lag9, ar, ac, J.Irow, Ilcol, nrrtdct,, nr¡ng )€Iae

lf (dct. eq.2 ) ttren
nxtdct-7

^ca[ dc{vll ( f lag9, ar, ac, iJ.row, llcol, nxtdct, nLEB )€Iae
lf (dcÈ. eq. 3 ) tt¡en
r¡¡<tdct*g

^call dctS ( f lagg, ar, ac, I irø*, Iicol, ruÈdct,, nun8 )else
1f(dcÈ.eq.4)then
r¡xtdst=l

^call dctl ( flag9, ar, ac, I1row, ilcol, nxtdcÈ, nu¡l8 )eIaê
lf (dct.eq.5) then
n¡<tdcttE2

^call dctll ( flag9, ar, ac, llrow, ileol, nxtdct, num8 )elsa
lf (dct,. eq. 6) then
¡rxtdsto3

^call dctlll ( f lag9, ar, ac, lirow, 1lcol, rNtdct, nr¡mg )olse
lf (dct. eq. 7) ttren
ru<tdst-4
caU dctlv ( f lag9, ar, ac, llrow, 1icol, rNtdcÈ, nung )alee
lf(dct.eq.S)then
¡'¡xtdc¡tq5
call dctv ( f lagg, Er, ac, llron, llcoJ,, nxtdst, nun8 )endlf

endlf,
endlf

endlf

104



FrogBaB_G@È_&ag@

D lJned I
282
283
284
285
286
2s7
?88

?
€nüg

e¡¡dtg
eõil8

€¡¡dtf

retr¡sr
€¡Ìd

NaDs lt:p€

ÀC I}ITEGERûz
ÀR I}trEGEN,Ê2
DCI I}TIEGERÈ?
FIÀG9 I}ITEGERüz
IICOL I}ÍTEGERÛ2
IITtoW I}trEGER.Ê2
NTJ}'T8 I}MEGERÊ2
MJ(IDEI IMIECERÛz
¡{INDOTI I¡TTEGERÊz

Offeet,

I
4

EB
0

l6
l2
24
?0

0

2S9
290
29L
292
293
294
295
296
297
298
299
100
301
30?
303
304

Nane

Fage 7
0r-2 3-89
09 ¡ 06: 13

Hlcroeof,t IOFfRÀllit? V3.30 !.farch l9s5

F Clasa

ô
ø
È

ø
Ê
Ê
û
t

/rHDAr4/

eubroutlne dctl ( f lagg, ar, êc, lt row, llcol, nxtdet r nuu8 IIntegerrz vlnOow 1 oÃ, SrZ i, tiags, ai, ac, lirow, f fåof , nitAct, nune
souec¡n r/ l¡daEôr/ulrdou

lf (wlndcn¿ (ar-I, ae+I) . eg" 0) then
nxtdct-l
fIagg-l
llro,¡aa¡r-l
llcol-ac+l

@ndtf
lf ( flagg.oq.0) tl¡€n

call dctll ( f lagg, sr, qc, ltr.ou, llcoL, n:rtdcÈ, nr¡n8 )sndtf
r€tu¡T¡
end

I}'"6 Offsst F elase

AC I}NEGERÛ2
ÀR II$EGERâ2
FI.ÀGg IMTEGERÊ2
II@I¿ I}fTEGERà2
IIROW IMTECER,Û2
M'lH8 I}ITEGERT?
¡DCmCf I¡ìEEGmte
}fINæ$ I}'roEGERø2

309
306
307
308
309
It0

8û
4â
oÊ

16È
12r
246
20ô

0

oubroubl¡rø doBt t ( f 1e99, aF, eo, llreø, f leol, n*rÈd€È, nus8 ), .1nËog6rÊ2 u1ndqd(64, sle¡, 8lag9, ê1160, flrow, llcolrrixtdét,rnu&B
clsmeon /fqa¡¿7t t¡dou

lf (wtruåø (er, e6å1) . eq. 0) tÌæn

/rHDAr4/
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Èogran-Get_hage

D IJ¡e#
3Il
312
313
314
315
316
317
318
319
320

Nåt4a

t7
n¡<fdct-2
flagP=1
1lro*-ar
llcol-ac+1

erlallf
tf ( ftag9. €q.0, th6ncall dctill ( f 1a99, ar, ae, f lroo, llcol, ructdct, nung )errtlf

return
end

lY"€ Offset P Class

AC I}¡TEGR,*2
ÀR IMTEGER,*2
FLAGg I}IEEGM,*2
IICOIJ I}¡TEG!N,ú2
ITRO¡{ TNTEGER,*2
NIJH8 I}TEGER*2
NXTDCT IMTEGER,*z
WTNDOI{ I}¡TEGM.Èz

Page I
0r-23-89
09:06: 13

MicrosofÈ fORIRÀ¡fr7 V3.30 Harch 1985

32r
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

8*
4â
0È

16È
12ù
24ø
20â0 /ruDATå/

B ihroutlne dctlll ( f 1aq9, er, ac, 11roç¡, llcot, r¡xtdct, num8 )lnt€gerû2 wlndow ( 64, 5 12 ), f 1a99, ar, ac, J, J.row, llcol, nxtdct, ntur8
cq¡DrÞn rllndata/wlrdørr
tf (wlrutcru (at+l, ac+l) . eq. 0) ttren

n:<tdcto3
f1ag9=1
1iror.¡=ar+1
llcol*aqtI

erdlf
lf (flagg.eq.0) then

call dctlv ( f lag9, ar, ac, J.lrow, llcol, nxtdct, nung )enilf
retu¡n
e¡¡d

Name Ðæ€

ÀC I}¡TEGER,â2
ÀR II.ITEGER*2
FLAG9 I}ITEGER,*2
IICOI¿ II{TEGEN.*z
IIROW I}ITEGER*2
NUI'Í8 I¡¡TEGER,Ê2
NKTDCI IMTEGR,â2
WIITæW TNTEGERûz

Offeet P Clase

8û
4s
0ô

16e
12â
24þ
20ø
o /II{DAT4,/

337
338
339
340

subroutlnE dcttv ( f Isgg, ar, ac, IJ.rø*, ilcol, rurÈdce, nung )
lntegeråz wlndolr ( 64, 5 l2 ), f 1a99, ar, ac, ilrow, lleol, nxtdcË, nun8
col¡t¡¡Pn r/ldat,arrwlrdøø
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Itogra¡E_G€t_I¡age

D Llne#
341
342
343
344
345
346
347
348
349
350
351
352

Na¡ûâ

I 7 M.lsrosoft IÞRI,RAIIZ?

lf (wtrutcrw (at+l, ac) . e{. O) then
r¡xtdct-4
flaç-1
ti¡ot¡=a¡+l
llcol-ac

erdlf
lf(f1eg9.@q.orth@n

call dcW ( f lag9, êr, ac, llro*, llcol, nx€dct,, nung )endlf
reÈu¡Îr
e¡¡d

qæ€ offeet p claee
AC I}¡TEGR,Ê2
ÀR IMTEGERÊ2
FTÀGg INTEGM,Ê2
IICOÍJ I}ITEGER,â2
IIROI{ INTEGER,*z
NI,JI.,Í8 I}ITEGER*z
}TXTD T I}¡TEGER,úz
WINDOÍ{ INTEGERâz

353
354
3s5
356
357
358
359
360
36I
362
363
364
365
366
367
368

8Ê
4*
0*

16È
12*
24â
20È
0 /rlrDATV

euþroutlne dctv ( f lag9, ar, ac, Ilrow, llcol, ru<tdct. nun8 ì

åffiiiÎJålåäÍffd'z i' iiüõ ;;i';ã;ií;äüiiåätiíH"t' "'-s
lf (wlndør (ar+l, ac-t) . eq. O) tt¡en

nrctdct-S
flag9-1
ilros¡-ar+l
llcol-ac-l

endlf
1f (flag9. eq. O) tt¡encall dcÈvt ( flagg, ar, ac, i1row, llcot, nxtdcÈ, nu¡ûg )endlf

returrr
end

1)?e Offeet, p Clase

Page 9
0L-23-89
09:06: t3

\¡3.30 ltarch t9B5

NaDe

ÀC I¡.¡TEGERê2
ÀR I}ITEGER,*z
FI,ÀGg THTEGER,*z
IICOL I¡ITEGERùz
IIROI. TMTEGEXIÊ2
NI,'H8 INTECERÉz
MCTDET IMIEGERâ2
WINMW T¡+TEGERÈz

369
370

8È
4ô
0Ê

16È
1.2 s
24ø
20@
0 /Ir'fDÀTÀ,/

subrsutfne dctvl (flag9, ar, ac, Ílrør, llcol, n:rtdc!, numg )
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Þosran-@r-ruas. 
ãï3;r_å3

D Line# I ? u{ 
-^--a¡ 

** 09:06¡ 13
371 lnte372 .#iiÎ,å#ñÍiå¿i"),""nfSË3:t'HffigT,H;åLTç¡-t"u
373

31t tt$H¡:é""'ac-r) 'eq'o)ttren
376 flag9-l
37? llror¡-ar378 llcol-ac-t379 endlf
199 if(frase.eq.o)rhen
läå 

"nfiilt 
dcwll(flase,ar,ac,ilrol,ilcol,rurÈdcr,nurno)

383 r€turn384 end

Nane 1lp€ offset p claes
Àc Il¡TEGm,É2
ÀR TNTEGM,â2
FLAGg INTEGM,É2
IICOL INTEGER.*2
ITROW I¡¡TEGER,*2
NUMS II¡TÈGR,*2
}T}MDCI IMFEGER,*2
WINDOW I}TTEGERÊz

385
386
387
388
389
390
39I
392
393
394
395
396
397
398
399
400

8à
4û
0â

16È
12ú
24â
20â
0 //üDAT4/

et¡.broutlnE dc.tli I I f I ag? f 3r r3q, I lrow, 1 lcol, nr<tdqt,, nun g )lnr,eser*2 wtndo* i ee, 6 rå ¡, iiåáõ, 
"", 

åãlìi.åù, iLcoí,'ñrõá"t, nureconnon rzludatarzwinoou

if (wlnÈtcu(ar-I, ae-I) . eq. O) thennxtdct-7
fIag9-l
11ror¡-ar-l
llcol-ac-I

erdlf
lf (flag9. eq. O) tl¡en

"Jilt 
dct8 ( f,1a99 , êr, ac, f 1.roø, licol , n:rtdcg, nu¡og )

retu.rn
end

Na¡ne $æ€ Offset p Class

å,c
ÀR
FLAG9
TICOIJ
ITROW
NUr'r8
!ÐßDCr
WINDOW

401
402,

I¡ÍTEGER*2 8 û
I}ITEGR,*2 4 *I}ITEGER,*2 O â
r¡IrEcEA,*2 16 E
IMTEGERâ2 12 â
INTIEGERâA E4 @I¡Í!EGmû2 20 Ê
rtrTEcER*z 0 /I¡{DATå/

suÞrsutlne dct,B ( f 1ag9, ar, ac, IJ.row, llcot, nxtdct, nunr8 )
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råsjE.¡r¡¡ re€tË_IDag€ page ll
0t-23-89

D Llne# I ? u¡-^--¿! 09:06:13
403 lnÈe404 .*,giii;llligÍiådr,),,r.rfîilå;:ir$ryg:,n¿il.iffiË-iges
405

l3i tt'{iåä:ËÁ'*''êc) 
'@q'o)tr¡en

40S flaç-1499 liror¿-¡e!410 llcol-as -
41I endlt
1]? If(frase.eq.o)rÌ¡ên¡¡IJ nUnS E nUDS + L
4 r4 eridlf4rs returrì
416 end

Na\e II'p€ Offeot F Clasa

ÀC INTEGERÈz
ÀR INTEGERÊz
FLAGg II{TEGER,*2
IICOL T}¡TEGERT2
IIROH INTEGERüz
Nt,il8 IMTEGER*2
N}ßDCT II.¡IEGERTz
WINDoil INTEGERÊz

417
418
419
420
421
422
423

I 424
I 425
I 426
2 427
2 429
I 429

430
43I

Nane

8û
46
0È

16ê
12È
24â
20ü
O ,/I¡'ÍDATA,/

al'hroutlne getùn (topmw)
1ntege¡É2 wlndow ( 64,SIZ ), aa, bb, toprorr, r, Ibuff ( Sf Z )coD¡nc,n rZ lndat4rZvlrdo*

rã0
do 500- aa-Èoprow, toprqr-Þ63r-r+I

11ll^lug."rP (91 9a, o, 5rz, ibuf f)do 505 bb-Ì,5I2
wlndow ( r, bb ) -lbuf f (bU¡

contl'nue
contlnue
retr¡rn
e¡yt

Off,eet P Clasa

505
500

ÀÀ rÌ$Ecm,Êz
BB I}fTEGER,T2
IBUFF TNTEGER,TzR INTEGERôz
TOPR$' INTEGERÊz
WÏNDOW I}f,PEGER,É2

llæ€

63?,
433
434

64
68
O TåRGE

62
06
O ,/IHDATÀ,/

eubrq¡tlna eawÈe (bordr, bzrlc, nunedoeì
lnt€gerâ? þordr ( 2ooo ), Uoroc i zooo ¡ lnuneAge
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Ffogran-Getr_rm¡ge page lz
0I-23-89

D r.tne# t z MtcroEofr, tþRrnAlrzz v3.30 u":3i0Í;à3435 lnt€gêrâA as
436
437 c . Wrlte border polnte to dlsk.
438

11? opç¡(!,fflg=r ¡,Btatus-rnewr)
440 wrlte(6,, (LA/I r) nunedge44I do 425 aa-Lnr¡màdoe -

1 442 wrlte(6,4à6) Uoiarlaa¡ rbordc(aa)I 443 426 fonuat.lix, t¿,L+/)I 444 425 contlnue-445 close(6)446 hrrite(û, r (lxra/) r ) rBorder pts. wrltten to dlsk. r447 r€Èurn
448 end

Nane Ðæ€ Offset p Clase

ÀÀ rMI'Ecm,ü2
BORDC I}¡TEGER,ûz
EORDR IMTEGM*2
NUMEDG INTEGER,*2

Nane lyp€

oc'I8
DCTI
DCnII
DCTIII
DCTTV
DCTV
DCTVI
DCTVII
FRSTPT
GEEII'I
II'ÍDÀTÀ
ISEND
ISFCLR
ISIREZ
ISGETP
ISINTR,
ISINIT
ISINTS
rsoTrR
ISOUTS
ISPÀSS
ISSYNC
MAIN
MffDIR
sÀvgI,ts
UPHIND

70
4 Ê LARGE
O â IÀRGE
8è

Slzo Claes

SI'BROI,¡IINE
SUBROT¡TINE
ST'IBROI.ITINE
SUBROI.}TINE
SI'BROI,¡ITINE
SUBROI,JITINE
STJBROIITINE
SIjBROI.TTINE
SUBROUT]NE
SUAROUIIINE
coMtfoN
STJBROII1TINE
SUBROT}TINE
ST'BROTNINE
ST'BROUTINE
ST'BRO(NINE
ST'BROI.NINE
ST'BROLrIINE
SI,¡BROITrINE
SUBROUTINE
SUBROI.MINE
SI'IBROI,¡TINE
PROGRÀ¡,Í
SI'BROI..[IINE
STJBROI,N'I$E
SUBSOUNI¡TE

Pasa On6 No ErTorE D€tectsd
448 source üneg
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Èogïan: tesÈ-{nage

ãîg:,-,å
D LIne# | 7 v¡-_^_-,! .^.- 09:56:50

i strtrei r¡>.ogrran¡ teÊt_lnager HlcrosofÈ ¡þRrRÀll-7? v¡.¡o r'laiõir-iòes
2 gstorage:2
3 program Cest{ruâge4 realÊ4 dstnc(2OOO) rdetminrdsEnax,xÈranspt(25),ytranspÈ(25)5 rear*4 an<1ròo¡,"íd,iiooi,åir".¡iói;#ã(ro) ,.ust(4) ,dlrrradi i;Ëill rnln$oe,rnåxslå;,",in"idä;ÀIãå¿õi;;ià¿aíå,.ã,àiåáãi;"*e G,ãõiiii *ffiÍî3sïlú*:i:ÍÊ?33ì;ïti*{i::3i:.;,.;,;"*e lnreqerl? nunea<je,núinÀvã,*i.,¿,rÃóåi$;bl;úË;"nrzero

]9 lnreger*2 tranpÉs,en-auã,U"gc;l,fff;nn-,,-.-Il realrg xg,y|,råattof,cfrcf12 ct¡aracter tnáinäíáo
L3
14 corûon 1"dq*"!"1b-ordr,bordc,nunedgets comnon /raafaataTastnì'--16 con¡non /aeltaOatTtranÀ17 comnon ,ztrenddat/an<lãr,'l¡,trenaLB comon ,ztrddata/'stfãn,uåsErd,endtrd, fff . trd
à3 oåÎHåÎr/*ataTdist,rotnp"Ë,;riläGlilåËiååiirnsrde,obJ,lsosrde,2L cormon /nax{¡ra/cornrrcolrc1a

23
24 c ..... Enter all parameter data .....25
26 c ..... NUHÀVE - # pte. t" h ly:îged along edge. to to flnd ave pt.27 c to carculatè raorat-alshncé to. tnÍ"ãiË be an odd rnteger)28 c RAD-ITOL = !he- tafã-,iõierance, alLowed for two radlal2e c dtlr'an9eg to be équai. truaiãr arÃi"üõ i.o, guo. cenrer ro ave19 . edse pt.) '---'
3I c (r¡Itt¡-In radltolt the trans0 - 0, ) radltolt the t¡'ans0 = 1,32 c <radltolt-tne trans1)-_ _t.)
33 c crRc-L-i rf qe iig.'åc .'unåo.entrles equar to o is above clrc34 c .hê-progran rs roúied-ro-t¡rã'åir.-iå-ãË=i"l""tron.3s c srlÐl -_-# ot aaJaðÀñ[ poini. ur;t-;"";-h"ïe the same trans varu19 " (r 9I -t onry¡ Éõ-ãäiri.," . trend.37 c 

'rDEIþIJ-'thä',toie;anõe attowed,-ior two rengths (sides or38 c dlagonale) t" u" équji lexpressea-ã"-ä-pã.""r,tage).3e c rrre-varueä assrqneãìã ÈËã;;;äräË"i"Tål*, are rhe oprrrnum40 c values for¡nd in-trrà iãsearcn tf thrs Èhesrs and are
11 c dependent, on tl¡e strapãs usea.42
43 nqnave-?44 radltol=o.245 clrcl=65.046 6¿Ien=8
47 aidetol-6.5
48
49 c . . .. . Nelct u rlnes can b,e used to lnput, ttre pararneterss0 c writel*,333) .'Elter * pofnts ro-¡ã-ã"uiãgãã-i NuMÀr/E l,,?l c read(Ê, ' (bn; $) ') nurnaieþz c wrltetâr333) 'ErÈer taqe for TRiAIIS_o ( RAottot ¡ ¡ r

9? o raad1,t, ¡ lu;l3¡ijõiit 'iããrt".
54 c $Elte(*r333) ,E¡ter-tage border*o-clrclo ( CIRCÍJ ) ! !

:9 . read(Ê, r (bn,fI2.B),) circl56 c wrlte(*,333) 'E¡tår'eÈrlng length to denote a trend (STLBI):,
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Èogran: test_ùuge

D Llne# I 7
57 c read(år'(bn,13) t) etlen
58 c urrlt6(âr333) tEnter E age tolerance for equal sldes (SIDSIOL): I

59 c read(û,t(bnrf6.3) t) sldeÈol
60 c 333 foraat(lxra\)
6I
62
63 c ..... Read edge polnte fron dlek. TtresE were extracted by progran
64 c .. .. . ISTIrOAD. Param€ter nu¡nêdge - # edge points erft,racted. Tt¡e
65 o ..... row & colunn coordlnatee of odga polntø ar@ stored In arraye
66 c ..... bord.r & bordo reepecÈIvely.
67
68 wrlte(*, t (lxra\),) rt¡ter nane of data flle: I

69 read(*, , (a\) t) fnane
70 open(lr flIe=fnamer etatus-¡oldr r accese-rÊequentlal t 

)?L read(Ir. (t{/l r) nunedge
72 do 435 l=lrnr¡nedge
73 read(I,. (b<,LArt[/) ') bordr(t),bordc(l)
74 435 cont,lnue
75 close(lretatus=rkeepr)
76
77 c . Àrray lnltlallzatlon ..
7g
79 do 43 l-1r2000
80 dstnc(l)-s.g
8l trans(l)eg
82 43 cont,lnue
83
84 c . CaLcr¡late the area of the obJect, a¡ld theref,ore tlre
85 q . geonetrlc center (xg,yg).
s687 call centrotd(ry,yg)
88

1
1
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I
I
1

89c.
90c
9lc
92c
93c
94c
95c
96
97
9S
99c

100 c
101 c
I02 c
103 c
104 c
105
I06
r07
r08
r09
It0
111
l12c

Ca1cr¡late the radlue frcno (xg,yg) to eadt polnt on the
edge. ffre polnts on the edge are averaged to provlde an
ave. row & co1 (xaveryave). lhls ell,¡nlnatee varlancee due
to dlgltlzat,lon. Tlre fl polnts to be averaged for (xave,yave)
ts a paÌaneter NUHAVE. NLJI'fÀVE Is alwaye odd to associate
1t r¿Ith an actual edge polnt wlttrout blas. The radlal
dletancee fron (xg,yg) to (xaveryave) Is stored ln dst¡c$.

. Calcr¡late tÌ¡e trans array. The dletances (dstnc) of two
adJacent edge polnte, ri & D-I are compared.
If tt¡elr tage dlfference le > raditolï, trans(n) - 1;
If tl¡e1r tage difference lg < radltolt, trans(n¡ - -1;
If, tl¡elr tage dlfference le wlthln radltolt, Èrans o 0.
paraneter sntzero - X points r¿ltÌ¡ tra¡rs - 0.

call grradlent (nrrnedge, cntzero, radltol)

obJ-g
cz*cntzero
wìrlte ( â r t ( lx, s, l5rl) I ) Ic¡rgzencø ¡, cntaero

. If clrcl& of the polnte have tranafl*0r t-he obJect ls

call radlue (nunave, detnln, dsbax, xg, yg)
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Prosran: test_lnaga 
:î1;"_":

o l.rne# r z ulcroso* FoRrRÀN7? *..0 *33iu1åå3113 c clrcular: goto clrcle teet ê 700
1t4
llq lf( (cz,znuoedge) .ge. (clrcl,zroo) )then116 obj-4tl? goto ?00IrB endif
r19
I20 c . If not, cJ.rcular, replace all Ors I¡ûbedded betweenr2r c l{enÈ,icar non zäro -trana nos. wltt¡ trrã-non-r""o varu€.
!?? ç (1.e. -I,0,0,0¡-1 or I,O,O,O,O,l $rill-have all $re ieioe123 c dunged to -I or I rê6p.i ir0rörOr-l or -Irororororl $rtil124 c noÈ change any.)
125
126 call repzero(nunedge)
L27

l?9 c ...... Be.plgçê g+t elngle inbedded lrs or -lrsr ag they are due tot29 c dlgitlzatlon. -(l:e. [1,-I,I] 6 [-1,r,:i:-wfff-i,aüã-thãir--r3o c -r-& 1 replaced'wirtr i å -i iespl¡t3I
132 call repones(nunedge)
133
I34 c . Have all raw datai ncnd ÐÊrast FEAT{'RES
135
136 c . Ioçate t¡eruts (deflned ae stlen ü of eonsesr¡tlve
11? " polnts wlth saúe trans vaLue tr ór -rl ).
1.38
L39 call flrettd(nrnoedge)
140
14r c . rf a t¡end waa not found, the data rs rncorresc, therefore
142 c erd prograu.
143
144 flag2=O
145 If(rrd.€q.0)then
146 flag2-l
147 goto 600148 end1f,
149 ftrd-+rd
150
151 c . Uslng fir6t trend (ftrd), flrxl all trends.
152 c Each-change In tre¡d le'deflned by 4 polnts.
153 c rhe rst, 2 polnts deflne trend r wñrcr¡'is the rast set ofI54 c STI¡ÐI.pts wltlr eane trans val.ue (f or -f) BEFORE the
155 c ÈraneJ.tlon pt. a&i whosê coordrnàtes are'denoted by xr,yl &
156 c x2,y2. Tt¡e 2rd 2 polnÈe deflne trend 2 whlcl¡ ts u¡ä rtiSt set
157 c of STLn¡ polnts r¿-Ith the ea¡ne Èrans value (-1 or l) ÀI:[ER the
158 c tra¡¡sltlon pt. a¡d y¿hose coordlnatee are dênoted by x3,y3 e
159 c x4ry4. Tl¡e tra¡r.s values for trenl I & 2 wlll Ue oþposiËe,
160 c (1.e. f & -1, or -t e f).
161 c The traneltlon polnt le'eltl¡er a ¡oaxlma (corner) or mlnlura (sI
162 c nldpolnt).
163 e lltre coordlnatee of the 4 polnte for every translt,lon area
164 c (tranpts) are stored in an<O,art/O . -
165 c Thelr transltion value Ie etored- tñ trendO .
r.66167 call al.ltüds(tranpte)
168
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Progran:

D L,Ine# 1
L69 c
170
17tc
l?a

173e
174 c
175 c
176 c
I77 c
178
179
IBO
l8l c
IU2 c
183
LB4
LB5
186
187
].8 B
189
190
l"9l c
I92 c
l_93 c
194 c
l-95
L96 c
197 c
I98 c
t99
200
201
202
203
204
205
206
207
208
209
210
2Lt
212
2L3
214
2I5
2r6
2l-7
218
21,9
220
tr l

222
223
224

test-image page 4
0L-2 3 -B 9

7 ,.r ^__ _ 0g:56: S0

. sav€ fearule dar,a ro urr* Silllofr FoRrRÀ¡r77 v3.30 March res5

call savedata (tranpts)

. Calculato T? "-V ooordlnuto (êvex,¡rvcy) of each Èrancj.ÈLonpolnÈ. rhese arä elther"a-rnaif*" -ói'*iiiñå.--öf= 
r.acconpllshed by a llnear lnterpo).at1o" ¡õliå..r-"--lrne a Ideflneã ¡y (arx(ni,ãrvinl ) 1na 1arxln+r) ,ary(n+I))] anÌlne b [dcftned b] iarxi;íåilårvf n*zl) and (arx(n+l) ,ary(n+3) )

call corners (tranpts, nn)

. ff nn (Èotal # of maxi¡na and mlnl.rna) ls not egual to 6 or Ithe obJect, ls nelther trlangl; nor guadrilateiiil
1r ( (¡¡. r.re. B) . and. (nn.ne. 6) ) then$r1te ( *, r ( lx, a, 14, a7¡ t ¡' i r.,¡= r, nn,,, UNKNOWN OIIJECT.,wrlte ( Ê, I ( rx, a, fI2'.7',å, ix, iiz .i-,Å7 ¡ i ¡' ceomeiãã-ôånter ( row, co1)& : (trxg, r, try9, ,) t

goto 900
endif

. ff nn=B then obJecÈ Is a quadrllateral.
Deter¡nlne type of guadrlláterar; oniy-ones rnterested Ínthls thesls are sqriares or rectangles. ÀIl others aredenoted as unlmown quadrlJ.ateralsl

. dlsE(L) - dlst(a)=lengths of 4. sldes;angl). to angL4 = anglesformed berween'eäch sÍae unã th. t"p'ði.rñe-;.;;ã".sldedtf = drfference uetwãàn ûre roüqãÀti-rr,ãriã=r sldes.
lf (nn. eq. B) then

obJ=1
caÌl guad (e1deto1, xg,yg)
yf+89(o,, (lx,a, 14/,t' )'obJ=',obJ1f (obJ .ea. I ) tten

- u,'rlte(È,' (rx, a,fr2.7,rx,a/).)'obJect= r.JNKNor^rN euÀDRrrÀTERÀL&, anqls=rrmlnpos, ¡ degree=. t'' '
el"se

If (obJ . eq. r0 ) Èhen
_ ,wrlte(*, r (tx,a, fI2.-I ,Lx,a/) t) rObJect,= SQUÀRE r ärgÌe= r,
& nlnposr tdegrees. r '

el.se
ff (obJ . eg. t2 ) Èhen
write(*, r (tx,a, f!2.7,Lx,a/) t) rObJecÈ= RECIÀUGLE, âhÇle=r,& ralnposr r degress. r

endlf
endlf

endlf
eldedlf-eldedlfÊIoo
dlagdl f-dlagdl f* Loo

- srrlte(È, t (lx,a, f12.7,a,Ix,fL2.7,a/) t) rceometrlc center (row,co1&:(rrxgrrrt,!g,r),
.f.i::Ji, I 

(_IT:u 
I 
f Iz.7, lx, a, fr2.7,Ix, a, f6. 3 ;a/ ), ) |maxside= r,

ùnaxstcter' mlnslde=r rminslde, r sldetol=r rsidetoi,,X,wrlte ( *, I (Ìx, a, f IZ.7 ,a,tx,a', ttz.i , u/) , )' ,;ld¿dti-=;, sldedif , rtr ,
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D llne# I
225
226
227
225
229
230
231
23e
233
234
2X5
236
237 c
238 c
239 q
240
241 c
242 c
243
244
245
246
247
248
249
250
2s1
252
253
254
255
256
257
258
259
260
26L
262
263
264
265
266
267
268
269
270
27L
272
273
274
275
276
277
278
279
280 c

êÃ-+ ¡---^eÈe-sYq 
ãîlir-rå

't Htcrosofr FoRrRå¡n? *..0 *33nuiåã3& rdlagdif -r,dlagdif, rgt
_ -.wl{!g (o, | (lx, a, fI2.?, tx, å, tLz.7 /l t I rdlstl-.,dlst(1) 

r I dist2= r,
&d1st (2 )
_ -.*.r+!g(*, I (lx,a,fI2.7rLx,a, tLz.7/rtl rdist3ãr,dlst(3) 

r I dlst4-r,
ed16r, (4 )

1i+:.(i, : 11",",!l?.?,2x,f12.2\)' ),ct'r,corr¡r(l),cornc(1)w:rlt€ ( i, I (?x, a, !l?. 7,2x, f!,z.7 / ) t, r czs r 
; cor.nr i z i, cornc iz ig1!"1Y, | (rxrar f-tz.!,zx,fr2.?\i' i rslar' cornriri,cornci¡iwrltef Ê t 

r (sxr ar f LZ. 7, 2x., fL2.7 / r . l r c4s r 
; cor-nr ( o i, cornc i+ igoto 800

endlf

. If nn (total # naxl"ra & nlni-ua),- 6 then obJect,le trlangularDete¡nlne t]tr€ of trlangle equilateral or 1éoscelee. ÀfÍotherg are ulsrot¡n trlanglee.-

. dlstl to dlst3 are Lengttre of eldes.
angJ.l to angl3 are angles of eides.

lf(nn.eq.e)then
call trlangle (eldetol, x9r yg)
Ir (obj . eq.20) tÌ¡en

_ vrlte(Ê, I (Ix,a,fl2.7 r].,x,a/ltl rObJecÈ- EQUIIÀTER.ilL TRLÀìIGLE,& nlnpoe-r rnlnpoa, t decÉeeÁ¡.','
else

If(obJ.eg.2r)then
, _, glt. lû, | ( lx, a, f _12.7, ].]x, a/ | t ) I obJ ect- IsosCEr,Fe TRI]À¡IGLE,& Dl.ltpossr rnlnpo6, I degÏees. I

bJ=lsoslde
bk=bj+t
lf (bk. eq. a ) then

bk-l
endlf

vrrlte(s, I (Ixrar13ra, t3,a/, . I rSldesr,bJ, r andr,bk, r are equal. r

else
. 1f(obJ.eq.2)then

- wrlte (*, r ( Ixr a, fLZ.7,Ur a/), )' ObJêgt=UNKNOWN TRIÀNGLE,
6rangle=r rrnlnpos, rdegreeg. r ' '

endlf
endif

endlf
eldedlf=sldedif*loo

-*l!"(o, : (lx,u,fl? .? ,a,Lx,tLZ,7,a/) t, rGeo¡uetrlc cenÈer (row,col)
& ; (trxgr r r. rygrrll

yTI!9(1, I (lx,a, f,Lz.7 ,lx,arf12.z, Lx,a,fl.z.7/) t, rdlstt-r ,e .dlst(l) r rdlst2-t,dlst(2) r rd1st3=r ,dl;t(3) 
- '

Idrlte ( *, | ( lx, a, f].2.7,Zx, fLZ.7 /, t I r clE r, colr¡r ( 1), cornc ( 1)
wrlrle ( â r' ( lx, a, fL2.7,2x, tL2.7'¡ i t \ r czE r 

; cornri zi, cornc iz iwrlte(*, I (lxrarfI2.7 ,2x,fLZ,7/l t, rc3sr ,eornr(3) ,cornc(¡i
-lrrlte ( Ê,, ( lx, 

", 
f,12.7, Lx a, t]-Z', i, ix, a, f 6. l, tx, å, iiz . 7, a) ¡', ¡&rEaxside-r rnaxside, I ¡nlnslde-r rmlnåIde, t !1¿igo1=r,siaêtoi,

& rt sldedlf-r relddlf , r tl
EoÈo 800

€ndlf

.. .. No trend le fourul, therefore no naxina/nlnl¡¡a for¡¡d.
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D Llne# L ? HlcrosofÈ FORIRÀ}IZ7 V3.30 March t9B5
281
282 600 lf(flaga.eg.I)tlren
283 $rrlte(ø,, (lx,a/) r) rNo frerd For¡¡dl284 \drlte(û, , (k,a: fL2.7 ,a,7x,fl?.7 ,a/l tl rGecaaetrLc center (rowrcol)285 &:(lrxgr¡r,ry9rt)l
286 endlf
287 goto 800
?88
289 c ...... Clrcle t-est. I8 thE dlfference betrseen the longest and shortes
290 c radll le wltlrin the tolerance eldetol, the obJéct ls a clrcle.
291 c otìe¡í?r16e ttre obJect te elllptlcal (unknown object) .
292
293 700 If (obJ .eq. d) t¡en
294 dlffradã (dst¡0ax-dstnln) //dsbtn29s lf(dlffrad.le.(sidetolTroo¡¡ttren
296 hrrlte(tr'(Ixra,/)') 'ObJect ls a CIRCLEI297 elee
298 wrlte(sr t (U,a/) t) robJecÈ le ELI¡pfIeåt'299 endlf
300
301 c . To eave clrcle data¡
302 s call eavclro
303
304 $tlts(*r, l*rarfL2.7,a.,LxrfLZ.7,a/rtl rGecnnetrlc center (rowrcol)305 &:(rrxgrrr,rygrr)l
306 wrlte(*, , (t{rl, f,l.Z..7,e.,fLZ.Zr3x,a,fI2 .7 ,a/l rl rRadll ntnrnax¡ r,
307 & dstnln, r, ! rdstnax, r:dlf,ference=¡ rdlffradr-r: r

308 endlf,
309
3I0 800 pause
31I stop
312 end

Name !:æe Offset p Class

ÀRX REAL
ÀRY REAI,
BECTRD I}¡TEGB,*z
B' I}ITEGM,ù2
BK I}ITEGER,T2
BORDC INTEGSR,Ûz
BORDR IMTEGER,åz
CIRCIJ REÀI.*8
cl{TZR, I}¡TEGM,â2
CORNC REÀL
Cì3RNR REAIJ
CZ REA¡J
DI.AGDI REAJJ
DIFFRÀ REAI¿
DIST REAI¿
DSTMN( REAI¿
DS$TIN REÈL
DSfl{C REAI,
ENT'TRD INTEGERêA
FFF I}IÎEGEREz
rIåG2 I}fTEGERô2

0 /rRs¡DD/400 /TREIDD/2 ,/IRDDÀT/
354
356

4000 ,/EæEDAr/0 /EDGEDAT/
280
340
40 /r{AtG,f4/o //ÌrÀxrHÀ/

342
36 ,/SDATÀ ,/

358
0 //sDÀTÀ ,/.

336
332o ,/¡lÐrDAr/a /rRDDNr/6 ,/IRDDÀT/
346
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Ftogrên; teet_lnage

D Llne# l. 7
¡t¡Àt'fE c*tÀR*20
HTRD I}ITEGER*2I I}¡TEGER,*2
TSOSID I}MEGER*E
MÐ{SID REÀIJ
MINPOS REAI¿
I'ÍIHSID REAL
NN I}ITEGR,*z
NUI{ÀI/E TNTEGM,â2
NUMEDG INTEGER,*2
OB' I¡¡TEGER,Ûz.
RÀDITO RSAJ.*8
SIDEDT REÀIJ
STDSIþ REÀ]J
STLE¡'I I}TTEGER*z
rRÀNgI TNTEGR,*z
TRÀNS I}¡TEGIR,*2
rRD INTEGM.*2
TRffD I¡¡TEGM,*z
rIRÀNS IìIITEGER*z
XG REAL*S
}TRÀ}TS REÀIJ
YG REÀL*8
}IIR,À}¡S REÀL

292
348
31.2
34 /SDÀTA /24 ,/SDÀTÀ ,/16 /sDNrA /28 /SDATÀ ,/

352
270

8000 /EtrEBDsy'32 /SDATÀ /
272
20 /sDNrA /

288
0 /IRDDÀV

350
o /DEI['ìÐ/I /TRDDAT/800 /tRBtDD/

220
316

20
324
120

Page 7
0t-23-89

tdcrosoft toRrn.Alt-r7 v3. 30 !f"::isi;;8

313
314
3ts
3L6
317
318
319
320
321 c
322 c
323 c
324 c
325
326
327
328
329
330

I 331
I 332
I 333
I 334
L 335
1 336
I 337
L 338

339
340
341
342

srrÞroutlne centrold (xg, yg)lnteger*2 ¡ortr f 
j oõöi iúordc (z 0o o), nunedge, f freal*8 xgrygrarearsu¡n¡¡rea

rgarÊ8 - p+,p2,p3,p4rp5,p6,p7,p8
common /edgedata/boro¡, boùäc , i¡uñèaqe

' Rout'lne uses. GREENT' tr¡eore¡nln a plane to calcurate ttre areaof the oblect, (AREÀ) , ano trrè- geoietifc-à;¿"r;f-th. objecr,(xG,Yc).
Pl-pB are used for nr.ubor uanlpulatlon.

SnïFreaeo.0
xgt=o.0
Yg=o'o
area-o.0
do E0 ff-lrnuDedgê-l

Pl*bordr ( f f ) *bõrdc ( f f+I)
pZebordc ( f f ) ûbordr i f f+t i
P3=bordr ( f f ) ûbordr i f f )p4-bordc ( f f ) åbordc ( f f )
au¡oareaEEunarea+ ( pI_P2 ):{f€(g+ (p3* (bordc(ff+t) -bordc (ff) ) )

so *ilmflå (", Ê (borda ( f,f+ri -þerar isei i i
ps-bordr (nunedge¡ r¡6¡Ttr l t t
p6=bordc (nwredge ¡ *ls¡6r ¡ 1¡
p7-borrdr (nurnedge¡ *¡q¡6t ini¡nedqel
p8=bordc (numedge¡ *ps¡6" (nrureaiei
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Èogran: test_lnage

D ll.ne# r
343
344
345
346
347
348
349
350

? UlcroeofÈ toRIRÀÌn? \R.30 M.::isÍå;8
Eu¡lareaBsu¡rt¿lrea+ (p5-p6 )
xgv (g+ (p7å (bordc ( 1) -bordc (nurnedse) ) )ygryg+(ps* (bor.d¡(t) -Uor¿r(nr¡neAgei ) iarea-o.5Êau6a¡ea
xgEo.s*xg/a¡ea
ygE_o.sàl^g/ar€a

rêÈur¡t
end

Na¡¡e Iytrl€

ÀREÀ REAL*8
BORDC I}{TEGM.Êz
BORDR TNTEGER*z
FF I}¡TEGER,ú2
NTJMEæ I}¡TEGER*z
PI RFJ[TJ*8
P2 REÀÍJ*8
P3 REÀL*8
P4 RE.LTJ*8
P5 REAL*8
P6 REAJ.*8
YI RENL*8
P8 RFÀL*8
SUI'IARE REÀLû8
XG RELLTS
YG RE.AL*8

OffeeÈ P ClasE

370
4000 /EDGEDA/o /EDGEDA/

378
8000 ,/EDGED4//

382
390
398
406
414
422
430
438
362

0e
4ê

351
352 subroutine^radJ.ue(nunaverdetmlnrdebax,xg,yg)
3s3 inregerr2 uoraùleooo¡,uoraciåòõoiJ,-éåtË;ff,dd,nunave,nn,n354 realr8 xg,)Ef355 realû4 dÃtnc(2OOO) rxaveBryavee,dstmJ.n,datnax356 cormon /egedaEalbrd;;bordc;;r.ueaie- 357 cÆ!¡uon ,/radldatarzdetnc'
358
359 c . Itoutlne catcr¡lates the DSlltC array.
360 c XG¡yG - gemetrlc senter of obJeci:.
361 c Nl,lg!t---" _t_pr,s. atgng edge to Ée averaged (atways odd) .362 c xAvES,yÀr/ES-- coordlñateõ of the averáée of ¡n¡¡.rirvn edåe pts.
363 c l.fM_- actual pt. ttre DSTNC Is to be aesóclateA wlti¡.
364 c i.e.: averãge 5 pts. (nr.rnave=S) to obtaln tlre average
365 c coordlnatee xavee,yaves; täke tt¡e dletance rròm'iq,vq to366 c ___-x1vea,yaves, sroriñg rhe dlstanc. fn oÀruc(ãj-i¡,nÉájl
367 c Ds'IÌ{rNrDgIl,ßx - ehortest ãrul longest, dletancee rro¡n igrvél-
368
369 ¡trD3o
37o do 60 ff-lrnunedge

I 371 dd*ff,
L 372 xaves-o.oI 373 yEveaEO.Ot 374 do 6l nølrnunåv@2 375 xaveasxavea+bordr(dd)2 376 yaves1'aves+bordc(dd)
2 37? dd=dd+r

Page I
01-23-89
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Prqran: test-1nage

D l.lne#
2 378
2 379
2 380
2 381
I 382
I 383
I 384
I 38s
I 386
I 387
I 388
I 389
L 390
I 391
I 392
I 393
1 394
I 395
1 396
r 397
I 398
I 399
I 400

40I
402

NamE

I 7 Mlcrosoftlf (dd. eq. (nr.lredgelf ) )û¡e¡¡- dd=l
endlf

6l cont,lnue
m-ff+( (nuDave-l)/2)
lf (m.gt.nunedge)thän

msnn-nuDedgê
endlf
xavee-xavee/nrrmve
yavesryavee/nun¿rvs
Çgtnc 1un¡ *g$t, ( ( xg-xaveÊ ) 6 ê2+ (rn-yaves ) å *2 )lf (ff .eq. r)üren -

dstnlndstnc (uru)
dst¡oa:<=dst¡nIn

endlf
lf (d6tnc (n¡û) . tÈ. dstuin) tlren

dst¡ûlndetnc(m)
else

If (detnc (m) . gt,. dstuax) then
dsbax=detnc(nn)

endlf
endlf

60 continue
return
end

q¡pe Offset p ClaÊE

BORDC T}ITEGM,*z
BORDR INTEGEA,*z
DD T¡'¡TEGER*2
DSTI'ÍN( REAL
DSTI,IIN REÀL
DST¡¡C REAI,
FF TNTEGER,*2
MM INTEGM,*2
N II.IIfEGER,*2
NU}(A\/E IMTEGM,T2
NIJMEæ II,fIEcERåz
sQFf
XÀVES REÀI.
XG REAI,à8
YÀVES REÀIJ
YG RE,AI,Ê8

Page 9
01-23-89
0g : 56: 50

¡þRIRÀ¡rr7 V3.30 March t9B5

4000 ,/EDCEDÀ,/o /EDcEDÀr/
452

8ô
4É
O ,/R,ADIDA,/

448
446
462

0ø
8000 ,/EDGEDÀ//

I}¡TRINSIC
454
12û

4s8
16È

403
404 subroutlne gradlenÈ(nuroedge,cntzerorradltol)
199 lnteger*a trans(ãooo),ðnÈzero,nuiredge,ff'406 realû4 detnc(2000)407 realâg radltol,delta408 co¡r¡r¡on /radldåtå,/detna409 cotmon ,/dolÈadat/Èrana
410
4U e . DEItrA - Sdlfference between pt. fF aÌd pt. FF-I, ae a
412 c peEcer¡tåge of FF.

12t



Itogra¡¡¡: test_lnage

D Line# I
413 c
414 c
415 c
416 c
417 c
418
419
420

I 421
L 422
I 423
I 424
I 425
I 426
L 427
I 428
L 429
I 430
I 431
I 432
I 433
I 434
I 435
I 436
I 437

438
439

7 . _ tflcrosoft tþRtRÀ¡Í7? V3.30
RÀDITOL * & tolerance.used to compa¡ê àfi-tanðeå-õ,ã-IE-l. r{lthln + or - Rebtror., m¡¡¡sii-0.

Àbove +RADITOL, T'RÀNSI)-+1.

cs¡rz*o - # pre ,tråfdffiiT3ä: *to--r'
c¡rt,zeroø0
do.7O ff=lrnurnedge

lf (ff.gr: r) Èhen
dettadsÈnc ( f f ) -dstnc ( f f-t )else
delta=dstnc ( I) dstnc (nr¡nedge)

endlf
deIÈa-deltar/dstnc ( f f )lf (delta.9t,. (raditotrzIOO) ) tt¡entrane(ff)-t
eLee

If (delta. It. (-tåradltol/loO) ) thentrans(ff)--I
else

trane ( ff) -O
cntzeropcr¡tzero+l

endlf
endlf

70 contl,nue
retu¡n
end

Nane Ilæe offsEt, P Class

C$TMM, I}ITEGER.Éz
DEI,,|TÀ REÀIJ*8
DSTNC REÀI]
FF INTEGERÊ2
NI,MEDG INTEGER,*2
RÀDITO REÀLÈ8
TRÀNS INTEGR,É2

Page 1.0
01-23-89
08 :56:50

I'farch L985
FFE

440
441
442
443
444
445
446 c
447
448
449
450

I 4st
I 45e
I 453
I 454
I 455
I 456

4É
470

0 /RADTDA/
466

0*
8È
o /DEVTAD/

EubroutlnE repzero (ntnedge)
lnteger{z trans ( 2000), numedge, laeto, f irsto, f1ag3, ff , ddd, ddlntegerÉZ ag,tfi,fz''
coluon /deltadat/trans
. flnd IåST non-zero trans value polnt (IastO).
last0-0
flag3-0
do B0 ffant¡nedgerlr-1

f f (flag3.ne. rl .Lher¡
lg-(Èr8ns ( f f ) . n@. O) t¡¡@n

laet0*ff,
flag3-l

endlf
endlf
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Itogra¡û: test-lnage

D Llne# I 7 lflcrosoft lþRrRN[7? V3.30 Harch 1985
I 45? 80 contfnue

458
459 c . flnd FIR.9T non-zero trans value polnt (flrstO).
460
46I flrEt0-0
462 flag3-o
463 do 8I ff-lrntuedge

L 464 1f(flag3.ne.1)then
I 46s lf(trane(ff).ne.0)then
I 466 f1rst0=ff,
I 467 flag3=l
I 468 endif
I 469 endlf
t 470 81 contlnue

A7L
4.t2 c . co¡npare trane(Iasto) 6' trans(flrsto¡ i if sarne, convert all
473 Ç polñte between to trans(thelr value) [1 or -I].
474
475 ddd=nu¡redge-1ast0+firÉt0
476 If(trans(lastO).eq.trans(flrst0) )then
477 do 82 ff,=Iast0+Ir).ast0+ddd

I 478 dd=ff
I 4?9 if(ff.ge.nuoedge+1)then
I 480 dd=ff-nu¡nedge
I 48I endlf
I 482 trans(dd)-trans(J.aet0)
I 483 82 contl¡ue

484 endlf
485
486 c . Contl.nue r¡rtll all polnte have been examlned.
487
488 agÌ"flrsto+t
489 do 83 ff=ag,Iaeto

I 490 lf,(Èrans(ff).eq.o)then
I 491 flag3-o
L 492 do 84 fff-f,f+Irlasto
2 493 if(flag3.eq.0)then
2 494 lf (t'rans(ftt).ne.0)then
2 495 flag3-I
2 496 fz-fft
2 497 endtf
2 498 endlf
2 499 84 contlnue
I soo If(trane(flretO).eq.trans(fz) )then
I 5ol do 85 ff,f=flrsto+I'fz-l
2 5oZ trans(fff)-trans(flrst0)
2 503 85 contlnue
I 504 endlf
I 505 f,IreÈO-fz
t 606 @16@
I 50? flratO-ff
1 508 endlf,
I 509 83 conglnue

510 return
5II end

Page ll
01-2 3-89
08:56: 50
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Progrratr! test-lnage

D lJ'ne# L 7

Nane I)æ€

AG I}ÌTEGERâ2
DD . IM[EGER,*2
DDD IMIEGER,Êz
FT ININEGERô2
FFF IMTEGER,*z
FTR.STO I}¡TEGE,*2
ETÀG3 I}¡TEGR,Ê2
FZ I}MEGER*z
IASTO I}¡IIEGER*2
NTJMEæ INTEGM,*2
TRÀNS INTEGER*2

Offset P Clasg

494
492
488
482
498
484
480
502
478

0ú
o /DEU¡AD/

st2
513
s14
515
5r6
5t7
5I8
519
520
52t

L 522
I 523
I 524
I 525
I 526

527
528
529
530
s3I
532

Na¡os

FF

Page 12
0I-2 3 -89

súcrosoft, tþRIRÀln? v3. 30 u.g3isÎåå3

su!'routlnê repones (nrmedge)
lntegerÊz trans (2000), numedge, ff
cormon /deltadat/trans

- tf ( (Èranq-( ]) ¡ 
n3. trane (nunedge) ) . and. (Èrans (numedge) . eq.& trana(2) ) )tt¡en

t{1nr(f) - trans(nrnedge)
endlf
do.87 ff-2rnrmedge-l

- ff( (tra¡¡s(ff) .ne.trans(ff-I) ) .and.& (!Ieng(ff-r¡ . eq.traúif f+r) ) ) ràen
!¡ane lrr¡ -¡¡ans (ff-i)

endif
87 contfnuE

- lf ( (trans (nt¡nedge) . ne. trans (nunedge-t) ) . and.& (rrans(numèdge-r) .eq.'trans(r) ) itú"n-trans (nunedge) -Èrans (ñunedge-I) .' "
endlf

retu¡Tr
end

lype OffseÈ p Clase

N¡.HEE I}TEGER,*2
TRA}IS I}ITEGERÊz

IIITEGM.û2

533
534
535
536
537
538
539
540 e
541 c
542 c
543 c

, sr'þroutlne flrsttd(nunedge)
1ntegérå 2 trans ( 2 000 ), numedge, trd, f f f , begtrd, endtrd, trdsumlnÈeger*z flag6;dd, flrstlen]n'
co¡¡¡¡oñ /de Ltadatr/t rans
comon r/trddaÈqr/ st,I6n, b@gtnå, ølÉÈrd, f g f , Erd

. Routlne : takg SILEN.adJacent pts; add ttrelr tRÀt¡SO valuesiIf all are +lrer.thelr surn lfnosul,t) le egual to +siiæ¡.
Thue, the beginntrxl of an lncreaslirg trerid hae been found.If all êre -lre, tl¡el.r su¡û (1RDSUM) 

-le equal to -STLEN.

506
oô
O //DEU[AÐ/
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Èogram! teeÈ,_laoage

D Line# I
544 c
545 s
546 c
547 c
548 o
s49
550
551

I 552
I 553
I 554
I 555
r 556
I s57
I 558
I 559
I 560
I 561
2 562
2 563
2 564
2 565
2 566
2 567
2 568
2 569
2 570
2 57L
2 572
2 573
2 574
r 575
I 576
L 577
I 578
I 579
I 580
I 581
I 582
I 583
I 584
I 585
I 586
I 587
I 588
I 5S9
I 590

s9t
592

7 H1croEoft ¡þRInAN',Z V3.30 !{arch L9B5flrue, tlre b€SU¡,fnS of a decreaslng trend hae been found.
BEGTRD - the first polnt of STLET'I pts. of the trend found.
ENUIRD - tho laet, polnÈ of STLEN pts. of tt¡e trend found.
TRD -.þe_!tæe of trend fourut (l ór -I).
Onq@ È¡¡@ flret tra¡¡d hå6 b€er¡ focaÈodr'ttra routlne ends.

flag6-0
do. 90 ff-Ir (nu¡oedge+30)

lf ( flaq6. eq. 0) tl¡en
dd=ff
lf (dd.gt.nmedge)then

dd=f,f-nunedge
endlf
begtrd-0
endt¡d-0
trdsun=0
Èrd=0
do 9I n-lrstle¡ì

lf (ald.eq. (nunedgelf) )then
dd=l

endlf
lf (n. eg. 1) tlren

begtrd-dd
eles

If(n.eg. stlen) then
endtrd=dd

endlf
endlf
trd.suu-.¡tr.rl,su$trane ( dd )
dd-dd+l

9l contlnue
lf (trdsun. eq. atlen) then

flag6=1
fff=ff
trd-l

else
If (trdsun. eg. ( (-r) *stlen) ) Èl¡en

fIag6-I
fff-ff
t¡d--I

ele€
trd-0
flag6ø0

endlf
e¡!.ttf

endtf
90 contlnue

return
end

Page 13
0l-23-89
08:56:50

NsDe T]/lp€

BEETRD INTEGER,åz
DD
ENI
FF
ENUTRD I}ITEGEN,Ê2

IÌtrEcm.*2

I}TTEGER,*2

O8f,eet, F Cle8s

2 /ßÐDNE/
516

4 /IRDDAT/
512
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Progra¡û: test_bage

D Llne# I 7
FFF TNTEGERÊz
FLAG6 I}MEGERâ2.
N INIEGER*2
NI,JT'fEE IMTEGN,*2
STLEN TMTEGERåz
TRÀNS IMTEGER*2
TRD IMTEGERÈz
TRDST¡I.I IIMEGER,àz

593
594 subroutlne aUtrds (tranpte)
595
596 lnteger*2 bordr(z000),bordc(2OOO),trans(2000),trend(1OO)
597 lnteger*2 numedge, tranpte, begtrd, endt¡dr 6tlen, xl, x2, x3, x4
598 lntegerá2 yl,y2,y3ty{,tlrt2,E3,t4,ft,fff,ddrtrdsurn,n
599 lntegertz ne)rtt¡îd, flag4,trdr l, flag5
600 real*4 ar:((100),ary(100)
60I comrnon /dqedata/bordrrbordcrnluedge602 con¡non,/deltadat/trans
603 con¡non /trenddat/an<,aryrtrend604 cormon r/trddabrrstlenrbegÈrd,endtrdrfffrtrd
605
606 c . Routlne: looks for tlre last of tlr€ flrst trend and the start
607 c of the next, (opposite) t,rend. Ttre lasÈ of Èlre first, trend
608 c conslete of STLEI| pts., the first polnt - BEGTRDT the STLENtIT
609 c polnt - $|UIT,D. Ttre coordlnates of BEGÍRD are stored ln Xl,Y
610 c The coordlnates of ElfûfRD are stored ln X2,Y2. The start of
61l c the ne¡<C trend conslste of STLEN pts, the flrst and STtENth p
612 c are BEGTRD and S¡ûIRD agaln. Thelr coordlnates are stored ln
613 c x3rY3 & X4rY4, respectlvely. When all four polnts are locate
614 c they are stored ln arraye AÐ((),ARYO, and thelr trend types
615 c (TI to T4) are etored tn IF.BIDO. lltre routlne contlnues untl
616 s aII trar¡sltlon polnts are located.
6r7
618 do 88 l-Ìrl00
619 aÐ((t)=0.0
620 ary(t)=o.o
621 trend(l)*g
622 88 cont,lnue
623
624 c ".."" determlne end of Inltlal trend (ftrrÈl) .....
625 t1-0
626 t2=0
627 t3=0
625 t4=0
629 xl-o
63 0 >t2-O
63I x3-0
632 x4=0
633 yl=o
634 y2eo
635 y3@0
636 y4a0
637 tranpts-l
63s xf=bordr(begerd)

6
5r0
520

0â
0
0
I

518

/TRDDAT/

/TRDDÀT/
/DEI^EPÐ/
,/TRDDAF¿/

Page 14
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Èogra¡û: Èest_t¡ags

Dl,ine# L 7 I'tlcrosoft639 :r2-borrdr(e¡uttrdl
640 yrÈbotdc(begtrd)
64I y2cbordc(endtrd)
642 t,1-trans(beqtrd)
643 t2*trans(endtrd)
644 flegS-O
645 do t00 ff-fff t (nwedgerfff-l+30)

I 646 dd=ff
t 647 lf(dd.gt.nmedge)then
I 648 dd=ff-nunedge
I 649 endlf
I 650 trdsu¡uFo
I 651 do I02 n=lraÈle¡l
2 652 If (dd.eq. (nunedge+l) )ttren2 653 dd-I
2 654 endif
2 6ss lf(n.eq.1)then
2 656 begtrd=dd
2 657 e16s
2 658 1f(n.eq.et1en)then
2 659 endtrd=dd
2 660 endlf
2 66I endlf
2 662 trdsLmst¡¡dsu¡ûltrans(dd)
2 663 dd=dd+l
2 664 t02 contlnue
I 665 lf(trdsun.eq. (trd*etlen) )thenr 666
I 667 c ....... enl of l¡ttlal trend found
I 668
I 669 x1=bordr(beStrd)
I 670 y1=bordc(b€gtrd)
I 67I ¡<2=bordr(erutÈrd)
L 672 y2=bordc(erdtrd)
I 673 tlatrane(beg,trd)
L 674 t2-Èrans(enitrd)
I 675 flagS-l
L 676 elee
L 677 ne¡<ttrd-( (-I)*st!sn¡ *g¡d
I 678
I 679 c .... ... beglnntng of oppoelt€ trend found
I 680
I 681 1f(Èrdeun.eq.nexttrd)then
I 682 x3-bordr(begrÈrd)
l, 683 y3=bordc(begtrd)
I 684 x4-bordr(endtrd)
I 6S5 y4=bordc(e¡uttrd)
I 686 t3*Crans(begerd)
I 687 t4-trana(eruàtrd)
I 688 flag5*2
I 689 6ndlf
I 690 endlf
I 69t flag4-O
I 692 do 93 i-lr (tranpte-2)
2 693
2 694 c .... .. . If flrst polnts are relocated, end

FORIRAÌI'77

Page 15
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Progra!: test_ùnage

D Llne# I 7
2 695
2 696
2 697
2 698
2 699
2 700
2 701 93
L 702
1 703
I 704
r 705
L 706
I 707

Page 16
01-23-89
08:56: 50

t'ficrosoft lþRfRAlfrT V3.30 I'farch 1985

lf ( (an<(t) .eq.xl) .and. (ary(l) .eq.yr) )Lr¡enlf ( (a¡2((1+1) .eq.x2).and. (ary(1+1).eq.y2) )tt¡en

I ?08
I 709
1 710
I 7II
T 7L2
I 7r3
I 714
1 7I5
I 716
L 7L7
I 718
I 719
L 720
I 721
L 722
L 723
L 724
I 725
L 726
L 727
I 728
L 729

730
73L

Nama

fIag4-l
@¡rdIf

endlf
contlnue
if (flag4. eq. 0) then

lf(ftag5.eq.2)then
an<(tranpte)=xI
a¡?(tranpts) syl
arx(tranpts+I) 6.(2
ar)r(tranpts+I) =y2
arx(tranpÈs+2) =x3
ary(tranpte+2)ry3
anr(tranpts+3) Éx4
aty(tranPts+3) "ry4trend(tranpfe) =tI
trend(tranpts+t) Ét2
trend(tranpts+2) st3
trend(tranpt8+3) Et4
xlÉx3
>t24(.4
yraf3
y2ry4
tù'anpts=tranpts+4
trdã (-1) úÈtd
flags-0
tI-0
t2-0
t3_0
t4=0

e¡¡d1f,
er¡dlf

100 contl¡ua
reÈu¡]¡r
end

Ðp€ Off,eet P Clase

AÐ( REAIJ
ÀRY REAJJ
BEGTRD I}rfEGER,T2
BORDC I}¡TEGER,â2
BORDR INTEGER*2
DD IM[EGM,*2
n{DTRD T}EEGER,*2
FF IINEGEA,*2
FFF TMIEGERàz
FIJÀC4 I¡ffæERsz
FI,AGs I}TTEGER,û2
I IIITEGERÊ2
N INTEGER*z
MÐ(TÍR I}TTEGER,*z
NI,'MEæ I}ITEGER,å2
STLE}I I¡ITEGM,åz

0 /TRE¡DD/400 /IRE¡¡DD/
2 /ÍF.ÐDNP/

4000 /EDGEDA,/o /EDGEDA,/
556

4 /TRDDÀT/
552

6 ,/TRDDAS/
566
550
524
560
564

8000 /ED€,:EW
0 /TRDDAT/
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Prograr: teeÈ-luage

P lJnef I 7
T1 I¡¡TE!M,*z
T2 INTEGM,*2
T3 I}¡TEGM,È2
T4 IlfrEGm,ú2
TRA}IPII II.TTEGM,û2
TRÀNS INTEGB,É2
1rRD I¡,¡TEGERûz
TRDSU¡-I INITEGRù2
TRN¡D IMTEGER.È2
Xl I}f,IEGER*2
x2 INtEGm,àz
X3 II'¡ITEGR,*z
X4 I}ITEGER,*z
Yl INTEGER,û2
Y2 I}MEGER*2
Y3 II.¡TEGER*2
Y4 I}ITEGTR,*2

526
528
530
532

0å
0
I

558
800
534
536
538
540
542
544
546
548

732
733 subroutlne savedata(tranpts)
734 integer*2 bordr(2OOO),bordc(2OOO),trans(2000),nunedge,735 & trend(foo) rtranpt6736 realû4 d6tnc(2000),aÞ((L00),a¡?(100)737 counon ,/edgedatâ/bordrrbordcrnunedge73S couoon ,/radldata/dstnc739 cormon /deltadat/trans74O coruton ,/trenddat/an<raryrtrend
741
742 c , Routlne savee data on dlsk.
743
744 open(6rflle-r r retatue=rnewr)745 write(*rt(lx,a./)t) tWritlng data to dlsk ......1746 wrlte(É, | (lxrartT,artl.{rart,27 rart3grarl) r) Inumedge#r, rbordrr,
747 & rborderrrdstncrrrtranel
748 do 200 n=Irnurnedge
749 wrlte(6rr(i4,Ìx,13,lxr13,Ix,fls.lIrlxrt3/r\ n,bordr(n),750 & bords(n) rdstnc(n) rÈrans(n)75I 200 contlnue
752 wrltê(Ê, I (3xrarÈl2rart22rart3O ,a/r.l rLranpts# r, raÞ<r, taryt,
753 & rtrendl
754 do 205 n-I,tranpta-l
755 wrlt€(6,r(14rlxrt7"3,Lx,f?.3,1x,Lt/lrl nrarr((n),a4¡¡(n),
756 e Èrerd(n)
757 205 contlnue
7sB cloee(6)
759 wrlte(*, ,(Hral) ,) | o n o.. flnished wrltlng.'
760
76I retum
762 end

/DELTAD/
/TRDDAT/

,/ÍRÐ¡DD/

HlcrosofÈ ¡þRfRA¡l-77

Page L7
0I-23-89
0g:56 ¡ 50

V3.30 Uarch 1985

I
I
I

I
I
I

Nama

AÐ(
åRY
BORæ

lyp@

REÀÍJ
RE.AI,
IMIEGERg2

OftaeÈ P Clase

0 ,/rREt¡DD/400 /rRBrDD/4000 /EDGEDA,/

1 7.8



Prærell: tent- {n¡ao

D Llned I z
BORDR I}¡TEGER,*z
ÀSÍNC REÀI.
N INTEGER,á2
NUÌ'fEDG I}TTEGER,å2
TRÀNFT I}¡TEGER,*z
TRÀ}¡S I¡¡TEGM,*z
TRÐID I¡ÍI'EGER*2

763
764
765
766
767
768
769
770
77L
772
773

L 774
L 775
L 776

777
778
779
780

Nane

0 /EDGEDA,/o /RADrDA,/
s70

8000 /EDGEDAT/0ê
o /DEUTAD/800 ,/!RENDD/

subroutlne Bavclro
lntegerrz Þ"|dr ( ? gg9¡, bordc (2 ooo), trans ( Z Oo0), nurnedge, nreal*4 dstnc(2OOO)
comrlon / dggdata/bordr, bordc, nurnedge
common /radldata/dstnc
conÍ¡on /deltadaÈ/trans
open(6, flle=r r, statusornewr )wrlte(år,(tx,a/),) 'I.¡rltlng âata to dlsk .o.oool
do 2I7 nolrnuuedge

_ urrlÈe(6, r (14rlx,i3rlxr13rlxrft5.Ilrlx, t3/) rl nrbordr(n),
bordc (n), dstnc (n), tranà (ni

2L7 cont,lnue
close ( 6)

- wrlte(*r t(Ixra/) t) ro.oo. flnlshed rrritlng.'return
end

$fp€ Offeet p CIaEE
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BORDC II.¡TEGM,âz
BORDR INTEGR,û2
DST}¡C REÀIJ
N INTEGER*2
NUMEDG INTFßM,*2
TRÀNS I}WEGR,*2

781
782 subrqutlne corners(tranpLsrnn)
!91 lnteger*2 tre$(igO),ËrañpÉ,nn,l,ttranspt(zs),inittrri,numcorïr784 real*o an<(r0o),ary(tOõ),ðorñriro¡,co'rnè1rôi ,avex785 reati4 avey,xtra¡¡sÞt(zsi,ytranËptiäsl786 realÊB pt,þ2,p3,p4lpd,pê
7 87 co¡úron ,/trenddat zarx, a¡y , trerut
288 cormon /naxiuar/eornrrcornc
789
790 c . ÍT¡Ie ro\¡tlne takeg 4 pts at a tlne fro¡¡ tl¡e arrays ÀR:xO,ÀRyO
Z?l c (Each group-of 4 reprèsenta a transltlon polnÈ aiea.),'ånd
79,? c perfo¡ms a llnear 1ñterpolatlon from the l:kst 2 pts.'to the
793 a second 2 pts. to flnd tbelr Unear lnterseqtlon. 'Thls
794 c lntereectlon le a tranerLron polnt whose coo¡riinates are
795 o aÈored tn X¡BÀ¡lS!'f O,yT'RÀìls¡{fi). It¡€ tyÞ€ of trerid aeeoolat,ed7e6 ct s¡ltlr t!¡tø plnc te'i.i¡e one rhå'potnc la'ärrangrnE-ciom ll.õl-Iã797 c Èra¡¡eltlon ls fr@ a TRÀNSO-I Lo a TRÀNSO-:fr-ttre trènd of
798 c tl¡e Èra¡¡gltlon pt,. ls ÎIRÀ¡|SFÍIO-I.)

4000 /EDCEDA,/0 /EDGEDÀy/0 /RÀDrDA/
576

8000 /EEEDAT/o /DEIßAD/
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Progran: test_luago

D Llne# I 7 Hlcrosoft FORIRÀì¡Z? 18.30 l,farch l9B5
799 c Once all transltlon pte. are fou¡rd (NN=# transltlon pts.),
800 c thoee lndlcatlrq cornerg (ÍmÀNSpT()-l) have tt¡elr c-oordiñaEes
801 c atored ln CORNRO TCORNCO
802
803 avê¡F0.0
804 ave]¡-O.o805 p1ø0.0
806 p2ao.0
807 p3=0.0
808 Þ4=0.0809 p5=0.0
810 p6ø0.0
BII nn=o
812
8I3 c . SÈorage Epace for up to 25 trar¡slÈlon polnts.
8t4
8r5 do 210 l-1r25

1 816 ìÈranspt(I)-0.0
I 817 )¡tra¡¡spt(1)80.0I 8I8 ttranspt(1)-g
I 819 210 contlnue

820
821 lnlttrd=O
822 do 300 l-lrtranpts-4r I 823 1f(1.eq.I)tl¡enI 824 lf(trerxt(z).eq.I)thenI 825 lnlttrd-t

I 826 e16e
I 827 lnltt¡d-2
I 828 endif
I 829 endif
I 830 1f(trerxt(i+I).eq.I)tt¡enI 831 pt-(an<(1+3)ûáEf(t+z)-a:r<(t+2)øary(1+3)¡olary(l)-ary(1+r))
I 832 p2-(arx(l+t)Éary(I)-anc(t)Êary(I+1)) È(ai1¡(f+ãi-ary(fi¡) l-'I 833 p3-(arx(1)-a¡¡((I+1))*(ô¡.:i'(l+zt-ary(I+3))--
I 834 p4=(ar"((1+2)-aÞ((1+3)¡r1a4y(1)-arylt+r¡¡
I 835 avey-(pl-p2)./(p3-p4)
1 836 pS-(an<(l)-ato((l+l))á(a¡"r(1+3)úa¡y(t+2)-an<(1+z¡*¿O11*aD
I 837 p6- (a¡2(( l+2) -a¡::( (I+3 ) ) á (a!ì(( l+1) *al.:f (1) -arx( 1) *atÏ (1+r) )r B3s avÐ<_(p5_p6)/(p3_p4)
I 839 elae
I 840 aver-(an<(1+f)+añ((i+Z))/zI 841 ave¡æ(ary(1+1)+ary(l+2) )rzzL 842 endLf
I 843 nn-nFll
I 844 xtranspt(nn)-av€x
I 845 ytranspt,(nn)-avey
I 846 ttranspt,(nn)-trerd(1+f)
I 847 300 conÈl¡ue

848
849 c ,.... s€parate uaxlna(corner8) fro¡u ¡dnlma (slde aldpolnÈs).
850 o SÈor@ ¡io?r ané colu¡an ooo¡dlneEea of, øach mex{na ln
851 c CORNRO snd CÐRNCO, respê
852
853 do 307 I - Ir10

t 854 corru(l)@O.O

Page 19
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Ftrogira¡: test_bage

D Ilned 1
1 855
1 856 30?

857
I 8s8
I 859
r 860
I 861 308

862
863

7
colÏlc(1)-0.0

contlnue
do 308 l-lnltt¡d,nnrZ

nu&cgrnD=nu¡¡¡corn+1
coírr ( nrù¡corn) Extranspg ( I )
cornc(nurncorn) -ybranspt ( 1)

continua
retu¡n
end

Name I)¡po

ÀÐ( REAL
ÀRY REÀL
ÀVEK REAL
AVEY REAJJ
C13RNC REÀL
CI]R¡TR REAL
I INTEGTR,*2
TNISIR, INTEGEA,*z
NN I}¡TEGER,*z
NUMCOR I}ITEGEE.*z
PI REàIJ*8
P2 REAI,*8
P3 RE.AT*8
P4 REÀL*8
P5 REAL*8
P6 REAI,È8
TR.À}Í!T I}¡TEGEfi,ù2
TRE}ID I}ITEGER*2
TTRANS TI'¡I[EGER*2
}3TRÀNS REÀTJ
IITRA}IS REÀIJ

Of,fset P Clase

0 /TRNDD/400 /TRENDD/
830
s34
40 ,/l'!N(n.fAl0 /MÀ)clrÀ/

886
8S8

4ø
894
838
846
854
862
870
878

0t
800 /TREI¡DD/
580
630
730

Page 20
0r-23-89
08:56:50

&tlcrosoft FOFÍRAII-'? V3.30 I'larch 1985

864
865
866
s67
86S
869
870
87r
872
873
874
875
876
977
878 c
879 o
g8O o
881 c
882 c
883 c
884 c

subroutlne guad ( eldetol, x9, yg)
lnteger*Z obJ,flaglrlsoslde
real*g x9ry9
realÉ4 cornr(10) rcornc(10)rdlst(4),nlnpoerpI
real*4 toplrtop2,top3,top4,botl,bot2,bot3,bot4
real Ê4 dlagl , dlag2 , dlag3 , diag4 , mlndlag , maxdlag , dlagdlf
realÈ4 dlffl rdlff2, angll, angl2 , angl3, angl4
realÊ4 sldeÈol rrnlnsider sldedlf, rnaxslde
colutron r/naxlnar/cornr, cornc
co!û¡ûon r/edat arzdleÈ, ulnpos, s ldedl f, , naxs lde, uins Ide, obJ, lsos lde,

&dlagdlf

. Routlne calgulatee ttre lengtlt of eactr Blde (DIsT(L)-DIST(4))
a¡d tl¡e lengtl¡ of each dlagonaldlstance frou the geonetrlc
o@nÈaF XC¡,YO go @aoh oêaÌìør (DlåOt-DtÀ64) 

"MINSIDE & I'lAxsIDE - sho¡teet & LongesÈ sldee.
I'IINDIÀG & l.lÐ(DLAG - shortest ú longest dlagonalo.
SIDEDIF - dlfference between MINSIDE & MÐ6IDE.
DIÀGDII' - dlfference betldeen Ì.ÍINDIÀG & I'ÍÀXDIÀG.
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kogran! Èest, {rnag6

D Llne# I
8BS c
886 c
887 c
889 c
889 c
990 c
891 c
89A ct
893 c
894 c
895 c
896
897
898
899
900
901
902
903
904
90s
906
907
908
909
9I0
9tt
912
913
914
915
916
9l-7
9I8
919
920c.
92I
922
923
924
925
926
927
928
929
930c.
931 c
932 c
933 c
934
935
936
93?
938
939c.
940 c

3î:;,-3;
7 u¡ __^_ _ _- _^__ 08:56 ¡ 50

srDErþL * 1-.:l="il=. "1.ËË";;f.d:Tryfuv¡ 
. ¡ o uuiår,'iôËä

rf rhe sides a.re.eçrat Jwitñin.sroñ¡1, 
.åiluiãt^, 

aruqonur"area also eEral (wlrhrn.siouro-'¡, ç,ãaúläË iJ=i.rquuru(onr-10) . T o,à srães' ã.ãïãt..+,gÌ 
f ãútãiaå"sîDErþL) , rheoppoelte sldee-are."¡,Àõrcã-fäi-equaffty. rf the patrs ofsldes are 

"quar lrrlrÌ¡rñ'iioffir,l:_1ld rl,. palrà_o.r dlasonatsare also equar, tne oujeãi-r-À-¡nrã õËJãoË-ra ñerther-ó¡-ÈË"Ë,:Ë:3ïlË ,fff;ffi, i"*ij,.r . 

--
The orientatl0n 

-or 
-ûre-ãu1î&*r¡ 

carcurated and the sm¿rr.Ìest,
5îåå.i;."il9åå ffï$*Sir;ä ih" r;p;;-ãË.-!ä,ä and any

p1=3.1415926s
angll=0.0
a¡912-0. O
a¡91,3E0. O
angl4=0. O
sldedlf=0. 0
f).a91-0
topl=cornr ( 2 ) -cornr ( I)rop2=cornr ( ¡ ) _c¡rnr 

i z irop3=cornr (¿ ) _cornr( s itop4-cornr (f i _cornr 
i ¿ ibot l=cornc (Z ) _cornc ( fibot2=cornc (¡ i -cornc i Zibot3=cornc (A ) -cornc(: iþot4*cornc ( f ) _cornc 
i ¡ icllst (t) =sqIt (topl**i+botlÊÊ2 tdtsr (2 ) =sq¡1 itoiiã*nã+ñã;;;;; íqrer (3 ) -sqrt' (toÈ3É*2+bot¡**i ícusÈ (4) -sqtt (top4rr2apot¿*nzí

HçjigffiiÍåi*íiliåj:j#iiå:r t ì ; ål;i u ì ì

dlaql to dlag4 - dlstance fron (xg,yg) to each corner.
9*P1-us+ ( (*Tr 

I ll -xs) *r2+ (cornc ( r ) -ys) * *2 )dlag2-Eqrt( (cornr(zi-xqj **2a icfäãf ,I -yg) **2)
$}usl=usrt ( (cornri¡i-x,ji **la iliäã t: I -ys) rÈ2 )

fr i3nË*Í*t'iåtåîãåiliî#î:Ëi{i';iåi ;;;i
na:<dlaq-aruaxf iddlagdlf- (na:<dia

.. ".. ff tÌ¡e dlfference between longesÈle wtÈt¡ln rtre prescrlb"o tõiäËuiã"cor¡td b€ a equäre ft t¡¡À iãnñË';;are aJ,so eqr.rai.

obJ=1

"f Ëtåflååiå:;á:tåiå:ÈtÌlîà àila""
. . . . . tl*:_and- dlagonale a-re both equal,Egua¡e (10)

& shortest sldes (sidedlf)sldetol, the ob1èct
each dlagonaf (álagdlf)

therefore obJect, is a

1J2



Program: t.est_lmage

D Llne# I
94I
942
943
944
945
946 c ..
947 c
948
949
950
9sr
9s2
953
954 c ..
955 c
956
957
958
959
960
96L

obi=19
endlf

else

..... 9ÞJeeU 1s not Q{uare. check opposlte sldes for equallty.If oppoalÈe sides are wlthln tõiera¡ce h, they aré "quai.
¿1¡¡1=(abs (dlst(3) -d1st,(t) ) )/dtst(t)
¿1¡¡2= (abs (dlst (a) -dlsr(2) ) )/dlsr a2iif ( (dlffl. 1e. eldetoJ.) . and. (dlff2. ie. sldetot) ) Lhenlf (dlagdlf . J.e. ( eldetot/Loo ) ) rhen

Opposlte eldes are egua1, and dlagonals are equal.
Therefore obJect ls a rectangle (I2)

obJ=12
endlf

endlf
endlf

Page 22
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962 c . calsurate angle of orlentatlon: deflned as the ¡ninlmum
?91 " posltlve angle between top of screen and any s1de.
964

2t5- lf( (topt.eq.o.o) .or. (bor2.eq.o.o) )then966 angll=o.o
967 anql2=90.0
968 angl3=I80.0
969 angL4=270.0
97o flagl=I
971 e16e
?7? lf((bott.eq.o.o) .or. (rop2.eq.o.o) ) rhen973 a¡glt=go. O
97 4 angI2=tBO. O
975 angl3=270. O
97 6 arngl4=360. 0
977 flagl=I
978 endlf
979 endlf
980 lf(flagt.ne. f)then
981 angll=atan2 (topl,bot1)
982 angl2=atan2 (top2,bot2)
983 angl3=atan2 (top3,bot3)
984 anql4-atan2 (top4,bot4)
905 angll=angll*t8o/pt
986 angl2=ang}2t180,/pi
987 angl3=angl3*Ig0/pi
9BB angl4=angl4È190,/p1
989 endlf
99o lf(angll.ge.360.O)t¡en
991 angll=angl1-360.O
992 €ndff
993 lf (angl2.ge.36O. o) tten
994 angl2=ang12-360.0
995 endlf
996 1f(an9l3.9e.360.0)tìen
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Progra$: Èest_lnage

D Llne# I
997
998
999

1000
1001
1002
t003
t004
L005
I006
1007
1008
1009
1010
1011
10I2
IOI3
1014
1015
101.6
10I7
1018
1019

angl3-angl3-360. O
êndlf
lf (anglA.ge.360. O) tl¡en

angI4-angl4-360. Oendlf
1n}pçf::rr:,} ( tryl| a¡u¡tz, a¡rg13, 6¡!Et4 )1r (n1npo8. It. 0. 0 ) then-

T*lB9:TTaxr (anglr, angt2 , angt3 , angl4 )rr ( ( angrl. ge. 0. 0 ) . and. (anglt. It. rnfnpós) ) thennlnpos=angll
endLf
lflf 3q_12:s.:9. o) . and. (arx¡l2.lt.rnlnpos) 

) tlrennl'npos=angI2
endlf
1f ( (ang13.qe.o.O) .and. (aru¡13.lt.¡û.tnpos) )thenulnpoe-arql3
endlÉ
lf ( ( angla . ge. O. O ) " and. (aru¡14 . lt. nlnpos) ) thennlnpos-angI4
endl-f

endlf
retu¡n
end
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Name qæe

ÀBS
N,fÀxl
ÀÈIINI
À¡IGI¿ REÀL
À¡¡GI¿ REÀL
ÀI{GI,3 REÀL
À¡IGL4 REAI,
ÀTÀ¡t2
BOTI REATJ
BC|12 REAL
BO,T3 REÀI.
BOT4 REÀTJ
CI]RNC REÀÍJ
Cì]RNR REÀL
DIÀGI RE.AL
DIÀG2 REÀI¿
DIÀG3 REÀL
DIÀG4 REAI¿
DIÀGDI REÀL
DIFFI REA¡
DITNz REÀL
DIST REAIJ
FIÀGl INTEGM,*z
ISOSTD T}ÌTEGERÉz
I''À)oDI,À REÀ¡.
I'fN6TD RE.A¡
MINDÍå REÀL
MINPOS REAI,
MINSID RELL
O&Í INTEGERåz

Offeet P Claee

I}¡IRJNSIC
I}ITRTNSIC
I}ITRINSIC

900
904
908
912

IIIIRTNSIC
934
938
942
94640 lìrÀxl]w0 ,/¡'fÐc¡,rA,/
950
954
958
962
36 /SDATA, /

974
978

o ,/SDATÀ ,/
916
34 ,/SDATA ,/

97f,
24 /SDNIA /

966
16 /SDATA /28 /SDATA /32 /sDNrA /
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kogran: test_iroage

D Llne# I 7
PT REÀL
STDEDT REÀL
SIDSTO REAI
sQRf
rþP]. REÀIJ
TOP2 REÀIJ
TOP3 REÀf.
TOP4 REÀIrxc nxÀLr8
YG REÀL*8

1020
1021 subroutlne trlangle(sidatol,xgryg)
\9?? Inreserrz obj;fsós1de1023 realtg xgrygL024 real*4 cofililfO¡,cotnc(IO),dist(4),rnlnposrplr02s real*4 ¡ndttr,¡raiiz,rnarÈr,fófi;töå;r;iã--1026 real*4 botr, Èotz, bótr, anirrl anglã, ángiã, sr, sz
lR3l ::*:1 eldetor,ruáxeiaå, ninÀi¿ìlãrå.diilåãrírup, aragarr¡uzs conmon /naxlun/cornrrcoû¡c1029 coÌn¡on /aò,aEa/dlaErrninposrsldedlfrnaxeldernlnslderobJrlsoslde,1030 &diagdlf
103 I
1032 c . Routl"ne ls slnllar to that, in subroutine eUN) above.L03 3
1034 pie3.14159265
1035 ¡d1ft=o.O
L036 ndlfz=O.O
1037 ¡nl1f3-0. O
1038 lsoslde=o
1039 eldedlf=o.o
Ì919 ropt*cornr(2)-cornÌ(r)
l9l-1 rop2rcornr(¡i-cornrizi
+91? rop3=cornr(ri-cornri¡i1043 botl=corncizl-corncÌrlto44 bor2=cornc(¡i-corncizito45 bor3=cornc(ri-cornciri
1919 dlst ( I) -sqrt (topr**â+Ëotr*ê2 )1911 dler, (2 ) -sq¡¡ (toþz**z+uotz**z i
]91 I dlet, (3 ) -sqrt, (toþl**e+bor3 û*a iI049 maxslde-a¡ra¡ci(dLst(I) ,dleÈ(zi ,dist(3) )l0s0 ¡¡lnsldesa¡Etnr iof et (ri , ofst iz i , aiÀt i¡ i Í1051
1052 c . sldedlf Is dlfference between rongest and shorEest srdes.
1053
1054 sldedlf= (naxslde-nlnside) rzrnlnslde1055 obj-z
1999 lf(eldedtf.le. (øldetor//too) )rhen1057 s o..c... If alt alÇge^a¡e-eó¡at tgfenfn gel@aancø 6ld@Èot) objeo€IoSg o ta an oqufleteral üiangiê;--
1059
L060 obJ-26
106I eIEe
1062 c . check for two eldes lritÌ¡ln tolerance. rf two sldes are
1063 c equal tlre obJect le an lsosceles tr1angle.

896
20

0

918
922
926
930

4
I

//SDATA ,/

I}¡IRTNSIC

*
ú

lflcrosoft fÞRrRAlt-/z
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Progra:a:

D IJne#
I064
1065
1066
I067
L068
I069
I070
t07l
LO72
10?3
1074
1075
1076
I077
1078
1079
1080
1081
1082
1083
1084
I085
I086
IO87
t088
1089
I090
1091
I092
1093
I094
1095
1096
1097
1.098
1099
1100
TIOl
1102
IIO3
I104
II05
1106
1107
I108
1109
lIIO
rlll
II12
1II3
1lt4
1Ir5
1116
IIT?
Ll.t8
1119

test_lnage

L 7 HlcrosofÈ
el- (¡l^s (dlst (1) -dlst (a ) ) ),/dlsr, ( 1)
s2= (abs (dlst, ( I) -d1et (2 ) ) ),zdIst (z ieldedlf=a¡nð(l(elrs2) - - - --

lf (eldedlf . le. (sldeÈolr/lOO ) ) then
lsoelde-I
obJa21

ø1ee
61- (¿bs (dist (2 ) -dlet (3 ) ) ) /dteË (2 )
s2-(abe (dler (2 ) .dtsr (3) ) )/d1er (3)
sldedlf=a¡naxl (eI, e2 )lf ( eldedlf . Ie. (sldeÈotr/too ) ) tÌren

feoelde=2
ôJ-zl

elss
sI-(alcs (dIBt (3 ) -dlet ( I) ) )r¡dtst (¡ )
92- (abe (dlst (3 ) -dlet (t) ) )/dlsÈ ( r)
sl{edffeanay} (sI, s2)
tf, (eldedtf . Ie. (eldaÈol/roo) ) ther¡

isoslde=3
obJ-21

else
ùJ-2

endlf,
endlf,

endlf
e¡¡dIf
cornup=ainaxl (cornr ( l), cornr ( 2 ), cornr ( 3 ) ). CalcuJ,ate the angle of orlentatlon. 'Ítrls ie deflned as

the nlnlnn¡¡¡ posltlve aru¡le betveen the Èop of tÌre screen
and a elde.

lf (cornup. eq. cornr ( 1) ) then
lf(boÈl.eq. o.o)then

anglI-90.0
angl2-2I0.0
angl3-330.0
flagl-l

eIBe
If (bot3 . eq. 0. 0) tt¡en

angl1E30.0
angl2-I50.0
angl3-270.0
flagl-l

endlf
endlf

endlf
if (corrmp. eq. cornr (2 ) ) tÌ¡en

1f(botl.eq.0.0)then
angll-270.0
angl2-30.00
ang}3al50. O
flaEI-l

elee
if (botz. eq.0.0) then

angll*330.0
angl2-90.00
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Eogran; test_lnago

D Llnef t
t120
It2I
LT?2
1123
It24
tI25
1126
Lt27
I128
I129
L13 0
t13 I
It32
I133
II34
1L35
1136
I137
1138
1139
I140
II4I
I142
I143
II44
LL45
I146
I147
Il48
I149
1150
t15I
II52
lL53
1154
11s5
1156
II57
T158
1159
1160
1L6t
1L62
r163
1164
1165
lL66
1167
lr68
ll60
lt70
t17l

7
angl3-210.0
flagl=1

endlf
endif

6ndlf
lf (cornup. eq. cornr ( 3 ) ) ttren

lf (bot2. eq.0.0) then
angll-J.50.0
angl2.270.0
angl3=30.0
flaglol

elsê
lf (bot3. eq.0.0) tlren

angll-210.0
angl2-330.0
angl3-90.0
fIagI-l

endlf
er¡dlf

endlf
f f, ( fla91. eq. 0) tJre¡¡

ang[-atan2 ( topf , boÈl)
angl2=atan2 (top2, boÈ2 )
angl3-aÈan2 ( top3, bot,3 )angllaangllû18o/pl
angl2-angl2*18O,/pl
angl3-angl3tlBO,/pl

endlf
lf (arqll. ge. 360. O) th€n

angll=angll-360.0
endlf
lf (anglz.g€.360. O) tt¡en

angl2-angl2-360.0
endlf
lf (angl3.ge.360. O) tt¡en

angl3-angl3-360.0
endlf
¡lnpos-aninl (angll, angl2, angl3 )lf (nlnpos. lt. 0. 0) tt¡en

qd,npos=anaxl (arx¡ll, anglz , angl3 )ff,( (anqlf .ge-.0.0) .and. (anglf .lt.nlnpos) ) tåer¡
E1npos-ångIl

endlf
lf ( (a¡¡912. ge_.0.0) . and, (angt2 .lt.n1npos) ) then

nlnpoe=angI2
erdlf
lf ( (angL3. g€. 0. 0) . and. (angl3 . It. nlnpos) ) ttren

rnlnpos-argl3
e¡¡dlf,

@¡rdå€
return
€nd

OffêêE P Clags

I}ÍTRTNSTC

Mlcrosoft, !þRTRAN?7
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Na¡€

ABS

tlnP€
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Eogra[: t,esÈ-ünago

D Llne# L 7
À¡'fÐ(l
À¡{rNI
A}TGTJI REÀL
À¡IGI¿ RE.LIJ
À¡'IGL3 REAÍJ
ÀTÀ¡¡2
BCT¡I REAL
¡OT2 REÀL
EC|T3 REÀIJ
C\]RNC REÀI.
Cì]RNR REÀL
CI]RNI.JP REAIJ
DIÀCDI REÀIJ
DIST REÀL
FLAG1 REÀL
ISOSID I}ITEGERåz
MN(SID REÀI¡
}{DTFI REÀL
MÐIFz REÀL
MDIF3 REÀL
MTNPOS REAIJ
HINSTD REAIJo&f rlmEcm,*z
PI REAIJ
51 REAL
S2 REÀIJ
SIDEDI REÄf¿
SIDSK) REAL
SQRT
rÞPI RELL
TOP2 REÀI¿
ÍþP3 REÀL
XG REÀL*g
YG REAT,*8

rI{TRTNSTC
I}ITRINSIC

1034
1038
104a

T¡ERINSIC
1010
10I4
r018

40 
^fÀx!,rAl0 /l.{Ð(I}rÀl

1030
36 /sDÀTÀ /0 /sDÀTÀ ,/

1046
34 /sDNrA /24 /SDÀTÀ /

986
990
994
16 /sdNrl /28 /sDì{rA /32 /sDArA /

982
1022
I026

20 /sDNrA /0ø
I¡.¡TRTNSIC

998
1002
I006

4â
8ô

Page 27
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TL?2

NanE

ÀI.LTRD
cElmRo
CORNER,
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