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Keywords: on-line signature verification, neural networks (NNs), signature features, feature
selection, Mallows Cp, SUsig database, genuine and forgery signatures, k-nearest neighbours (kKNN),
N-fold cross validation, Leave one out cross validation (LOOCYV).

Introduction

Signature recognition is the process of confirming the identity based on the handwritten signature of
the user as a form of behavioral biometrics [1]. From one hand, the signatures are a convenient,
widely used and secure mean for authentication, and from the other, their input to biometric systems
is fast, easy, natural and non-invasive. For these reasons, the problem of the signature verification is
broadly investigated in the past years. Novel methods and algorithms are developed, mostly for on-
line signatures, and lots of them are implemented in practice [1, 2, 3, 4, 16, 17]. Current research in
the field of signature recognition is directed towards the development of combined approaches as
well as the identifying of optimal feature subsets to discriminate between genuine and forgery
signatures.

In this thesis, the subject of research is on-line signature recognition. The aim of the research
work is the development of a novel combined method for on-line signature recognition and its
software implementation.

The above formulated goal is achieved by fulfilling the following tasks:
Signatures acquisition and creation of signature database;

Extraction of novel and known signature features;

Selection of optimal signature feature subsets;

Investigation of various NN models for verification;

Carrying out experiments, evaluation of classification accuracy and comparison with

A

known classifiers for own and public signature databases;
6. Development of a prototype of a software system for signature acquisition, signature
visualization, feature extraction, feature selection and verification.

The present study is conducted in order to find out the answers of the following questions:
1. Is there a particular feature subset for each user describing his or her signature writing
style?
2. Are there significant differences between the verification results for common and
individual feature subset?
3. Will the verification accuracy decrease if skilled forgeries are used as negative
examples for classifier training?

Methodology

The study is in the field of pattern recognition; it is related to the application of statistical methods
for signature features selection and the application of NN and ANN classifiers for on-line signature
verification. In this thesis, two signature databases are used in order to experiment with the proposed
combined method for on-line signature verification. These are SUsig database of 89 users [5] and an
own database of signatures of 8 users collected for the aims of the study. Both signature databases
consist of genuine signatures, skilled and random forgeries.

Abstracts of Dissertations 1 (2014) 3-15



6 Desislava Boyadzhieva

The development of a signature recognition system consists of the following steps [6]:
signature acquisition, preprocessing, feature extraction, feature selection, verification and accuracy
estimation. Below we shall describe our method in the terms of these steps.

1. Signature acquisition: Signature data is acquired by a graphical tablet (Wacom Intuos3 A5
PTZ-630 for own signature database and Wacom Graphire2 for SUsig database). Raw data
consist of the following information about each signature point: x and y coordinates, pressure
level, timestamp, stroke indicator. For our signature database we have also information about
the azimuth and the pen tilt for each point. A signature acuisition protocol is created in order
to describe the steps in the signature acquisition process.

2. Signature preprocessing: To facilitate feature extraction, it is necessary the raw data to be
preprocessed. The operations applied depend on the selected features and the acquisition
protocol. The coordinates x and y of the ink coordinate space are called himetric units [7] and
their values fall in [0, 7999] x [0, 5999]. It is necessary to transform them in the application
coordinate system in [0, 1279] x [0,799]. This is performed automatically by a method from
Microsoft Tablet PC SDK. Since the acquired signatures may be rotated, we have to align
them horizontally. The next pre-processing operation is translation of the signatures to a
given point of the application coordinate system because it is possible some of the
coordinates to obtain negative values after rotation. So the following operations are
performed to all the signature data in the databases: coordinate transformation, rotation and

translation.
Table 1 Global features

Sionature lenath distance between initial and end distance between rightmost
Al & g A10 point AI9 | and end points

Sienature height H angle of the line between center angle of the line between
A2 ghature hetg AIl | and initial points A20 | leftmost and initial points

height to width ratio angle of the line between center angle of the line between end
A3 | gL AI2 | and end points A21 | and rightmost points

angle of the line between initial

A4 | number of points N A13 | and end points

422 | Number of strokes

distance between leftmost and

45 | time duration Al4 | center points A23

Average tilt value

distance between center and

A6 | Number of segments ALS | rightmost points

A24 | Average pressure value

Signature density angle of the line between center .
A7 | A4/A1*A2 A16 | and leftmost points 425 | Average pen tilt value
distance between angle of the line between center Averace azimuth value
A8 | initial and center point Al7 | and rightmost points 426 &
distance between end distance between leftmost and
A9 | and center point AI8 | initial points

3. Feature extraction

There are three groups of signature features: global, local and segmental [8]. Global features
are extracted for the whole signature, local features are extracted for each sample point in the
signature, and segmental features are extracted for each signature segment. Over 100 features
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used in signature verification are listed in [9]. The extracted global signature features used are
presented in Table 1. They have a clear meaning for criminology experts. To our knowledge
signature features A8-A21 are not used so far in signature recognition. We extract all the
features for the signatures from our database; we extract features A1-A24 for SUsig database.

Feature set selection

Since some features demonstrate higher discriminatory capability than others, feature
selection should be performed. This is related to the process of selecting & features of most
discrimination power out of p available ones (k < p) and it aims to identify and remove as
much irrelevant and redundant information as possible. A review of the processes of feature
set selection for signatures is done in [§].

We approach feature set selection step in signature verification in two ways (1) by
using a common feature subset for all users, and (2) by using an individual feature subset for
each user.

At the beginning we extract all the signature features for all database users and we
perform z-score feature normalization. Let us denote by f; the value of the ith feature before

normalization, i =1,...,k. The new value =™ of f, is given by:
»/;ZSCOre = J(; _ﬂf; ’i = 1)-.~)k
Sy
Hy = ;sz
=l

1 n
Oy = \/ Z (fy —#y, )
n=155

We find all high correlated features at 0.01 confidence level, 99% confidence interval,
met in more than 25% of the users. We use Pearson correlation coefficient. For particular

features X, and X, it is given by:

S X, — )X, — p1y)

i=1

& 2 & 2

DX —uy VDX, = pay)
i=1 i=1

By applying the correlation pleiads method [12] we identify all groups (pleiads) of
features having high intraclass correlation and low interclass correlation and leave only one
random feature in a group. For each pleiad we retain only one feature. In this way we create
the common feature subset.

Tx,.x, =

In order to find individual feature subset for each user we apply the methods of
Hocking, Leslie and LaMotte for selection of regression variables based on Mallows Cp
criterion for regression [10, 11] on the already found common feature subset. This criterion is
used to decide on suitable subset among contending subsets. It is a measure of the
standardized total squared error defines as follows:

RS5
Cp = —=z-— {0 — Zp)

Abstracts of Dissertations 1 (2014) 3-15



8 Desislava Boyadzhieva

B35y denotes the residual sum of squares for the particular regression with p variables and
G* is an estimate of residual mean square 0 for full regression.

1 & k RSS
A2 2 k
o' =——+ = X ) =——.
- ]EI(yJ ;ﬂ,,,) p—

If a model is adequate, i.e. does not suffer from lack of fit, then
EC,)=p

This means that we expect Cp value to be about p. A plot of Cp versus p displays the
adequate models as points close to the line Cp = p. Subsets with small values of Cp and
values of Cp close to p are considered good. Hocking and Leslie [10] further describe a
method which allows thus subset to be identified after consideration of only a small fraction

k
of all ( ) possible subsets of size p. LaMotte and Hocking [11] modified this algorithm in a

p
way that moderately large problems can be treated with minimum of computation. The
algorithm specifies the subset of size 7 to be deleted. In the following, the terms r-subset and
p-subset refer, respectively, to subsets being deleted and subsets being retained.

The method for selection of best subset is based on m-variable reductions,i.e.
reductions in the regression sum of squares due to eliminating subsets of size m from the k-
variable equation. Typically 1< m <4 and m = 1 in the original method [10]. These m-variable
reductions are used to determine the best »-subset to be removed, for » > m. The reduction in
the regression sum of squares due to removing a set of r variables is given by:

Red, = RSS, — RSS,

The set of  variables for which this reduction is minimum specifies the subset of size
p (p = k - r) variables in the regression to be retained for which residual sum of squares is
minimum. It is suggested in [10] that Cp statistic can also be computed by using this
reduction in the following way:

Red,.
=3

The steps of the generalized algorithm are as follows [11]: First, the k-variable
equation is fitted with all variables present and the reductions in the regression sum of
squares, called univariate reduction, due to deleting each of the k-variables, are calculated. If
a single variable, say ith is removed from the regression, its univariate reduction is given by:

Cp = -idp—k

s = &3t3
w4
Bi
T; _— —
a3

H

The square of #-statistic associated with ith regression coefficient is denoted by ¢’ and

the standard error of the estimated coefficient b, is denoted by %, The standard errors of the
estimated coeficients are the square roots of the diagonal elements of the coeficientcovariance
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matrix. After this, the variables are relabeled according to the order of these univariate
reductions.

0,<6,<..<0,

Having the variables relabeled, the reductions in the regression sum of squares due to

all of the (k

] subsets of size m are evaluated. These are called m-variable reductions. Each
m

subset of size m is denoted by the subscripts of the variables in that subset in increasing order.
That is, a m-subset is described as (i,i,,...,i, ), where i,i,,...,7, where 1< i, <k

m
andi, <i, <...<i, . Next these m-variable reductions are ordered in increasing order of

magnitude and are used to define stages for inspecting the r-subsets. Only those m-subsets
whose first index is (r —m+1) or greater are used to define a stage and hence we evaluate

only them. The r-subsets in a stage defined by an m-subset contain » indices consisting of
those indices in the defining m-subset and (r —m) indices which are less than the first index in

k—r+m

the m-subset. There are total of ( j stages defined in this way. The stages are

m

numbered according to the magnitude of the m-variable subset which define them. Thus
Stage 1 will consist of r-subsets defined by the m-subset with smallest reduction. In general,
at the gth stage we evaluate the reductions due to all subsets defined in the gth stage and ask
if the smallest reduction in the regression sum of squares computed for an r-subset obtained
in all Stages before the gth stage (1,...,q) is less than the reduction due to the m-subset

defining Stage (¢+1). If so, we terminate having identified the best subset of size p obtained
by the corresponding r-subset and if not we proceed to Stage (g+1).

By applying the methods of Hocking, Leslie and LaMotte we identify best feature
subsets of various size for each user on the basis of his/her eight or ten genuine signatures and
ten random forgeries. Among these subsets we select the best subset that have Cp value
closest to p, where p is the number of regression coefficients. Thus, for each user we obtain
the best feature subset of different size.

Verification

Neural networks are suitable to be used for signature verification since they are an excellent
generalization tool (under normal conditions) and are a useful means of coping with the
diversity and variations inherent in handwritten signatures [13]. Usually, a particular NN is
built for each user on the basis of his/her genuine and forgery signatures. The number of
input neurons is p where p is the number of the features. The single output neuron has a value
I for genuine signature and a value 0 for forgery signature. After the training, a score
threshold is determined. If the verification result (at the time of testing of a signature) is
greater than the corresponding score threshold, the signature is considered genuine, otherwise
— forgery. This approach is widespread because it allows fast adding and deleting of
signatures for new and existing users [13]. Usually, NN training takes lots of time but in this
approach it is done off-line so the users are not forced to wait.

We compare NN classifiers with ANN classifiers with Euclidean distance. Before
applying the kNN classifier, we first normalize the features. Since Kmax = VINtrae , where
N@rw is the number of signatures used for training and it is recommended for the value of k
to be an odd number, we choose k=1 and k£ = 3.

For each user, several NN and kNN models are evaluated by 10-fold cross validation
and LOOCYV respectively. The “optimal” models are found together with their parameters:
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10 Desislava Boyadzhieva

number of hidden neurons for NN, type of signature forgeries for training, input features and
value of k.

After finding the “optimal” model of a classifier by cross validation, the
corresponding classifier is being trained on all the user’s signatures and is ready to be used
for verification.

6. Accuracy estimation
The performances of classifiers are evaluated by the following well known metrics: FAR
(false accept rate), FRR (false reject rate), TAR (true accept rate), TRR (true reject rate), and
Accuracy.

GN model for on-line signature verification

A reduced GN is constructed and it is presented in Fig. 1. For this model tokens keep all their
history. The model is built of six transitions which correspond to the steps in online signature
verification, twenty places and three types of tokens a, f and .

Fig. 1 GN model for on-line signature verification
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Experimental results

Experiments are carried out in MATLAB environment. We use Neural Network Toolbox. We
experiment with two types of classifiers: NN and ANN with varying parameters values (number of
features, forgery signature types, number of hidden neurons H and number of neighbors’ k). Since
we have small amount of data, we evaluate classifier accuracy with N-fold cross validation [14]. We
use 10-fold CV for NN parameters tuning and LOOCYV for ANN parameters tuning.

Let us denote by Var.1 the case in which feature subset is determined by using the genuine
and random forgery signatures and denote by Var.2 the case in which feature subset is determined by

Abstracts of Dissertations 1 (2014) 3-15



11 A COMBINED APPROACH TO ON-LINE SIGNATURE RECOGNITION

using the genuine and skilled forgery signatures. Let us denote by Case I the case in which only
random forgeries are used for NN training, and denote by Case 2 the case in which both random and
skilled forgeries are used.

Results on own signature database

By applying the method of correlation pleiads, the initial number of features - 26, is reduced
down to 17 and the remaining features are A2, AS, A6, A8, All, Al12, A13, AlS5, Al6, Al7, A20,
A21, A22, A23, A24, A25, A26.

Using Var.1 the initial number of features is reduced down to a number less than 13 for the
half of the users, while using Var.2 the nitial number of features is reduced down to 13 for 7 of 8
users.

The average value of the estimated accuracy by cross validation for all users is equal to
97.5% for NN classifier and it is equal to 92.5% for kNN classifier.

Results on SUsig database

By applying the method of correlation pleiads, the initial number of features - 24, is reduced
by around 50% and the remaining features are Al, A2, A4, A6, A10, Al12, A13, Al6, Al7, A2l,
A22, A23, A24.

The size of the obtained p-subset and the corresponding number of users are specified in
Table 2. There is a significant reduction in features number for both Var.l and Var.2 since its initial
number - 13 is reduced down to 9 for about half of the users, reduced down to 5 or 6 features for
30% of the users.

Table 2 Individual p-subsets

Size of |Number Size of |Number
Var. Var.
p-subset |of users p-subset |of users
1 9 42 2 9 48
1 8 5 2 8 9
1 7 7 2 7 4
1 6 12 2 6 10
1 5 14 2 5 15
1 4 5 2 4 3
1 3 4 2 3 0

In Table 3, all the NN and kNN models are described together with their parameters.

Table 3 Parameters of the NN models

#  of |Features Genuine |Forgery Number | Number
model | (input neurons)  |signatures |signatures of hidden |of
b & £ neurons H |neighbors
k
1 Common set s
2 Var. 1 Case 1
3 Var 2 random
: 8or 10 l1to5 lor3
4 Var. 2
9 random and
5 Var. 1 . Case 2
6 skilled
6 Common set
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12 Desislava Boyadzhieva

All the 30 NN models are evaluated by 10-fold cross validation for each user and the best
performed “optimal” NN model is selected together with its parameters: number of hidden neurons,
type of signature forgeries for training and input features. All the 12 kNN models are evaluated by
LOOCYV and the best performed “optimal” kNN model is selected together with its parameters: value
of k, type of signature forgeries for training and input features.

The average estimated accuracy of the “optimal” NN models for all users is equal to 97.95%,
and the average estimated accuracy of the “optimal” kNN models for all users is equal to 96.13%.
These results demonstrate the advantage of the NN classifier over the kNN classifier. The value of t-
statistics is equal to 3.29 and this value is significant for a probability level equal to 0.99 and
DF=176.

Dependence of the verification accuracy on the feature subset used and on the forgery
signature types used for classifier training

The following research aims (1) to estimate the impact of feature set reduction on the classification
accuracy, and (2) to investigate the dependenceof the classification accuracy on the forgery signature
types used for classifier training.

Table 4 Average estimated accuracy for all the “optimal” models for NN

Average
Common feature set Var. 1 Var. 2 accuracy | Number of
occurances
Case 1 97.36 98.36 97.85
(Model #1, (Model #2, (Model #3, 97.99 53
13 occurances) 27 occurances) 13 occurances)
Case 2 97.71 97.98 97.96
(Model #6, (Model #5, (Model #4, 97.89 36
11 occurances) 9 occurances) 16 occurances)
Average
accuracy 97.52 98.27 97.91 - -
Number of
occurances 24 36 29 - 89
Table 5 Average estimated accuracy for all the “optimal” models for kNN
C feature set Var. 1 Var. 2 Average
ommon feature se ar. ar. accuracy Number of
occurances
Case 1 100 95.92 97.84
(Model #1, (Model #2, (Model #3, 96.97 47
5 occurances) 27 occurances) 15 occurances)
Case 2 84 95.5 95.45
(Model #6, (Model #5, (Model #4, 95.20 42
1 occurances) 20 occurances) 21 occurances)
Average
accuracy 97.33 95.74 96.45 - -
Number of
occurances 6 47 36 - 89
Abstracts of Dissertations 1 (2014) 3-15




13 A COMBINED APPROACH TO ON-LINE SIGNATURE RECOGNITION

The average estimated accuracy for all the “optimal” models are presented in Table 4 for NN
and in Table 5 for kNN.

The data presented in Table 4 reveals higher NN accuracy if using individual feature subsets
(Var. 1 and Var. 2) compared to the accuracy if using a common feature subset. The accuracy is
slightly higher if Var. 1 is used. The accuracy of models built on Var. 1, Case I (random forgeries for
training) suppresses the accuracy of models built on Var: 2, Case 2 (random and skilled forgeries for
training).

The data presented in Table 5 reveals higher ANN accuracy if using a common feature subset
compared to the accuracy if using individual feature subsets (Var. I and Var. 2). The accuracy of
models built on Var. 2, Case I (random forgeries for training) suppresses the accuracy of models
built on Var. 2, Case 2 (random and skilled forgeries for training).

The comparison between the average estimated accuracy of NN and ANN based on common
and individual feature subsets demonstrate the advantage of NN.

The number of “optimal” models, trained on random forgeries (Case ) is met in more than
the half of the users. It is equal to 53 (for 60% of the users) for NN and it is equal to 47 (for 53% of
the users) for ANN. The most frequent “optimal” models are built on Var.l features: for NN, it is
equal to 36, and for ANN it is equal to 47.

Building of NN and kNN classifiers on the selected models for each user

NN and ANN classifiers are built for each user. They are evaluated on the same training (~70% of the
signatures) and testing sets (~30% of the signatures). The following results are obtained: 1) for NN:
average accuracy 98.46 %, 2.70 % FAR u 0 % FRR NN; 2) for ANN: average accuracy 89.47 %,
8.09 % FAR u 14.61 % FRR. These results demonstrate the aadvantage of NN over the kNN
classifier. The value of t-statistic is equal to 5.98 and this value is significant for a probability level of
0.99.

For comparison, a classifier of Yanikoglu n Kholmatov [18] has 1.64% FRR u 1.28% FAR on
the same signature database.

Software application

The proposed combined method for on-line signature recognition is implemented in a
software system prototype which is built in Microsoft Visual Studio 2008 Express Edition. Tablet PC
SDK 1.7 [15] is used to facilitate signature acquisition. Raw and transformed signature data is stored
in a database in SQL Server Compact Edition 2008.

A signature acquisition protocol is developed do describe the process of signature acquisition
with the software application.

Results interpretation
The following conclusions can be drawn from the presented experiments:

1. The number of the features is reduced by around two times by consecutive applying of
the method of correlation pleiads and Mallows Cp criterion for selection of regression
variables;

2. There is not a common feature subset valid for all users; there is a specific feature
subset for each user which describes his signature writing style. This subset consists
of 3-5 features for some users;

3. Using of random forgeries as negative cases (Var.l) in regression model drives to
greater reduction in feature number. Initial feature set size is reduced to a higher
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14 Desislava Boyadzhieva

extend if random forgeries (Var. 1) are used for building the regression model for the
Hocking, Leslie and LaMotte method instead of skilled forgeries;

4. If a reduced number of features is used, the verification accuracy increases for NNs
and decreases for kNN;

5. The classifiers trained on only random forgeries (Case ) gives better verification
results than those trained on both random and skilled forgeries (Case 2).

The following recommendations based on the above mentioned conclusions can be
formulated for using of the proposed method for on —line signature verification:

1) Signature features number to be reduced by consecutive applying of the method of
correlation pleiads and Mallows Cp criterion for selection of regression variables;

2) NN classifiers to be trained on random forgeries and the most accurate of them to be
selected for each user.

Conclusions

In the PhD thesis a combined method for on-line signature recognition is proposed. The method is
implemented in a software application. Signature verification is considered since its widespread
application in many areas. All the necessary steps in developing a signature recognition system are
described: signature data pre-processing, feature extraction and selection, verification and system
evaluation. The influence of the signature forgery type (random and skilled) over the feature
selection and verification is investigated as well. Experiments are carried out on an own signature
database which consists of genuine and forgery signatures of 8 users and on SUsig database which
consists of genuine and forgery signatures of 89 users. The average accuracy is equal to 98. 46%.
The results obtained by applying two different classifiers (NN and A-nearest neighbours) are
compared. In this way, all the tasks set in the thesis, are completely fulfilled.

Research and investigation in on-line signature recognition are about to continue in the
future. They will be towards 1) improvement of the proposed system — its automation and accuracy;
2) testing of the system over different databases and other signature features; 3) forgery detection. In
this regard, adding a camera to give an account on the characteristics of the hand in the time of
signature acquisition will be of use.

Contribution summary
The contribution of the thesis can be summarized as follows.

1. An approach to feature subset selection as a consecutive application of the correlation
pleiads method and regression analyses is proposed. This approach is applied to all users
of the signature database.

2. A method for classifier generation as a combination of individual user classifiers is
proposed.

3. A generalized net model of the on-line signature verification process is proposed.

A comparative investigation of the verification accuracy depending on the forgery
signatures used for training is performed.

5. A comparative investigation of the verification accuracy depending on the signature
feature subset (common or individual) is performed.

6. A signature database and a signature acquisition protocol are developed.
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7. A software system prototype is developed. It has the following functionality: adding of a
new user, searching of an existing user, signature acquisition with a graphical tablet,
signature data preprocessing, feature extraction, feature selection, genuine and forgery
signatures visualization, classifier selection and training.

8. A terminology dictionary for pattern recognition in Bulgarian and English is created.
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Oﬁma XapaKTEePpUCTUKA HA JUCEPTALIUATA

AKTYaJIHOCT HA TeMaTa

Bepudukanusara u waeHTU(UKANUATA TIO TOANKAC, OOCTUHEHW OT OOINUS TEPMUH
pas3no3HaBaHe M0 MOJINC, ca 33/1a4ui OT 00JacTTa Ha pa3no3HaBaHETO Ha 00pa3y U aHaIu3a Ha
nokymeHTH. llenta Ha BepuduKanmsaTa € MOTBBPKIABAHETO HIIM OTXBBHPIISIHETO Ha 3asBEHA
CaMOJMYHOCT, a Ha HUJCHTH(HKAIMATA - YCTAHOBSBAHETO HA CAMOJIUYHOCTTAa Ha JajcH
notpeduren. B 3aBUCHMOCT OT HaYMHA HA ChOMpaHE Ha IMOAIMMCH, CHCTEMHUTE 32 Pa3MO3HABAHE
M0 TOAMUC ca CTaTW4YHH (0od-NaiiH) u AuHaMuuHU (OH-naiH). [Ipu mbpBUTE MOAMUCHT ce
MpUBEXIa B IU(POB BUJ Upe3 CKAaHUpaHE WM 3acCHEMaHe ¢ (hOTOKaMepa CJie/1 Karo Bede € Oui
MOJIOKEH BBPXY XapTUS M TMO-HAaTaTbK ce paboTH C HEroBOTO IOJYTOHOBO CTaTHYHO
M300pakeHHEe, JIOKATO TMPU BTOPUTE MOMANUCUTE C€ TMojarar IUPEKTHO 4Ype3 IUTHTaIHA
MUcajKa BbPXy yCTpPOMCTBa KaTro rpaduueH TalleT WM APYT BUJ CEH30pEH €KpaH, Karo Mo
TO3W HAUYMH AaBTOMAaTHYHO C€ TIOJyYaBa €AHOBPEMEHHO U CTAaTWU4YHA, W JUHAMUYHA
uH(popMaIus 3a MoIHca.

THit KaTo MOAMUCHT € YECTO YMOTPEOSIBAHO, YIOOHO, CUTYPHO U IUPOKO BB3MPHETO
CPEICTBO 3a yCTAaHOBSBaHE HA CAMOJHMYHOCT, C HEMHBA3UBHO, OBP30, JIECHO U €CTECTBEHO 32
MOTPEeOUTETUTE BBHBEKIAHE B OMOMETPUYHUTE CHUCTEMH, TO TPE3 IMOCICAHUTE TOIWHU CE€
Ha0I01aBa 3aCUJICH MHTEpeC KbM pa3paboTkuTe B oOnactra. Pa3paboTBar ce HOBU METONIU U
aJTOPUTMH, YaCT OT KOUTO C€ BHEAPSBAT B MPaKTHUECKU npuiiokenus [7, 13, 33, 40, 41, 42],
KaTo ce HaOIo1aBa MpeBec Ha OH-TaiH npes od-1aiiH MeToauTe 3a pa3no3HaBaHe Mo MOJIUC.
C um300peTsBaHETO Ha BCE TOBEYEC WM IMOBEUE HOBHM YCTPOWCTBA C JUTHTAIHU THUCAIKH H
CEH30pHU E€KpaHH, KOMTO MPEIOCTaBIT BB3MOXKHOCT OIlE C TOJaraHe Ha MOAMUCA Ja ce
pasmosiara ¢ HeTOBHS JTUTHTAJICH (DOpMaT, C€ OTKPUBAT HOBH XOPH3OHTHU Ipe]l 00IacTUTE Ha
MPUJIOKEHUE Ha OH-JIAH CHUCTEMH 3a pa3lOo3HaBaHE MO MOAMUC. Taka MPaKTUYECKU BCSAKO
MIPUWJIOKEHHE 32 TOCTBHII 10 CUCTEMA, PECYPC WM YCTPOUCTBO , 32 KOETO CE M3MCKBA IMapojia 3a
JIOCTBII, MOXE Ja c€ 3aMeHH C OH-JailH Bepudukamus MO TMOAMUC, a OH-JAKH
uaeHTU(UKAIUATA 10 TOAMKUC YCIEIIHO Ja C€ Mpuiiara B Cllydal Ha XapTHUEH HOCHUTEI.
N3061m0, mmpokuTe 0071acTH Ha MPHUIOKEHUE B CHh3/1aBaHETO M BHEAPSIBAHETO HA CHCTEMU 3a
YCTaHOBSIBAHE HA CAMOJIMYHOCT OMPEIEISIT aKTyaIHOCTTa Ha 3a7adara B CBETOBEH Maiad, a
OTTaM M aKTyaJIHOCTTa Ha JUCEpTallMOHHATa padoTa.

I_[e.]'ll/l H 3a1a4Y1 HA JUCEePTALINATA

OcHoBHara 1en Ha JUCEpPTALMOHHUA TpyA € Paspadomeane na HO6 KOMOUHUpAH
Memoo 3a pasno3Hasane Ha nompedumenu nNO OH-IAUH NOONUCU U Peanu3UPAHEMo My
Kamo cogpmyepna cucmema. 3a U3bJIHEHNE Ha IOCTaBeHaTa 1€l € HEOOXOAMMO J1a ce pewiar
CJICZIHUTE 3a/1auu:

e Opranusupane Ha 0a3a JaHHU OT MOJIHCH;

e lI3BnaMuaHe HAa U3BECTHU U HOBU NPHU3HALIY;

e 11360p Ha ONTUMAHU MOAMHOXKXECTBA OT MPU3HALIU;

e l3cnenBaHe Ha pa3IMYHU MOJEIM HAa HEBPOHHHM MPEXH 3a BepU(DUKAIUS KaTO
€JIEMEHTH Ha KOMOMHUPaH KJlacu(uKaTop;

e [IpoBexxgaHe Ha EKCIIEPUMEHTH 3a OLICHKA HAa TOYHOCTTA Ha KiIacu(pUKalUs U
CpaBHEHME C U3BECTHH KJIACU(PHUKATOPH C U3I0JI3BaHE KAaKTO Ha coOcTBeHa 0a3a
JAaHHM 3a MOJINCH, TaKa U ¢ MyOJINYHO AOCThIIHA TaKaBa;

e Pazpaborka Ha cO(TyepHO NPWIOKEHHE 3a pa3NO3HABaHE Ha IOIIHUCH C
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OCHOBHHM (YHKIMH: ChOMpaHe Ha COOCTBEHM U TMOJINPABEHH IOIIHUCH,
BU3yalIn3alys Ha HMOAMMCHTE, U3BIMYAHEe Ha IPU3HALM, N300p HAa MpU3HALMU U
BepudUKaIus 1Mo TAX.

OcobeHocTuTe Ha 3a7a4yara HajaraT OIPEENIeHHM OTPaHUYEHHUs, ChOOPA3sIBAHETO C
KOUTO NPaBH HIKOM OT CTaHJIApTHUTE MOIXOAH He 0coOeHo noaxonsaimu. Te3u ocodbeHocTH ce
OTHACAT MpPEJy BCHUYKO KbM KOJIMYECTBOTO Ha EKCIICPUMEHTAHHUTE JaHHU, W3IOJ3BaHM 3a
oOydyeHHEe W TECTBaHE Ha KJIacU(pHUKaTopa M XapakTepa Ha HU3IOJI3BAaHUTE IMpHU3HALU. 3a
pasnuKa OT Jpyrd 33Ja4d TyK HE € Bb3MOXKHO CHOMpAHETO Ha TojsM Opoil oOpasmu ot
HNOANKUCH HAa €BEHTyaJlHUTe mnorpedutenu. V3uckBaHETO 3a MHOTOKPAaTHO IOJAIUCBAHE €
HenpusATHO. bpoAT Ha >kenmaemuTe HamalsBa 3HAUYUTENTHO M aKO C€ MCKAa HEKOJKOKPAaTHO
MOBTOpeHHE Ha cecuurte. Jl0OaBIWKM M HEXKEIaHHWETO Ha IOBEYETO XOpa Ja MpeJoCTaBAT
MOANUCUTE CH 3a EKCIIEPUMEHTH, CTpaxyBalKu ce OT 3J0ynorpeda, OposT Ha chOpaHuUTE
HOATMMKCHU CE CBEXJIA 10 HAKOJIKO JeceTKU. CpaBHUTEIHO MO-ToJeMH 0a3u OT MOANHMCU MOrar
na Obmar cwpOpanu B yHHBepcureTute. OIe TO-TOMSIMO 3aTpyAHEHHE MPECTaBIsABA
crOMpanero Ha ymenu dammupuKaTd, HEOOXOAMMHU 3a TIOBHINABaHE HAa TOYHOCTTA Ha
KJacudukartopa.

M360pbT Ha NpU3HALM CHLIO HE € TPUBHAJIEH M0 ABE NpuuuHU. [IbpBaTa € cBbp3aHa C
Mankust Opoit onuTHM JaHHU. OT TeopusiTa Ha pa3No3HAaBaHETO Ha 00pa3y € U3BECTHO, Ye MpHU
¢bukcupan Opoil ONTMTHH JaHHU yBEIMYaBAHETO HA Oposi HA MPU3HALUTE HE CaMO HE BOAHM JIO
MOBMIIIaBaHE HA TOYHOCTTA Ha pa3lO3HABAaHETO, HO 51 U HamaJsBa. ToBa 03Ha4yaBa, ye ako mpu
MaJTbK Opoil TaHHM UMaMe ToJsiM Opoil MpU3HAIHM, Te TPSOBa a ce HaMaJIAT, T.€. Ja ce n3bepe
MOJMHOKECTBO, KOETO Ja Obae nocTraThyHO MHpopMaTuBHO. HamansBanero Ha Opos Ha
MIPU3HAIUTE € CBHbP3aHO M C HAMaJlsiBaHE Ha M3YMCIIMTEIHOTO Bpeme. Bropara nmpuunHa npu
n3bopa UM € HeoOXonuMocTTa OT pa3dupaeM ¢(usnuecku cmuchil. ToBa ce Hamara Npu
ChICOHM EKCIEePTH3H, KBIAETO pEe3yATaThbT OT MallMHAaTa HE C€ MpHeMa OT ChAa 3a
JI0Ka3aTeJICTBO, aKo 3aJ Hero He 3acTaHe ekcrepT. (OOsCHEHUeTo e, 4e OT MallliHaTa He MOXKe
na ObJie ThpCEHA OTTOBOPHOCT).

He3aBucumo ot Te3u cepuo3HM MPaKTUYECKU OTPaHUYEHUS, KbM BCEKH KJIaCH(PHUKATOD
ce TpeAsBSIBAT M3MCKBAaHUS 33 BHCOKAa TOYHOCT Ha pa3loO3HABaHE, M3pa3siBalla Cc€ B MallbK
IPOLIEHT Ha JIBaTa BUJA TPELIKU: [T Ha JIbAIINBO nonoxutennute oopasuu (FAR) u asn Ha
abxauBo orpunarenHute oopasuu (FRR). JlombaHuTenHa 0coOEHOCT B TOBa OTHOIICHHE €
pa3nuyHaTa IIeHa Ha JIBETE€ T'PELIKH, KOSATO TpsiOBa na ObJIe OTYeTeHa OT KiacHQHKaropa.
MHoOro mo-cepruo3Ha € ImbpBaTa Ipemika, KOATO MOXE Jla JOBEeIe A0 TEeKKH IMOCISAUI 32
MHCTUTYLUSATA, JOKAaTO MpHU BTOopara Iue ObJe HEoOXOoAMMO caMO IIOJaraHeTo Ha
JOMBIIHUTEIICH TTOIIIHC.

3aeaHo ¢ (opMynMpaHHUTe L€ M 33aJa4d Ha JAMCepTalusaTa e ObJaT MNOTbPCEHH
OTTOBOPH M Ha CJICHUTE BHIIPOCH.

1) CobuiecTByBa M KOHKPETHO, CHEUU(UYHO MOJMHOKECTBO OT NMPHU3HALM 32 BCEKH
MOTpedUTEN, OTPa3sBaILO OCOOCHOCTUTE HA HETOBUS CTHJI HA TIOANKCBaHE?

2) Vima nu chlecTBEHa pas3siiKka MEXIy pe3ylTaTuTe, NOJdydeHU NMpH BepudukarusaTa
¢ 00110 MHOKECTBO OT MPHU3HALM ¥ WHAWBUYATHO IIOIMHOKECTBO 32 BCEKH YUaCTHUK?

3) llle ce mOHMXM JM TOYHOCTTa HA BepU(UKAIMSA C H3MOA3BAHETO HA YMEJH
¢danmuduKaTi B KA4€CTBOTO HA OTPULIATEITHH TpUMEpH?

MeTon0/10r4si HA U3CJIEIBAHETO

MGTO,ZLOJIOFI/IHTa Ha HACTOAIIUTEC U3CIICABAHUA C€ OCHOBaBa HAa METOAW U IMTOAXOAU OT
CJIEQHUTE O0JIACTH:
e (CrarucTuka — KOpENAlMOHEH aHalu3, M300p HAa PETrPeCHOHHU MPOMEHIIUBH, KpPOC
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BaJIM AL,
e Hudopmaruka - HEBpOHHU MPEKH, METOJ Ha k-HaW-OJIM3KU CHCEH;
e Pasno3HaBaHe Ha 00pa3y — CXeMHU 3a BepUUKaLusl.

B nucepranmoHHHs Tpyn 3a TECTBaHE Ha MPEMIOKCHHUSIT KOMOWHUpPAH METOH 3a
pasmno3HaBaHe Ha OH-JIAWH TOJIMCH Ca W3MOJI3BaHM 00pa3Iy Ha TMOJIMUCH OT cOOCTBeHa 0a3za
JTaHHH U OT MyOIMYHO JOCThITHA 6a3a OT TaHHU.

Anpofanus Ha pe3yJTaTuTe

YacT oT pesyaTaTure ca JOKIAIBaHW Ha 4 MEXIyHapOAHU KOH(pEpEHINH, 2 OT KOUTO B
gy:xOuna (BiolD MultiComm’09, PReMI’1l) u 2 B bwearapus (UNITECH’10, 14th Int.
Workshop on Generalized Nets). 1 crarus e noknajgBaHa Ha HayyHa KoH(epeHLus B bbiarapus
U efiHa € npueTa 3a nevar B cniucanueto Cybernetics and Information Technologies.
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Hacrosimara nucepranusi ce ChbCTOM OT CHUCHK Ha (UIypuTe, COUCHK Ha TaONMUIIUTE,
pPEUHUK Ha TEPMUHUTE, yBOJ, 5 TJIAaBW, 3aKIIOYCHHE, MPUHOCH, MyOIMKAllMK MO TeMaTra u
oubmmorpadcka crpaBka. [IspBa m1aBa e o3armaBeHa "Pasmo3naBane Ha mommucu', BTOpa
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yeTBbpTa — “ExcnepumenTu u pesynrarn’ u nera — “Codryepro npunoxerue”. OCHOBHOTO
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I'maBa 1. Pasno3HaBaHe HA mOANUCH

[TspBa T1aBa BKITIOYBA CICTHUTE PA3ICIIH.

1.1 ITocTanoBKa Ha 3a/1ayaTa 3a pa3N03HABAHE HA MOANNCH

1.1.1 Bepupuxanusi 1 uAeHTH(PUKALUS HA CAMOJTUYHOCT
1.1.2 bnoMeTpHYHH JaHHU U MOANMCHT KATO OMOMETPUYHM JAHHH
1.1.3 Cucremu 3a pasno3HaBase no nognuc (CPII)

Pa3no3naBaHeTo MO MmOANMC TMPEACTaBIsIBA IpolLeca II0 IOTBbPKAABAaHE HA
CaMOJIMYHOCTTa Ha TNOTpeOUTEeN Bb3 OCHOBA Ha HEroBHs TOAMHMC KaTo IOBEIACHYECKa
OnomeTpuyHa XapakTepucTrka [33] u e oOnact Ha u3cieqBaHe B 00IaCcTTa Ha pPa3O3HABAHETO
Ha 00pasW W aHaJIM3a Ha JOKYMEHTH. B cucreMuTe 3a pa3mo3HaBaHe 1O MOANHUC ce GOKycHupa
BbPXY HU3BIMYAHETO HA XapaKTePHHUTE U CHEHU(UYHH XapaKTEPUCTHKU OT oOpasiuTe Ha
MOMMUCUTE 3a BCEKH TMOTPEOMTEN, KOMUTO IO pasrpaHUYaBaT BB3MOXHO HAW-MHOTO OT
MOJNUCHUTE Ha ocTaHanuTe norpedutenu. [loanmuchT KaTo GMOMETpUYHA MOJIATHOCT MO-Y€CTO
HaMupa NpPUWIOKEHUE B CHUCTEMHU 3a JOCTBI 10 ONpPEHENIeH pecypc U B CUCTEMH 3a
uaeHTuukanys Ha 6a3zaTa Ha XapTHEH HOCUTEIL.

1.14 Omn-naiin n og-naiin CPII
1.1.5 IMpuno:xkenue Ha ou-naiin CPII
1.1.6 Bunose nonnpasenu noanucu B oH-jaaiin CPII

3a pasnuKa OT HIKOM OMOMETPUYHM MOAAIHOCTH, MOIIUCHT MOXE Jia ObJe MOANPaBeH
C OTHOCHTEJHA JIEKOTa. PasrpaHnuaBaT ce CIeIHNTE THIIOBE MOANPABCHU IOIIKICH: HEYMEIH
(random), ymenu (skilled) n mpoctu (simple). Ilpu nepBuTe (anmupuKaTropsT H3MOI3BA
COOCTBEHMAT CH TOANMHC BMECTO TO3HM, KOMTO II€ TOMNpPaBH, JOKATO TP BTOPUTE
¢banmupuKaTopbT € 3aM03HAT ¢ COOCTBEHUS MOANUC U AUHAMUKATA HA U3MUCBaHEeTO My. llpu
npoctute GanmupuKaTH MTbK, IMUTATOPBT U3XOXKIANKH OT MMETO Ha MOTPEOWTENs, YHHTO
MOAINUC e TOIIpaBH, Ch3AaBa moamnpaBeHus noamuc. Ha ®wurypa 1.1 ca npencraBeHu
COOCTBEHHUSAT U TPUTE THIIA TTOJIPABEHH MOJINCH 33 OTPEOUTEI.

W e e gy

®urypa 1.1 CoOCTBEeH U TpH THIIA MTOIPABSHH MOANHCA (HEYMEI, YMEI | IPOCT) 3a
nmoTpeduTen

CrerneHTa Ha CXOJCTBO Ha MOAINPABEHHUTE TOIIHCH C COOCTBEHUTE IOANMCH 3aBHCH OT
NPOTOKOJIa 32 ChOMpaHe Ha MOANUCH, OT MOTHBalIMATA Ha (aamupuKaTopuTe, OT TEXHUTE
YMEHHSI J1a TIOAIPABST MOANUCH, OT TOBA JIOKOJKO Ca 3alO3HATH C MOMNHCUTE U MO KaKbB
HAYMH C€ YIPaXXHSBAT, KAKTO U OT BPEMETO, C KOETO pasnosarar 3a TpeHupane. CbOupaneTo
Ha TOJIPABEHU HOAMKICH OT XOpa, KOWTO HSAMAaT ONHT BBB (pammm(HUIMpaHEeTO HA HOAINCH,
KaKTO C€ CIlyyBa Ha NMpPAKTHKa, € MPUYMHA 332 OTCHCTBUETO HAa KaueCTBEHH (panmupukaTy.
QanmudumpaneTo Ha JUHAMHUKATa MPU TMOAMMCBAHE € 3HAYUTEIHO MO-TPYJHO OTKOJIKOTO
MMHUTHPAHETO €AMHCTBEHO Ha (popMaTa Ha MOJIKCA, Thil KaTO HA MpakTHKa GalmupuKaTopbT
PSIIKO IMa JTOCTBIT 0 TMHAMUYHHUTE XapaKTePUCTHKH Ha MOATHNCA.
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1.1.7 Eranu B cb31aBaHeTo Ha oH-saiiH CPII

CwznaBanero Ha CPII (oH-nmaiiH wnu od-naifH) mpeMuHaBa Tpe3 CIEAHUTE ETallu:
cbOMpaHe Ha TOAIKUCH, TpeBapuTeHa 00padoTKa, U3BIMYaHE HA MIPU3HALM U N300p Ha Haii-
nH(MOPMATUBHUTE Cpel TAX, pa3paboTBaHe Ha KiIacH(UIMpAIIY MpaBUiIa U OLICHABAaHE Ha
BEPOSATHOCTTA 3a Ipellika npu kiacupukanusara [1].

1) Cvboupane na noonucu — CpOUpaHETO HAa OH-JIAMH TMOAINMUCH CE OCBHIIECTBABA UpE3
ycTpoiicTBa, Hampumep Tpaduunm Tabmetu, PDA, Pocket PC, Tablet PC, ymumn
tenedonu u Ap. Hail-uecto ¢ TAX ce M3MepBar CIEIHUTE XapaKTEPUCTUKH: a) X, )
KOOpJMHATUTE Ha BbpXa Ha MUcaJKaTa; 0) MPUIOKEHUAT OT MUCAIKaTa HAaTUCK; B)
BPEMEBHU OTIIEYATHK; T) BI'hJI HAa a3UMYT Ha MHcajkara (poTalus Ha MUcajkaTa o
YaCOBHUKOBATA CTPEJIKa OKOJIO OCTa X, CbC cToMHOCTU Mexay 0° u 359°); n) brbi Ha
HaKJIOH Ha TMHCAJKaTa M0 OTHOIICHHWE Ha TOBBPXHOCTTA Ha TpaduuHus TadyeT (ChbC
croitHocTH Mexay 0° u 90°).

2) Ilpeosapumenna obpabomka — TOBa € 00pabOTKaTa, KOSTO CE W3BBPIINBA, 3a Ja CE
MOJATOTBAT MOAMMUCUTE 3a cienBaius etan. Ts OOMKHOBEHO BKJIIOUBA (UITPUpAHE, 32
IpeMaxBaHe Ha TOYKHUTE, HEMPUHAAJIEKAIM Ha MOJIKCA, TPaHCIAlMs Ha MOJNuca B
JajeHa TOYKa, pOTalus, LeNsdlla MOAPaBHABAHETO Ha IOANKCA XOPH30HTAIHO, a
MOHSKOTa M HOPMHpaHe, 3a Jla Ce CTaHAapTH3Upa MOJIMHUCAa IO OTHOILIEHUE Ha
pasmepa.

3) Uzeruuane na npusnayu — Te ce mpecMmsTarT Karo (QYHKIMH OT H3BJICUCHUTE
XxapakTepucTuku. [IpusHanuTe OM TpsAOBamO Ja MO3BOJAT PAa3TPAHUUYABAHETO HA
UCTUHCKUTE OT IMOANPABEHUTE IMOANMHUCH M Ja ca MNOIXOIAIIM 33 aBTOMATUYHO
cpaBHeHne. Hamupanero Ha 100pO NUMCKPUMUHAIIMOHHO MHOXXECTBO OT MpPU3HALU
MpeIoNpeieNis 1o rojsiMa CTETIeH yclexa Ha BCsIKa CHCTeMa 3a pa3ro3HaBaHe.

4) Knacugpurkayua - OcHOBHaTa 3ajada B oOJacTTa Ha pa3lO3HABaHETO Ha 0O0pasu e
nocTposiBaHeTo Ho kiacudukarop. [Ipu Hest ce U3BBpIIBA MPUUUCIISIBAHE HA BXOJAHUTE
o0pa3uu KbM €IUH OT MHOXKECTBO OT N Kiaca.

5) Oyenka na eeposimnocmma 3a epeuika - KauectBOTO Ha GMOMETPUYHUTE CUCTEMU Ce
OLICHSIBA B TEPMHHUTE HAa OIICHKM Ha TpelIKaTa Ipu B3eMaHE Ha peleHue (decision
error rates). B xauectBoTo Ha orieHku ce u3nomsBatr FAR (false accept rate, nan na
TBXKIUBO TonokutenHutre obpasiu) u FRR (false reject rate, nan Ha NBXKIUBO
OTpPHUIIATEITHUTE 00pa3In).

1.1.8 MHM3BauyaHe HA NPU3HAIMA U MOAXOIH 32 Pa3M0O3HABAHE MO MOAMUCH

[Tpu3HaTe Ha MOANUCH MPEACTABISABAT (PYHKIUU OT U3BICUCHUTE XapPaKTEPUCTHKH,

a n300pbT HA ONTUMAJIHO MTPU3HAKOBO MHOXKECTBO € Ba)kKHA CTHIKA B cb3maBaHeTo Ha CPII.
OT IbpBOCTENEHHO 3HAUCHUE € U3BJICUCHUTE MPU3HALM J1a UMAaT HEBUCOKH M3UCKBaHUSI KbM
M3YMCIUTEIHA PECYypPCH M Ja BOIAT 10 M00po pasmo3HaBaHe ¢ HUCKa cToHOCT Ha FRR m
FAR. Paznuunute CPII ce pa3nuuaBar 1o WU3MOJA3BAaHUTE IMpPU3HALIM W METOIa Ha
pasno3HaBane. [ToBedye or 100 mpusHaIum ca u3moii3BaHu B pa3paboTkute B obnactra [2]. B
3aBUCUMOCT OT KPUTEpHSs, [0 KOWTO Ce TPyNHpaT, MpU3HALUTE 3a MOAMKUCH Ce eTAT Ha [5]:

A) Cnopesa HauMHa Ha chOUpaHe HA MOANUCUTE: CTATUYHHU U JTUHAMHUYHU;

b) Cniopen o6xBara: riio0aiHu U JTOKATHU;

B) Cnopen HauriHa Ha npeacTaBsHe: GYHKIIMOHATHH M ITAPaMETPUIHH (CKATapHH).

1.1.9 Tpyanoctu npu cb3aaBaneTo Ha CPII
[lonmuchT ©Ma HAKOM XapaKTepHU OCOOEHOCTH, KOWUTO Ch3JaBaT U3BECTHU
3aTpyIHEHUs MpH ch3faBaneTo Ha HanexkaHa CPII. Ha mepBo msicTo crenBa aa ce oTOenexw,
4ye MpeICTAaBUTEINTE Ha MOAMUCUTE OT €AMH U ChIMU MOTpeOuTeN ca MOAOOHH, MOYTH
€HAKBMU, HO HE U UJEHTUYHHU (CHLIECTBYBa ToJiiMa BbTPE KJacoBa BapHallMs), KAKTO U 4e
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MOCJICJIOBATEIHO TTOJIOKEHH TOATKMCH OT €IMH U ChII MOTPEOUTEN Ce pa3iuyaBar mo Mamabd u
M0 OpHeHTalus. BbpXy KauecTBOTO Ha MOJIMUCUTE OKa3BaT BIUSHUE U PA3IMYHHUTE YCIOBHS,
MIpH KOUTO Te ce monarar. HampuMep HaOBp30 MONIOKEHUS MOAMUC B M3MpaBeHa mo3a Ou ce
pasznuyaBajl OT MOJIKCA, MOJOKEH JOKAaTO YYacTHHUKBT CeQu. 3HaueHue O okaszana u
ynorpebata Ha HeoOW4YaifHa MHCalKa, ¢ KOATO MOTPEOHWTENSAT HE € CBHUKHAI, KaKTO M
MOMEHTHOTO TCHUXOJIOTUYECKO ChCTOSHUE Ha YYaCTHUKA. TpyJHOCTUTE MPH PAa3MO3HABAHETO
MPOM3THYAT OT KbcaTa JBDKWHA HA HSKOU TOAMKCH, KOSTO OM MOIa Ja pa3Kphe Majka
uHpopMaIus, a OTTaM Ja JAOBeJe JO0 HETOYHOTO UM pasno3HaBaHe. ChlIo Taka, HOTpeOUTEIn
C MOoMOOHU WM eIHAKBU MMEHa OW MOIVIO Ja UMaT CXOJHH MOJIUCH 0 reoMeTpuyHa Gopma
[5].

TpyaHOCTH MpOW3THYAT U OT MpoIeca Mo HabaBSHETO HA COOCTBEHH W TOANPABEHU
nonrucu. O6ukHoBeHo CPII pa3snonara ¢ orpannden 6poit moanucu. Ch31aBaHeTO Ha TECTOBA
0a3a OT NaHHU OT IMOAINHKCHU, KOSTO Ja € MPEACTaBUTENHA 3a PEaHU TMPUIOKEHUS € TEeKKa
3a/1a4a, Mopajau TPYAHOCTHTE, KOUTO OOMYaliHO Ce€ CpelaT Mpyu HaOUpaHETo Ha JOOPOBOJIIH,
KOWTO J]a C€ ChIVIACAT Jla TPEACTABIAT U3BECTCH OpOil MOANUCH U TO B PA3IUYHU CECHUHU.
[ToBeueTo OoT XOpara He OMxa ce ChINIACKIM MOANKUCUTE UM J1a C€ ChXpaHsABaT B 0a3u OT JaHHU
U J1a ce MpeJoCTaBAT 3a (pammudumpane.

1.2 Kputuuien 0030p

B Ta3um wact e U3BBpIICH Mperiie]] Ha pa3padoTKUTE B 00J1aCTTa Ha Pa3lO3HAaBaHETO Ha
MOJMKUCH OT MmocienHuTe ronuHu. OObpHATO € BHUMaHKHE HAa OO30pHUTE CTATUU M0 TeMaTa H
ca pasriieflaHd pa3jIMYHU TOJXOAW 3a pellaBaHe Ha 3ajadaTa, CBBbpP3aHM C HACTOsIIATa
aucepranus. Te3n METOau ca AMCKYTUpPAaHM W ca TPEICTaBEHHM KOHKPETHU CHUCTEMHU 3a
pas3no3HaBaHe 1O TOAIMKC, MPOCKTUPAHU BBPXY TiAX. 3a BCSIKA OT CHCTEMHUTE Ca TOCOYCHH
W3MOJI3BAaHUTE BHJIOBE NpPU3HAIIM W METOJa 3a paslo3HaBaHe, BUAA Ha U3IOJI3BAaHUTE
dammmdunrpany noanucy, 6asara OT TaHHH, BEPXY KOATO Ca MPOBEIACHU EKCIIEPUMEHTHTE U
MOJTy4eHaTa OlleHKa Ha CUCTeMara.

[Tpe3 mocienaute 30 roawHU ca pa3pabOTEHW TOJISIM OpOM METOAM W MOJIESIH 3a
BepudUKallKs Ha OH-JIAWH MOJIMKMCH, KOUTO CE OCHOBAaBAT HAW-OOIIO HA CIEIHUTE METOMHU:
CTATUCTUYECKU TMOIXOJU, AMHAMUYHO BpeMeBO u3kpuBsiBane (Dynamic Time Warping),
ckput MapkoBcku ™mozaen (Hidden Markov Model), HeBpoHHH Mpexu, KOMOWHUpPaHU
noaxo iy [8] u kitacuukaTop 1o k-Hai-OJU3KH ChCEIH.

Ha 6a3a na HampaBeHHs IUTepaTypeH 0030p MOXe Ja C€ HampaBd HU3BOJA, 4e
TEKyIIUTEe W3CIEIBAaHUs W pa3paboTKu B OO0JIACTTa Ha pPAa3MO3HABAHETO HA TOINMHCH Ca
HACOUYEHU OCHOBHO KbM ChH3JaBAaHETO HAa KOMOMHHpAHU MOAXOAU W MO-To0Bp H300p Ha
NpU3HAIM, KOWTO Ja pasrpaHUyYaBaT HAIEXKIHO COOCTBeHHTE OT (anmupuIupaHuTe
MIOITTUCH.

1.3 Lean Ha qucepranuoHHaTa padora
1.4 Pe3yararu B ['naBa 1

1. TlpencrtaBena e OuwoMeTpUYHATa MOJATHOCT ,JIOANMKC, HAYMHUTE 3a
MOJIy4aBaHE U Bb3MOXKHUTE MPUIIOKEHUSI.

2. HampaBena e XapakTEepUCTHMKa HAa W3MOJI3BAaHUTE NPHU3HALM, ETAIUTE Ha
m3rpaxaane Ha CPIIl u chbTCTBAIIUTE TU TPYAHOCTH.

3. IlpencraBeHn ca OCHOBHHTE METOAM 3a paslO3HABaHE: CTATUCTUYECKH,
JUHAMUYHO BpPEMEBO H3KpUBSIBaHE, CKpUTU MapKOBCKM BEpUTH, HEBPOHHU
Mpexu, KoMOMHHpaHu monaxonu. I[locoyeHn ca CHOTBETHHUTE IUTEpaTypHU
W3TOYHUIM U JaHHU 32 €)EKTUBHOCTTA HAa METOIMTE.

4. ®opmynupaHa € IeJTa Ha JTUCEPTAUATA U ChI'bTCTBAIIUTE U3I'BIHEHUETO W
3a/1aui.
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I'maBa 2. M360p Ha npu3HaIM 32 OH-JIAMH MOANMUCH

Bropa 1i1aBa ce ChCTOM OT CIICAHHUTE pa3ieiiy.

2.1 llpenBapuresiHa 00padoTKa

EnHa oT OcHOBHMTE 33Ja4il B pa3no3HAaBaHETO Ha 00pa3u € n300pbT Ha MPHU3HALH, I10
KOUTO Jla c€ M3BHPIIBA pa3lo3HaBaHETO. Te ce n30upar OT M3cienoBarelisi B 3aBUCHMOCT OT
HCTOBUA OIIMT, a ChIIIO U OT CHGHH(pHKaTa Ha pas3no3HaBaHUTC O6CKTI/I. HpeIIBapI/ITCHHO HE €
M3BECTHO KOM Ca MPU3HAINTE, KOUTO OMXa JIOBEJH JI0 33J0BOJIUTEITHO PAa3IIO3HABAHE M 3aTOBA
OOMKHOBEHO H3CIIEIOBATENAT pasliek]a Bb3MOKHO HaW-TOISAM OpOil MpHU3HAIM, CTPEMEHKH
ce MO0 TO3W HA4YMH Ja HE TMPOMYCHE HAKOW BaXXEH 3a pa3lO3HABAHETO MPHU3HAK.
ChlueBpeMeHHO, €(EeKTMBHOCTTA Ha CHCTeMara 3a pas3lo3HaBaHE M M3HMCKBAHUATA KbM
M3YHCIUTETHATE PECYPCH 3aBHUCSIT B ToyisiMa cTeneH oT Opos Ha mpusHanute [34]. 3atoa
KOJIKOTO € TTO-MaJIbK TOH, TOJIKOBA € MO-TOJIIMa CKOPOCTTa Ha Bepudukanus [6].
Taka Bb3HUKBA M 3a/1a4ara 32 U300p Ha HAH-WH(POPMATUBHUTE MIPU3HAIIM, PEIIABAHETO
Ha KOATO C€ CHCTOM B MUHHMHU3MpPaHE Ha MPU3HAKOBOTO INPOCTPAHCTBO, Taka 4e Ja ce
npeMaxHar MpUu3HauTe, KOUTO Ca HOCUTCIIM Ha U3JIMIIHA WM ITOBTapsIa CC I/IH(l)OpMaIII/IH.
buxme mormm na ¢dopMmynaupaMe ClIeIHUTE KPUTEPUH KbM NpPU3HALUTE, KOUTO Ja
y4acTBaT B MPU3HAKOBOTO MHOKECTBO 32 OH-JIAH MOATNCH:
1. Jla ObiaT M3BIMYAHU U NPECMATAHHU OBP30 U JIECHO;
2. AKO MO HSIKakbB HA4YUMH CTaHAT JOCTBIIHU OT HCOTOPHU3WpAHHU JiMla, Ja HEC
II03BOJISIBAT JIECHOTO MPECh3/JaBaHe Ha TOAIUCA YPe3 TAX;
3. Bpoar um na Obxe MOCTAaTPYHO MaJbK, 3a Ja HE ce 3a0aBAT IMO-HATATBHIIHUTE
W3YMCIICHHUS U JOCTaThYHO TOJISIM, 32 J1a OCUTYPH HaJeKIHA BepH UKL,
4. JKenmatenHo e nma umar pazbupaeM (U3HMYECKH CMHUCHJ, KOETO IIE IO3BOJIHU
YCTAQHOBSIBAHETO Ha (aJIIMBH TOANUCH OT EKCIepT B CiOy4yald Ha chbaeOHa
eKCIepTH3a.

Hapen ¢ u306opa Ha Monen M BHJa Ha Kiacupukaropa W30paHNWTEe MPU3HALU UTPASAT
MHOT'0 BayKHa poJjIs 3a MOCTUraHETo Ha ycnex Ha Besika CPII.

2.1.1 IIpeaBapuTeHa 00padOTKA HA JTAHHUTE OT MOANMC

KakTo e mu3BecTHO, criopen Buia Ha u3Moia3BaHus xapayep (rpaduden tadner, PDA u
Ip.) 3a chrOMpaHe Ha MOIIUCH, C€ M3MEPBAT PA3IUYHH XaPAKTEPUCTUKH 33 BCSAKA TOYKA OT
TpaekTopusTa. JlaHHHUTE 3a TE€3M XapaKTEPUCTUKHU ca B ‘“‘cypoB” BuA. C mpuilaraHeTo Ha
HSKOM OIepalu KbM TAX (T.Hap. MpenBapuTenHa oOpabdoTKa), CTOWHOCTHTE Ha JAHHUTE CE
TpaHchOopMUpAT, 3a Aa MOXKE /1a C€ YIECHH U3BINYAHETO Ha MPU3HALUTE OT TAX.

Koopaunarute x u y oT KOOpJMHATHATA CUCTeMa Ha Tabnera (ink coordinate space) ce
Hapuyar himetric units [28] m mpuemar Bucoku croiiHoctd B [0,7999]x[0,5999]. IlnpBara
W3BBPINBaHA oniepanus € (1) mpancghopmuparne Ha T€3U KOOPIUHATHA KbM X U 'y KOOPJAUHATHUTE
(Hap. MUKCEJIOBH KOOPAMHATH) OT KOOPJIMHATHATA CHUCTEMa Ha MPUI0KEHUETO ChbC CTOMHOCTH
B [0,1279]x[0,799]. ToBa ce u3BbpLIBA aBTOMAaTUYHO OT METOMA, JOCTBIEH OT MakKeTa 3a
paspabotka Ha npunoxerus Microsoft Tablet PC. Ilpu cs0upaneTo Ha noganucu ¢ rpadudeH
TabJIeT UMa Bb3MOXKHOCT MOJITUCHUTE OT aJeH YYaCTHHK JIa He ca MOJPABHEHH 110 OTHOIICHUE
Ha OCTa X, a Jla ca 3aBbPTEHH Ha OmpezelsieH br'hjl. ToBa OT CBOS cTpaHa Hajlara Hy)KJIaTa OT
U3BbPIUIBAHETO Ha (2) pomayusa. Jlpyrata u3BbpIIBaHA oOmNepalus € (3) mpanciayus Ha
MOJANUCUTE OT BCUYKM YYacTHHLIM B H30paHa TOYKa OT KOOpJAMHATHaTa CHUCTeMa Ha
MIPHIIOKEHUETO.
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Poranus Ha moanmuc Ha OnpeaeacH br'bJa

3a M3BBPUIBAHETO HA POTAIMATAa HA MOANMC CE NpHjara Ioixola Ha COOCTBEHUTE
BekTOpU. [IbpBOHAualHO ce HaMMpaT IJIABHUTE OCH Ha IIOJAMNKCA, CHOTBETCTBAIM Ha
COOCTBEHUTE BEKTOPM VM V, Ha KOBapHanMoHHara Mmarpuna X . Ilpecmsarar ce wu
CBOTBETHHTE COOCTBEHM CTOHHOCTH AM A,. MakcuManHata CcoOCTBEHa CTOMHOCT
A =max(4,4,) ToKa3Ba ocTa Ha Hali-rolsiMaTa MPOMsHA, a breja €, KOUTO MOAMKCa
CKJIIOYBA C OCTAa X MOJKE J]a C€ HaMepU OT KOMIIOHEHTHUTE Ha CbOTBETHUAT i COOCTBEH BEKTOP
%

max °

0 =arctg(lmn2) 2.1)

max 1

3a manmeH moanuc S ¢ n Ha Opoi TOUKH, MPEACTaBEH BbB BHJIA:
S={S(x,y),i=1,..,n} (2.2)

3aBBPTAHETO Ha BI'BJ € (JIOKaTO INIaBHATa OC CHBIAJHE C Ta3W HA OCTa X) CE 3a/JaBa ChC

CJIEIIHOTO MaTPUYHO ypaBHECHUE:!
'

x', cosd —sind\(x | . (2.3)

1 1
1= 9 9 ,i=1,...,n
', sin cos v

Tpaekropusita 0T ToukH S'={S' =(x,,¥,),i =1,...,n} IpeIcTaBs MOIIKUCA CIEX
poranus.

Tpancianus HA NOANKUC B U30paHa HAYATHA TOYKA
3a naneH moxmuc S c n Ha Opoit TOUKH, MpecTaBeH BbB BUaa (2.2) u n30paHa HavarHa
TOYKa C KOOpAMHATH (X,,),) IBPBOHAYAIHO CE HAMHMpPAT CHOTBETHHTE KOMIIOHEHTH Ha

Tpancinauus 1. u T :

T (x) (% (2.4)

Ty Vi Yo

Cclle]l KOETO ce M3BbpIIBA caMaTa TpaHCIALuUs, KaTo 3a BCsKa JBOMKAa KOopAMHATH (X;,);) OT

CTOMHOCTUTE Ha X, ¥ ), C€ U3BALAT CbOTBETHO CTOMHOCTUTE 1. M T !

Tr
oo - " i=1...,n
Tr - L) - PEEEY) 2 . 5
y t y i Ty ( )
B pe3y.]'ITaT Ha TpchcbopMauI/mTa, TpaCKTOpI/IHTa oT TOYKHA

S =4S (x[",yI"),i =1,...,n} npeacraBnsiBa MOAMKCA CIIEA TPAHCIALNSL.

2.2 M3Bamn4aHe HA NPU3HALM HA OH-JIAliH moAnuc oT rpaduyen radaer

C nomora Ha nakera 3a pa3pabotka Ha npuiioxenus lablet PC SDK 1.7 ce nony4asa
IMHaMUYHA HHPOpMaLus 3a chOupanuTe ¢ rpaguanus Tabner noanucu. Tazu nHpopmanus e
CTPYKTypUpaHa B MakeTH (M0 €IUH 3a BCSIKAa TOYKA OT MOJIKCA) U ChIbp)Ka MHOXECTBO OT
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JaHHU, KOETO Ce€ TMOIIbp)Ka OT ChOTBETHHSA TpaduueH Tabmer. Hsikom OT Te3u maHHU ca
cienHuTe: X W Y KOOpAMHATH, HATHCK, HAKIOH Ha MHUCAlIKaTa, BPEMEBU OTIEYATHK
(timestamp) n azumyT. KoopiuHaTtuTe OmpenensT MECTOMNOJI0KEHUETO HAa BbpXa Ha MHUCELa
BbpXy KOOpAMHATHaTa CUCTeMa Ha TallieTa, HaTUCKBT IpUeMa CTOMHOCTUM B HHTEpBala
[0,1023] u npexncraBisiBa NPUIOKEHUS OT NHCAJIKaTa HATUCK B CbOTBETHATa Touka. HakIoHBT
Ha MHcajKara € bI'bJla, KONTO TS CKIII0YBa C IOBBPXHOCTTA Ha TalsieTa U pHeMa CTOHHOCTH B
untepBana [0,90], a asumMyThT € poranusATa MO YaCOBHUKOBATA CTpPEJIKa HA IHUCAJIKaTa B
paBHuHata XY U npuema cToiHocTu B uHTepBajia [0,360].

Tabnuya 2.1 Imobannu npusnayu

Ne IIpuznak Ne Hpuznax
Al JbmxuHa Ha oanuca L Al4 PascrosHue oT Hal-JIIBaTa TOYKA JI0
LEHTbpa
A2 Bucounna H Al5 Pa3crosiHue oT LeHTbpa A0 Hall-IscHaTa
TOYKA
A3 Cmiecnatoct H/L Al6 ‘bren Ha oTCceukara, onpeneneHa OT IeHThpa
Y Hall-JIsBaTa TOUKa
A4 Bpoii Toukn N Al7 ‘bren Ha oTCeukara, onpeneseHa OT IeHThpa
W Hali-IsicHaTa TOYKa
A5 006110 Bpeme Al8 PascrosiHMe OT Hal-JIsIBaTa TOYKA 10
HayaJiHaTa
A6 Bpoii cermenTn A19 PascrosiHue OT Hal-IsICHATa TOYKa OO
KpaiiHara
A7 IInpTHOCT A4/AT*A2 A20 ‘brea Ha oTCeukaTa, onpeeneHa oT Hak-
JIsiBaTa TOUKa U HadaJlHaTa
A8 PaszcrosHue or HauanHaTa TOYKa 10 A2l ‘brus Ha oTceukara, onpezeneHa oT
LIEHTBpa KpaiiHaTa U Hai-ICHAaTa TOUKa
A9 PascrosHIe OT KpaliHaTa TOYKa 10 A22 Bpoii mpuxu
IIEHTHpa
A10 Paszcrosinue ot HauanHaTa 70 A23 Haxknon Ha noanuca
KpaifHaTa To4Ka
All 'bren Ha oTceukara, onpeneneHa ot A24 CpenHa CTOMHOCT Ha HATUCK
IIEHTHPA U HaYaJTHATA TOYKA
Al2 ‘brea Ha oTceukaTa, OnpenaesieHa ot A25 Cpenna cTOMHOCT Ha HAKJIOH Ha MUCAJIKaTa
IEHTHPA U KpaliHaTa TOYKa
Al3 'bren Ha oTceukara, onpeneneHa ot A26 CpenHa CTOMHOCT Ha a3UMYT
HayaJHara v KpailHara Touka

CroliHOCTUTE Ha MPU3HALUTE 3a JaJIeH MOAINNC C€ U3UYMCIABAT Bb3 OCHOBA HAa HEroBaTa
avuHamMuyHata uHpopManus. B Tabmuma 2.1 ca mpencTaBeHM H3MON3BAaHUTE IIOOAIHU
MIPU3HALM, KaTO BbB (DOPMYIIUTE UM Ca U3IIOJI3BAHU CIICHUTE O3HAYCHHUS.

Hexka ¢ Si cMe o3HaumiM i-Tara To4Yka OT AAJEH HOAMMUC, C 1 — Opos HAa TOYKUTE B
noxanuca, (x;,y,)ca KOopAuHaTUTEe Ha Toykara Si. HaTucksT B ToYKaTa Si 03HaUYaBaMe C p, ,C

S,— HAaKJIOHBT B I-TaTa TOYKA U C f,— U3MHMHAJIOTO BpEME MEXIy M34EPTaBAHETO HA i-TaTa W
(i+1)-Bara Touka. C (x,y) CMe O3HAYWIM KOODJMHATH HA LEHTBpa, c(X,,,),,) H C
(X josens Vieson ) CME O3HAYHITH KOOPIMHATH Ha Hail-JsIBaTa M Hail-JICHATA TOYKA Ha MOJITHCA.

LleHTBpBT (x,y) HA MOAMKC, ChCTaBEeH OT # HA OpOii TOUKH ce 3a/aBa ¢ opMyIara:

- 1 n 1 n
X, )= (=D %= ). (2.6)
nisr nig
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Pascrosnnero d Mexay JBe TOUKHM OT moxamuca (x,,y;) u (x,,y,) € 3a1asa c:

d=(x,—%,) +( —1). @.7)

‘breasr ¢ Ha oTceuykara OT TOYKa (x,,);) 10 TOYKa (x,,y,) OT IIOAIHKCA CE 3aaBa C:

- . (2.8)

@p=arctg
(x, =)

Enna Touka Si € JOKaJeH eKCTPEMYM, aKo € U3ITBIHEHO €IHO OT ycnoBusTa (2.9):
Viceg <Vi 2 Vise
Vice 2 Vi <Vite (2.9)
Xig <X; > Xiye
Ximg > Xi < Xjpg

lonemuHaTa Ha & ce OMpeeIIs eKCIICPUMEHTAIHO, KaTo MOXKe Jla ObJe paBHa Ha 2,3...,
HO PSAJIKO Ce M3IOJNI3Ba ¢ =5. Beska JABOMKA MOCIICIOBATEIHE €KCTPEMYMH pa3ieis MOoIuca
Ha CCIrMCHTU.

2.3 MuHUMH3UpaHe HA Oposi HA MPU3HALMTE

B T03u paszzmen e npeacTaBeH MeToj 3a M300p Ha PErPECHOHHU MPOMEHIIUBH, Oa3upaH
Ha xputepust Cp Ha Mallows [10]. TlogbopbT Ha TOAMHOXXECTBO OT HE3aBUCHMH
MPOMEHJIMBH ((paKTOpH), KOUTO JIa CE BKIIIOYAT B PETPECUOHHHUS MOJIEN, Taka 4e TOW Jia JiaBa
Hail-HaIeXK/THA MTPOTHO3a, € Ba)KHA 3aJlada B PErpecCHOHHMS aHaiu3. To3u mpobiem ce Hapuya
n300p Ha Haii-100pO MOJMHOKECTBO WM U300p Ha Hal-100pPO PErpeCHOHHO ypaBHEHHE [4].

2.3.1 HopMupane Ha npU3HaIUTE

TBi Karo BCEKH OT NPU3HALMTE IOJy4aBa CTOMHOCTH B Pa3IW4YHHU HHTEPBAIU CE
Hajara Te Ja ce HopMupar. Upe3 M3BBPIIBAHETO HA HOPMUPOBKA CTOMHOCTUTE HA JAHHUTE
nornajar B oOla CKaja Ha OTYMTAHE M Cc€ IpeMaxBaT eIuHHLIUTEe 3a u3MepsaHe. Cpen
M3BECTHUTE TEXHMKU 3a HOPMHMpAHE ca  CTaHJapTuU3auuara (HOPMUpPOBKa z-score) H
HOpMHpOBKata min-max [l4]. B mnbpBus caydail, CTOMHOCTUTE Ha TMPHUZHALUTE CE
TpaHcopMHUpaT B TaKMBa ChC CpelHA CTOMHOCT, paBHAa Ha HYJa U CTAHJAPTHO OTKJIOHEHHE,
paBHO Ha enmHmna. Hosomomyuenara croitHocT Ji°°"'° 3a mpU3HAaK f, ce HaMmpa MO
dbopmynara:

fm _ Ji— Lok (2.10)
o

kbaeTo ¢ fiu 'fi ca 03HAUEHH CHOTBETHO CPEIHATA CTOMHOCT M CTAHJAPTHOTO OTKIOHEHHE 3a

[~TUSl IPU3HAK, IPECMETHATH 33 BCUYKH MOIIKUCH OT ChOTBETHUSI IOTPEOUTEN, U3UUCICHHU T10

bopmynure:

1 n
Hy = ;Z Ji
= @.11)

i

1 n
5= 2 fy=my)
n-143

HopmupoBkara min-max B MHTEpBaia [c,d]ce U3BBPIIBA 3a CTOMHOCTUTE HAa BCEKHU

ABmopegpepamu na oucepmayuu 1 (2014) 16-56



28 Decucnasa Hukonosa bosapgrkuesa

IpU3HAaK 1Mo hopmynara:
J; —min

g = L h(d )t ei=1k (2.12)
max , —min ,
Ji Ji
kpaero ¢ ™y i ™Y ca 0sHaueHM CHOTBETHO MUHMMYMA M MAKCHMYMA 3 i-THs IIPU3HAK,

NpeCMETHATH 11O BCUYKHU IMOAINCH OT CbOTBECTHUSA HOTpCGHTGJ’I.
min;, =min(f,) (2.13)

max , = mjax(fi].)

B 3amaunrte 3a pasnmo3HaBaHe Ha 0o0Opa3d HOPMHUPOBKATA HAW-4E€CTO C€ W3BBHPIIBA B
unrepsaina [0,1].

2.3.2 [IpemaxBaHe Ha eIMH OT rPyna NPU3HAIM C BUCOKA KOpeJauus

Kopemamusita e Mspka 3a M3MepBaHe KaKTO Ha IOCOKaTa, Taka M Ha CHiaTa Ha
Bpb3KaTa MeEXIy JBe mnpoMmeHnuBu [16]. CroliHocTTa Ha Kopenauusi ce€ OIpenenst OT
CTOMHOCTTa Ha KOpeJIaluMOHHHS KoepuuueHT. Haif-uecto H3mon3BaH € KOpeIanyuOHHUS
koepunueHnt rHa Pearson, koifito 3a naBa p-mepHH Bektopa X, uX,ce Ompenens Io
dbopmynara:

P
Z(Xli ~ Hy, )(Xzi _IUXZ)
_ i=1

T, x, = . 2 2 (2.14)
Z(Xli _/u)(l) Z(X2i _/u)(z)
i=1 i=1

KBJETO C [y € O3HAYCHO CPEHOTO 3a BEKTOPA X, j=12
P
. 2.15
Hx, =2 X, j=12 @.15)
i=l1

['onemuHara Ha KOpelalMOHHMSA KOE€(PUIMEHT € MoKa3aTell 3a CuilaTa Ha JIMHEHHaTta
Bpb3ka Mexay Bektopute X, u X, . Konkoro toit e mo-6im3ko no 1 mnu -1, Tonkoa € mo-

CHJTHA Bph3KaTa MeX1y nBara Bekropa. CTOMHOCTTA Ha Koe()UIIMCHTa Ha KOpeanus Ou Moria
B TojsiMa CTEMEH Ja CE MOBIHUSAC OT €IWH WM IMOBEYE MPHU3HALM, CHIIHO OTHAAJICUYCHH OT
rpynara gannau (outliers) [16].

KopemannonHara Matpuiia Ha MpU3HAIUTE ¢ pa3Mep kxk MoOe Ja ce MPeACTaBH IO
CIIeMHKS HAYMH 3a JajieH notpeduten m =1,..., M

lir;k :{C;n }9 iajzla'"ak (2.16)

Bcexu He nuaronanen enement G,

CTOMHOCTTa Ha KOS(UIIMEHTA Ha KOpeNaIis MeX /1y MpU3HaKa i U MpU3HaKa j3a ChOTBETHUS

[ # ] Ha KopeJalioHHaTa MaTpHUIla MpeACTaBIIsaBa

oTpeduTen m.

MertonbT Ha KopenanuoHHMTEe Iuiesau [30] ce cbcTOM B HaMHUpPAHETO Ha TPyHH OT
MIPU3HAIM C BUCOKA CTOMHOCT Ha KOpealus MeX/ly IpU3HALUTE B Ipynara i HUCKA CTOMHOCT
Ha KOpeJalus MeXay NpU3HAIUTe OT OTAeNHUTE Ipynu. Te3u rpynu mpu3HaLM ce Hapuyar
KopenanuoHHy Iuieaau. C npuaaraHeTo Ha TO3U METOJ C€ HaMajsBa Opos Ha MpH3HALUTE
KaTo OT BCsKa Ipylla ce OCTaBsl €IMHCTBEH Npu3Hak. Hsma Teopernuyeckn 0OOCHOBaHO
CTaHOBMINE KOW MpPH3HAK OT IUIesgata jaa ObJe 3ama3eH. Hall-pocTHSAT W MpakTHYecKu
ollpaBJaH MOJIXOJ € Ja ce u3depe TO3U NPU3HAK, MOJTydaBaHETO Ha KONTO € Hal-Obp30 u
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JIeCHO. 3HAUUTENHO TO-yOequTenHo Ou Ouio, ako 3a BCsAKAa KOMOMHAIUS OT u30paHu
NpU3HAIKM CE OLEHM TOYHOCTTa Ha Kiacudpukanusara. ToBa obade W3UCKBAa 3HAYUTECITHH
W3YMCIMTEIHA YCWIWS, a Pe3ylTarbT OT INpakTHUecka IVIaJHa TOYKa elBa JHu Iue Oble
CBIIIECTBEH TOYHO MOPAaN CHIIHATAa KOpPEJallMOHHA BPb3Ka B IJIes1ara.

2.3.3 U360p Ha Hali-uH(OPMATHBHH NPU3HAIN

PerpecroHHHST aHAIN3 € YECTO M3MOI3BAH METOJ 32 YCTAaHOBsBaHE Ha (DyHKIIMOHATHA
3aBHCHMOCT MEX/Ty HE3aBUCHMUTE MIPOMCHIIUBY U 3aBUCHUMAara MpoMeHIiBa. HaMmupa mupoko
NPUIOKEHUE B Pa3IHYHU MPWIOKHU 3anauu [4]. M300pbT HA perpeCHOHHH MPOMEHJIMBU B
PETPECUOHHUS aHAIHM3 C€ ChCTOU B ONPEICIITHETO Ha IMOJAMHOXKECTBO OT IMPOMEHIIMBH, KOUTO
Jla ce BKJIFOYAT B MOjIeJIa, Taka 4e TOH Ja JaBa HaJeKHa MPOTHO3a 33 MPUHAUICKHOCTTA Ha
JaJieHa TOYKa KbM KOPEKTHHUS KJIac.

dopmynupoBKaTa Ha 3ajadaTa 3a W300p HAa PErPeCHOHHM MPOMCHIIMBH € CIIEIHATA
[14]. Heka ca pamenm n>k+1uabmonenus Hax Kk -MEPHHS BEKTOP OT HE3aBUCHMH

t __ . 1%
MMPOMCHIJIMBU Xj = (xlj,...,xkj) " 3aBUCHMaATa IPOMCHJIMBA yj, J= 1,...,n, CTOMHOCTTA Ha
KOATO C€ OIMpEaAciid OT:

k (2.17)

v, =2 Bx;+e,

i=l

Monenst Ha perpecusita (10) uma crieqHUS MAaTPUYEH BUI:

Y =Xp+e 2.18)

KbAETO Y € 1 -MEpeH BEKTOp Ha 3aBUCHUMMTE IIPOMEHJIMBH, X € MaTpHlla Ha HE3aBUCHMMUTE
NPOMEHIIUBH C Pa3MEepHOCT nxk, Be k-MepeH BEKTOp Ha HEHM3BECTHHTE DPErPECHOHHU
KOC(UIIMEHTH U € € n-MEpeH BEKTOpP Ha OCTAaThLMTE, 3a KOUTO C€ Ipejrnojara, 4ye ca
HE3aBHCHMH U HOpManHo pasmpezencan N(0,0°)c MaTeMaTHdecko OdyaKBaHe, PaBHO HA
HyJla ¥ JUCIEpCHs, paBHa Ha o~ . Perpecnonnute mapamerpu (koepuuueHtn) ., i=1,....k

ca HEU3BECTHU KOHCTaHTH, KOUTO CJIe/IBa Jja C€ OLEHSAT 10 METO/Ia Ha Hall-MaJIKUTE KBaJpaTu
OT U3XOAHUTE JaHHU. TexHuTe OleHKHU ce o3Ha4aBaT ¢ b,. Torasa, BeKTOpbT b OT oneHkuTe

Ha BEKTOpa Ha KOEPHUIIMEHTUTE IO METO/1a Ha Hali-MaJIKUTe KBAJApaTH Ce 3a/1aBa upes:

b=X"X)'X"Y (2.19)

Haii-nonynspHusT noaxon 3a u300p Ha perpecMOHEH MOJIEIN € TO3M 3a “U300p Ha Haid-
1106po moMHOKeCTBO” (best subset). [Ipu TIpunaraHeTo My ce pasriexaaT Bcuukute 2° —1Ha
Opoli TIOZIMHOXXECTBAa OT PErPECHOHHHM MPOMEHJIMBH. TOBa Ha MpaKTHKa € HETPHIIOKHMO,
0co0eHO ako OposT Ha MPOMEHJIMBHUTE € royisiM. B iureparypara chLIecTByBaT METOIH, MPU
KOWTO TBPCEHETO Ha IOIMHOXKECTBaTa OT NMPOMEHJIMBH HE BKIIIOYBA MPECMATAHUS BBPXY
ISUI0TO NMPU3HAKOBO MOJMHOMKECTBO, a caMo BbpXy yacT oT Hero [15]. KbM TiX ce oTHacs u
pasmiexnanus mo-noiny meton Ha Hocking u Leslie. IloBeuero ot kputepuure 3a n3bop Ha
pPErpecMOHHU MPOMEHIIMBHY Ca MOHOTOHHH (DYHKIIMM Ha OCTaTbuHaTa cyma ot kBajapatu (RSS,
residual sum of squares) W TopaaW Ta3u TPHUYMHA 3ajadaTa 3a W300p HA PErPEeCHOHHH
IIPOMEHJIMBH C€ PeAyLupa 10 HAMUPAHETO Ha TE€3H MOAMHOXECTBA OT IPOMEHIIMBH, 32 KOUTO
OCTAaThUHATA CyMa OT KBajpaTH ¢ Mainka. OCTaThbyHATA CyMa OT KBampaTH 899y 3a n
HaOMrOfIeHNs HaXl p Ha Opoil MPOMEHITUBY ce AeUHNpPA KaTo:
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RSS, = i(yj —iﬁixij)z (2.20)
j=1 1

=

Mallows [17] npennara KpuTepHil 3a CpaBHsIBaHE Ha HIKOJKO PETPECHOHHU MOJIENa C
LieJl OTKPUBAHETO Ha Hai-100puTe OT TsX. 3a LenTa ce NpecMsATa CTOMHOCTTa Ha C, 3a BCEKH

CMH OT MoJenuTe. 3a MOJeN ¢ p Ha Opoii NPOMEHIMBY U n HabmoneHus, C, ce aeduHupa
KaTo:

o 555, —(n-2p) 2.21)

p A2
O

2

OueHkara 6’ Ha ¢ ce 3a/1aBa o Gopmyara:

1 & k RSS
52—~ — )2 = 220 (2.22)
AR

KBACTO C o’ € 03HaueHa JUCTICpCHsTa Ha n-MCPHUA BEKTOP HAa OCTaThIIUTE €.

Taka, ako mazieH Mojen ¢ p Ha Opoi mpomeHIuBH € 100Bp, To oT (2.21) u (2.22) ce
HaMUpAT CIIEIHUTEe CTOHHOCTH 32 MAaTeMaTHYECKOTO OYaKBaHe Ha CTOMHOCTHTEe HA RSS, U C,

E(RSS,))=(n—p)é&* (2.24)
E(C,)~p

3a 100pH MOAMHOMKECTBA OT MPOMEHJMBHU CE€ CUMUTAT TE€3M C MAJKU CTOMHOCTH Ha
C,nm cbe croiHocTr Ha C,, 6amsku 1o p [17].

Hocking u Leslie [15] cp3gaBar MeTon, KOWTO TO3BOJSIBA OTKPUBAHETO HA Hall-100OpU
MOJIMHOXKECTBA OT PETPECHOHHU MPOMEHIIMBH CJIEA PasIVISKIAHETO Ha MajKa 4YacT OT

k

BCUUYKHTE ( )B’I)P,MO)KHI/I MOMHOXeCTBa ¢ pasmep p. LaMotte u Hocking [9] Mmonudunmpar

p
MeTO/la TaKa, Y€ CPaBHUTEIHO IOJEMU IO 00eM 3aJadd Morar Ja ce pellaBaT ¢ MUHUMYM
n3uncienuss. C T.Hap. 7-TIIOIMHOXKECTBO CE€ O3HayaBa IOAMHO)XXECTBOTO OT IPOMEHJIMBH,
KOUTO C€ M3KJII0YBAT OT PErPECHOHHUS MOJEI, a C p-NIOAMHOXECTBO — IMOAMHOXECTBOTO OT
MIPOMEHJIMBH, KOUTO OCTaBar B Mojena. [1o chiiecTBo MeToabT ce 6azupa Ha T.Hap. PeAYKLIUU
Ha m-TIOIMHOXECTBA, T.€. HAa PEAyKUUH B OCTaTbYHUTE CyMH OT KBaJIpaTH Hopaau
IIPEMaxBaHETO Ha MOJMHOXECTBA C pa3Mep 1< m <4 0T Mozena ¢ k Ha Opoi MPOMEHJIMBH.
Penykuunre Ha m-1OIMHOMECTBA CIIy>KaT 3a ONpPENEISTHETO Ha Hal-100po 7-IOAMHOXKECTBO,
KOETO J]a ce ImpemaxHe (3a » > m ). Pegykuusara Ha perpecuoHHara cyma oT kBaapatu Red

MOJIiy4dCHa OT IIPEMAXBAHCTO HA ITIOAMHOXCCTBO OT 7 IIPOMCHJIMBU CC 3a/laBa YpPE3:

Red, = RSS, - RSS, (2.25)

MHOX€eCTBOTO OT 7 MPOMEHJIMBH, 3a KOETO CTOMHOCTTa Ha Ta3W PEIyKIUs € Hall-Mayka
ompezieasl MOAMHOXKECTBOTO OT p (p=k—r) PErPECHOHHH IPOMEHIMBH, 3a KOETO
ocTaTbyHaTa Cyma OT KBajpaTu ¢ MuHHUManHa. B [15] e mpemnoxena ciennara dgopmysa 3a

Hamupane Ha Tz upes Tasu pemyKuus:
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Red, | :
Cp = - {2 — K} (2.26)

[To-momny ca n36poeHu CTHIKUTE HAa 0000IIEeHHS alropuThM [9].

Hammupar ce perpecMoHHHTE KOE(UIIMEHTH 3a Mojela C BCHYKUTE k Ha Opoii
POMEHIINBY;

3a BCsKa OT IPOMEHJIMBHTE X, Ce TIpecMaTa peaykimsarta i ot mpemaxpaneTo i:

¢y = &%t 2.27)

KBICTO i € f-CTAaTUCTUKATA Ha [-THS PETPECHOHEH KOC(HIIUCHT.

[Mponienypata mpoabnKaBa ¢ MPEHAPEKIaHE HAa NMPOMEHJIMBHTE 10 HapacTBaHE Ha
CBbOTBCTHUTC UM PCAYKIUU:

MeToabT ce OCHOBaBa Ha CIEAHOTO (YHIAMEHTAIHO CBOMCTBO Ha KBaJpaTHUHUTE
dopmu: “AKO penyKuusATa Ha perpecMoOHHaTa CyMa OT KBaJpaTH, IOJy4eHa OT
MPEeMaxBaHETO Ha TOJMHOXKECTBO OT TPOMEHIMBH C HAH-rONsIM HHIEKC ] He
HA/BHIIABA CTOMHOCTTA HA pEAYKUMATA Us%10T mpeMaxBaHero Ha (j+/)-BaTa
IPOMEHJIMBA, TO HE CbHIIECTBYBAa IIOJMHOKECTBO, BKJIIOYBAIIO IPOMEHIMBU C
WHJICKCH, TTO-TOJIEMHU OT j, 332 KOETO PeayKIUATa J1a € Mo-MaJka”.

HpeCMHTaT CC PCAYKOMUTE HA m-IIOAMHOXKECTBA 34 BCAKO OT BCUUYKHUTC (
m

k
jHa Opoi

MOJIMHOKECTBA C pasMep m. BCAKo OT Te3u MOAMHOKECTBA C pa3Mep M e MPEACTaBs
BbB BUQ (ij,iy,...,0, ), KBACTO Ij,i,,...,1

m

ca TIPOMEHJIMBUTE, OT KOUTO € ChCTaBEHO,
IOAPEJCHN B HapacTBall pef, 1<i, <kH I, <i,<..<i,. Taka npecmerHarute

pPeOyKIIMM Ha m-TIOAMHOXKECTBA C€ TMOAPSKIAT B HapacTBall pea. Te3ud m-
MOJIMHOYKECTBA, YHUTO MIBPBU UHCKC € MO-TOJISIM WIIM PaBeH Ha (r —m + 1) CIyxar 3a
nepuHUpaHe Ha eTamu 3a M3CICABaHE Ha 7 - MOJAMHOXKecTBa. IloamMHOXecTBaTa ¢
pasmep r, ONpeIeJICHH Ha JaJIeH eTall ChIbpiKaT m Ha OpOil MHICKCH OT ChOTBETHOTO
M -TIOIMHOXECTBO U (7 —m) UHACKCH, TIO-MaJKU OT IbPBHS WHACKC B CHOTBETHOTO
k—-r+m

M- TIOAMHOXECTBO. BposT Ha neduHMpaHHUTE MO TO3UM HAYMH €TaIu €
m

ETtanure ce HoMepupar cnopes rojleMuHaTa Ha CTOMHOCTTa Ha pelyKUUsATa Ha -
NOJMHOXKECTBaTa, KOMTO I'M AeduHupar. Taka, ObpBUAT eTalm c€ CbCTOM OT 7 -
MOJMHOXECTBATa, ONPENEICHN OT 7 -NMOJMHOXKECTBOTO C Hail-Majnka CTOWHOCT Ha
PEILyKIIMSL.

N300110, Ha BCEKU €Tall ¢ ce MpaBu MPOBEpKa JadM Hall-MajKaTa OT peAyKIUHTE Ha
r -TIOJIMHOXKECTBATa, Ne(UHUPAHH OT BCUYKH €Taru 10 MOMeHTa (1,...,q) € Mmo-Maika

OT penyKIusITa Ha m -TIOJIMHOXECTBOTO, AehuHUpaIIo ciensamus (¢g+17)-6u erar, u
aKO TOBA € M3IBJIHEHO, CE CUNTA, Y€ € OTKPUTO THPCEHOTO F-TIOJMHOXKECTBO, KOSTO J1a
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HAIyCHE M3XOJHHS MOJEN M ChOTBETCTBAIIOTO MYy Hai-I00pO p-TOJIMHOKECTBO, a B
ClTy4ail, 4e He € U3ITbJIHEHO, C€ MPEMUHABa KbM cieapammus (¢+1)-6u etar.

2.4 Pesyaratu B [n1aBa 2

1. dopmynupaHu ca M3UCKBAHUATA KbM H3IOJI3BAHUTE 32 BepUPUKALIUS TPU3HAIIH.

2. Omucanu ca TpaHchopMalMUTE HAa TMOMydyeHHTEe OT TrpaduunHus Talner
M300pakeHHsI Ha TIOJIITMCH, HEOOXOAMMH 3a TIPUBEXKIAHETO UM B CTaHJAAPTEH BHU]I U
W3BIUYaHETO Ha mpusHaiy. [IpencraBenu ca 26 robatHu MpHU3HAKA, HEOOXOAUMH
3a MaTeMaTH4eCcKOTO onrcanue Ha noanuca. [Ipusnamure ¢ Homepa A8-A21 He ce
Cpelar B TuTepaTypara 10 MOMEHTA.

3. OmmucaH e Moaxo/, OCHOBABAIIl C€ Ha TOCJICIOBATEIHOTO IIPHJIaraHe Ha METO/a Ha
KOpETAIMOHHUTE TUICSATH | C» crarmcrukara Ha Mallows, 3a n300p Ha Haii-
MH(GOPMATUBHO OT IMIEAHA TOYKAa Ha KiIacu(UKanMUATa WHAMBHIYAIHO 32 BCEKH
MOTPEOUTEN TOAMHOKECTBO OT TIPU3HAIIH.
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I'masa 3. Knacuduxkanus

Ta3u r1aBa oOXBala CaeaHUTE pa3Ieiu.

3.1 HeBpoHHHUTE MpeKH KaTO KJIacupukaropu

3.1.1 BugoBe HEBPOHHM MpeEXKHU
3.1.2 O0yuyeHue HA HEBPOHHA Mpe:Ka
3.1.3 IlpeauMcTBa M HEAOCTATHIM HA HEBPOHHHUTE MPEKH

3.1.4 HeBponHa Mpe:ka 3a kjacupukanus

3.1.5 IlpniokeHne HA HEBPOHHUTE MPEKH B 33/1a4aTa 32 Pa3M03HABAHETO MO MOTIMHC

HeBpoHHHMTE MpEXH ca MOAXOIAIIO CPEACTBO 3a pellaBaHe Ha CIOXKHU 3a/laud KaTo
pa3noO3HABAHETO HA MOJNUC Mopaau ciaeanute npuunHu [13]. Ha mbpBO MsCTO, B Cilyyaid ye
ca 1o0pe o0yueHH, Te OOMKHOBEHO /1aBaT BEPHU OTIOBOPH 3a BXOJHU 00pa3Ii, HEU3OI3BaHU
npu 00ydeHunero. ChLI0 Taka MHOTOCIOMHUTE HEBPOHHU MPEXHU MOTaT Ja MOJAEIUpPAT BCAKa
(GyHKIMS HA MHOXECTBO OT IPOMEHJIMBH, a TIOJIMHMCUTE MOTAT JIECHO JIa C€ MPEACTaBAT KaTo
takaBa (yHkius. [lopanyu Bp3MOKHOCTTA UM 32 0000IIaBaHe, HEBPOHHUTE MPEXHU MOTaT Ja
ce CIpaBsT C Pa3HOOOPA3UETO U M3MEHUYMBOCTTA, XapaKTepHHU 3a 0Opas3lMTe Ha MOJIHCHUTE.
Toii kaTo B MOBeyeTO cilydan OOyYEHHUETO Ha HEBPOHHA Mpexka OTHEMa ABJIT0 BpeMe, B
NPUIOKEHHUATA 332 pa3MO3HABAHE IO TMOJIMHC TO OOMKHOBEHO CE€ M3BBPIIBA €IHOKPATHO U B
o-J1aifH pexuM, KaTo M0 TO3M HAYMH Ha TIOTPEOUTEIIUTE CE CIEeCTSIBA HEYI0OCTBOTO J1a Yakat
710 TIPUKITIOUBaHEeTO My. [Ipe3 mociaenHuTe TOAUHYU B JIUTEpaTypaTa ca MpeUI0sKEeHH HAKOJIKO
CUCTEMHM 3a pa3llo3HaBaHE Ha MOAMKC, Ch3JaJCHU Ype3 MPHIaraHeTo Ha HEBPOHHH MPEXH
[13]. WpeanHoTo o0yyeHHME Ha €IHAa HEBPOHHA MpeXa 3a pa3lOo3HAaBaHE IO IOJAIMUC €
MPAKTUYECKH HEBB3MOXKHO, OPAJN HECTAOWIHHS XapaKTep Ha JaHHWUTE (MOAMUCHT HA JAJeH
NOTpeOUTEN 3aBUCH OT BB3PACTTa MY, OT HETOBOTO (PM3UYECKOTO M IMCUXMUYECKO CHCTOSHHE,
OT ynoTpebara Ha MEAMKAMEHTH U OMHATH, OT BHUJIa Ha XapTHUATa, BbPXY KOATO ce€ MOAIMKCBA,
OT BH/Ia Ha MMUCAJIKATa U OILle MHOTO JIPYTH).

CrpIiecTByBaT Ba peXMMa 3a peaju3allis Ha CUCTEMa 3a pa3lo3HaBaHE Ha MOIIKCH C
HEBPOHHM MPEXH, a UMEHHO Bepu(uKauus U uaeHTU(UKausa. 3a pexuM BepuduKanus ca
HEOOXOUMHU KAaKTO COOCTBEHM, Taka M 4YyXIU TMOAMHCH OT BCEKU MOTpeOuTeNn. 3a BCEKH
YYacTHUK C€ Cb3/1aBa U CbXpaHsIBAa €IUHCTBEHA HEBPOHHA MpEXa, KOSATO MMa CaMoO €IUH
U3XO0JIeH HEBPOH, YMHTO KpaeH OTTOBOP € HHMBO Ha JIOCTOBEPHOCT, MPHEMAII0 CTOWHOCTH
MEXIy HyJa (4y>KI MOAMNHC) M eAuHHUIA (COOCTBEH MOJIMUC), KOSTO IMOKa3Ba CTEIEHTAa Ha
CXOJCTBO Ha TECTOBHSI MOAMUC C MOAMHCHUTE, U3MOJI3BaHU MPU OOYYEHHETO 32 ChHOTBETHHUS
y4acTHHK. Ta3u CTOHHOCT ce cpaBHsBa C NPEABAPUTEIHO M30paHa CTOMHOCT Ha Ipara 3a
Y4aCTHUKA M aKo sl HaJBHILABA, TECTOBMST IMOAMKC CE CUMTA 33 COOCTBEH, a B IPOTHUBEH
ciydail 3a uyx7. TO3HM MOAXOJ € HIMPOKO MPUJIOKHM Ha MPAKTHUKA U MO3BOJIIBA OBP30TO
no0aBsiHE U MpeMaxBaHE Ha MOAMKMCH HAa HOBU M CTapu moTpeduTenu. Taka, mpu noOaBsiHe HA
HOB MOTPeOUTEN € He0OXOAUMO ETUHCTBEHO Ja ce 00YYH MaJiKa [0 pa3Mep HEBPOHHA MPExKa.

3a peanuzanusaTa Ha PEKUM HIACHTU(PUKAIIMA ca HEOOXOAUMHU €IMHCTBEHO COOCTBEHU
MOAIKCHU OT BCEKH MOTpeduTen. B To3u ciryyaii ce ch3aBa U ChbXpaHsBa elHa 00Ila HEBPOHHA
Mpexa, KOSITO MMa TOJKOBA M3XOIHU HEBPOHH, KOJKOTO € Oposi Ha y4yacTHHIHTE. M3X0nbT OT
UACHTU(HUKAMATA Ca TOJKOBa HAa OpOil CTOWHOCTH MEXIY HyJda M €IMHHUIA, KOJIKOTO € U
OposIT Ha BCUYKHU TMOTPEOUTENTM U KATO PE3yiTaT ce M30Mpa y4JacTHHKA, ChOTBETCTBAI] Ha
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MaKCHMaJIHaTa M3XO/IHa CTOMHOCT Ha Mpexara. Korato ce n3mnosn3Ba o0Iiia HeBpOHHA Mpexa, €
HEOOXOIMMO TS 1a ce 00y HaHOBO MpH J00aBsSHE HA YYaCTHUK, KOETO HEChbMHEHO M3MCKBA
NOBeYE BpeMe.

3.1.6 IlpoexkTUpaHe HA HEBPOHHU MPEKHU
3amavata 3a NMPOEKTUPAaHE HAa HEBPOHHA Mpeka BKIIOYBA CJEIHUTE MOA3a1a4yd
cvOupane Ha OAHHU, CbH30ABAHE HA Mpedcama, KoH@ueypupane Ha mpedcama,
UHUYUANU3UPAHe HA me2nama U OMmKIOHeHUAma 1, obyueHue, OYeHKA HA Mpedcamd U
cvuunckomo U npunodicerue [11].

1) Cvbupane na oannu - KauectBoTo Ha chOpaHUTE JaHHU U MHOKECTBOTO OT HAIMYHUTE
BXOJIHH JJaHHU (TIPU3HAIIN), KOUTO TIOCTHIIBAT HA BXOJa 1 ca OT TOJISIMO 3HAUCHHE.

2) Cv30asane na mpedxcama - BpoAT Ha €JEeMEHTHTE OT BXOJIHHS CIOW 3aBUCHU OT
pa3MepHOCTTa Ha BXOJHUTE JaHHHU, & OpOST HA €IEMEHTUTE OT U3XOTHHS CIIOH - OT Opos
Ha pasno3HaBaHMTe KiacoBe. JloOpa mpaktuka e [25] na ce u3bepaT HEKOpelIupaHU
BXOJIHH TTPOMEHJIBH U Ja C€ U3BBPIIN TSIXHATA HOPMHUPAHE.

3) Kougueypupane na mpesxcama - Ilpu npoekTUpaHETO Ha HEBPOHHATa MpeXa clie/iBa Jia
Ce B3E€ME€ peIlleHWe OTHOCHO HeifHaTta Ttomojorusi (Opoil Ha cioeBeTe M Opos Ha
HEBPOHHUTE BBbB BCEKM CJIOHM, TEXHUS TUI M CBBP3aHOCT) M HEilHUTE mapameTpu. Te ca
CHJTHO 3aBHCHMH OT pelIaBaHus NpoOJjeM W HaJIMYHUTE JAaHHW W 3aTOBA CTOMHOCTHTE
UM C€ HaMHpaT €KCIIEPUMEHTAITHO.

4) Hnuyuanusupane na meenama u OmMKIOHeHUAmMAa Ha mpedxcama - T KaTo ycrnexbpT Ha
npoekTupaHata HM 3aBucH OT NpPOM3BOJIHMTE CTOMHOCTH Ha HAYaJIHUTE Ternia, €
HeoOXxoauMo fa ce 0o0ydat HAKoko HM ¢ pa3nuyHu MHUNMANM3alydy Ha TeryiaTa U Ja
ce nzbepe Ta3u, KOSTO IEMOHCTpUpPA Hall-100pO KauecTBo.

5) Ob6yuenne - Cien KaTO TOIOJIOTHATA Ha Mpekara ¢ neuHupana, € HeoOX0IMMO Ja ce
n3bepe BUAa Ha oOyuyaBalllys JITOPUTBM U Ja C€ NMPEMHHE KbM HEHHOTO oOyueHHe,
Taka 4e Jia Ce ONTUMHU3UPA Ka4eCTBOTO .

6) OneHka Ha MpekaTa M NPUWIOKEHHE — 3a OLIEHsSBaHE Ha MpeXaTra MOXKe Jia CIIyKU
olieHkara Ha rpemkara PCTError, oTpa3sBallia IPOLEHTHOTO ChOTHOILIEHUE Ha IPELTHO
KinacupuIUpanuTe o0pas3y KbM 00Ius Opoit 0Opasim.

3.2 Metoa Ha k-Haii-0JIN3KH ChCeaH

MertonbT Ha k-Hail-OMM3KKM ChCEIU € HemapaMeTpU4eH MeTojA 3a Kiacupukarus.
OTHouIeHHe KbM TOYHOCTTA Ha Kiacu(UKalusATa M0 MeToJa Ha k-Hal-ONM3KU ChCelU UMar:
(1) croitHocTTa Ha £, (2) n300pa Ha MspKa 3a Pa3CTOSHUE WM CXOJCTBO, KakTo U (3) MeTona
3a KOMOMHUPAHETO Ha ETHKETUTE Ha KiacoBeTe. B cimyuail Ha knmacudukanus B Ba Kiaca
(ImxoTOMUS) ce TpernopbuyBa HEUYETHAa CTOMHOCT Ha k. MakcuMmanHa CTOHHOCT 3a k e
Kmex = 4% [13]. 3a OTIpe/ieNITHE Ha CTOMHOCTTA Ha Kk € yJIa4HO Ja Ce OICHH TOYHOCTTa Ha
Merona upe3 LOOCV 3a MHOKECTBO OT CTOMHOCTH Ha k M J1a ce m30epe Ta3u OT TAX, KOSATO
BOJIY JI0 Hali-BUCOKa TOYHOCT [6].

3.3 OueHsiBaHe ¥ CPAaBHSIBAHE HA Ka4eCTBOTO HA KJIACH(PUKATOPH

Crnen mpoexkTHpaHeTOo Ha JajieH Kiacupukarop (B 9aCTHOCT HEBPOHHH MPEXH) €
HEOOXOIMMO J1a C€ OLIEHHM HEeroBOoTO KayecTBO. OIeHKaTa Ha TOYHOCTTA Ha KIacu(UKaTopH,
0o0yueHHM ¢ y4duTeld, € BaKHa HE caMO 3a INpEACKa3BaHE HAa TOYHOCTTA NMPH OBJACUIIOTO UM
U3II0JI3BaHe, HO CBINO Taka W 0Opu M300p Ha KiIacUPUKaTOp M KOMOMHHUPAHETO Ha
knacudukaropu. TpaauIMOHHATa MMPAKTHKA € MHOXXECTBOTO OT MPOEKTUPAHUTE MOJIEIH 1A Ce
OLIEHAT U U3MEXIY TSX J1a ce u30epe To3U ¢ Hal-MaJjiKa rpemika.

3.3.1 Onenka Ha kiaacupukaTopu
B ciyuas Ha pasmo3HaBaHe B JIBa Kjlaca, ChbOTBETHO Positive (TTOJOXKUTEITHN 00pa3Iin)
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u Negative (MOTOKUTEIHN 00pa3IM) c€ HAMUpPA CTOWHOCT Ha Mpar, KOWTO Jia T pa3rpaHuvaBa
Haii-noOpe. Taka, Bceku equH MpuMep Momaja B JaJeH KJIac B 3aBHUCHMOCT OT TOBa JajH
pe3yliTata OT pa3No3HABAHETO HAJIXBbPJs CTOMHOCTTA Ha mpara (kiac Positive) unu He (Kiac
Negative) [29]. Toa pasnpenensine 6u momio aa 0wae BsapHO (True) unu rpemrHo (False).
Taka, 3a gamen oOpazer oT kinac Positive, ako U3XOIbT OT KIacU(DUKAUATA € TIOTOXKHUTEIICH,
TO 00pa3enbT ce siBsiBa UCTUHCKU nojioxkuteneH (True Positive, TP), a ako € OTpHUIIaTelIeH, TO
o0Opa3zenpT € IpKINUBO oTpuniareneH (False Negative, FN). Ananoruuno, najaeH oOpaser] oT
kiac Negative Ou Morbia na Obae uctuHcku orpunareneH (7True Negative, TN) Win IIbKITHBO
nonoxurenen (False Positive, FP). Bp3 ocnoBa Ha TP, FN, TN u FP ca pedunupanu
CJICIHATE MEPKHU 3a OIleHKa Ha KauecTBOTO Ha kiacupuraropu: FAR, TAR, FRR, TRR, AC,
Precision, PCTError, Sensitivity, Specifity. 3a HarnenHo u3o0pa3sBaHE Ha Ka4eCTBOTO Ha
OMOMETpUYHUTE CHUCTEMH OOMKHOBEHO ce wu3depraBarT T.Hap. Receiver Operating
Characteristic (ROC) KpuBH, KOUTO MpPEACTABIsBAT BU3yaJIHU CPEICTBA 3a OLICHSBaHE Ha
TOYHOCTTA Ha KJIacU(pHUKATOp U 3a CPaBHIBAHE HA PA3IMYHU KIaCU(PUKAIIMOHHU MOIEIH.

3.3.2 Meton Holdout

MetonsT Holdout ce mpunara npu HaJIHMYUETO HA JOCTAThYHO NMPUMEPH 3a OOyUYEHHE.
MHOXeCTBOTO OT 00pa3imu ce pa3iens B ABE HM3BaAKU: 3a oOydyeHHME U 3a TECTBaHE.
OOpasnure oT oOyuaBamiaTta W3BaJKa CE HW3IMOJI3BAT 3a OMPEACISHE Ha MapaMETpHUTE Ha
MoOJlena, a Te3M OT TecToBara M3BaJKa Ce M3IMON3BaT 3a IMOJydYaBaHETO Ha OICHKa Ha
Ka4eCTBOTO Ha KJIaCU(UKATOPA BHPXY HEIO3HATH W HEU3IIOJI3BAHH 32 O0YUCHUETO MY JaHHH H
3a CPaBHSABAHETO Ha Pa3IUYHU MPEKOBU apXUTEKTYPH.

080

TecT
oby4asawo

BANMAMPALLO

e

uzbop Ha moaen HWBO Ha rpewxa

®urypa 3.2 Meroa Holdout

[Ipunaranero Ha merona Holdout B ciydass Ha HeBpoHHH Mpexu (Durypa 3.2) ce
cbeTou B cregHoto. OOpasmute ce pasgenar B [11]: oOywaBaima, Bamuaupaiia ¥ TECTOBa
u3Bajku. JlaHHUTE OT OOydYaBamiaTa W3BajgKa ce MPEACTABIT MO BpeMe Ha OOyYEHHETO U ce
M3MOJI3BAT 32 HACTPOMBAaHE HA TeraTa Ha HEBPOHHHUTE MpPEXKU. Te3u OT Baiuaupaiiara
M3BaJIKa C€ M3IMOJI3BAT 32 M3MEpPBAaHE Ha KAYECTBOTO HA BCSAKA OT MPOCKTHPAHUTE HEBPOHHU
MpEXU BbpPXY HEMO3HATU JIaHHU U MPU B3UMAHETO HA PELICHHUE 3a MpeKpaTsBaHe HAa HEHHOTO
oOy4eHue, Koraro KauecTBOTO IMPEeCcTaHe Jia ce Moao0psBa. JJaHHUTE OT TecToBara U3BajKa ce
M3MONI3BAT 32 CUMYJMpaHe Ha HEBPOHHATa Mpeka M M3MepBaHEe HAa HEWHOTO KA4eCTBO CIIEH
MPUKITIOYBAaHE Ha oOydeHueTo #. Taka KaHAMIAT HEBPOHHUTE MPEXKH CE HAPEKIAT BHB
BB3XOIAI] pPell MO Ka4eCTBOTO MM, M3YMUCICHO BHPXY BalMaupallaTa M3Bajka, a KpaiHaTa
IpeIliKa ce CMsITa BbPXY JAHHUTE OT TECTOBATa M3BaJIKa.
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3.3.3 Meton na N-kpaTHa kpoc Baguaamus (IV-fold cross validation)

MertonbT Ha N-KpaTHa KpoC BalumalMs € NPWIOKHM B CIIydaWTe, KOrato Ha
pa3noNoKeHNe ca MalbK Opoil mpumepu 3a oOydeHue. CHITHOCTTAa HA METO/A CE€ CHCTOM B
cnenHoTto. JlaHHUTE ce pa3nensT mpousBoidHO Ha N yactu (folds) ¢ mpuOIU3UTETHO paBeH
Opoii 00pa3nm BbB Besika YacT. [lociieoBaTelHO ce ChCTaBAT BCHUKUTE N Ha OpOil BB3MOXKHH
M3BaJIKM, BCSKa OT KOUTO ChAbp)Ka OOyyaBalla M3BajKa, cheTosima ce or (N-I) bactu u
TECTOBAa M3BaJIKa, ChAbPIKAIlla OCTaHajara eaHa yacT. [1o To3u HaYMH BCSKA YacT Ce M3II0JI3Ba
3a TecTBaHe TOYHO eAMH MbT. C ycpenHsBaHe Ha CTOMHOCTUTE Ha IpEIIKHTE, MOJyYeHH 3a
BCSIKO pasziefisiHe Ha JaHHUTE, C€ HAMHpa OLIEHKAa Ha CTOWHOCTTA Ha KpaliHarta Tpemrka Ha
Kiacudukaropa.

NuHa 6poit uacTn

A
Y

[S%]

yacrT

/I‘(I(.' CTBAHE

y N rd

®durypa 3.4 Meton Ha N-kpaTHa Kpoc-BaauIaus

XapakTepHO 3a TO3U METOJl € TOBa, Ye 32 00yUYEeHHETO Ha KIacu(UKATOp ce M3MOI3BAT
BCUYKUTE HAJIWYHU MPUMEPU 32 OOyUEHHUE UM IO TO3W HAYUH HE C€ TI'yOsST HUKAKBH JIaHHHU.
MetonbT Ha N-KpaTHa Kpoc BaJIuAanus € u300pa3eH cxeMarnyHo Ha Purypa 3.4.

Axo croiiHOcTTa Ha N € paBHa Ha pa3Mepa Ha oOydaBaliaTa W3BaJKa, TO METOIBT CE
Hapuda Leave One Out Cross Validation (LOOCYV). B 1031 cimyu4aii, TecroBata nM3BajKa ce
CBCTOM OT €IMHCTBEH 00pa3ell, a 3a 00y4eHHETO Ce U3MOI3BAT Bb3MOKHO Hal-MHOTO TaHHU.

C mpumaraHe Ha Meroga Ha N-KpaTHa KpOC BaJUAalus MOXE Ja ce MpPOBEpH
cnocoOHOCTTa 3a 000OIaBaHe Ha HEBpoHHarta Mpexa [11, 12] B cimydaurte, korato Ha
pas3mnoNoKeHHe ca MalIbK OpOl MpUMepH 3a 00yUYeHHE.

HeBponnara Mpexa ce oOyyaBa 3a Bciko oT Te3u N Ha Opoil MHOkecTBa ¢ K Ha Opoii
MHUIMAIM3allMd Ha HayaJHUTEe Teria Ha Bpb3kuTe. [1o TO3M HauMH 3a BCAKO pasaelisHe

i=1..8 ce mamupar K Ha 6poit onenkn Ha rpemkure Fnf f= Lww & a croiinocrra Ha
KpaifHaTa TpelIka 3a BCAKO pasielsHe F: ce M34uMcIgBa Karo cpeaHara CToMHOCT oT Te3u K Ha
Opoil OIleHKU:

H
1 3.13
Ei' = EZ E{J.;‘-' 'E: = .1-' LLLE] Ni.; = .1-' ""'H ( )

i=a

OI.[CHKI/ITe Ei Ha CbOTBCTHHUTC KHaCI/Iq)I/IKaTOpI/I ca HCM3MCCTCHU, ThU KaTO JJAHHUTE OT
TECTOBATA U3BAJKa HC CC CbAbPIKAT B 06yanamaTa HU3BaJKa. OI_IeHKaTa Ha KOHKPETHHA MOJCII

E ce mammpa Karo cpexHara CTOWHOCT OT TPEIIKHTE, MOJYYEeHH 3a BCSKO pa3OuBaHe Ha
TaHHUTE:
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= 1 3.14
E=EZE* ( )

.

Ouenkara £ pasunra ma momyckamero, 4e TOYHOCTTa Ha Kiacuukanusra Ou ce
NpOMEHMJIAa TUIaBHO C MpPOMsHA B pa3Mepa Ha oOydwaBamara m3Bajka. ClieloBaTelIHO, aKo
TOYHOCTTA Ha MOJIeJa € 3aJ0BOJUTEIHA, U3CIEI0BATENAT O MOTI'BJI WM J1a 00YYH €IMHCTBEH
KJIacu(HUKATOP BBPXY IPUIOTO MHOXKECTBO OT JaHHU, WM J1a KOMOMHMpa Kiacudukaropure,
MOCTPOEHU 10 BpeMe Ha o0ydeHueTo [27].

MertonsT Ha N- KpaTHa KpoC Bajujanusi € yaadeH H300p NpH THPCEHETO Ha
MOAXOAAIIa CTOWHOCT Ha k B Kiacugukaropa kNN, a CbIIO U IPU THPCEHETO Ha ONTHMAJHA
tonosiorus Ha HM  [6]. Ciien HamMupaHeTO Ha ONTUMAIHHU CTOMHOCTH Ha MapaMeTpUTE Ha
Kiacudukatop, Toil ce o0y4yaBa BbPXY LSZIOTO MHOKECTBO OT JaHHUM M OWBAa M3IMON3BaH Ha
MPaKTHKA.

3.4 O0001meH MpeKOBH MOJIeJI 32 OH-JIaliH Bepu(UKanus Ha NOANNCH

C anapara Ha o0o0mennTe Mpexku (OM) e HarpaBeH OIMUT 3a MOJEIMpaHe Ha Mpoiieca
Ha Bepu(uUKanys MO MOANMC C Led SICHO M Hale[HO MNpEACTaBsIHE Ha MPEUIOKEHHs B
JUcepTanusiTa METON, KOWTO BKJIIOYBA CIIGJHUTE CTBIKM 3a Bepu(UKalus Ha 3asBeHA
CaMOJINYHOCT MO MOJNKC: IOJNaraHe Ha IOAIHC, NpeaBapuTenHa oO0paboTKa Ha MOAMHC,
W3BJIMYaHe Ha MPU3HAIM, U300p HA MPU3HAIM, OOy4YEeHUE U BepUDUKAIHSL.

2 23
Ly LV
O——0O—
L
Ls
G

®urypa 3.6 O6001IeHO MPEKOBH MOZIET Ha TIpoLeca
[IpencraBenata penmynupaHa o0o0mieHa Mpeka € 0e3 BpeMeBH KOMIIOHEHTH, 0e3
3aJlaZIcHH TIPUOPUTETH Ha TIPEXOIUTE, TOUIMHUTE U siApaTa v MpeACcTaBisiBa Moaudukanms Ha
npemoxkeHute B [35, 36] mMomenu Ha OM 3a pa3nuyHU 33/1a49M OT PA3IIO3HABAHETO HA 00pa3u.
O0600meHo MpexoBUAT Mozen e npeacraBeH Ha Purypa 3.6. Toit e usrpanen ot 6 mpexona
(BCEKH €IMH OT KOMTO MPEACTaBs CThIKA OT mporieca), 20 mo3unuu u 3 BUaa sapa o, B u y.

3.5 Pesyararu B ['1aBa 3

1. TlpeacraBena e kpaTka kjiacuuKalus Ha pPa3IUYHU BHUJOBE HEBPOHHHU MPEXKHU
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CIOpel apXWUTEKTypara M ajropurMure 3a oOyuenHue. KomeHTupanu ca
HpeNMCTBaTa U HETOCTATBHIUTE UM.

2. AHanM3upaHH ca BbIIPOCUTE 3a U3rpaxK1aHe U 00ydeHHEe Ha HEBPOHHHU MPEXKH.

3. Ommcanu ca BWAOBETE TPEUIKM OT KiIAacH(UKAIMA, METOAWTE 3a OLECHKA Ha
TOYHOCTTA U MIOCTPOSIBAHETO HA KOMOMHMPAH KiIaCH(PHUKATOP.

4. Wsrpagen e Momen Ha Tmpolleca Ha OH-TAaWH BepudUKaluUsg C amapara Ha
0000I1IEeHUTE MPEXKH.
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I'maBa 4. EkcnepuMeHTH U pe3yJITaTH

B Hacrosiatra miaBa ca mpeAcTaBEeHM IMOMYYEHHTE PE3yATaTd OT MPOBEKAAHETO Ha
EKCIIEPUMEHTHUTE 32 Ch3/1aBaHE M TECTBAHE Ha KOMOMHMpAaHATa CHCTEMa 3a pa3lO3HABaHE I10
noanuc. Ta3zu cucrema Moke J1a CIyXH 3a Bepr(HKalus Bb3 OCHOBA Ha NMPU3HALIUTE, OIMCAHU
B Pazmen 2.2. 3a pemaBaHe Ha TOCTaBeHara 3ajada ca MPOSKTHPAHW KIACH(PUKATOPU
HEBPOHHM MpPEXU OT THUI MHOTOCJIOEH MEPLUENTPOH M KIaCU(PUKATOPU MO k-Hal-Oau3KU
CbCeIM, KOUTO Ca  TECTBAaHM BBPXYy O0OpasmUTe HAa NOANKUCH OT JABE Oa3W JaHHHU.
KoMOMHUpaHUAT MOIX0/ 32 pa3Mo3HaBaHe 10 MOAIMKUC ce Mpujara Kato Hopeauia oT ClIeaHUTe
cTenki: (1) npenBaputeneH n300p Ha npu3HaLy U (2) BepupuKanus.

4.1 U300p Ha npU3HALM 32 Pa3I03HABAHE

3a BCEKU OT MOTPEOUTEIUTE C€ U3BIMYAT CTOMHOCTUTE HA MPU3HALIUTE, U3YUCIICHHU 10
XapaKTepUCTUKUTE HAa BCHUUKUTE MYy OCEM WJIM JIeCeT COOCTBEHHM M JIECET MOJIpPaBeHU
noanuca. B HacTosmaTa aumcepTanus € eKCIepUMEHTHPAaHO C YMEIM M HEyMelH
danmmpukarn. Heymenurte Qammudukatd ca u30paHU MPOW3BOIHO OT COOCTBEHHTE
MOJMKCH Ha OCTaHaJUTe ydacTHUIM. [Ipu3HanuTe ca rio0alHu U ca ONUCaHU B pasaen 2.2.
TBHI KaTO BCEKM OT TIX MOJy4yaBa CTOWHOCTH B Pa3JIMYHA MHTEPBAIM MIPU pa3IMdyHa CKaja Ha
M3MEepBaHe, ce Hajara HeoOXOAMMOCTTa OT HOpMHpaHE Ha mpu3HaluTe B mHTepBana [0,1].
W3BbpmiBa ce HopMmupoBKa min-max (pazaen 2.3.1), KosATO 3ama3Ba B3aUMOBPB3KUTE MEKITY
OpUTHHATTHUTE CTOMHOCTH Ha AaHHWUTE. Ciel M3BIMYAHETO HA MPHU3HAIM, C€ MPUCTHIIBA KbM
HamupaHero Ha (1) 06w 3a Bcuuky NOTpeOUTENN MOAMHOXKECTBO OT MPU3HALM C MpUJIaraHe
Ha METOJa Ha KOpeNalMoOHHUTE Tuiesian (Touka 2.3.2); (2) unoueudyanno nogMHOKECTBO OT
MpHU3HAIM Ha 0a3aTa Ha COOCTBEHM MOANUCU U Heymeau damuudukatu (HapudaHO MO-T0ITy
Bapuant “17); (3) unousudyanno noaMHOXKECTBO OT NpU3HAIM Ha 0a3aTa Ha COOCTBEHH
MOANIUCH W ymenu Qammudukatd (HapudaHo mo-moiry Bapuwant “27). Taka HamepeHUTE
MOJIMHOKECTBA OT MPHU3HAIU CITy>KaT 32 MOCTPOSIBAHETO Ha KIacCU(DPUKAIIMOHHUTE MOJIEIH.

Cnen HamupaHeTo Ha OOIIO 32 BCHUKH MOTPEOUTENTH MOIMHOKECTBO OT MPU3HAIIH, CE
mpujiara MeToia 3a u300p Ha perpecHOHHH MPOMEHIINBH, onucaH B Pa3nen 2.3 3a HamupaHeTo
Ha WHIUBUAYaJTHUTE NOAMHOXECTBA OT npu3Hauy (2) u (3). Taka ce oTkpuBar Hail-noOpute
MOJIMHOKECTBA OT MPHU3HAIM C PA3IUYEH pa3Mep 3a BCEKHU YYACTHUK B3 OCHOBA HA HETOBHUTE
coOcTBeHM U mojmnpaBenu noanucu. Cpes Tax ce u3dupa ToBa MOJIMHOKECTBO OT MPU3HALIH,
3a K0eTo cToiHoCcTTa Ha Cp e Hail-0JM3Ka /10 Ta3u Ha p, KBAETO p € OpOST Ha PETPECUOHHUTE
koepunueHTy. [lomydyeHnTe Mo TO3M HAayMH IMOAMHOXKECTBA OT IMPHU3HALM Ca C pa3jInyeH
pasMep 3a pasnuyHuTe noTpedutenu. Heka o3Haunm Oposi Ha mpu3HAUMUTE C k, a TO3U Ha
MOJIMMCUTE Ha JaJeH NOoTpeOuTen ¢ n. 3a BCEKH MOTPEOUTEN ce Ch3laBa TEKCTOB (haili
IBajZieceT pea, paBeH Ha Opos MOAMKCH, ompeneneHu 3a oOydenue. Beeku pen chabpxka
CTOMHOCTH Ha NpPU3HALIUTE 32 ChOTBETHUS MOJIUC, Pa3/Ie]IeHU ¢ TOYKA U 3ameTasi, CJIeABaHU
oT 1 (aKo KOHKpPETHUST MOJMNKNC € COOCTBEH, TOECT MPUHAIICKHU Ha MBbpPBUS Kiac) u -1 (ako
MOAMKUCHT € TOANPABEH, TOSCT MPUHAIUICKN Ha BTOpUs Kiac). Heobxoaumo e na ce moxdepar
Te3W MpU3HALK (HE3aBUCHUMH TPOMEHJIMBH), KOUTO BB3MOXKHO Hai-100pe ampoKCUMHpAT
Ha0JII0/IJaBaHUTE 3HAYEHUS Ha 3aBUCHMaTa MpoMeHauBa y ( y = 1 3a TOUKUTE OT MBPBUS KJIac,
cOoOCTBeH MmoAnuc u y = -1 3a Te3u oT BTOpH Kiac, ¢panmudunrpan noanuc). Tosu daiin ce
00paboTBa ¥ 3a BCEKH moTpeduTen / Gaiiyl ce OTKpUBAT HA-T0OPHUTE IMOJAMHOXKECTBA C pa3Mep
p (p = k - r) 3a croiinoctu Ha 7 (3 < r < 13), a cpex TAX ce HamMHpa MOJAMHOXKECTBOTO ChC
cToiiHOCT Ha Cp Hali-0iu3Ka /10 p, HO I0-MaJjiKa OT Hes. ToBa MOJMHOXECTBO OT IPU3HALIM CE
nprema 3a “Hai-100po”.

4.2 IlocTposiBaHe Ha Mo/iesIH 32 KJIacupuKanus
ExcriepuMeHTHTE ca U3BBPIICHHU C KITaCH(UKATOPH HEBPOHHU MPEXH M KJIACH(PHUKATOP
no k-Haii-Onmusku cbeemu. [locTpoenu ca knmacudukaropu ¢ Bapupany mapameTpu (Opoit
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NpU3HALM, BU (anmuUIUpaHy NoANHUCH 3a o0ydeHue, croinoct Ha H npu HM u ctoitHOCT
Ha k ipu kKNN). [Topagu mankus o6em gaHHH 32 00y4EeHHE, TOYHOCTTA Ha Pa3TUIHUTE MOJCITH
3a knacugukanus e orneHnena ¢ 10-kparaa kpoc Bammnamus (HM) u LOOCV (KNN).

4.2.1 Knacudukarop HeBpOHHA MpexKa

3a Bceku moTpebuTen ce ch3haBa oTaenHa HM. BxoabT p Ha Bcsika OT TECTBAaHUTE
HEBPOHHHU MpEXH IpeacTaBisiBa Marpula [FeatureSize Ntrn] ¢ Opoii penose, paBeH Ha Opost
Ha npusHauure FeatureSize u Opoil cTHIOOBE, paBeH Ha Opost Ha oOpa3uu 3a oOyueHue Ntrn.
M3xombT 3aBUCH OT peXuMa Ha pasno3HaBaHe. B cimydaii Ha BepuduKanus TOW € MaTpuIa ¢
pasmepHoct [/ Ntrn], cbe croiinocT B [0,1] BB BCeku OT penoBeTe, paBHa Ha 1 3a coOCTBeH
noanuc u 0 — 3a NOANpPaBEH.

B mpoueca Ha oOyueHue ydacTBaT W COOCTBEHHM U TMOAMNPABEHU MOJIHUCH.
ExcnieppuMeHTHpaHO € ¢ M3MOJI3BAaHETO caMo Ha HeyMenu ¢ammudukatu (Hapu4aHo Mo-I0Ty
Cnyvait ’1”) U egHOBpEeMEHHO Ha ymenn W Heymenu (ammudbukaTd (HapudaHO MO-T0TY
Cnyuwaii ”2”). B Thpcene Ha onTumaiiHa apxutekrypa Ha HM, 3a Bceku morpeOuten ce
eKCIIEpUMEHTHpa C pa3jIMYHU TOIMOJIOTMM HAa €IMH U ChL] BUJ HEBPOHHA MpEka CIOpes
NPOMEHJIMBHS pa3Mep Ha Opos Ha HEBpPOHUTE B CKpuTusa cioil. Tomomorusta Ha HM ce
n30mpa Ype3 Kpoc BT AL,

Taxka, 3a Bceku MOTpeOUTENl ce HaMUpAT mapameTpu Ha mojaen Ha HM (Opoii ckputu
HEBpOHH, BUJ (ammubuiupaHd MOANUCH 3a o0ydeHue, Opoil mMpu3HAIM HA BXOAa W Jp.).
W3xonsT oT BepudukamusaTa € croitHocT oT mHTepBana [0,1]. OkoHuarenHaTa HEBpOHHA
Mpeka ce 3amaMeTsiBa 3aeHO C apXUTEeKTypaTa M CTOMHOCTHTE Ha TerjaTa U MOXE Ja ce
M3II0J13BA MO-HATATHK 32 BepUDUKALIHSL.

4.2.2 Knacuduxarop no k-nHai-0/1M3KH1 cbceau

3a ch3gaBaHeTO Ha KIACH(UKATOp TO A-HA-ONMM3KM CbCEoU ca  CIIeJBAaHU
NpenopbkuTe, u3NokeHn B Paszmen 3.2. [IbpBoHauasiHO ce Tmpuiara HOpPMHUpaHE Ha
MpPU3HALIMTE, Taka Y€ Te Ja MMaT CTAaHJapTHO OTKJIOHEHHE, PaBHO Ha €IWHULA U CpeaHa
CTOMHOCT, paBHa Ha Hyja. M3mom3BaHo € EBKIMI0BO pa3cTosiHUE 3a MpecMsTaHEe Ha

pasCcTosAHUATa MeXay obpasuure. Thi Karo Mmew = ¥Ntri  Norn — Gpoii mpumepu 3a
OGy‘ICHI/Ie H CTOfIHOCTTa Ha k (] HpeHOp'b‘H/ITCJIHO Ja € HCYCTHO 4YUCJI0, TO Ca TCCTBAHU Ca JABC
croriHocTH Ha k: 1 u 3.

4.3 IlosryyeHu pe3yJTaTu BbPXy cCOOCTBeHA 0a3a OT JaHHU 32 MOANUCH

Pesynrarure ot n3bopa Ha Hal-uHGOpPMAaTUBHHTE MpU3HAIHM 1O MeTtona Ha Hocking u
Leslie (Pa3men 2.3) 3a Bceku oT ocemte morpedburens ca o6o0menn B Tabmumna 4.2. OT Hes €
BHJIHO, Y€ B CJIy4as Ha BapuaHT “2” Opos Ha MPU3HAIMTE 32 BCUYKHU MOTpeOUTENN 0€3 eauH
ce penyumpa 110 13, karo camo 3a norpeduten #5 Te ca 5 mpu3HaKa, J0KaTo MpH BapHaHT “1”
Opost Ha MPU3HAIIMTE 3a MMOJIOBHHATA YYACTHHIIU CE€ peayIupa 10 Opoil, mo-Maiabk ot 13.

Tabnuya 4.2 Pedyyupanu npusHayu 3a ceku nompeoumein

Yuacr
#1 #2 #3 #4 #5 #6 #7 #8

HUK

Bap. ‘61” “2’9 ‘61” “29’ 661” 6‘29’ 6617? ‘62” 661” “2” 661’? 662’? 661” 6‘2” ‘61” 6‘2?,
A2 + | + + + + | + + + + +
A5 + + + | + + + |+ + | + + + + +
A6 + + + + + |+ | + + + + +
A8 + + + + + |+ + | + + + +
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All | + | + + + + + +
A12 | + + + + | + + + + + +
Al13 | + | + + | + | + + + + + + +
AlS | + | + | + | + + + + + + +
Al6 + |+ |+ ] + + | + + + + + +
Al7 + 0+ |+ |+ ]+ |+ ]+ + + + +
A20 | + | + | + | + | + + + + + +
A21 | + | + + + | + + + |+ | + + + + + + +
A22 | + | + + |+ |+ + + + + + +
A23 | + | + | + + + + + + +
A24 | + | + + + | + + + | + + + + + +
A25 | + + |+ + + + + +
A2 | + |+ | + |+ |+ ]| + |+ |+ ]|+ ]+ + + + + + +
Cp [10,]9,0]9,09(9,5(81]905]|7,1]9.2]|10,|4,.8]9,08]933]09,12|9,.24 10,3/ 9,77
p 13 (13 13 | 139 | 13 |8 |13|12| 5 | 13 13 13 13 | 11 13

[Tpoextupanute HeBpoHHU Mpexu ca 30 Ha Opoit (Tabnuma 4.3), a mMpoeKTUpaHUTE
KJacupuKaTopu 1o k-Hal-OM3KU cheeau ca 12 Ha Opoit 3a BCEKH yYaCTHUK.

Tabnuya 4.3 [lapamempu na mooerume

4 ua Bpoii Bpoii Bpoii Bpoii Bpoii
voxey | TPMHALH CO0CTBeHH NOANPABeHH CKpHTH | chcean
8 (BXOOHHU NOIIMHCH MOANUCH HEBPOHH k

1 O06mu

IITNURHATIIL 15 Cnyqal‘/'I
2 | Bapuanr “1” Heymenu | “17
3 Bapuant 2

06 10 orl o5 | 1 umm3

4 i 9

JIPUSHALIM Heymenu | Cryuait
5 Bapuanr “1” uo6 «“2”
6 BapI/IaHT “y» ymein

B cnyyaii Ha paBHM MakCUMaJIHM CTOMHOCTH Ha TOYHOCTTA 3a JBa UJIM IOBEYe Mojesa
3a JTaJIeH YY9aCTHHK, € M30paH TO3M OT TAX, MOCTPOEH C MO-MaJbK Opoi MpH3HALM U / WU
Opoii ckputun HeBpoHu (HM) u / umm Opoit cbecenn (kNN). Cpennara cToMHOCT Ha
npuOIMKeHaTa OlleHKa Ha TOYHOCTTa 3a Kinacupukarop HM 3a BcHYKM y4acTHUIM € paBHA Ha
97.5%, a Ta3u Ha TOUHOCTTA 3a Kiacugpukarop kNN e paBHa Ha 92.5%.

Cnen HaMHupaHETO Ha ONTHUMAIHHU CTOMHOCTH Ha MapaMeTpUTe Ha KIaCH(PHUKATOp IO
METO/la Ha KpOC BajMJalus, ToW ce oOyuyaBa BBPXY IPUIOTO MHOXECTBO OT JaHHM W OuBa
U3I0JI3BaH Ha MPaKTHKA.

4.4 Ilosyyenu pe3yaratu BbpXy 0a3a nannm 3a noanucu SUsig
Pesynrature oT m3b6opa Ha Hail-wHGOPMATUBHH NpPU3HAIM MO0 Metona Ha Hocking u
Leslie (Pa3znen 2.3) 3a Bceku OT moTpeOuTenuTe ca o6o0mienu B Tabnuna 4.7.

Tabnuya 4.7 Peoyyupanu npusnayu 3a eécexu nompeoumen om SUsig

Yuyacr
HUK |Bap.| Al | A2 | A4 | A6 | A10 | A12 | A13 | A16 |A17 | A21 | A22 | A23|A24| Cp |p
nn + + + + + + + + + 5,35 9
#1 "2" |+ + + + + + + + + 525 19
"1+ + + + + + + | + + 7,77 19
#2 non + + + + + + + + + 5,06 9
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OQ + |+ |+ ]+ ]+ + ]+ ]+ + | 765 |9
#3 X + + + + + + + 6,39 |7
" + + + + + 4,8 5
#4 o + + + + + 2,94 5
" + + + + + + + 494 |7
#5 nn + + + + + + + + + 522 |9
"t o+ + + + + + + + 8 9
#6 "+ + + + + + + + + 6,42 |9
"1" ]+ + + + + + + + 524 |8
#7 "+ + + + + + + + + 501 |9
"1" + + + + + + 2,22 |6
#8 "+ + + + + + + + + 523 |9
" + + + + + + + 447 |7
#9 oAl + + + + + + + + + 528 |9
n + + + + 2,03 4
#10 "+ + + + + + + + + 6,02 |9
"1" ]+ + + + + + 3,1 |6
#11 "+ + + + + + + + + 575 |9
"t o+ + + + + + + + + 557 |9
#12 | "2" + + + 0,71 |3
vvlu + + + + 5,39 6
#13 | "2 |+ |+ |+ ]+ |+ + + |+ + 505 19
e T I + + + 324 |6
#14 | "2" | + + + + + + + + 593 |8
"1" ]+ + + + + + + + + 539 |9
#15 A + + + + + + + + + 513 |9
"t o+ + + + + + + + + 501 |9
#16 "+ + + + + + + + + 522 |9
n T + + 2,96 |3
#17 non + + + + + + + + + 5,12 9
TER T + + + + + + 529 |9
#18 " + + + + + + 574 |6
"+ + + + + + + + + 7,11 |9
#19 A + + + + + + + + + 538 |9
" + + + + + + + + + 548 |9
#20 "" + + + + + 4,65 |5
"1" + + + + + 494 |5
#21 A + + + + + + + + + 568 |9
"+ + + + + + 3,75 |6
#22 "+ + + + + + + + + 514 |9
"+ + + + + + + + + 525 |9
#23 "+ + + + + + + + + 512 |9
"+ + + + + + + + + 6,71 |9
#24 " + + + + + + 234 |6
" + + + + + + + + 504 |9
#25 " + + + + + + + + 505 |9
" + + + + + + + 6,84 |8
#26 " + + + + + + 3,72 |6
" + + + + + + 347 |6
#27 " + + + + + + + + + 528 |9
"+ + + + + + + + + 841 |9
#28 2"+ + + + + 1,55 |5
"1 + + + + + + + + + 12,15 |9
#29 " + + + + + + + + 7,52 |8
"+ + + + + + + + + 527 |9
#30 A + + + + 1,18 |4
"+ + + + + + + + + 881 |9
#31 " + + + + + + + + 57 |8
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oK + + + + + + + + + 8,38 9
#32 nn + + + + + + + + + 521 |9
nn + + + + + + 449 |6
#33 | "2" |+ + + + + + + + 571 19
oK + + + + + + + + + 539 |9
#34 | "2" | + + + + + + + + + 524 |9
"1" |+ + + + + 4,16 |5
#35 AR RS + + + + 2,62 |5
"1" ]+ + + + + + + + + 52 |9
#36 | "2" | + + + + + + + + + 51 |9
" + + + + + + + + 743 |8
#37 | 2" |+ |+ + + + |+ |+ + 7,58 |8
"""+ + + + + 438 |5
#38 "+ + + + + + + + 538 |9
"1" + + + + + + + + + 513 |9
#39 "+ + + + + 521 |6
"1" + + + + + 4,67 |5
#40 | "2" + + + + + 2,17 |5
"+ + + + + + + + + 7,48 |9
#41 "+ + + + + + + + + 511 |9
"1" + + + + + 25 |5
#42 "+ + + + + 2,73 |5
"1" ]+ + + + + + + + + 5,04 |9
#43 | "2" | + + + + + + 45 |6
"1 + + + + + + + 3,68 |7
#44 | M2" | + + + + + + + 6,06 |7
" + + + + + + + + + 535 |9
#45 A + + + + + + + + + 5,09 |9
" + + + + + + 472 |6
9

#46 | "2" | + + + + + + + + + 5,16
|+ T + + + 1,84 |5
#47 | 2" | + |+ |+ |+ |+ + + |+ |+ 5,14 19
K —+ + + + + + + + + 5,18 9
#48 X + + + + + + + + + 5,36 |9
e T T T + + 3,11 |5
#49 | "2 | + | + |+ |+ |+ + + + |+ 5,67 |9
"1 + + + + + + + + + 7,57 |9
#50 "2 + + + + + 2,65 |5
"1 + + + + + + + + 522 |9
#51 """+ + + + + + + + + 6,35 |9
"1" ]+ + + + + + + + 5,16 |9
#52 """+ + + + + + + + + 508 |9
"1" ]+ + + + + + + + + 538 |9
#53 A + + + + + + 393 |6
" + + + + + + + 592 |7
#54 nyn + + + + + + + + + 8,69 |9
T+ + + + 23 |4
#55 nmn + + + + + + + + + 521 |9
"1" ]+ + + + + + + + + 813 |9
#56 | "2" | + + + + + + | + + 7,58 |8
" + + + + + + + + + 8,19 |9
#57 """+ + + + + + + + + 573 |9
" + + + + + + + + + 598 |9
#58 """+ + + + + + + + + 8,96 |9
"1" ]+ + + + + + + + + 6,46 |9
#59 | " + + + + + + + + + 544 |9
#60 "1 + + + + + + 393 |6
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2"+ + + + + + + 6,03 |7
"1" + + + + + + + + 7,52 |8
#61 " + + + + + 3,79 |5
"""+ + + + + + + + + 831 |9
#62 " + + + + + + + + + 545 |9
e + + + + + + 3,56 |6
#63 vvzvv + + + 0,69 3
"1" + + + + + 4,72 |5
#64 | "2" | + + + + + + + + + 503 |9
"+ + + + + + + + + 51 |9
#65 A + + + + + + + 6,89 |7
"1" ]+ + + + + + + + + 834 |9
#66 A + + + + + + + + + 522 |9
"1" + + + + + + 5,67 |7
#67 "+ + + + + + 361 |6
"1 + + + + + 438 |5
#68 | "2" + + + + + 495 |5
"+ + + + + + + + 574 |8
#69 A + + + + + + + + + 527 |9
"1" ]+ + + + + + + + + 881 |9
#70 | "2 + + + + + + + + 51 |9
o + + + 2,76 |3
#71 X + + + + + 3,5 5
"1 + + + 2,6 |3
#72 "2 + + + + + 4,66 |5
"1" |+ + + + 1,28 |4
#73 A + + + + + + + + 5,80 |8
"+ + + + + + + + + 509 |9
#74 X 4 + + + + 3,68 |5
K + + + + + + + 429 |7
#15 "2" |+ + + + + 4,15 |5
"1" ]+ + + + + + + + + 802 |9
#76 "2 + + + + + 436 |5
"1 + + + + + 2,67 |5
#77 A + + + + + + + + 502 |9
"I+ + + + + + + + + 6,63 |9
#78 | "2" + + + + L1 |4
"1" ]+ + + + + + + + + 8,06 |9
#79 " + + + + + + + + + 8,41 |9
"1 + + + + 3,34 |4
#80 " + + + + + + 5,78 |6
"1+ + + + + + 426 |6
#81 " + + + + + + 428 |6
"1 + + + + + 3,66 |5
#82 "2" + + + + 2,89 |4
"+ + + + + + + + + 533 |9
#83 " + + + + + + + + + 526 |9
" + + + + + + 444 |6
#84 "2" + + + + + + + + 6,81 |8
"1 + + + + + 3,80 |5
#85 "2" |+ + + + + 423 |5
"1 + + + 1,01 |3
#86 non + + + + + + + + + 5,68 |9
e T + T + + + + 6,64 |7
#87 """+ + + + + + + + + 596 |9
"1 + + + + 3,36 |4
#88 A + + + + + + 526 |6
#89 "1" ]+ + + + + 3,65 |5
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B Ta6nuna 4.8 u 3a 1Bara BapuaHTa ca IOCOYEHH Opoil Ha peayLupaHuTe MpU3HALU U
CHOTBETHHS OpON yUYaCTHHIIU.

Tabmuma 4.8 Bpoii cpemanns Ha peaynupaHu IPU3HAIN

Bpoii Ha Bpoii Ha
Bap. peayuMpaHu Bpoii Bap. peayurpaHu Bpoii

NPU3HALH Y4acTHHIIM NPU3HALH YYACTHHIH

“1” 9 42 “2” 9 48

“1” 8 5 “2” 8 9

“1” 7 7 “2” 7 4

“1” 6 12 “2” 6 10

“1” 5 14 “2” 5 15

«“1” 4 5 “2” 4 3

“1” 3 4 “2” 3 0

Bmxna ce, 4e € MoCTUTHATO 3HAYMTEITHO peayIupane Ha Opost Ha TIPU3HAINTE, TTOHEKE
I'bpBOHAYATHUS UM Opol (paBeH Ha 13) ce peayuupa 10 9 3a OKOJIO MOJTOBUHATA YUYACTHUIIN U
npu ABara BapuaHTa, a 3a 30% oT yuacTtHunurte (26 nymM) ¥ NpU JBaTa BapuaHTa Ce
HamansiBa A0 S5 wiu 6 npusHaka. [Ipu mambk Opoil y4acTHUIM MPHU3HAIUTE AOCTUTAT OpOH,
no-Mabk oT 5 (3a Bapumant “1” — 9 gymu, a 3a Bapuant ‘“2” — camo 3). Te3u pesynraru
MOKa3BaT, Y€ MMbPBOHAYATHUAT Opoii MPU3HAILM Ce pelylHpa 3HAYUTETHO U € MO-MalbK MpH
W3IOJI3BaHe Ha HeyMenH (ammudukary 3a orpuniaresau npumepu (Bapuant “17).

Tabmuua 4.9 ceabpka 06001eHa nHOpMaIKs 3a BCEKH OT MOCTPOECHUTE MoJenu (C
HoMepa or 1 no 6) 3a Oaszara moamucu SUsig. Te ce pasznuuaBar Mo H3MOI3BAHUTE
OTpHIIATEIIHHU IPUMEPHU 32 00yUeHHUe U 1o Opos Ha MPU3HALIUTE.

3a BCEKHM YUaCTHHK CE M3BbpIIIBa OLIEHKA HA TOUHOCTTa 3a Bcsika HM no mertona Ha 10-
KpaTHaTa KpoC BajJMJalMs M OLIEHKA Ha TOYHOCTTa Ha BCEeKH Kiacudukatopu ANN 1o
LOOCYV, a 3a oxoHuaTeneH ce M30Mpa TO3M MOJEN M ChOTBETHATa CTOMHOCT Ha H wuiu k,
KOMTO JIeMOHCTpHUpa Hai-BuCOKa TouyHOCT. B Tabmuma 4.10 ca mocodyeHn mapameTrpure Ha
Taka U30paHUTEe MOJIEIH 32 BCEKU YUACTHUK.

Tabnuya 4.9Iapamempu na modenume 3a 6azama SUsig

Bpoii npusnaum Bpoii Bpoii nommpasesn Bpoii Bpoii
# Ha (BXOMHH co0CTBEeHH CKPUTH cheeau
MOANHCH
MozeJI HEBPOHM) NOANKUCH Hesponu H k
1 001y npu3Hanu
Crnyuaii
2 Bapwuanr “1” 15 meymenu «p
3 9
Bapuant "2 8 mim 10 or 1 mo5 1 v 3
4 Bapuanr “2”
5 o 9 meymenu u 6 | Cirygait
BapI/IaHT 1 yMenu wy»
6 Q6L IPU3HALH
Tabnuya 4.10 Oxonuamenrnu modenu 3a ecexu yuacmuux om SUsig
Yuact | Ne na uzopan | bpoii ckputu | Tounoct mo 10- | Ne na nzopaun Bpoii TounocT
HUK mones 3a HM | HeBponu H | kpatna CV (%) | monea 3a KNN | cbeenu & o
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LOOCV
(%)
#1 1 5 100 2 1 100.00
#2 3 3 98.33 4 1 95.65
#3 5 5 93.7 5 3 86.96
#4 4 2 95.93 3 1 92.00
#5 2 5 98.89 2 1 96.00
#6 4 4 98.15 5 1 100.00
#7 3 4 97.41 5 1 95.65
#8 1 3 97.41 4 3 86.96
#9 5 2 98.89 4 1 96.00
#10 4 4 99.07 2 3 96.00
#11 6 2 98.52 3 1 92.00
#12 6 1 99.63 5 1 92.00
#13 1 1 93.33 5 1 96.00
#14 2 3 99.26 2 3 100.00
#15 2 4 99.26 2 3 100.00
#16 2 2 99.07 2 1 100.00
#17 3 1 97.78 3 1 100.00
#18 2 1 96.48 2 1 92.00
#19 5 4 99.63 5 1 100.00
#20 6 3 97.78 5 1 95.65
#21 1 5 99.26 1 1 100.00
#22 5 5 97.41 2 1 95.65
#23 1 3 90 4 1 80.00
#24 5 3 98.7 2 1 96.00
#25 2 2 97.78 4 1 100.00
#26 4 2 97.22 4 1 100.00
#27 2 4 97.78 5 1 96.00
#28 2 2 98.89 4 1 96.00
#29 2 4 99.63 4 1 96.00
#30 3 3 97.04 4 1 92.00
#31 6 3 99.44 4 1 100.00
#32 2 2 98.15 5 1 100.00
#33 4 4 98.15 2 1 91.30
#34 2 2 97.96 2 1 91.30
#35 6 4 97.04 4 1 91.30
#36 2 4 99.44 2 1 95.65
#37 2 5 98.33 5 1 92.00
#38 1 2 99.63 2 1 100.00
#39 4 3 98.52 1 1 100.00
#40 2 2 94.07 5 1 88.00
#41 1 5 98.89 3 1 100.00
#42 2 4 98.52 2 1 96.00
#43 4 2 99.26 3 1 96.00
#44 4 2 97.59 4 1 100.00
#45 3 5 96.3 5 1 92.00
#46 1 5 96.67 2 3 92.00
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#47 3 2 99.26 2 1 100.00
#48 4 4 97.41 4 1 86.96
#49 2 2 100 3 1 95.65
#50 1 3 97.04 3 1 96.00
#51 1 3 97.96 2 1 96.00
#52 2 3 99.44 1 1 100.00
#53 3 4 97.59 2 3 96.00
#54 3 4 96.11 2 1 92.00
#55 5 3 99.07 5 1 100.00
#56 5 4 98.52 5 1 92.00
#57 6 5 99.44 3 1 100.00
#58 6 4 91.67 2 1 76.00
#59 2 4 99.63 5 1 100.00
#60 6 2 96.3 5 3 88.00
#61 2 4 98.33 5 1 100.00
#62 6 2 97.59 4 1 96.00
#63 6 2 99.44 5 1 100.00
#64 3 5 99.07 2 1 100.00
#65 2 5 98.52 3 1 100.00
#66 1 2 99.26 3 1 100.00
#67 3 3 99.26 2 1 100.00
#68 2 2 98.7 3 1 96.00
#69 3 4 98.33 3 1 100.00
#70 5 2 100 4 3 95.65
#71 3 5 95.56 4 1 96.00
#72 1 2 99.44 2 1 100.00
#73 2 4 100 2 1 100.00
#74 4 4 99.63 4 1 100.00
#75 2 5 97.22 2 1 96.00
#76 4 5 92.78 6 3 84.00
#77 5 3 95.93 5 1 95.65
#78 2 5 98.52 3 1 100.00
#79 2 4 95.19 2 1 92.00
#80 4 2 97.96 4 1 96.00
#81 6 5 97.96 5 1 100.00
#82 4 4 99.63 4 1 100.00
#83 3 4 100 3 1 100.00
#84 2 1 98.89 3 1 100.00
#85 2 2 97.78 2 1 100.00
#86 1 5 96.85 4 1 100.00
#87 4 1 96.48 1 1 100.00
#88 4 3 100 1 1 100.00
#89 4 3 99.63 4 1 100.00

CpaBHeHue HA TOYHOCTTA HA KiIacupukaropute HM u kNN
Ilenta Ha cpaBHEHHMETO € J1a c€ MPOBEPU KaK M30paHUAT MOAXOJ 3a MOCTPOsSBaHE Ha
knacudukarop (HM) ce choTHacs KbM JAPYTH IIUPOKO M3IMOJI3BaHM Kiacudukaropu. Ilpu
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MaJIK{ M3BAJIKH, KOTaTo ONTUMATHH B CTATHCTUYECKH CMHCHI MOAXOAM, HE Ca MPHIOKUMH,
Hal-4eCTO C€ M3IMOJI3BAaT €BPUCTUYHM TOAXOAM KaTto k — Hail-Onmm3ku cheenau. Crenma ma ce
oTOEJIeXKH, Ye TP ToJIsIM Opoii HaOMIOAEHUS U TOISIMO & TO3M TIOAXOJI € KBa3W ONTUMAJIEH, T.C.
BOJIM JI0 TIOJTy4aBaHE Ha Kiacudukarop, Oau3bKk 10 onTuMainHus belicoB knacudukarop. B
Tabmumm 4.10 — 4.12 ca nageHu pe3yaTaTure OT MPOBEICHOTO H3CIIE/IBAHE.

Cpennara ctoiiHOCT Ha TouHOCTTa Ha HM, oneHena 3a Bcuuku ydactHunm ot SUsig
1o n3bpanHuTe 3a TAX Mojenu upe3 10-kparHa Kpoc-Banuaanus, € paBHa Ha 97.95%. Cpennara
CTOMHOCT Ha TouyHOCTTa Ha kNN, oleHeHa 3a BCcHuku ydacTHHIM OT SUsig mo u3dpaHuTe 3a
ax monenu upe3 LOOCV, e paBHa Ha 96.13%. Te3u pesynTaTu moka3par MpEeIUMCTBO 3a
HEBpOHHATa MpeXka. 3a oTOensA3BaHe e, ue Hal-700pu pesyaTtatu 3a ANN ce moiydaBaT IpH
k =1 3a 79 norpebutenn nmm 89% oT ciyuaute. 3a M3UMCICHUTE CPEIHU CTOHHOCTH U
CPEIHOKBAIPAaTUYHU OTKJIOHEHHS € M3UMCIIEHAa CTOMHOCTTA Ha f-ctaructukara t = 3.29. Ilpu
176 crenenu Ha cBOOOAA Ta3u CTOMHOCT € 3HauYuMa ¢ BeposaTtHocT 0.99.

3aBHCMMOCT HA TOYHOCTTA Ha BepuUKANUsA OT MOAMHOKECTBOTO NPH3HAIKA 32
pa3no3HaBaHe U BUAA GaaIuBU MOANUCH 32 00y4YeHHe

Nzcnensanero uma 3a 1en (1) ma ce omeHu edexra OT peaylupaHeTo Ha Oposi Ha
MPHU3HAIIITE BBPXY TOYHOCTTA Ha Kiacudukanusara (2) ga ce m3cie[Ba 3aBUCHMOCTITA Ha
TOYHOCTTAa Ha Kiacu(uKauusg OT BUAA (QaJIMBU NOIMNCH, U3MOJI3BaHU 3a OOydeHue Ha
knacupukaTopuTe. 3a eNTa U34HCIsBaMe CPEIHHTE CTOWHOCTH Ha OlIEHEHaTa TOYHOCT MO
Hai-mo0pute Mogenu 3a HM (Tabmuma 4.11) u kNN (Tabnuma 4.12), cpenHaTa TOYHOCT 110
OO mpu3Hay, 1o npusHauu ot BapuanT “1” u no npusHamm ot Bapuanr “2”.

Hannute ot Tabnuma 4.11 moka3sat mo-rojsiMa TouHocT Ha HM npu u3non3Bane Ha
uHANBUAyanHuTe mnpusHauu (Bapuant “1” um Bapuant “2”) chnpsiMo TOYHOCTTa MO OOIIH
MIPU3HAIM KaTo ce HaOJo/1aBa peBec Ha TOYHOCTTA M0 npu3Hauu ot Bapuant “1”. TounocTTa
no Bapuant “1”, Cayuaii “1” (Heymenu ¢anmmudukatu 3a o0ydyeHue) Ha/lBUIIaBa TOUHOCTTA
no Bapuant “2”, Cnyyait “2” (ymenu u Heymenu Qanmmdukate 3a o0ydeHune).

Tabnuya 4.11 Tabnuya cvc cpedHu CMOUHOCMU HA OYEHEeHAma MOYHOCM O Hali-0obpume modenu na HM

OO0mm npusHanu | Bapnant 1 | Bapmant2 | CpeaHa To4HOCT
Bpoii cryuan
. 97.36 98.36 97.85
Caryuaii 1 (Moden 1, (Moder2, | (Moder 3, 97.99 53
13 cnyuas) 27 cayuas) 13 cnyuas)
. 97.71 97.98 97.96
Cayuaii 2 (Moden 6 (Moder 5, | (Moder 4, 97.89 36
11 cayyas) 9 cayuas) 16 cayyas)
Cpenna
TOYHOCT 97.52 98.27 97.91 - -
Bpoii
ciIydan 24 36 29 - 89

[lpu npunarane Ha kinacupukarop ANN Tabmuma (4.12) TouHOCTTAa MO OOIMIUTE
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MPU3HALIM HAJBUILIABA Ta3u MO MHAMBHUIAyanHuTe. TouHoctra nmo Bapuant “27, Cioyuait “1”
(reymenu dammmdukaty 3a 00ydeHne) HaJBUIIIaBa TOYHOCTTA o Bapuant “2”, Cnyuait “2”

(ymenu u Heymenu Qanmmdukaty 3a o0ydeHue).

Tabnuya 4.12 Tabnuya cvc cpedHu CMOUHOCMU HA OYEeHEeHama MOYHOCH No Hatl-0oopume modenu Ha kNN

OOmu npusHanu | Bapuant1 | Bapnant2 | Cpeana To4HOCT
Bpoii cryyan
. 100 95.92 97.84
Coyaaii L ronen 1, (Mooer 2, | (Mooer3, | 96.97 47
5 cnyuas) 27 cnyuas) 15 cnyuas)
. 84 95.5 95.45
Cayaait 2\ (voen 6, (Moder 5, | (Mooen 4, | 95.20 02
1 cnyuan) 20 cnyuas) 21 cnyuas)
Cpenna
TOYHOCT 97.33 95.74 96.45 - -
Bpoii
cayyan 6 47 36 - 89

CpaBHeHneTo Ha cpefaHara ToyHOCT Mexay HM u ANN mo oOu m MHIUBHIyaTHU
IIPU3HALY [10Ka3Ba IIPEBb3X0ACTBO Ha HM.

Bbpost Ha u3bpanute monenu, ooydeHu ¢ Heymenu dammmdukaru (Coyuaid “17), ce
cpelia IMpH IOBeYe OT IOJIOBMHATa ydyacTHUIM. Toil e paBeH Ha 53 (mpu 60 % ot
yuactHuiute) 32 HM u paBen Ha 47 (npu 53 % ot ywactHuuute) 3a KNN. Bposar Ha
n30paHUTe MOJEeNM, MOCTPOCHHU N0 Mpu3HalM oT Bapuant “1” e Hail-romsim 3a HM (3a 36
yJacTHHUKa), KakTo 1 32 kNN (3a 47 yyacTHHKA).

IocTposiBane Ha kiaacupuxkarop HM u ANN mno usbpanure Mogeau 3a BCEKH
norpeouTe

B Tabmuna 4.13 ca mokazaHu pe3yaTaTuTe OT OlLEHKaTra Ha TOPHUTE KIACH(PHUKATOPH
BBPXYy €aHH U cbhiy u3Bagku ot 830 cobctBeru u 890 dammmeu nmoamucu. Okomo 70% ot
MOJIITUCHUTE CE MU3IOJI3BAT 32 MIPOCKTHpaHe Ha KiacuukaTopa, a octananure 30% 3a TecTBaHe.
[Ipu HeBpoHHUTE MpEXH 3a O0yueHHE ca M3MOJ3BaHMW MO 3 uiu 4 COOCTBEHM Toamuca u 7
¢danmuBy, a BATHIAUATA € U3BBPIICHA BBPXY 2 WU 3 cOOCTBEHU U 3 (hanimBH MOAMKCA 32
BCEKH TOTpeOuTesn. TecTBaHETO € M3BBPIICHO BBPXY 3 COOCTBEHH W S5 (hammuBH Mmojamwuca.
[Tpu 9-xparHa WHULMATU3ALMS € H30paHa Ta3u HEBPOHHA MpPEXka, 3a KOSATO € MOTydYeHa Haid-
nobpa omenka. 3a ANN ca u3non3Banu 5 wim 7 coOctBenn noanuca u 10 ¢anmmBy, a 3a
TecTBaHe — 3 coOcTBeHU U 5 ¢anmuBu. Paznukara B 6pos U3M0I3BaHU COOCTBEHU MOIIMKCH 32
oOy4eHHe ce TBJDKU Ha Pa3IudHUs Opoi ChbOpaHH IMOIIUCU OT BCEKH ydacTHUK. B Tabnwmia
4.13 3a CbOTBETHHUTE MOJEIHU 32 BCEKH YYaCTHUK Ca IMOCOYEHH CTOMHOCTUTE Ha mpar Ha HM,
HOMEpa Ha MHULMAIU3alus Ha Teriara, croiiHoctd Ha FAR, FRR u rounoctra mo HM u ANN.

Tabnuya 4.13 Oyenxa na kauecmeomo Ha kracuguxayus ¢ HM u kNN 3a ecuuku yuacmuuyu

Ne na
YuyacTHuK g{pl\a/l[l; MHHUIHA FAR FRR | Tounoct FAR FRR TouHocT
Ju3anus (HM) | (HM) no HM (kNN) (kNN) no kNN
#1 0.82 7 0 0 100 0 0 100
#2 0.82 6 0 0 100 20 0 87.5
#3 0.77 4 0 0 100 0 0 100
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#4 0.83 5 0 0 100 0 0 100
#5 0.92 3 0 0 100 0 0 100
#6 0.92 2 0 0 100 0 0 100
#7 0.82 2 0 0 100 0 0 100
#8 0.81 4 0 0 100 20 33.33 75

#9 0.92 1 0 0 100 0 0 100
#10 0.92 7 0 0 100 0 0 100
#11 0.91 3 0 0 100 0 0 100
#12 0.87 4 0 0 100 0 0 100
#13 0.92 2 0 0 100 0 66.67 75

#14 0.82 8 0 0 100 0 0 100
#15 0.81 9 0 0 100 40 0 75

#16 0.82 7 0 0 100 0 33.33 87.5
#17 0.77 4 0 0 100 0 33.33 87.5
#18 0.92 6 0 0 100 0 33.33 87.5
#19 0.82 9 0 0 100 0 0 100
#20 0.8 9 0 0 100 0 0 100
#21 0.82 9 0 0 100 20 0 87.5
#22 0.86 2 40 0 75 0 33.33 87.5
#23 0.9 1 0 0 100 40 0 75

#24 0.92 2 0 0 100 0 33.33 87.5
#25 0.92 2 0 0 100 20 66.67 62.5
#26 0.92 3 0 0 100 40 0 75

#27 0.91 7 0 0 100 20 33.33 75

#28 0.92 1 0 0 100 0 33.33 87.5
#29 0.91 3 0 0 100 20 0 87.5
#30 0.82 1 40 0 75 60 66.67 37.5
#31 0.92 7 0 0 100 0 0 100
#32 0.3 6 0 0 100 0 0 100
#33 0.8 1 0 0 100 40 33.33 62.5
#34 0.82 8 0 0 100 20 0 87.5
#35 0.82 6 0 0 100 0 33.33 87.5
#36 0.82 5 0 0 100 0 0 100
#37 0.85 5 40 0 75 0 66.67 75

#38 0.82 4 0 0 100 0 0 100
#39 0.92 4 0 0 100 0 0 100
#40 0.3 2 0 0 100 0 66.67 75

#41 0.92 8 0 0 100 0 0 100
#42 0.91 8 0 0 100 0 0 100
#43 0.92 9 0 0 100 0 33.33 87.5
#44 0.91 9 0 0 100 20 0 87.5
#45 0.87 8 0 0 100 0 33.33 87.5
#46 0.91 8 0 0 100 0 0 100
#47 0.92 4 0 0 100 0 0 100
#43 0.82 1 0 0 100 40 33.33 62.5
#49 0.81 1 0 0 100 0 0 100
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#50 0.89 9 0 0 100 0 0 100
#51 0.91 1 0 0 100 20 0 87.5
#52 0.82 3 0 0 100 0 0 100
#53 0.91 2 0 0 100 0 33.33 87.5
#54 0.83 2 0 0 100 0 33.33 87.5
#55 0.82 3 0 0 100 0 33.33 87.5
#56 0.38 5 0 0 100 0 33.33 87.5
#57 0.92 3 0 0 100 0 0 100
#58 0.89 5 40 0 75 40 66.67 50

#59 0.92 4 0 0 100 0 66.67 75

#60 0.87 2 0 0 100 40 0 75

#61 0.91 7 0 0 100 0 33.33 87.5
#62 0.92 1 0 0 100 20 33.33 75

#63 0.9 5 0 0 100 0 100
#64 0.81 4 0 0 100 0 100
#65 0.85 5 0 0 100 0 0 100
#66 0.92 3 0 0 100 60 0 62.5
#67 0.91 7 0 0 100 0 0 100
#63 0.91 8 0 0 100 0 33.33 87.5
#69 0.82 9 0 0 100 0 0 100
#70 0.82 2 0 0 100 0 0 100
#71 0.75 5 0 0 100 0 0 100
#72 0.92 1 0 0 100 0 0 100
#73 0.92 3 0 0 100 20 33.33 75

#74 0.92 1 0 0 100 0 33.33 87.5
#75 0.87 4 0 0 100 0 0 100
#76 0.9 6 0 0 100 0 0 100
#T7 0.82 2 0 0 100 0 0 100
#78 0.88 9 0 0 100 0 0 100
#79 0.86 9 0 0 100 20 0 87.5
#30 0.65 3 40 0 75 20 33.33 75

#81 0.92 4 0 0 100 0 33.33 87.5
#82 0.82 8 0 0 100 0 33.33 87.5
#83 0.81 5 0 0 100 0 0 100
#84 0.9 8 0 0 100 0 0 100
#35 0.9 6 0 0 100 0 0 100
#86 0.92 7 0 0 100 20 0 87.5
#87 0.78 2 0 0 100 0 0 100
#88 0.92 9 0 0 100 20 0 87.5
#39 0.82 3 40 0 87.5 20 0 87.5

[TonyyenuTe CTOMHOCTH 3a CpelHATa TOYHOCT, JTBKIUBO MOJOKUTEITHUTE U JTHXKIUBO
OTPHULIATEITHUTE OTTOBOPH 3a HEBPOHHATA Mpexa ca chOTBETHO 98.46 %, 2.70 % u 0 %, a 3a
kNN — 89.47 %, 8.09 % u 14.61 %. Te moka3BaT MpeBH3XOACTBO HAa HEBPOHHATa MpEkKa
cupsmo kNN knacudukaropa. M3uncienara cTOWHOCT Ha t-craructukara t = 5.98 mokassa
3Ha4YMMa pas3iuka ¢ BepostHocT 0.99.

CpaBHeHHe Ha pe3yJITaTHTe € Te3W OT APYI'H aBTOPH
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Bwpxy cbmmara 6a3a pannu 3a noxmucu SUsig e HpoekTHpaH Kiacu(ukaTop OT
aBropure Yanikoglu n Kholmatov 3], xoito e oueneH ¢ 1.64% FRR u 1.28% FAR.

B [13] ca TecTBaHM pa3nuYHU apXUTEKTypU Ha HEBPOHHU MPEXKH 3a BepuUKAIMsI Ha
noanuc. Haii-noOpuar nonyuen excrnepumentaneH pesynrar € 2% FAR u 1.3% FRR 3a
MHOTOCJIOEH MEPLENTPOH C eIUH CKPUT CIOoW. BbB BCHUKUTE EKCIIEPUMEHTH Ca HU3IOJI3BaHU
o 5 moanuca OT BCEKH MOTpeduTel 3a o0yueHue u 41 rmobaaHu mpu3HaIK Ha BXOJA.

B [37] e mpencraBen knacuduxarop ANN 3a od-naitn mommucu. CroliHOCTTa Ha
TOYHOCTTa € OLIEHEHa 4pe3 Kpoc Baiupamus U € paBaH Ha 97.47%. B [38] u [39] ca
npenctaBeHu kinacudukaropu KNN 3a od-naifH MOAMHUCH, 32 KOUTO € MOCTHUTHATa TOYHOCT
¢b0TBETHO OT 70% 1 78%.

Taka mpencTaBeHUTE B AMCEpTalUATa KiIacu()UKATOpU MMaT OLIEHKU CXOTHH C TE3H,
KOWUTO C€ Cpeular B JIMTepaTypara ¢ M3MOJI3BaHe Ha ChlllaTa 0a3a JaHHU 3a MOAINUCH, KAKTO U
ChC CHIIUTE MO BUJ KIACH(PHKATOPH.

4.5 Pesyararu B InaBa 4

OT npoBeneHUTE EKCIIEPUMEHTH 3a M300p Ha Hal-WH(POPMATUBHO MOJMHOXKECTBO OT
MpU3HAIK OT coOcTBeHara 0asza oT moamucu W Oa3ara SUsig, KakTO M 3a TOYHOCTTA Ha
Bepu(duUKauaTa, MOTaT Ja C€ HAMPABAT CIICAHUTE U3BOU:

1. IlocmenoBaTenHOTO HM3MNOJ3BAaHE HA METOJA HA KOPEJIALMOHHUTE IUICAIA W
perpecuoHHus noaxox, ocHoBaH Ha Cp kputepus Ha Mallows, Boiu 10 ChIIECTBEHO
HaMaJsiBaHe Ha Oposi Ha HEOOXOIMMUTE MPU3HALU (IPUOIU3UTENHO 1B IBTH).

2. 3a BCeKM OT YYAaCTHULIUTE B EKCIIEPUMEHTHTE CbILECTBYBAa CIELHUPHUHO
MOJMHOKECTBO OT IMPH3HAIIM, KOETO OMHCBA Hai-100pe CHBKYMHOCTTa OT HETOBHTE
HNOJANUCH WM C JAPYTM JyMH, HE CBILECTBYBa MOJMHOXECTBO OT IMPHU3HALM, KOETO
eIHaKBO J00pe Ja pasrpaHHyYaBa BCEKH OT YYACTHHUIIMTE. 32 HAKOM OT YYAaCTHHIIUTE
MH/IMBUAYATHOTO MOAMHOECTBO C€ ChCTOM OT 3-5 MpU3HaKa.

3. Tlo-3Haumrenna penykuust B Oposi Ha NPU3HAIUTE CE IMOJydaBa INPH W3IOJI3BaHE HA
Heymenu ¢anmudukary (Bapuant “1”) kaTo OTpHULIATETHHA IPUMEPH.

4. Penyxnusita Ha Opos Ha MPHU3HALUTE MPU HEBPOHHUTE MPEXKH BOIH JI0 TTOBUIIIABAHE
Ha TOYHOCTTa Ha Bepuukauus, gokato mnpu kNN ce HabmogaBa HaMmassiBaHEe Ha
TOYHOCTTA.

5. OOGyuenute ¢ Heymenu Qanmupukaru knacupukatopu (Ciyuait 1) Boaar mo mo-
noOpH pe3yiTatd B CpaBHEHHE C OOYUYEHHUTE ¢ yMelIH W Heymenu (ammuduraru
(Cryyait “2”).

Te3u wu3BOOM BOAAT A0 CIEIHUTE MPENOPBHKU 3a MpHJIAraHe Ha WU3JIOKEHHUS B
JTUCEepTaIlMOHHATa paboTa KOMOMHUPAH METO/I 32 BEpU(PUKALIUS 110 TTOJIITHC:

1) na ce penyuupa 6pos Ha MPHU3HALUTE C MOCIEIOBATETHO MpUIaraHe Ha METo/a Ha
KopenarmonHuTe 1wiesian u Cp kputepus Ha Mallows;

2) Jla ce oOyuar xiacudukaropu mo HM c¢ usnon3Bane Ha Heymenu QammudukaTi 1
Ia ce u30epe Hall-TOYHHMS OT TAX 32 BCEKH KOHKPETCH YUaCTHUK.
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I'maBa 5. CodryepHo npusioxeHue
Ilera rmaBa BKJIIOYBA CJICAHUTC pa3aciin.

5.1 ba3u ot 1aHHHU 32 MOANKUCH

ExcniepumenTtute ¢ kiacugukaTopy 3a BepHUPHUKAIUS MO MOAMUC Ca U3BBPIICHU BHPXY
0a3aTa JaHHW 3a IMOJAINHCH, ChOpaHa 3a IeNTa, KAaKTO W BBPXY IyOJUYHO JOCTHITHATa 0asza
nanau 3a noamucu SUsig.

5.1.1 CrOupaHe HA OAMUCH

[Tonmucure ce chOupaT MOOMIIHO C TIOMOIITA Ha JanTom u rpaduyeH tadbner Wacom
Intuos3 A5 PTZ-630 [61], koliTo 1aBa BB3MOXKHOCT 3a BH3yaJlHAa 00paTHa Bpb3Ka U MO3BOJISIBA
MHACAHETO KaKTO ChC CTaHAAapTHA MHUCAJKa 3a TabneT (grip pen), Taka U C MHUCAIKA C MAaCTUIIO
(inking pen), ¢ KOSITO MOXE J]a Ce MHUIIE 10 CTAaHAAPTEH HAYUH BBPXY JIUCT, IOCTABCH BHPXY
TabyieTa KaTo ChIIEBPEMEHHO CE€ MOoJydyaBa M JUHAMH4YHATa MHGOpMAIMs 3a BCSKa TOYKa OT
TpaeKTOpHsATA Ha MOJITUCA, KOSITO CE 3aMKCBa B Ch3a/IeHaTa 06a3a TaHHU 3a TOAIHCH.

VYyactauiute B exkcriepuMmeHTuTe ca 8 koieru ot cexkuus “OCPO”- BAH ¢ paznuuna
BB3pacT W TMOJN. BCekn OT TIX NEMOHCTpUpAa WHIUBUAYaJCH CTHJ Ha MOJIMUCBaHE, Taka
MOJNUCUTE Ha HSAKOU OT yYaCTHUIUTE MPEICTaBIIABAT Hepa3zOHpaeMu LIPUXHU, a HA JPYTH
YETHM U CTETHAT MOYEpK.

Lenra Ha mpoTokona 3a chOMpaHe Ha MOAMKHCH € ONHWCAHMETO Ha Ipoleca U
JETAMIUTE MO MPAKTUYECKOTO ChOMpaHe Ha 0o0pasly Ha MOMIMUCH, KOETO C€ W3BBPIIBA C
rpadgudeH TabiaeT ¢ MoMOIITa Ha pa3pabOTeHOTO 3a 1eyiTa COQTYEPHO MPHIIOKECHHE.

N Taka, Oposr Ha cnOpanute cobOctBeHu mnoamucu e 80 (mo 10 moammca oOT
nmoTpeduTen), a To3u Ha ymenure dammudukaru - 72 (o 9 moanuca 3a morpeduren).

5.1.2 Ba3u nannu 3a nognucu SUsig

bazara mannu 3a moamucu SUsig [24] e mpemocraBeHa OT yHHBepcuTeTra Sabanci
University — Typmust. Tst ce c¢bcToum OT aBe yacTt, choTBeTHO Visual m Blind. IIwspBara
ChIbpKa MOAMKMCH, CHOPaHU C MOMOIITa Ha TabieT 3a moAmucHu ¢ BrpaaeH ekpal Interlink
Elec. ePad. 3a Bceku motpebuten ce ceopann 20 coocTBeHu u 10 moampaBeHu MOANKCA, KaTo
UCTUHCKUTE ca chOpaHu B ABe cecud. bpost Ha yuactHunmre e 84. 3a cwrOupaHeTo Ha
noanmucute ot Bropara dacT (Blind) e m3non3san rpadpuanusTt tabiner Wacom Graphire2. C
Hero ca crOpanu no 8 wiu 10 cobctBenu u 10 moampaBeHH MOANKUCA B €HA CECHs 32 BCEKH
ydacTHHK. bposT Ha ydacTHHuuTe € 89. 3a HAKOM OT MOTpeOuTENUTEe OPOAT HAa CHOpAHHUTE
coOcTBeHH noanucu € 8, a He 10 u mopaau ToBa oOmMsT Opoit chOpanu moxamucu e 830. 3a
BCEKH OT ITOJIMCUTE, B OTIICIICH TEKCTOB (Daiisi, ce chabpka MHPOPMAITUS 32 KOOPIAMHATUTE X
U Yy, BpEMEBHU OTIEUaThK, HUBO Ha HATUCK W MHIWKATOp 32 Ha4daJlo Ha mpux. Bb3 ocHOBa Ha
MPEIOCTABCHUTE XapaKTCPUCTHKHU Ha TIOATMCHTE, CE IPECMITAT BPEMETPACHETO U IbJDKUHATA
( xato Opo¥t TOUKH) HA BCEKU E€AMH OT LIPUXUTE.

5.1.3 JImarpama Ha 6a3zara nannu 3a nognucu SUsig

5.2 Cpena 3a pa3padorka

5.3 Expannu

3akjaoueHue

B Hactosmara gucepranMoHHa pa®oTa € TNpPeIVIOKEH KOMOMHHMpaH METOA  3a
pa3no3HaBaHe Ha OH-JIAWH TOAINMKCH, KOHWTO € pealm3upaH B CO(TYyEepHO NpPUIOKEHHE.
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Pasrnenan e cmyuas Ha BepudUKalus Ha MOJIUC, TIOPAJH BCE MO-IIMPOKOTO MY U3IOJI3BaHE B
oOmecTBeHara mpakTuka. OOXBaHAaT € IEIUS TPOIEC IO Ch3JaBaHETO HAa CHCTEMa 3a
pa3no3HaBaHe MO MOANKUCU ¢ BCHYKH HEOOXOIMMH 3a IeNTa CTHIIKH, BKIIOYBAIIU HAH-00II0
chOMpaHe Ha TMOANMKMCH, W300p HA MPU3HAIM M Ch3JaBaHE HA MOJETH 3a BepHU(HUKAIIUA.
N3cnenBano e 3HAYEHUETO HA THUIA TMOANPABEHH (yMEIUM M HEyMeu) MOINUCH KaKTO 3a
n300pa Ha MPU3HAIM, TaKa U 3a camara Bepudukamnus. EKCiepuMeHTHTE ca MPOBEIACHU BhPXY
Ch3/1aJicHa 3a 1enTa 0a3a OT JaHHU 3a MOAMKCH OT OCEM y4acTHUKA, KAaKTO U BbpXy 0azaTa oT
nanHu 3a oanucu SUsig, chabpikama noanucu ot 89 ydyactHuka. [locTuraarure pesyaraTu
[0 BpEME Ha EKCHEPUMEHTHUTE NEMOHCTPHUPAT 3aJOBOJUTEIHA TOYHOCT HA Pa3lO3HABAHE OT
98,46 %. U3BbpiieHO € cpaBHEHHE Ha MOJy4YeHHUTE pesynaTtatu ¢ kiacupukatop HM u
KIacupuKaTop mo k-Haii-omu3ku cheenu. [1o TakbB HAYMH MOCTABEHUTE B JAHMCEPTAIOHHATA
paboTa ey 3a/1a4u ca U3IBJIHCHH HAIThJIHO.

Pa3paboTkure u n3cneaBaHUATa B 00JIaCTTa HA PA3MO3HABAHETO HA OH-JIANH MOIMUCU
1€ MPOBJDKAT U B ObJiele U 111e ObJaT HacoueHHU: 1) KbM yCHBBPIICHCTBAHE U TIOJ0OpsBaHE
Ha paboTara Ha cucTeMara Karo CTENEeH Ha aBTOMATH3alus M TOYHOCT; 2) TECTBAHETO Ha
CHUCTEMaTa BbPXY pa3du4HU 0a3W JaHHW W C W3IMOJ3BAHETO HAa JPYTH MpU3HAIM; 3) MOpaau
BCE€ MO-IIMPOKOTO HABIM3aHE HA TaKMBa CUCTEMHU B MPAKTUKATA U Bb3MOXXHOCTTA 32 U3MaMHU
BCE€ MO-YECTO III¢ Bb3HUKBA BBIIPOCHT 32 YCTAHOBSABaHETO Ha (anmmdukrata. B Ta3um Bpb3ka
OT rojsiMa mon3a mie ObJe M00aBSHETO Ha TEIEBHU3MOHHA KaMepa, KOSATO IIe OTYHTA
JOMBJIHATETHO XapaKTEPUCTUKUTE U JBMKECHUETO Ha phKaTa Ha momnucsamnus ce. OyepraBa
ce B3MOXKHOCT U 3a ChBMECTHa u3cienoBarencka padora ¢ excneptu ot HUKK npu MBP u
y4acTHe B HAIIMOHAIHHU U MEKTyHAPOIHU MPOEKTH.

ABTOpPCKa CIIpaBKa

Hay4yHo-npu/io;kHUTe NIPUHOCH €a:

- Ilpennoxen e moxxoa 3a MUHMMH3HMPAHE Ha IMPU3HAKOBO IPOCTPAHCTBO UpPE3
MOCJICIOBATEIHO MpWJIaraHe Ha MeETOo/a Ha KOPETAlMOHHWTE IUICAOH U
PErpCCUOHHUA aHaJIn3. C npujaaraHeTo My € IMOJIyUCHO MHUHHUMAJIHO
MOZIMHOYKECTBO OT TPU3HALM 3a BCEKH MTOTPEOHTEN, BKJIIOYEH B 0a3a JaHHM,

- Ilpennoxen e Merox 3a Ch3AaBaHEe Ha KIACH(PHUKATOp KaTO KOMOMHAIMS OT
WH/IMBUAYATHHU 32 BCEKH MOTPeOUTEN KiIacu(huKaTopH;

- Ilpemnoxen e 0000IIEH MPEXKOB MOJIEN Ha MpoIieca 3a OH-JIAHH BepuduKanus Ha
MHOAIINCH,

- V3BbpuIeHO € cpaBHEHHE Ha TOYHOCTTAa Ha BepU(UKAIMATA C HM3IIOJI3BAHETO HA
yMeNu 1 HeyMenu GanmudukaTy B mporeca Ha 00y4eHHETo;

- U3BbpmieHO € CpaBHEHHME Ha TOYHOCTTAa Ha BepH(UKalMATa IO OOIU U
WHAWUBUAYAITHU PU3HALIA.

IIpu1oKHHM IPUHOCH:

- Pa3pabotena e 6a3a JaHHM M IPOTOKOJI 32 CbOMpPAHE HA OH-JIAHH MOIUCH,

- Pazpaboren e mporoTMnm Ha codTyepHa cucTema, JaBamia BB3MOXKHOCT 3a:
no0aBsiHE Ha MOTPEOUTEN, THPCEHE HA JTaJICH MOTpeOuTeN, ChOMpaHe Ha MOJIUCH C
rpaduueH Tabier, mpeaBapuTenHa 00paboTKa Ha JaHHUTE 3a MOANKCH, U3BINYAHE
Ha TpHW3HAIKM, W300p Ha MPHU3HAIM, BU3yalHW3alyds Ha COOCTBEHH M (aIIuBU
MOJMKUCH, H300p HAa MOJIeN Ha KIIacCU(UKATOP U O0YUYEHUETO MY,

- Cp31a7eH € peYHHK HAa YacT OT CIEMU(PUYHUTE TEPMUHHU B pa3MO3HABAHETO Ha
00pa3u Ha OBITApCKU M aHTIUICKH €3HK.
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baaronapuoctu

W3ka3BaM CBOsITa ChpIEYHA ONarofapHOCT HAa HAYYHHS CH PBHKOBOTUTEN JOI. A-P
I'eopru I'myxueB 3a KOMIETEHTHUTE HAIBTCTBUS, MPOPECUOHATHUTE CHBETH U THPIEHHUETO,
OKa3aHU MpH pa3pabOTBAHETO HA AUCEPTALMOHHUS TPY/.

brnaromgapss u Ha KoJleruTe OT KOJIEKTHBA Ha cekius ~O0paboTka Ha W300paKeHUS U
pasmno3HaBaHe Ha o0pa3u’” ¢ pbKOBOmUTEN AOI. A-p Jumo JIMMOB 3a MpeAoCTaBIHETO Ha
o0pa3iy OT MOAMUCUTE UM, HEOOXOMMHU 32 IPOBEXK/IaHE HA YACT OT €KCIIEPUMEHTHTE.

bnarogaps Ha cerpyra u OJIM3KUTE MU 32 TIOJKpenara u pa3oupaHeTo, KOUTO
MposIBMXa 0 BpeMe Ha MosiTa paboTa.

PaGorata mo ngucepralMOHHUS TPyA € OCBHIIECTBEHAa C TMOJKpemnara Ha
[Tpoekt: BGO51PO001-3.3.04/40 mno OmnepatuBHa mporpama ‘“Pa3BuTHe Ha YOBEUIKH
pecypcu” Ha ECO u MOMH - Pemnybnuka bearapus.
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