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Abstract 

This thesis is concemed with fast, reliable classification and identification of radio 

transmitters based on an analysis of their tum-on transients. Since the transients are 

unique, they are called the tingerprints of the correspondhg radio transmittea. 

Major tasks in a radio transmitter identification system are: separating a transient 

from the channel noise; extrachg important features containcd in the transient; and clas- 

siwng the transient based on these features. A system developed in this thesis achieves 

noise segmentation using the variance fiactal dimension trajectory, with a modified trig- 

gering technique which improves the segmentation consistency. A variance hc t a l  ampli- 

fication technique is used for feature enhancement. Multi fkctal modelling of transients 

based on their strange attractors is also used in this thesis to investigate the suitability of 

such compact representations in transient classification. Preprocessing of the probabilistic 

neural network (PNN) using the principal component analysis (PCA) and the self-organiz- 

ing feature map (SOFM) is perfomed to reduce the dirnensionality of the PNN inputs and 

to cluster inputs, thus improving the training and classification speed. 

Experimentai results show that the radio transmitter identification system is faster 

than the previous irnplementations. More specifically, the trainhg time for a network con- 

sisting of 400 transients can be reduced to about a half of the original trarning tirne, 241 

seconds. The system c m  classify radio transmitters not only according to theh manufac- 

mers and models, but also serial numbers, with the average classification rate around 

97%. 
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Chapter 1: Introduction 

1.1 Background and Motivation 

Classification and identification of radio transmitters is very important because of 

the increasing number of cases where the electromagnetic spectnmi is used illegally or 

improperly. It has been reporteci that radio transmitters are used to interfère with otha 

transrnitters, resulting in either a security problem, or radio kequency (RF) traffic jams. In 

addition, locating a radio transmitter geographically can be very valuable for military use. 

Many studies have been conducteci on the classification and identification of 

unknown radio transmitters by anaiyzing twn-on transient signals fiom the transmitters 

[CPYS95] miPa961 [Paya951 [Shaw971 Foon97J. The transient signal is generated when 

the user pushes the push-to-talk button to activate the transmitter, its phase-locked loop 

encounters a transition fiom some initial frequency to the pre-defined carrier fiequency. 

The circuit's response to this discontinuity generates &equency and amplitude transients 

which decay to a final steady-state condition. These transient signals are c d e d  the finger- 

prints of radio transmitters in that they exhibit characteristics unique to the transmitters. 

The uniqueness is due to both different designs and different tolerances of components 

used in the transmitters. The procedure of îdentimg a radio trammitter automatically is 

called thefingerprinting of the transmitter. The concept of tranmitter transient finger- 

printing was proposed by Kinsner starting from 1 993 and has been studied in his research 
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group on algorithic, hardware and software aspects [Diet94], muda94], [Shaw94], 

[Ande95], [Khan95], &wok95], [Toon95], [Toon97], [Shaw97]. 

The structure of a transmitter fingerprinting system is shown in Fig. 1.1. 

Transient 

Raw signa1 
(contaminateci by channe1 noise) 

Compact 
of the transient signal 

Classification 

Noise 
Segmentation 

Transient class information 

Fig. 1.1. The structure of a radio transmitter fmgerprinting system. 

i- 

Transient signai 

This thesis focuses mainly on the following modules: noise segmentation, feature 

extraction, neural network classiJfcation. and graphical user interface design. A brie f 

overview of recent effort in dealing with these issues is presented next. 

Graphical 
User 

lnterface 
Feature 

Extraction 
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In general, real-time trammitter fingerprinting is very chalIenging for the follow- 

ing reasons [CPYS95]: 

a) Short duration of the radio trammitter transients makes classical eequency 

analysis difficult; 

b) Nonstationary nature of transients; and 

c) Wide interclass variation due to large variations in the structures and systems 

generating the transiene. 

For noise segmentation, variance fkctal dimension trajectory analysis has proved 

to be very effective [Shaw971 because noise and transient are distinguîshable in terms of 

hct*. To extract features fiom the transient signal, the short-rime Fourier tramfom 

(STFT) [Kola98], the discrete wavelet transforrn (Dm) [CPYS95] [HiPa961 [Paya951 

[Toon97] and the variancefiactal amplification [Kuis94a] [Shaw971 are employed. The 

STFT technique is limitecl in providing successful red-tirne, robust, consistent results. It 

also suffers fiom the artifact of window selection Ws94aJ .  The DWT is a better 

approach than the STFT by allowing locdization in both fiequency and time. The DWT 

also provides the flexibility to choose the particular wavelet function for a specific appli- 

cation. The problem with the DWT is that the computational overhead is quite large, and 

since the number of extracteci feahnes can be very large, it is not suitable for the near real- 

time speed recpirement in our case. The variance fi-actal amplification has demonstrated 

its ability to characterize nonstationary signals such as transients, whiie the computation 

overhead is reasonable, or even in real-tirne -94b]. Back-propagation (BP) neural net- 

works [ToodV], and probabilistic neural networks (PNN) [Shaw971 are used for classifi- 
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cation purposes. The PNN is preferred to the BPNN in this thesis mainly because of its 

fast training and welf-defined architecture. 

Still, some problems with these approaches exist. More specifically, the following 

issues are the major concems in this thesis: 

a) Inconsistent noise segmentation: The variance h c t d  dimension trajectory 

technique c m  separate the noise fiom the transient if there is a distinct differ- 

ence between them in the variance fiactd dimension domain. In some cases, 

there is variable noise component in the transient portion due to inconsistent 

recording, or the transient itself is very complicated. This results in fluctua- 

tions on the dimension trajectory around the transition moment where the 

noise ends and the transient starts. A simple thresholding scheme (e.g., the 

absolute difference triggering [Shaw97]) may detect the transition incorrectly 

due to such fluctuations; 

b) Inefficient feature extraction: The variance fiactal amplification technique 

relies on the existence of consistent and unique rnultihctality to produce a 

sufficient characterization of a signal. When the noise is not separated consis- 

tently, as a consequence, there may be some noise remaining in the transient, 

or the transient is not preserved completely. In this case, feature extraction 

based on this technique may lead to failure in further classification; and 

c) Slow training speed with a large training set: The training speed of the PM\I is 

faster than that of the BPNN. However, when a large nurnber of transients are 

used for training and classification, the PNN training speed can slow down 
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significantly. This is because the entire training set must be stored in the net- 

work and procased during the training and classification. Therefore, ît is not 

suitable for red-time applications wast93J. In this thesis, a large network is 

required to perform complicated classification, thus reducing the PNN train- 

ing time is very important for practical purposes. 

This thesis investigates new techniques to solve the first two problems using multi- 

fiactal anaZysis for noise segmentation and feature extraction. More specifically, the 

Rényi generalized dimensions and multifiactal characterization of strange attractors are 

studied. To speed up the training and classification procedure of the PNN, the Kohonen 

self-orgunizingfeature maps (SOFM), and the principal comportent analysîs @CA) tech- 

niques are employed to reduce the size of training sets and the dimensionality of PNN 

inputs, respectively. 

1.2 Thesis Statement and Objectives 

The general goal to achieve in this thesis is to develop a fast radio transmitter iden- 

tification systern which is able to mode1 and classi@ the nansient signal fiom a transrnit- 

ter, thus achieving reliable and fast radio transmitter fingerprinting. Based on the goal as 

stated, the objectives are: 

a) A technique for consistent noise segmentation, especially for the cases where 

there are fluctuations in the variance h c t a l  dimension trajectory due to the 

existence of noise or the complexity of transients; 

b) A technique for robust feature extraction which focuses on the important tram 

sient portion of the signal; 
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c) An improvement of the PNN processing to achieve faster training; and 

d) An interactive, graphical user inter$ace (GUI) environment to embed the 

above processing procedure. 

1.3 Thesis Organization 

The organization of the thesis refiects the logical development of the thesis work. 

Chapter 2 provides the bais  of f i a d  analysis, with emphasis on applications for 

transient signals. The characteristics of temporal nonstationary signals are discussed first. 

Then, the concepts of fiactals and multihctals are introduced to mode1 such signals. The- 

ory on chaos and dynarnic nonlinear systems is also provided and the relationship between 

chaos and fiactals is discussed. The implementation of these procedures for noise segmen- 

tation and transient feature extraction is dso presented. 

Chapter 3 gives an overview of the underlying scherne for PNN ~Iassification. An 

introduction to neural network classification is provided, with the emphasis on the PNN. 

Some issues related to PNN training, processing, and improvement are discussed. Two 

techniques of PNN preprocessing are examinai, namely the SOFM and the PCA. 

Chapter 4 discusses the experimental implementation of the radio transmitter iden- 

tification system. It describes the major tasks to be accomplished, as weil as the software 

tool design concems. The specific functions to be implemented in each module are 

described in detail. 
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Chapter 5 presents the experimental work and discussion. We begin with an over- 

view of the signals studied in this thesis. The issues related to consistent noise segmenta- 

tion are discussed in Section 5.2. The next section deds with approaches used for feature 

extraction. Section 5.4 focuses on the transient classification processing, including prepro- 

cessing and classification procedures. Experhentd resuits are discussed in each section 

and a summary is provided at the end of this chapter. 

Chapter 6 provides conclusions based on the experimental results and the contribu- 

tions made by this thesis. Recommendations for M e r  research are also given. 
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2.1 Introduction 

This chapter presents the basic ideas about fracta1 analysis, with emphasis on 

applications for transient signais. First, the characteristics of nonstationary signals are dis- 

cussed, and an o v e ~ e w  of techniques to mode1 such signals is provided. Then, the con- 

cepts of hctals  and multifractals are introduced as alternatives to nonstationary signal 

processing. Fractal analysis of transients is usually conducted in tems of hctal  dimen- 

sions as a fiinction of time if they are nonstationary, resulting in a h c t d  trajectory. An 

even better characterization of transient signals is achieved through tirne-varyîng multi- 

fiactals analysis (multifiactal surface). Since transient signals can be considerd as outputs 

fiom chaotic dynamical systems, theory on chaos and dynamic nonlinear systems is intro- 

duced. Multifkactal analysis is then applied to such systerns in phase space based on 

strange attractor reconstruction. Noise segmentation is achieved using fiactal measures 

because nojse and signal have different fkactal complexities, thus resulting in different 

fiactal dimensions. Feature extraction is perfoxmed by selecting a set of fiactal dimensions 

as the unique representation of a signal. The implementation of these procedures is also 

presented. 

2.2 Nonstationary Signals and Their Processing 

A temporal signal B (t) cm be sampled into B (5) based on the Nyquist sam- 

pling theorem. Each sample is then quantized (16 bitdsample in our study). A set of such 
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digital samples foms a digital signal, also called a time series, denoted by 

{B (5 )  lj = 1, . . ., N) . Here 5 is the t h e  at which the sample B (5) takes place and Nis 

the number of samples taken. To simplify the notation, we use B, interchangeable with 

B (5) , where t = 1, . . ., N denotes the time by sample number. The signal is said to be 

strict stationav if the probabilistic structure of B, is unaffecteci by a shifi in the time on- 

gin [DigggO]. Temporal nonstationary signals refer to the signals with the-varying signal 

statistics [Papo84]. 

In practice, many signals are nonstationary and many techniques have been devel- 

oped to analyze them. An overview of these techniques is provided below, which c m  be 

categorized into (a) time domain modelling, (b) time-frequency modelling, and (c) hc t a l  

modelling. 

In time domain modelling, signal processing schemes often assume some consis- 

tent and stable properties of the signal under study in order to establish a suitable mathe- 

matical model. For nonstationary signals, they are usually modified with some statistical 

means to fit in the model. These rnethods include (i) decomposition method; and (ii) dif- 

ferencing (ARIMA model). 

The decomposition rnethod PrDa871 assumes that an observed tirne senes B, can 

be expressed as 

B, = m t + s t + y t  (2.1) 

where m, is called the trend component, s, is the seasonal component, and y, is the sta- 
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tionary random noise component. The trend component, m,, cm be described in the form 

of a polynomial as 

The objective of this method is to estimate and extract the detenninistic components rn, 

and sr ,  so that the residual y, is stationary, and we can find a probabilistic model for y, to 

analyze its properties. The major limitation of this method is the difficulty in modelling 

m, and s, nom an observeci short time series such as transients. 

A more flexible technique to trend and seasonality removal is by differencing 

repeatedly the original time series until we obtain a stationary process. This technique is 

called autoregressive integrated moving average (ARIMA) [B ole7OI. ARIMA model s 

assume that the studied time series c m  be reduced to stationarity by differencing finitely 

many times, which then can be modelled by the autoregressive rnoving average process 

(ARMA). A tirne series {Br)  is said to be an ARMA(p,q) process if (Br) is stationary 

and if for every t, 

where the polynornials t$ and 8 are referred to as the autoregressive and mo- 

polynomials, and {Z,) is a white noise sequence. The limitation with the ARIMA 

scheme is that it only considers a rather special form of nonstationarity prie8 11 [Prie88]; 

i.e., the second-order properties of such processes Vary over time, but the complete evolu- 

- IO- 
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tion of the process is govemed by a h e d  set of parameters. More general classes of non- 

stationary processes have fieely varyïng the-dependent parameters rather than fixed 

parameter models. Transient signals, in particdar, cannot be well characterized by these 

parametric signal models because of their hi& degree of nonstationarity. 

The tirne-f?equency modelling approach includes (i) the S m ,  and (ii) the 

Wigner-Vïlle method, and (iii) the DWT. 

The STFT uses a window sliding dong the time axis and applies the Fourier trans- 

form on the srnail portion of the rime series contahed in the window. Thus, once a win- 

dow has been chosen, tirne-frequency resolution is f ie& The major limitation with this 

technique is that it does not allow high time and fiequency resolution simultaneously. This 

is a serious drawback when analyzing transient signals, which are constrained in time but 

have a wide band in fiequency. It also suffers fkom the artifact of choosing the proper win- 

dow size. 

The Wigner-=lie method is based on the idea that, in theory, an instantaneous cor- 

relation fiinction can be computed. The corresponding spectral density function is calcu- 

lated for each instance. It also has the fiuidamental iimitation of the inherent trade-off 

between t h e  and fkequency resolution Bew198J. 

In contrast, the DWT has a variable tirne-frequency resolution, Le., a greater time 

resolution at high frequencies and a smaller resolution at Low fkequencies. Therefore, it 

allows good localization in both time and frequency domains. A problem with the DWT is 

that the computational overhead is quite considerable, and fiuther featue selection is 
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required on the wavelet coefficients poon97]. Therefore, it is not suitable for the near 

real-the speed requirement of a software implementation in this thesis. 

In the next section, the concepts of fkactals and multifiactals are introduced to pro- 

vide alternatives to nonstationary signal modelling. Such modebgs capture uiformation 

about the nonstationarity of studied signals in the form of b c t a l  complexity (dimension). 

It is also found that multifiactai analysis, which considers non-constant hc ta l  dimension, 

is a better approach than the single hc ta l  measure for transient signals. 

2.3 Fractals, Fractal Dimensions, and Multifractals 

The concept of Gractal and h c t d  dimension was introduced and has been studied 

for the purpose of characterizîng cornplex objects which are difficult to describe by 

Euclidean geometry, in which non-negative integer values of dimension are used. For 

example, the Euclidean (or topological) dimension of a line is one, that of a surface is two. 

The definition of fi-actal dimensions was motivated by the observations that such values 

are not appropriate to describe more complex objects. Lets consider an example, the Can- 

tor set. As shown in Fig. 2.1, we start from a line segment (called the initiator) of unit 

1 length. The next step is to remove the rniddle part which is - in length, leaving two short- 
3 

ened line segments (thus establishing the generator). The same operation is repeated on 

these two segments, leading to four segments, each having a length of (i)2. 1f we keep 

repeating the process, we will end up with an object consisting of an infinite number of 

points, each having dimension O. On the other hand, the infinite number of points could fil1 

out a line, whose dimension would be 1. We can clearly see, however, that the Cantor set 
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Generator 

Fig. 2.1. Cantor set (the fkactal dimension is 0.63, which is between O and 1). 

is neither a point nor a line segment. Instead, it is an object with a definite self-similar 

structure. 

It seems the traditional definition of dimension gives us ambiguous results. The 

ambiguity cornes fiom the detail (or the scale of the object) considered. Studies of such 

cases led to the generalization of defining dimensions, which takes into account the rela- 

tionship between the scale and some measurement on the object Thus, for some complex 

objects, the dimension values may not necessarily be integer. Fractional dimensions were 

proposed and studied by L. Brouwer, F. Hausdorff, A. Besivovitch, A. Kolmogorov, and 

B. Mandelbrot m 9 5 ] ,  and are refend to as hc ta l  dimensions. 

A hc t a l  dimension, D, can be interpreted as the "degree of meandering" (or 

roughness, or brokenness, or imegularity) of an object Nns951. A fkactal is a set for 

which the fkactal dimension strictly exceeds the topological dimension Wand821. Another 

interpretation of a & c d  dimension is a critical exponent that makes a measure of the 
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object constant. Self-shiZurity (i.e., invariance against changes in scde or size) is the 

essence of hctals. It is usually expressed as some power law relationship between the 

scde and the measurement Fractal based modeiling can be classifkd into four categories 

based on the type of tiactal dimension one chooses, that is, morpiiologicul, entropy, spec- 

trum and variance bused dimensions -94a]. We will focus mainly on variance based 

and entropy based generalized dimensions because of our particular application in this 

thesis. 

Variance-based Dimensions 

Assume a time series B (5)  , where the sample t h e  5 is distributed uniformly in 

2 
time. The variance, o , of its amplitude changes over a time increment, At = 1 t2 - t 1 , is 
related to that time increment according to the following power law 

where H is called the Hurst exponent. By setting (AB) At = B t2 - B t , the expo- J ( 1 )  
nent H c m  be cdculated fiom 

Findly, the variance dimension can be calculateci fiom 

D o =  E+1-H 

where E is the embedd-hg Euclidean dimension and it is equal to one if the temporal sig- 
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nal has a single independent variable. 

In practice, we translate the lim in Eq. 2.2 into the slope of a log-log plot. A finite 

sequence of time increments, { At l ,  Atz, . ... Atk) , is used. Note that the sequence is usu- 

ally chosen to be 6-adic in order to spread the points on the log-log plot equally. The dope 

s is then detennined fiom these points by a polynomial line fitting method. The underlying 

assumpîion is that the measured data points are disiributed around a line with mors due to 

fluctuations which are normdly distri'buted. However, in practice there are upper and 

lower cutoffs at large and s m d  scales. The detemination of the dope is then performed 

only within an appropnate range, as  shown in Fig. 2.2. 

bb ( A t )  

Fig. 2.2. Line-fitting on log-log plot. 

Variance and spectnmi bas& dimensions are appropriate for a time series with a 

single independent variable. For the spectnim-based dimension calculation, artifacts may 

be introduced when the short-tirne Fourier transfomi is perfonned. In contrast, the vari- 
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ance-based hc t a l  dimension calculation does not have such artifacts; it operates directiy 

on a time series; and the computation could be done in real-time m g a l .  Therefore it is 

well suited for transient signds analysis. 

Entropy-based Dimensions 

Entropy-bas& dimensions are motivated by the fact that some objects have differ- 

ent distributions on different subregions, thus the critical exponents of the scaling property 

may not always be the same for the entire object. Entropy-based dimensions take the dis- 

tribution of a fkactal into consideration, as well as the geometrical properties. 

In infoxmaiion theory, entmpy (Le., average self-information) is the amount of 

information needed to speciQ the state of a system to a certain resolution. The well- 

known Shannon entropy H I  is defined as 

where Nv is the number of vels (volume elernents Nns94al) covering the fkactal, each of 

size v,  and p. is the relative fkquency n . with which the fiactal enters (intersects) the j- 
J J 

th vel of the covering to the total number Nof intersects of the hc ta l  with all the vels. 

where 
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I f  we assume the power-law relationship exists 

then we have the information dirnem.0~1, DI, dehed as 

An improvement of the concept of information dimension is the correlation 

dimension, Dc. It considers the correlation between pairs of neighbouring points on the 

fractal and is given as 

where Hz is the second-order entropy hct ion  and is defined as 

In 1955, Alfred Rényi introduced the generalized entmpy concept Fény551. He 

generalized the entropy fkom Shannon entropy (Le., the measure of disorder) and the sec- 

ond-order entropy based on squared probabilities, to any exponent as 
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where q is called the moment order. Based on the entropy function in Eq. 2.1 1, the Rényi 

generalized dimension is given by 

For q = 1 , D is equivalent to the information dimension, and for q = 2 ,  D is 
4 4 

the correlation dimension. In general, the following holds 

Thus, D is a monotonie nonincreasing function of q, as shown in Fig. 2.3. The 
4 

concept of generalized dimensions is very usefil when the fiactal object is very complex 

and a single-valued dimension cannot describe all the information contained in the object. 

This leads to the concept of multifi-actals. 

23.2 Multifractals 

A fiactal object is called rnultzfiactal if there is more than one corresponding 

Rényi dimensions D for a range of q [Kins94a]. This is because the fracta1 has varying 
4 

distributions. The difference between dimensions of different order q measures the degree 

of inhomogeneity (or nonuniformity) of a multifixictal in the sense of whether its different 

subsets are visited with equal fiequency. If the fkactal is strictly self-similar, D does not 
4 
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Fig. 2.3. Monotonic nonincreasing curve of D . 
4 

change with q. Othexwise there exists a Rényi spectnrm, while the spread of the spectnim 

indicates the complexity of the fractal. 

A multifiactal also refers to an object with different local fiactal dimensions. A 

local fi-actal dimension is a dimension value caiculated on a subregion of the object. For a 

temporal signal, local hctal dimensions are obtained by using a moving rectangdar win- 

dow dong the time axis that selects data fiom only within its boundaries for calculation. If 

the local fiactal dimension is the same everywhere, then the hctal object is a pure fkactal. 

Otherwise it is cded multihctal Wics92J. If a single definition of dimension is used, the 

multifractal measure can be visualized as afiactal dimension trajectory. A rnultij=actaZ 

surface is obtained if we consider the Rényi spectnim as the local fracta1 measure dong 

the time axis. 
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Transient signals are multifkctals due to their nonstationarity, which means they 

have non-flat fkactal dimension trajectory or spectrum. This observation provides us with a 

basis for transient signal processing throughout îhis thesis. 

2.4 Chaos and Strange Attractors 

2.4.1 Background on Chaos Theory 

Most natural phenornena are produced by nodinear dynamical systems. The 

behaviour of a nonlinear dynamical system can fall into three categories: stable, unstable, 

and chaotic [JoSm87]. Stable behavior means that after some transient period such sys- 

tems settle in a periodic or a steady-state motion. If the trajectories in phase space are ape- 

riodic and unbounded, it is caiied unstaide. Chaos refers to the apparent randomness, or 

irregul arity, or unpredictability that arises in determuiistic dynarnical systems m s 9 5 ] .  

The important propdes  associated with a chaotic system are: unpredictable, inde- 

composable, and yet contains regularity. A chaotic system is unpredictable because it is 

very sensitive to initial conditions. The sensitivie is due to the critical region where the 

dynarnical system operates. On the other hand, it is deterministic, Le., they have equations 

goveming their behavior, usually a set of différentia1 equations. This property results in 

the regularity of such a system. 

Let us consider an example of a chaotic system, the Chua's circuit, as shown in 

Fig. 2.4. The circuit is described by the following state equations 



Chapter II: Fractai Analysis on Transient Sig& 

Fig. 2.4. Chua's circuit (after [Kuis95]). 

di, 
4 

1 - --y 
dt L c2 

where the nonlinear conductance g (v is chosen to be a îhree piecewise symmetrîcal c,) 

linear approximation as illustrated in Fig. 2.5. 

Fig. 2.5. v-i characteristic for &a's circuit. 

Then we choose the setting of the parameters of the circuit as 
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(2.18a) 

(2.18b) 

(2.18~) 

(2.1 8d) 

The behavior of Chua's circuit is illustrata 

(al 

1 in Fig. 2.6. 

Fig. 2.6. Chaotic behavior of Chua's circuit. (a) The wave form of component r 
(b) The q t z  trajectory of the double scroll. (given x = vC, /Bp  , y = V = : / B ~  and 

z = iL/ (B,G) ) 
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We can see from Fig. 2.6 that the t h e  waveform exhibits somewhat random 

behavior, while the trajectory in state space c l edy  shows the existence of a bounded 

object. This object is also referred to as strunge artracfor because the attractor is a one of 

infmite numbers of Cantor-type dust with a hc t a l  dimension [Kins95]. 

2.4.2 Relationship Between Chaos end Fractais 

Strictly speaking, dynamical systems and ftactal geometry are independent fields 

of study. Dynamics is the study of objects in motion, while fhctals study static geometric 

objects. However, strmge attractors are the point where chaos and hcta ls  meet in an 

unavoidable and most natural fashion: as geometrical pattern, they are hctals, as dynamic 

objects, they are chaotic PeJS921. 

Therefore, an alternative to fkactal modelling of nonstationary signals is to treat 

them as outputs of chaotic systems, leading to phase space characterization. One can asso- 

ciate a fkactal (i.e. a strange attractor) with a chaotic system, thus characterizing the sys- 

tem quantitatively in ternis of fracta1 dimensions. A problem existing in practice is that we 

usually only have access to the signal, not directly tu the underlying strange attractor. This 

leads to the issue of strange attractor reconstruction fiom a measured tirne series, which 

will be discussed in the following section. 

2.4.3 Strange Attractor Reconstruction 

The reconstruction of a strange attractor is necessary when we obtain a time series 

in experimental settings. In this case, only one component of the state is measured, not the 

fidl states of the original attractor. The objective of this procedure is to retrieve the geo- 

metric structure of the underlying strange attractor to some fgthful extend. 
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T h e  Delay, 6 

Given a dynamical system descriied by a set of rn equations, we Say that the 

strange attractor is embedded in m-dimensional phase space. However, the experimental 

observation of such systems is only one-dimemional, which is in the form of a single time 

series. Idedly, the strange attractor should be reconstructed out of successive CO-ordinates 

{x, i, 2, x, . . . ) PCFS801. However, the mea~u~ed time series usually does not have 

nich high resolution to allow for these higher orda differentials. A practical solution is to 

embed the attractor in an m-dimensional phase space and the m-dimensional CO-ordinates, 

xi, of the attractor are consûucted nom the original sampled time series, xi 

(i = 1,2,3, . . .N),  according to 

where 6 is the tirne delay, rn is the embedding dimension, and N is the length of the time 

series. The rnethod of t h e  delays provides a relatively simple way of constructing an 

attractor fiom a single experimental t h e  series. Theoretically, the t h e  delay can be an 

arbitrary value provided that we have a very long and noise-fkee time series [Addi971 

JJ'eJS921. In practice, the condition is seldom satisfied, and the choice of the tune delay is 

very important as we want the reconstructed attractor to exhibit the basic structure of the 

r d  attractor, with similar dynamical properties. If it is too small, the reconstnicted attrac- 

tor is restncted to the diagonal of the phase space. If it is too large, then the points are 

uncomelated and the structure of the attractor disappears. If it is close to some periodicity 

in the system, the cornponent at that period will be under-represented in the reconstruction 
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[PaCh87]. We should make the reconstructed attnictor in the phase space as spread-out as 

possible to reduce the linear dependency, thus giving a good representation of the m-vari- 

able attractor geometry. This is especially tme when a small amount of noise is present in 

the signal. A common approach is by the use of the autoco~elationfirnction, C. The auto- 

correlation function is defmed as 

where 

and is the mean of the time senes. It measures the linear dependency of two points in 

the time series, which is generally decreasing with the time delay, 6 ,  as shown in Fig. 2.7. 

The time delay for reconstruction is chosen to be the time at which the autocomelation 

fiuiction fdls below a specific threshold value, such as one half. 

Embedding Dimension, rn 

After selecting the time delay, the minimum embedding dimension of the strange 

attractor should be decided as well. According to Takem' theorem [Take8 11, when there is 

only a single measued variable fkom a dynamical system, it is possible to reconstruct a 

state space that is equivalent to the original state space composed of aU the dynamical 

variables. The embedding space dimension, rn, is so chosen that m > 2n, where n is the 
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Fig. 2.7. The autocorrelation h c t i o n  for a strange attnictor and the choice 
of the time delay. 

dimension of the original embedding space. This guarantees that each point in the pro- 

jected attractor corresponds to one and only one point in the original attractor. In other 

words, we have a tnithfiil representation in the sense that the embedding space is large 

enough for the attractor to untangle itself. It should be noted that Takens' requirernent for 

rn is a sufficient but not necessary condition for the reconstruction. In practice, the correla- 

tion dimensions (Dc) of the reconstructed attractor are calcuiated in ernbedding spaces of 

successively larger dimensions. At first, the value of Dc increases with the increasing 

embedding dimension. After a certain point, Dc saturates and no more ïncrease in Dc 

could be observeci. The minimal embedding dimension is then chosen at the saturation 

point, as shown in Fig. 2.8. 
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Fig. 2.8. A correlation dimension plot for a reconstmcted sirange attractor 
in embedding dimension rn from 1 to 10. 

Generaiized Dimension Calculation for Strange Attractors 

The generalized dimensions c m  be calculated by the concept of generalized corne- 

lation integral [PaSc87], which is dehed as 

where O (x) is the Heaviside step function, and N is the size of the attractor. O ( x )  is 

used to munt how many pairs of  points (xi and x j )  on the attractor fdl withïn the distance 

r. Then the generalized dimension in Eq. 2.12 can be written as 
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2.5 Fractal Analysis on Transient Signals 

2.5.1 Noise Segmentation 

Fractal analysis measures the complexity of an object or a signal. Noise is distin- 

guishable fiom a transient because noise has more randomness, while the transient carries 

more meaningîul information, thus is more correlated. It is concluded that noise and the 

transient exhibit different degrees of complexity (or singulaxity), i.e., noise has a higher 

degree of complexity and the transient has lower degree of complexity. If there is a signif- 

icant change in the hc ta l  measurernent, it indicates the transition from one to the other. 

Therefore, noise segmentation is achieved. 

2.5.2 Feature Extraction 

Modelling and characterizhg a transient signal is achieved by selecting a set of 

fiactal dimension values for the signal. More specifically, when the variance fiactal 

dimension trajectory is used, the movhg window is shified a larger amount dong the time 

axis, resulting in a srnaller number of points on the tmjectory. The variance dimension val- 

ues correspondhg to these points are considered as extracted features of the original sig- 

nal. An important gain of this technique is signal normalization, which is achieved 

automatically because there are theoretical lower and upper bounds for hc ta l  dimension 

values. The variance dimension for a temporal signal, in particular, has the lower bound of 

1 .O and the upper bound of 2.0, as implied in Eq. 2.3. Further discussions on the impor- 

tance of signal normalization is provided in Chapter 3. 

In the procedure of feature extraction using the variance hc ta l  dimension trajec- 

tory, a special type of h c t d  modeliing,froctal amplzFcation m s 9 4 a ]  is use& Fractal 
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amplification refers to emphasizing the fkactality fiom a computational point of view. It is 

implemented by using a dyadic sequence of time interval in the caicdaîïon of the variance 

dimension, instead of a linear sequence. This results in relatively larger values and more 

variations of the dimension. For the purpose of feature extraction, fhctal amplification is 

preferred wGr94] because a higher degree of detail about the hctality of the signal can 

be achieved, 

Another way of characterizhg transients is to treat transient5 as outputs nom cha- 

otic dynamical systems [La.g96]. The strange attractor of a transient is reconstructed and 

multifiactal analysis is applied to the attractor, thus obtaining multifiactal features of the 

transient indirectly. Since a strange attnictor is specific to the dynamical system, not to a 

particular transient output, robust characterization of transients may be achieved. 

This chapter summarizes fiactal analysis applied to nonstationary temporal sig- 

nds, especially transient signals. It is the core of this thesis. Nonstationary signals can be 

modelled and quantitatively characterized in terrns of fiactal dimensions. As we shall see, 

multifractal analysis is more appropriate in the study of transients because of the nature of 

such signals. We have descrïbed a hc t a l  trajectory and a multihctal sinface as available 

means of multihctal analysis. Such signals can also be considered as the outputs from 

dynamical chaotic systems, therefore chaos theory can be applied. To use chaos theory, a 

strange attractor needs to be reconsûucted fiom a temporal signal first. Several related 

issues on strange attractor reconstruction are covered. Fractal analysis is considered to be 

a good approach for noise segmentation and feature extraction.. 
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The next stage d e r  fiactal analysis of transients deals with the achlal classifica- 

tion. This is done by a particular neural network, narnely the probabilistic neural network. 

Its basis is described in the next chapter. 
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3.1 Introduction 

Neural networks are commonly use .  for the purpose of classification. In this chap- 

ter, an introduction to neural network classification is provided, with the emphasis on a 

particular type, the PlW. We prefer the PNN to the MLFN (mvltipZe hyet feecJfbmard 

n e ~ r k )  because of the advantages unique to the PNN, such as a strictIy dehed architec- 

ture, mathematically sound confidence level, and very short training tirne, which make it 

suitable for transient classification. Some issues relateci to PNN training, processing, and 

improvement are discussed. Preprocessing is usually required when the speed of neural 

network classification is of critical concem. Two techniques are examined here, namely 

the SOFM and the PCA. The SOFM tries to reduce the number of cases in the training 

class set through clustering, while the PCA reduces the dimensionaiity of each input case 

by removing redmdant information in the original input case cornponents. 

3.2 Ovemew of Neural Networks 

In many real-world applications, we encounter problems that are difficult to solve 

by the use ofpmgurnmed computing, in which algorithms are designed and subsequently 

hplemented using the currently dominant architecture. These problems are characterized 

by some or al1 of the following: a high-dimensional problem space; cornplex, unknown, or 

mathernaticaIly intractable interactions between problem variables; and a solution space 

that may be empty, contain a unique solution, or contain a number of usefut solutions. The 
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concept of neural computing mras introduced in the effort of solving such problems. It is 

based on the computing schane in biologicd systems. Some key aspects of neural corn- 

puting are [Scha97] : 

The overall cornputaiional model consists of a reconfigurable intercomection 

of simple elements; 

Individual units implement a local hct ion,  and the overall network of inter- 

comected uni& displays a correspondbg functionality; 

The system laiowledge, experience, or training is stored in the fom of net- 

work intercomection; 

To be useful, neural systems must be capable of storing information (i.e., they 

must be "trainable"); 

A neural network is a dynamic system; its state (e.g. unit outputs and intercon- 

nection strengths) changes over time in response to extemal inputs or an initial 

(unstable) state. 

Because of these features, neural networks have been found very effective in solv- 

ing classificatiob problems. The applications of neural networks include image processing 

and cornputer vision, signal processing, pattern recognition, planning, conirol, power sys- 

tems, and artificid intelligence. 

There exist many foms of architecture of neural networks, ranging fkom very sim- 

ple ones such as  a perceptron to much more complex models. In this thesis, the PNN is 

used. An overview of the PNN is provided next. 
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3.3 PNN Basics 

33.1 PNN Architecture 

The PNN architecture is shown in Fig. 3.1. It is a four-layer organization. The 

input d t s  are merely distribution units that pass the input values to the pattem units, and 

the number is equal to the size of an input vector x . Each pattern unit stores one training 

w e  and it computes a distance measure between the input and the training case it repre- 

sents by fonning a dot product of the input pattem vector x with a weight vector wi, 

ri = x wi . Then it performs a nonlinear operation on ri before outputthg its activation 

Input 
Uni& 

Pattern 
Unis 

O a O 
output 
Units 

Fig. 3.1. The PNN Architecture (after [Spec90a]). 
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level to the ~ ~ ~ ~ l ~ ~ l a t i o n  unit. Insfead of the sigmoid activation function, 1 /[ l + e-"), 

commonly used for the back-propagation neural network (BPNN), the nonlinear operation 

used here is an exponential fiinction, exp [ (ri - 1) /02] . The summation units sum the 

inputs fkom the pattern uni% that correspond to the category fkom which the training pat- 

tern is selected. There is one summation unit for each class. The number of output (or 

decision) units is dso the same as the number of classes. This layer is often a simple 

threshold discriminator which activates the unit having the largest output value to repre- 

sent the projected class of the &own sample. 

To understand the PNN paradigm in more detail, a discussion on the Bayes deci- 

sion strategy and Parzen's estimation of probabiîity density functions (pdfs) is required. It 

is provided in the next two subsections. 

33.2 Bayes Strategy for CIassification 

Bayes strategies for pattern classification are the decision d e s  or strategies used 

to minunize the expected risk of misclassification for a given decision surface. 

Consider a C-class situation where we have a collection of samples fiom C differ- 

ent classes denoted as c = 1,2, . . . , C . Each sample is denoted by ap-dimensional vector 

x = (x*, x2, . . ., xp) . Let us first define the folIowing parameters: 

h, : the prior probability of a class, c; 

Z, : the loss function associateci with m i s c l a s s i ~ g  a sample of the class c as 

other classes; 

f, (x) : the pdf for the class c. 
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The Bayes decision d e  is then stated as 

d (x) = c if hJJC (x) > hil,f;. (x) 

which means the unknown sample x is classified into class c if the above holds for aU 

classes i not equal to c. The key to using Eq. 3.1 is the ability to estimate the PDF, f, (x) , 

based on training cases. Ofien the priori probabilities h, are known or can be estimated 

accurately, and the loss fiuictions 1, require subjective evaluatioa However, if the pdfk 

are unlaiown, and al1 that is given is a set of training samples, then these samples provide 

the only clue to the unknown underlying probability densities. Parzen has shown that a 

class of pdf estimators asymp totically ap proaches the underl ying parent density as the 

number of samples increases towards a fully comprehensive representation of the class 

data [Parz62]. 

33.3 Panen's Method of Density Estimation 

Let us assume that there are n, training cases for a given class, c. nie estimated 

PDF for that class, gc (x) , is given as 

where W ( x )  is the weight function (kemel) and defines the width o f  the kernel cm- 

tered at each training case. 

The weight function, W ( x )  , is usually chosen to be the normalized Gaussian 

h c t i o n  
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The effect of o is iIlustrated in Fig. 3.2. It is demonstrated that, a small value of o 

causes the estimated parent density fiuiction to have distinct modes correspondhg to the 

locations of the training samples, which essentially leads to a nearest-neighbour classifier 

Wast931. A larger value of a produces a greater degree of interpolation. However, if G is 

too large, details of the density will be smoothed out and the estimated density will be 

Gaussian regardless of the true underlying distribution [Spec90a]. The proper value for o 

is critical to the performance of the PNN. 

Cacoullos has extended Parzen's results to cover the multivariate case [Caco66]. 

The density estimator for a class, c, is defined as 

Some simplifications can be made to Eq. 3.4. First, let us assume al1 smoothing 

- parameters are equal, Le. = - . . . = o. Second, the multivariate weight function 

is assumed equal to the product of the mivariate weight function, as 

Thus, the density estimator as described in Eq. 3.4 is rewritten as 
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Fig. 3.2. The smoothing effect of different values of o on a PDF estimation: (a) a small 
value of o ; @) a larger value; and (c) an even larger value (afler Weis721). 
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where x = ( x I  , x2, . . ., xP) is the input vector. 

3.3.4 PNN Processing in Detail 

Let us assume an unknown case, x = ( x l ,  x2, . . . , x ) is given at the input layer. 
P 

The weight function described in Eq. 3.3 can be replaced by 

2 where d (x, xr) is the scaled, squared Euclidean distance between the unloiown sample, 

x , and the iraking case, x,, and is obtained by 

In @e pattern layer, each unit cornputes the distance between the training case it 

represents, and the unknown sample, according to Eq. 3.8. The weight fiuiction is then 

applied to this distance using Eq. 3.7. 

The sumation units then calculate the PDF for the class they represent according 

to Eqs 3 -2 or 3.4. 
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In the output layer, all the results fiom the summation layer are compared and the 

largest value is selected. The output unit correspondhg to diis value is activated as the 

result. The unlaiown sample is classifiai to the class the activated output unit represents. 

33.5 Input Normalization 

Normalization of input data for the neural network provides an equal range for dif- 

ferent input variables, and the variables are scded to match the range of the input neurons. 

In general, input nomalization is important for neural network performance. Firsf if an 

input is used to train output neurons, and the output neurons have an activation function 

with bounded range, then nomalization is necessary. For some neural network models, 

such as the Kohonen self~rganizing maps, there is a strict limit on their input values, and 

a nomaiization procedure is required. Another reason for normalization is to equalize ini- 

tially the importance of variables. If input variables have quite different ranges of value, 

the variation in weight vectors during the training procedure can be very significant, 

which may result in failure in leaming. Third, most training algonthms minirnize the total 

m o r  of al1 outputs. If no normalization is conducted, those output neurons with larger 

variabilities will be favored, as they will dominate the error sum. This can have profound 

negative consequences on the classification and is a problem that should always be consid- 

ered. 

There are some ne& and advantages of input data normalization specfic to the 

PNN. First of dl, in the distance calculation in Eq. 3.8, variables having a much larger 

range of values will dominate in the distance measure. For the case in this thesis, variables 

having large variations are more likely the remaining noise component due to inconsistent 
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noise segmentation. The effect of remaining noise is reduced by the normalization proce- 

dure. Second, in the probability density function estimation as defined in Eq. 3.4, the pro- 

cessing can be simpfified by assuming that all smoothing parameters are equal, if the input 

variables are noxmalized approximately to the same range and the same variation. Other- 

wise, a smoothing parameter needs to be determined and optimized for each input vari- 

able, which could be very time-consuming. 

3.4 Neural Network Preprocessing 
p: dimensionality of an input case 
n: number of input cases 

Fig. 3.3. Illustration of neural network preprocessing: 
dimensionality reduction and clustering. 

3.4.1 Motivation 

To accelerate the basic PNN processing, preprocessing is performed in this thesis. 

It consists of two procedures, one is dimemionality reduction on each input case, and the 

other is clustering to reduce the numba of cases in the training set. 

Ditnensionality mduction refers to M e r  feature extraction among variables of 

input vectors, resulting in fewer and relatively independent variables. One serious prob- 
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lem with having a large dimensionality of input vectors is the slow execution speed. 

Anotha problem is overfitting Nast951. Especially when there is a large number of vari- 

ables compared with the number of training cases, neural networks may focus on individ- 

ual training cases instead of generalizing beyond the training set, the ability which is very 

important in most cases. Third, there is usually redundant information in these variables 

because of the existence of correlation between them, and such redundancy has effect on 

the performance of the PNN. The PCA provides an effective solution to the above prob- 

lems by accounting for the maximum possible variation betwepn input variables. 

In order to provide the best generalization of the neural networks, we usually sup- 

ply as many trainhg cases as possible. This may result in many duplicate training cases, 

which causes waste in storing space and slow training speed. Elhination of duplicate 

training cases and selection of training cases c m  be achieved by some clustering tech- 

niques. The objective here is to fom a cluster for ail training cases fiom each class, then 

choose the cases closest to the cluster centroid for M e r  training, while discarding those 

which are far fiom the centroid. The assumption is that the training cases closer to the 

cluster centroid are more representative cases for the corresponding class than the others. 

The SOFM is used as for the clustering purpose because of its ability to map hi&-dimen- 

sional input data to a low-dimensional representation while presening the topological 

similariîy. 

3.4.2 Principal Component Analysis @CA) 

PCA is used for extracthg the useful Somat ion present in a large set of variables 

while removing the redundant information. The basic idea is to account for as much of the 
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variation in input cases as possible by means of as few new variables as possible. Each 

successive principal component is computed in such a way that it has the maximum possi- 

ble variance, while it is independent of ail previous principal components. As the result, 

the nurnber of variables is  reduced and the redundancy among the variables is eliminated. 

Assume we have a weight vector w = ( w l ,  w2, . . . , w,) ' , where the prime (' ) 

uidicates the transpose operation. An input case would be x = ( x l  , x2, . . . , x,) ' . Then 

each principal component is wmputed for the input case x as shown in Eq. 3.9. 

Equation 3.9 concernç a single p ~ c i p d  component. h practice, we uswdly work 

with several principal components. In general, for each case consisting ofp variables, we 

extract p' principal components, and usuaily 1 < p' « p . 

Thus, we c m  modiQ Eq. 3.9 as 

where y is a p' -vector of principal components, and W is a p xp' weight matrix, each of 

whose p' column is a weight vector defining a different priacipal component. In practice, 

principal components are centered so that we have zero mean for each variable in the input 

vector. Therefore, Eq. 3.1 0 is modified as 
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To calculate principal components, we need to cornpute the W matrix to be able to 

perform the dot product in Eq. 3.10. The algorithm is Iisted below. 

Center input cases by computing the mean of each variable j, j = 1, . . . , p 

where n is the number of cases and p is the dimensionality of each case. 

Fil1 the covariance matrix, Cov, according to 

Compute the eigenstructure of Cov. Note that the eigenvalues of the ma& are 

the variances of the principal cornponents, and n should be equal or greater 

thanp to pdorm the eigenstructure calculation. 

Fil1 W in such a way: the eigenvector corresponding to the largest eigenvalue 

is the k t  column of W, the second-largest eigenvalue is the second cohnn, 

and so on. 

Stop adding columns when the eigenvalues becorne srnd enough that we no 

longer consider them an important contniution to the variation in the training 

set. 
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Number of principal cornponents 

Fig. 3.4. Successively accounting for variance (after [Mastg5 1). 

A criterion of choosing the nurnber of principal component, p' , is to plot the nac- 

tion of the tptal variance as a function of p' , then choose a fiaction value that is considered 

satisfactory. A typical fonn of the function is shown in Fig. 3.4. 

Another practical issue to be considered is the scaling of the principal components. 

The first principal component has the maximum variance, and each succeeding one has 

less variance. This tends to emphasize the importance of the first few cornponents, which 

sometimes may not be desirable. The solution to this problem is scaling them to unit vari- 
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ance. Let L be a p' xp' diagonal ma&, with the diagonal values quai  to the eigenvalues 

of W. Then Eq. 3.10 is modified as below to give unit variance as  well as zero mean 

3-43 Self-Organizing Feature Map (SOFM) 

Kohonen has demonstrated a neural learning structure involving networks that 

converts the feature space to topologically ordered similarity graphs, calleci the self-orga- 

nizing feature map (SOFM) [Koho82]. The SOFM defmes a mapping fkom the input data 

space R" onto a regular (usually one or two-dimensional) array of nodes. With each node 

i, a parametric reference vector mi E R~ is associated. An input vector is compared with 

the mi, and the best match is defined as the 'tesponse"; the input is thus mapped onto this 

node. 

In contrast with other techniques, SOFM training implements a mechanism c d e d  

cornpetitive [earning. With each training case, the winning output unit is first fomd by 

comparing the input and reference vectors. Then the winning reference vector and also 

vectors near it, i.e., within a certain radius in the map, are rnoved towards the input vector 

according to a neighborhood function. The radius and the leaming rate factor of the neigh- 

borhood fûnction are decreasing rnonotonically towards the end of learning. After the 

training phase the map is labeled with hown examples of input vectors. At the end of 

training, the output layer is organized into a meaningfhl order map in which similar mod- 

els are close to each other and dissimilar models far fiom each other. 

A summary of the SOFM algorithm is provided as follows. 
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For each sample x ( t )  , first the winner index c @est match) is identifiai by the 

condition 

11.1 ( t )  - rn, ( t )  II 1 lx ( t )  - mi ( t )  1, for Vi 

where t  = 1,2, ... is the step index. 

After that, the updating takes place, defineci as 

where Nc is the topologicd neighbourhood and is defined such that all units which lie 

within a certain radius nom unit c are included in N, . h, (,), is the neighbourhood func- 

tion, a decreasing hc t ion  of the distance between the ith and cth nodes on the map grid. 

A simple neighbourhood h c t i o n  is the bubble fùnction which is defined as 

where a ( t )  is the leaming rate. Another widely applied neighborhood function is the 

Gaussian fiuiction 

where a (r) is the leaniing rate and o ( t )  defines the width of the fûnction. 
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To illustrate the clustering result, we employ the concept of SOM density map 

[ZhLi93], which is sunilar to the self-organizing rnap with the number of mapped input 

vectors (images) written on each node of the rnap. A simple example of some two-dimen- 

sional input data clustering is given in Fig. 3.5. 

centroid of class 1 H 

class 2 1 

class 1 1 
I 0 

images of A & B image of C 
of class 2 

Fig. 3.5. SOFM clustering example (afier [ZhLi93]). (a) The onginal data fiom two 
classes. (b) The density rnap showing the clustering result. 

In this example, the SOFM clustering technique is applied to input data (patterns) 

nom two different classes. The topology of the rnap is chosen to be a 5 by 5 lattice. The 

SOM density rnap clearly shows two distinct clusters, which means the similarity relations 

in the original input data is well presened. Patterns that are closer to each other in the 

onginal space will "crowd" their images on the density map. For instance, patterns A and 

B are closer to each other while pattern C is far fkom them in the original input space. This 

results in that A and B are mapped to the same node on the density rnap while pattern C is 

mapped to another node. We can also determine the centroid of a cluster on the density 
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map. Consequently, an immediate way to reduce the number of training sets and to select 

the most representative training cases is to keep those training cases closer to the centroid 

of a cluster while discarding those far fiom the centroid. 

This chapter has presented the PNN and related issues for transient classification. 

The structure of the PNN is exâmined and PNN processing is described, particularly the 

Bayes classification strategy and Parzen's method of density estimation. The PNN is 

found to be appropriate for our needs for it provides fast training and mathernatically 

sound solutions. The classification speed of the PNN d l1  needs to be improved for real- 

tirne applications. The proposed solutions are dirnensionaliîy reduction and clustering of 

training cases. The PCA achieves dimensionality reduction by rernoving the redundancy 

between variables of input vectors. The SOFM can reduce the number of training cases 

through clustering, thus the most representative cases are retained for training. 

This concludes the background part of this thesis. The next objective is to imple- 

ment the techniques experimentally. Several issues on experimental design and software 

implementation are discussed in the next chapter. 
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CHAPTER IV 
SYSTEM DESIGN AND SOFTWARE ~WLEMENTATION 

4.1 Introduction 

This chapter is devoted to the experimental design of the radio transmitter identifi- 

cation system. It desmies the major tasks to be accomplished, as well as the software tool 

design concems. As stated in Chapter 1, the thesis deds with four modules of the transmit- 

ter identification system, namely noise segmentation, feature extraction, neural network 

classification, and user interface design. The specific fünctions to be irnplemented in each 

module are desm'bed in detail in the following sections. 

4.2 Noise Segmentation 

In the noise segmentation module, the input is a raw transient recording fiom a 

communication receiver discriminator channel. The recording procedure is explained in 

Toonstra's thesis poon97]. Suffice it to Say that the recording is contaminatecl by arnbient 

channel noise, which is followed by the transient part. The pre-transient noise portion of 

each recording should be removed first because it does not contain useful idonnation for 

classification and may lead to classification failm. Techniques used here include the vari- 

ance dimension trajectory and Rényi generalized dimension spectnim analysis. The pro- 

cessing procedure in detail is provided in the foIlowing subsections. 

The effect of parameter settings for these techniques should also be studied and au 

optimal setting for practical purposes should be suggested. The output of this module is 

the separated transient of a raw signal. 
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4.2.1 Variance Fractal Trajectory 

The variance hctal dimension is used for characterizhg transient signals because 

it applies directly to temporal signals, and computation can be done in near real-time 

-94b]. The variance fiactd trajectory is obtained by calculating local variance fi-actal 

dimensions for a rectangular sliding window. The window moves dong the entire signal, 

thus producing a trajectory. In our case, the noise precedes the transient, thefore the tra- 

jectory should exhibit a hi& to low transition, because the hctality of noise is higher 

than that of the transient. According to the study by Shaw [Shaw97], the dimension should 

be assigned to the starting point of the window to ensure proper detection of transient The 

segmentation is achieved by finding the transition point by a difference threshold scheme, 

as discussed in Section 5.2. If a Iarge enough change in the dimension occurs, it triggers 

the start of the transient and a certain number of samples fiom this point is separated as the 

transient for further processing. 

4.2.2 Multifractal Analysis 

An improvement of variance fiactal trajectory for noise segmentation is suggested 

by the generalization of the variance hc t a l  trajectory. It is motivated by the fact that tran- 
- -  

sient signal~ are nonstationary signal~, therefore, they are inherently multihctal. Instead 

of a single h c t a l  dimension value (variance hctal dimension) corresponding to a sliding 

window, the Rényi generalized dimension spectxum is obtained. This results in a tirne- 

evolving multifkctd dimension surface. A multihctal dimension d a c e  can be consid- 

ered as a collection of hctal trajectories. The multihctal surface contains far more *or- 

mation about the transient signal than the variance dimension trajectory. Consequently, it 
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is proposed that one should be able to choose the trajectory with the biggest transition 

fiom noise to transient, thus giving more confidence in the noise segmentation results. 

4.23 Parameter Setting 

The parameters involved in the noise segmentation module should be studied 

experimentally to give solutions as optimal as possible. The most obvious parameter is the 

rectangular window size we consider both for the local variance dimension calculation 

and the Rényi generalized dimension CaIculation. A relatively large window size causes 

the dimensions of locaily distinct h c t d s  to be bUned within the dimension of their most 

significant neighbouring fractal, and at the same time it is computationally expensive. 

However, a too small window size provides insufficient data for the analysis. The window 

size should also be in the range where the signal can be considered stationary over the 

length of the window. The window shifl parameter for the sliding window should be set to 

1 to provide good localization of the start of the transient [Shaw971 [Toon97]. 

Another important issue is the triggering scheme. A threshold scheme is employed 

to detect the transition in the hctality fiom noise to transient. The scheme used in 

[Shaw971 is to find the earliest tirne when the dimension, Da (t) , compared with the 

mean, pDu ( , )  , of the portion of the raw signal containhg noise is sufficiently different as 

follows: 

where .c is a certain threshold and aD (,) is the standard deviation of the signal. Note that 
O 

bath (11 and oDa ( t )  are calculateci only for the noise portion of the signal. A questions 
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naturally arises: how do we calculate pD (,) and oDa (o 
O 

only for the noise portion with- 

out knowing the transient start k t ?  The assumption here is that we consider the transient 

recording to be somewhat consistent, i.e., sufficient data are sampled pnor to the start of 

the transient. Therefore, we can perform the calcuiation on a fixed number of samples 

which are in the noise portion for all the transient recordings. 

4 3  Transient Feature Extraction 

The transient feature extraction module produces a compact representation of a 

transient while retaining the important information for classification. As a result, the 

required storage space is significantly decreased and the classification can be achieved 

much more effectively. 

Feature extraction is achieved using a similar technique as the variance hctal  

dimension trajectory for noise segmentation. Instead of shifting the window by one Sam- 

ple, a much bigger window shift is used. For example, if the transient size is 2048 samples 

in length, the window size is 512, and the window shift is set to 32, then we have 64 

dimensions. The window shift is determined by the data reduction ratio to be achieved. It 

should be noted that the value should be selected carefully so that signifiant fiactal char- 

acteristics are not neglected. The calculation of the variance dimension is different too. 

Fractal amplification Wns94aJ should be applied to reved a higher degree of detail about 

the signal. This is implemented by using a dyadic sequence of tune intervals to calculate 

the dope of the log-log plot instead of a linear sequence, resulting in relatively larger val- 

ues and more vanations of the dimension. For the purpose of feature extraction, h c t a l  
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amplification is preferred f - W S ]  because a higher degree of detail about the hctality 

of the signal can be achieved. 

In addition to feature extraction ability, hc ta l  m o d e h g  achieves input data nor- 

malkarion automatically. This is because there are theoretical lower and upper bounds for 

fiactal dimension values regardless of the actual amplitude spread of the original signal. 

The variance dimension for a tirne series, in particdar, has the lower bond  of 1 .O and the 

upper bound of 2.0, as implied in Eq. 2.6. It shouid be noted that the experimental result 

may exceed the bound slightly due to numerical artifacts.The nomalization is critical for 

the neural network classification, as explained in Chapter 3. 

An altemative to îransient modelling and feature extracting with variance fiactal 

measures is provided by the multifhctal analysis in phase space. By taking the nonuni- 

fonn distribution into consideration in the multifrsictal analysis, we can reveal the underly- 

ing dynamics in the fiactal sense. Firsf the strange attractor should be reconstructed nom 

a transient signal. The generalized dimension spectrum is then obtained for the strange 

attractor using the correlation integral as defined in Eq. 2.2 1. The spectm provides mul- 

tihctal characterVaton of the strange attractor, which indirectly reveais the fiactality of 

the original transient. The time delay and embedding dimension for strange attractor 

reconstruction should be determined according to the discussion in Section 2.4.3. More 

specifically, the autocorrelation function with a threshold value of 0.5 is used to find the 

time delay. 
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The output of this module should be a set of h c t a l  dimensions as the extracted 

feaîures and unique representations of the transient signals. These features are now ready 

to be used as neural network inputs. 

4.4 PNN Classification 

4.4.1 Preprocessing 

Before the PNN classification, dimensionality reduction and clustering procedures 

are necessary to achieve faster training and classification. The PCA and SOFM techniques 

are employed for this purpose, as discussed in Chapter 3. The PCA processing results in a 

more compact representation of a transient because it removes the redundancy between 

the features we obtaùied fiom the previous module. The SOFM reduces the number of 

training cases through clustering. 

The PCA procedure is executed for each training case and unlaiown cases. The 

user should be able to specify the number of principal components, that is, the number of 

new features of a transient. The weight matrix necessary to calculate principal cornponents 

in Eq. 3.10 is obtained based on the entire training set, because the PCA treats the training 

set as a single class and any categorization inherent is ignored [MastgS]. Then the ele- 

ments in the training set are replaced by principal components calculated for each training 

case. During the classification, principal components are cornputecl f'îrst for the unknown 

input case, then they are used for M e r  classification. 

The use of SOFM is activated when the user inputs more than a threshold number 

of training cases for a class. The threshold value c m  also be specified by the user. Since 
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our purpose is simply clustering training cases, not visualization, a one-dimensional map 

topology with 5 nodes is used in this thesis. The SOFM is then perfonned individually on 

each class whose trainhg cases are more than the threshold number. AAer the SOFM, the 

number of remaining training cases for that class is equal to the threshold. 

The output of this procedure is a much more compact set of features for a transient 

and a group of most representative training cases with the number not more than a pre- 

defined threshold value. It is then passed forward to PNN for training and classification 

purposes. 

4.4.2 PNN Training 

The PNN structure is established using a supervised learning scheme. That is, dur- 

ing the training process, selected training cases are presented to the neural network along 

with the correct output. The network then adapts itself to produce the correct output when 

encomtering sirnilar cases. 

The PNN is h s t  initialized with a single value of sigma and the optimal value for 

sigma is found through a measure of its performance during the training. The measure of 

performance used in this thesis is the error h c t i o n  defined as the total correct classifica- 

tion cases. 

It should be noted that a bias is produced when a training case is compared to itself 

in the pattern layer, thus producing zero distance measure and maximum activation in the 

output. The holdout method [Spec90b] is used to solve this problem. When a training case 

is used as the input, it is temporarily removed fiom the pattern layer. 
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4.43 PNN CIassification and Rejection Test 

After the training of the PNN, a test of the PNN classification should be conducted. 

In this thesis, we try to classi@ transients to the accuracy of different serial numbers of the 

same model. Therefore, the structure of the PNN is designed to include radios not only 

fiom different manufacturers and models, but also with different serial numbers of the 

same model. Such structure gives the PNN a complicated decision boundary and should 

be able to reveal the classification ability of the PNN in most cases. 

The neural network's rejection ability is always of practical concem. When a corn- 

pletely new transient is presented to the PNN, it should be able to discard it, thus prevent- 

ing the PNN f?om M e r  processing effort and a possibly incorrect classification result. 

The neural network is provided with a rejection threshold on the summation neuron acti- 

vation value. When al1 the summation activations are tess than the threshoid, it triggers an 

unknown transient. 

4.5 User Interface Design 

This work is based on the TAC-MM package designed by D. Shaw [Shaw971 

using Visual C++ in MS Windows 95 environment. It is a 32-bit, single document inter- 

face (SDI) application. In addition to the implementation of the fiinctïons of each module, 

some modifications in the user interface design take place correspondingly. 

Based on the functions performed by each module, the improved or added GUI 

fiuictions in this thesis are: 

The complete information of the parameter setting is available to the user and 
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the user can speciQ individual parameters; 

The output file should include the information of the parameter setting as well; 

The user is able to speci@ the threshold for executing SOFM and the number 

of training cases to be reduced to (N).  When the number of training cases fiom 

a single class exceeds the threshold, the SOFM routine is performed and the N 

most representative cases are chosen for m e r  processing; 

The user has the option to perfomi PCA processing, when required. Also the 

number of new extracted features can be specified by the user. 

An oveMew of the TAC-MM functions is provided in Appendix A. 

This chapter deals with the major tasks to be accomplished in the thesis. Details of 

each module's input, processing procedure, and output are provided. Based on the system 

design we proposed, the software implenentation is realized along with the corresponding 

user interface functions. 

Chapter 5 will present the experimentd work as the realization and verification of 

the design issues we have proposed. Tests are conducted and results are presented dong 

with conclusions. 
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CHAPTER V 
EXPERIMENTAL RESULTS AND DISCUSSION 

Based on the theory and the system design provided in the previous chapters, 

experimental work is accordingly conducted in the sequence as illustrated in Fig. 1.1. In 

this chapter, we fmt provide an overview of the signals studied in this thesis. The issues 

related to consistent noise segmentation are discussed in Section 5.2. The next section 

deals with approacha used for feature extraction. Section 5.4 focuses on the transient 

classification processing, including preprocessing and classification procedures. Experi- 

mental results are discussed in each section and a summary is provided at the end of this 

chap ter. 

5.1 Overview of the Transient Signals 

The tranmiitter transient signds used in this thesis are provided by the Communi- 

cations Research Centre (CRC), Ottawa. The signals are acquired fkom the discriminator 

output of an Icom IC-R7000 communications receiver and a SoundBlaster 16 sound card 

on a PC, with a sampling rate of 44.1 kHz and 16 bits accuracy per sample, as imple- 

mented in the eariy stage of this research [Toon97]. A sùigle receiver is used for al1 

recordings to ensure that the classification and identification are based on transmission 

done. The squelch signal of the receiver is used as a marker for the start of a transient 

When a state change in the squelch level beyond a ceriain threshold is detected, a fixed 

number of pre-trigger samples dong with post-trigger samples are stored, resulting in a 

length of 8,192 samples for each recording. The decaying waveform observed in Fig. 

5.1 @) is due to the high pass characteristic of the data recording subsystem. 



Chapter V: ExpeRmmtai Results and Discussion 

The recorded transient signal contvns ambient channel noise which is followed by 

the start of the transient A typical waveform of such a recording is shown in Fig. 5.1. 

Discriminator Output 
t I 1 I I 

I 
x IO* 1 Squelch Output 

I I 

post-trigger 
2 - (W - 

1.5- - 
3 - - - 1 - - 
E < 

0.5 - - 

0 0  - 

O 2048 4096 61 44 81 92 
Erne (in çarnple number) 

Fig. 5.1. The waveform of a transient recording fiom discriminator channel (a), 
dong with the squelch channel output (b). 

Our database consists of 20 radio transmitters, belonging to 1 0 différent models 

from five manufacturers, namely, Force, Icom, Kenwood, Motorola, and Yaesu. Since we 

want to classify them not only by the model, but M e r  down to the individuai tran.smitter, 

each radio is treated as one class. A summary of d l  the radios is provide. in Table 5.1. 
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Table 5.1 : Summary of radios in experiment, 

Force 1 31 O 

~ - - - - ppp-pp 

Ken 1 40 6 

TH25AT Ken2 40 7 

Ken3 40 8 

TH2 1 AT Ken4 40 9 

-- 

HT- 1 O00 

Mot9 40 
-- -- 

FT208R Yaesu 1 3 1 19 

Noise Segmentation 

5.2.1 Threshold Triggering Scheme (Absolute vs. Relative) 

As discussed in Chapter 1, the major concern in noise segmentation is the consis- 

tent separation of transient f b m  channel noise. The fundamental assumption used here is 

that noise and transient have different degrees of complexity, thus leading to different 
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fiactality. A natural approach is, therefore, chosen to be a straightfonvard threshold tng- 

gering scheme. The approach used in [Shaw971 compares the variance dimension dong 

the dimension trajectory with the mean of the tirst quarter of the raw signal, which is the 

minimum duration of the noise. The start of the transient is detennined to be the earliest 

thne when it satisfies the condition 

1% (0 - pDa (t) ( > - 
(t) + GD, (r) ) 

where z is the threshold. As discussed in Section 4.2.3, the mean value of variance dimen- 

sion trajectory, pD (,) , and the standard deviation GD, (r) 
u 

are calculated only for the noise 

portion of the signal. It is observai that for al1 transient recordings used in the experiment, 

there are at least 1800 samples pnor to the start of the transient, thaefore pD (t) and 
Cs 

($1 are calculated for the first 1800 samples. 

An example of this implementation in operation is shown in Fig. 5.2. From the fig- 

ure, a problem with the absolute difference triggering scheme in Eq. 5.1 is found that it 

ignores the transition in dimension values between adjacent locations, but only looks for 

the first value which falls outside a certain range, Le., 

[(T-I) .pDa(r) + Q ~ , ( ~ ) Y ( ~ +  + oDu (r)] . For some cases where there is con- 

siderable fluctuation in the variance dimension trajectory around the start of the transient, 

due to inconsistent recording or the complexity of the transient itself, this scheme might 

not give the desired result. An irnprovernent is suggested by the use of relative difference, 

which takes into account the transition between points on the variance dimension trajec- 

tory. It is expressed as 
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ri 1. 

2048 4096 6- 44 e 

Tirne (in sarnples) 

1 fiuctuation range 

1. fi 

2048 409% 61 u e 

Time (in samples) 

Fig. 5 -2. Noise segmentation using absolute difference triggering. 
t 

(a) Raw signal. (b) Vàriance dimension trajectory. 

where q is the adjutment parameter. Based on this scheme, the transient signal in the pre- 

vious example is separatecl as shown in Fig. 5.3. 
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I I 1 
2- Ogge 6 1  44 81 92 

T h e  (in samples) 

Time (in samples) 

Fig. 5.3. Noise segmentation using relative difference triggering. 
(a) Raw signal. (b) Variance dimension trajectory. 

The conjecture here is thaf by focusing on large transitions in relative difference 

triggering, more consistent segmentation of transients can b e achieved. Further verinca- 

tion in texms of classification performance is presented later in this chapter. 
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5.2.2 Parameter Setting for Variance Dimension Calculation 

There are several parameters involved in variance hctal dimension calculation for 

separating noise from transient. As discussed in [Shaw971 poon97], the shift parameter 

for the sliding window is set to 1 to provide good localization of the start of the transient. 

The size of the sliding window also ne& to be determined. First of al1 it should 

meet the requirernent that the signal portion contained in the window c m  be considered 

stationary. Our study shows a window size in the range of 128 to 1024 sampIes is appro- 

priate (with the sampling rate of 44,100 Hz). A study on the effect of the window size is 

show in Fig. 5.4. Generally speaking, a smaIler window size results in more variations in 

the trajectory, while a larger window size produces smoother trajectory. For our purpose 

here, we are looking for a large transition fiom noise to transient, not the fine detail, there- 

fore it is more appropriate to choose a larger window size. In this thesis, it is found that a 

window size around 1024 (samples) gives good noise segmentation results. 

The threshold, 7, and the adjustment parameter, q , are found by trial and error. In 

most cases, a value of z around 0.08 and q around 0.5 lead to successful noise segmenta- 

tion. 

5.23 Multifractal Surface 

In the previous chapters, we have concluded that a single definition of fractal 

dimension is not sufficient to describe nonstationary signals such as transients. Instead, 

Rényi generalized hc t a l  dimensions allow us to consider different distributions of the 

fkactal object on different subareas. For each sliding window dong the tirne axis, a multi- 

fracta1 spectrum is obtained instead of a single variance h c t a l  dimension, r d t i n g  in a 
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Fig. 5.4. The effect of window size for variance dimension trajectory calculation. 
Wmdow size (in number of samples) is (a) 128; (b) 256; (c) 512; and (d) 1024. 

multifkactal surface. Similar to variance dimension trajectory, the multifiactal d a c e  

reveals the time-evolving multifiactality of the transient signal, thus allowing localization 

in time, which is essential for noise segmentation. Figure 5.5 shows a multihctal surface 

for a transient signal. 
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20 O 

Fig. 5.5. Multihctal surface for a transient signal. 

It is important to observe fkom the figure that there exists a much bigger transition 

from noise to transient in the part of the surface correspondhg to the negative moment 

order q. A reasonable speculation is that we might be able to segment noise consistently 

by choosing the trajectory which always has the largest transition fiom noise to transient. 

[SuKi98]. From Fig. 5.5, it is also observed that the spread of the multifiactal s p e c t m  is 

quite large at the beginning, while it is smaller at the end of the signal. This means the 

degree of hctality of noise and transient is large while that of the portion after the tran- 

sient is low. The multihctal surface provides us with much more information about the 

underlying fiactal for a transient signal than a single hc t a l  dimension trajectory, since the 
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variance dimension mjectory can be considered a special case of the surface at q around 

2. However, the surface contains a much larger amount of data, therefore some featine 

extraction procedure would be required to d u c e  the dimensionality and use these fea- 

tures to separate and characterize transients. Due to the tirne constraint, this study has not 

been completed. 

5.2-4 Discussion of Resuits 

The noise segmentation module performs the fiactal and multifiactal analysis, and 

in particular the variance fiactal dimension trajectory and multifiactal surface. The vari- 

ance fracta1 dimension trajectory provides us with a practical and straightforward means 

of separating noise f?om transient, using a thresholding mechanism. The relative differ- 

ence thresholding scheme is considered to detect the transient start more consistently than 

the absolute difference thresholding in most cases, therefore it provides better quality of 

inputs to the neural network. The effect of parameters used in the calculation are also stud- 

ied and it is found a window size of 1024, a threshold value of 0.08 and 0.5 for the adjust- 

ment parameter give satis factory results. 

The Rényi generalized hcta l  dimensions are studied as an alternative to the vari- 

ance dimension trajectory analysis. The multifractal surface reveals more infoxmation 

about the signal, and it allows localization in time since it is tirne-evolving multihctal 

characterization. It is possible to select the value of q which gives a larger transition fkom 

noise to transient, thus achieviog more consistent noise segmentation. Further studies 

should be conducted to explore the rich information provided by the multifkactal surface. 
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5.3 Feature Extraction 

53.1 Parameter Setting for Variance Fractai Amplification 

The shift between sliding windows is determined by the nurnber of features we 

want to obtain. It is suggested that it is selected consenatively so that significant h c t a l  

characteristics are not neglected [Shaw97]. For a transient size of 1536 samples, a window 

size of 5 12 and a window shift of 32 or 48 are found to be suitable, which lead to 48 or 32 

features. 

The window size should be about the same as  the size used in noise segmentation 

to give statistical validity while retaining important fractal information. 

53.2 Second and Thïrd Run of Fractal Dimension Trajectory 

This is motivated by looking closer at the variance hc ta l  dimension trajectory we 

obtained in Section 5.2. It is observed that the trajectory itself exhibits some fine details 

and it is suspected to be fhctal again. Therefore, a second run of fhctal dimension calcu- 

lation is performed on this trajectory as a "differencing" operator to explore higher-order 

fractality information about the original signal. Similarly, we can do the same calculation 

on this trajectory to obtain the thitd-nin variance dimension trajectory, and so on. The 

importance of the higher order runs is that they reveal how complex the time series is in 

the fiactal domain. The wavefoms of these trajectones are shown in Fig. 5.6. 

There are some interesting characteristics in the second and third run of variance 

fkactal dimension trajectories. First, the existence of non-flat second and third nui h c t a l  

dimension trajectones dernonstrates that transients are very compIex in the f?actal domain, 



Chapter V: Experimental Resuits and Discussion 

Fig. 5.6, Variance 
sient signal. @) 

fractal trajectories. (a) First nin: based on the original tran- 
Second run: based on the trajectory in (a). (c) Thkd m: 

based on the trajectory in (b). 
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as their hctality is higher order. In cornparison with the original trajectory, average val- 

ues of the h c t a l  dimension are smdleq Le., the complexity of the tmjectoxy is lower than 

the signal itself It is also shown that there are more flat portions in these trajectories, 

which is similar to the effect of the differencing operation. This differencing effect sug- 

gests we may achieve more compact representation of the original signal by reducing the 

order of the variance dimension trajectory. It is seen that there are also more spikes in 

these trajectones, and the source of these spikes is considered as a noise component in the 

trajectones and numerical artifacts. In general, the existence of non-flat second and thïrd 

nin fiacta.1 dimension trajectories demonstrates that a m i e n t  signal is very complex in 

the fracta1 domain, as the fiactality is higher order. 

We have perfonned classification based on the second-nin variance dimension tra- 

jectory. The classification result is found to be generally poorer than what the first-run tra- 

jectory provides, as shown in Table 5.2. However, more study is needed in the future to 

look into the potential of extracting feahires fiom the second-run tmjectoxy. 

Table 5.2: Classification results based on the second-run variance dimension trajectory. 

mot9 

O 

5 

5 

10 

O 

20 

0.5 

0.5 

Radio Name 

mot5 

mot7 

mot8 

mot9 

Unknown 

Total 

P, (ht-nui) 

pc 

mo t5 

15 
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1 

4 
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20 

1 .O 

0.35 

mot7 

1 

9 

3 

7 

O 

20 

0.55 

0.45 

mot8 

2 

5 

2 

11 

O 

20 

0.35 

0.1 
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533 Strange Attractor Reconstruction and Transient Characterization 

Most of studies on nonstationary temporai signal analysis are conducted in tirne or 

frequency or tirne-fiequency domain. This is because we can get immediate and direct 

interpretation of the original signai. In cornparison, chaos analysis examines the underly- 

ing dynamicd system responsible for such signals, thus characterizhg thern indirectly. 

The analysis is perfomed on strange attractors, which are transfomations of original tem- 

poral signals from the time domain to the phase space domain. The objective is to investi- 

gate the validity of this analysis on transient signals and the possibility of using strange 

attractors to characterize transients. 

In an experirnental environment, we only have a measured time senes instead of 

recordings of a set of independent variables. The strange amïictor reconstruction is there- 

fore needed. There are two issues that need to be addressecl in strange attractor reconstruc- 

tion. First, the representation of a sirange attractor is dependant on the location of the first 

sample fiom which it is reconstructed. This dependance is very strong when the number of 

samples is small, and it diminishes exponentially as the number increases. Consequently, a 

sufficiently small number of samples can always be detemiined beyond which the error is 

negligible, as  demonstrated by other research in this group IChen971. Furthermore, as dis- 

cussed in Chapter 1, since consistent segmenting the transient fiom noise cannot be guar- 

anteed on some transmitters, there will be additional dependance on the reconstmcted 

strange attractor. Still another issue is that, since transients are nonstationary, their strange 

attractors evolve in tirne. In our study, we assume that the recunstnicted m g e  attractor is 

an "average" representation existing for a transient signal in the sense that we take the 

whole transient into consideration. 
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Fig. 5.7. Raw transient signals and the reconstmcted strmge attractors 
(shown in 2-D phase space). (a) Class 1 with delay = 48. @) Class 2 with 

delay = 1 33. (afier [SuKS99 1). 

The two parameters to be determined for strange attractor reconstmction are the 

time delay and the embedding dimension. 

T h e  Delay, 6 

The strange attractor is reconstructed using the tirne delay method. The objective 

here is to spread out the strange attractor in phase space in order to reveal the actual attrac- 

tor geometry. The choice of time delay is made by the autocorrelation function criterion, 

using Eq. 2.17. The tune delay is selected as the value which k t  gives the autocorrelation 

fimction, C, equal to 0.5, as suggested in [Addi97]. Figure 5.7 shows the time delay for 
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two classes of transient signals based on this criterion. nie corresponding strange attrac- 

tors are then plotted in 2-D phase space to show the basic structure of the attractor. Note 

that the actual embedding dimension is usually larger than 2, as discussed next. 

Embedding Dimension, m 

The method we use in this thesis to d e t e d e  the embedding dimension for the 

transient signal is to calculate the correlation dimensions for the reconstnicted attractor in 

the embedding spaces of successively larger dimensions. The dimension values initially 

increase with the embedding dimension, reaching a Limiting value when the embedding 

space is large enough for the attractor to untangle itself. The experimental results show 

that there exists a low-dimensional strange attractor for radio trammitter transients, as the 

correlation dimensions sahirate when we keep increasing the embedding dimension, as 

shown in Fig. 5.8. The saturation also d~monstrates that a few thousand data samples 

(2048 samples in our case) is statistically valid to reconstruct the strange attractor and 

reveal the chaotic behaviour of the underlying dynamics. 

The embedding dimension for transients is found to be a value between 5 and 8. 

Note that in Fig. 5.8., afier a certain point where the correlation curves converge, the 

curves diverge again and the slopes increase. This is due to the noise component in the 

attractor [Addi97]. If the signal is a pure noise, there is no tendency of convergence with 

increasing embedding dimension, as shown in Fig. 5.9. 

Generalized Dimensions for Reconstnicted Strange Attractors 

Fust, the generalized correlation integrai is calculated according to Eq. 2.21. Gen- 

eralized dimensions are then obtaùied accordingly fiom the log-log plot using the linear 
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9 10 11 13 14 15 
log &) 

Fig. 5.8. Log-log plot for correlation dimension calculation with increasing 
embedding dimension, rn (m=l to 10) (after [SuKS99]). 

Fig. 5.9. Log-log plot of pure noise for correlation dimension calculation: no 
convergence with increasing ernbedding dimension, m (afier [SuKS99]). 
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ear regression range 

109 (4 

Fig. 5.10. Log-log plot for a reconstructed strange attractor (q-- 10 to 10). 

regression method. A typical log-log plot for a strange attractor reconstructed from a tran- 

sient signal is shown in Fig. 5.10. 

We need to choose the proper range where the log-log cuve is close to linear in 

order to use the linear regression method, thus excluding the end effects due to saturation 

of the log-log plot. A practical way of doing it is to start nom the fkst upper point where 

the log-log curves join, and end with the lower saturation beginning point. This range is 

selected to perform linear regression for slope cdculation, and then fractal dimensions. 

Based on the cdculation consideration discussed above, the strange attractors for 

three classes of radio transmitters are reconstnicted. There are Force, Motoda,  and 
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Fig. 5.1 1. Multifiactal specirum for three classes of radio. 

Yaesu. The multifkactal spectra of strange attractors fiom these three classes are obtained 

nom the log-log plots, as  shown in Fig. 5.1 1. It is very important to observe that the multi- 

fiactal spectnim is separable for the three radio trmsmitters. This means the multifiactal 

spectnim for the reconstmcted strange attractor is capable of reveahg the uniqueness of a 

radio trammitter, thus providing us with a means of feature extraction for the transient sig- 

nais. 

Generally speaking, multifractd measures of strange attractors provide us with the 

first insight of its ability to characterize a nonstationary signal, and it shows it is worth fur- 

ther study. Some problerns exist with this technique. First, even though there is saturation 
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in hc t a l  dimensions when we increase the embedding dimension, the small number of 

samples for a transient cannot provide us with a sufficiently dense strange attractor. There- 

fore, the scaling property of the strange attractor is limited to certain resolutions. Small 

number of samples for the transient also results in the sensitivity of strange attractor repre- 

sentation and the difficulty of detenninating dimension values on the log-log plot. The 

bootstraping technique is usually used for assessing the accuracy of a parameter estirnator 

in small data-sample situations. The assumption using the bootstraping is that the signal 

under study can be characterized by a well-defined statistical model. Since transient sig- 

n a l ~  are nonstationary, this assumption is not satisfied in most cases where the underlying 

dynamics are complex. The use of the bootstraping technique is suggested only when the 

chaos is preliminary, which means some approximation of a statistical model can be 

achieved. Fuaher study on the validity of this technique should be perfonned. Another 

practical issue is the difficulty in determining the linear regression range. Currently the 

linear regression range is deteminecl visually. Another disadvantage is that the computa- 

tion time is much longer than that of variance dimension trajectory calculation. 

53.4 Discussion of Results 

Several approaches to extract features from separated transients are studied. Vari- 

ance hc t a l  feature extraction uses a similar procedure as in noise segmentation, and the 

window shift is found to be 32 or 48 samples for a transient size of 1536 samples. A larger 

shift might result in possible loss of information while smaller values will be computation- 

ally expensive and wiIl produce redundant information. 



Chapter V: Experimental ResuIts and Discussion 

The second and third run of variance hctal  dimension trajectones are calculated 

in order to obtain information on higher-order hctality of the underlying signal. The dif- 

ferencing eEect achieved by these trajectones suggests another approach to modelling 

transients and extracting constant features nom theses signals. 

Multifractal analysis is used for feature extraction in te= of strange attractor 

fiactal characterization in phase space. First the strange attractor for a transient signal is 

reconstructed using the time delay method. The time delay is detemiined by the autocorre- 

lation criterion. It shows there exists a low-dimensional strange attractor for transients, 

and the embedding dimension for the reconstruction is fomd to be some value around 8, 

where the hctal  dimension o f  a strange attractor sahuates. Then a multifiactal spectrum 

is obtained for the strange attractor fiom a log-log plot. The spectnim demonstrate the 

strange attractor is a multihctal and it can be used as a unique representation of the origi- 

nal signal. 

5.4 PNN Classification 

5.4.1 Basic PNN Classification 

As shown in Table 5.1, there are 20 radios fiom 10 models in our database, and 

each radio is identified as a distinct class. Therefore, the PNN is designed to classifi not 

only radios f?om different models, but also radios having different serial numbers fiom the 

same model. The first 20 recordùigs of each radio are used for training and the rest are for 

classification, that is, there are 400 recordings in the training set and 433 in the classifica- 

tion set. We use the absolute triggering scheme and the suggested parameter settings as 

discussed earlier in this chapter. A single value of the scaling parameter o for the PNN is 
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used. More details can be found in Appendix B for the network parameters. The confusion 

matrix is used to desmie the classification results. The classification results are shown in 

Tables 5.3. and Table 5.4. 

Table 5.3: Classification results of the PNN with absolute triggering scheme. 
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Table 5-4: Classification results of the PNN with absolute triggering scheme (cont'd). 

The classification results are quite satisfactory for class 1,2,3,5,6,7,8,9, 1 0, 1 1, 

14, 15, with an average classification rate (P , )  of 0.97. It is also observed that the classifi- 
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cation results of classes 0,2,4, 12, 13, 16,17, 18, 19 are very poor. Further examination of 

transients from these radio transmitters and improvement is dus required. 

5.4.2 Classïftcation Based on Relative Triggering 

To irnprove the classification, first we want to improve the consistency of noise 

segmentation, thesefore we use the relative tnggering scheme instead of the absolute trig- 

gering. The basic PNN is retrained and classification results are shown in Table 5.5 and 

Table 5.6. 

Table 5.5: Classification results of the PNN with relative triggering scheme. 
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Table 5.5: Classification results of  the PNN with relative triggering scheme. 

Table 5.6: Classification results of the PNN with relative triggering scheme (cont'd) 
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Table 5.6: Classification results of the PNN with relative triggering scheme (cont'd) 

We c m  see fiom tables above that there is overall imprcvement as the result of 

using relative triggering. However, the improvement on difficult radios is not significant. 

Further examination of the original recording shows that some of the recordings which 

cause failure in classification have abnormal wavefoms due to inconsistent transient 

recording. Examples of such recordings are shown in Fig. 5.12. Such bad recordings are 

found in the training set as well. Therefore, the quality of the training set is another reason 

for poor classification performance. Since the transient recording system is not covered in 

this thesis, no M e r  improvement on the classification performance can be achieved 

without changing the transient recording systern. To correctly evaluate the classification 

ability of the PNN, radios having abnomal recordings in either the training or classifica- 

tion set are not considered in the evaluation. 
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T h e  (in samples) 

T h e  (in samples) 

Fig. 5.1 2. Wavefoms of transients that cause classification failure. 
(a) Noise in the transient part. (b) Noise follows the transient. 

5.4.3 PNN Preprocessing Using PCA 

The PCA processing is perfomed before the basic PNN processing to speed up the 

classification procedure by reducing the dimensionality of each input vector. We set the 
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dimensionality of the input vectos to be reduced fkom 32 to 6, and the classification pro- 

cedure is repeated. Results are provided in Table 5.7 to Table 5.9. The time is measured in 

millisecond. 

Table 5.7: Classification results cornparison: without PCA vs. with PCA. 

Table 5.8: Classification results cornparison: without PCA vs. with PCA (cont'd). 

Class 

pc ( ~ i t h o ~ t p c ~ )  

Pc (with PCA) 

- - - - - - - 

Table 5.9: Processing time cornparison: without PCA vs. with PCA. 
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.65 
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ClassificationRate 

pc(witho~tpCA) 

P, (with PCA) 

O 

.64 

.45 

As expected, the training and classification speed is improved significantly as the 

result of dimensionality reduction. It is demonstrated in the tables that the training time is 

reduced to less than a half of the original training time, and the classification tirne is 

reduced to one third. It should be noted that because the complete classification consists of 

fiactal segmentation and modelhg procedures on an h o w n  recording, wbïch take 

about 1450 milliseconds per recording, the improvement on classification achieved by the 
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PCA is not obvious. It is also observed that there is trade-off between the classification 

performance and the dùnensionality of inputs. It is thus concluded that the PCA should 

only be performed when the speed is of critical concem,. 

5.4.4 PNN Preprocessing Using SOFM 

The SOFM performs chstering on training data, and increase the classification 

speed by reducing the size of the training set. In this thesis, the SOFM processing is trig- 

gered by a threshold set by the user. When there are more transients than the threshold 

value for a class, the SOFM is executed for the class and the number of transients in that 

class is reduced to the threshold value by selecting the most representative ones. The 

threshold for executing SOFM is set to be 10 samples for a class. The SOFM output layer 

is set to be a one-dimensionai map with the nurnber of nodes is fixed to be 5. The result 

wmparison is show in Table 5.10 to 5.12. 

Table 5.10: Classification results cornparison: without SOFM vs. with SOFM. 

Table 5.1 1 : Classification results comparison: without SOFM vs. with SOFM (cont'd). 

Class 

P, (without 

SOFM) 

P, (with SOFM) 

Class 

P, (without 

SOFM) 

P , ( ~ ~ ~ ~ s o F M )  

O 

.64 

-64 

1 

1.0 

1.0 

2 

10 

3 

11 

4 

.70 

-70 

12 

1.0 

.65 

-65 

.95 

-90 

.30 -95 

5 

13 

.99 

-93 

.40 

1-0 

6 

14 

-95 

1.0 

1.0 

.80 

-25 

7 

-65 

15 

A5 

1.0 

1.0 

1.0 

8 

1-0 

16 

9 

1.0 

1.0 

.55 

1.0 

1.0 

-65 

17 

.35 

.20 

18 19 

-35 .64 

-20 -64 
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Table 5.1 2: Processing time cornparison: without vs. with SOFM. 

1 Processing Time II Train@ 1 Classification ber recording) 1 
Without SOFM 

It is seen that the training time of the PNN is significantly reduced by the SOFM 

preprocessing. In the experiment, the training time is reduced to about a half The classifi- 

cation speed is also improved noticeably. Trade-off again exists between the classification 

performance and the processing speed. This is due to the elimination of some training 

cases, since the PNN assumes a comprehensive training set to yield the best result. One 

possible soIution to this problem is to elhinate only duplicate transients in the training 

set, and weight the contribution of each training case by the number of duplicates for the 

case in the training procedure. 

Wïth SOFM 

5.5 Summary 

n 

I 241213 

In this chapter, we present the experimental results in a sequential order. Transient 

signals are f is t  separated fiom channel noise according to their different fractality. W~th 

the variance fractal trajectory approach, the relative difference triggering scheme is found 

to produce more consistent segmentation than the absolute triggering scheme does, while 

it takes longer to process. The multihctal spectrum is studied as a better approach than 

the variance hctal trajectory in that it gives much more information about the underlying 

nonstationary signals. 

9 

124808 

The variance hc ta l  trajectory method is also used for feature extraction. The 

effect of parameters for fracta1 calculation is discussed. Further study on second and third 

1 

4 
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runs of the trajectory suggests a more efficient way of transient representation. We also 

performed feature extraction on transient signals by s e  attractor reconstruction and 

multifiactal analysis on the attractors, which leads to good separability of transients fiom 

different radios, 

A basic PNN is built for radios fkom each mode1 or make, and the average classifi- 

cation rate is 97%, with the classification accuracy down to serial numbers. Both PCA and 

SOFM preprocessing schemes result in a signincant improvement in the training and clas- 

sification speed, with the trade-off on the classification performance. 
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6.1 Conclusions 

In this thesis, a fast and reliable radio tnuismitîer identification system is devel- 

oped. The major tasks performed in the system are: charme1 noise segmentation, transient 

feature extraction and transient classiilcation. The software package based on TAC-MM 

[Shaw971 is improved and updated accordingly. 

The charnel noise is segmented fiom the transient using variance fkactal dimen- 

sion trajectory analysis [Kins94a]. Relative difference triggering is found to provide more 

consistent segmentation results, while absolute difference triggering takes less time to pro- 

cess. Multifractal spectrum analysis is applied on the transient signals and it is concluded 

that it provides more information about the underlying signals than the variance dimen- 

sion trajectory. As a result, multifiactal spectrum analysis suggests a better way of separat- 

ing noise fkom transient by choosing the largest transition from noise to transient on the 

mu1 tifractal surface. 

Features contained in transients are extracted efficiently using a similar variance 

dimension trajectory analysis. A reduction ratio of 1536:32 (48: 1) is found to provide suf- 

ficient representation of the transients. Second and third mns of the trajectory are per- 

formed and the results show further reduction can be achieved by considering the 

eactality of the trajectories, which gives more stable values of variance dimensions. An 

alternative approach is also employed to conduct feature extraction by multifiactal charac- 
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terization of strange attractors of the transient signals. The results show the existence of 

strange attractors for transient signals and possible compact representation of the signals 

using the multifiactd measures. 

The PNN is used for classification and two techniques for preprocessing, PCA and 

SOFM, are employed to speed up the training and classification procedure. these 

techniques, the training time and classification time are significantiy reduced. The network 

consists of 20 radios fkom 10 different models, which has a complex decision boundary 

common in practice. The basic PNN has an average classification rate of 97% with the 

accuracy down to serial nuxnbers. It is also observed that with preprocessing, there is 

trade-off on the classification performance. Therefore, when the speed is of critical con- 

cem, the preprocessing is desirable. 

Overall, the experimental results have demonstrated that the objectives of this the- 

sis are achieved successfully. 

6.2 Contributions 

This thesis had made the following contributions: 

a) Multifiactal spectrum analysis on nonstationary signals as the generalization 

of variance fkactal dimension trajectory, which provides much more informa- 

tion about the underlying signals and suggests a better way of separating tram 

sient f5om noise; 

b) Strange attractor reconstruction on transient signds and multihctal analysis 

on the attractors; 
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c) Preprocessing using PCA and SOFM to d u c e  the dimensionality of the 

PNN, thus achieving faster training and classification; and 

d) Improvement on the software package TAC-MM to embed the new tech- 

niques. 

6.3 Recommendations 

The following recomrnendations are suggested for M e r  research on this topic: 

More experiments on feature extraction based on strange attractor character- 

ization should be performed to test its abiiity to characterize radio transmitters 

f?om the same model uniquely and efficiently; 

Second and third nins of variance dimension trajectories should be fiitered to 

obtain constant fractal measures in these trajectories, thus achieving more 

compact representation of transients; 

Exponential smoothing of the multifkacta.1 spectrum to obtain the Mandelbrot 

spectrum of the transient signals as an alternative to model the transients; 

The bootstrapping technique should be applied to achieve confident and accu- 

rate statistical estimation (e-g. variance) of transients, which do not have a 

large set of data sarnples; and 

Higher-order statistics to characterize transient signals while accounting for 

non-Gaussian characteristics and nonlinearities. 
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A.1 Introduction 

The software package TAC-MM used in the study of this thesis was developed by Kinsner 

and Shaw [Shaw97], and then evaluated and improved by CRC. It is a 32-bit, single document 

interface (SDI) Wmdow 95 application, written in Visual C++ (version 5.0). Some modifications 

are implemented to include the additional user funciions, as described in Chapter 4. An overview 

of the operation of TAC-MM is provided below. 

A.2 The User Display Area 

Fig. 1. The user display area 

The viewing area is divided into two windows. In the upper window, a raw signal and it 

variance fracta1 dimension trajectory is displayed. The user c m  choose to view the segmentation 
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as shown or to zoom in the transient only. The lower window can display the zoomed raw signai, 

the network details, and pertinent training and classification Somat ion wit .  the options in the 

View menu. 

A.3 The File Menu 

Fig. 2. The File pull-down menu. 

The File menu has some cornmon user hctions, such as Open, Save, Save as, Print, 

Print Preview, Page Setup and Exit. It can store up to four recent files. The function New allows 

the user to start a new document (or database) of transient by b ~ g  up the dialog box shown in 

Fig. 3. It contains the complete parameter settings for noise segmentation and feature extraction 

using the variance fractal analysis descnbed in Chapter 2., as well as PNN preprocessing options 

(PCA and SOFM) and related parameters. The suggested parameter settings are used as default. 
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Fig. 3. The File: New dialog box. 

A.4 The Edit Menu 

Fig. 4. The Edit pull-down menu. 

The Copy Image function is used to Save the image in the upper viewing window to the 

Wmdows clipboard as a device independent bitmap (DIB) [Shaw97]. The user can add a transient 

to the training database by selecting Add Transient. After the system loads the transient file suc- 
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cessfùlly, the noise segmentation and feature extraction are automatically performed using the 

parameters specified in the File: New dialog. The user c m  remove a transient using the Delete 

Transient hc t ion .  The Database Parameters h c t i o n  is used to change the parameter settings 

for noise segmentation, feature extraction, and PNN preprocessing. It brings up the dialog box 

shown in Fig. 

liig. 5. 'l'he Edit: Uatabase Parameter dialog box. 

A S  The View Menu 

The first group of commands (Toolbar, Status Bar, and Split) are common Wmdow corn- 

mands to control the appearance of the program window. The second group is the display options 

for the upper viewing window and the next group contains the display options for the lower view- 
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Fig. 6. The View pull-down menu. 

ing window. They are self-explanatory The last group serves to locate a transient stored in the 

database. 

A.6 The Neural Net Menu 

Fig. 7. The Neural Net pull-down menu. 

The Classify command brings up a dialog box for the user to select files for classification, 

as shown in Fig. 8. The Mode Parameters fiuiction is descriied in [Shaw971 as another approach 

for consistent segmentation. The Set Rejection Threshold function allows the user to set a lower 
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Force1 O rn Force16 
force1 1 B a Force17 Fa-3 Ford-9 
Force1 2 B Force1 8 Fo&4 Force20 

1 Force1 3 Force1 9 F a d - 5  @ Force21 
Force1 4 Face2-O Ford-6  B Force22 
Force1 5 Force2-1 m Face2-7 F o r d  

- - 

Fig. 8. The Neural Net: Classi& dialog box. 

limit for the su~llination neurons in the PNN to reject transients that are complete new. This func- 

tion is very important in practice. 

A.7 The Capture Menu 

Fig. 9. The Capture nienu. 

This menu de& with the transient capture and recording module, which is integrated into 

the software by CRC. The Start fûnction brings up another window shown in Fig. 10. 
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Fig. 1 O. The transient capture interface. 

A.8 The Help Menu 

Fig. I 1. The Help menu. 

Currently there is no other functions implemented here except the About hction. 
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B.1 PNN with Absolute Triggering 

Network Details 

Network Name: tt 

# of Classes: 20 

# of Transients: 400 

Transient File Parameters 

Transient File Size: 8 192 

Transient Size: 1536 

S egrnentation Parameters 
Trigger Type: Wmdowed V ' c e  

Variance Window Size: 5 12 

Variance Pairs: 10 

Variance Threshold: 8 .O0 

Squelch Threshold: 4000 

Squelch Hysteresis Window: 1 00 

Squelch Delay: 850 

Trigger Window Size: 400 

Tngger Scheme:Absolute Difference Tnggering 

Feature Extraction Parameters 

Window Size: 768 

V ' a n c e  Pairs: 8 

Window Shifl: 48 

Neural Network Preprocessing Parameters 

Number of Principal Components: O 

SOFM Threshold: 20 

Neural Network Sigma Optimized: No 

Neural Network Rejection Threshold: 1 e-20 
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B.2 PNN with Relative 'kiggering 

Network Detaifs 
Network Narne: tt-rel 
# of Classes: 20 

# of Transients: 400 

Transient File Parameters 
Transient File Size: 8 1 92 
Transient Size: 1536 

Segmentation Parameters 
Trigger Type: Wmdowed Variance 
Variance Window Size: 5 12 
Vanance Pairs: 10 
Variance Threshold: 8 .O0 
Squelch Threshold: 4000 
Squelch Hysteresis Window: 100 
Squelch Delay: 850 
Trigger Window Size: 400 
Tngger S cheme: Relative Di fference Triggering 
Adjustment: 0.50 

Feature Extraction Parameters 
Window Size: 768 
Vanance Pairs: 8 
Window Shifk 48 

Neural Network Preprocessing Parameters 
Number of Principal Components: O 
SOFM Threshold: 20 

Neural Network Sigma Optimized: No 
Neural Network Rejection Threshold: 1 e-20 
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&PENDIX C 

TAC-MM SOURCE CODE 

Note: Unless stated as "kplemented or modified by the author", the source files are 
written by D. Shaw [Shaw971 and CRC. 
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/*CAddUnknownDialog: ddina and c o n w k  the dialog box displayed when the user chooxs to add a recartIy classifia! transient to 
the dambaseV 
// AddUnknownDiaIogh : heada file 

// AddUnknownDiaiogh : heada file 
// 

class CAddUnknownDïaiog : public CDiaiog 
{ 
// Consmiction 
public: 

CAddUnknownDialog(CWnd* pParent = WU); // standard constnictor 
CTAC-MMDoc* m-pDoc; 

11 Dialog Data 
/I{{AFX_DATA(CAddUnknownDialog) 
enurn ( IDD = IDDJDD-LJNKNOWN-DIALOG ); 
CS uinmDate; 
int -Position; 
CStringn-Tirne; 
CStringn~TxansmiuaMake; 
CStringm-TransmiuaModek 
CStringm-TdaerSerial; 
CS tringm-sû€lassName; 
11) )-DATA 

// Ovemides 
11 ClassWizard gaierated virtual fimction ov-des 
//{ ( AFX-VIWrvAYCAddUhown Dialog) 
pmtected: 
virtuaf void DoDataExchange(CDataExchangef pDX); // DDWDDV nippon 
//)}AFX_VIRTUAL 

II Gmerated message map fuactions 
Il{ {AFX-MSc(CAddUnknownDia10g) 
vimial B û û L  OnInitDialog(); 
//) ) A K M S G  
DECLAEMESSAG E M P O  

private: 
void AddClassNamesO; 

1: 
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#ifdef -DEBUG 
Mefine new DEBUG-NEW 
#undef THIS-Fi LE 
*tic char THIS-FILEU =-Fia- 
#endif 

void CAddU~ownDiaIog:DoDataExchange(CDataExchange* pDX) 

CDiaiog:DoDataExchange(pDx); 
11 {{AFX-DAT&MAP(CAddUnknownDialog) 
DDLText(pDX IDC-DATE, mDate); 
DDLTart(pDX I DC-POSITION, Mosition); 
DDV_MinMaxInt(pDX, mJosition. 0. 10000000); 
DDX-TexQDX, IDC-nME. miüne);  
DDLText(pDX iDC-TXMAKE, rriTmnsrnitterMake); 
DDX-Text(pDX IDC-TXMODEL, niTransmitterModel); 
DDX,-Text(pDX, IDC-TXSERIAL. m-TransmitterSeriai); 
DDX-Tcxt(pDX. 1 DC-CLASS, msaClassName); 
//) ) AKDATA_MAP 

1 

void CAddUnhownDinlog:AddClassNames() 
{ 

CComboBox* pCB = (CComboBox*) GUDlgItem(1DC-CLASS); // Get a pointer to the combo box. 

for (int i = 0; i c ( m ~ D o c  GeeArrayO FidNurnCiassesO); i+t) 
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// TODO: Add extra initidnation here 

// Fil1 in the drop down combo box. 
AddClassNarnes(); 

retum TRUE; // rehan TRUE unIess you set the focus to a conml 
// EXCEPTION: OCX hpc r ty  Pages should rrtum F U E  

1 
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/*CBa!chRogmsDialog de- and watrols the dialog box displayed to update the usa on the progras of a batch cIassification*/ 
// BatchRogrrssDia1og.h : header N c  
// 

class CBatchRogressDidog : public CDialog 

// Conscrudon 
public: 

CBatchProgrrssDialog(CWndL p P m t  = NULL); // standard consbuctor 
int mJrogrrssBarLimit; 
BOOL Create(); 

void OnUpdatePmgress(int CumntProgress) ; 

// Dialog Daa 
//( {AR(_DATA(CBatchPmgressDiaIog) 
mum ( IDD = 1DD-BATCHPROGRESS-DiAuXi ); 
CProgrcssCtrlmmUpdateRogrcss; 
11) } A K D A T A  

// Ovenides 
// ClrrssWizard gaierateci vimial Function ovenides 
/ / ( ( A ~ I ~ A ~ C B a t c h R o g r e s s D i d o g )  
protected: 
vimial void DoDataExchangc(CDataExcbangc* pDX); // DDXIDDV support 
//) }AFX-VIirnrAL 

// Generated mtssage map hnictions 
//( (AFX,MSG(CBatchProgressDidog) 
virtuai BOOL OninitDialogO; 
//))AF;iCMSG 
DECLAREJIESSAGE-MAP() 

1; 
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#inc hde 3tdafx.h'' 
#inclride 7AC_MMhu 
#&lude "BatchRogressDialoghn 

#ifdcf -DEBUG 
#define new DEBUG-NEW 
#undcf THISJILE 
static char THIS-FILEU = -FILE- 
#endif 

CBatchProgressDialog:CBatchProgre~sDialog(CWnd* pParent /*=NULL*/) 
: CDia1og(CBatchProgressDialog::IDD. pParent) 

{ 
//{{A~DATA,lNïï(C8at~hRogressDialog) 

// NO=: the C l a s s W d  wiU add member initiaikation h m  
Il) ; AFX-DATA-NIT 

1 

void CBatchProgrrssDialog::DoDataEx~hange(CI>ataEx~hange* pDX) 
{ 

CDhlog::DoDataExchange@DX); 
Il {(ARCDATA-MAP(CBatchRogressDia10g) 
DD>CControl@DX IDC-UPDATEPROGRESS. m-UpdateProgress); 
Il} ) A F X - D A T A N  

1 

// CBatchProgressDiaIog message handlers 

BOOL CBatchhgressDia1og:CrtateO 
{ 

retum CDialog::Create(CBatcmgrrssDialog::IDD); 
1 
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rrturn TRvE; // rehnn TRUE unlcss you set the focus to a controI 
11 EXCEPTION: OCX Propesr Pages should retum FALSE 

1 

MSG messagt; 
if (::PeekMessagc(&message, NULL, O, O, PM-EMOVQ) ( 

::TranslateMcssage(&me~~age): 
::DispatchMessage(&mcssage); 

1 
1 
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//CCiassifiDialog: ddùles and controls the dialog box displaycd to show the d t s  o f  a ciassification 
// CiassifjDiaiogh : heada file 
// 

class CClassitjrDiaIog : pubtic CDialog 
{ 
// Construction 
public: 

CClassifyDialog(CWnd* pParent = NUU); // standard constnrctor 

// Dialog Data 
//{{AFX-DATA(CC1assifLDiaiog) 
aiurn ( IDD = IDD-CLASSIP(_DIALOG ); 
double~n-Confideme; 
doublem-Activaiion; 
C S t r i n ~ ~ R e d i c t t d C t a s s ;  
1;) )AFX,DATA 

// Ovenides 
// ClassWizani gaierateci vimial function o v a d t s  
//{ (A~VI#ruA~CClassiQDialog)  
pmtected: 
virtual void DoDataExchange(CDaoiExchangc* pDX); 11 DDXJDDV support 
//})AFX-VIRTUAL 

Il Generated message rnap functions 
l/{(AFX,MSG(CQassifyDialog) 

II NOTE: the ClassWizard will add mernber functions here 
10 ) A K M S G  
DECLARE-MESSAGE,MAP() 

h 
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// C1assiS.Dialog.h : implementation file 

#ifdef -DEBUG 
#define new DEBUG-NEW 
#undef THIS-FILE 
static char ïHIS-Fi LEU = F I L E -  
#endif 

void CClassifLDialog::DoDataEXchange(CDataExchange* pDX) 
1 

CDialog::DoDataExchange(pDX); 
//({AFX,DATA~MAP(CCiassifiDidog) 
DDX-Text(pDX, IDC-CONFIDENCE mconfidence); 
DDV-MinMaxDouble(pDX. m-Confidence 0.. 100.); 
DD)(_Text@DX. IDCJCTIVATION, Uctîvation); 
DDV-MinMaxInt(pDX, mJctivation 0.0, 1.0); 
D DX-Text(pDX, 1 DC-PREDICTEDCLASS, msrPredictcdCIass); 
//) ) AFX-DATUAP 

1 

BEGM~ESSAGE-MAP(CC1assifyfialog, CDialog) 
/ / ( { A ~ M S G , M A P ( C ~ i f y D i a l o g )  

// NOTE: the CtassWtard will add message map m m  here 
//) 1-MSG-MAI' 

END-MESSAGLMAPO 

// CClassiQDialog message handlas 
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//CEditFPRogressDialog. which defines and controls the dialog box displayed to update the usa on the pmgrcss of  a change in fiactal 
parametas 
// EditFPRogressDidogh : heada file 
11 

class CEditFPPmgressDialog : public CDialog 
{ 
II Comtniction 
public: 

CStrÙig m-mOpemtion; 
CEditFPRomDialog(CWnd* pPamt = NULL); 11 standard constnictor 
int m-Progms BarLimic 
BOOL CrcateO; 

void OnUpdateProgress(int CurrentProgreçs) ; 

// Dialog Data 
/l{(AnCDATA(CEditFPhgressDialog) 
enum { IDD = IDD-EDmPRffiRESS-DIAUXi ); 
CProgressCtrl~UpdatePmgress; 
11) ) AR[-DATA 

// Ovenides 
// Class Wizard generated v h I  fimction ovemides 
//{ (AFX-VtRTUAL(CEdiWRo~Dia1og) 
protected: 
vinud void DoDataExchange(CDataExchange+ pDX); // DDXIDDV support 
11) ) ARCVIKTUAL 

// Impfmentation 
protected: 

// Genaated message map functions 
// { {AFX-MSG(CEditFPProgrrss Dialog) 
vimial B W L  OnInitDiaIogO; 
I l )  ) A K M S G  
DECLARE-MESSAGE-MAI'() 

1 - > 1 - .  
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#ifdef -DEBUG 
#define new DEBUG-NEW 
#undcf THISJiLE 
-tic char THISJILEO = F I L E -  
#endif 

void CEdi~RogressDialog::DoDataExchange(CDataElcchange* pDX) 

CDialog::DoDataExchange(pDX); 
// ( {AKDATAMP(CEdi1FpPmvDiaIog) 
DDX_Control(pDX. IDC-UPDATEPROGRESS, rn-UpdateProgress); 
11) 1-DATAB AP 

1 
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retum TRUE; // raum TRUE unlcss you set the focus to a conûul 
// EXCEPTION: OCX Roperty Pages should relum FAUE 

1 
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IICEnterCIassDialog: ddmes and controls the dialog box displaycd to enter the -Uer class in- o f  a transitnt k ing  added to the 
database 
// EnterClassDia1og.h : heada file 
// 

#inclde "TAC-MM Doch" 

ctass CEnterCiassDialog : public CDiaIog 

// Construction 
public: 

CTAC-MMDoc* m-pDoc; 
void AddClassNamei); 
int rnJhn,Files_Selected; 
CEnterClassDiaIog(CWndL pPamt = N U ) ;  // standard coustnictor 

11 Dialog Data 
//( f AKDATA(CEnterC1assDialog) 
enum { IDD = IDD-ENTEKCLASS-DiAUX; ); 
CS tringrn-sûClass Name; 
14 ) A R D A T A  

// Ovenides 
11 ClassWimrd genaattd viftual function o v ~ ~ ~ Ï d e s  
//{ {AKVIRTUAYCEnttrCbDialog) 
protected: 
virtual void DoDataExchange(CDataExchange* pDX); 11 DDXIDDV support 
//) ) A W I R T U A L  

// Gcnerated message map fimctions 
//{ {ARCMSG(CEnterClassDialog) 
ah-mg void OnDelete(); 

void OnSkipO; 
vimial BOOL OnInitDialogO; 
11) ) AFX-MSG 
DECLARE-MESSAGE-.MAP() 

1; 
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#ifdef -DEBUG 
#define new DEBUG-NEW 
#undef THIS-FILE 
static chat THIS-FILE0 =-LE- 
M - f  

void CEnterCIassDialog:DoDataExchange(CDataExchange* pDX) 
{ 

CDialog:DoDataExchange(pDX); 
// { (AFX-DATAmP(C EnterCIassDialog) 
DDX-CBString(pDX, IDC-CLASS-NAME. crcsaCIa~sName); 
//} } AF'X-DATAN AI' 

BEGW-MESSAGE-WP(CEntcrCIassDiaI0g CMog) 
//{ { AmMSG-WP(CEntcrCIassDia10g) 
ON-BN-CLICKED(1DC-DELETE, OnDelete) 
ON-BN-CLICKED(1DC-SruP. OnSkip) 
II) )AFX-MSG-MAP 

ENDJvIESSAGEJ4APO 

void CEntdlassDia1ogr:OnDelet~ 

// TO DO: Add your control notification handler code here 
EndDiaIog(1DC-DELETE); 

1 

void CEnte~CiassDiaiog::OnSkipO 
{ 

// TODO: Add your conml notification handla code htre 
EadDialog(1DC-SKIP); 

1 
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Il Flll in the &op dowu combo box. 
AddClassNames(); 

r e m  TRUE; I/ r m  TRUE unless you sa the focus to a control 
II EXCEPTION: OCX Ropaty Pages shouid rttum FALSE 

1 

void CEnterClassDiaIog::AddC1~Nmes() 
{ 

CComboBox* pCB = (CComboBox*) GetDlgItem(1DC-CLASSJAME); // G d  a pointer to the combo box. 

for (ht i = O; i -= (-Dm a GetArrayO 3 FïndNumClassei)); icc) 
{ 

pCB AddString(uDoc -> GetArrayO 3 GctCIassName(Ï)); 
1 
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class CEntdiassMultiDialog : public CDialog 

// construction 
public: 

CIACNMDoc* rn-pDoc; 
void AddClassNames(); 
int n~Nunt-Files-Selected; // The number of  se lectd 
int m-Transient-Fileaumber. Il Cumnt file in selected file to accept 

CEntdlassMuItiDialog(CWnd* pParent = NULL); // standard consauctor 

11 Dialog Data 
// { (AFX-DATA(CEnt~lassMu1tiDi~og) 
enurn ( IDD = IDD-ENTELCLASS-MLJLTI,DIALOG ); 
CStringrn-mCIassName; 
//} ) A K D A T A  

// Ovenides 
// ClassWizard genaated vimial function ovemides 
//{ (AFX_VIR7vA~CEntcrCIassMdtiDialog) 
protec ted: 
Mrtual void DoDataExchangHCDataExchange* pDX); // DDX/DDV support 
//) ) AFX-VIKïüAL 

11 Generated message map functions 
//{{~MSG(CEntcrClassMuItiDialog) 
&-mg void OnDeIetc(); 
afx-mg void OnSkipO; 
a k m s g  void OnAceptAIl(): 
vimiai B W L  OdnitDiaiog0; 
//) )AF>CMSG 
DECLARE-MESSAGE_MAP() 

1: 

//{ {AFXJNSE#r-LOCATION) ) 
// Microsofi Developer Studio will insut additional declarations hediate iy  befoce the previous Iine 
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#ifdcf -DEBUG 
#d&e new DEBUGDEW 
#undef THIS-FïLE 
satic char THIS_FILEu =-FILE__; 
#endif 

void CEnierClassMdtiDialog::DoDataExchmge(CDataExchange* pDX) 
{ 

CDialog:DoDataExchange@DX); 
//{{A~DATA~AP(CEnterClassMdtiDialog) 
DDX-CBSûing(pDX, IDC-CLASSJAME, m-st&(assName); 
11)) AF)(_DATUAP 

1 

// CEntcrCIassMultiDiaIog message handlcrs 

void CEnterClassMulaDialog:OnDeI~ 
{ 

// TODO: Add your conml notification handlcr code hem 
EndDialog(1DC-DELETE); 

l 

void CEnterCtassMdtiDia1og:OnSkid) 
{ 

// TODO: Add your control notification handla code hem 
EndDialog(IDC,SKIP); 

1 

void CEntcrClassMuIb'DiaIog:~~r.'ptA11~ 
{ 
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// TODO: Add your control notification handla code h a e  
UpdateDara(TRUE); // Rurime uifo h m  dialog box. 
EndDialog(1DCJCCEPTJLL); 

1 

// TODO: Add extsa initiaikation h m  

// Display # of  files selected and cumnt file. 
CSrring strTexs 
strText Fonnat("FiIe %d of  %ci", m-TransientJiieJiumbet. m-Nuxn-Files_Selectcd'); 
SetDlgItemTact(1DC-FILE-NUM BER strTcxt); 

// Fil1 in the &op down combo box. 
AddClassNarnes(); 

return TRUE; II retum TRUE unless you set the focus to a control 
Il EXCEPTION: OOC Property Pages should rem FALSE 

1 

void CEntcrChMu1tiDiaIog:AddClassNam~) 

CCornboBox* pCB = (CComboBox*) GetDlgItem(1DC-CLASS-NAME); // G a  a pointa to the wmbo box. 

for (int i = O; i < (mjDoc GctArray() 2 FinriNumCIasses()); i*) 
{ 

pCB -> AddString(uDoc -> GetAmyO -> GetCIassName(i)); 
1 
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//CEnterSi@nitParams-Dialog: ddmes and controis the diaiog box displayad to enta die parameters rquired for the sigma 
initïaiization 
/I EnterSigmaInitParamçDiaIogh : heada file 
// 

class CEnterSigmaInitParantsDialog : public CDiaiog 
{ 
// Constmction 
public: 

CEnterSigmalnitParam~Dialog(Cwnd* pParent = NUIL); // standard constnictor 

11 Dialog Data 
//{ (AKDATA(C Enter5 i-tParamsDidog) 
enum { IDD = IDD-ENTELSIGMAMIT-PARAMS ); 
doublemJ,owerSearcbLi~t; 
int m-NumSearchPoints; 
doubi~UppaSearchlimit; 
//) ) A K D A T A  

// Ovenides 
// C l a s s W i d  generated vimial function ovemides 
//{ {AFX_VI~A~CEnttrSipINtParamsDialog) 
protected: 
virtual void DoDataExchange(CDamE.;change* pDX); // DDXiDDV support 
//) J AFX-VIRTUAL 

// Implementation 
protected: 

// Gaierateci message map fimctions 
//{ {AFX_MSG(CEnterSigmaINtParamsDiaIog) 

/I NOTE: the ClassWizard will add mernber findons here 
C) ] A K M S G  
D ECLA R E M  ES S AGE-MA P() 

1 - 
J * 
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#ifdef -DEBUG 
#define ncw DEBUG-NEW 
#undef THIS-fI LE 
static char THIS-RLEa = -FïLE_; 
#endif 

void CEnterSipaInitParam Dialog:: DoDamExchange(CDataExcha~ge* pDX) 
( 

CDialog::DoDataExchange(pDX); 
/l((AFLDATA-MAP(CEnterSi~InitParamsDia1og) 
DDX-Text(pDX, IDC-Lû W ERLIM, mLowerSearchLimit); 
DDV-MinMaxDoubIe(pDX, m-LowerSearchLimif 1.~404. 1000.); 
DDX-Text(pDX, IDC-NUMPOïNïS. mNumSearchPoints); 
DDV-MinMaxInt(pDX ~umSearchPomts. 3.10000); 
DDX-Text(pDX. IDC-WPERLIM. mJpperSearchLimit); 
DDV-MinMaxDouble(pDX m-UpperSearchiimit, 1 .e-003, 1000.); 
II)) AFY,DATA_MAP 

3 

BEG INJfESSAGEJfAP(C EnterSigmainitParams Dialog. C Dialog) 
//{ {a-MSGNP(C&tets igmaIniff  aramsDialog) 

l/ NOTZ- the ClassWizard will add message map macros here 
//) ) AFXMSG-MAP 

END_MESSAGE_MAP() 
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/mis file is modifieci by the autbor to implement the relative îrigguïng schcmc and second-nm variance fracta1 trajectory 
//CExtract contains the segmentation and feature atraction mutnies 
#inchde "GIobalStuff.hU 

class CExtractpubiic CObject 

DECLARE_SERIAi(CExtract) 
protected: 

int ~RawFiIeSize;//size of file with raw data. 
int ni~iTransieitSizc.J/sÜe of transimL 
int m-nSegmentationWindowSizt; 
int ~SegmentationVariancePh; 
double m-Threshold;l/abs diff h m  avg c h e l  noise Co bigger 

//the start of musicnt 
int m,nModel WmdowSize; 
int m-nModelVarianccPairs; 
int rn-nWindowShi~/used for display purposes and daia rtduction 
int m~T!-ansientModelSite; 

int m,nVan'ancePairs;//numba of pain to send to Isr mutine. 
int mnDyadic; //set to O if unit intu-vals usad, else dyadic. 
int mjiWindowSizeJ~size of window for variance dimension calc. 
double WdSurn 1; 
double +m-dSum2; 

double *VarDimTrajSecj/the variance dimaision of the original dimension trajctory 

int m-nTrigSchemcJIO is absoline mggering. t is relative trigering 
int m~iSquelchTrig // Value of squelch channel which indicates a aansient. 
int m-nSquelchDtlay; // # of samples bctween the start of a transient and a squelch trïgger. 
int rn-nSquelchTrigWidth; // # of samplcs for which the squelch chamel must stay above m-nSquelchTrig. 
int ~TrigWinSize;  // Window set by squelch trigger which the variance higgamust occur in. 

TriggerType ~TrigType;  // Indicates which trigger meathod to use.(see GlobalStuRh) 
fioat m-nAdjusc 

public: 
void SetTransientModelSize(int TransientModelSize) {m~T~a~ientModelSirec 

TransientModelSize; ) 
void SetTmnsientSize(int TransientSize) {rruiTransientSizc = TransiaitSizc;) ; 
TriggerType GetTriggerType.0; 
void SetTriggaTYPe(TriggerType tn'ggerType) {~TrigType = trïggerType;); 
int GetTrigWinSÏze(); 
void SetTrigWinSizc(int TrigWinSize) {rn_nTrigWiiSize = TngWmSize;) ; 
int GetSquelchDeiayO; 
void SetSquelchDelay(int SquelchDelay) {nuiSquelchDelay = SquelchDelay;); 
int GetSquelchWidth(): 
void SetSquelchWidth(int SquelctrWidth) {~nSquelchTngWidth = SqueichWidth;); 
int GetSquelchTriggerO; 
void SetSquelchTrigger(int SqrielchTrigger) (m-nSqueIchTrig = SquclchTrigga;); 
int GetTrigScherne(); 
void SetTrigScheme(int TrigScherne) { mnTrigScheme = TrigScheme;); 
float GetAdjustO; 
void SetAdjust(tioat Adjust) ( m d j u s t  = Adju*); 

CExmct() {)//constructor can oniy be called once 
void Sen'aIize(CArchive& ar); 
void SetParams(mt RawFileSize, int TransientSizc, 

int SegmentationWindowSkt,int ScgmentationVarïancePairs, 
double Thrtshold, int Mode1Wmd0wSize.int ModelVan'ancePahs, 
int WmdowShifi, int SqueIchTrig. mt SquelchDelay. 
int SquelchTngWidth, int TrigWinSize. TriggerType TrigType, 
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int TrigSchemc, f i  oat Adjust) 
{ 

nutRawFileSizc=RawFiIeSize; 
~TransientSizc=TransientSize: 
m_nSegmnit~onWmdowS~Segmaitation Wkd0wSiz.e 
~nSegmentationVariancePairs=Segmn1t~onVan*ancePanS.. 
mi-ThreshoId=Threshoid; 
m_riModelWmdowSizecModelWndowSize; 
m~Model~cePairs=ModeIVariancePairs; 
m-nWmdowShifkWindowShifk 
n~nSquetchTrig = SquelchTng; 
m-pSqueIchDelay = SquelchDeIay. 
mi-nSquelchTrigWidth = SqucIchTrigWidth; 
rrt-nTn'gWinSize = TngWùiSite; 
mTrigType = TffgType; 
m-nTngScheme = TngScheme; 
r n d d j u s t  = Adjust; 
m-nTmientM0delSi;te = m-nTramientSUel~WmdowShift; 

1 

void SetWindowSire(int WhdowSize) { mjiSegmmtation WmdowSize=WmdowSize: } 
void SetVariancePairs(int VarPairs) { ~egm~~otionVanancePairS=VarP~; ) 
void SetThreskoId(double Threshold) { m-Thrtshold=ThreshoId; } 
void SetModelWindowS ize(int WindowSize) { nnModelWindowSizc= WmdowSue; ) 
void SetModelWu~&wShift(int WidowShift) { ~nWindowShitf-WindowShiR } 
void SetModelVariancePairs(int VarPain) ( riUiModelVariancePairs=VarPairs; ) 

int GetRawFileSUeO { retum msfbwFileSize; ) 
int GetTransientSizeO { retum mShnsientSize; ) 
int GetVariancePain() { retum m_nSegmaitation~mcePairs; ) 
int GetWindowSite() ( return ~SegmentationWmdowSÏze; ) 
int GetWmdowShifto { return mnWindowShiik ) 
int GetivlodclWindowSite() { retum &OdelWindowSitc; ) 
int GetModelVarïanceP~) { return ~UiModelVariancePairs: } 
int GetModelWmdowShifto { r e m  m-nWindMhik ) 
double GetThresholdO { ruum nlhreshold; ) 
int GetTransientModeiSke() { retum cn-nTransientModelSize; } 

int FindTransient(int *RawSignai, int *SqueIchChannel. FileType filetype, 
double *VarDimTraj,double T~ansientivlodel); 

void FillTransientModel(int *RawSignai, h t  TransientBeginsHere, 
double *TransientModeI); 

iiadded firnction 
void FiUTransiaitModel(doub1e *RawSignal. int TransientBeginsHere, 

double *TransientModel); 

void FilIVarDimAnay(int *RawSignal,double *VarDirnTraj,bool ViewSegmentation, 
int TransientBeginsHere, double VransiaiîModel); 

double CalcVarDim(mt RawSignal. mt StanLoc); 

Uadded hct ion  
double CalcVarDim(doub1e *RawSignal, int StartLoc); 
void Interpolate(doub1e *VarDimTraj. h t  StarPoint); 
void CExtract::FiultiTransienls(int *RawSignal, double *VarDimTraj, 

double *'TmientModeI, int NumModes, 
double *Tiirrshholds, int MinSeperation, 
int 'CmientBtginsHm); 

#ifdef ,DEBUG 
void Dump(CDumpContext& dc) con% 

#endif 
private: 

int FindVarianceTrigger(int *RawSipi,  double *VarDimTraj.; 
int FindSqueIcbTnggcr(inP SquelchChannel); 

1; 
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file is modified by the author to implemait the relative triggaüig scheme and second-nin variance fracta1 ûajectory 
#inchde "StdAi3t.h" 
#indude "ExtracLh" 
#fnclude cmathb 

#ifdtf -DEBUG 
void CExtrac~:Dmp(CDumpCont~~t& dc) const 
{ 

CO bject :Dump(dc); 
& CC "\nmjRawFileSize = " « m_riRawFileSuc; 

1 
#endif 

void CExtract:Serializc(CArchive& ar) 
f 

int trigType; 

i@.IsStoringO) 
{ 

trigType = (int) m-TrigTypc; // Need to do this since the 
// « operaton can't handie enmerateci 
// types. 

a s <  (L0NG)nuiRawFiIeSize cc (L0NG)m-nTransientSize 
« (LONG)nl_nSegmeniationWmdowSize 
« (LONG)~nS~aitationVananancePairs 
« m-Threshold cc (LONG)ni_riModeiWindowSize 
cc (LONG) ni_nModelVariancePain « (LONG)m-nWindowShift 
« rn-nSquelchTrig cc m~SquelchTngWÏdth cc m..nSqueIchDelay 
cc m-nTngWinSize CC trïgTjrpe « mjTrigScherne cc m d d j u s t  
« ~TransicntModeISize; 

1 
else 
{ 

ar» (LONG&)nuiRawFileSize » (LONG&)m~TransientSitc 
>> (LONG&)flUiSegmentau'onWmdowSite 
» (LONG&)rruiSegmentationVa~mePain 
» mThreshold >> (L0NGb)mjiModelWùidowSk 
>> (LONG&) ~ o d c l V a r i a n c e P a i r s  >> (LONG&bWi&wShi f t  
» ~ S q u e I c h T n g  » ri.~iSquelchTngWidth » mnSquelchDeIay 
>> m-nTngWmSize » trigType » mnTrigScheme » mdid jus t  
» mnTransientModel Sitt; 

mTngType = CTriggcrType) trigType; // Necd to do this since the 
// operators can't handie enmeratcd 
// types. 

1 

int CExtract:Finflransien1(int LpRawS ignal, int CpSquelchChamel, FileType fiietype, 
double ~VarDùnTraj,doublc 'pTransicntModd) 

{ 
int TransientBeginsHae; 

// Perform the correct higgcr option. 
switch ( m T r i g T w )  
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case SQUEKH: // Use the squelch channcl to find the start of the bansicnt 
if (filetype != PCM) 

AfxMessageBox("Must be a K M  file to use the squdch tn'gger option" 
rn-OK); 

rcturn -1; 
1 
TransienBegins Here = FindSqutlchTrïgger(pSqu d c  hChanae1); 
break; 

case VARIANCE: /I Calculate variance dimension to find start of transient 
TransientBeginsHere = FindVarianceTrigga@RawSignai, 

pVarDimTraJ3; 
h k ;  

case WINDOWEDVARIANCE: // Calculates the variance dimcnsiona and makes sure it 
// is within a window set by the squelch aigger. 

if (filetype != PCM) 

AfkMmageBox("Must fie a PCM file to use the windowed" 
'kuhnce rn'gger optionn, MB-OK); 

r e m  -1; 
1 

int SquelchTngtocation; 
int VarianceTrigtocation; 

// Find the location of the squelch and variance hggers. 
SquelchTrigLocation = FindSquelchTriggcrO,SquelchChannel); 
Van'anceTrighation = FmdVa"anceTngger(pRawSignd, 

pVarDimTqj; 

/*TRACE("Chrk, î h e  squelch window is h m  a/ad to O/ad h" 
-The variancc tngger occwred at Y&"", (SquelchTrigLocation - m~Tn'gWùiSitel2). 
(SquelchTngLocation + m-nTrigWinSiztl2). Van'anceTrigLocation);*/ 

// If the variance trigger is outside the window set by 
// the squelch trigger. set the transient to begùt at the 
II exmma of that window. If it is inside. set the transient 
// to begin at the location of the variance mgger. 
if (VarianceTrigLocation c SqueIchTrigLocation - nwiTrigWinSkQ) 
{ 

// If a trigger was found, extract the featutes. 
if (TransientBeginsHccc!=l) 
{ 

FiItTrançientModeI@RawSipl. TmicntBeginsHerc. 
pTransientModel); //feature extraction basai on variance dimension traj 

1 
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//transient feature auaction procedure 
void CExtract:FillTransientModel(int RawSignal, int TmientBegÏnsHere, double TransientModel) 
{ 

if(~~delV~ancePaitYO)//transicnt mode1 is fiacial 
{ 

nui üyadic- 1 ; 
m g  Wm&wSize-aUiModelWmdowSize; 
mgVan'ancePai~nModelVariancePairS; 
int ctr3=-1; 
TRACE("Transient Mode1 VectocW'); 
TRACE(%"); 
for (int ctr-TmicntBegïnsHere; 

ctr(Tca.nsientsegïnsH~-pTmnsimtSizq m W i n d o w S h i f t )  
I 

ctr3*; 
TransientModei[ctr3]=CalcVarDirn(RawSigna ctr); 
/mCE('?/d %f\nW. ctr3, TramientModei[ctr3]); 
TRACE("?!f ".TiansientModcl[ctr3]); 

1 
//TRACE("end of feature cxtraction\n'.); 

1 

else //nansient model is simple moving average 
I 

int ctr2, ctr3=I; 
double Avcrage: 
for (int c~r-TransientBeginsHm; 

cflransimtBeginsH~nTransientSize; ctr+=m-n WmdowShifi) 
{ 

AvemgceO.0; 
for (ctr24; ctr2<rn~iWindowShift; ctr2i-k) 

AveragekRawSignal[cerittr2]; 
1 
ctr3 te; 
TransiaitModel[crr3]=Avaage/~nWindowShiS536.0 + 1.0; 

1 
1 

void CExtracr:FilITransientM6deI(doubIe *RawSignai, inl TransientBeghsHere, 
double *TransicntModel) 

~ D y a d i c =  l ; 
~ n W m d o w S ~ o d e I W m d o w S i z t ;  
rn-nVariancePai~ode1VananC epairs; 
int ctr3= 1; 
for (int ctr=TransicntBegïnsHen; 

cm-aitBeginsHmTran~initSke; ct.r+cnUi WindowShifi) 
{ 

ctr3*; 
Transi4itModel[ctr3]=CalcVarDim(RaWsignaL ctr); 
/~CE(.TransientModeI["/.d]+/of\nW, ctr3, TransiaitModel[ctr3 1); 

1 
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void CExtracr:FiUVatDunArray(int *RawSignal.&uble *VarDimTraj. 
bool ViewSegmentation, int TransicntBegÏnsHere. 
double CTransientModd) 

{ 

/*m-nWindowSize = Traj2WindowSizej/second order mjectory 
for ( c m ;  c~GoodFileSize2; ct r t '  1) 

VarDimTmjSec[ctr]=CalcVarDh(VarDimTraj.c~): 
1 

m-nWmdow Site = Traj3WiidowSi&/third order trajectory 
for ( c m ;  ctsGoodFileSize3; ctrl-=i) 
C 

VarDimTrajTrd[ctr]=CalcVarDun(VarDimT~~); 
1 

deltte aVarDimTrajSec; 
delete I]VarDhTra~TidS/ 

delcte ~ d S u m l ;  
delete rn,dSumt; 

eIsellshow f e a m  extraction trajectory 
( //pull VarDim h m  record... intapolate 

int ctr3=-1; 
for (mt ctr=TransientBeginsHere; 

ctr(TmientBeginsH&mTransicntSize; -WmdowShifî) 
1 

ca3*; 
VarDimTmj[ctr]=TmicntMdeI(ctr3]; 

1 
VarDimTraj[ctr]=TmientMdel[cb3]: //fiIl k t  spot with same 

//vardim for interpolation 
In terpolate(VarDimTraj, TransientBeginsHat); 
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double CExfract:CaIcVarDim(mt *RawSi& int StartLoc) 

double *logorVarhce. *LmgOfDeltaT; 
double Suml ,SumZûeltaB; 
double DimaisionPowcr, 
double Var, VarDirn; 
int kfNoOfi>eItaBs.NoOfZaoes; 

MSG message; 
if (::PeekMcssage(%mcssagc. NUiL, O, O, PM-REMOVE)) { 

::TranslateMcssage(&mtssage); 
::DispatchMesagc(&message); 

3 
AfiGetApp04hWaitCursor( 1 ); 

NoOf2eroes-O; 
if (uDyadic==Q t 

for (F 1; t<=m-nVariancePairs; t*) { 
NoOîDeItaB~nWindowSk-c 
if (StartLoc==O) {//mua perfom al1 calcs for first window 

n d S u m l  [tj=o.O; 
m-dSum2[t]=O.O; 
for(k=Startloc; k~StartLoctNoOfDe1taSs); kt+) { 

DeItaB=RaWSignd~u]-RawSimP]; 
m-dSum 1 [tl+cDeltaB*DeltaB; 
rn-dSum2[ti+cDeltaB; 

1 
1 
else { 

DeItaB=RawSignal[Startloc- I+t]-RawSignaI[S tarth- LI; 
ruiSum 1 [t]=DeltaB*DeIraB; 
m,dSum2[t]=DeltaB; 
DeItaB=RawSignal [S~NoO~ItaBs-1  +t] 

-RawSignal[StartLoc+NoOfDeItaBs-lj; 
r ~ d S u m 1  [t]+=DelîaB*DeltaB; 
mdSumZ[t]+-DeltaB; 

1 
Vem-dSum 1Jt]-(~dSum2[t]*m~dSLmi2[t]~((double)NoOfDe~taSs)) 

/((doubIe)NoOfDeltaBs- 1 .O); 
i f ( V a A . 0 )  { 

NoOZmesc+; 
1 
else { 

LogON'c~t-NoOfZeroes]=Iog(var); 
b g O W n i r [ t - N & ~ ~ l o g ( ( d o u b l e ) t ) ;  

1 
} 

1 
eIse { 

for (t- 1 ; te-nVan'ancePairs, t++) { 
Suml=o.O; 
sum2=0.0; 
DimaisionPow~w(LO,(&ubIeXt)); 
N o O f D e l t a B m  Wm&wSize-(int)DimatsionPower. 
fow-StartLoc; W S w N o O f D e I t a B s ) ;  W) ( 

kltaB=RawSignal~~int)DimaisianPower]-RawS ignaI[k]; 
Suml+=DelraB*DeltaB; 
SumZ+=DettaB; 
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1 
i~oOtDeiîaBs!=û~/protect agaïnst d i ~ d e  by zcn, 

V e S u m  I<Sum2*SumZ~((doubIe)NoOfDeltaBs)) 
/((double)NoOfDeltaBs- 1 .O); 

e k  
vaFo.0; 

if (Var=O.O) { 
N o O a a o e s H ;  

1 
eise { 

LogOfVeceIt-NoOfZaoes]=lopOrar); 
LogOfDeltaT[t-NoOfZeroes]=log(DUn~1~ionPow~; 

1 
1 

1 
double suml=û.O, sumi=O.O, sum34.0, sum4=0.0, srrmS4.0; 

for (int ctr=l; c~~~Var iancePauS-NoO-es ) ;  ctr») 
( sum~+=~gOfDeltaT[ctr]*LogOtVariancef~]; 

Nmz+=LogOfDeIta~ctr]; 
sum3+=LogOtVm*ance~]; 
sum4t=LogOfDeltaT[cÛ]*LogOfDtl~~ctr]; 
sumS+=LogOfDettaT[ctr]; 

1 
if (m_nDyadic=l) //these modifications (4 lines were made to implement the mode1 
m-nVxiancePairs*; //transformation 
double SIopeS(m_nVariancePai~~*m f surn2*sum3) 

/(~V~cePairs*sum4-sum5*sLmiS); 
VarDirn=LO-O J*Slope; 
if ( m - n D y a d i ~ 1 )  // part of the transfomation 
mnVariancePairs-; // last Iine of transformation. 
delete a LogOfVariance; 
delete a LogOfDeItaT; 

double CExtrack:CaIcVarDim(doubIe *RawSignal. int Startk)  

double *LogOfVariance, *bgOfDeltaT; 
double Suml .Surn2,DeltaB; 
double DirnensionPowerr 
double Var. VarDim; 
int kfNoOfDeltaBs.NoOQcrocs; 

MSG message; 
if (::PakMssagc(gmiessage. NULL, O, O. PM-REMOVE)) [ 

::TranslatcMe~~agc(hasagt); 
::DispatchMessage(&mcssage); 

; 
AfiGetApp(->DoWaiiCursor( 1 ); 

No0 tZmes4;  
if  (ntnDyadic==O) { 

for (t= 1 ; t-VariancePairs; t*) ( 
N o O f D c l t a B m  WudowSizc-$ 
if (S-) {//must perfonn dl caics for first window 

~ ~ u m l [ t ] = O . O ;  
~dSum2[t]=O.O; 
for(+Startloc. k<(StartLnc+NoOfDcltaBs); W )  { 

DeitaBRawSgnaI[Ht]-RawSignal@]; 
~ d s u r n  1 [t]+=DeltaB*DeltaB; 
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irl_dSumî[tpùeItaB; 
1 

1 
else ( 

ûeltaB=RawSignal[SrartLoc- l+t&RawSigd[Startloc- 11; 
mdSum1 [t]=DeltaB*DeltaB; 
mASumyt]-DeltaB; 
Dei~RawSignaI[S~NoOfDeItaSs-1Y]  

-RawSignd[Startloc+NoOfDeItaBs-11; 
mdSumI [t]*DeltaB8DeItaB; 
c~~-dSumZ[t]+cDeitaB; 

1 
V a ~ ( n ~ d S u m 1  [t]-(~dSum2jt]~dStmiZ[t]~((doubIe)NoOfDe1taBs)) 

/((doubie)NoOfDcItaBs-1 .O); 
if ( V m . 0 )  { 

NoOfZaoes*. 
1 
eise { 

LogOWa"ance[t-N&tZcrws]=loflar); 
LogOfDeItaqt-NdfZerws]=tog((doubIe)t); 

1 
1 

1 
else { 

for (F 1; tc==VariancePairs; t*) ( 
sumi=O.o; 
sumZ=O.o; 
DimeosionPowcr--pow(2O,(double~t)); 
NoOfDeltaB~nW&ite-(uit)DimensionPower; 
for-Starck; k<(SwNoOfDel taBs) ;  k++) { 

DeltaB=RawSignal~int)DimaisionPower]-Raw Signal [k]; 
Sum l +De!taB*DeltaB; 
Sum2+=DeItaB; 

1 
if(NoOfDeltaBs!=û~/pmtect against divide by zao 

V . S u m  1 -(SumZ*SumZ~((double)NoOfDel&Bs)) 
/((doubIe)NoOfDeltaBs- 1 .O); 

clse 
V d . 0 ;  

if ( V h . 0 )  { 
NoOfZerocs*; 

1 
eise { 

Lo@fVariance[t-NmhesPIogVar); 
LogOfDelta~t-No0fZeroes]=log(DimaisionPowet); 

1 
1 

1 
double sum1=0.0, sum2=0.0, wn3=û.0, sum4=0.0, sumS=û.O; 

for (int ce1 ; ctr<=(wVariancePais-NoOQkoes); C M )  
( s u m  1 +=bgOfDcltaT[ctr]* Log0 fVarianct$ctrj; 

sum2+=bgûfDel taT[ctr]; 
su1n3+-iogûWariance[ctr]; 
sum4+SLogO~ltar[~]*LogOfDcI&r[~]; 
sum5+=LogOfDeltar[ctr]; 

1 
if (m-nDyadi-1) /tthcse modifications (4 lines wcre made to implemait the mode1 
m-nVariancePairste; //hansfonnation 
double Slope=(~nVariancePairS*sum 1 -sum2*sum3) 

/(m-nVariancePairs*sum4-sumS*NmS); 
Varûim=2.0-05*Slope; 
if (m-nDyadic;-1) //part of the transfodon 
m-n~*ancePain-; // last Iine of tramformation. 
delete L o g O N ' c e ;  
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void CExmct:Interpolatc(double *VarDimTiaj. int StartPoint~finear interpoIation 
{ //for display purposes oniy 

int VarDimFileSize; 
#if&f -DEBUG 

int Count?); 
double M e d . 0 ,  S t d M . 0 ;  

#endif 
if (StartPoinM) 

VarDimFileSizec=(~RawFilcSize-OindowSizc); 
else 

VarDimFileSitccStartPoint+~TransitntSize; 

for (mt ~ ~ S t a r t P o m ~ ~ V a r D i m F i l e S u e ;  cW~WmdowShift) { 
#ifdefSEBUG 

count*: 
Mem+=VarDimTraj[ctr]; 
StdDev+=VarDimTiaj[ctr3*VarDimTraj[ctr]; 

#endif 
for (int ctrZ=l; ctr2<m-nWindowShift; ctr2++) { 

VarDimTraj[c~c~2~VarDimTraj[ctr]~float~(float)c~U(float) 

1 
#ifdef-DEBUG 

Mean/==double)Count; 
S tdDev--sqrt((StdDev/(doublcXCount))-(Mean*Mcan)); 
TRACE(%Don.-A h m  sample O/od is %f', StartPoint, Mean); 
TRACE(%Don ... Standard Deviation is %f'. StdDev); 

#endif 
1 

void CExûact:FindMulhTransiaits(int *RawSignaI, double *VarDunTraj, 
double *+TransientModcL int NurnModes. 
double rlhrrshholds. int MinSepetation. 
int TransientBeginsHcre) 

rn-nDyadiC=O; 
k n  WimdowSiz~~nSegmentationWmdowSize; 
rruiVariancePai~egm~tationVa~an~ePairs;  
double M e a A . 0 ,  S t d M . 0 ,  MeanDif=û.O; 

int ctr. ctrl , Sîart=I800; 
int GoodFi~eS~nRawFileSizc-mWindowSize;//don't perfonn calcs 

/ / p s t  the end of file 
rn-dSum 1 =new doubl~~SegmentationVarianccPairs+ 11; 
rn-dSumï=new double[m~SegmaiutionVarianccPairstI]; 

// Caiculate tfie rnean and the Standard Dtviation of the VarDimTzaj h m  
// the s m  of the file to 114 of the file size 
for (cb=O; c m 1  800; cîrH) (//note windwoshift-1 

VarDimTmj[c~]=CaicVarDim(RawSip1, ctr); 
Mcan+=VarDUnTri$[ctr]; 
S tdDevF-VxDimTraj[c~]*VarDimTraj[ctr]; 
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fo<ctrl=O; ctrl cNurnModes; ctrlft) { 
Transient&ginsH~ctrl l= 1 ; 

/l Adjust the thrcshhold basai on the value of the standard dtviation 
double D e v i a t i o ~ h h o l & [ ~ I ] / 1 0 0 . 0 ) * M ~ S t d D e v ;  

switch(mjTrigScherne) ( 
case O~labsollrte rriggaing 

for (ctr-Start; ctr<GoodFEleSize; cû-H) ( 
VarDimTraj [ctr]=CaicVarDim(RawS ignai. ctr); 
iqbbs(VarDunTraj[ce]-MeanPDeviation) ( 

TRACE("Don, (multipiy absolute triggering)Transient is at 0/od\nw,ctr): 
Transi-CntBtginsHere(ctr1~ 
b=k 

1 

break 

int CExtrac~:FimdSquelchTnggn(int *SquelchCbcl) 
{ 

int TransientBeghsHere = -1; Il -1 indicates no transient found 
bool TnggerOcciirred = FALSE; 
int i. j; 

// Step through the SquclchChanneI a m y  lookmg for it to 
// rise above rn-nSqucIchTrig. 
for (i = tn-nSquclchDelay; i < (m-nRawFiIeSk - ~SqueIchTrigWidth): i*) 
{ 
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// Check if the squeïch stays above m&quelchTrig 
// for m-nSquelchTngWidth sampla. 
for (j = O; j < @queIchTrigWidth; j*) 
{ 

if (SquclchChannel[i +fi c= ~nSquelchTrig) 
TnggaOccumd = FALSE; 

if OiiggerOccurred = TRüE) 
{ 

TdentBeginsHa = i - ~ S q u e l c h k h y ;  // T&e the squelch 
// charnel delay mto account 

bnak; 
1 

int CExaacc:FindVarianceTRgger(int RawSignal. double * VarDïmTraj) 

m-nDyadid; 
m-nWindowSir~SegmentationWindowSize; 
m-nVarimcePaimegmentationVarianceP&; 
double Mean4.0, S t d m . 0 ;  

int TransientBeginsHaeLI ; 
int cn; 
int GoodFiIeS~nRawFilcS~c-m~WindowSint perfom cdcs 

/ / p s t  the end of file 

// Calculate the mean and the Standard Deviation of the VarDimTraj h m  
// the start of the file up to 1/4 ofthe fite sizc 
for (ctr4; ctr<1800, c m )  //note windwoshift=I 

VatDimT~j[c~]=CaicVarDim(RawSignaL ctr); 
Mean+=Var DimTraj[ctr]; 
S tdDerc--VarDimTraj[ctrl*VarhTraj[ctr~; 

// Adjust the threshhold based on the value of the standard devialion 
double Deviation=(~~hoIdllOO.O)*Mean+StdDev; 

/RRACE("Luotao,MeanDif is %IfLi", MeanDif); 
/KRACE("Luotao.Mean is %IW. Mean); 
/KRACE(HLuotao.Deviation is W h " .  Deviation); 
/~CE("Luotao,StdDev is %IfW. StdDev); 
double thrcshold; 
&tch(~TigScheme) ( 

case OYfabsolute hïggering 
threshold=l)cviation; 
for (ta= 1800; ctr<GoodFileSize; ctrcH) 
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break; 
1 

1 
brrak; 

case 1 dlrelative Tsïggering 
thresholci=m-pAdjust*Deviation; 
for (ctr=I800; ctr<GaodFileSize; m) 
{ 

VarDimTraj[cW]-l=CalcVarDim(RawSip(, cm); 
ir(fabs(varDimTraj[c@]-VarDimTraj[c&d])>hhoId) 
f 

/fïRACE("(relative tn'ggering)Transienî is at 0/ochnn.ctr); 
/fiRACE(~SmgIe) e d j u s t  = %ku, u d j u s t ) ;  
TransientBegiusHcxectr; 
break; 

1 
/*else iqfabs(VarDimTraj[&]-Mean)>-ation) 

TRACE("(rrturn to abso1utt)Transient is at O/&". ce); 
TransientBeginsHae = ca; 
bnak; 

1 */ 
1 
iflransientBeginsHere = -1 ) //if relative fails. go back to absolute tn'ggering 

threshoId=Deviation; 
for (m= 1 8OO; cmGoodFilcSize; cû++) 
{ 

VarDimTraj[ctr]=CaIcVarDim(RawSi~l ctr); 
if(fabs(VarDhTmj[cW]-Meanp Deviation) 

//TRACE('TRtuni to absolute) Transient is at 0/od\nn.ctr); 
TransientBeginsHac=ctr; 
break 

1 
1 

1. 
break; 

default: 
TRACE("defiu1t m d j u s t  = %fW. m-nAdjust); 

1 

if (~~~-Thrcshold=O.O)//used to circumvmt segmentation procedure 
TradentBeginsHcre= 1 800; 
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int CExtract:GetSquelchWidth() 
{ 

tehirn m-nSqueIchTngWidth; 

int CExmct::GetTrigScherne() 

retum ~TrigSchane; 
1 
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/fîhis file is modifieci by the author to implemcnt the dative triggaing scheme 
//CFractalParamDialog detines and controls the dialog box displayed to change the fiactal paramaas 
// FractalParamDidogh : header füe 
I/ 

class C F r a ~ t a l ~ a l o g  : public CDialog 
{ 
// Ccinshuction 
public: 

CFractalPammDialog(CWnd* pParent = NULL); 11 standard consmctor 

Il Dialog Data 
//{ {AFX-DATA(CFradPuamDia1og) 
enum ( IDD = IDD-FRACTALPARAM-DIALOG ); 
C Edibn-nAdjus t Edit; 
CEditm-cditTngWrnSize; 
CEditm-editThreshold; 
CEdimeditSquelchWidth; 
CEdimeditSqueIchTn'gger; 
CEditm-editSquelchDclay; 
BOOLmSetSegmentationParams; 
B00Lm-SerModelParams; 
CEditm-Mode1 WindowShiREdit; 
CEditm-Mode1 WindowSizeEdit; 
CEditrr~ModelV*mcePairsEdit; 
CEditrntmWindowSizeEdit; 
CEditm~Va~ancePaCrsEdi~ 
CEditmCEditm_TransicntsizeEaiST~icntSizeEdi~ 
CEditm-RawFileSizeEdit; 
int m-Raw FileSize; 
int m-TransientSize; 
int m-WindowSut; 
int nVarïancePairs: 
int m-ModelVa.ancePairs; 
int m o d e 1  WmdowSize; 
int ~ o d e l W m d o w S h i f t ;  
int r~~nSquelchDelay: 
int rruiSquelchTrigger; 
int mSquelchWidth; 
doubleniThreshold; 
int ~n~lTrigWmSizt, 
BOO~bChangeT'icntSizc; 
int ~ T n g S c h e m e ;  
fioat d d j u s t ;  
int ~ R e d u c e d D i m ;  
int mjTiylsiaitNum; 
BOOLmSdNNParams; 
//) }-DATA 

TriggaType ITLtriggerTlpe; 
// Overrides 

// C l a s s W d  garerated vimtal fuaction overridcs 
Il( (ARCVIRTvAt(CFractaIParamDialog) 
protected: 
vÜrua1 void DoDmîExchange(CDaraEXchange* pDX); // DDXtDDV support 
I l)  )-VI K N A  L 
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II Gaisateci message map fimcîions 
1/ { (AFXJMSG(CFraaaiPararnDia1og) 
virhial BOOL OninitDiaIogO; 
a-g void OnModeIparams(); 
afx_rnsg void OnScgmcntationpammsO; 
afx-mg void OnTngWmh(); 
a k m g  void OnTrÏgVaa; 
afjc-mg void OnTrigSquelch(); 
arjcrnsg void OaChangeTransicntSh(); 
a f x m g  void OnNnparanii); 
14 )AFY,MSG 
DECLARLMESSAGEJAAPQ 

void EnableTngParamr(); 
1; 
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l/fhis file is modified by the author to implemait the da t ive  trïggahg scheme 

#ifdef -DEBUG 
#d&e new DEBUG-NEW 
#undef THIS-FILE 
static char THIS-FILEU = F I L E -  
#endif 

CFractalPararnDialog:CF~?fctaIParamDialog(CWnd* pPamt  /*=NüLL*/) 
: CDialog(CFractalParamDiaiog::iDD, pParent) 

{ 
I l {  {AKDATA-~IT(CFracta1ParamDialog) 

m-SetSegmentationPararrts = FALSE; 
m-SetModelParams = FALS E; 
m~SquelchDeIay = O; 
m-nSquelchTn'gger = 0; 
~Sque1chWidth  = O; 
ntThreshoId = 0; 
rnjTrigWinSize = 0; 
m-bChangeTransientS ite = FALS E; 
rn-nTrigSc heme = - 1 ; 
a d j u s t  = O.OC 
nuiReducedDim = 0: 
rn-nTransientNum = 0; 
rn-SetNNParams = FALSE; 
11) ) AFX-DATLINiT 

m-trïggerType = VARIANCE; 

void CFractalParamDialog::DoDatafi~hangc(CDataExchange* pDX) 
{ 

CDiaIog:DoDataExchange(pDX); 
I l {  {AnCDATw(CFractalParamDidog) 
DDX-Control(pDX IDCJDJUST, m-nAdjustEdit); 
DDX_Control(pDX, IDC-TRiGWINSIZE, m-cditTngWmSize); 
DDX-Contml@DX, IDC-THRESHOLD. ~cditThrcshold); 
DDY_Conuol(pDX, IüC,SQUELCHWIDTH, ~editSque1chWidth); 
DDY,ConîroI(pDX IDCDCSQUELCHïiUG. meditSque1chTrigga); 
DDY,Control(pDX. IDC-SQUELCHDELAY, ~cditSquelchDclay); 
DDX_Check(pDX. IDC-S EGMENTATIONPARAMS. nlSetSegmentatientationPararnS); 
DDX_ChbcypDX, IDC-MODELPARAMS, &etModeiParams); 
DDX-Connol(pDX, IDC_FIODELWMDOWSHIlT. ~odelWmdowShiftEdit);  
DD]CConml(pDX, IDC-WDO WSIZEZ. m-ModdWindowSizeEdit); 
DDX-ControI(pDX, IDC-VARiANCEPAIRSZ. m-ModeIVariancePairsEdit); 
DDXControI(pDX, IDC-WINDOWSIZE ~WmdowSueEdit);  
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BEG[NMESSAGEMAP(CFmtalParamDiaIog, CDialog) 
//{ {ARCMSG-W(CFracta1ParamDialog) 

ON-BN-CLICKEQIDC-MODELPARAMS, OnModelpaiams) 
ON-BN-CLICKED(1 DC-S EGMENTATIONPARAMS, OnSegmaitationparams) 
ON-BN-CLICKED(1DC-TRIGWMVAR OnTngWmVar) 
ON-BN-CLICKED(1DC-TRIGVAR. ûnTrigV3r) 
ON-BN-CL[CKED(IX-TR[GSQUEU=H, ûnTngSquelch) 
ON-BN-CLICKED(1DC-CHANGEETRANSIENTENTSIZE. OnChangeTransientSize) 
ON-BN-CLICKED(IDç,NNPARAMS, OnNnpararns) 
//) ) AFX-MSG-MAP 
END-MESSAGLMAPO 

///////////////////////////////////////////////////////////////////////////// 
// CFracraiParamDialog message handiers 

BOOL CFractalParamDialog::OnInitDiaIogO 

CDialog:OdnitDialogO; 



AppendUr C: TAC-MM Source Code 

m-nAdjustEditLimïtText(4);//# of chars usa cm enta  in d i t  box 
GctDlgItem(1DC-WMDOWSI~EnableWmdow(FALSE); 
GetDl@tem(IDC,vARIANCEPAIRS)->EnablcWm&w(FALSD; 
GctDI@tem(IDC-THRESH0LD)->EnablcWiadow(FALSE); 
GetDlgItem(lDC-WMDOWSIZEZ~EnableWindoMFALSE); 
GetDlgltem(IDC-VARIANCEPAIRS2pEnableWrndow(FALSE); 
GetDlgItem(IDC_MODELWINWWSHIFT}->EnableWmdow(FALSE); 
GeliiIgltero(1DC-SQEU=HTRIGpEnableWindow(FALSE); 
GaDlgItem(1DC-SQUEKHW1DTH)->EnabIeWmdow(FALSE); 
GetolgIt~IDC,SQvEKHDELAY>>EnableWUadow(FALSE); 
GetDIgltem(1DC-mGWSIZE)->EnableWm&MFALSE); 
GaDlgItem(1DC-WGVARpEnableWindow(FALSE); 
GdDlg[tem(IDC_TRIGSQLTEU=H).>EnabIeWmdow(FALSE); 
GetDlgItem(1DC-WGWWVAR)->EnableWrndow(FALSE); 
GetDl~tem(IDC-TRANSIENTSIZE)->EnableWuidow(FALSE); 
GetDIgltem(IDCJDJU~EnableWiadow(FALSE); 
GetDIgIttm(IDC_TR[GSC~EnableWdow(FALSE); 
GetDlgItem(IDC_RADIOZpEnableWUido~FALSE); Ildisable botfi radio buttons 
GaDlgItem(1DC-EDUCEDD1M)->EnableWindow(FALSE); 
GctDlgIt~lDCDCTRANSI~UM~EnabIeWmdo~FAU~; 

switch (m-triggerType) 

case VARIANCE: 
CheckRadioButton(1 DC-TFUGVAR IDC-TRiGWINVAR, IDC-WGVAR); 
break; 

case SQUELCH: 
CheckRadioBtdion(lDCDCTRIGVAR IDC-TRiGWMVAR IDC_TRIGSQLJELCH); 
h k ;  

case WINDOWEDVARIANCE: 
CheckRadioB~tton(1Dc~TRIGVAR IDC-TRiGWiiWAR iDC-TRiGWiNVAR); 
break; 

1 

r e tm  TRUE; II r e m  TRUE unIess you set the focus Co a control 
II EXCEPTION: OCX Pmpcny Pages should murn FALSE 

1 

void CFractalParamDidog::OnS~entationp~ams() 
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void CFractalParamDiaIog::OnTngWnVar() 
{ 

// TODO: Add your control notification handlercode here 
if (IsDlgButtonChecked(1DC-TRIGWINVAR)) 
{ 

rn-trïggerTypc = WMDOWEDVARIANCE; 
EnableTrigParami); 

1 

void CFraaalParamDia1og::OnTngVa~ 
{ 

// TOM: Add your control notification handla code h m  
if (IsDIgButtonChecked(IDC,TRiGVAR)) 
t 

m-triggerType = VARIANCE; 
E n a b I e T r i g P ~ ) ;  

1 

void CFractalParamDialog::OnTngSquelc~) 
{ 

// TODO: Add your control notification Wla code bac 
if (~DlgBueton~cckad(IDCIDCTIUGSQUELCH)) 
{ 

~n-aiggerType = SQUUCH; 
EnablcTngParams(); 

1 
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void CFractalPararnDiaI0g::EnableTngPe) 

switch (mtnggerType) 

case WINûOWEDVARiANCE: 
GetDIgIttm(1DC-WW~WSIZE)->EnabIeWmdo~UE); 
GetDI@tem(lDC-VARlANCWAIRS)->EnabIeWmdo~UE); 
G@l@tem(IDC-~RESHOLD~EnableWado~~; 
GetDlgltem(1DC-SQUELCKI'RIG)->EaabIeWindomvE); 
GctDlgItem(1DC-SQUEU=WID~EnableWin&wfTRUE); 
GctDlgltem(1DC-SQUELCHDELAY)->EnabIeWdo~UE); 
GaDigItem(1DCDC7WGWMSIZE)-~Enablew'mdo~vE); 
GaDl~tem(lDC~DlUST)->EnableWmdowCfRUE); 

case SQUELCH: 
GetDIgitun(IDC_WMDû WS iZE)->EnableWindow(FALSE); 
GetDIgltan( IDC-VA~NCEfAIRSt>EMbleWm~w(FA~E); 
GerDlgItem(IDC-mRESHOLDpEmbleWindow(FALSE); 
GetDlgItem(1DC-SQUELCHTRIG~EnabIeWmdow(TRUE); 
GetDlgItem(1DC-SQUELCHWIDTHpEnableWhdomvE); 
GetDlgItcm(1DC-SQUEU=HDELAY)->EnabIeWdomRUE); 
GetDi@tem(IDC~TRIGW~SE~EnableWindow(FALSE); 
GetDigitem(IDCADJUSWE~bleWindow(FA~; 

break; 

case VARIANCE: 
GetDIgltem(IDC,WMDOWSIZE~EnabltWindo~UE); 
GetDI@tem(IDC-VARIANCEPAIRS)~EnableWm&~~UQ; 
GetDlgItem(l0C-THRESHOLD>.>EnableWindowflRUE); 
GetDlgItem(1DC-SQUEtCMRIGpEnabIeWindow(FALSE); 
GetDlgItem(lDC-SQUELCHWIDTH)->EnableWhdow(FALSE): 
GetDlgltem(IDC-SQUELCHDELA~EmbleWindow(FALSE); 
GetDlgItem(1DC-TRIG WMSiZ~*EnableWindow(FALSE); 
GetDlgltem(1K-ADJUSWEMbleWindoflRUE); 

void CFractdParamDidog::OnChangeT~i~~tSize() 
{ 

// TODO: Add your control notification handler code h a e  
iqmblhangeTransientSitec1sDl~unonCheckcd(IKDCCHANGE~~NS IENT-S IZE)) 
i 

GetDlgItem(1DC-TRANSIMTSIZEPEnableWindo~RUE); 
1 
eise 

void CFra~talP~alog::OnNnparams() 

// TODO: Add your control notification handier code here 
i~~SetNNParams=lsDIgButtonChecktd(IDCDCNNPARAUS)) 
{ 

GetDlgltem(IDC,REDUCEDD~EnabIeWmdo~UE); 
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KMainFramc, which controk al1 SDI frame fohrrrs 
11 MainFtmh : interFace of the CMainFrame cIass 
// 
/l/ll/l////l//ll/l/lf//////////I///////////l///l//l/lll//l/ll/l/////l/////l/l 

cIass CMainFrarne : public CFrarneWnd 

pmtectedr // mate h m  scnalization only 
CMainFrame(); 
DECLARE-DYNCREAmCMsrame) 

11 Attnblrtes 
protected: 

CS plitterwnd rrtwndSplitta, 
public: 
11 operations 
public: 
11 Ovenides 

Il Class Wizard generatcd vÏrtual bct ion  ovtrndcr 
// ( { A F W I  RTUA L(CMainFrame) 
public: 
virtual B 0 0 L  OnCrtateClient(LPCREAmUCT Ipcs. CCreateContext* plontext); 
virtualB00L PreCrcateWmdow(CREATESRUCT& a); 
//} )AFX_VI #TUAL 

11 lrnplementation 
public: 

CSplinerWnd* GetSpIitter(); 
enum eview {TEXT = 9, LIST = 1 O, RESULTS = 1 1 1 ; 
void SwitchToView(int Row. int Col, eView nView); 
void ShowTrainuigResutti); 
vûtuaI <MainFrame(); 

#ifdef -DEBUG 
v i d  void AssertValid() const; 
vimial void hp(ChimpContext& dc) const; 

#endif 
CStatusBar m-wndStawBar, 

protected: 11 conml bar embedded mcmbers 
CToolBar n~wndTmlSar.  

// Generated message map fùnctious 
protected. 

11 { {AXMSG(CMainFrame) 
afx-mg int OnCreate(LPCREATESTRUCT IpCmteStruct); 
a f x m g  void OnViewSegmentation(); 
a f x m g  void OnViewFractaltrajectoryO; 
afx-mg void ûnViewRawsignaI(); 
a f i m g  void OnVicwTransientO; 
afjCnisg void OnViewZoomcdrawsignaIO; 
&mg void OnUpdateViewZoornedrrtwsipl(CCmdUI* pCmdUI); 
afjcmsg void OnViewNetworkdetani); 
a-g void OnUpdateviewNetworkdetai~CCmdUI* pCmdW; 
afjtmsg void OnViewTrainingrcsuIîs(); 
a-g void OnUpdatcViwTrainin~~CCmdUI* pCmdUI); 
&mg void OnUpdateStartCapfure(CCmdUI* pCrndUI); 
& m g  void OnParentNotiS(UlNT message. LPARAM LPa~am); 
Il) )AF?LMSG 
DECLARE-MESSAGEJvlAPO 

1; 
l/l/////////l/;l/////l///l//I///l/////////Il/////////l////lll///lll//ll/~//// 
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II hlaïnFmcpp : implementation of  the CMainFrame class 
// 

#ifdef JIEBUG 
Mdine new DEBUG-NEW 
W e f  THISJiLE 
smtic char THISJILEn = JILE, 
#enciif 

BEGIN-MESSAGE_MAP(CMainFrame. CFrameWnd) 
// ( {AFX-MSG-MAP(CMainFrame) 
ON-W M-CREATEO 
ON-COMMAND(1 D-VIEW-SEGMENTATION. OnViewSepentaÙon) 
ON-COM,MAND(ID-VIN-FRACTALTW ECTORY, OnViewFractalûajectory) 
ON-COMMAND(ID,VlEW-RAWSIGNAL, OnView Rawsignal) 
ON-COMMAND(1D-VIEW-TRANS IENT. OnViewTcansient) 
ON-COMMANWID-VIEW-ZOOMEDRAWSIGNAL, OnViewZmmedrawsignaI) 
ON-UPDATE_COMMAND-UI(1D-VIEW-ZOOMEDRAWSIGNAL, OnUpdateViewZoomedrawsigna!) 
ON-COMMANRID-VIEW-NETWORKDFTAILS, OnViewNetworkdetails) 
ON-UPDAE-COMMAND-UI(ID-VIEW_N~ORKDFTAILS. OnUpdateViewNetworkdetaiIs) 
ON-COMMAN WID-VIEW,TRAMMGRESULTS. OnViewTrainingrcçults) 
ON-UPDATE-COMMAND-UI(iD-VIEW-TRAMMGRESULTS. OnUpdateVi~~TrainingrcsuIts) 
0N-UPDATE_COMMAND-UI(IDDSTA~-C~RE, OnUpdateStartCaptun) 
ON-WM-PARENTNOTIM() 
//) ) AFX-MSGNAP 

END-M ESSAG E-MAPO 
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//TODO: Remove this if you don't want tool tip5 or a reskeabIe toolbar 
~~~ooiBar.SaBarStyle(~~dTool BarBarGdBarstyle() 1 

CBRSdTûûL71PS 1 CBRS-FLYBY 1 CBRS-SUE-DYNAMIC); 

// TODO: Delete these thtee lines ifyou don't want the twlbv  to 
// be dockable 
m~~flmlBar.EnableDocklli~CBRS_ALIGN~NY); 
EnableDocking(CBRSAL1GNANy); 
DockC~ntrolBar(&m~wndT"I Bar); 

B O L  CMainFcame::OnCrcatcCIiait( LPCREATESTRUCT /+lpcs*/, 
CCreateContext* pContext) 

{ 
CRect rectClient; 
GetClimtRat(rectC1ient); // Retrieva the size of the ctimt area 

Il to set the size of the splitter window. 

VER[N(m_wndSpIiner.CroteStatic(this. 2. 1)); 
VER[FY(~wdSpfitter.CreateVicw(O,O, RUMIME-CLASS(CRawView). 

CSize(rectClicntWicitf0. rectClien~Htighti)L!), pContext)); 
vERIr/(ni_wndSpIiuererC~teView(l. O, RUNTIME,CLASS(CTmientLiStView), 

CSke(rectClicn~Width(), rectClienLHeÏght(YZ), pcontext)); 
r e m  TRUE; 

1 

BOOL CMainFramc::PrcCrcateWindow(CREATESTRU~& es) 
{ 

// TODO: Modify the Wmdow class or styIes here by modifyùig 
11 the CREATESTRUCTcs 

retum CFrame Wnd: PreCreateWmdow(cs); 
1 

//////////////l//I////////l////////I/l/////////////l/////l/I/////l/lll///ll/l 
// CMainFrarne diagnostics 

#ifdef-DEBUG 
void CMainFrame::AsscrtVaiid() const 

CFrmeWn&AssertValid(); 
1 



Appendix C: TAC-MM Source Code 

................................... ...... . . 

// CMainFrame message hancilas 

void CMainFrame::OnViewSegmentation() 
f 

nlwndSplitrer.SetActivePant(0. O. NULL); 
1 

void CMainFrame::OnViewFractaILrajectoryO 
f 

~wndSplitta,SetActivePane(O, O. NULL); 
1 

void CMainFrme::OnViewRawignaI() 
{ 

m-mdSplitter.SetAdivePane(0, O. NULL); 
1 

void CMainFrme::OnViewTmimt() 
f 

m-mdSpliner.SetActivePane(O.0, NULL); 
1 

void CMainFrame::OnVit~Zoomedra~5i~O 
f 

// TODO: Add your command handler code here 
CView* pCumntView = (CVitw*) m-wndSpiitta.GetPane(1.0); 
CTACJlMDoc* pDoc = ((TAC-MMDoc*) GetActiveDocument(); 

// Set the view to display the raw signal not the training or classification results. 
pDoc -> m-bViewTrainingResults = FALSE; 
pDoc 3 m-bScroliToTransient = TRLJE; 

i€(!@cumntview -> IsKindOf(Ri.JNTiME,CLASS(CTACJbihlView)))) 
f 

11 Get the dimensions of the second pane. 
CRect rcct; 
pCurrentView a GetWindowRect(&rect); 
CS ite pan& ize(ttct.Width(). rect Hcighu); 

//This is needed for CreateView. Some rncmbas might be optional? 
CCreateContext C o n t e  
C ~ n t a t ~ N e w ~ e w C I a s s  = RUNllME-CLASS(CTACJfMView); 
ContextrrtpCurrentDoc = GctActiveDocumait(); 
Contat-irrrrntFramc = this; 
Contart~NewDocTcmpiate = GctActiveDocumentt) -> GetDocTempIatc(); 
ContcxtuLastVicw = (CVicw *) pCumntView; 

// Delete the old view and add the new one. 
m_wndSpIin~DeieteView( 1.0); 
rn-wndSplitter.CreatcView(1. O, R~ME_CLASS(CTACew(MMView), pmeSizc. &Contact); 
CTAC-MMView* pNewVicw = (CIACJiMView+) ~wndSpliuer.GetPant( 1 ,O); 

// Redraw the second view 
pNewView GctParaitFmrne() -> RecalcLayout(); 
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void CMainFrame::OnUpdateView~medra~~~ignd(CCdUI* pCmdUI) 
{ 

// TODO: Add your command updatc UI handla code herc 
CTACJAMDoc* pDoc = (CTACJlh4Doc*) GetActiveDocumait(); 

void CMainFrame::OnViewNetworkdetaiW 

// TODO: Add your command handler code here 
CView* pCmtView = (CView ) m-wndSplineKGaPane( 1 .O); 
CTACMMDoc* pDoc = (CTAC-MMDoc*) GetActiveDocumenQ; 

// Get the dimensions of  the second pane. 
CRect recc 
pCurrentView -> GetWmdowRect(&rect); 
CS ize paneSize(rect. Width(). rectHeight()); 

// This is needed for CreateView. Some members might be optional? 
CCreateContext ContexS 
Context~NewViewClass = RCMTIME-CLASS(flmientListView): 
C o n t e x t ~ u r r a i t D o c  = GetActiveDocument(); 
Contextm_pCmentFrarne = this; 
Contcxt.m_pNewDocTempIate = GetActiveDocument() -> GaDocTemplak(); 
ContextuLastView = (CViewf) pCurrentView; 

// Delete the old view and add the new onc  
nrwndSplitier.DeletcVicw( 1.0); 
m_wndSplitter.CreatcView( 1. O, RüNTiME-CLASS(CïransientListView), paneSizc &Conte.); 
CView4 pNewView = (CView*) nwmdSplitter.GetPanc( 1.0); 

// Redraw the second view. 
pNewVicw 2 GctParentFrame() RdcLayorry); 
mwndSplitt=RacalcLayou~; 
pNewView -> OnuiitialUpdak(); // N d e d  to set the scroii ranges. 

void CMainFrame::OnUpdateVitwNehvorkd~Is(CCdUI* pCmdUI) 
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{ 
// TODO: Add your cornrnand update UI handlcr code h a  
CTACNMDoc* pDoc = (CTACJAMDoc*) GetActiveDocumeatO; 

void CMainFrame::OnViewTrainingrcsdti) 
f 

// TODO: Add your command handla code h a c  
Cview* pCurrentView = (CM&) m-wndSplittcr.GerPant( 1 ,O); 
CTAC-MMDoc* pDoc = (CTACNMDoc*) GetActiveDocumait(); 

// Set the doc to display the training or classifia-on results not the raw signal- 
pDoc a mbViewTrainingResuIts = TRUE; 

if (!(pCwrentVÏew -> IsKindOqRUNTIME-CtASS(ffACMMView)))) 
{ 

/ l  Ga the dimensions of the second pane. 
CRect recc 
pCunmtView -> GaWmdo wRect(&ect); 
CSke paneS~e(rcnWidtti(), rectHeight0); 

// This is nceded for CreateVÏew. Some mernbas might be optionaI? 
CCreateContext Context; 
Context~NewViewClass = RUNTiME-CLASS(CïACJ4MView); 
ContextrrLpCurrentDoc = GetActiveDocument(); 
Contsrtm-pCumntFrarne = thk; 
ContextmqNewDocTemplate = GeîActiveDocumait() -> GetDocTernpiate(); 
Contextm_pLastView = (CView*) pCumntView, 

/ /  Delete the old view and add ttie new one. 
rn-wndSpIina.DeleteView(1.0); 
m-wndSplitter.CreateView( 1.0, RUNTIME-CLASS(CTAC-MMview), panes&, &Contoct); 
nAC-MMVicw* pNcwView = (CTACJAMView*) m_wndSplitter.GetPanc(l .O); 

// Redraw the second view. 
pNewView GetParentFme() 3 RecalcLayout(); 
mwdSplitter.RccalcLayou~; 
pNewView -> OnlnitialUpdate(); II Nceded to sa the scroll ranges. 

1 
ebe 

{ 
p h ' *  UpdateAlIViews(NULL); 

1 

void CMainFrame::OnUpdateVÏewTrafningresuIts(CCmdUI* pCmdUI) 
{ 

// TODO: Add your conunand update UI handla code hem 
// TODO: Add your command @te UI handler code hcrc 

CTAC-MM&* pDoc = (CTAC-MMDoc*) GaActiveDocumcat(); 

void CMainFrame::ShowTminhgRtsul~ 
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void CMamFrame::SwitchToView(int Row. int Col, eView nView) 
{ 

I l  Note: this oniy works for the bottom pane views. (Row=l, Col = 0) 
CVicw* pCmtV icw = (CVicw*) m-pmiSplitter.GaPane(Row. Coi); 
CView* pNewView; 

Il Check if the currait view is the same as the ncw view. 
if (!((nView = TEXT && pCurrentView -> IsKindOflRUNTIME-CLASS(CTACJvfMView))) 

II (nview = LIST && pCumntView -> IsKindORRWME-CLASS(flransienttistview))) 
II (nView = RESULE && pCumntVicw IsKindORRUNTIME-CLASS(CRe5dtsView))))) 

{ 
II No, the new view nteds to be displayed 
CRect rect; 
p l m t \ l i e w  -> GctWmdowRect(&rezt); 
CSite paneSize(rectWidth(), rrctiieight()); 1/ Get the current view's Ilsize. 

// Change the window ID of f5e cumnt view to remove it fiom the 
/l the splïtter window and hide i t  
II The new window ID can be h m  8 -> OxDFFF. the rest 
// are resaved by MFC. 

else if (pCurrentView GetRuntimeClassO = RUNTlME-CLASS(CResu1tsVitw)) 
t 

pCurrentView -> SetDlgCtrlID(RESULTS); 
1 
II Add more casa here to select h m  more views. 
/ /  The wts m u t  also be added to the enumerated type eView. 

II Does a view of this type a l d y  exist 
if (~wndSplitter.GetDlgftem(aview) = NULL) 
{ 

/ /  No, mate  the view. 
CCreateContext contcxc 
c o n t e x L ~ u r r e n t D o c  = pCmmtView 2 GaDocumeat(); 

switch (nView) 
{ 
case TWCT: 

nw&pIitter.CreatevieW(Row, Coi, 
RüNTiME,CLASS(CiAC~MVicw), pantSize. &context); 

WlS 

case LIST: 
~wndSpIittcr.CreateView(Row, Coi, 

RUNTIME,CLASS(CT'ransimtListView), pan&&, Brcontext); 
brtak; 
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// Add more cases h a c  to seIect h m  more views. 
// The casa musc aIso be added to the mumerated type eview. 
1 

pNewView = (CView*) ~wndSpIitrn.GaPane(Row, Col); 
p N e w V h  3 Onlnitialclpdateo; 

1 
eIse 

// Yes. set the window ID of the new view thal aIready aisa 
// to the window ID of the currcnt view a d  show i t  
pNewVitw = (CView*) m_wndSplittecGetDIgItem(nView); 
pNewView a SetDlgCtriID(~mdSpliUer.IdFmmRowCol(Row. Col)); 
pNcwView a ShowWm&w(SW-SHOW); 

1 

rnwndSplimer.SetActivePane(Row, Col); 
1 

void CMainFrame::OnUpdateStartGpNre(CCmdUI * pCmdUI) 

// TODO: Add your cammand update UI handler code here 

void CMainFrame::OnParentNotifL(UW message. LPARAM (Param) 
( 

CFrameWnd::OnParentNotify(message. IParam); 

// TODO: Add your message handler code h m  
if (message = W M-DESTROY) 
{ 

TRACE("Tkis, Pamt Noa'fy message: Chiidid = %d. IParam = %d.\n", 
message, IParam); 

1 
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//CModeParamsDialog: dduies and controls the diaiog box dispIayed to change the segmentation mode parameters 
// Modef aramsDia1og.h : heada file 
11 

/l////l///////l//////l///////l/////////////l//l/l///////l/////l/////l/l////~/ 
11 CModeParamsDiaIog diaiog 

ciass CModeParamsDiaIog : public CDialog 

// c o n s m - o n  
public: 

CModeParamsDiaIog(CWnd* pParcnt = NUU); II standard constntaor 

// Dialog Data 
Il{ (AKDATA(CMdeParamsDia1og) 
enum ( IDD = IDDJ4ODEPARAMiTERSDIAUXi ); 
int -Mode; 
int m,NurnMdes; 
int m-MinSeparation; 
doubIen~LowThreshho1d; 
d o u b l ~ U p p e r ~ b h o I ~  
II) ) A K D A T A  

// Ovemides 
!/ CIassWitatd generated virtual hction ovenides 
// { (AFX-V 1 RTiJAYC ModeParams Dialog) 
pcotectaï: 
virrual void DoDataExchange(CDabExcbange* pDX); Il DDXIDDV support 
//3 }AFX,VIRTUAL 

// Gcnerated message map fimctions 
//{ {AFX-MSG(CModtPafamsDia1og) 
ah-mg void OnMuItimode(); 
afx-mg void OnSinglemod4); 
vinual BOOL OnInitDialog(); 
11) ) AFX-MSG 
DECLARE-MESSAGE-MAP() 

1: 
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Xifdef -DEBUG 
#define new DEBUG-NEW 
#undef THIS-FI LE 
static char THIS_FILEu = F I L E -  
#endif 

void CModeParamsDialog.:DoDataExchange(CDataExchange* pDX) 

CDialog::DoDataExchange(pDX); 
Il { (AFXDATAMAP(CMdePmDia1og) 
DDXRadio(pDX IDC-SiNG LEMODE,  mode); 
DDX-Text( pDX 1 DC-NUMMODES, m-NumModes); 
DDV-MinMaxInt(pDY ~NurnModes. 1 ,  1000); 
DDX-Text(pDX. IDC-MINSEPARATION, dinseparation); 
DDV-MinMaxint(pDX ~MhSeparat ion.  1, 100000); 
DDX-Text(pDX. IDC-LOWTHRESHHOLD. mJowThreshhold); 
DDV,MinMaxDoubIe(pDX. m-Low'lhrtshho Id, 0,SO.); 
DD>CTart(pDX. 1 DC_vPPEKïHRESHHOLDt mJJpperThrtshho1d); 
DDV-MinMaxûouble(pDX. mUppcrThrtshhol4 O, 50.); 
II) f A F X D A T U A P  

1 

............................................................................. 
// CModeParamsDiaiog message handlers 

void CModeParamsDialog.:OnMu1timod~ 
{ 

GetDlgItcm(lDC,NUMMODES)->Enablcmndo~~; 
GetDlgItem(IDC,LOWTHRES HH0LD)->EMbleWmdow(TRUE); 
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m-Md@; 
UpdateData(FALS E); 

r e m  TFtUE, // retum TRUE unless you set the focus to a control 
// EXCEPTION: OCX Property Pages should retum FALSE 

1 
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lfïhis file is modified by the author to impfement the relative tn'ggcrïng schane. 
//CNewDaraBase: defines and controis the diatog box displaycd to select parameters for a new database 

// NewDatabase.h : heada file 
// 

ciass CNewDatabase : public CDialog 

11 C o n s d o n  
public: 

CNewDatabasc(CWnd* pParrnt = NULL); // standard constnirtor 

// Dialog Data 
//{ {AF)CDATA(CNew Database) 
enum { IDD = IDD-NEW-DATABASE-DIALOG 1; 
CEditrn-nAdjustEdit; 
CEditrn-TngWinsizeEdit; 
CEdinri,SquelchTrigWidthEdk 
CEciitm-SquelchDelay Edit; 
CEditm-SquelchTrigEdiS 
CEdiûn-Model WindowShiAEdit; 
CEditmJlodel WindowSizeEdit; 
CEdiaModelV&ancePairsEdit; 
C E d i t m ~ ~  holdEdit; 
CEditrnimiWm&wSizeEdit; 
CEditrn-VariancePairsEdit 
CEditm-TmmientSiteEdit; 
CEditm-RawFileSizeEdit; 
int m-Raw Fi les k, 
int III-TransientSize; 
int m-WindowSize; 
int mVariancePak; 
doubl-Threshold; 
int m-ModeiV~cePairs; 
int cn-ModelWiridowSize; 
int in-ModeWmdowShifk 
int rn,aSquelchTrig; 
int ~Sque lchDelay ;  
int rn_riSquelchrrigWidtti-. 
int mnTrigWmS ize; 
ht rn-nTrigScheme; 
float mJiAdjust; 
int mnReduccdDim; 
int m.gTmsicntNum; 
//} ) AFX-DATA 

// Ovenidcs 
// CIassWzard geneated v h l  fimction overrides 
Il{ { AnCVIKiUA~CNewDatabse) 
protected: 
virtual void hDataExchmge(CDataExchange* pDX); 11 DDXiDDV support 
10 f AFX-VIrnAL 



Appendix C: TAC-MM Source Code 

public: 
TriggcrType mTrigTw. // Indicates the Qigger mathoci seIected. 

// Gaterated message map fùnctions 
//{ {AKMSG(CNewDatabase) 
Wnral BOOL OninitDïalogO; 
a&-mg void OnTrigSqueIcbO; 
afxmg void OnTrigVm; 
arjcmsg void OnTrigWmV-ar(); 
//) )AFX_MSG 
DECURE-MESSAGE-M.AP() 

1; 
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1 m s  file is modified by tbe auihor to implcmcnt the relative triggcring schune. 
Il NewDatabase.cpp : implementation file 
// 

#ifdef -DEBUG 
#d&e new DEBUG-NEW 
#undef THISJïLE 
static char T H I S ~ L E C ]  =FILE--- 
#endif 

void CNew Database::DoDataExchange(CDataExchange* pDX) 
{ 

CDialog:DoDataExcbange@Dx): 
//( ( m D A T U A P ( C N c w D a t a b a s e )  
DDX-Control(pDX. IDC-ADJUST. m-oAdjustEdit); 
DDX_ControI(pDX, IDC-TRiGWMSKE, naLTngWmSizcEdit); 
DDLConml(pDX, IDC-SQUELCHWIDTH, ~SqucIchTrigWid!hEdït); 
DDX,Control(pDX, IDC-SQUELCHDELAY, ~SqutlchDelayEdit); 
DD>CControl(pDX. IDC-SQUELCHTRIG. m+SquelchTrigEdit); 
DDX-ControI(pDX, IDC-MODELWMDOWSHIFT. ~odeIWmdowShiftEdit);  
DD]CConml(pDX, IDC-WIN Dû WSIZE2, m,ModelWmdowSkEdit); 
DDX-Control(pDX. IDC-VARIANCEPAIRSZ. mJdodeIViuiancePairsEdit); 
DDX-Control@DX IDC-THRESHOLD. niThrcsholdEdit); 
DDY,Control(pDX. IDC-WM Dû WSLZE, mWmdowSÏzeEdit); 
DDX-Control(pDX. IDC-VARIANCEPARS, ra-ViuiancePairsEdit); 
DDX-Control(pDX, IDC-TRANSIENTS IZE. irl_TransientSiztEdit); 
DDX-ControI(pDX, IDC-RAWFILESIZE mJtawFileSizcEdit); 
DDX-Tat(pDX. 1 DC-RAWFILES IZE. m-RawFileSizc); 
DDV-MinMaxInt(pDX, m-RawFikSize. 1000,25000); 
DDLTa<t(pDX IDC-TRANS IENTSfZE niTransicntSize); 
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BEGiN-MESS AG E-MAP(CNewDatabase, CDiaIog) 
fl{{AFX~SG-MAP(CNcwDatabase) 
ON-BN-CLICKED(1DC-TWGSQUELCH. OnlngSquelch) 
ON-BN-CLICKED(IDCDCTRIGVAR, OnTngVat) 
ON-BN-CLICKED(1DC-TRIGWWAR, OnTrigWinVar) 
I I )  ) AFX-MSG-MAP 

EN D M  ESS AG E-MAPO 

............................................................................. 
// CNewDatabase message handlas 

~FtawFileSueEdit timitTurt(5); 
n~TraasientSizeEditLi~tTact(4); 
mVa~anctPairs Edii. timitTut(2); 
~ModelWindowShiftEdit~LimitTex~3); 
m&fodeivarianccPai6Edit LimitTurt(2); 
rnModel WindowSizeEdit LimitTcxt(4); 
~WiidowSizeEditLimitTuro(4); 
mThreshoIdEditLÙnitText(6); 
tn-SquelchDelay Edit LimitText(6); 
m-SquelchTngEditLimitText(6);11# of chars usa can enter in d i t  box 
rn-TrigWmS ize Edit.LimitTart(6); 
rn-SquelchTn'gWidthEdit.LimitTat(6); 
m-nAdjustEcîit LimitText(4); 

II Enable the corrtct conbois dcpending on the trigger type. 
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switch (m-TrigTypc) 
{ 
case VARIANCE: 

CheckDigB~tlon(1DC~TRiGVAR. 1 ); 
GaDI@tem(IDC,SQvELCHDELAy)->EnablcWindow(FALSE); 
G&l@tem(IDC-SQUUCHTR1G)->EnabIcWindow(FAtSE); 
G e t D I g l t e m ( l D C , S Q U E U 3 W D ~ E n a b l e W ~ ;  
GetDlgIt-IDC-WMDOWSIZE).>EaableWuido~UE); 
GaDlgItcm(IDC,VARIANCEPAIRS)->EnableWmdo~UE); 
GaDlgItem(1DC-mRESH0LI))->EnableWmdo~UE); 
GetDlgI tcm(1DC-TFUG WiNS EE)->EnablcWin&w(FALSE); 

case SQUELCH: 
CheckDlgButton(IDCDC~GSQUEU3H, 1); 
GaDIgItem(1DC-SQvEU:HDELAy>->~bIcWmdo~RU~; 
GetDlgit~IDC_SQUELC~G)->Enab1eWin&~UE); 
GetDIgItem(1DC-SQUELCHWIDTH)->EnableWmdo~uE); 
G&lgItem(IDC_WINDOWSIZE~EnableWindow(FALSE); 
Getol@tem(IX,VA~NCEPA1RS~EnabIeWmdow(FALSE); 
GetDIgIterrs(1K-WRESHOU)pEnableWuidow(FALSE); 
GetDIgItem(1X-TWGWMSV.~EnableWhdow(; 
GetDIgItem(IDCJDJUST)->EnableWuidow(FALSE); 

break; 

case WM WWEDVARIANCE: 
CheckDigBumn(1DC-TRIGWAR 1); 
GetDlgItem(IDC,SQUELCHDELAY)->EnableWuido~UE); 
GetDlgItem(IDC,SQUELCKTRIG)->EnableWindoflRUE); 
GaDlgItem(IDC,SQUEU=HWIDTH)->EnableWindo~UE); 
GetDlgItem(1DC-WiN W W S  tZE)->EnablcWÏndow(TRUE); 
GetDlgItem(1DC-VARIANCEPA1RS)->EnableWmdomUE); 
GetDl@tem(IDC-mRESH0LD)->EnableWindom; 
GetDlgItem(IDC,TRIGWMSIZE)->EmbIeWindow(~UE); 
GetDIgItem(lDCADJUST>>EnableWindoflRUE); 
bttak; 

r e m  TRUE; // rerum TRUE imless you set the focus to a control 
// EXCEPnON: OCX Property Pages should retum FALSE 

1 

void CNewDatabase::OnTngSquelch0 
{ 

// TO DO: Add your conml notification haadla code hac 
if(IsDlgSuaonChecked(IDCDCTRIGSQUELC~) 

ntTrigT-y-pc = SQUELCH; 
GetDl@tem(IDC,SQUELcHDELAY)->EnableWmdo~UE); 
GaDIgltem(IDC-SQUELCICTRIGpEnablcWtndamve); 
GetDl@tcm(1DC,SQvELCHWID~EnabIeM~~do~uE); 
G&l@tem(IDC,WMDoWSI~EnabIeMndow(F; 
GctDlgIttm(IDC,VAR[ANCEPAIRS~hbleWmdow(FALSE); 
GctDlgIttm(IDC_THRESHOLD~EnableWindow(FALSE); 
GetDlgItcm(IDC,TRTGWMSIZ~EnableWmdo~FALSE); 
GaDigItem(IDC~DlU~EnableW1~1&w(FA~; 

1 

void CNewDatabase:OnTngVar() 
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( 
// TODO: Add your control notification hancilacode hen 
i~bDi~uftonChecked(IDCDCfRfGVAR)) 
1 

~TrigType = VARIANCE; 
GetDl@tcm(IioC_SQUELCHDELAy)->EnabIeWmdo~ALSE); 
GetDlgltmi(1DC-SQUEU=mRIG)->EnableWindow(FALSE); 
GaDlgItem(IDC-SQUELCHWIDTH)*EnableWhdow(FALS E); 
GetDlgItem(1DC-WIN DOWS @EnabIeWin&w(TRUE); 
GetDlgIttm(1DC-VARIANCEPAIRSpEnableWmdo~uE); 
GaDl@tem(IDC-mRESH0LD)->EnableWmdomvE); 
GdDigltem(IDC~~GWMSIZE)~EnableWm&w(FALSE); 
ifC~TrigSctiemc=l) 

Gct i ) lgI tcm(IDC,ADJU~EnabteWindo~U~;  
else 

GetDl@tem(IDCADJUST)->EnabIeWindow(FALSE); 
1 

void CNewDatabase::OnTrigWinVar() 
{ 

I/ TODO: Add your control notification handler code herc 
if(IsDlgButtonChecked(iDC,TRIGWMVAR)) 
{ 

rn-TrigType = WïN DO WEDVARI ANCE: 
GetDlgIte~IDC_SQUEU=HDELA~EnableWindowfTRUE); 
GetDtgItem(IDC_SQUELCHTRIG)sEnablcWindo~R~; 
GetDlgItem(1DC-SQUELCHWIDTHpEnableWindowCIRUE); 
GdDlgItem(1DC-mD0WSLZE)->EnableWindomRUE); 
GetD1gitem(IDC,VARIANCEPAIRS)-~~bleWmdo~UE); 
G e t D I H t e m ( 1 D C - ~ R E S H O L D p E n a b l e W h d o ~ ;  
GaDlgitern(1DC-TRiG WmSIZE)->EnableWimdow(~UE); 
GaDIgIttm(lDC~DJUS~EnableWindoflRUE>; 
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K P N N :  contains d l  PNN pmcessing routines 

pmtected: 
int m-nT~ansientModelSizt-JIInit in constructor 
int mjNumCascs; 
int m-nNurnClasses; 
double %-Sigma; 
BOOL m-bSigmaslnitialized; 
BOOL mbSigmasOptimized; 
double mdBcstError; 
double rrcLowaStarchLimit; 
double m-UppcrSearchLimit; 
CrransimtArray *m-TransientArray ; 

public: 
BOOL mbStopNow; /Mme 4 vars must be accessable by 
double m-nUserDisplaySigma;//tfie dialog class that updates the user 
double m-dUserDisplayEmr. 
int m-nUserDispiayDisCricteErmr; 
double mdUserDispIayImprovemen~ 

CPNN() ( nl_Sigma=aew doubIe[l]; ) //in case neva init 
-CPNN() { dcletc [J m-Sigma; ) 
void initialÙe(int TransientModelSize); 
void Serialée(CArchive& ar); 
int ClassiQ(doub1e *Unknown, double *SummationNeuron, int Skip. 

double RejectThreshold, double *Activation); 
BOOL TrainSigmasinit(int NumSearchPoUits, BOOL GIobalDone, 

double *LowerSigma, double *bwerError. double *MiddleSigma, 
double *MiddleError. double *UpperSigma, double *UpperEmr); 

void SctNumCases(int NumCases) { auiNmCascs=NwnCascs; ) 
void SetNumClasses(int NmClasstr) f ~nNumClasses=NumClasses; ) 
BOOL GetSigmasINtialized() { retum m-bSigmasInitialued; ) 
BoOL GctSigmasOptimï&o ( mtum m-bSigmsOptimized; ] 
int GetNuriiClasses() ( raurn m_nNumllasses; ) 
double GetfintSigma() { rcturn m-Sigma[O]; ) 
void SetLowaSearchLimit(double LowaSmrchLirnit) 

( ~LowcrSearchLimi~LOwerS~hLimit;  ) 
void SctUpperSearchLimit(doub1e UpperSearchLimit) 

( m,-UpperScarchLimiMJPperSearchLirnit; ) 
BOOL GlobMïn(mt NumStarchPoints, double *towcrSigrna, double *LowcrError, 

double *MiddleSigma. doublc *MiddleError, double *UpperSigma 
double *UpperEmr); 

double Finffir(doub1e Sigma, int *DiscretCError); 
void SetTransicatAmyPoiatcr(CTransi~1tAmiy TransiaitArray) 

{ m,-TxansicntArray=Trart~i~1tAnay; ) 
void SetSigmasInitialized(B00L init) ( mbSigmasInitialked=Ini~ ) 
void SetSigmasOptimized(B00L Opt) { tn-bSigmasûptimkd=opc ) 
CStnng m U s a - M e s s a g ç  
void GoIdMin(doub1e *LowerSigma, double *bwaError. double *MicicileSigma. 

double *MiddleEnor. double UpperSigma. double *UppcrEmir); 
int FindDerivs(double *Uoknown. doublc *SurnrnationNeuron, 

int Skip, double *Dcriv, double *Daiv2); 
double CmulateErrorAndDcrivs(double *Sigma. double *&v, 
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double *Daiv2, BOOL CumuIateDerivs, int *DiscrucError); 
BOOL ConjGradicntsMm(doub1e ConvcrgcnctTolaance); 
double FindGamma(doub1e *g, double 'Grad); 
void FindNewDir(doubIe Gamma. double *g. double *h, double *Grad); 
double UniVarErnir(doub1e Point. double *Sigma,doubfe *Sase, double 'üeriv); 
BOOL CGGIobMin(iat NumSearchPomts. doubIe *LowaPoint.double *LowaEmrl 

double *MiddlePoint, double *MiddleEm>r, double *UppcrPoint, 
doubie *UpperEnor, double *Sigma. double *Base, 
double *Direc); 

double BraitMin(int ItMax. double *LowerPoint. double *MiMePoint. 
double *UpperPoint. double MiddeErmr, double *Sigma, 
double *Base. double Diraz); 

B OO L TdnSigmasOpt(double Tolcrance); 
void FillTrauÿngResuItsArray(CResuitsAnay *ResultsAnay); 

#if&f ,DEBUG 
void Dump(CDumpContcxt& &) con% 

#nidif 
1: 
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#ifdef -DEBUG 
void CPNN::Durnp(CDumpContext& dc) const 
{ 

CObject:Dump(dc); 
dc cc "Hi Do m.. CPNN Dump."; 

1 
#endif 

void CPNN::Initiaiize(int TransientModelSirt) 

~TransicntModelS~TransienM&eISitt; 

delete fl m-SigmaJhd to do durnmy init in constnictor. ..undo it now 
m-Sigma=new doubIefmnTran~ientModelSize]; 
nt-Sigma[O]= 1 .O; 
m-dBes tError-999 .O; 
mdUserDisplay mm-dBestError, 
m_~iUserDisplayDiscreteEmr-999; 
m-bSigmasInitializa+FALSE; 
m-bSignasOptimÏFALSE; 

1 

void CPNN::S&aIize(CArchive& ar) 
{ 

int ctr; 

delete O ~ S i g m a $ h a d  to do dumrny init m comctor. ..undo it now 
rri_dUsaDisplayErro~d&stEmr, 
rn-Sigma=new &ublc[~nTransinitModelSize]; 
for (CM; ~WrruiTransientModelSizc; ctr++) { 

ar » m S  igma[ctr]; 
1 

1 
1 

int CPNN::Classify(double *Unicnown. double *SummationNeuron. int Skip. 
doublc RejectThreshold, double *Activation) 

//make sure ~ u m C t a s s e s  and m_nNrmiCases arc set Mor to calling 
int TransicntClass, TrgCasc. UnkiownClass. *NoSamplesInClass; 
double TrgSetTransient. Distance. Diff. Best. psum; 
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for (int ctr=O; Cttirn-~iNUmClasses; cstt) { 
SummationNcumn[ctr]=û.O$l will sum kanek ficm 
NoSamplesInCIass[cir]=0; 

i 

Distance=O.O; // WiIl sum disrSmcc h a t  
for ( c W ;  cwmnTmiartMode1Sitt; c W )  { 

Diff = Unknown[ctr]-TrgSetTr-enQctr]; 
Diff /= mSigma[cu];// Scale per sigma 
Distanc+DifPDiff.J/ Cumulaie Euclidean distance 

1 
S u m m a t i o n N e u m n ~ ~ i ~ 1 C I a s s ~ - D -  K d  
//S~mf~tionNmn[Transi~1tCiass]+= 1 .O/( I .O+Distance*Distance); 
NoSamplesInClass[TmiaiClass~ 1; 

1 
1 

//decide if we want to account for prior probabiIities in this Imp 
psum=O.o; 
for(cM; ct6uutNumCiasses; c m )  { 

iqNoSamplesInClass[c~!=0) 
SummationNeuron[ctr]/=NoSmplesInClass[ct~;//account for unequa1 trg 

/lsample repreescntation 
psum+=SwnmationNeuron[ctr]; 

1 

BesH.0; 11 K q  track of max across pops 
UnknownClass-1; //if a11 sdon neurons equal O. then give impossibIe answa 
for ( c d  ;ctsm_riNumClasses; ct-) ( 

if (SummationNeuronfctr]~Best) { // find the highest activation 
Best=SummationNcuron~] ; 
U n k n ~ w n C l ~ b ;  

1 
1 

*Activation=Ben;//for multimodal classification 

if (Skip=- 1 gr&Best<RqectThreshold) 
UnknownClass-1 ;kject cut activation too Iow 

BOOL CPNN::TrainSigmasLnit(int NumSearchPoints. BOOL GIobalDone, 
double *towaSigrna, double LowaError, 
double *MiddleSigma, double *MiddIeError. 
double Wppa-Sigma. double *UpperEmr) 

( 
BOOL IsNotSuccessful; 
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m~UserMessage.F~miat(~in Golden Section Minimization Algorithm"); 
GoldMin(LowaSigma. LowcrError, 

MiddleSigma. MiddleEmr. UpperSigma. UppcrError): 

BOOL CPNN::GlobMin(int NumSearchPoints. double *LowerSigma, double *LowerErmr, 
double *MiddleSigma, double *MiddteError. double *UpperSigma. 
double *UpperEnrir) 

{ 
int ce. ibest, CmentDiscreteEmir, PreviousDiscrrteError. 

LowerDiscreteEnor, MiddleDiscreteError. UpperDiscreteEmr, 
doubte C m t S i g m a ,  C m - r ,  Rate, P r e v i o ~ . O ;  
BOOL Tum&Up=FALSE, UserQuieFALSE; 

ibest = - 1 ; i/ For proper escape if m r  reaches O 

for (-; ctsNumSearchPoints; c m )  { 
CurrentEmr=F ïndEmr(CurrentSigna. &CumntDiscreteError); 

if ((cU-v)l[(CurrentErro6*MiddeEnr,r)) { // Kttp track of best h m  
1'bestd; 
*MiddlcSigma=CurrrntSi~ 
*MiddieErro<umntError; 
MiddleDisc~teError-CumntDiSCrrteError, 
*LowcrErro~Previous;l// Function d u e  to its Iefi 
towerDiscrete~~Pievio~~DiScreteEm,r; 
Tumed-UyFALSE;// Flag that min is not yet bounded 

1 
else if (cû==(ikst+ 1)) {// Didn't improve so this point may 

*UpperError-CumntErmrJ/ be the right ntighbor of the bcst 
WpperDiscrcteEm,r-CumntDismteEmr; 
Tumed-Up=TRUE; // Fiag that min is bounded 

1 

if ((MiddleDiscrrieEm,L)&&(t'bes~)&&TmdtdUp) 
break; // Done if gwd enough and both ncïghbors found 

if (mbStopNow) { 
US~~Q~~FTRUE;  
break; 

1 
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*LowerSigma=*MiddieSigma/Rate; 
*UpperSigma=*MiddleSigma* Rate; 

if (!Turneci-Up) {II Must extend to the tight (largcr x) 
for (;;) { II Endless Ioop goes as long as  neccssary 

*UpperError=FindError(*UppaSigm& &UpperDkdeError); 

if (*UpperErroi>*MiddleError) II If fimction increased we are done 
break 

if ((*LowtrEmi-*MiddleError)&&(*MiddleErmi-*Uppg~r)) 
brtak; II Give up if fiat 

if ( c b S  topNow) { 
U S ~ ~ - - T R V E ;  
break; 

1 
*LowerSigma=*MiddleSi&maJf Shift ali points 
*LowaEm>r-*MiddIeError; 
LowttDiçcffteError=MiddIeDiscrcteEnr,r; 
*MiddleSigma=*UpperSigma; 
*MiddleError=*UpperEm,r; 
MiddleDiscrrtehr=UppaDiscreteError; 
Rate-3 .O; Il S tep turtha each t h e  
*UpperSigma*=Rate; 

1 
1 
else iqibes-) (// Must cxtend to the leR (smdler x) 

for (;;) { II Endless lwp goes as long as neces- 
*LowaError=FindError(*tOwerSigrna, &towaDiscrcteError); 

if (*LowcrEmr>*MiddieError~l If timction mcreased we art done 
bttak: 

if ((*LowcfErroiWMiddleError)&&(*MiddleErroi*UpperEm>r)) 
break; II Give up if fiat 

if (rn-bStopNow) { 
UserQuit=TRUE; 
brtak; 

1 
*UpperS igma=*MiddleSigma;/l Shift al1 points 
*UpperError=*MiddleErrory 
UppaDiscreteErm~MiddIeDimacError; 
*MiddlcSigma=*LowerSi~ 
*MiddleError-• LowaError; 
MiddleDisc~tcError=Lo~erDismteEmir: 

Rate*=3.0; II Step fiirtha each time 
*LowerSigm+Rate; 

1 
1 
m_lowerSearchlimit=*LowerSigma; 
m-UpperSearch LÏmit=*UppcrSigma; 
cdBestErroi--MiddleGror; 
m-dUserDisplaybr-*MiddleEm,rj/for user update on tuner 1 
~UsaDisplayDircrrteEm,r=Midd1.eDiscrcteEmr. 

double CPNN::FindErmr(doubIe Sigma, int *DiscreteError) 
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{ 
MSG message; 
int PredictedCIass. CorrectClass, ctr 1 ; 
double *CumntTransient, *SummaîionNamn. TotalErrod.0. Diff, Error, AcS 

DiscreteError?); 

fof(cs-0; ctr<mnNtunCases; c l r H )  { 
CurrentTmiai~TmnsicntArray* 

G e t A t ( c ~ ~ d T ~ i ~ ~ l ~ i e r ~ t M o d c l ( ) ;  
PredictedClass=Classi~CurrcntTransienf SummationNeuron, ctr,NüLL&Act); 
CorreaCI~Transi~1tArray->GetA~ctr~dTransimtC~; 
if (PredictedCIass!=ComctCIass) { 

DiscreteError+- 1 ; 
1 
Errol=o*o; 
for (cal =O; ctrlcm-nNumClasses; ciri++) { 

if (ctrl4omctClasç) { 
D i e l  .O-SummationNeuron[ctrl]; 
E r r o r k = D i P D i ~  

1 
else { 

Error+cSummationNetnon[c~l ]*S~~~~nation-l]; 
1 

1 
TotaIErrort=Error; 
if (::PeekMessagc(&mcssage, NULL. O. O. PM-REh4OVE)) { 

::TranslateMessage(hessage); 
:: DispatchMcssage(&rnessage); 

1 
AfxGetApp(~DoWaitCursor( 1); 

1 
TotalErrorl=m_riNumCases; 

m-nUserDispIayDisc~teError=*Discr«:eEm,rJ/for user output on timer 1 
m-nUserDisplay Sigma=Sigma; 
rri_dUserDisplayEm~TotalEmr; 

void CPNN::GoldMin(double *LowerSigma, double *LowaErmr, double *MiddleSigma. 
double *MiddieError, double *UppaSigma, double +Upperhor) 

{ 
int CurrentDiscreteError. MiddleDiscreteError; 
double LeftWidth, RightWidth, CmtSigma, CurraitEmr, 
double Gold=20/(1 .O+sqrt(5.0))~/about 0.6 18 or (1  .O - 038 197) 

for (;;) { 11 Endess loop goes as long as  ntcessary 
if (mbStopNo~l*MiddleSigmaW) ( 

bteak; 
1 
if ((*UpperSigrna-*LowerSigma~3.e-8**MiddleSigma)) { 

break; Ilavoid retining beyond double precision 
1 

if (LeftWidth>RightWidth) {lifeft i n t d  larga so split it 
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CumntSigma=exp(log(*LowaSigma~old*Iok(*MiddeSi&ma/ *Low«Sigma)); 
CurrentEmr=FindError(CumntSigma, &CrcmntDiscre<eErrot); 
if  ((CumntError<+MiddIebr)j~((CurraitErn,MiddleEmr) 

&&(*LnwerErroH*UppaError))) (//if we improved or ticd wi?h Ieft 
//side fivored. discarci right point 

*UppcrSigma=*MiddleSigma; 
UpperError=+MiddleError; 
*MiddlcSigma=CumntSigma; 
*MiddIeb~CurraitError; 
MiddleDiscreicError=CufteatDiscrcteEm,r, 

1 
else { //didn't improve so discard left point 

*LowcrSigma=CurraitSigma; 
*LnwcrError-CurccntError, 

1 
1 

eise { 
C u r r e n t S i g r r i a - u p ( 1 0 ~ * U p p a S i p ~ o l d * l o * M i i  *UpperSigma)); 
CurrentEmr=FhdEmr(CmtSigua &CurrentDiscnteError); 
if ((CumntErro6*MiddleErmr)l[((Curraiffi+MiddleError) 

&&(*LowerErroe*UpperError))) {//if we improved, or tied with n'ght 
//side favored, discard lefi point 

*LowcrSigma=*MiddleSigma; 
*LowaEm>r=*MiddIeErn,r; 
*MiddleS igma=CurrentSigma; 
*MiddleError=CwrentError; 
MiddeDiscreteError-CurrentDiscttteEm,r; 

1 
else { //didn't improve so discard right point 

*UpperSi-urrentsigma; 
*UpperError-CurrentEmr, 

1 
1 

; 
m-dBestError=*MiddlcError; 
m-dUsaDblayErtor-*MiddleErrorJ/for usa update on tiiner 1 
m-nUserDisplayDiscrrteError=MiddleDiscrcteErro~ 

1 

int CPNN::FindDen'vs(double 'Unknown. double *SummationNeuron. 
int Skip. doublc *Deriv, double *DerivZ) 

{ 
double *VPtr, *WPtr. VSum. WS- 
double Temp. Der1 . W2, psum; 

int TransientClass, TrgCase. UnknownClass. *NoSampIesInCIaçs; 
double TrgSetTransient. *v. *W. *DifEqr, Distance, TrueDisf Diff, Best; 
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Distancd.0; 11 Will sum distance hem 
for (CM; cts~TransientModeISize; c W )  { 

Di+Unbiown[ctr]-TeetTransia~t[ctr]; 
DimSigma[ctr]; II Scale per sigma 
DiffSqr[ctr]=DifPDifffl/ Squared weightcd d i ï c e  
Dktanc+DifEqflctr]$/ Cumulate for al1 vars 

1 
Distanc~exp(-Distance); 
//Distance 1.0/(1 .O+Distance*Distance); 
TrueDist=Distance; 
iflDistance< 1 .&) 

Distance=l .do; 

V~Tra11~ientClass*m-nTransicntModeISuc;/ffomt to this row in v 
W~Tran~ientClass*~TmiaitMdelS;zc;/IAnd w 
for ( c t ~ O ;  chim~iTcansientModelSize; c*) ( 

Temp=TrueDist+DiffS~ctr]; 
VptrIctr]+=Temp; 
WPtr[ca]t-Temp*(20*Diffs~ctr]-3.0); 

1 
1 

1 

Ifdecide if we want to account for pnor probabilities in this loop 
psulil=0.0; 
for(cm; cwm-nNumClasses; ctree) ( 

if(NoSamples1 nCIass[ctr]!==O) 
SummationN~lron(ctfl=NoSampl~~InClass[~]~/a~mt for uncqual trg 

//simple repreescntation 
psu~SummationNeuron[ctr]; 

1 

for (M; c ~ ~ N u m C 1 a s s e s ;  c*) { 
SummationNeuron[ctr]!=pnun; 

1 

//Cornpute the deaivatives VSum and WSum an the simple sums of v and W. 

for ( c m ;  cts~nTransientModeISize; c W )  { 
VSurn=WSum=û.O; 

for(int O u t V d ;  Out~m-.nNumClasses; OutVar») (//Cumulate VSurn and WSum 
~ [ O i d ~ T r a n s i c n t M o d e I S i r ~ t r ] ~  

2O/@sum*~Si*NoSamplcsInClass[OutVar]); 
w[OutVar*rr~iTransiaitModelSizttctr]t= 

ZO/@sum+rrcSi~cu]*~SigmaCctr]*NoSamplesInClass[OrdVar]); 
V S u ~ [ h t V a r * m ~ i T r a n s i a t M o d e l S ~ & ] ;  

WSumi-w[OutVar+~TransimtModelS~etctr].l; 
1 

for (Out W; OutV-m-NumClasscs; Outva*) { 
W 1-~OutVarSrrtnTmi~tMdeISiz~tr] 

-SummationN~~r~n[OutVar]*VSum; 
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if (OutVi*-~~TraTISientAnay~ecAt(Skip~ctTransientClasi)) ( 
Temp=2.0 * (SummatioaNmn[OutVarf- 1 .O); 

l 
eise ( 

Tmp=2.0 *SummationNanrin[OutVar]; 
1 

B d . 0 ;  // Keep uack o f  max across pop 
UnknownClass-1; //if al1 sdon neurons equal O. then givc impossible answcr 
for (CM ;ctr<m,nNumClasses; CM) ( 

if (SurmnationNcuron[cnl>Best) { // find the bighest activation 
B~SummationNeurnn[ctr] ; 
u~ownclass=c~ 

1 
1 

double CPNN::CumulateErrorAndDaivs(doubIe *Sigma. double *Deriv, 
double *DerivZ, BOOL CumdatcDerivs, 
int *DisxteError) 

{ 
MSG message; 
int PredictedClass. ComtCIass. cal;  
double *CmentTransienf *SummationNeuron. TotaIErroWI.0. Diff. EmrAct; 
*DiçcreteErro~=O, 
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TotalErrorkn_nNumCases; 
if(CumuIatcDerivs) { 

for ( C H ;  c~m~nTcansiaitModelSize; c W) ( 
Deriv[ctr]/~NumCases; 
DerivZ[cir~NumCases;  

1 
1 

I* m-nUserDisplayDiscretcErro~*DiScrete~rj/for usa output on timer I 
ndUserDiSplay Erm~TotalEmr; 

*/ 
delete 0 SummationNeuron; 

BOOL CPNN::ConjGradientsMin(doubIe ImpmvemcntTolerance) 
{ 

int ctr. ctrl, ItMax=32767, ConvergenceCtr, PmrCJCa; 
double CurrcntBest, CurraitValue, PreviousBest, Tolerance. Improvement; 
double Dotl. Dot& DLen. Hi& Scale. Gamma: 
double LowerPoint. MiddlePoint. UppaPoint, 

LowaError. MiddIeError, UpperEmr; 
double *Sigma, +Base, *Deriv, *Direc, *& *h. *Deriv2; 
double Con~ergenceTol~ceSO~000000000 1; 
int CurrentDiscreteError; 
BOOL UserQuit. ImpmvementToIeranceReachedtFALSE; 
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for(ctd; CScItMax; ctrr-t) { 
if (PreviousBest <= 1.0)// I f  the fimction is d l  

TolerancccConvergaiceTolerance;l/ Work on absolutes 
eIse // But if it is large 

TolerancFConvcrg~1ceTolcrance*~o~~&st;// Kbep thuigs relative 

ifT(RtviousB~€umn~)~=ToIerance) (II If linle improvcmcot 
iK++ConvergcnceCt~=3) II Then count how many 
ml-dBestEcmr=Current&st; 
break; 11 And quit if too many 

1 
eise 11 But a good iteration 

ConvergmceC&=O; 11 Rcsds uiis counter 

if (xn-bStopNow) { 
~ d B e s t E m F c ~ ~ ~ c n t B e S c  
bk; / /user  has quit 

1 
Dot l=DotZ=Dh=O.O;// For finding directional daivs 
Hi&= 1 .c-4; // For scaling glob-min 
for(ctrl=O; ctrl <rn-nTmientModelSize; ctrl*) { 

Base[ctrl]=Sigma[ctr1]J/ We step out h m  hert 
if(Deriv2[ctrl]>Highy/ Keep mck of second denkatives 

High=De~ivZ[ctrl];/l For linear scarch via glob-min 
Dot l+=Direc[ctrI ]*gCctri ]$/ Directional fim dcrivativc 
DotZ+=Dircc[ctri ]*Dira:[ctrl]*Deriv2[c~/ and second 
DLen+CDirec[ctrl]*Direc[ctrI];Il Lai@ of starch vector 

1 

ScaleeDot l/Dot2;// Newton's ideal but unstable scale 
High=15lHigh; I/ Lcss ideai but more stabIe heuristic 
if(Hi@<l.&) // Subjectively keep it rcalistic 

H i e  l .eV 

iqScai60.0) // ïhis  is tmiy path01og.I 
Scale=Higtt; // So stick with oId reliabte 

else if(Scald.1 *Hi&)// Bound the Newton scale 
Scale=O.i *High;l/ To be close to the stable scale 

else ifTScaic>lO.O*HighY/ Bound it both abovc and below 
Scale=lO.O*High; 

UsaQuiKGGlobMin(-3, &LowerPoint. &LowerError. &MiddIePoin~ &MiddleEmor, 
&UpperPoin~ &UpperEmr. Sigma. Base, h); 

if(UserQuit) ( 
if(MiddleErn>&hmtBest) {// If global causai improvemcnt 
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for(ctrl=O; ctr1<~TransiaitModeiSire; ctrl U )  { 
S i ~ c a l ] = ~ m l  J+MiddiePoint*Dn.ec[clrl]; 
iqSigma[ctrI]<l .e-IO)// Limit it away h m  zero 

Sigma[ctri )= 1 .e-lOj/ Fairiy arbitrary constant 

1 
CunnitBest=MiddleError; 

1 
else { // Else revert to startmg point 

fot(ctrl=O; ctrlcm-nTransiaitModeISize; ctr 1 U )  

Sigaa[c&l]=Base[ctrl]; 
1 
m-dBesffir=CmtBesi;  
break; // user has quit 

1 

if(ConvergenceCtr) 
CumntBesFBrentMin(20, &LowcrPoint, &MiddlePoinf &UpperPomt, 
MiddIeError, Sigma, &C Dirrc); 

ebe 
Current&s~Brent??in( 1 O. &lowaPoint, &MiddlcPoint, &UppcrPoint, 
MiddIeError. Sigma. Base, Direc); 

for(ctr1 =O; ctrlcm-nTransientMode1Sk ctrl++) { 
Sigma[ctrl J=Base[cal ~MiddlePoint*Dir#:[cwl]; 
if(Sigma[ctrl]cl .e- 1 O)// Limit it away ftom zero 

Sigma[ctrl]=l.olO~/ Fairly arbitmy constant 
1 

ifTCurrentBest<0.0) {Il If u s a  quit during BraitMin 
m-d Besffir-Current&st; 
break; //user has quit 

1 

1 mprovemcnt=(PreViousBest€~~~ntBestyPreviouBest; 
m-dBestEmdmaitBest; 
Cwrent~luc=CmuIateEmrAnd~vs(Sigma. Deriv, M v Z ,  TRUE 

&CurrentDiscretehr)dfcalc derivatives 
ASSEKï(CurrentValue=CmentBest~J/make sure this occurs... 

for(ctrI4; ctrlcm~TrançientModelSize; ctrl*)ll Flip sign to ga 
Dircc[ctr 1 ]=-Detiv[ctrl]; // negativt gradient 

i~Irnprovment<O.OO 1 )Il Count how many times we 
i+PooICJCtr; 11 got poor improvcment 

else 11 in a mw 
PooIuCtr=O; 

ifTPoorCJCW-=2) {// lf sevaal thes 
if(Gammzu 1 .O) // timit gamma 

Gamma= 1 .O; 
1 
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if ( P o o r C J C ~ )  {// If too many &es 
PmrCJCtFQ // set gamma to O 
Ga.mm~0.0; // to use steepcst descent (gmknt) 

1 

FindNewDIl(Gamma, g, h, Direc);// Compute search direction 
1 

deiete O Sigma; 
delete 0 Base; 
delete 0 M v ;  
delete O Dinc; 
delete a g; 
delete Q h; 
delete O Deriv2; 

renun ImpmvemaitToIeranceRcached;//FALSE if user quit or poor @orniance 
1 

double CPNN::FindGamma(dooble *g. double *Grad) 
{ 

double Denorninatod.0. Numerator=û.O; 

for (int CM; c~~nTmnsiaitModeiSize: c-) ( 
Denominatoi+=&ctr]*gCctr]; 
NummtoW<Grad[ctr]-g[c@])*Grad[ctr]j/ Grad is neg gradient 

3 

if (Denominatod.O)// Should neva happen (means gradient is zero!) 
return 0.0; 

else 
return Nuxnmtormrninator; 

1 

void CPNN::FindNewDir(doubIe Gamma. doubIe *& double +h. double *Grad) 
{ 

for(int CM; cmm-nTra~~ientModeISize; C M )  { 
g[ctr]=Grad[ctr]; 
Grad[c@]=h[c~]=gCctr]+Gamma*h[mj; 

1 
1 

double CPNN::UnNarErmr(double Poinf doubIe *Sigrna, 
double *Base, double *Di=) 

{ 
int DummyErmrJfnot used here, but used in CumulatcErmrAndDgivs() 
fortint c W ;  ~W~TransientModelSize; c W )  ( 

Sigma[c~]=Bas~ctrj+Poht*Direc[c~]; 
iflSigma[tr]~l.oIO) ( 

TRACE("Don, Sigma too small."); 
Si&ctr]= 1 .e-IO; 

f 
1 
return CumulateEmrAndDaivs(Sigma, (double *)NUL& (double *)NULL. 

FALSE, &DummyError); 
1 

BOOL CPNN::CGGIobMin(int NumSearchPoints, double *LowuPoint,double *LowaErrw, 
double *MiddIePoinf double *MiddIeError. double *UpperPoinf 
double *UpperError. double *Sigma, double *Base. 
double * D k )  

( 
int ctr. lbest; 
double CimentPoint, CumntEmr, Rate. Previod .0 ;  
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i k t - 1  ; // For propa escape if error rcaches O 

if ( (cM)l[ (CumntEm,cc*Middle~r))  { // Ketp track o f  best h m  
rbest-4; 
*MiddIePoint=CumntPoin~ 
*MiddleError-CurmtEm,r; 
+LowaError=Previous;~/ Function value to its l& 
Tumed-Up=FALSE;// Fiag thal min is not yet bounded 

1 

else if (co==(ibest+i )) { I l  Didn't improve so this point may 
*UpperError-CumntErrorJ/ be the right neighbor of the best 
Turneci-Up=TRUE; // Flag that min is boundcd 

1 

R e v i o d u m n t  ErrorJI Kcep track for Icfi neighbor o f  best 

if ((Currenthd))%&(r%t>O)&&Tumed-Up) 
break; // Done if good cnough and both neighbors f o n d  

if (~bStopNow)  { 
UserQuit=TRUE; 
break; 

1 

if (!TurneUp) (11 M u t  extend to the right (larger x) 
for (;;) { 11 Endlcss loop goes as long as nocessary 

*UpperError=UnNarErn>r(*UppaPoinL Sigma. Base, Dirtc); 

if (*UppaErro~*MiddIeError) // If function hcreased we are done 
break; 

if ((*LowaErroi*MiddIeError)&&(*MiddleErro~-*Up~erhr)) 
break; // Give trp if  f i t  

if (mbStopNow) ( 
UseiQuieTRUE; 
b k ;  

1 
*Lowafoht=*MiddIePoint;// Shift a11 points 
*LowaError-*MiddleError; 
*MicidiePoint=*UpperPoint; 
*MiddicEm~*UppcrEmt; 
Rate*=3.0; // Step tintfia cach time 
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*UpperF'oint+=Raîe; 
1 

1 
else i q i b e s d )  (// Must extend to the left (smalla x) 

for (;;) ( Il Endless loop goes as long as nccessary 
*LowaError=Un~Em,r(*LowaPoin~ Sigma, Base. Dùec); 

if (*LowerEmc-*MiddleEmr)// If fimdon hcrtased we arc done 
break 

if ((*Lo~erErmr=.*Midd1e~t~~MiddIc~-*UppaErrOr)) 
break 11 Give up if flac 

if (tn-WtopNow) { 
userQuil+TFtuE; 
break; 

1 
*UpperPoint-*MiddlePomt;// Shift al1 points 
*UpperErro+MiMiddIeError; 
*MicicilePoint-* LowerPoint; 
*MidcüeEmn=*LowaError: 

double CPNN::BrentMin(int I t M a  double +LowerPoint, double *MiddIePoint, 
double *Uppafoint. double M i d d i e h r .  double *Sigma, 
double *Base. double *Dircc) 

int CG 

double hviousDistancecO.0. Step4.0, Tokl .A, ToIl, Toü, eps= 1 .e-7; 
double BestPoinf SecondBestPoinf ThirdBatPoint; 
double Bes tError. SecondBestError. ThirciBestEmr; 
double LowPoint, MidPoinf HighPoint, t 1. U; 
double Numerator. Denomïnator, TestDhce ,  RecentPoin~ RecmtError; 

if(fabs(MousDistance)>Tol 1) (//If moved ik enough try parabolic fit 
t l=(&stPoint-SecondBestPoint)*(BestEmr-ThirdBestEmr); 
t2=(&stPoht-'lhirdBestPoint)*(Bmr-Smond-r); 
Numerator=(BestPoUit-ThirdsestPoint)* 

t2-(&stPomt-SecondBstPoht)*tl; 
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Denominamr=Z*(t 1 -Cl);// Estimate wilf be numer / dmom 
TestDistancc=Previo~~DistanceJ/ Will venfjt intuval is shnnking 
MousDistance-S tep;// Save for next itcration 
i ~ D e n o m i n a t o . O /  Avoid dinding by zero 

Stcp=Numerator/Denominator; //the parabolic estimate to min 
eise 

Step=I.dO; // Assures Failurc of next test 

if ((fa~Stcp~fabs(O.5*TestDk8nce)yf I f  sfirinking 
&&(Stcp+BestPoh~LOwPomtY/ and within known bomds 
~StcpBestPoint<HighPoint)) {// then we can use the 
RecentPoSit=&stPoint+Stcp-JI parabolic estimate 
iR(RmentPobt-LowPoint~oU)I~/ If we are v a y  dose 

(HighPoint-RecentPoint(roi2)) {// to known bounds 
if(&stPomt<MidPointY/t/ then smùilitc 

S tcp=TolI ; 
else 

Step=-Toll; 
1 

1 
clse ( // Parabolic estimate P r .  so use golden section 

FreviousDistanctt(B~tPoint~MidPoint)? 
Low Point-BestPointHoint-BestPoint; 

Stp--38 19660*PreviousDistance; 
} 

1 
else { 

PreviousDistanco(BestPoint>cMidPoint)? 
LowPoht-BestPoinCHighPoint-ButPoint; 

Step-38 1 9660*RrviousDistance; 
1 

if(fabs(Step)>=ToIl) 
RecmtPoint=BestPoint+S tep; 

else { 
if(Stepû.0) 

RecentPoint=&stPoint+ToIl; 
else 

RecentPoinPBesPoint-TOI 1 ; 
1 

RtcentEmr=Un~VarEmr(RecentPoint, Sigma. Base. Direz); 

if(RecentEmr=BestError) {Il If we improved ... 
iqRecaitPoin~Besffoint)// S h ~ k  the (Iowpt,highpt) interval by 

LowPoint=BestPoint;lI rtplacing the appropriate endpoint 
eise 

HighPoint=BcstPoinS 
m-rdBtçtPoin~SecondBcstpoint;// Update x and f values for bcsf 
SecondBertPoint=BestPoint;!/ second and third best 
BestPomt=RecentPouit; 
TlirdBcstErcor=SecondBatError; 
SecondBestError=BstEm,r; 
BestErmr=RecaitEm,r; 

1 
else { // We did not improve 

if(RccaitPoht<BestP~int)// Shrink the (xlowyhigh) m t m l  by 
LowPoin~Recenoin /  replacing the appropriate cndpoint 

eise 
HighPoint=RecmtPoini; 

i~(Recentïrrorc=SecondE3estEmr)r/ If we beat the second best 
I[(SecondBestPointZBestPoint)) { // or we had a dupIication 
ThirdBestPoint=SecondBestPoint;rl update the sccond and third 
SecondBestPoht"Rc~~1tPoint;l/ best, though not the best 
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BOOL CPNN::TrainSigmasOpt(doublt Tolerance) 
{ 

B00L [rnprovemcntToleranccRtached=FALSE; 
rn-bStopNow=FALSE; 

m_strUserMessage.FormaCIn Conjugate Gradients AIgorithrn."); 
ImprovemcntToInanctRcached=ConjGradiai~M~olcrance); 
m-bSigrnasOptimized=TRUE; 
r e m  ImprovemcntToIeranceReitchtd; 

1 

void CPNN::FilTTramingResultsArray(CRe~uItsArr;iy *ResultsAmy) 

int RedictedCIass. CorrectClass, cul; 
double *CumntTransient. *SummationNeuron, TotalEmd.0, DifE Error, Act; 
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//~rincipai comportent analysis 

DECWRE_SERiAï(CRincoData) 
public: 

CPrincuDaîaQ; 
h o i d  Initialize(int TransiaitModelSize, int NumCases, int ReducedDim); 
void PCAProcess(); 
void Serïalire!(CArchiv& ar); 
-CRinco Data(): 
idine void rotate(d0ubIe Lmaf mt i, int j, int k int 1, double sine. 

double tau. int n); 
void jacobi( int n,doublt *mafdouble *evals.double *evect. 

double %vorki .double *worW); 

vo id Fdc toa(CTransicntAnay TransicntArray); 
void PCATransform(doubIe YTransientModel); 

void SetTransientModelSize(irit TransicntModelSize) { m-nTmicntModelSizc=TmientModelSke; ) 
void SetReducedDirn(int ReducedDirn) { ~ R c d u c e d D i m  = ReducedDim;) 
void SetNumCascs(int NumCases) { m-rtNumCases=NrtmCases;) 
int GetReduccdDim() ( r e m  tu&duceciDim; } 

void SetTransientAmyPointer(CIransiaitArray *TransiaitArray) 
{ m-TransientAmy=Transicnthy; ) 

protected: 
int m-nNum~es,~nTransi~1tModeISizt,~ReducedDim; 
int m,nStdize;l/standardite inputs to quai  variance 
double m-dFrac'//fiaction(O-1) of vanvanance to retain 
double *means. *cvals. *evect. *workl; 
CTransientArray *m-Tra~l~ientArray; 

#ifdef -DEBUG 
void Dump(CDumpContext& dc) consS 

m d i f  
1; 



Appeodix C: TAC-MM Source Code 

#ifdef -DEBUG 
void CPrincoData::Dump(CDumpContcxt& &) const 

CObject::Dump(dc); 
dc "Luotao.. CRinco Dump."; 

1 
#endif 

inline void CPrincoData-:rotate(double *mat, int i, int j, int k. uit t double sine, 
double tau, int n) 

double t 1, Q; 

//subroutine "jacobi" cornputes the eigcnstntcture of a r d  symmetric ma& 
void CPrincoDatê:jacobi( int nj/size of matrix 

double %t,//squarc symrnetiic real matrùr 
double *evals J/output of n tigenvalues 
double *evecS//ouîput of n by n eigenvccmn (each is a column) 
double *workl J/work vector n long 
double *woricU/work vector n long 
1 

int i j,kibig, swccp; 
double err, *dptr, thrcshold, test. diff, thda; 
double con; sine. cosine, tangent. tau. big. mat,-ij; 

/ m e  rotations wiH t;e cumulated m the evmt matnx. each of d o s e  colurnns 
will bc a nomlized tigenvector. Inïtialize this to the identity- The output 
vector mis will always contain the currait diagonal of mat, so initializc it now. 
'Rie con-efations to the diagonal as a result of rotation will be maintaincd in 
workl and work2, so also initiaiize t h e * /  

for(H;icn;i*) { 
dptr = evect +i*nj/point to row i 
for(j=û;i<n$+) //set aitire row to O 
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dpaj = 0.0; 
dpgi] = 1 .O; //sa diagonal to 1 
cvais[ij = workl [ïj-matfiIi+i']; //maîrïx diagonal 
l/iRACE(uevaiO[%i+4/olf -,i,evais[il); 
workt[i] = 0.0; 

1 

P This is the main loop which does a single swap through the matrÏx- 
it is rare chat more than a dozen sweeps will be needcd to zao the 
abovediagonal region. Howcvcr, just for safcty, WC impose a limit h d l  

f o ~ ( ~ ~ s w n p < 2 ~ s w e e p H )  ( 
/*start by checkhg for convergence. We simply sum the magnitude of 
the clments above the diagonal. when thcy becorne tiny we arc done.*/ 

m w m )  
threshold = 0.0; 

else 
threshold = 0. 1SS&(n*n); 

for(i=O;icn- 1 ;i*) {//row i 
for(j=i+ 1 $n$+) (//and column j 

m a ~ i j  = mat(i*n+j];/Ahis is the elment to be zeroed 

test = 128.0*fabs(maui); 

ir(Cabs(mat-ij)cthreshold) 
continue; 

l*We must do the rotations to zen, the (i j3 abovediagonal clemmt 
Start by computing the rotatin angle, theta, then find our uitirnate goal, 
its tangent. If the denorninator of the strict formula wold be tiny. use 
an approximation that is essentîally perfect in that instance. */ 

diff = tvaIsb] - evais[i]; 

iflfak(diff) = (fibs(difT)+test)) { 
if(diff.4.0) 

tangent = matij/dift 
else 

tangent = 0.0; 
1 
eke ( 

theta = O.S* diffhatij;  
tangent = 1 .O/(~bs(thtta)tssrt(theta*theta+lO)); 
ifCUietaco.0) 

tangent = -tangcnS 
1 

/*do rotations. we brmk it up mto thrtc steps,as this is an efficient . 
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way to bandie îtse rtquirrmcnt that we oaly do the elements above the diagonaL*/ 

cosinc = i .O/sqrt(tangcntftangent+l .O); 
sine = cosuit+tangcnS 
tau = sine/(cosin~l .O); 

//a sweep is compteted update the eigaivaIues(diagond) and work vectors 

for(IAl;k<n;k*) ( 
workl [k] * worW[k]; 
evalsF] = work 1 B]; 
/1TR4CE(~eMis[%]-"/.lf~, k, cvals[k]); 
work2[k] = 0.0; 

1 
)//sweep 

/*the thi l  step is to sort the eigenvalues in descending orda and simulraneously 
swap the vecton.*/ 

for(i=û;i<n;i*) {//end of  cach pass gets nurt biggcst 
big = evals[i];l/keep track of biggest evai then 
ibig = i; // and its location m a m y  
for(j=i+I ;i<n;ire) { //check for any bigga below 

iflevalsfi] >big) ( 
big = evalsu]; 
ibig = j; 

1 
1 
if(ibig -ii 

continue; 
cvals[ibigl= evais[i]; 
tvaIs[i] = big; 
for(i=o;i<nj++) ( 

test = evectu'.rrei]; 
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iqrpnstdize) { 
std = new double[mnTii~~iaitModelSite]; 

1 
else 

std = NULL; 

means = new doubI~crl_tiTansientModdSiZc]; 
Nais = new &ubl~m-nTran~icotMOdc1Size]; 
evect = new doubIe[m~TransinitMode1Size~TransicntModeIS~e]; 
covar = ncw doubl~rr~nTransitntModelSiZ~*~nTmiaitModeIS~e]; 
workl = new doubl~~TransiaitModeISue]; 
work2 = new doubl~~nTransimtMdelSize]; 

//cornpute means and covariance 
for(var=O; var<~TmientModelSize; MI.H)//zao the mean vector 

means[var] = 0.0; 

n = nuiTr;l~ientModelSize*m~nTransientModeIS~eJ/zao the covaraince maaix 
while(n-) 

covar[n] = 0.0; 

for(icas~;icase~~nNumCases;i~) { //cumuIate means 
dptr = mTransientArray-> 

Geu\t(icase~etTri~~ientModel();I/point to this case 
fo<var=O; var<m-~iTratlsientModeISize;~~/alI variables m this case 

means[var] += dpufvar]; 
1 

for(icase=O;iw~~nNumCases;icaseH){//c~ covariances 
dptr = ~TransiaitArray->GetAt(i~e~~etTmim~odel0$/pint to this case 
for(YaT=O; va.rc~TmientModeISize; va.*) ( 

diEi = dptr(\u.J - means[var); 
for(~1.2=~ar,var2cm~iTrançientModelSke;2) ( 

difQ=dp~var2]-means[var2]; 
covaflvaflm-nf ~ientModelSizci-~ar2]+=diffi * d i a  

1 
1 

1 

/* if we are to standarizt, save the standard deviations and adjust 



Appendix C: 'CAC-MM Source Code 

the CO-ance matrix*/ 

//cornpute tigmmucture and number of factors to rctain 

/*sum = 0.0; 
for(d;mrngTmiaitModeISize;M) 

sum+--ewls[var];//sum the eigenvaluer 
m-dFrac *= sum; //user wants this much of sum &ed 

S m  = 0.0; 
for(int nfacs=Opfacs<rnaxfics~acsH){ 

sum+=evals[nfàcs]~/we have retakied this much so far 
iflsum>qdFrac) (Ilcornpart it to user's rcquest 

++nfacs; /îif there. break out with nurnber of factors 
break; 

1 
1 
TRACE("Fraction of variance resutt is Y&".nfacs); 
TRACYMUser set it to be O/od\n".m-nRducedDim);*/ 

/* 
We now do one or two things to avoid expensive operations in the 'factors* routine. 
We must devide each factor by the squre root of the cornpoinding eigenvalue 
in orda to produce unit standard deviations for the foctros- 
lf the user wants standammion of the input variables. divide the factor weights 
by the standard deviations now so we don't have to do it for cach case later. 
*/ 

for(fàc=O:fic~rruiReducedDUn;~) { 
i~evals[fkc]X.O) ( 

temp = 1 .O/sqrt(evals[Fac]); 
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iRstd!=NULL) 
delete 0 std; 

deldc 0 covar. 
delete fl work2Jwe kecp workl for use by 'factors' 

1 

//destnictor 
ChcoData::<RincoDataO 

delete 0 means; 
delete U evals; 
delete a evocc 
delete O workl : 

1 

void CRincoData::factois(CTransientArray 7tansientArray) 
{ 

int ime, var, fac; 
double 'dptr. sum. diff; 
for(icas~;icas~~~umCases;i~a~eH)(//for each case 

/fTRACE(%case %i:".icase); 

/lïXACE("'W); //wili dot cvect with case 
dptr = TransientArray->GetAt(icase)~dTransientMode();//point Co this case 
f o ~ f a c = O ; f a c c ~ e d ~ ~ e d D U n ; ~ ) { / / f o r  each factor to be found 

sum = 0.0; 

for(var=O;var<~T~artModelSize;~~){//dl variables in this case 
diff = dpMvar]-means[var]~/must be centend 
sum i-= evec~var+m-nT~ia i tMode1S~fac ]  * diff;//cumulate dot product 

1 
workl [fac] = sum; 
Hreplace original variables with principal factors 
//dptr[fac] = sum; 

void CRincoData::PCATransform(doublc TransientModel) 
{ 

int fac. var, 
double sundic  
/mCE("PCA transfomb"): 
for(faCx0; fac<m~educedDim,facH-) 
{ //for each Factor to be fomd 

S m  = 0.0; . 

for(var=0;~~TdentMode1Size;va~) 
{ /laIl variables in this w e  
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work 1 [fac] = sum; 
//replace original variables with principal fxtors 
/KransientModel[fac] = nnn; 
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class CRawVÏew : public CSmiMew 

private: 
CSning GetTitleLina; 
int mVïewFileSize; 
ült nLvarDimHeight; 
int mRawS ÎgnaIHeighc 
mt rn-LeftTactMargin; 
Înt nLf3ottomTextMargin; 
h t  rlLTopTextMargm; 
int m-WindowXDim; 
int rn-WndowYDim; 
CRect m-rectliimt; 
CPomt m-&-gin; 
int ut-VïewStart;//O for entire raw signal, TransientBeginsHerc for mm 
int mamYCoord;  
int ~Cl ipYCoord ;  

protected: // create h m  serialkation only 
CRawVicw(); 
DECLARE-DYNCREATE(CRawView) 

// Amibutes 
public: 

CTAC-MMDoc* GetDocumait(); 
void PrintTrartsrnittaInfo(CDC* p K ) ;  
void PlotCommonBox(CDC* pDC); 
void Ploti4rDimTraj(CDC* p K ) ;  
void PlotRawSignal(CûC* pDC); 
void AdjustForMargins(CDC8 p K ) ;  
void SetVicwFileSit@; 

// Operations 
public: 

// Ovemides 
// ClassWimrd genaated virtual function ovenides 
//{{ARCVI#rvAi(CRawview) 
public: 
vimral void OnDraw(CDC* PX); // overridden to draw this view 
vimtal B O L  PrtCrcateWindow(CREATESTRUCï& CS); 

virtual void OnRepareDC(CDC* pDC. CPrintInfo* pfnfo = NULL); 
protecttd: 
virtual void OnInitialUpdatc(); I/ called fint time a k  constnict 
vimral BO0 L OnRcpycF'rinting(CPrintlnfo* ptnfo); 
vimial void OnBcgïnRinting(CDC* pDC, C h t l n f o *  ptnfo); 
virtual void OnEndRinting(CDC* pDC, CRintinfo* pinfo); 
vimial void OnUpdaîe(CView* pSenda, LPARAM lHint, CObject* pHint); 
virtual void OnRint(CDC* p K .  CRintinfo* pInfo); 
//}}AFX-VIKTUAL 

// Implementation 
public: 

vütuai -CRawViewO; 
#ifdef -DEBUG 

vimial void AssertValid() cons% 
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vimial void Dump(CDumpContext& dc) con* 
#di f  

// Gcnmed message map fimctioas 
protected: 

//{ {AFXJ¶SG(CRawVicw) 
afjc_msg void OnVitwSegmentation(); 
afiunsg void OnUpdateViewScgmaitaa'on(CCmdUI* pCmdUI); 
a k m s g  void OnVicwTransientO; 
a-g void OnUpdattViewTransicni(CCmdUI* pCmdUI); 
a - g  void OnEditCopyO; 
afx-mg void OnUpdateEditCoW(CCmdUI* pCrndU1); 
Il) )AFX-MSG 
DECLARE-MESSAGE-MAPO 

1; 

RFndef-DEBUG // d&ug version in RawVirncpp 
inline CiAC-MMDocS CRawViewxGetDocumeni() 

{ retum (CTAC-MMDoc*)~Docmait; ) 
h d i f  
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// RawVimcpp : implemenîation of  the CRawView class 
// 

#ifdef -DEBUG 
#define new DEBUG-NEW 
#undef THISJILE 
static char ïHK-FILE0 = JILE- 
#endif 

// CRawView 

BEG iNJfESSAGEJdAP(CRawView, CScrollView) 
//{ {AF]CMSG-MAP(CRawView) 
ON-COMMAND(1D-VIEW-SEGMENTATION. OnViewSegmentation) 
ON-WDATE_COMMAND,UI(ID-VIEW-SEGMENTAnON. OnUpdateViewSegrnentation) 
ON-COMMAND(1 D ~ V I E W ~ ~ N S I E N T ,  OnViewTransient) 
ON_UPDATE,COMMAND,UI(ID-VIEW_TRANSIEKT. OnUpdateViewTransient) 
ON-COMMANW ID-EDiT-COPY. OnEditCopy ) 
ON-UPDATE-COMMAND-UI(IDDEDiT-COPY. OnUpdateEditCopy) 
//) )AFX_MSG-MAP 
11 Standard printing commands 
ON,COMMAND(ID_FILE-Pm. CScrol1View::OnFilePrint) 
ON-COMMANDtID-FILE-Pm-DIRECI: CScrolIViewxOnFileRùIt) 
ON-COMMAND(ID-FILE-PRiNTJREVIEW, CScrol1View::OnFilePrint~ew) 

ENDJAESSAGE-MAPO 

///////////////////////////////////////////////~/////////~/////////////////// 
// CRawView constructioddestruction 

BOOL CRawView::PreCrnteWindow(CREAESTRU~& CS) 

{ 
11 TODO: Mo&@ the Wmdow cl= or styles here by modifjkg 
// the CREATESTRUCï CS 

// CRawView drawing 

void CRawView::OnDraw(CDC* pDC) 

=AC-MMDoc* pDoc = Geü)ocumentO; 
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void CRawView:OnInitialUpdate() 
{ 

TRACE("Don, CRawView::OnInitialUpdate being executed\n"); 
CSmUView::On~tidUpdate(); 

CSue sizeTotal; 
Il Tû DO: calculate the total size of th5 view 
sizeT0tai.c~ = sizeTotai.cy = 100; 
SerScro1lS~es(MM-TExT. sireTotal); 

1 

BOOL CRawViewxOnPrepartPrùiting(CPrintInfo* pInfo) 
{ 

r e m  DoRcpareRinting@Info)d/dkpIays the Rint dialog box and mates 
//a printer device context. If you want to 
//i~tiaiue the Print dialog box with 
//valus otha than the defiuIts, assign 
//valus to the members of pinfo before calling. 

void CRawView::OnEndRinting(CûC* /*pDC*/, CRintfnfo* Pp[nfo*/) 

// TO DO: add cIeanup after priating 
1 

............................................................................. 
11 CRawView diagnostics 

#ifdef -DEBUG 
void CRawVicw:AssertVdid() cons 
1 

CScroUView:AssatVaiid(); 
1 
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void CRawView::Dump(ChnnpContext& dc) const 
{ 

CScroIlView::Dump(dc); 
1 

=AC-MMDoc* CRawViex:GetDocumentO 11 nondhug version is inline 

ASSE~(~Document-~IsKindO~RUNT1ME-CLASS(~AC~Doc))); 
tttum (CTAC~Doc*)rqgDocumenS 

1 
#endif //-DEBUG 

void CRawVT~:OnUpdatc(CV1cw* pSendcr. LPARAM Wf CObject* pHint) 
{ 

CTACCMMDoc* p h c  = GetDocumentO; 
AsSm-VALID@Doc); 

void CRawView::ûnRtpateDC(CDC* pDC. Cninthfo* pIn fo) 
{ 

CScrollView:OnPrepareDC(pDC, puifo); 
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void CRawView::OnRùit(CDC* pDC, CPrintInfo* phfo) 
{ 

CTACJIMDoc* p h  = GetDocument(); 
AS SERT-V.ID@Doc); 

CPen *pOldPai; 
CPen ThickBlackPen(PS-SOLID. rr~WmdowXDirn/400. RGB(0,O.O)); 

CScrollView::OnAint(pDC, phfo); 
1 

CSaing TitleLine=GecTitleLine(); 
in t TextWidth; 
i~fleLine.G~gth(~3*m*mw~1&~XDim/4)) { 

TextWidth=(3 *m-WmdowXDim/4yTitleLme.GetLengthO; 
1 
else { 

TurtWidth=O; 
1 
CFont RomanFont; 
Ro~ontCreateFont(~TopT~(tMargin. TextWidth. O. 0,400. FALSE, FALSE, O, 

ANSI-CiiARSET. OUT-üEFAULT-PRECIS, 
CLIP-DEFAULT-PRECIS. DEFAULT-QUALïTY. 
DEFAULT-PITCH 1 FF'ROMAN, NULL); 

CFont *pOIdFont=pDC->SeIectObja:t(&RomanFont); 
pDCaTextûut(0, (~WmdowYDh-r9_TopTu(tMatgin),'titleLie); 
CS&g Tme=pDoc ~ X m c ;  
CStrhg Date=pDoc -> rgDatc, 
CFont HaIfRornanFont; 
HdRomanFontCrcdtcFont(~TopTcxtMargin~2, O. 0,O. 400, FALSE FALSE, O, 

ANSI-CHARSFT, OüT-DEFAULT-PRECIS, 
CLIP-DEFAULTJRECIS, DEFAULT-QUALTTY, 
DEFAULTJrrCH 1 FF-ROMAN. NULL); 

pDC*SelectObjat(&HalfRomanFont); 
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void CRawView::PlotComonSox(CDC* pDC) 
{ 

CPen pOldPen; 
CFont *pOIdFonc 
CPen ThickBlackPen(PS-SOLID, mWmdowXDim/SOO, RGB(O.O.0)); 

CFont SmallRomanFont; 
SmallRomanFontCreateFont(rq_BottomTextMargin/;!, 0,0,0.400, FALSE. FALSE. O. 

ANSI-CHARSET, OUf-DEFAULT-P RECIS. 
CLiP-DEFALJ'LT-PRECIS. DEFAU LT-QUALEY. 
DffAULTJiTCH 1 FF-ROMAN, NULL); 

pOldfont=pDC->SelectObject(&SmallRomanFont); 
CSÛing str; 
CSize NuznberSizc; 
st~.Format('~/id",O); 
int XShif+m-WindowXDimf500; 
pDC->TartOu~XShi4-mBottomTextMarginn~); 
for(int ch=rn-viewFiieSizd4; ctr<mJicwFiIeSize; cirf=n~viewFileSize/4) { 

sfr-Fonnat("O/od".c tr); 
NumberSirqDCXuTattExtent(m); 
XShihtr-NumberSue.cXn, 
pDC*TextOut(XShirt,-rq_BottomTentMargin/3*); 

1 
sa Format(' w/od"~ViewFiieS k); 
NumbaSize=pDC->GetTcxtExtent(str); 
XShi~WmdowXDm-nLeATextMargin-Number-ex; 
pDC->Tartoilt(XSh;q-~BottomTextMeflm); 

pDC~SelectObject(p01dFont); 
pDC->SelectObject(p0IdPen); 

1 
void CRawView::PlotVarDimTmj(CDC8 pDC) 
{ 

(JTAC-MMDoc* pDoc = GetDocumentO; 
ASSERT-VALID(pDoc); 

CPen pOldPen; 
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CPen CyanSolidPcn(PS-SOUD, 1 ,  RGB(O,lZ8,l28)); 
CPen 7hickBtackPen(PS_SOLID, ~WmdowXDiml500. RGB(0,O.O)); 

CString YAxisTitle; 
if (pDocanbViewSegmentation) 
( 

Y & Ü S T ~ ~ ~ F ~ ~ ~ C ~  Dimension"; 
1 
eise 
f 

YAxisTitie="MultihctaI Fcanires"; 
1 
int DivFactor=2; 
if (pDoc->ntbViewRawSignalFlag) { 

DivFacto~3; 
1 
CFont RomanFont; 
RomanFon~CrrafcFont(2*m~TopTextMarginn>ivFartor. O, 900.900.400. FALSE. FAtSE O. 

ANSIJ3iARSET. OUT-DEFAUtTJRECIS, 
CLIP-DEFAULT-PRECIS, DEFAULT-QUALITy 
DEFAULT2rrCH [ ff-ROMAN, NULL); 

CFont* pOldFon~DC*SelectObja4&RornanFont): 
CSize TitleSite=pDC~aTcxtExten1(YAxisTitle); 
int TïtleY=(tn-VarDimHeight-TitleSize.cy)n; 
pDC*Texat(-~LeATextMargin,fitleU.YAxisEUe); 
pDC~SelectObject(p01dFont); 

CFont SmallRomanFont; 
SmallRomanFontCreatcFon~tn-TopTextMargin/2 O. 0.0.400, FALSE FALSE, O, 

ANSI-CHARSET, OüT-DEFAULT-PRECIS. 
CLiPJEFAULTTPRECIS, DEFAULT-QUALm'. 
DEFAULT-PiTCH 1 FF-ROMAN. NULL); 

pOldfont=pDC-~SelectObject(&SmallRomanFont); 
CString sa; 
int YShifk 
for(int ctl=o;c~=100; ch-20) ( 

~tr.Fomiat(~!.  1 f'.( 1 .O+(double)(ctr/lOO.O))); 
TideSizecpDCXetTcxtExtent(so.); 
Y Shift=TitleSize.cyn; 
pDC*TatOut(-~kftTextMarginR, 

((double)ctr/ lOO.O)*(double)m-VarDimHeight+YShi&str); 
pK->MoveTo(-mJeftTex tMarginf10. 

((double)cfr/IOO.O)*(double~~VatDimHtig; 
pDC->LineTNni,LcATatMarginlI O, 

((double)ctr/iOO.O)*(doubIe)~VarDimHeight); 
1 
pDCaScldbjcct(p01dFont); 
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1 
//view feature extraction 

CPen BlueDashPen(PS-DASH. 1. RGB(O.O.128)); 
int TransientBe-H~ec~Doc->GctTransientBeginsHere(); 
int TmientSizecpDoc-~GetExmcto->cefTmientSize(); 
pK->SelatObjet(&BlueDashPen); 

void CRawVim:PlotRawSipaI(CDC* p K )  

CïAC_FIMDoc* pDoc = Gtu)ocumentO; 
ASSERT-VALID(pDoc); 

CPen +pOldPai; 
CPen RedSolidPen(PS-SOLID. 1, RGB(255.0.0)); 
CPen ThickBlxkPen(PS-SOLID. m-WindowXDim/SOO, RGB(0,O.O)); 

CSnùig YAxisXIltlec"Raw Signain; 
int DivFactor=2; 
if (pDoc*n~bViewVirDunTra~Flag) ( 

DivFactor=3; 
1 
CFont RomanFont; 
RomanFontCreateFont(2*rrl,TopT~tM~n~DivFactort 0,900,900,400, FALSE, FALSE, O, 

ANS CCHARSET. OUT-DEFAULTJRECIS. 
CLiP-DEFAULTJRECIS. DEFAULT,QUALïiY. 
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DEFAULT-PKCH 1 FF-ROMAN, NULL); 
CFont* pOfdFon~DC*SetectObject(&RomanFmt); 
CSue T i d t S ~ K ~ u T a a E x t e n ~ Y A x i s X t I e ) ;  
int TitieY=(m-RawS ignallieight-EdeS izc.cyVL; 
pDC~T~tOut(-rrtLtftTextMatgin,EtIeY+~VarDimHei&5YAxk'litle); 
pDC->SelmtObject(pOIdFont); 

void CRawView::AdjustFoMarginS(CDC* pDC) 
{ 

CTACJAMDoc* pDoc = GetDocumentO; 
ASSEKT_VALID(pDoc); 

int NewWindowXDim=(double)tx~-w'idowXDim*(double)PageWdW 
(double)UsablePageWidth; 

int NewWindowYDim~double)~WindowYDim*(&uble)Page~~ 
(double)UsablePageLength; 
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void CRawView::S&ViewFiIeSke() 
1 

CTAC-MMDoc* p h  = GetDocumcntO; 
ASSE#T-VALID@Doc); 

void CRawView::OnViewSegmeatationO 
1 

CIAC-MMDoc* pDoc = GetDocument(); 
ASS EKI--VAL1 D@Doc); 

void CRawVicw::OnUpdateViewSegmenmtion(CCmdUI* pCmdUI) 
{ 

void CRawView::OnUpdateViewTrançient(CCmdUI* pCmdUI) 

CTAC,MMDoc* pDoc = GetDocumentO; 
ASSERT-VALID@Doc); 
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void CRawView:OnEditCopyO 
C 

CBitrnap BitmapClip; 
CCIientûC ClientDC (thk); 
CDC MemDC. 
RECT Rat; 

GetC LientRect (&Rect); 
BitniapClip.CreateCompatr%IeBimiap (&CIicntDC, Rectright-Rectleft. 

Rectbottom-Recttop); 
McmDC.CreateCompahileM3 (&ClientDC); 
MemDC-SelectObject (&BitmapCiip); 
MemDC.BitBlt(0, O. Rect.right-RectIeft. Rect.bottom-Rccttop, 

BcClientDC. O, O. SRCCOPY); 
if(!OpenClipbmd()) 

-; 
::EmptyCIipbcwrdO; 
::SetCIipboardDah(CFBWP, BitmapClip.mhObject); 
B itmapClip. Detacho; 
::Closeclipboard(); 

1 

void CRawView::OnUpdateEditC0py(CCmdUtf pCmdUI) 
C 

CTACNMDoc* pDoc = GetDocurnentO; 
ASSERI-VALID(pDoc); 
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//CResdtsView: defines and managa the dûplay in the lower viewing window to display classification results 
tSf !de~ed(A~RESULTSVIEW~66C35BO25064,11 D2-8 BA9-00A024423FB9,MCLIIDED_) 
#d&e AFXJESvLTSVIEWEW~66C35BO~06AJ 1 D2Z8BA9900A0244t3FB99MCLUDEDD 

#if ,MSC-VER * 1 0 0  
#pragma once 
#endif 11 -MSC-VER = 1 O û û  
11 Resu1tsView.h : header file 
// 
#include TAC,MMDoc.hW 
#inchde TextTablehn// Added by CIassView 
l/////l/////////////l/////////////I//////////////////I/////////////////////// 
// CResultsView vicw 

c h  CResuitsView : public CScrollView 

protec ted: 
CResultsView(); 11 protected constructor used by dynamic creation 
DECLARE-DYNCREATyCResultsVim) 

// Amiutes 
public: 

Operations 
public: 

// Overrides 
// ClassWizard generated vi.tual function ovemides 
//{ {AF>CVIKïUAi(CResultsView) 
public: 
vùtuat void OnPrepareDC(CDC* p K ,  CPrïntInfo* plnfo = NULL); 
protected: 
vimial void OnDraw(CDCC pDC); // ovcrridden to draw this view 
virtual void OnInitiaIUpdatc(); // h t  tirne d e r  conmuct 
vimial void OnPrint(CDC* pDC. CPrnitlnfo* plnfo); 
v i W  void OnUpdatt(CView* pSenda. LPARAM IHint, CObject* pHint); 
vimial void OnBegÏnPrinting(CDC* pDC, CPrintinfo* plnfo); 
virtual void OnEndPn'nting(CDC* pDC. CRintlnfo* plnfo); 
virtual BOOL Onh-epartRuihg(CPrintInfo* plnfo); 
//))AFx-vlRTUAL 

11 Impiementation 
protec ted: 

virtual -CResuItsView(); 
#ifdef -DEBUG 

virtual void AssertValid() const; 
virtuai void Dump(CDumpContext& &) const; 

#endif 

// Gencrakd message map functions 
//{{AFXJlSG(CResUrtsview) 

// NOTE - the CIassWnard will add and m o v e  member functions f i e .  
//) 1 AFY_MSG 
DECLAREJ4FpSAGEMP() 

private: 
CTextTable m-SummaryTabIe; 
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// ( { A K W S  E#r-LOCATION) ) 
// Microsofl Developer Studio will insert additional dedarations irnmdately before the previous h e ,  
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#ifdef -DEBUG 
#d&e new DEBUG-NEW 
M e f  THIS-FILE 
satic char THIS21LEfl = F I L E _ ;  
W f  

BEGiNJb4ESSAGE_MAP(CRcsultsView, CScrollView) 
Il{ {AFX_MSG,MAP(CResultsView) 

Il NOTE - the C i a s s W i i  wili add and remove mapping macros here. 
11) )AFX_MSG-MAP 

END-MESSAGE-h4APO 

CSize sÏzeTotal; 
11 TO DO: calculate the total site of this vicw 
sizeTotal.cx = sizeTotal.cy = 100; 
SctScrollS~es(MM-ïW(T, sizeTotai); 

11 TODO: add draw code h m  
CRect rectTotal(O.O,lO,lO); // CRect containing the entire painted resuits. 

Il Used to set the correct scroll sires. 
// 10. 10 are the starti.ng coordinates. 

CPoint poùitPos(rectTo~aI.Width(), rectTotal.Height0); 
// Hal& the position whac the ncxt item will be 
// paintcd 
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CFont AriaiUnderlinedFonS 
AnalUnderlinedFon~CreateFont(20, O. 0. O, FW_SEMIBOLD. FALSE. TRUE. O, 

DEFAULT-CHARSET. OUT3EFAULT_PRECIS. 
CLEDEFAULTJRECIS. DEFAULT-QUALTrY. 
DEFAULT-PîïCH 1 FF-ROMAN. "Anal"); 

11 inflate rectTotal accordingly and set the next position to print 
CSize size = pDC-~etTextExtent(Tlassifica~on Resultr"); 
CRect rect(pointPos. sue); 
rectlotal p rets 
poiatFos.Offser(0, s k c y  + 1 O); 

CFont AriaINomtaIFont; 
ArialNonnalFonLCmteFont(16. O, O. O. FWJ4ORMAL. FALSE, FALSE. O. 

DEFAiXT-CHARSET, OW-DEFAULTJRECIS. 
CLW-DEFAULTJ'RECIS. DEFAULT-QUAUTY. 
DEFAULT-PITCH 1 FFJOMAN, %rial"); 

pDC*SeIectObject(&Aria~o~ma1Font); 

// Paint the resula table and adjust rectTotai accordmgIy. 
rect = ~ResuItsTable.PaintTablt(pDC. pointPosx, pointPos.y); 
rectTotaI [= recs 
pointPos.Offkt(0, rectHeighq) + 10); 

// Paint Classification Sumznary title; 
pDC*SeIectObject(&AriaIUnddinedfont); 
pDC*TatOut(pointPos.x. pointPos-y, 'Classification Summary"); 

// infiate rectTotal in the y direction accordingly and adjust pointPos. 
CSize size2 = pDC->GuTextExtent("Ckification Sumrnacy"); 
CRect rect2(pointPos. sizd); 
rectTotal p rect2; 
pointPos.Offset(0. size2.c~ + 10); 

11 Paint the summary table and adjust rectTotal accordingly. 
pDC->SelectObject(&AriaINomiFont); 
rect = m-SummaryTable.PaintTable(pDC, pointPosx, pointPos-y); 
rectTotal p rect; 
pointPos.OfEset(0. rectHeight() + 10); 

11 Set the scroll sizes for the view. 
CRect rectWnd; 
GetWindowRect(&rcctWnd): 
SeScroIlSizes(MM rectTotal.Sizc(). rectWndSize()). 

#ifdef ,DEBUG 
void CResultsView:AssMValid() const 
{ 
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void CResdtsView::Dump(ChimpContext8i dc) const 

void CResultsVievc:OnA-cparrDC(CDC1 p K .  CPnntInfo* pfnfo) 
t 

// TODO: Add your specializeci code herc and/or cal1 the base c h  

// Set the rnappuig mode. 
pDC-SetMapMode(MKTEXT); 

void CResultsVim:OnRint(CDC+ pDC, CPrintlnfof pInfo) 
t 

// TODO: Add your specialired code here andlor cal1 the base class 

void CRenilt~View::OnUpdate(CView* p S d e r .  LPARAM l H i n ~  CObject* pHint) 
{ 

// TO DO: Add your specialized code here andfor cal1 the base class 

CTAC,MMDoce pDoc = Get Document(); 

// Adjust the size of the results table. 
~ResdîsTable.SetSize(5, (pDoc~etResuI&AmyO->GetSu~ + 1)); // + I  for headings. 

11 Set the column heading. 
nl_ResdtsTable.SetTcxt('Trazl~ient #", 0.0); 
mResdtsTable.SetText("FiIename and Path". 1.0); 
~ResultsTable.SetTe~r(~Rtdicted Class", 2.0); 
m-Re~dtsTable.SetTart(~Error (%)". 3.0); 
~ResultsTable.SetText(~Activation", 4.0); 

// Fi11 in the rest of  the table. 
CS tring strTemp; 
k t  PredictedClass; 

11 Also count the number of  transien& idaitifid as each class 
11 for the summary i n f o d o n  
int *Summary = new in@Doc-I ie tArra~Fin~UmcIa@];  
for (int i = 0; i C pDoc~etArra~F~umC1assei); W) 

Summary[i] = 0; 
1 

for (mt row = 1; row < (m-ResdtsTableGetRows()); r o W )  

strTcmp10miat(~/od"* row); 
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mRaultsTable3etText(strTemp, 0. row); 

m_ResultsTable.SdText(pDoc->GdRuul-w - 1) 
->GetRawFilePath(), 1. row); 

int LastClassNumber ; 
LastCiassNumber = pDoc-~GetArrayO->FmdNumC~~; //Nu. testhg 
PrrdicttdClass=pDoc->GetResultsAna~aAt(mw - 1 ~etPredicteclCiass(0); 
strTcmp = pDoc -> GdArrayO -> GetClassNarne(~ctedClass); 
~ResultsTable.SetT~11t(strTenip, 2, row); 
if(RedictedC1ass 4 1 >LastClassNumber) /Mur Predïcted Class start h m  0. 

RedictedClass = - t ; // Nur testing 
if(RedîctedCiass < -1) 

PredictedClass = -1 ; // Nur tcsting 
if(PraîictedClass !=-1) 

Summary[PredictedCIass] += 1; f/ Increment tfie c o m a  for the cIass. 

sUTemp.Format(*~3t".pDoc~etResuItsAnayO-~GetAt(mw - 1)->GetActivation(O)); 
m-ResultsTablc-SetText(strTemp, 4, row); 

1 

// Set the size of the summary table. 
mSummaryTable.SetSize(2, @Doc~etArrayO~FhdNumClas~es@3)); 
// +3 for header. Unknown and Total m. 

// Add the headers 
m-SummaryTable.SdTexy'C1ass Name'-, O, 0); 
mSurnrnaryTable.SetT~~t(~Number of Transients", 1.0); 

// Add the totals for each c m .  
int iKnown = 0; // Known classes 
for (i = 0; i < pDoc->GetArrayO-~Fh~umClass~): i++) 

~SummaryTabIe.SetText(pDoc~etAna~etCIassNme(i) O, (i+l)); 
strTernp.F~rmat(~/od", SumrnaryIq); 
iKnown += Summary[fl; 
n'_SummaryTable.SetText(strTemp, 1. (i+l)); 

1 

// Add the imknown and total rows. 
rn-SummaryTabie.SetTe~t(~Unknown~. 0. (i+ 1)); 
strTernp.F~mat(~/os'. @ D o c ~ e t R e s u l t s h ~ e t S ~ ~ - i K n o w n ) ) ;  
nSummaryTable.SetText(strTmp, 1. (i+ 1)); 
i*; 
m,SummaryTabie.SdText(Totaln, 0, (i-t 1)); 
~UTemp.Forrnat('~/éd", pDoc4etResulaAmy()->GetSiza); 
mSummaryTabie.SetT~(t(strTemp, 1, (i+l )); 

void CResu1tsMew::OnBeg-nRinting(CDCe pDC. Cht Info*  phfo) 
{ 

// TODO: Add your specialized code h a t  andor cal1 the base class 

void CReniltsView::OnEndPrintindCDC* p K .  CRuitInfo* plnfo) 

// TODO: Add your spccialized code herc andfor cal1 the base class 
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BOOL CResultsView::OnPrepareRintin&CRintInfo* pInfo) 

// TODO: cal1 DoRepareRinting to invoke the Rint dialog box 



Appendix C: TAC-MM Source Code 

//CSearchDiaiog: defines and conimls the dialog box displayed to search a transirnt in the database 
// SearchDia1og.h : heada file 
// 

class CSearchDialog : public CDialog 
{ 
// Consûuction 
public: 

CSearchDiaiog(CWnd* pParent = NULL); II standard constnictor 

// Ovenides 
// ClassWirard generatd vimial frniction ovenides 
/I{{AFX_VI#IZIA4CSearchïiialog) 
pm tec ted: 
vimial void DoDataExcbange(CWExchange* pDX); // DDXIDDV support 
/ / ) )Am-VirnAL 

void DisableAliEditBoxesO; 

// Generated message map fimctions 
//{ {AnCMSG(CSearchDialog) 
vimial B OOL OnlnitDialogO; 
a6unsg void OnClassRadio0; 
&-mg void OnRadio 1 O; 
&mg void OnRadio20; 
afjcmg void OnRadio30; 
a&-mg void OnRadiory); 
akmsg void OnRadioSO; 
afk-g void OnRadio6(); 
//))AFX-MSG 
DECLARE-MESSAGE-MAPO 

1; 
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// SearchDialogcpp : implemaitation file 
// 

#ifdef -DEBUG 
#define new DEBUG-NEW 
#undef ïHiS-FlLE 
static char THIS-FiLEn = F I L E ,  
#endif 

void CSearc6Didog::DoDataEXchange(CDataExchange* pDX) 

CDialog:DoDataExchangc(pDX); 
// { (AF>CDATAJviAP(CSean:hDidog) 
DDXJadio(pDX. IDC-CLASSJUDIO, ntfieldToSearch); 
DDX_Text(pDX IDC-CLASS-EDK m-Class); 
DDV-MinMaxInt(pDX. III-Claçs. 0,200000); 
DDX-Text(pDX, IDC-DA=-EDIT,  date); 
DDV_MaxChars@DX mDate. 8); 
D DLText(pDX 1 DC-h4AK.I-ED IT. -Malce); 
DDX_Text(pDX, IDC-MODEL-EDE. m-ModeI); 
DDX-Text(pDX IDC-SERIAL-EDIT; n S a i d ) ;  
DDLTexNpDX, IDC-TiM E-EDiT. niErne); 
DDV-MaxCharç(pDX, m,Tirne, 8); 
DD>CText(pDX IDC-CLASSNAME-€Dm nutrClassName); 
//) ) AFX_DATA&AP 

1 
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rehini TRUE; // rehnn TRUE d e s s  you set the focus to a control 
// EXCEPTION: OCX Ropcrty Pages sbould rehun FALSE 

1 

void CSearchDiaiog::OnRadio 1 O 
{ 

DisableAI1EditBoxei); 
GetDlgItem(IDC-MAKE3DWEnableWindow(TRUE); 

1 

void CSearchDialog::OnRadio2~ 

DisableAllEditBoxes(); 
GetDIgltem(IDC,MODEL,EDIT)->EnableWmdowUE); 

1 

void CSearchDialog::OnRadio30 

DisableAIIEditBoxes(); 
Geu)l@tem(IDC-SERIAL-EDWEnableWhdomUE); 

l 

void CSearchDiaiog::OnRadio4() 
{ 

Dwb1eAIIEdïtBoxes(); 
GetDlgItem(IDC-DA=-EDWEnableWin&w(TRUE); 

l 

void CSearchDialog::DisableAIIEditbx~ 
{ 

CString strfexs 
strText F o m t  C'b/od",O); 
SetDl@temTat(IDC-CLASS-EDTT. StrTéxt); 
suTa tFormat(-) ; 
SetDlgItcmText(rDC-CMSS-NAME-EDn. =Tut); 
SetDlgItemTcxt(IûC_F(AKEJDïï. strText); 
SetDigItemTex4IDC-MODKEDK. strText); 
SetDI@ternText(TDC-S ERIAIEDK sfrText); 
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void CSearchDialog::OnRadio6() 
{ 

// TO DO- Add your control notification handler code hac 
DisableAlfEditBoxesO; 
GetDIHtrrn(1DC-CtASSSJAME~Drr).>EnableWdoE); 



Appendix C: TAC-MM Source Code 

//CSctRejectionDiaIog: defines and controls the dialog box displaycd Co set the rejection thrcshold 
#if !&fincd(AF~SETRUECTIONDIAUX;UX;HHC624B44 1-043F-11 Dl_BFS5_444553540000_MCLUDEDJ 
Xdeîhe AFX-SETRU ECnONDiALOG-LC624B44 1-W3F-11 D IJF55_444553540000_MCLUDED, 

# i f ~ S C J E R  = 1000 
#pragma once 
#endif// -MSC,VER = 1OOO 
// SetRejectionDialogh : header file 
// 

class CSetRqectionDiaIog : pubtic CDialog 

// Constructr-on 
public: 

CSetRejectionDialog(CWnd* p P m t  = NULL); // standard conmctor 

// Dialog Data 
II( (AnCDATA(CSetRejectionDia1og) 
enum { IDD = IDD-SE.STRUECTION-DIALOG }; 
doublen~dRejectionThrtshold; 
//} } A m D A T A  

// Ovenides 
// ClassWitasd generated virtual finiction overridts 
//( (AD<_VI#TUAL<CSetRejectionDialog) 
protected: 
virtual void DoDataExcfiange(CDataEXchange* pDX); 11 DDXiDDV support 
//}}AFX-VIRTUAL 

// Generated message map îunctions 
//( (AnCrulSG(CSetRejectionDiaiog) 

Il NOTE: the C l a s s W d  wiIl add member Functions h m  
//} }AF>CMSG 
DECLARE-MESSAGE,MAPO 

1; 

//({AFX-INSERT-LûCAnON} } 
// Microsoft Developer Studio will insert additional declarations immediately before the -ous line. 
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11 SaRejectionDialogcpp : implemcntation file 
Il 

#ifdef-DEBUG 
#defme new DEBUG-NEW 
#undef THIS3i .E 
static char THIS-FILEU = >E_; 
#endif 

l/({AKDAT~Mïï(CSetRejectionDialog) 
mdRejectionThreshoId = 0.0; 
II) 1-DATAJNIT 

1 

void CSe~ejecuonDialogrDoDataExchange(CDataExchange* pDX) 
{ 

CDia(og:DoT)ataExchange@DX); 
//{(ABCDATA-MAP(CSdRejectionDia1og) 
DDLText(pDX IDC-RUECTIONTHRESHOLD. mdRejectionThreshoId); 
DDV,MuiMaxDouble(pDX. m..-dRejectionThreshold, O, 1 .); 
II) )ARDATA-MM 

1 

BEGIN,MESSAGEJVIAP(CSetRejectionDialog. CDialog) 
//({AKMSG-MAP(CSaR jectionDidog) 

II NOTE: the CiassWÏzard wîl1 add message map macros here 
Il) 1 Al%-MSG-MAP 

END-MESSAGEJfAPO 

llll/l/lllll/llll/ll/I/////11///1//llllll/lllll/ll//ll/lll/llllIl/Illl/llll/I 
II CSetRejectionDialog message handIers 
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IICSigmaInitDialog: defines and controls the dialog box displaycd to update the user on the statu of  sigma initialkation 
II SigmaInitDialogh : header file 
II 

class CS igmaInitDialog : public CDiaIog 

11 Construction 
public: 

CSigmalnifDialog(CWndS pParent = NULL); 11 standard consîructor 

CTransientArray ? n ? n T ~ i c n t A r r a ~  
CPNN -Pm; 
int mnNumSearchPoïnts; 
BOOL m-bGlobalSearchDone; 

Il Dialog Data 
//({AFX_DATA(CSi@nitDialog) 
enum ( IDD = IDD_TRAMSIGMASMiT-DIALOG ); 

II NOTE: the ClassWizard will add data members here 
10)  A K D A T A  

II Ovecrides 
II C l a s s W i d  genexated vimial fiinetion ovenides 
/ /({AFx,VI~A~CSigmaInitDialog) 
protected: 
virtual void DoDataExchange(CDataExchange4 pDX); II DDXlDDV support 
Il} ) AR[-VI KîUAL 

Il Implementation 
protected: 

double ~ d l o w e r S i g m a ,  m-dLowerError. m-diMiddleSigma. m_dMiddleEmr, 
mdUpperSigma, mdUpperErr0r; 

11 Genmted message map fmctioos 
Il{ (AFX-MSG(CSigmaInitDia1og) 
akrnsg void OnStopbuttonO; 
&mg void OnTrainbutton(); 
virtual BOOL OnInitDialog(); 
ai%-rnsg void OnTima(UNi nIDEvcnt); 
14 )AFX,-MSG 
DECLARE-MESSAGEJMPO 

C-I 11 
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#ifdef -DEBUG 
#d&e new DEBUG-NEW 
#undef THISJïLE 
static char THiSJiLEa = JLE- 
##endif 

CSi~InitDirtlog:CSigmaI~tDialog(CWnd* pPamt /*=NULL8/) 
: CDialo~CSigmalnitDia10g:IDD. pPamt) 

11 ( (AFX-DATA-INIT(CS igmaInitDialog) 
Il NOTE: the CiassWizard will add member initialization here 

//) ) A - D A T U i T  

void CSigma[nitDidog:DoDataEXchang~CDaraExchange* pDX) 
{ 

CDialog:DoDataExchange(pDX); 
//{ {A~DATAJdAP(CSigmaInitDiaIog) 

II NOTE: the ClassWttard will add DDX and DDV calls here 
I/))AFX-DAT&MAP 

1 

l/ll///ll//////l//lll///////////////////////////////////////////////////l//// 
// CSigrnaInitDialog message handlm 

void CSi~lnitDia1og::OnStopbuao~ 

CS tring strTexS 
m-PNN~bStopNow=TRUE; 
strTextFonnat("Rcss Train to mume or OK to Exit"); 
SctDlgitmText(IDCDCSTATICCCüRRENT', *Tact); 
GetDlgItem(IDC_SfOPBUTTO~EnableWlndow(FALSE); 
GetDi@tem(IDC-TRANBmN)->EnabteWrndomE); 
GctDlgItem(1 WKt>EmbIeWmdow(TRvE); 

1 

void CSigma~itDialog:OnTraïnbuttonO 
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BOOL CSigmaInitDialog:OnlnitDialog~ 
i 

CDialog::OdnitDia.iogO; 

CProgressCtrlC pRog+CRovCtrI*)GetDlgItem(I DC-iNITPROGRESS); 
pRog*SetRange(OaTmi~1tAttay~ctS~); 
pRog*SctPos(O); 
CStnng sbtext; 
strTcxtFomiat("Ofodn&TransientArray->GetSue()); 
S~lgItemText(IDCDC~A~C~AXERROR, strText); 
strTextFomt("Press Tram to begia"); 
SetDlgItemTurt(IDCurt(STATICCCU~t strText); 
GetDi@tem(iiDC-STOPB~OWEnableWindo~FUE); 
m-bGlobalSearchDonetFALSE 

r e m  IXUE; // nhrm TRUE unlcss you set the focus to a control 
// EXCEPTION: OCX Roperty Pages should rrturn FALSE 

1 

void CS igmainitDialog:OnTimcr(ü~T nIDEvent) 
{ 

if (dDEvent== 1) { 
CString strText; 
if (!mJNN->or_bStopNow) 

SaDlgItmirat(rDCDCSAnCCCURRENT, mPNN~trüserMtssage);  
strTextF~rmat(~%. 1 2 I f " , ~ N N ~ U s e r D i S p I a y S i ~ ) ;  
SetDlgïtemTcxt(IDCDCSTAnCCS IGMA, strTtxt); 
strText.Format(%. 1 Uf".mJNN~dUscrDisplayError); 
SetDlgittmTcxt(1 DC-STATIC-ERROR, strText); 
CProgrcssCtri* pRog-(CRogrrssCM*)GetDI@tmi(IDCDCMTTPROG RESS); 
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/fi file is wn'aen by the author to implement the SOFM technique 

protectedr 
int m~Tran~ientModclSkJI'mit in constmctor 
int rn_PNumClasses; 
int m-nTca11sientNurn;/lnumber of txaining cases ta rctain after SOFM 
int m_pMapS ize; 
int ~ E p o c h ; / / n u m b e ~  of iterations 
double m-dRadius; //initial mdius of neighbourtiood 
doubte mdAIpha; //initial leamhg rate 
double ~Weigh t ; l l s i ze  is nl_nMapSize*tn-flodelS~e 

CTransientArray ~TransientArray; //rem valu is the size-reduced mahix 
int CmtClassuidex; 
int m-NoSamplesInClass; 
IlCTransientAmy ~CurreniCIassAmy; 

public: 
void Serialize(CArchive& ar); 
CSOFMO; 
-CSOFMO {delete m-WeighS) 
void Initialue(int TransientModelSize); 
void osrand0 {s& 400; } 
int orand() { relum( (int) ((secd=(seed*23)% 1OOOOOOO l)%RND-MAX) );) 

void Randhit()J/ran&rn initialize weights 
void Norrnalize(doub1e *vec. int vec-size); 
double DotRod(double *vecl. double *vccî,int vecgizc); 
double Dist(doub1e * v a  1. double *ve5!.int vec~ize); 
void Adapt(doub1e *vec, double *sample, int dim. double aipha); 
int FindW'mer(doub1e *m-CwaitTransientModel); 
void SOFMTrain(); 
int Map-Loc(doub1e ~CurrentTransimtiModel); 
int Find-Centroi@; 
void Clustcr(int *DeIaeTransientindex); 
//void SetNumCascs(int NumCases) { ntpNumCascs=NumCa~es: ) 
void SetNumClaçses(int NuInClasses) ( n u N u m ~ N u m C l a s s e s ;  ) 
int GetNumClasses() ( retum ~ N u m C l a s s e s ;  ) 
void SetTransientArrayPointcr(Cfransien~ TransientArray) 

{ ~ T f a ~ ~ ~ i m t A m y = T r a n s i c n ~ ~  ) 
//vo id FillT~ningResultsAnay(CRt~dtsArray *Resul tshy);  
void SetTransientNum(int TransientNum) ( rrcpTmnsientN~-Tmia1tNum;) 
int GetTransientNumO {rettim cxutTransientNum;) 
void SetCurrentClassinda (int indexjnÏÏ) (CurraitClassùidex=ind~~ini~) 
int GetCurrentCIassindex() { rcturu CurrcntCkIndat;) 
void SetNoSamples fnClass (int Num) (m-NoSamplcsInC1ass=Num;] 
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llSoh.cpp : implemenration of CSOFM 

Il This file is partially based on the pmgrant package 'sompk' 

#ifdef -DEBUG 
void CSOM::Dump(CDumpContext& dc) cons 

CO bject:Dump(dc); 
dc cc "Luotao.. CSOFM Dump."; 

1 
#endif 

void CSOFM::initiaIize(int TransimtModclSize) 
{ 

~Tra~l~iaitModeISize=TransientMdeISizt, 

delete 0 mWeÎghf;//had to do dummy init in consmtctot..undo it now 
m~wtighmew double[~apSize*~TransientModelSize]; 

1 

void CSOFM::Serialue(CArchive& ar) 
f 

int ctr; 
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void CS0FM::RandIniQ 
t 
int ij;  
double mavai=ZO, mival4.5; 
//range of mput -able values (variance fracta1 dimension) 
// Randomize the weight vectoa 

for (i = O; i C W p S i z e ;  i++) 
C 

for(i-oj<~TransientModc1SiZcj*) 

mWeight[if ~ T r a n s i e n t M o d e 1 S ~ j ~  = 
mivai+(maval- mival) ((double) orando / 32768.0): 

1 

void CSOFM::Normaiizc(doublc Vec, int vecgizc) 
C 
double sunF0.0; 
int j; 

double CSOFM::DotRod(double *vec 1. double *veL?,int vec-sire) 
{ 
double sud.0; 
int j; 

double CSOFM::Dist(double *vecl, double *vec2,int vecsize) 

double dif,dist=û.O; 
for(int j=O;jcvcc_Site j- *) 
{ 

dif=vcc 1 ~i]-vecZ~i]; 
dist +--diPdif; 

1 

// move a weight vcctor towards anotha vector 
void CSOFM::Adapt(double *vec, double *sample. int d i i  double alpha) 
{ 

int i; 
for(i=û:i<dim;i+f-) 

vec[g += alpha* (sampiclq-vec[i]); 
1 
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/* Fmd-winner - hds the wiming neuron using euclidean disîance8/ 

int CSOFM::FmdWma(double %-CrrrraitT-entModd) 

//doubIe *mdCurrentWeigh~ 
mt i; 
double min-disf diff, dise 

int Winlndex; 

///Cornpute the distance behveen the tirst wàght and input 
dist = 0.0; 
for (i = O; i c m-nTransiaitModelSize; icç) 
C 

di ff = ~ W e i g h q i ]  - I~I-CurmtTransientModel[i]; 
dist += diff diff; 

1 
min-d'kt =  dis^ //store the first d i c c  as curraitly the smalIest 
Wùiindcx = O; //current winna is the first neuron 

// Go through the rest ofweight vecton 
for(int index=l; mdexcrn-nMapSüe; index*) 

{ 
//~dCurrentWeigh~Weigbt[hdex*~Tfi~~ientModelS~e]; 

dis = 0.0; 

11 Compute the distance between weight and input enhy 
for (i = O; i c m-pTfaz~sientModelSize; ice) 
{ 

diff = m-Wtigfit[hdexIlruiTransientModdSiz~i] 
- mCurrentTransientModel[i]; 

dist += diff diff; 
if (dist > min-dist) 

bftak; 
1 

// If distance is smalla than the smalIest distance. update 
if (dis  c mkdist) 
{ 

-dis = dist; 
WinIndex = index; 

1 
1 

/* soctrauiing - train a SOM. Radius of the ncighborhood decreases 
linedy from the initial value to one and the leamhg parameter 
decmtses Ihearly Frorn its initial value to zero. */ 

void CS0FM::SOFMTrainQ 
{ 

int index.Winindex; 
double &ad. talp; 
double *~CunrntTransiaitModel; 
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// Radius decreases Luicariy to one 
md = 1.0 + (ru-dRadius - 1 .O) (double) (m-nEpoch-iter) / (double) n~nEpoch; 

//AIpha dtcrtase linearly tu zero 
taip = m,dAIpha* (doubleXrr~iEpoch-itay(&uble) m-nEpoch; 

// Fmd the bgt match for the cumnt transiait 
Winindcx= FmdWimi~m,CurrentTraasieatModd); 

inciex+, //next aaining w e  in the class 
//auurne aU classes have the same number of Ûainuig cases 
// if we are at the end of each class. go back to the start 
iqiidex >= (CurrentClasslndex+ ~TransientArray4etSizeO/~NumC~~es) ) 

index=CumntClass index; 
1 

// find the location on the rnap for a given input a f k r  ttaining 
int CS0FM::Map-Loc(double *m-CurrentTransientModeI) 
t 

int mapindur; 

int CS0FM::Find-Centroici() 

int *node_hit. node-index. -hi& rnax-uode-index; 
double ~CumntTransientModeI; 
m-CurrentTransienthlodel= new doubltfmTr-entModelSize]; 

node-hit = new inqnuMapSize]; 
//initialize the number of hits per node 
for(mt i=O;iccxuMapSize;i-H)) 
{ 

noâcfiqi] = O; 
1 

fo~i=O;i<~NoSarnplesInCIa~~;i++) Ifgo through aii cases h m  a class 
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//W the highest hit-fiequaicy nodc the centroid of the map 

void CSOFM::Cluster(int *DelueTransientinda( - :) //produce the rcduced-size ûaining cases for a cIas 

int centroi& COMM. nodeindex; 
double %t-CurrentTransientModel; 

centmid = Find-Centroici(); 
TRACE("Caimid is node Yoli"", centroid); 
for(int i 4 ;  i<ITSrfoSarnpleslnClass;itk) 

~CurceotTransien tModelmTransicntArray-SetAt(i+CurrentClass Index) 
->GetTransientModeI(); 

node-hdcx-Map-~(~CurrentTransicntMdef); 
TRACE("'Transient %i is mapjxd to node %iiU. i+CurrentClassIndcx. node-index); 
ifC (node-hdex != centroid)&&(comtÉ(~NoSamplesinC1as~-m~T~im~m)) ) 

{ 
DeleteTransïentindex[wunt] = i+CumntClassIndex; 
TRACE("De1eting transient %thw. kIdeTmimhdex[count]); 
count*; 

1 
1 
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II TACJ4M.h : main header file for the TACMM application 
11 

#if J4SC-VER 1000 
#pragma once 
#endif //MSC-VER IOOO 

#ifiidef AFXWM-H- 
#cmr mclude 'stdafkh' before incIuding this file for PCH 

#endif 

Xinclude 'fesourceh" // main symbis 

ll//lll//ll/ll///l///ll//////////l////ll/////l/l///////ll/////l////////ll//l/ 
II CTACBMApp: 
Il See TAC-MM-cpp for the implernentation of  this class 
II 

class CTAC-MMApp : public C W i i p p  

// Ovenides 
// C l a s s W i d  generated virtual tûnction ov&des 
Il( {AFX-VIFUUAL(CTAC__MMApp) 
public: 
virtual BûûL InitIastance,O; 
Il) 3 AFX-VIRTUAL 

WnCMSG(C?ACJMApp) 
ah-mg void OnAppAbour(); 

11 NOTE - the ClassWizard will add and remove member functions hem. 
11 DO NOT EDIT what you sec in these biocks of  generated code ! 

/ I ) )AKMSG 
DECLARE-MESSAGE-MAP() 

1; 

l/{(AFXJNSE~-LOCATION)) 
II Microsofi Developer Studio wiH insert additiooal declarations immediateIy before the prcvious line. 
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// TACJiM.cpp : Denna the class behaviors for the applicatiori. 
// 

#ifdef-DEBUG 
#define new DEBUG-NEW 
#undef THIS-FILE 
static char THIS-FiLEu =-FILE- 
#endif 

BEGW-MESSAGE-MAP(CTACJlMApp. CWuiApp) 
tI{{AnCMSG,MAP(CTAC-MMApp) 
ON-COMMAND(ID,APPJBoUT. OnAppAbout) 

// NOTE - the ClassWizard will add and remove mapping macros here. 
// DO NOT EDE what you see in these blockç of generated code! 

//) ) AFX-MSG-MAP 
// Standard file based document commands 
ON-COMMAND(1D-FiLE-NEW. CWinApp::OnFileNew) 
ON-COMMAND(tD,FILE-OPM, CWnApp::WileOpai) 
// Standard print setup command 
ON-CObiMAND(ID-FILE-Pm-Sm. CWinApp::OnFilePrintSctup) 

ENDJIESSAGE-MAPO 

CTAC-h4MApp::CTAC_MMApp() 

// TODO: add construction code herc, 
// PIace al1 significant initialkation in InitInstance 

1 

////////////////l/////////////l////l//////////////////////I/I//////////////// 
// The one and only C T A C - m p p  object 

B O L  CïAC_MMApp::I~tIrstance() 
{ 

11 Standard initiaiintion 
Il If you are not using these f e a m  and wish to d u c e  thc size 
11 of your final aecutable. you shodd remove h m  the following 
11 the specific initiaikation routines you & not necd 

#ifdef JFXDLL 
EnablddControls();// Call bis when using MFC in a shared DLL 

#else 
Enable3dConirolsStatic()~/ Call this when linking to MFC staticaUy 

#endif 
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LoadStdProiüeS~gsO; II Load standard MI file options (including MRU) 

// Register rhe application's document templaîes. Document templates 
// serve as the comection between documents. b e  windows and views. 

CSmgieDocT~latt+ pDocTempiate; 
pDocTtmplate = ncw CSmgleDocTemplate( 

IDRJfAlNFRAME, 
RUNTIME-CLASs(<JTAC-MMDoc), 
RLiKIIME-CLASS(CMauzFrame), // main SDI fiame window 
RUNTiME-CLASS(CïAC-MMVIew)); 

AddDocTemphte@DocTmpIate); 

11 Enable DDE Execute open 
EnableSheliOpai(); 
RegisterShellFileTypeiTRLE); 

// Parse command Imc for standard shell mmmands, DDE, file open 
CCommandLineInfo cmdInfo; 
ParscComrnandLine(mdnfo); 

// Dispatch commaodç specified on the command line 
if (!RocessSheIIComrnand(mdJnfo)~ 

r e m  FALS E: 

// Enable drag/drop open 
m3Main Wnd->DragAcceptF iles(); 

return TRUE; 
1 

class CAbouîDIg : public CDialog 

public: 
CAboutDlgO; 

// Dialog Data 
// { (AFXDATA(CAb0 utDlg) 
enum { IDD = IDDJBOUTBOX ); 
11) ) A F U A T A  

// ClassWimrd generated v h a l  ftmction overides 
//{{AFX-WKKJAL(CAboutD1g) 
protected. 
vütual void DoDataExchange(CDataExchange8 pDX); // DDX/DDV support 
/l))AFX-Vr#rvAL 

11 implementation 
pfotected: 

//{{AFX-MSG(CAboutD1g) 
I/ No message handlas 

//) )-SG 
DECLARE-MESSAGE-MAPO 

1; 
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BEGiN_MESSAGE_FrAP(CAboutDIg, CDidog) 
Il{ {AFX-MSG-MAP(CAb0utDIg) 

11 No message handIas 
I I )  } AFX-MSG-fvfAP 

ENDMESSAGE-W() 

11 App command to nm the diaiog 
void CTACJv¶MApp::OnAppAbout() 
{ 

CAboutDlg aboutûlg; 
aboutDlgDoModal(); 

1 
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#ihddTAC-MMDOC-H // Make sure this hcadaonly gets included once. 
#d&e TACJ4MDCK-H 

#inchde "objmfc.h"// For Bai's stuff. 
#include "objects.h"// For Ben's stuff. 
#include *GlobalSM.hn// Added by ClassView 

class CTAC-MMDoc : public CDocument 
{ 
private: 

FileType rrtCurrentTranFiIeType; 
CSrring m-,strTransientClassName; 
int m~Tca~sientClass; 
CStrÎng mPathName;  
CTransientAnay m-TransientAmr. 
CExtract rr~,Exûact; 
CPNN m-PNN; 
CPrincoData mPrinco; 
CSOFM m-SOFM; 
CResultsAmy m-ResuitsArray; 

int mjiCurrentTmient; 
int *m-nRawSi@; 
int ~ S q u e l c h C h a m e l ;  
int mnHighestValue; 
int rn-rLowestVaIut; 
int ~Trafz~ientBegimHerc; 
double m-ciRejcctlihrtshold; 
int m~~NumClassi@Modes; 
int -MinSepararion; 
double *mdlhrrshholds; 
doubie *ndVarDiroTraj; 
double 9n-dï"ientMode1; 
BOOL mbDtxCreated; 
CPageSetupDialog rrLps Ddlg; 

// Attributes 
public: 

B W L rrtbFiIcInMemory; 
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int *GetRawSignalQ { m m n  nmRawSignal; 1 
double GetVarDimTmj() { return mdVarDimTraj; ) 

int GetLowestValue() { r e m  m-nLowestValue; ) 
int GetHigùestValue() { retuni ~ H i g h e s t V a l u e ;  ) 
int GetTraasientBegùisHereO {return -Tm-entBeginsHen. } 
CTransientArray *GetAfiayO { rcntrn &m-TcansientGrray; ) 
CExtract *GetExmct() ( return &m-Extract; ) 
CPageSetupDialog *GaPageSetupDlgO { return &x~PSDdlg;  ) 
CRauItsArray *GetResultsArrayO { renim &mRcsultsArray; ) 

II Operations 
public: 

BOOL ReadRawSignal(CSiring FiIePath.BûûL IsAdding);//FALSE if file not good 
int GetCurraitTransient() { rem m-nCmtTransient; } 
void SetCmentTransient(int Place) { m-nCiprentTransienl=Place; ) 
void ïncrernentCurrmtTransient() {m-nCwmtTransient+= 1 ;  

UpdateStahisBarO; } 
void DecrementCutrcntTransient() {n~iCurrentTransient;.I; 

iqm-nCurrentTransient!=-1) 
UpdatcStatusBar(); 

else 
Up&teSumBarNoTransients();} 

void UpdateStatusBafl); 
void UpdateStanrsWNoTmientsO; 
vo id UpdateS taaisBarUnknoWn(); 
void ViewNeedsUpdatingO; 
void SegmentAI~Transients(int NewModelSke, 

CEditFPProgrcssDialog *RogrssDlg); 
void ComputcAliModels(int NewModelSize, CEditFPRogressDialog *ProgressDlg); 
void DeleteCurrentTransient(); 
void DeleteResultsAnayO; 
void CheckWuidowsMessages(int NumChecks); 
double CornputeConfidence(double *SummationNeuros int RedictcdCIass); 
int MultiModeCIassifj(d0ubIe WighestConfidence, 

double *Ac ti~tion); 

11 Ovenïdcs 
// ClassWii generated v i d  tùnction ovm-des 
//{{AFX_VIRTUAi(CTAC-MMDoc) 
public: 
virtual B û û L  OnNewDocument(); 
virtuai void Sdize(CArchive& ar); 
virtual void DeleteContentsO; 
vimial BOOL OnOpenDocument(LPCTSTR IpszPathName); 
10 ~ A F X - V I ~ A L  
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// ïmplementation 
public: 

void UpdateListView(); 
void Sto~tTracl~ientData(int inda); 
void UpdateStatusBarNt~Transieny); 
virhial -CiAc-MMDocQ; 

 if der'-DEBUG 
virhial void AsseriVaii~ const; 
virtual void Dump(CDumpContext8r dc) const; 

#endif 

// Generated message map functions 
protected: 

//((AFXJMSG(CïACJîMDoc) 
afjunsg void OnFiIeNewO; 
a K m g  void OaDatabaseAddtransienQ; 
b g  void OnUpdateDaCabaseAddtransimt(CCmdUI* pCmdUI); 
a k m g  void OnDatabaseDtIetctransient(); 
aik-msg void OnffpdafeData~eDeletetransient(CCnZdUI* pCmdUI); 
aficmsg void OoViewRevO; 
afjunsg void OnffpdateViewPrev(CCmdUI* pCmdUI); 
&mg void OnVÏewNextO; 
&mg void OnUpdateViewNext(CCmdUI* pCmdUI); 
*-mg void OnViewRawsi@(); 
a&-mg void OnVÏewFractaitrajectory0; 
afk-mg void OnUpdateViewFractaltrajectory(CCmdUI* pCrndUI); 
afx-msg void OnUpdateViewRawsignal(CCmdUI* pCmdUI); 
a&-mg void OnFiIePageSefup0; 
afjc-msg void OnUpdateFiIePageSehrp(CCmdUi* pCmdUI); 
atkmsg void OnUpdateFi1ePrint(CCmdW pCmdUI); 
a f i rmg void OnUpdateFiIenIntPreview(CCmdUI* pCmdU1); 
a&-msg void OnUpdateFileSavc(CCmdUI* pCrndUI); 
aficmsg void OnNeuralnetClassiSl(); 
&mg void OnUpdateNeuraInetClassiry(CCmdUI* pCmdUI); 
aIjcmsg void OnNeurainetInitializesigmasO; 
ah-mg void OnUpdateNeumlnetlnitialiresigmas(CCmdUI+ pCmdUI); 
&-mg void OaEditFrac&dparamders(); 
afx-rnsg void OnUpdateEditFractalpar~netaT(CCmdUI* pCmdW); 
&mg void OnVitwSearch(); 
aIjcmsg void OnUpdateViewSearch(CCmdUI* pCmdUI); 
&-mg void OnNeurainetOptixnùesigmas(); 
a k m g  void OnUpdateNeuralnetOptimuesigmaiCCmdUI pCmdUI); 
a-g void OnNcuralnetBatchclassifyo; 
aSt-mg void OnUpdateNeura[netBatchclassifL(CCmdUI* pCmdUI); 
afxjnsg void OnNeuralnetModepafameccrg); 
*mg void OnUpdateNeurdnetModeparamerers(CCmdUI* pCmdUI); 
a-g void OnUpd.ateFileNew(CCmdUI* pCmdUI); 
afiCrnsg void OnUpdateFiIcOpai(CCmdUI* pCmdUï); 
afjc-msg void OnUpdateFileSavcAs(CCmdUI* pCmdUI); 
aficmg void OnNeraalnetS+ectionthreshold(); 
atjtmsg void OnUpdateNeuralnaS~*~c~onthrrshold(CCmdUI* pCmdUI); 
a f x m g  void OnShrtCapture(); 
atjLmsg void OnVicwzoOmedrawsignaI~; 
a-g void OnUpdateViewZoomedrawsi~l(CCrndCn* pCmdUI); 
aficmsg void OnViewNetworkDdli); 
aficmsg void OnUpdateViewNetworkDetaiis(CCmdUI+ pCmdUï); 
&msg void OnViewClassificationSta&O; 
afiUNg void OnUp&teViewCla~sifi~onS~~CCmdU(* pCmdUI); 
af3-g void OnVicwTlliuiingResu!ts(); 
afjc-msg void OnUpdatcViewTrai~gResults(CCmdOI* pCmdUï); 
afiCrnsg void OnSaveResuis(); 
abynsg void OnUpdateSaveResults(CCmdU1* pCmdUI); 
/ / a k m g  void OnNernalnaDimrcduction(); 



Appendix C: TAC-MM Source Code 

//&mg void OnUpdateN&etDimrrdu~tion(CCmdUI* pCmdUI); 
//) } A K M S G  
DECLAREBESSAGEMPO 

1; 
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/iTtiis file is modified by the author 
11 TAC,MMDoc.cpp : implemcntation of the CTACJNi4lhc class 
// 

Xifdef -DEBUG 
#define new DEBUG-NEW 
ikndef THIS-FILE 
static char THIS-FILE0 =-FILE- 
#endif 
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cTAc~MMDoc::C?Ac~Doc() 
f 

m-bFile1nMernoyFAlSE; 
~bDOcCtcated=FALsE; 
rq_nCumntTransient= 1; 
m-bView RawSignalFlagzTRUE, 
m-bViewVarDimTraj FlarTRUE; 
rs_bScroiiToTransicnt=FALSE; 
~bViewSegmcnta tion=TRUE; 
m-bNotClassifyinrTRW 
~bViewTrainingRcsults=FAtSE;/Niew Raw signal by default 
m-bRcsuItsExist=FALSE; 
~bInBatchProces~FALSR 
rrl.PMI.SetTransientArnyPointer(~TmientArray); 
IlmmPrinco.SetTransimtAmyPoùlter(&nLTr-aitArray); 
m-nNumClassi&Modes=l; 
m-dRejectThreshold= t e-20$/ DeFault setting. 
~TransiattListView = NULk // Make sure the pointer is NULL until the view is created 
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CTAC-MM Doc::-ACMM DocO 
( 

CPageSetupDialog Ternp;//select default pinter before exiting 
A & G a A ~ S e l e a R i n t c r ( T e m p . ~ h D c v N a m c s ,  

TetnpnLpçdhDevModç FALSE); 
1 

BOOL CTAC_MMDoc::OnNewDocument~ 
{ 

TRACE("Dos OnNewDocument king executd\n"); 

if (! CDocurnent::OnNewDocumentO) 
retum FALSE; 

// TODO: add reinitialization code here 
// (SDI documents wiii reuse this document) 

void CTAC-MMk.:Saialize(CArchive& ar) 
{ 

mBtract.Seridize(ar); 
m-TmientAnay.Serialize(ar); 
tn-PNN.Serialize(ar); 
rn-Rinco.Serialize(ar); 
nl,SOFM.Serialize(ar); 
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#ifdef -DEBUG 
void CTAC-MMDoc::AssatVdidO const 
{ 

CDocumentAssertMiid(); 
1 

void (JfAC~MDoc::Dump(CDumpContext& dc) const 
{ 

CDocumni~:hunp(dc); 
1 
#endif //-DEBUG 

void CTAC-h4MDoc::OnFileNewO 
{ 

TRACE(Won, ûnFileNew k i n g  executedb"); 

// Save the document if it has been modified 
// and needs to be saved 
if (SaveModified() = FALSE) 

-; 

11 Start a new document 
// Ask for the new documents parameters. 

CNewDatabase NewDatabaseDlg;//declare diaIog class object 

//set defaults 
NewDatabaseD1g.m-RawFileSize=S 192; 
NewDatabaseDlg~Transi~1tSizecl536; 
NewDat3baseDlg~WindowSuH12;//Segmaimtion window size 
NewDatabaseDlg~VariancePak-1 O;//Segmentation variance pairs 
NewDatabaseDlg~Thrrshold=8.0: 
NewDatabaseDlg~odcIWindowSiz~768; 
NewDatabaseDIgeodelVa"ancePairS=8; 
NewDatabaseDlg.~odelWindowSb+ 48; 
NewDatabaseDlg~quelcIiTng = 4000; 
NewDatabaseDlg~nSquelchTngWidth = 100; 
NewDambaseDlg~SquelchDelay = 850; 
NewDatabaseDlg~Tn'gWuiSizt= O; 
NewDatabaseDlg.uiTrigType = WINDOWDVARIANCE; 
NewDatabaseDlg~TrigScherne = O; / /O is absolute triggering 
NewDatabaseDlguuAdjust = 0.5; 
NewDatabaseDIgm-nReducedDim=O; 110 means no pca pessmg 
NewDatabaseDig111-nTransientNum=20; //sofin processmg when more toan 20 ûansients per class 

if ~NcwDatabaseDlg.DoMo&I()=IDOK) 
{ 

// Create the new document. ddeting the old one. 
CTAC~MDoc::OnNewDocumc11~; 
~ E x b a c t S c t P ~ e w D a t a b a s e D I g . t n - R a w F i  
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NewDatabaseDlg~TmientSizc, 
NewDatabaseDl&niWmdoWSizt, 
NcwDaoibareDlg~VarianccPain, 
NewDatabaseDlg.~'fhrcshold, 
New D a t a b a s c D I g ~ o d e l  WmdowSize, 
NewDa&bascDlg~odeIvariancePairS. 
NewDatabaseDlg~odeIWmdowShift, 
New DatabaseDIgauQuelchTrig, 
Ncw DatabaseDlgliuiSqueIchDelay. 
New DatabaseDlg.~nSquelc hTngWidth, 
NewDatabaseDlg~Tn'gW'iize. 
NewDaiabaseDlgi4,TrigType. 
New DatabaseDlg~TngScheme, 
New DatabaseDlgmnAdjust); 

m3nco.SctRed~~im~~DatabaseDl~~Rd~dD~); 
~SOFM.SetT~ientNum(N~DatabaseDIg~TmientNwn); 

// Clean up the list view if one exists. 
if (m-pTransientListView != NULL) 
{ 

~lpTransiaitListView -> RemoveAIIItcmsO; 
1 

void CTAC~Doc::DeletcContents~ 

//TOM: Add your speciaIucd code here andror cd1 the base ciass 
TRACE("Don, DeleteContents k ing  executd\n"); 

ifcrn-bDocCrcated) { 
deletc Q m-pRawSigd; 
delete a nifiSquelchChanne1; 
delete fl mdVarDimTraj; 
delete 0 mdTfartsienWode1; 
delae 0 ~b7hreshholds; 
m_bFilehh4emory=FArsE; 
mbDod=reated=FALSE; 

1 
int c~TransientArray.G&kc(); 
while (ctr-) { 

delete mTliwientArny.GetAt(ctr); 
1 
rq,Transimthy.RcmoveAtI(); 
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void cfACflMDoc::OnD;itabaseAddtransicn~ 

CShing PathName; 
CS&g sirFileNameBuff; 11 Hol& the Iist of pathnames for selected files. 
POSITION pos; 11 Ho[& the position filenames in the filename buffm. 
int nFiles = 0; // Number of files selected 
int nFiIeToAdd = O; // Cumnt File to be a d d d  
bool bAcceptAll = FALSE; // TRUE if accepting al1 selectcd transienfi. 
bool Kancel = FALSE; // TRUE to stop adding Uansients. 
int index; // Index to the aiinsicnt =yy 
C S h g  strLastClassNamc; // Hol& the c h  name of the laçt added trasicnt 
int nLastClassNum; // HoIds the class numbcr of the last addcd a i e n t .  

int TransientModelSiz~ExtractGetTransiaitModelS~; 
/ ~ C E ( Y r a n s i a i t M o d e l S k e  in Add transient is Y&".TransiaitModelSite); 

CFileDialog FiIeDlgfT'RUE// IRUE means file open 
W L L ,  // Not used for file o p  
WLL. // No initial filename. 
OFN-HIDEREADoNLY 1 OFNFNOVERWFüTEPROMPT 1 
OFN-FILEMUSTEXIST 1 OFN-PATHMUSTMIST, 
''All compatible files (*nw; *.pcm)( *.raw; *.pcm/" 
"Raw Files (*.raw)[*.rawpCM Files (*.pcm)l*.pcrnr 
"Ali Files (*.*)I*.*I~", // SeIecu wùich files to show. 
NULL); 

/fiRACE('Chris, adding a transienth"); 

FileDlg.~oh.lpstrTitlcc**Add Transient Select a File"; 
Fi1eDlg.m-ohFlags [= OFN-ALLOWMULTISELECT; 11 AIlows multipIe files to be 

// selecttd a! once. 
FileDlg.m,oFn-IpstrFile = strFileNameBuff.GetBuffa(20000); // Select the filename buffer. 
FileDlg.moh.nMaxFik = 20000; // Sets the size of the buffer. 

if (FileDig.DoModai()=IDOK) 
{ 

HCURSOR Wait=AfxGetAp~LoadStandardCm~~IM=~WAïr); 
::SctCmor(Wait); 

// Find the numba of files selected 
pos = FneDlgGetStartPosition( )Y/ Gets the position of the first filename m the ba' 
while (NULL != pos) 11 Step through the filename buffer 

PathName = FileDlgGetNattPathName@os); //Go to the next file name in the buffér. 
nFiIes*, 

1 

11 Add the filds CO the database. 
pos = FileDlgGetStartPositionO; // Fin& the position of the first filename m the b u f k  
while (nFileToAdd < nFiles) 

PaîhNarne = FileDlgGetNuttPathName@os); // Rctn'eve the fiIcname. 
nFiIeTo A- // N a t  file. 

// k e s s  cach of the selectai files. 
if (ReadRawSignai(PaName.TRUE)) / /ses if file cxists, is compati'ble., loads info for display 
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~ e s s a g e B o x ( " N o  transient f o d  Try adjusting satings." 
,MB,OK); 

m-bFileLnMemory=TRUE; 
m-bSmUToTransient?TRUE; 
m-bVi&egmentation=TRUE; // show tran Segmentation info whcn adding 
UpdateStatusBarNewTmicnt(); // Show "New transient in the stahis bar. 
UpdateAiiViews(NULL); // Display the ûansicnt- 

if (bAcceptAl1- FALSE) 
{ 

// Ga the class name for this transient 
if (nFileToAdd != nFilcs) 
{ 

CEnterClassMultiDhlog EnterClassMultiDlg; 
EntaClassMultiDIgrrLN~File~~Selectd = nFiles; 
EnterCiassMdtiDIgm-T~a~ientF'tle~Number = nFileToAdd; 
EnterClassMdtiDIg~bClassName = ~TransmitterMake; II DeFduIt class name- 
EnterClassMuitiDlgm-pDoc = this; // Allow the dialog to access the documents data 

switch (Entu-ClassMuitiDlg.DoModal0) 
f 
case IDCJCCEPT'LL: // Accept al1 bunon presseci- 

bAcceptAl1 = TRUE; 

case IDOK: 11 Accept button pressed. 

// 1s this a new class? 
if ((index 

// Use the existing transient class #. 
m~TtansiaitCIass = niTransientArray.GetAt(index) -> GetTransientClassO; 
nLastCIassNurn = m-nTransientClass; 

// Use the next available class #. 
tn-nTransientCIass = ~Tmien~rray.Fm~umClass~); 
nLastClassNum = rn-nTliillsientClass; 

11 Use the class name fiom the diaiog box. 
rn-strTransientClassName = EnteClassMultiDlg~IassName; 
mLastCIassName = EntaClassMuItiDlg~trClassName; 

11 Add the new transient to the storage m y .  
StoreTcansientData(nwCumntTransia1t+ 1 ); 

incrcmentCmtTmient(); 

SetModifiedFla&TRUE); 
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Updat es tatus &ro: 
break 

case IDC-SKIP: fl Skip button prrssed. 
break 

case IDC-DELETE: II Delete buaon press& (Doesn't work) 
TRACE(Thris. atietnpting to delete the fi1e.h"'); 
if (AfxMessageBox("Ace you sure you want to &lete the transient file?-, 

MBJESNO)=IDYES) 
{ 

LPCiSTR IpFdaiame; 
IpFiïename = PaîhName; 
// Delete the ûansient file- 
if (DeIeteFde(lpFi1emme) != -1) 

TRACE ("Chris. coddn't delete the fi1e.W); 

11 may want to bring up the dialog box 
11 for this traasient again. 

1 
break 

case IDCANCEL: // CanceI button pressai 
II Display last mamient in the array. 
bCancel = TRUE; 
break; 

EnterClassDlg~trClassNamc = rrLTransminuMake; !/ Default claçs name. 
EnterClassDlgn~gDoc = this; II Allow the dialog to access the documents data. 

switch (EntdlassD1g.DoModalO) 
{ 
case IDOK: II Accept button press& 

II Is this a new class? 
if ((index = ~TransientAmyYS~hForCI~Name(EnterCIassD1gm~trClassName)) != 

{ 
II Use the uristing transient class #. 
nmTransientCIass = ~Transienthy.GctAt(hdex) 3 GetTransientClass(); 

1 
clse 
{ 

// Use the n a t  available class #. 
m-nTmientCIass = ~TTaI1sientAnay.FmdNumClasses(); 

1 

II Use the name h m  the dialog box. 
~TransiaitClassNarne = E n t a C I a r s D l g ~ l a s s N a m e ;  

II Add the new txansient to the storage anay. 
S torrTiansientData(rrl,nCurrczltTransiaittl); 
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case IDC,DEL€E Il Delae button presseci. (Doesn't work) 
TRACE("Chris, attempthg to delecc the ti1e.W); 
if (AfjrMessagcBox("Are you sure you want to delete the transient file?". 

MBMB_YESNO)=IDYES).O)=IDYES) 

II Delete the m i e n t  file. 
if (DeIueFae(PaWme) != -1) 

TRACE ("Chns. couldn't deleîe the fi1e.W; 

/l may want to bRng up the dialog box 
// for this transient again. 

1 
brtak: 

case IDCANCEL: / /  CanceI button prtssed 
bCancel = TRUE; 
bttak; 

1 
1 

I/ Add the new transient to the storage array. 
StoreTmnsiaitData(~CurrentTracl~imt+ 1 ); 

BOOL CTACmDoc::ReadRawSignaI(CString FilePath, BOOL IsAdding) 

int RawFiIeSk~ExtractGeiRawFiI&iztQ; 
int T a y  i ; 
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if (FilePa*~Right(3).ComparcNoCase(~") = 0) 
{ 

rr~CurrentTranFileType = PCM; 

// Read the pcm file. 
CFile pcmfile; 
short inP Buffkr; 11 Needs to be a short mt because the pmi fîie 

// wutains 1 &bit values. 
Buffer = new short ix@tawFiIeSizeq]; 

CFileException filefiception; 
if (pcmFileOpen(FiIePath, CFiie:deRead 1 CFiïc:typeBinary, 

&fileException) = O) 
{ 

TRACE( "'Chris, can't open file %, aror = %th'', 

FilePath. üieExccptiomm-cause ); 
r e m  FALSE; 

// PIace the PCM file in the buffer- 
if (pcmFileRead(Buffet, (RawFileShe*4)) != ((UMT) RawFileSue*4)) 

AfxMessageBox("Error reading pcm file.",MB-OK); 
retum FALSE; 

} 
pcmFile.Close0; 

11 Fil1 ~nRawSignal with the signal info. 
m~HighestValue = 0; 
m-nLowestValue = 65535; 
for (int i = 0; i < RawFileSize; i++) 
{ 

if ((Buffer(2*i] + 32768) c rn-nHighestValue) 
{ 

m-nHighestValue = BUffHZ*i] + 32768; 
1 
efse if ((Bufferf2*i] + 32768) > ~ l o w e s t V a l u e )  
{ 

m-nLowestVdue = Buffe<2*i] + 32768; 
1 

// Fi11 the squelch channe1 barn, 
for (i = O; i -C RawFileSize; i*) 
{ 

r~nSquelchCha~el[i] = BUffe1f2'i + Il;  
} 

11 h v e  the ûmsdtter info blank for now, 
mm_rransmitterMake="";TdtierMake=""; 
miTransmiaerM~del=-*; 
m-T~-ttcrSenal=-; 
m-Date=-; 
miTime=""; 

1 
else 
{ 

miCwentTxanFi1eType = RAW; 
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// Read the raw me. 
ifhtream tfile(Fi1ePath. ios::nocrtate); 
if (ttiletaiio) 

{ 
char temp[50]; 

r e m  TRUE; 
1 

void CiAC-Mhl Doc::UpdateStatusBam 
I 

CString str. 
CMainFrarne vFramcc(CMainFrame*) AFxGetApp&xn-pMainWnd; 
CStatusBar *pStatus=&pFrarne-%n-wudStaniçBar; 
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// Display the cun-ent transients number and class. 
str.Fonnat(Yransieat #O/d of %d. Class: %",(muCurrentT-enW1). 

~TransicntArray.GctS~c(), 
~TdentArrayyG~t(~nCunrntTransiait)->GctCl~Name()); 

pStatus->SetPaaeTcxt( 1 sr); 
1 
else 
{ 

// There aren't my uausients s t o d  y& 
str.Fomt(" No transrknts in metnory."); 
pStaNs->SetPaneTcxt( 1 Sr); 

1 
1 

1 

void CTAC_MMDoc::UpdateStatusBarNoTransi~tsO 
C 

CSlrÏng* 
CMahFrame *pFrame=(CMainFrarne+) AfkGetApp(Prn-pMainWnd,- 
CStatusBar *pStahis=&pFrame-an-wndStahrsBar; 
if (pStatus) { 

str.Fonnat(" No transients in memory-"); 
pStam->SetPaneText( t sr); 

1 
1 

void =AC-MMDoc::UpdateStatus~Unloiown() 
{ 

csaing sa; 
CMainFrame *pFrame=(CMahFrame*) AfkGetApp().>m~MainWnd; 
CStatusBar *pStahrs=&pFrame-an-wndStatusW, 
if  @Statu) { 

str.Fonnat(" Unknown Tmient");  
pStatus->SetPaneText( 1 str); 

1 
1 

void CTAC-MMDoc::OnDatabaseDeIctecransien@ 
{ 

if (AfxMessageBox(*Arc you sure you want to remove the current transient h m  the database?". 
MB-YESNO)=IDYES) 

{ 
DeleteCurrentTransienr.0; 

1 
1 
void ~ACJMDoc::ViewNeedsUpdatingO 
{ 

// Display the wait cursor. 
CWaitCursor wait; 
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void CTAC_MMDoc::OnView~ 

if (nwCurrentTmiaiPO) 

DecremmtC~~~entTransient(); 
UpdateListView(); 
ViewNeeds UpdatingO; 

1 
1 

void CTACJl M Doc::OnViewNext() 

if (ni_nC~rrentT~iait~m~TransientArray.GetUppa.Bomd()) 
C 

IncrtmentCurrentTransien1(); 
UpdateListView(); 
ViewNeedsUpdatingO; 

} 
1 

void CTACMMDoc::OnView Rawsignaio 
{ 

if(~bViewRawSignaLFla9) 
mbView RawS ignalFlarFALSE; 

eIse 
mbViewRawSignalRarmUE; 

UpdateAUViews(NULL); 
1 
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void flAC,MMDoc::OnNdetCla&fio 
I 

CString PathName; 
int TransientModelSize-7n~Ex~ctGdTcart~iaitModeIS~; 
double *SummationNeuron. Activation; 
int nRedictedClass. index; 
TRACE(% ûnNetrralnetClassi@.\n"); 

CFileDialog FileDlg(ïRUE, %wm, "*.*");//ïRUE means file open, 

FileDlg~oni.l~TitlecnCtasS~ Transient Select a File"; 

if (FiieDlgDoModaiO=I W K )  

HCURSOR W~~A~GetApp()->LoadStandardC~~~)r(IDC~WArr); 
::SetCursor(Wait); 

PathNamoFifeDtgGctPaWameQ; 
if (ReadRawSignal(PatfiName.TRur)) //sees if file ais, is compatible 

CClassifyDialog ClassifyDlg; 
i ~ ~ u r n C I a s s i f L M o d e s = I )  

m-blnBatchProcess=TRUE; //disables menu Functions 
alpTransientBegi*nçH~ExtractFia~ran~ien~nLIiRawSipd. 

XTI-nSquelchChannc1. m-CurrentTranFileType. m-dVarDimTraj. rn-dTmieniMode1); 
m-binBatchRocess=FALSE; 
if (mnTmientBeginsHerec- 1) 
{ 

AfxMessageBox("No transient found, Try adjusting settings." 
NB-OU; 

r m ;  
1 
SummationNeuronncw double[~PNN.GaNumClassesO]; 

nPredictcdClass = rrLPNN.ClassiS.(~flransientModel, 
SummationNeumn,-1. mdReject'fhrtshol4 &Acti~tioII); 

Classify DtgmstrRedictedCIass = m-TransimtArray.GetCIassName(nPredicted); 
Classify D l g m C o n f i d m c ~  100.0*ComputeConfidence 

(SummationNcuron. nPredictedCiass); 
Classi@DIg~ctivatio~Activation; 
deiete fl SummationNeuron; 

double Confidence; 
nRtdictcdClass=MultiModeClassify(&Confidence, &Activation); 
ClassifyDlg~trRedictcdCIass = m,'liansimtArray.GetClassName(:~ctedCla~~); 
Classi@Dlg.~~~-Confidenc&onfidence; 
Class i fyDlg .~càvat io~AdMtion;  

m-bScrolïïoTransient=TRvE; 
m-bViewSegmaitation=TRUE;//show han Segmentation mfo 
~x~bNotClassifying=FALSE; 
UpdateAIlViews(NULL); 
UpdateS tatus BarUnknownO; 

if(ClassifLD1gDoModal~IWK) //Add to database stlected 
{ 

CAddUnbownDialog AddUnknownDlg; 
AddUnknownDlg~T~i~~tterMak~TransmiUd&~ 
AddUnlmownDlg~Tm~ttcrModel -~Tm~ttaModel ;  
AddUnknownDlg.nl,TransmittaSe~al~TransmiftaSerial: 
A d d U n k n o w n D l g m D a t ~ D a t e ;  
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AddUnknownDlgm,Time=m-Tirne; 
AddUnknownDIg.~IassName = ~TransientArtayYGetCI~Name(nMctedC1ass); 
A~nkaownDlg~Positio~TransinitArray.GaSÜe(~l; 
AddUnknownDlgm-pDoc = this; // AlIows the dialog to access the transient array and Iook up ciass mes. 

1 
// Use the transient data h m  the dialog box. 
mTr;mSmitterMake = AddUnbi~wnDlgm~TransmifterMake; 
mTransmitterModei = AddUnkn~wnDlgm~Trans~ttaModcl; 
uiTransmittaScrial= AddUdcnownDlgrnTransmitterSerial; 
m-Date = AddUnknownDlgrnDate; 
m-Erne = AddUnhwnDlg.mJime; 
rnSrTransientClassName = AddUaknownDlg.~strCiassNarne; 
// Store the transient in the transient array. 
StoreTransientData(AddUnlaiownDIg.mJosition- 1 ); 

nuiCurrentTiansient=AddUnknownDl~osition- I ; 
UpdatesratusBar(); 
mbScrollToTransicnt-TRUE; 
mbviewSepentation=TRUE;//show han Segmentation info 
SetModifiedRagCrrrUE); 
m-PNN.SetNumCas~rrl_TtansientArrayYGe~)); 
~NN.SetNumClwes(~TransientArray.Fin~umClassesO); 

double CTAC,MMDoc::ComputeConfidence(double *SummakionNeuron, 
int RediaedClass) 

{ 
double Confidence, S u d . 0 ;  
fortint ctr=O; csrpPNN.GetNurnClass~; ctrw) f 

Sum+-SUrrnMtionNeuro~ctr]; 
1 
iflS&.OllPredictedCw-1) 

rrturn 0.0; 

Co&dmce=S--onN~~~~n~ctedClass~Sum; 
r e m  Confidence; 

1 

void CTACJih4Doc::OnNernalnctinitiaIizcsigmai) 
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t2=ùmeGetTime(); 
pca-time=t2-t 1 ; 
TRACE("PCA pmcessing on training set: %i (ms)\n". pcïUime); 

1 

//perform SOFM to reduce the size of traning set here 

//first count number of  cases for mdividuai classes to prepre SOFM 
int IndCase,lndClass~NumClasseç, m_nNumCases, NoSarnpIesïnCIass; 
m-nNumClasses = m+PNN.GetNumClass&); 
rnJINumCases = mJNN.GetNumCases(); 
TRACE(Tota1 nurnber of  classes = %i. number of  cases =%rW. m,nNumClasses,~NumCases); 

//assume al1 classes have the same nurnber of  training cases 
NoSarnplesInClass = mnNumCascs/m-pNumCiasse~; 

for(indCIass=û; IndClassc~nNumClassa;~dClass+-t~/for each c las  
{ 

int *DeleteTransientInda; 
DelcteTrausientindex=new int[m,SOFM.GetTransiaitN~]; //store the index of ûansicnts to be deleted 

if( (m-SOFM,GetTransientNum()W 
&&(~SOFM.GdTransi~1tNum()~=NoSamp1~~InClass) Ylneeds SOFM 

{ 
TRACy"Perfofinmg SOFM fm c h  O/ol.'Li",IndCiass); 

~ S O F M . S O F M T ~ ;  
&OmiI.CIuster(DeldeTminitIndcx); 
//delete the training cases outside the clusta 
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void CfACJAM Doc::OnEditFra~lalpameteri) 

int OldModeIWin&wShift; 
int NewModelSizecO; 

// Grab the new segmentation paramaers h m  the 
// dialog box. 
if (FractalParamDlgmSetSegmentationParams) 

~ h t r a c t S c t W i n d o w S i z e ( F r a c t a l P a r a m D l ~ e ) ;  
~~tranSetV~ancepairiFra~talParamD1gm~Va~an~ePairs); 
mfi~~SetThicshold(Fracta1PacamDlg.rn-~hold); 
ai_htractSetSquelchTngger(FractalParamD1g~nSqu~; 
~ h t r a c t S e t S q u e l c h W i d t h ( F r a c t a l P a r a m D l ~ ) ;  
~~tractSetSquelchDelay(FractalParamD1g~SqueIchDelay); 
n~ExÉractSetTrigWinSite(FmctalParamD1g~TrigW~ize); 
mem~tract.SetTriggerTYPe(FractalParamDlg~triggerType); 
m,Ex~ct.SaTrigScheme(Fracta~ParamDIgmmnTngScheme); 
mExtractSeîAdjusi(Frac talParamDIg-mMdjust); 

1 

// Gmb the feature extraction parametas if they 
// are to be changed 
if (FractdParamDIg~SetModeLParam~) 
{ 

~~~cLSetModelWindowS~e(FraccaIP~Dfg~odelWm&wSize); 
mfitrdct  SaModelVariancePairs 

(FractalParamDlgrILModel~ancePairs); 

//Grab the neurai network preprocessing paramaers 
if (FractalPmmDlg~SetNNParams) 
{ 

~Princo.SetReducedDim(FractalParamD1g.~educedDim); 
m-SOFM.SctTransientNum(Frac WararnDlg~TransientNum); 
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If Grab the m i c n t  sizt if it is to be changed. 
if (F~.actaiPatamoI~m~bChangeTransientSue) 

~bInBatc6Process=TRW/disables menu hctions 

// See if the mode1 ske bas changed 
//if(OldModelWindowShifi!=FractaIParamDIg~odelWlil&~Shift) 

// Calculate the mode1 for each trann-en: 
ComputeAIIMode WnLExtractGetT-entModelSW, 

&EditFPProgrcsDlg); 
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void CTAC~Doc::SegrnaitAITTransimts(ht NewModelSize, 
CEditFPProgrcssDiaIog *PmgressDlg) 

{ 
CString PathName; 
BOOL FileEmr=FALSE; 
Uit SegmentationErrod; 
int TransientBeginsHert; 

HCURSOR Wai~AfkûetAppO-XoadS tandardCursor(1DC-WATT); 
::SetCmor(Wait); 

SetModifiedFlagCfRUE); 
for (kt  CH; cis~TransientArray.GetSize0; c W )  { 

CheckWindowsMessagci5); 
ProgmsDlg-XhNpdateProgress(cbcr-1); 
RogrcssDIg~Updat~Rogress.SeiP~~(c~I);  
CheckWindowsMessages(5); 
PathNam~T~imtArray.GetAt(cWYC;etRawFIIePath~; 
if (ReadRawSignal(PaHam~FALSE)) {//checks to see if file aUns 

TransimtBeginsHa~ExtractFin~ran~icnt(~RawSignal.  
mnSquelchChanne1, ~CurrmtTranFileType, m-dVarDimTraj, m,dTransientModel); 

//TRACE("feature extraction from SegmcntAIKransicnts\n''); 
if ( T r a n s i e n t s e g i n s H ~  1 ) { 

SepentatianEmrSIeI; 
1 
elsc { 

uiTransientArray.GdAt(ctr)-> 
SetTmasientBeginsH~ransialseginsHere); 

ii(NewMode1SizeAI) { 
tLTsientAnay.GeîAt(ctr>> 

UpdateTransicntModelS~ewModelSize); 
1 
m-TransientArray.GaAt(ctr)-> 

SetTransientModel(~flransientM0del); 
1 

1 
else { 

An<MessageBox("Raw file not f o d  Aborthgn,MB-OK); 
FileErro~TRiJE; 
brtak; 

1 
1 
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CSüïng strToct; 
strTutFonnat 

(Thme were O/od segmentation arors.\nOriginal posiàoas rctaind." 
,SegmentationErron); 

AfxMessageBox(mTc~MBAfxMessageBoxo;OK): 
1 

if (FileEmr) { 
SetModifiedFtag(FALSE); 
UpaateStatusBarNoTrari~ients(); 
DelereContenaO;//take no chance of user 

//killÏng original database 
} 
else { 

~bVitwSegmentation=TRUE;//show tran Segmentation mfo 
ViewNeedsUpdatingO; 
mJNN.SeSigma~~tidized(FALSE); 
~PNN.SetSigrnasOptimizcd(FAISE); 

1 
HCURSOR Arrow=A&GetAppD.>LoadStandardC~~~~r(lDC~RROw>; 
::SctCursor(Arrow); 

1 

void CTAC~Mh4Doc::ComputeAliModei5(mt NewModelSizc. 
CEditFPRogressûiaiog *RogressDlg) 

CString PathName; 
BOOL FiIeEmr=FALSE; 
int TransieatBeginsHere; 

HCURSOR Wait=AkGctApp(t>LoadStandardCm~r(IDC~WArr>; 
::SetCmor(Wait); 

SetModifiedFiagCTRUE); 
for (kt c m ;  ctr<~TmicntArray.GetSize(); c a t c )  { 

CheckWindowsMtssages(5); 
hgressDlg->OnUpdateRogress(ct*I ); 
ProgressDlg-UpdateRom.SetP&cm 1); 
CheckWmdowsMessages(5); 
PathNammeemTransimtAmy.GetAt(c~)->GetRawFi1cPath(); 
if (ReadRawSignal(PaWameALSE)) (//checks to see if file exists 

TransientBeginsHere= 
rn-TransientArray.GetA~cS>>GctTmientBe~mH~); 

~ExhactFillTransicntMode1 
(m-dVar DimTraj, Transient BeginsHere, tn-d'ïrmsiai tModel); 

/mCE("feature extraction h m  ComputeAiIModels\n"); 
iqNewModeISize>O) { 

~Tiansicnu\rray.GetAt(ctr)-> 
WpdateTransiaitModelSize(NewMode1S~e); 

1 
m-.TransiencAnay.Get.At(ctr)-> 

SetTmicntModel(~~ransientModcl); 
1 
eise { 

AkMessageBox("Raw file not fomd Aborring**MB-OK); 
FileError-TRUE; 
break; 

1 
1 
if (FileError) ( 

SetModifiedFladFALSE); 
UpdateStatus&lrNoTmi~~ti); 
DelaeContents@;//take no chance of user 

//kiUmg original database 
1 
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void CTACJlh4Doc::OnViewSearchO 
{ 

CSearchDialog SearchDIg; 
if&archDigDoModaiO!=IDOK) { 

-; 
1 

etse ( 
AfkMessageBox('5earch field not fodn.MB-OK); 

1 
1 
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void CTAC_MMDoc::ûeIeteResulOArrayo 
{ 

int ct~~~RentluArray.G&ke(); 
while(ctr-) { 

delete nl_ResuItEArray-GetAt(clr); 

m-ResultsArrayY RemoveAu(); 
1 

CSoing sarFleNanteBuff; // Holds the Iist of patiinames for seiected files. 
POSiTiON pos; // HoIds the position iïiaiames in the ûiename buffa. 
int T~iaitModelSk~ExtractGetTransicntModeISWg; 
/KRACE("in CTAC-~Doc::NeuralnetBatchClassify"); 

//rirPNN.Initialize(~trac L GetTransientModeISizc()); 
int NurnFiles = 0. 

NumClass~PNN.GetNrmiClasses0; 
double *SurnmatïonNeuron, Confidence. Activation; 
CString FileName; 

CFileDialog FiIeDlg(TRUEJ/ TRUE means file open 
NULL. 11 Not used for file opai. 
NULL, // No initial filename. 
OFNJlIDEREADONLY 1 OFN-OVERWRtTEPROMPT 1 
OFN-FILEMUSTEXKT 1 OFN-PATHM USTEXIST, 
"Ail compatibte files (*.raw *.pcm)l *.raw, *.pca" 
"Raw Files (*.nw)l*mqPCM Files (*.pcm)l*.pcmr 
-AI1 Files (*.*)I*.*ll", 11 SeIects which files to show. 
NULL); 

FileDlg.m,ohlpstrTiti~'*Batch ClassiS: Select ûansient l3es-"; 
FiIeDlg.monLFiags l= OFNALLOWMULTISELECT; // Allows multiple files to be 

// selected at once. 
FileDlg.kofn.lpstrFile = sûFileNameBuff.GetBuffer(20000); // Selezt îhe filename buffer. 
FiieDlg.kofùnMaxFilt = 20000; // Sets the sue  of the buSer. 

// Find the number of files selccttd 
pos = FileDlgGaStarlPosition();// Gcts the position of the first filename in the buffer.while (NULL != pos) 
while (NULL != pos)/l Step îbrough the filename buffa 

FiieNarne = FiieDlg.GetNcxtPathName@os)~ // Go to the next file name in the b f l =  
NumFilcs++; 

l 
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// if thete is onIy one He to dassify show rcsuits m a diaIog box. 
Il Note: This was originaUy a separate menu item. 
if ( N d i l e s  = 1)  

int nPredictedClass. index; 

if (ReadRawSignal(FiIeName.TRvE)) //sces if file aisa, is compatible 
C 

t 1 =tirneGetTme(); 
~ T ~ a ~ i c n t & g i n s H ~ E x t r a c ~ F r n ~ ~ i e n t ( ~ w S i g n a l ,  

i~uiSquelchChanne1, rn-CurrentTranFileType. rrldVarDimTraj. m-dTransientMode1); 
t2=timeGetTmc(); 
s ~ t i . m m - t  1 ; 
TMCWSegmentation time for a single aansient is %i (ms)\n". satirne); 
/@a pmessing here, oniy multiply the existing transfonn matrix 
Iloverwrite the transientmodel vector 
iq(rn-~co.GetReducedI)im()!=O) 

&&(~co.GetRducedDimO!-~n,fitractGetTransienModelSize())) 
{ 

I/TRACE("PCA on irnbtown single transientb"); 
~nco.PCATransfom(m~dTmimMode1); 

1 

t2=timeGetTimcQ; 
c iassify-tirn&-t 1; 
TRACE("C1assification tirne for a single haasient is %i (ms)\n". cIassifL-time); 

1 
else 
t 

double Cadidence; 
nA-edicttdCl~MultiModeClassifL(&Confidence. &Activation); 
Classi@ Dlgm-strPredictedClass = ~Tnin~icntArray~GdCIassName(nffcctictcdC1ass); 
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m-bScmilToTransient-T'RUE; 
~bViewScgm~~~h'on=TRUE;//show ûan Segmenfation info 
~bNotClassifying=FALSE; 
UpdateAUViews(NULL); 
UpdateS tatus WnknownO; 

if(ClassifyI3lgDoModal~IDOK) //Add to &tabase selected 
I 

CAddUnknownDiatog AddUnhownDlg 
AddUnbiownDlg.nTra-ttaMak-Tc;uis~ttcfMake; 
AddUnknownDlg~TransmittdodeI'm,T~ill15~naModeI; 
AddUnbiownDl~TraiismiacrSaial'rrtTrarr~minerSm~ai; 
AddUnknownDlg,aDat-Date; 
A d d U n k n o w n D l g ~ T i i T i m e ;  
AddUnlaiownDlgm-strClassName = ~Tra~~i~tArray~GaC1assNam~nPredictedCIa~~); 
AddUnknownDlg~Positio~~T~~1tArray~GaSiz~l; 
A d d U d c n o w n D l ~ D o c  = this; 11 Allows the dialog to access the m i e n t  array and look up class names. 

if(AddUnkaownDtgDoModal~1DOK) 11 Add the c k  to the anay. 
I 

// 1s this a new class? 
if ((index = ~ T m i e n t h y y S e a n : h F o r C I a s s N a m e ( A d d U o s N e ) )  != -1) 
{ 

// Use the existing transient class #. 
m-nTransientClriss = rrCT~ientArray.GetAt(index) GdTransientCIassO; 

1 
else 
{ 

// Use the n a t  avaüable class #. 
m~iTransiartCIass = ~T~ientAnay.FindNumClasses(); 

1 
11 Use the transient data h m  the dialog box. 
~TranmiitterMake = AddU~ownDl&~Tmm*tterMake; 
rxiTdtterh40del = AddUnknownDlg.mTmifterModeI; 
m-TrammitterSerial= AddLlnlmownDlg~T~tterSeriai;  
mDate = AddUnknownDlgmJate; 
m-Tiie = AddUnhownDlg.niErne; 
msrTransientCIassNarne = AddUnknownDlg.rpstr(=lasName; 
// Store the transient in the ûansicnt array. 
StoreTratl~ientData(AddU~oWnD1g~Posihon- 1); 
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Il Switch to the network daails view. 
CMainFramc *pFrame=(CMainE:rame*) AfkGct~pp(pmpMainWad; 
p F m e  -> SwitchToView(1 .O,pFrame UST); 

II ClasssifL multipic transients. 

pos = FileDIgGetStartPosition0; II Raet to the start of the fiIename b u f f ~  
for(int CH; ctr<Numfiles; ctrtt) 

//ody 1 Segmentation mode 
FileName = FileDlg.GetNattPathNamc@os); 
TrainingRaults~SetRawFiIePath(FiieName); 
Trn-NngResults-~SetCorrcctC1as~- 1); Il -1 for unknown. 
m-ResultsAmy.I~ertAt(cft TrainingResults); 

1 

CBatchProgressDialog EatchProgress Dl& 
BatchProgressDlg~Pro~sBartimit=NdiIes; 
m-bInBatctiR.iocess=TRUE-JI disables al1 menu functions 
BatchProgrtssDlgCreateO; 

tî=timeGetTïune(); 
seghe=tZ-t  1 ; 
TRACE(5tgmentation time for a iransient is %i (rns)Li-, s c t i m e ) ;  
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t2-timcGarmtQ; 
classi@-tirne-t 1; 
TRACE("Ciassification tirnt for transiait%i is %i (ms)\n".c~,cIarsifL~time); 

delete 0 SummationNarron; 
1 
else {Il no transient foimd m raw file 

~R~dtsAnay.GaAt(cb'>>SdRedictedClass(--,O); 
~ResdtsArrayYGctAt(ctr>.>SdError(O.O.0); 
m-RaultsArray.GetAt(m)->SetActivation(.O.O.O); 

1 
1 
else { 

double Confidence; 
PndictedClass=MuttiMod~assi~(&Co~daice,&A~~on~; 
~ResultsArray.GetAt(ctr) 

~SetPredictedCl~~PredictcdCk.0); 
mResuitsArray.GetAt(ctr)->SaError(Confide); 
~ResultsAnayyGetAt(ctr~SctActi~hon(Acti~tio~O); 

void CTAC~MDoc::Ch~kWindo~sMessages(ht NumChecks) 
{ 

MSG message; 
for(int ctr=O; c~NumChecks; ciri+) { 

if (::PeekMessage(&message. NULL, O, O. PM-REMOVE)) { 
::Tm IateMessage(&messagc); 
f :DispatchMe!ssage(hessage); 

1 
1 

1 

int ~AC_MMDoc::MultiModeCfassify(doubfe *WmningConfidence. 
double +Activation) 

{ 
int PredictedCIass, PossibleClass; 
int Tram ientBegins Hm; 
double *7nsientModel. **SummationNeuron, HighestActivaiion; 
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if(*WinningConfidence>O.O) 
rem PredictedClass; 

eke 
retum -999;// no d i d  transient found at ail 

1 

void CTAC-MMDoc::OnNeuralnetModeparamctcr~~ 
{ 

CModePararnsDialog ModeParamsDlg; 

iflrn-nNumClassi@Modes= 1)  
Modef aramsDtg.m-Md&; 

eise ( 
ModePantnsD1g.m-Mode= 1 ; 
ModePammsDlgm-NumMod~NumClassi@Modes; 
ModeParamDIg.m,Lowrtvtshhold~dThreshhoI&(O]; 
ModeParamsDlg~pperThreshh01d=~dThreshhoI&[m_FiNumC1assi@Modes- 1 1; 
ModeParamsDlgmNhScparatio~t-mnMinSeparation; 

1 

i flModeParams Dlg DoModaI~IDOK) { 
if(ModeP~Dlg~Modd~IModeParam~D1g.~NumMode~=1) { 

rn-nNumClassifyModes= 1 ; 
return; 

1 
eise ( 

m,nNrmiClassi@Mode~=ModeP~Dfg~Nu~d~; 
m-nMinScparation=ModcParamsDlgUinSeparation; 
delete 0 III-aThrrshholds; 
rrl,d?hreshholds=new double[ri.~iNumClassifyModes]; 
double Inment=(ModeParam~DIg~Upperlhreshhold 

-ModeParamsDl~n~LowThrrshhold~(doub1eX~N~l~si~Mod~- 1); 
for(lit c W ;  ctT~nNumClassifLModes; c W )  { 

~~hhoI&[ctt]=ModeParamsDIg~~wThreshhold+ctr*In~~tment; 
1 

1 
} 

1 
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void CTAC~Doc::OnNernalnctSw~tionthrrshoI~ 
{ 

CSetRejectionDialog RejectionDialog; 

void CTAC-MMDoc::OnUpdateViewNext(CCmdUi* pCmdUI) 

pCmdUI->EmbIe(rri_bFiIeInMtmory&& 
m - n C u m t T ~ i e n t < ~ T r i w i e n t A r r a y . G ~ )  
&&! m-bInBatchProcess); 

1 

void ~AC~MDoc::OnUpdatevi~Fra~ta1trajecto~CCrndUI* pCrndUI) 
{ 

pCmdUI->Enable(m-bFilelnMcmory&&!m-bInBatchRoccss); 

void CTAC,MMDoc::OnUpdateViewRami&nal(CCrndUI* pCmdU 1) 
t 

pCmdUI->Emble(m-bFiIeInMemory%&! m-bInBatctiProccss); 
pCmdUI->SetCheck(mbViewRawSi~lRag ? 1 : 0); 

1 

void CTACMMDoc::OnUpQteFilePageSnup(CCmdUI * pCmdUI) 
{ 

pCmdUI-~Enablc(mbFileInMcm~ry&&!mbInBatchnocess); 
1 

void CTACMMDoc::OnUpQteFilePrinc(CCmdllI* pCmdUT) 
1 

pCmdUI->Enable(rri_bFiIeLnMemory&&!~bInBatchRocess); 
1 

void CTAC_MMDoc::OnUpdateFilePrintReview(CCmdU* pCmdUI) 
{ 

pCmdUI->Enabl~~bFileInMcmory&&!mblnBa~hProcess); 
1 

void CTACNM Doc::OnUpdateFileSave(CCmdUIf pCmdUI) 
{ 

pCmdU1-~Enablc(IsModifiedO&&!~bInBatchRoct~~); 
> 
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void CTAC~Doc::OnUpdatcVicwScarch(CCmdU1* pCmdUI) 
{ 

pCmdUI-~Enable(~bFiIeInMemory&&!~bInBatchProce~s); 
1 

void CTAC-MMDoc::OnUpdateNcurahetOptimizesigmas(CCmdUIf pCmdUI) 
{ 

pCmdUI->EnabIe(~bFile~emory&&~f NN.GetSigmasInitiai~ed() 
&&!m-bInBatchRocess); 

1 

void CTAC-MMDoc::OnUpdateNeuraInetBatchcl~CrndUI* pCmdUI) 
{ 

pCmdUI->Enable(m-bFilcInMemoryg;g;rrCPNh'.GetSi~Initi~ud() 
&&!m-bInBatchRoccss); 

1 

void CI~C-MMDoc::OnUpdateNeUCalnaModgwamd85(CCmdUI* pCmdU1) 
{ 

pCmdUt~Enable(m-bFileInMemory&&!~bInSatchProces~); 
1 

void CTAC_FiIMDoc::OnUpdateFileNew(CCmdUI* pCrndUI) 

pCmdUI*Enable(! mbIn BatchProces); 
1 

void CTAC-MMDoc::OnüpdateFileSaveAs(CCmdUI* pCmdUI) 
{ 

pCmdUI->Enable(! mbLnBatchPmccss); 
1 

void CTAC_MMDoc::OnUpdateNeuralnetS~jeCtionholCCmdU18 pCmdUI) 

pCmdUI~E~ble(ni_bFileInMemory&gL!~~~_bInBatchProce~~); 
1 

void CTAC-MMDoc:: DeleteCumntTransient() 
{ 

// Rernove the ûansient h m  the aansient array. 
delete mTran~irntArray.GctAt(~nCumntT~iait); 
rq_T~ientAnay.RemoveAt(~nCurreatT~a11sient); 

// Remove the data fiom the Iist view if it exists, 
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SetModifiedFiag(TRüE); 
if (n~CumntTransicn~TraclzientArray.GetUpperBo~@) { 

DectenientCurrentTransicntO; 
1 
eIse ( 

UpdateStatusBar()J/status bar is updatcd in decrcment otherwise 
1 
iflcn-nCurraitTransienP-1) ( 

View NeedsUpdatingO; 
1 
elsc ( 

m-bFileInMemory=FALS E; 
UpdatcAIiViewiNULL); 

1 
m-PNN.SetNumCases(~Traosia1tArray.GetS~); 
m-PNN.SetNumClasses(rriT~imtAnay.FindNumC0); 

void CTAC_MMDoc::UpdateSmBarNewTransiena 
{ 

CString sa; 
CMaS-rame CpFrame=(CMainFrarne*) AfxGetApp(puMainWnd; 
CStaw Bar *pStatus=&pFram~~wndSratusBar. 
if (pStatus) ( 

sm.Format(' New transient"); 
pSt;itus->SetPanefext( 1 s ) ;  

1 
1 

void CTAC_MMDoc::OnStartlaptirr~() 

Il TODO: Add your command handler code here 

// This block is commented out until the DLL 
// is working correctly. 
// comment h m  here 

HiNSTANCE hlnst; 
char eq[2501; 
unsigned shon c m ;  
unsigned long hnd1,fh; 

hinst = AfkGctINtanceHandl@; 
fh = NULL; 
hndl = NULt; 
erre = NO-ERR; 
char tanpf2561; 

char *aidvar; /* G a  the value of the TXID environmat variable. */ 
txidvar= getcnv( "TMD" ); 
if( txidvar != NULL ) 
{ 

sprintf( temp . "%s\\TXID.TXE", txidvar); 
if((errc = fiIe-~&~crrp,NEW,O.n/name/dmn, temp)) != NO-ERR) 
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TRACE("Nur* open env file  TOC ?kn.errp); 
1 
elsc 

TRACE('Nur, open env fle it worked!!"); 
1 

t 
if ((errc = --id-o(&hndI, crrp. NEW-O. ". hInst. NULL *". S W-SHOWNORMAL. MainWnd)) != NO-ERR) 

TRACE("Nur. without env txid mr: %",errp); 
1 
ebe 

TRACE("Nur. without env TXID it worked!!"); 
1 
1 
// Starts the TXID executable and retums when it is closeci 

1.l -spawnIp( -P-WAfT. 'bidexe". "C:\\mydliUxid.ae", NULL ); 

void ~AC,MMDoc::StoreTransicntData(int index) 
{ 

int TransientModelSize; 
TransientModelSize = ~htractGaTransientMOdelSko(); 
//TRACE("TransientModeISitt in Storedata is O/&", TransicntModelSizc); 

CTmientData* pTransientData= 
new CTransientData~ransimtModelSize); 

// Add the dam to the transient m y .  
~TmsicntArrayYInsatAt(index. pTransicntData); 

// Add the data to the ffransientListView if it arists. 
if (~TransimtListVicw != W L L )  
t 

m-pTransientListVicw a AddTransicntData(inda. pTminitData); 
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8001, ffAC,MMDoc::OnOpenDocumcnt(LPCTSTR IpszPathName) 
( 

if (!CDocumaa::0n-umenql@athName)) 
retum FALSE; 

11 TOM: Add your specialired crcation code h e n  
UpdateStatusJ3arO; 

void CTAC~MDoc::OnViewZoorn&wsipI() 
{ 

// TO DO: Add your command handter code here 
CMainFrame *pFrame=(CMainFrarneZ) AfiGetAppO->m_pMainWnd; 

11 Sa the view to display the raw signal not the training or classification renilts. 
m-bViewTrainingResults = FALS E; 
~bScrol lToTmient  = TRUE; 

void CTAC_MMDoc::OnUpdateWewZoomedra~~ipI(CCdUI* pCmdUI) 

// TO DO: Add your cornmand update UI handler code here 
// TODO: Add your command update UT handla code h a e  
CMainFrame *pFmc=(CMainFrameZ) AfxGaAppO->mqMainWnd; 

void CTAC~~Doc::OnViewNeiworkDcta~&O 
{ 

11 TODO: Add your command handla code here 
CMainFrame *pFrame=(CMainFrame*) AfxGetAppO-an-pMainWnd; 
pFrame -> SwitchToView(l,O.pFrarne -> LIST); 

void CTAC,MMDoc::OnUpdattVit~NeIwo~Is(CCmdU1* pCmdUI) 
{ 

// TODO: Add your carnrnand update UI handler code here 
CMaïnFrame *pFramc=(CMainFrame*) AfXGctApp()->~MainWnd; 

void CTACJMMDoc::OnViRHClassificah'onSoitsQ 
{ 
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II TODO: Add your comrnand hander code hcrc 
CMainFrame *pFrame=(CMainFramc*) AfkGclApp(pmpMainWnd; 

// Set the doc to display the trainmg or ciassificaiion rtsuits not the raw signal. 
m-bViewTainingFttmIts = fRUE; 
pFrame SwitchToView( 1 ,O.pFrame -> RESULTS); 

void CTAC~MDoc::OnUpdateViewCIassificationS~CCmdUi* pCrndUI) 

1/ TODO: Add your command update UI handler code herc 
CMainFrame +pFrame=(CMainFramet) AfkGetApp(prn-pMaïnWnd; 

void ~AC_FIMDoc::OnViewTrainingRcsultsO 
{ 

Il TODO: Add your command handler code htre 
CMaïd+-ame *pFramHCMainFrame*) AîkGetApp(&m-pMainWnd; 

II Set the doc to display the minmg or classification results not the raw signal. 
m-bViewTrainingResults = TRUE; 
pFrarne -> SwitchToView( 1 ,O,pFrame -> m; 

void CTAC~Doc::OnUpdateViewTrauiinflesuItS(CCmdUI* pCmdUI) 
{ 

// TODO: Add your commarid update UI handler code here 
CMainFrame tpFrame=(CMainFrame*) AfkGetApp()+~MainWnd; 

void ~AC~MDoc::UpdateListView() 

Il Updatt the lin view selechon if the Iist view exists, 
if (~Trans ientLis tView != NULL) 
{ 

rr~,TmnsieatListView * SetCurraitSelccbon(~mentTransient); 
1 

void CTAC-MMDoc::OnSaveResuItsO 

II TO DO- Add your comrnand M e r  code h e  
CFileDialog FilcDlg(FALSEJ1 FALSE means file savc 

N U L l  If No extension to append to the filename- 
NuLL, II No initial filename. 
OFN-HiDEREADoNLY 1 OFN-OVERWRITEPROMPT. 
T u t  Files (*.*)l*.*tr II Seltcts which files to show. 
NW-L); 
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FileDlg.~ohlpstr'litlec"Save rcsults as"; 

// Ask for the outprit filename. 
if (FiieDlgDoModal(>=iDûK) 
{ 

CSbing PaWame; 

// Open the output file. 
ofstrram ouffile; 
outtileopen(PathName); 
if (ouffile.fail()) 
C 

AfiMessageBox("Could not open the file!", MB-OK); 

// Set the precision and flags for floating point output 
outfileprccision(2); 
outfilese~ios::fixed 1 ios::showpoht); 

// Output the networks details. 
ouffile « "Network Details" « nidl; 
outfile "Neâwork Name: " cc GetTitleO cc end; 
outfile « Wi of Classes: « ~TmientArray.Fm~umClasses() CC endl; 
outfile « Wi of Transients: " « rn-TiansientArrayGetSizeO Cc end1 cc endl; 

// Output the transient file parameters. 
outfile cc "Transient File Parametas" « endl; 
outfile CcnTransicnt File Size: ̂  « m-ExûacLGctRawFilcSize() CC endl; 
outfile << Transient Sue: " « m-Extrac~GetTransientSize() cc endl « endl; 

// Output the segmentation parameters. 
outfile « Tegmentation Parameters" CC endI: 
switch (rn_ExbactGetTriggerTypcO) 
{ 
case VARIANCE: 

outfile CC T'gger Type: Variance" CC aidl; 
outfile CC 'Widow Size: " m_Exûac~GaWindowSirc() « endk 
outfile « "h-ance  Pairs: " CC m-ExtractGetVa~ancePain() cc endl; 
outfile « Ykeshold: " cc rt&ctract.GetThrtshold() cc end1 « end; 
break; 

case SQUEKW: 
outfile CC Triggcr Type: Squelch" cc emdl; 
outfile « ThrcshoId: " cc ~ExttactGaSquclchTnggcr() Cc end; 
ouaile « "Hysteresis Window. " cc tpExûactGetSquelchWidth() « end; 
outfile « "Delay: " « ~ExtractGaSquelchDelayO CC end1 « end; 
break: 

case WNWWEDVARIANCE: 
ouaile « Trigger Type: Wmdowed Variancen « d l ;  
outfile cc "Variance Wmdow S k :  " <c mJxûactGetWmdowSite() « endl; 
outtilt cc "Variance Pairs: " « m,Exûact.GdV&kncePairs() « end; 
outfile « "Variance Thrcshold: " « ~Extract.Gctlfhrcshold() endi; 
ouüüe cc "Squelch Threshold: " cc tn-Extract.GetSquelchTrigger0 cc end; 
outfile cc "Squelch Hystaesis Widow: " CC ~ ë x ~ t G e t S q u e l c h W i d t h ( )  « end; 
outfile cc "Squelch Delay: " CC nl_ExûactGctSquelchDefayO « end; 
outfile c< "Tngga Window Sue: ^ CC ~EMactGerTr igWmSueO endk 
break; 

1 
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{ 
ouffile CC "Triggcr SchaneAbsotute Diffciblce Triggering" CC end; 

1 
tlse 
f 

ouffile « T'rigger Scheme:Relative Diff'ce Triggering" cc end; 
ouffïle « "Adjustmcnt: "«-GetAdjustO ceendl « aidi; 

1 

// Output the f a h m  extraction paramrtas. 
oudile cc "Feahirt Extraction Parametas" CC end; 
oudile « "Wmdow S i r t :  " « mExmct-GetModelWmdowSizc() « endi; 
ouaile cc "Vhriance Pain: " « rrl,ExmaGctModeIVaxiancePairs() Cc end; 
outfile « "Wmdow Shifk " << ~ExtractGaModelW~1dowShifto endi « mdl; 

//Output the n d  nctwork prrproccssmg paramdes 
outfile CC "Neuai Neîwork Reproccssiag Parameters" cadi; 
outfik CC 'Numbcr of Principal Componcnts: " cc rq_Pnnco.GaReducedDimO « end; 
//outfile « "SOFM Threshold: " « m-SOFM.GetTmientNum() « end; 

// Output the classifidon results. 
outfile « endl "Classification results" « end1 cc endl; 

// Set the coIunm headings. 
CString column 1 = "Transicnt", 

column2 = "File Name and Path", 
column3 = "Predïcted Class". 
colurnn4 = "Confidence(%))". 
column5 = "Activation"; 

// Fid the mmimum width for cach of the fields. 
int width 1 = column 1 .Gehgih() ,  

width2 = column2Getlength(), 
widih3 = column3.GeU.ength(). 
width4 = column4.GetlaigthO. 
width5 = colurnnS.Gethgth(); 

// Also count the nmber of üansients identifid as each class 
// for the summary information. (Sununary[O] is the number of unknowns) 
int *Summary = new int[~Trafl~itntArray~FincMumC1assesQ + 11; 
for (int i = O; i -= ~T~a~~~ientArray.Fin~umCIasses() + 1; i*) 
{ 

Summary[il= O; 
1 

for (i =O; i c m,ResultsAnay.GetSizt(); i*) 
1 

// We'rc only really concmed with the width of the second 
// and third fields- 
int PrcdictedClassNum: 

if (RedictedClassNum = -1) 
1 

Summary[O] += 1; // Inmment # of unbiowns 
1 
else 
t 

Smmuy[PredictedCIassNum + 11 += 1 ; // Increment the counta for the class. 
1 
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// Output the column headings. 
outfiles~ios::left); 

// Output the rtst of the table. 
for (i = O; i c m-ResultsAmy.G&itc(); i*) 
{ 

int PredictedClassNum; 
double Error, Activation; 

CShing field 1. 
field2 
fiel&. 
field4, 
field-i; 

// Fonnat each of the fields. 
field l .Format("O!i", i+ 1); 
fieId2.Fomt('*/os", m-ResultsArray.GetAt(i) a GetRawFilePath()); 

PredictedClassNum = m-ResultsArrayYGetAt(i) -> GetPdctedClass(0); 
if (PredictedCiassNuni != -1) 
field3.Fonnat('*/osn, m-TmientArray.GdClassName(PredictedsNum)); 
Error = ~ResuItrArray.GetAt(i) -> GetEmr(0); 
field4.Fomc(%.4f', Error); 
Activation = m-ResultsAnay.GctAt(i) 2 GetActivation(0); 
fieldS.Fomt('%3e". Activation); 

11 Output a summary of the classification 
columnl = "Class Name"; 
columd! = '# of Transients"; 

width 1 = columnt .GetLcngth(); 
width2 = columnlGcttengtii0; 

// Find the maximum width for the Fint column. 
for (i = O; i c m-Tratl~ientAfiay.FuidNumCIasscs(); i*) 
{ 
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// Output the classes and the coimt for each one, 
for (i = O; i < m~TiansientArrayYFmdNumClass~O; i-w) 

outfile cc setw(width1) cc aTmientArray-GdCIassNamc(fi « " " 
setw(width2) « SummaryCi + 11 cc endl; 

1 

outfile cc setw(width1) 'Total" " 

CC setw(widrhï) « m-ResultsAnay.GetSize() «: end; 

void CTAC_MMDoc::OnUpdateSaveResuIts(CCmdUI' pCmdUI) 
{ 

// TODO: Add your command updatt UI handler code here 
CMainFrame *pFramc=(CMainFrame*) AfxGetApp(pvMainWnd;  
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// =AC-MMVitw: defines and manages the display in the lowa viewing window 
// TAC-MMViewb : intcrfàce of the CTACmew class 
11 

c h  CTACJMView : pubtic CScrollView 
t 
protected: // create h m  d E r a t i o n  otdy 

CTAC~MView(); 
DECLARE~D~CREArr<CTACCMMView) 

11 Attributes 
public: 

CTAC-MMDoc* Getl)ocumcnt(); 
11 Operations 
public: 
// Ovet-tides 

11 CIassWizard genetated vuhial function overrides 
il{ (AFX_VI#TUAL(CTAC-MMView) 
pub1 ic: 
v W  void 0fiDraw(CDC8 pDC); 1/ o v a d d c n  to draw this view 
MmraI BOOL ReCreatcWmdow(CREATESTRUCT& CS); 

virtual void OnPrepareDC(CDC* pDC. CPrnitlnfo* pInfo = NULL); 
virtual void OnlnitidUpdate(); // caIkd first time afler consauct 
pmtected: 
virtual BOOL OnReparePrinting(CP~tInfo* plnfo); 
vircual void OnBeginRmting(CDCZ p K ,  CPrintinfo* plnfo); 
virtual void OnEndPrinting(CDC* pDC, CRintInfo* phfo); 
virtual void OnUpdatc(CView* psender. LPARAM 1Hint. CObject* pHint); 
virtual void OnRint(CDCf p K .  CRintInfo* plnfo); 
//) > AFXVIRTUAL 

// Implementation 
public: 

virtual -CiAc-MMView(); 
void hintTrainingResulîs(CDC* p K ) ;  

#ifdef-DEBUG 
virtual void AssertValid() const; 
vinual void Dump(CDumpContext& dc) const; 

#endif 
- .  

pmtected: 
CRect m-rectClient; 
int ni_TopM-n; 
int m-BottomMargin; 
int m-LeftMargin; 
int mRightMargin; 
int m-FontHeigh~ 
int mTextLinesPerPage; 

II Genaated message map fiuictions 
protected: 

l/{{AFX-MSG(CTAC-MMMew) 
//} ) AFXMSG 
DECLAREiVESSAGE-MAPO 

1: 

#ifhdef -DEBUG 11 debug version in TAC-MMView-cpp 
inline CTACJAMDoc* CTAC,MMView::GetDocmentO 

( rchuii ( C T A C - M M D ~ ~ * ) ~ D ~ C ~ Q ~ C  ) 
#endif 
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#ifdef ,DEBUG 
Mdine new DEBUG-NEW 
m d e f  THIS-FiLE 
static char THISJiLEa = F I L E _ ;  
#endif 

BEGIN-MESSAGEJdAP(CTACJ4MView. CScrolIView) 
// { {AFX_MSGJdAP(CTAC-MMMew) 
II) }AFX-MSG-MAP 
Il Standard printing commands 
ON-COMMAND(1D-FILE-PM, CSml1View::OnFiIePrùit) 
ON-COMMAND(1D-FI LE-PFü'NT-DIRECT, CScroI1View::OnFilePNit) 
ON-COMMAND( ID-FILE-PRiNT-PREVI EW, CScrollVicw::OnFileRintPreview) 

EN D-MESSAG E-MAP() 

BOOL CTAC-MMV~~K:R.~C~~~~~W~~~OW(CREATESTRU& CS) 
{ 

// TODO: Modify the Wmdow cIass or styles here by modifjhg 
// the CREATESTRUCT CS 

void CTAC-MMViewxOnDraw(CDC* pDC) 
{ 

CTACJdMDoc* p h  = GetDocurnentO; 
ASSERT-VALID@Doc); 
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int TransientBegins H e r c = p D o c - X 3 e t T r a n s i ~  He@); 

CPen 'pOtdPen; 
CPen GreyDashPen(PS-DASH, 1, RGB(192,192.192)); 
CPen ThickBlackPm(PS-SOLID, 3, RGB(O.O.0)); 

p01dPm=pDC-~SeIect0bjec~&Thic~~ackPen); 
pK->MoveTo(LdtTcxMargin.O); 
pDC*LuieTo(tcfiTartMargin~ectClientbortom); 
pDC~LineTo(kfiT~(tMargin+RawFileS üe,rectCIientbottom); 
pDC->Selec10bject(pûIdPm); 
/ïDraw Axis and otha good stuff on screen 

CPomt Init(LefiTextMargisï~:tC1ient.bottom- (int) ((floatXRawSignai[O] 
€IipYCoord)*(floatK(float~ectCiien~bo~om~(ffoat)Si~eight))); 

pDC->MoveTo(Init); 
// Plot the signal. 
for(int ctr= 1; ct.<Raw FiIeSKe; ctr++) ( 

CPoint Next(LefiTextMargin+ck~~tCIiaitbo~om- (int) 
((floatXRawSignal[ctr]€lipYCoord)* 
(floatK(fioat)rtctCliartbottom/(float)Si~eight))); 

pDC->LineTo(Next); 
1 

i q p h c - ~ ~ b S c r o I l T o T ~ i m t )  { 
CPoint Scroll(T-aitBeginsHere,O); 
ScrollToPosition(Sct0U); 
pDoc~bScrolïïoTransient-FALSE; 

1 
1 

void CTAC~mView::OnlnitialUpdateO 
{ 

CScrollView::OnInitialUpdate(); 

CSize sizcTotal; 
// TODO: mkufate the total stze of this view 
sizeT0tal.c~ = sizeTotal.cy = 100; 
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m-TextLinesPerPagc==UsabIePageLengîhi t O/tqJontHeight.; 
int NumTsctLins-(pDoc->GetResuItsAnayO~etsiZe()); 
int Lines%nted=m-TatLuIcsPerPage-6, RintPages= 1 ;/Id accts for title 
while (LinesRinted~NmTextLines+4)) {//+4 accts for totais 

PrintPages+= 1; 
Linestinted-mTextLhesPerPage-2yl-2 accts for row headings 

1 
pInfo->SetMaxPage(PrintPagcs): 

void CTAC-MMMew::OnBeginRintin&CDC* PpDC*I, CPrintInfo* /~Info* / )  
{ 

void CTAC_MMView::~dpr int ing(c~*  I*pDC*/. CPrintlnfo* /*pInfo*/) 

11 TODû: add cleanup after printing 

#ifdef -DEBUG 
void CTAC-MiiVim:AsscrtValid() const 
{ 

CScrollView::AssertValid(); 
1 



Appendbc C: TAC-MM Source Code 

void CTAC~MVi~~::Dump(CDumpContext& dc) const 

CScrollview::Dump(dc); 
1 

void CTACJ¶MVim:OnUpdatc(CView* pSendcr, LPARAM IHinL CObject* pHint) 
{ 

Invalidate(); 

void CTAC,MMVtew::PnntTrainingResul&[CDC* p K )  
{ 

flAC-MMDoc* pDoc = GetDocument(); 
ASSERT-VALID@Doc); 

CStn'ng Fieldl, Field.2, Fiel&. Fiel&, FieldS. Fieldo; 

if(pD0C->~bTrainingResuIts) 
{ 

Field 1 .Format(" Training Rtnrlts "); 

1 
else 
{ 

Field 1 .Format("Batch Classifi Results"); 
1 

CFont Big R o d o n t ;  
int Size=(m_rectClimtnght/3~[Field 1 .Gethgth()-5); 
BigRomanFontCrcateFont(I5*Size. Sizc. O. 0.600, FALSE, TRUE O. 

ANSI-CHARSET, OW-DEFAULT-PRECIS, 
CLIP-DEFAULTJRECIS. DEFAULT-QUALITY, 
DEFAULTJrrCH 1 FF-ROMAN, NULL); 

CFont *pOldFont=pDC->SclectObjtct(&BigRornanFont); 
pM=3TxtOut(mre~tClien~gh~. 0. Ficldl); 

Field l .Format(Transient fç3; 
FieldZFormat("FileNamc and Path"); 
Field3.Format('Class"); 
Fidd4.Format("Redicted"); 

CFont RomanFontUndtr. 
RomanFontUnder.CrrateFont(0, O. 0,0,400, FALSE, TRUE, O, 

ANSI-CHARSEI; OUT-DEFAULT-PRECIS, 
CLIP-DEFAULT_PRECiS, DEFAULT-QUALIT(, 
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DEFAULTJiTCH 1 FF-ROMAN, NULL); 
pDC*SclectObjacq&RomanFontUnder); 
pDCaTatOut(O,3*Size. Fieldl); 
piX->TatOut(Spacing. 3*Sizc, Field2); 
pûC*TatOut(4*Spacîng, 3*Sire, Field3); 
pDC>TatOut(S*Spacing 3 *Si=, F ieId4); 
pDC*T~(tOut(6*Spacing. 3*S& Fields); 
pDC*TatOut(7*Spacni& 3*Sizç Field6); 

CFont R o d w c  
RomanFontCrcateFon~O, O, 0,0,400. FALSE, FALSE, O. 

ANSLCHARSFT, OUT-DEFAULTJ'RECIS, 
CLIP-DEFAULT-PRECIS, DEFAULT-QUALITY. 
DEFAULTJWCH I FF-ROMAN, NULL); 

pDC->SeIectObjtct(&RomanFont); 

int NumLin@pDocX&aulm()->GctSize()); 
TEXTPUIlXRïC Mctrics; 
p DC-~ctTartMarics(&Mecrïcs); 
int H e i g h ~  (int) LZ* (Metrics.tmHeight); 
CSLe DataSize(rtuectClieatnght- 14, IO*SizeHeight*NumLints); 
CSize SizePage(O.1 OO*Hcight); 
CSize SizcLine=(O,Height); 
SerScroiISizes(MM,TEXT,DataS~SizePage.SizeLine); 

double Error, TotalErrod.0; 
int PredictedClass, CorractClass, NumCorrect?); 

for (int C H ;  ctrcNurnLines; CM) 

I 
FieId 1 .Fom1('*/kf',ctr+ 1 ); 

pDC->TatOut(O, S*Size-tcfPHeight, FieldI); 
pDC*TextOut(Spacing. 5 *Sizd-ctr+Height, Field2); 
pDC~TartOut(4*Spacing. SLSiztçctr*Heighf FicId3); 
pDC->TarOut(S*Spacing. S*Suc+ctr*Heigfit FieId4); 
pDC->TextOut(6*Spacing, S*Siztectr+Height, Fields); 
pDC->TcxrOut(7*Spacing, S*Siztecn+Hcight, Fieldo); 

1 

/* Field 1 .Format("Numba of Correct Cbificationr: 0/odP/'"", 
NurnCorrect. NumLines); 

pDC*TatOut(O. 6*SizeeNumLuies8Heighf Fieldl); *I  
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void CTAC-MMVieur,:OnPrcpareDC(CDC* p K ,  CRintlnfo* plnfo) 
{ 

//this fùnction is cdled immediately before OnDraw for screen 
//and imrnediately before OnPrint for the @ter 
CScroIlView::OnRepartDC(pûC, pinfo); 

if(pDoc->m-bFiIeInMemory) 
{ 

if(!pDoc->m-bViewTrainhgR6ulu) 

GetCIientRect(nwectC1ient); 
int RriwFileS~Doc~etExtract()->GetRawFileS~a; 
int LefiTextM~n=(intX~rectcIi~1t.nghtTZO.O); 
CSée DataSize(RawFileSizetLeftTextMargin~n~tC1ientbottom- 14); 

//compensate for boaom scrollbar(l4) which is about to appear 
int TmicntSizccpDoc->GetExtracto->cdTmientSi@; 
CS Üe SizePagec(TiiwicntSiZe.O)J/page scroll moves by transient size 

static double To~IError. 
static int ~um~orrect; '  

void ~AC-MMV~~W::O~PM~(CDC* pDC, CPrintInfoC pInfo) 
{ 

CTAC-MMDoc* pDoc = GetDocumeni(); 
ASS ERT-VALID(pDoc); 

static 
CString Fieldl, Ficlci2, Field3. Field4. Fields, Fielde 
int Spa~mg. . ( - icn~ght-mLcAMar~n-~f i@M@P; 
int HeadaOrna; 

int Start. AvailabkLines; 
UMT Page=pInfwauiCurPage; 
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TotaIErmd.0; 
NurnComcwû; 
Stalt=o; 
if@Doc->~bTranimgResuits) { 

Field 1 .Fonnaî("rraüiing Rd&"); 
} 
else ( 

//Field 1 .Format(Y3atch Classifi Results"); 
Field1 .Formai(-); 

1 

CFont BigRomanFonc 
BigRodontCrrateFon~2*m_FontHcighf O, 0.0.600. FALSS TRUE. O. 

ANSI-CHARSET. 0LJT"DEFAULTJ'RECIS. 
CUP-DEFAULT-PRECIS. DEFAULT-QUALTrY, 
DEFAULTJITCH 1 FF-ROMAN, N a ) ;  

CFont *pOldFon~DC~SelectObject(&BigRomanFont); 
int Laigth=Fieldl .GetLaigthO; 
TEXïh4ETRiC Meîrics; 
pDC->GetT'tMeûics(&Metrics); 
LengW=Metrics.ûnAvd=harWidth; 
pDC->TextOut(~~AMargm+(~rectClim~ght-~kM~ 

-m-RightMargin-Len@Y2. -mTopMafgin. Field 1); 

Field 1 .Format(Transient m; 
FielcKFormat("FileName and Path"); 
Field3.Fomt("Class"); 
Fie l&.F~rmat( '~cted '~;  
if(pDoc->mifobTrainingResdts) 

FieldS.Format("Emrn); 
eise 

FieldS.Fonnat('ConR%%)"); 
Fietd6.Forma1("Activation"); 

CFont RomanFontUnder; 
RomanFontUndcr.CreateFont(~FontHcigh~ O. 0,O. 400, FALSE TRUE, O, 

ANSI-CHARSET, OUT-DEFAULTJRECIS, 
CLIP-DEFAULT-PRECIS. DEFAULT-QUALT[Y, 
DEFAULTgiTCH 1 FFBOMAN, NULL); 

CFont *pOIdFont-pDC->SelectObjcct(&RomairFontUnder); 
pK->Textûut(m-LeftMargin, -HcaderOffsetwmtHtight--TopMargin. Fieldl); 
pDC*TmtOut(~kMargin+Spai:ing -HcaderOffsetkFontHeight-=TopMar& 

Field2); 
pDC*TatOut(~kMargin+4*Spacing. -HeaderOnSet8ni_FontHaght-ni_TopMargin. 

Field3); 
pDC*TextOut(~kf tM~S*Spac ing .  -HeaderOffsetZrri_FontHeight-mTopM& 

Field4); 
pûC~TcxtOut(~LcftMargUi+o*Spacing -HderO&d*~FontHtight-%TopMargin. 

Fields); 
pDC~Tu(tOuy~kftMargin+7*Spcing -HderOfls&nLFontHeight-&TopMargin. 

Fielda); 
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ANSi-CHARSET, OUT-DEFAULT-PRECIS. 
CLIP-DEFALKT-PRECIS, DEFAULT-QUAW, 
DEFAULT-PfKH 1 FFJOMAN. NULL); 

pDC*SeIectO bject(&RomanFon t); 

double Error; 
int PredictedCiass, CorrectClass; 

TotalEm~Erroi-pDoc~etResdtsArray(~~~cu~~~~0); 
if(ErroP99.9999) 

FieldS.F0rmat(~/o.31F,Error); 
etse if (Errai-0.0) 

FieldS.Format("O/o.SIf",Em>r); 
eise 

FieldS.Fonnat("O/o.41F.Error); 

pDC->Turtout(mLeftMmgh. 
( - H e a d e r O f f s e t - ( c t r - S t m ) ) * n l f . o n t H e i g h  Fieldl); 

pDC*TatOut(n~LeftMargin+Spacing. 
( - H e a d e r O B e t - ( c a - S m ) ) * r q _ F o n t H e i g h t  Fieldi); 

pDC*TatOut(m_LeftMarg.i+4*Spacin& 
(-HeaderOffset-(ctr-Start))*~FontHeight-Top Field.3); 

pDC*T~(tOut(m,teAMarg;nC5'Spacin& 
( - H a d e r o f f s e t - ( c e - S t a r t ) ) * n i _ F o n t H e i g h t  Fiel&); 

pDC*Textou~~Le~argin+6*Spacing, 
( - H e a d e r O f % e t - ( c t r - S t a r t ) ) * ~ F o n t H e i g h t  Fields); 

pDC*TatOut(~kMargin+7*Spacin& 
( - H e a d d f f s e t - ( c t r - S t a r t ) ) * m F o n t H e i g h t  Field6); 

1 

ifTPagc-phfo-~GetMaxPaga) { 
int NumLines=@h~aResultsAnay(WaSW); 

HeadaOffset+=Z; 
Fieldl .Fonnat("Number of Comct Classifications: O/odP/d"", 

NumCorrecQ N d i n c s ) ;  
pDC*Textout(ni,LefMargin. 

( -HeaderOffset<ce-Start))*ni_FontHeight-r  FieIdl); 
ioDoc-mbTrainingResuIts) { 

Field 1 .Format("Average Error: % 121E". TotaiErrorMumLines); 
p D C * T t x t O u ~ ~ ~ A M ~ ,  (-HeaderO fieî-(ctr-Start- 1)) 

*rn-FontHeipht-nTopMargin, Field 1 ); 
1 

t 
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// TextTab1e.h: interface For the CTextTable class. 
// 
/l/l/////l/I/l////l//////////////I//////I/////////I/////////////////// 

#if,MSC-VER = 1 ûûû 
#pragma once 
#endif // -MSC-VER >= 1000 

class CTextTable 
{ 
public: 

CTatTablc(); 
CTextTable(int col. int row); 
virtual €iextTabIcO; 
void SetSize(int col. h t  mw); 
int GetRowsO; 
CRect PaintTable(CDC* pDC, int x. int y); 
void SetText(CSiring strTex~ int coi. int row); 

private: 
CShingAmy -TactAmy; 
int mnRo w; 
int m ~ C o l ;  
CDC* m-pDC; 

1; 
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#ifdef-DEBUG 
#undcf THIS-FLE 
static char THlSJILEC]=-FILL 
#define new DEBUG-NEW 
#endif 

CktTable::CTextTable() : ~ n C o l  (O). m ~ i R o w  (O) 
1 
1 

CTextTable::CTextTable(int col, int row) : m~1Co1 (col). mjiRow (row) 

Il Couldn't get a two dimensionaI anay to work 
11 so use a one dimensional one. 
m-TextAmy.SetSize(~CoI*~Row); 

void CTextTable::SetText(CString strText, int col, int row) 
1 

ASSERT(co1 c xnCo1); 
ASSERT(row < ~JRow); 

CRect CTextTable::PaintTable(CDCt pDC, ùit x. int y)  
1 

11 Retrieve the size of characters for the sekcted font 
TMTMECRIC m; 
pûCXetTextMan'cs(g;tm); 
int cxchar = tm.ûmtveCharWidtti; 
int c y a a r  = trn.tmHeight + tm.tmExternalLcading 

CS ize sizeTat: 
int xMax; // The maximum x position in each coIum. 
int x C m t P o ç  = x; 
int yCLm-entPos = y; 

// Remeve the curent font and make a bol& 
// undedineci font h m  i t  
CFont *pFont = pDCXdmentFont(); 
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// Paint cactt column 
for (ult col = O; COI < m ~ ~ C o l ;  col*) 
{ 

XMax = xcurrentpos; 
ycurrentpos = y; 

// Paint cach eletnent in the column. 
for(int row = 0; row c fn-nRow; m W )  

if (mw = 0) 
pDC*Scl~bject(&FontSoId); 

else if (row = 1)  
pDC*SelectObject(pFont); 

pDC-=-TuctOu4xC~vrtntPos, yCurmtPos. rn-TextArray[(nuCol row) + col]); 

// Calculate the size of the painted item 
siLeText = pDC->GetTextExtent(mTextArray[(~nCoI mw) + col]); 
// Adjust xMax if nectssary. 
if (xCumntPos + sizeTextcx > xMax) 

xMax = xCurrentPos + sizcTixt.cx; 

Il Calculate the rect that contains the table and retum iot 
CRect rectTable(x. y, xMax, yCurrentPos); 
return (rectTab1t); 

1 

int CTextTable::GetRows() 
{ 

tenini rn-nRow; 
1 

void CTextTable::SetSize(uit col. ht row) 
{ 

rn-nCol = col: 
rruiRow = row; 
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IICTrainingResults: the storage class for the results obtained durhg aaining or from batch classification 
#ifbdef JRAM RESULTS 
#define -TRAWRESULTS 

class CliainingResuits:public CObjact 
{ 

//DECLARE-SERiAi(CTrammgRtsults) 
pmtected: 

C S h g  ~trRawF3ePath;  
int rruiComtCIass; 
int *m-dhiictedClass; 
double +m-ff ir;  
double *m-dWuuiingAdMtion; 

public: 
CTrainingRcsuits() { ) 
CTrainingResults(int NumClassifyModes) 

{ nuiRtdictedCIass=new in@JumClassifyModes]; 
m-dError=new doubl~umCIassi@Modes]; 
rrtdWuuiingActivaiion-aew doubIe~umClassifLModes]; 

2 
-CTrainingRcsults() { deIete 0 rn-nFredictedClass: 

delete O mdError; 
delete a rn-dWinningActivation;} 

void SetRawFilePaîh(CString FilePath) { mgtrRawFiIePah=FiIePaui; ) 
void SetCorrectClass(int CorrectClass) { m-nCorractClass=ComctClass; ) 
void SetPredictedClass(int PredictedClass, int Modeindex) 

{ m-~tedClass[ModeInd~~]=PredictedC1ass; } 
void SetErroIfdouble Emr, int ModeIndex) 

{ m-dError[ModeIndex]=Error. ) 
void SetActivation(doub1e Activation. int ModeInda) 

{ ~dWinningActiwtion~odeinduc]=Acti~tion; } 

CSuing GetRawFilePath() { reitnn mstrRawFilef ath; ) 
int GetCorrectClassO { renrm rn,riCorrectCiass; ) 
int GetPredictedClass(mt Modelndex) { m m  m-nPredictedClass[ModeIndex]; j 
double GctErroIfint ModeIndex) {rrturn m-dError(hfodeIndex]; ) 
double GetActivation(int Modeindex) 

{retum ~dWmingActiwtion[Modeindur]; } 

#ifdef -DEBUG- 
void Dump(CüumpContext& dc) const; 

b d i f  
1; 
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#ifdef -DEBUG 
void CTrainingResul~::Dump(CDumpContext& dc) const 

CO bject:Durnp(dc); 
dc Wnm-strRawFilePath = " nLstrRawFilePath; 

1 
#endif 
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//CTrainSigmasUptDiaiog: ddines and controls the dialog box displayed to update the user on the statu of sigma optimitation 
// TrainSigrnas0ptDialog.h : header file 
// 

class CT'inSigmasOptDialog : public CWog 
{ 
// Construction 
public: 

ffrainSigmasOptDialo&CWnd* pParent = NULL); // standard constnrctor 

CTmnsientAnay WTmientArray; 
CPNN *mJNN; 
double m-dImprovernentTolmce; 

// Dialog Data 
//{ {AnCDATA(~minSigmasOptDialog) 
enum ( IDD = IDD,TRAMSIGMASOWDlALOG ); 

// NOIE the ClassWitard wil1 add &ta m e m h  hem 
11) } AFX-DATA 

Il Ovemides 
II ClassWizard gaierateci vimial function overrides 
// { (AFX-VIRTüAl&XrainS igmasOptDiaIog) 
protected: 
virtual void DoDaraExchange(CDataExchange* pDX); 11 DDXJDDV support 
//) }AR(-VIKTUAL 

// Implememtation 
pmtected: 

// Gaierate. message map fitnctiow 
//{ (A~MSG(CirainSigmasUptDia1og) 
ah-mg void OnStopbuüon(); 
ah-mg void OnTrainbunon(); 
vimial800L OnlnitDialog(); 
afx-mg void OnErncr(UiNT nlDEvent); 
//) )AFX,MSG 
DECLARE_MESSAGE-MAP() 

1: 
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#if&f -DEBUG 
Mefine new DEBUG-NEW 
h d e f  THIS-FILE 
static char THIS-FILEU = - F i L e  
#endif 

CIiainSigmasOptDia1og::CT~nSigmasOptGaIog(.CWnd* pParent /*=NULL*/) 
: CDialog(CïramS igmas0ptDialog::IDD. pParart) 

{ 
II { (AFICDATA-INTT(~rau?SigmasOptDiaIog) 

II NOTE: the CksWizard will add mernber initialkation here 
Il} } AFX-DATLM iT 

i 

void CTrainS igmasOptDialog::DoDataExchange(CDataExchange* pDX) 

CDialog:DoDataExchange(pDX); 
Il{ {ARDATA_MAP(~minSigmasOptDialog) 

11 NOTE: the C1assWiza.d will add DDX and DDV calls here 
II} } AFX-DATA-MAP 

1 

BEGM~ESSAGE_MAP(CTrainSigmasOptDialog CDialog) 
ll{{AFLMSG-MP(CïminSigmasOptDiafog) 
ON-BN-CLICKED(1DC-STOPBUTTON, Onstopbutton) 
ON-BN-CLiCKED(1DC-TRAMBmON, OnTrainbutton) 
ON-WM-TIMER() 
Ii} )AFX_MSG-MAP 

ENDMES SAG E - W ( )  

//ll/l/l//l/llllll/l/l//l////l//l/l/l//lll//ll/llllll//l/llllllllll~l/l//lll/ 
// CTrainSigmasOptDialog message hanclles 

void CTrainSigniasOptDialog::0nStopbuttonO 
{ 

CString strText; 
rn-PNN->ni,bStopNow=TRUE; 
sfrTextForrnat("Press Train to m u m e  or OK to Exit."); 
SetDlgItemTm~IDC_STATICCCURRENT, strTat); 
G e t D l g I t e m ( 1 D C - S T O P B W N P E n a b I e W i n d o ~ ;  
GetDlgltem(1DC-TRAMBmN)->~bieWui&w~UE); 
GetDlgItem(1DOK)->EnabIeWm&eUE); 

1 

void CTrainSigmasOptDiaIogfiTrainbuaonO 
{ 

BOOL ToleranccReachad=FALSE; 
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Gctoig1t~IDC-~PBUTTO~Enab1eWindow(FALSEX 
ifl!ToleranceRmchai) 

GetDlgItem(1DC-TRAMBUTTON)->EnabIeWmdowCrRUE); 
else { 

slrTextFomt("rolerance of %. IOf reached. Hit OK to Exit" 
.m-dZmpmvementTolerancc); 

SetDlgI temTexqi DC-STATIC-CU-, strText); 
1 
GetDlgltem(1DOK)->EnabIeWindovUE); 

1 

BOOL CTrainSigmasOptDialog:OnInitDialog0 
C 

CDiaIog:OnINtDialog(); 

CProgrcssCul* pPro~~CPm~C~*)GctDIgItem(IDCDCMI~R0GRESS); 
pPmg->SetRange(O.mTmientArray->GetSue()); 
pPmg->SetPos(O); 
CSÛuig strTaS 
slrTextFormat("O/os'~-TransiaitArray->GetSize()); 
SetDlgItemTuct(1DC-STAmC-MAXERROS suText); 
strTextFomiaî(~Press Tram to kgin-"); 
SetDlgItemText(1DC-STATICCCU~, strText): 
GetDlgItm(IDC-STOPB~ON)->EnabIeWmdow(FALSE); 

return TRUE; // r e m  TRUE unless you set die focus to a control 
11 EXCEPTION: OCX Propercy Pages should rem FALSE 

1 

void ffrakSigmasOptDialog::OnTirna(U~ niDEvent) 
{ 

if (nIDEvenW1) { 
C S h g  strText; 
if (!ntPNN-ar~bStopNow) 

S e t D l g l t c m T a Q I D C , S T A n C C C ~ ,  ~PNN*m~trUserMessage); 
slrText. F ~ : o r m a ~ ~ / o .  1 Uf',m,PNN~dUsaDisplay Impmvement); 
S~DI~~~~TQI~(IDC-STA~C~PROVEMENT. strText); 
strTextFormat('% 1 tü".nPNN->m_dUserDispIayError); 
SetDl~temText(IDCDCSTATIC~RROR. strText); 
CProgressCtrl* pRo~+CRogrcssCtrl*)GctDI@tem(IDCDCMTTPROGRESS); 
phog-~SaPos(~NN~~UserDisplayDiscrcfeError); 
suTcx~F~rmat(~~d".,~PNN~~UserDispIayDisc~rteError); 
SetDlgIternTex~lDC-mAnCNISCLASS, strText); 

1 
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//CTransientData: the storagt clas  for individual transmitter transiaits 
#indude %lobalStufEh"// Added by C k V i e w  

class C ï r a n s i e n ~ p u b l i c  CObjcct 
( 

DECURE-SERIAUCT-ientData) 
protected: 

FileType KFileType; 
CS h g  ~trTmientClassNarne; 
CString wtrT-ttdake; 
CString wtrTransmitterModeI; 
CString rn-strTransrnittaSerial; 
CSeNig rll-Datç 
CStIing nl-l-ime; 
CStnng mRawFilePalb; 
int m-nTransientBegïmHen; 
int m-nTransientClass; 
int ni_nTransientModelSizc; 
double *m-TransientModek 

public: 
FileType GetFileType(); 
void SetFiIeType (FileType filetype); 
int GetTransientModelS k(); 
void SetTmientClassName(CString ClasName); 
CTmicntData() { ) 
CTransientData(int TransientModelSke) 

{ rn-TransientModeI=new doubIe[l-ransientModeISize1; ) 
-CTransientDataO ( delete a KI-TransiaitModel; ) 
void UpdateTmiaitModtlSu@int NewModelSize) 

{ delete m-TransientModel; 
mTransientModel=new double~ewModeISize]; 
~nT~ientModeISitoNcwModeISiZe; ) 

void Serialize(CArchiv& ar); 
void SetRawFilePath(CString FilePath) { rn-s&RawFilePatb=FitePatIi; ) 
void SetTmsientBeginsHere(int Ha) { m-~iTransientBeginsHwHerc; ) 
void SetTransminerMakc(CString Make) ( wtrTransmitterMake=Make; ) 
void SetTransrrit!crModel(CSaing Model) { ~trTransmhterModel=Me!; ) 
void SctTransmitterS&al(CString Serial) ( ~strTransminerSerial=Saial; ) 
void SetTransmitDatqCString Date) ( ~Date=ùate ;  ) 
void SetTransmitTime(CString r i e )  ( rn-Timetïïme; ) 
void SetTransientModel Sitc(int TransicntModeISize) {rn-nTransientModelSizo 

TransientModclSue; ) 
void SetTransientModel(doub1e 71ansientModcl); 
void SetTmientClass(int TranCiass) { m-nTransientCla55--TranCiass; ) 

int GetTmientBcginsHerc() { rem ~Trii~iai tBeguisHerc;  ) 
CSbing GetClassNameO; 
C S h g  GetRawFilePath() ( rUum mtrRawFilePath; 3 
CSUing GetTransmittcrMakc() ( rrhrm ~sîrTmnsmitteMake; ) 
CString GttTrari~mittaModel() { rrtum ~strTrazl~miaerMode1- ) 
CSUing GetTransrnitterSerial() ( retm mSrTdtterSeriai; ) 
CSeing GetTima { return ~'IIrne; ) 
C S h g  GetDatcO { retum e t c ;  ) 
double* GaTransientModeI() { rctum niTmientModc1; ) 
int GetTransientClass() { rrhini ~TransientClass; ) 

#ifdef-DEBUG 
void Dwnp(CDumpContext& dc) const; 

#endif 
1; 
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#ifdef-DEBUG 
void CTrarisientDam::Dump(CDuqContext& dc) const 
{ 

CObject:Dump(dc); 
dc cc ~ T m m i t t a M a k c  = ' cc m-strTransmittaMakc; 

1 
#endif 

void cYransientDataxSaialize(CArchive& ar) 

int c e  

m-FiIeType = PCM; 
1 
eke 
{ <  - 

m-FileType = RAW; 
1 
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void CTransiaitData::SctTmi~~tCI~Namc(CStrUig CiassName) 

void ffransientData::SetFileTypc(Fi1eType filetype) 
{ 

mFi1eType = filetype; 
1 
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#ifMSC-VER >= 1000 
8pragma once 
#endif // -MSC-VER * 1000 

c las  CTransientArray : public CTypaiPîrhy<CObArray, CimnsientData9 

public: 
int SearchForCIassName(CStnng ClassName); 
CString GetClassName(int nClassNum); 
CTransientAmy(); 
v i m l  -CïransicntAnayO; 

int FindNumClasses~; 
int SearchForClass(int Class); 
int SearchForMake(CSbing Make); 
k t  SearchForModel(CStrïng Model); 
int SearchForSerial(CShing Serial); 
int SearchForDate(CString Date): 
int SearchForTime(CString Tirne); 
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// TmientArray.cpp: impIementation of the CTransientArray class. 
// 

#i fdef ,DEBUG 
h d e f  THISM LE 
static char THIS-FILEU=-FILE- 
#define n m  DEBUG-NEW 
#endif 

int ~ransiaitArray::FmcMumClassa() 
{ 

int Biggest=û; 

if (GetSize() = 0) 
r e m  0; // No m i e n s  yet. 

if (GetAt(ctr)-SetTran~ientClass() > Biggest) 
{ 

Biggest = GnAt(ctr) 3 GaTransicntC~); 
1 

1 
r e m  (Biggest + 1); 11 +1 to account for the zen, index. 

1 
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int CTmiaim:Sean:hForModel(CString Modti) 
{ 

for(int CH; ctr c GetSizeQ; cf++) 
C 

if (GetAt(ctr) -> GetTransmiaerModcl(~Mode1) 
{ - m. 
1 

1 

r e m  - 1 ;//search unsuccessful 
1 
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int CTransiaitArray::SearcMorCIassName(CSbing ClassName) 

for(int CH; ctr c GaS-; c*) 

{ 
if (ClassNameCornparcNoCase(GetAt(ctr) -> GetClassNameO) = 0 )  
1 

// Saings are identical (non-case sensitive). 
rehim ctr; 

3 
1 
r e m  - 1 ;// No match found 
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#if -MSC-VER >c 1000 
#pragma once 
#endif / l ~ S C , V E R  >= 1000 
11 TransientListView.h : heada file 
Il 
#inchde "ListVw Ex-h" 

class CiAc-MMDoc; 
class CïransiaitData; 

class CTransiaitListView : protectd CListVicwEx 
{ 
protected: 

CïransientListview(); Il protected constnictor uscd by dynamïc creation 
DECLARE-DYNCREATE(CT~~Q~~L~~~V~W) 

Il Ambutes 
public: 

// Operations 
pubIic: 

void SetCurrcntSelcction(int mw); 
void RemoveAHltems(); 
int m-nPagc; 
void RemoveTransientData(int index); 
void ShowNetworkDetails(); 
void AddTmientData(Ïnt nItem. CTransientDafa* TranData); 

II Ovemida 
/ /  ClassWizard gtnerated virtual funaion overridts 
/ / { { A ~ - V I ~ A 4 ~ m i e n t t i s t V i e w )  
public: * . 

virtual void OnInitialUpdate(); 
protectak 
virtual void OnDraw(CDC* p K ) ;  11 overridden to draw this view 
I I )  ) AFX-VIWrVAL 

#ifdef -DEBUG 
vimial void AssertVaIidO const; 
virtual void Dump(CDurnpContat& dc) const; 

#endif 

Il Generated message map functions 
protected: 

int nt-ncolumns; 
ChnageLin rnJmageList; 
Il( {AFX_MSG(CTransientListview) 
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ak-mg Uit OnCreate(LPCREATESTRUCT ipcreatcsmt); 
a k m g  void Onltemchangcd@MHDR* pNMHDR LRESULT* pResult); 
a k m s g  void OnHeadaItmidbklick(NMHDR* pNMHDR LRESULP pResult); 
Il} ) AFX-MSG 
DECLARE-MESSAGEMAE'() 

/l((AFXJNSEKT~UX:ATION} 
Il Microsoft Devclopet Studio will insat additional dacIarations immcdiafely before the previous iinc 
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11 TransiaitListVicw.cpp : implemcntation file 
II 

#indude "stdaSr.hn 
#uiclude "tacjnmh" 
#inclu& TAC-MM Doch" 
#indude "TransientiistViewh" 

#ifdef ,DEBUG 
#cidine new DEBUG-NEW 
h d e f  THIS-FILE 
static char THIS-rn LE[] = FILEd- 
#endif 

BEGIN,MESSAGE-MAP(CTI~~~S~~~~L~S~W~W, CListViewEx) 
//{ ( A ~ M S G - W P ( c T m i ~ 1 t L i s t V i e w )  
ON-W M-CREA.TE() 
ON-NOTIFYFYREFLE~(LVNVNTTEMCHANG ED, Ont temchanged) 
ON-NOTIFu(HDN-tTEMDBU=LICK. O. OnHeaderltemdbIclick) 
11) ) AKMSG-MAP 

END-M ESSAGEJ4APO 

void CTransimtlkt\liew::OnDraw(CDC* pDC) 

CDocument* p h  = Ga Document(); 
11 TODO: add draw code h a c  

1 

///////l////////////////////////l/////l////////l///lll/l////////////////l///l 
11 CTransientListView diagnostics 

#ifdcf D E B U G  
void CTransientLktVicwr*crtValid() const 
{ 

CListView:AssatValid(); 
1 

void cTmimtListViewl:Dump(CDumpContext& dc) const 
{ 

CListView::himp(dc); 
1 
h d i f  //-D €BUG 
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// CTkmsientLiiView message handlar 

11 TODO: Add your speciaiii creation code herc 
CTAC-MM&* p h  = GaDocumentO; 
pDoc 2 m-pTmnsientListView = th&; //Give the document a poitcr to this vitw. 

void CTransiaitListView::ShowNetwotW)daiIsO 
{ 

11 Desplay the column hcadings. 
DisplayCoIumnHeadings(1DS-COL-WNDATA); 

=AC-MMDoc* pDoc = GetDocurnent(); 
int nTransicnts = p h  -> GetAnayO GecSite(); 
CYransimtData* pTranData; 

SetRedraw(FALSE); II Don't update the Iist view until it k filled. 
for (int i = O; i c nTransicnts; i*) 

pTranData = pDoc a GetArrayO -> GetAqi); 
AddTransinitData(i, pTranData); 

1 
SetRedraw(TRUE); // Show changes now. 

void CTransientListVicw::AdflmicntData(h nltem, CTransientData* TranData) 

CStn'ng Index, 
ClassNumber. 
ModeiSizt; 
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// TODO: Add your specializeai code hcrc andlor cal1 the base class 
ShowNetworkDetailsO; 
AutoSizeColUmni:); 

1 

void ~f~~~ientListView::OnItemchanged(NMHDR* pNMHDR LRESULF pResult) 
{ 

NM-USNIEW* pNMListVicw = (NM-LISTVIEW*)pNMHDR; 

// TODO: Add your controt notification hander code here 
int nItemSelected = pNMListVicw 3 iItcm; 
CiAc-MMDoc* pDoc = GctDocumentO; 

void CTransientL&View::OnHeaderItemdblcIic~MHDR* pNMHDR, LRESULP pResult) 

HD-NOTIFY Cphdn = (HD-NOnFY +) pNMHDR; 
// TODO: Add your control notification handlacode here 

void CTransientListVim:RemoveTmientData(int index) 
1 

CListCtrl& ListCirl= GetListCtrlO; 
ListCtrI.&laeItan(indsr); 

void CT~iaitListView::RcmoveAllItem~ 

CListCtri& ctltist = GetListCtri(); 
cilListDeIeteAllItems(); 
Autos izeColumns(); 

1 

void CTransientListView::SctCurrcntSel~~tion(mt row) 
{ 

CListCtri& ctlList = GetListCtriO; 
ctlListSetitemState( row, LVIS-SELECTED 1 LWS-FOCUSED . WIS-SELECTED LVIS-FOCUSED); 

1 




