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ENCODING OF NEURAL NETWORK MODEL EXIT SIGNAL,
THAT IS DEVOTED FOR DISTINCTION OF GRAPHICAL IMAGES
IN BIOMETRIC AUTHENTICATE SYSTEMS

Abstract. Article is devoted to a problem of enhancement of technologies of application of neural network
models for recognition of graphic images in the biometric authentication systems. It is shown that a significant short-
coming of modern technologies is the insufficient efficiency of training neural network models, which is associated
with the insufficient quality of statistical data processing. One of the important reasons of it is absence of correlation
between the expected output signal of educational examples and closeness of standards of the recognized classes. It
is offered to increase quality of educational examples due to use of the procedure of neural network coding of value
of the expected output signal of educational examples which allows to consider closeness of standards of the
recognized classes in this signal. The coding procedure of the expected output signal providing use of a probable
neural network is developed. Feasibility of application of a probable neural network is defined proceeding from low
resource intensity of its training. Besides, in its educational examples the expected output signal can be provided not
by number, but the name of the expected class. The appropriate mathematical apparatus is created. As a result of
numerical experiments it is shown that application of the developed procedure allows to reduce by 30-50% the num-
ber of the computing iterations necessary for achievement of the given error of training of a multi-layer perceptron
which is basic neural network model for recognition of graphic images in the systems of biometric authentication. It
specifies prospects of use of the proposed solutions for increase in efficiency of the neural network technologies
applied in the systems of biometric authentication.

Keywords: neural network model, training, educational example, biometric authentication.

Introduction. The proved ability of neural network models (NNM) to effectively approximate
multivariate table valued functions provided their broad application for recognition of graphic images in
the systems of biometric authentication (SBA) [1-3]. Though the practical experience of use of the known
neural network systems and the analysis of sources [4-20] specifies rather powerful scientific and practical
practices in this direction, but the same analysis specifies also insufficient learning efficiency of NNM
which are a basis of the specified systems. We will mark that in the modern SBA the greatest distribution
was gained by NNM like a two-layer perceptron, a convolution and deep neural network. In fact these
NNM are modifications of a classical multi-layer perceptron. Key parameters which define learning
efficiency of such models is time and an error of training [7-10, 21]. Values of these parameters directly
depend on quality of educational examples which in case of the given statistical selection shall be
provided due to different processing procedures of statistical data [15, 17].

Results [4, 6, 7, 16, 19] demonstrate that the majority of approaches to processing of statistics assume
performing procedures which only adapt parameters of educational examples to the look suitable for
application in NNM. At the same time [8] specify data that to reduce time and an error of training it is
possible due to reflection in the expected output signal of educational examples of closeness of standards
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of the recognized classes. In the same work [8] it is shown that it is possible to realize such display by
means of the procedure of expert assessment of closeness of the specified standards. However use of the
offered procedure is connected to need of involvement of highly qualified experts for specific application
area that in many cases is impossible. Also it is possible to apply algorithmic criterion for evaluation of
closeness of standards to implementation of display. However development of qualitative criterion
requires the considerable efforts. At the same time the task of assessment of closeness of a limited set of
standards can be considered in a perspective of use of low-resource neural networks for prospecting data
analysis [5, 12]. It is necessary to mark that for coding of an output signal of educational examples of a
multi-layer perceptron isn't found in the analyzed literature of researches of the low-resource neural
networks directed to creation of the procedure of application. Besides it is possible to formulate an output
that the majority of the modern scientific and practical operations are devoted or to questions of adaptation
of neural network architecture to conditions of an objective of recognition or questions of formation of
learning selection. So in robots [5, 10] the method of determination of optimum type of architecture of
NNM is developed. This work [11] is devoted to the task of enhancement of structure and an algorithm of
training of the multi-layer perceptron intended for use in systems of information security. The purpose of
the work [7] is development of models and algorithms for creation neuro indistinct genetic systems of
recognition of graphic images and its application for automation of operation of mail service. Within
implementation of a goal the modified model of the indistinct neural network intended for image
identification is developed and also it is developed modified genetic an algorithm of training of such
network. It is shown that application of the proposed solutions allows to reduce time of training of a neural
network. In work [4] is claimed that, the correct formation of learning selection often has crucial
importance in tasks of machine training. It is also shown that in the modem literature on machine training
in questions of formation of learning selection attention is almost not paid, the theoretical basis is
practically absent. Further in article different methods of formation of a leaming set are considered, their
advantages and shortcomings are analyzed. The list of possible errors when forming a leaming set is
provided, methods of adding of data in a learning set are considered. On the example of training of
decision trees importance of the correct formation of a learning set is shown. At the same time the
question of coding of the expected output signal remains open. The work [13] is devoted to survey
comparing of efficiency of image understanding by convolution deep neural networks, which parameters
of educational examples were set by experts, or were calculated with the help of the formalized
procedures. The hypothesis that when using multi-layer/deep neural networks, it is necessary to get rid of
a row of the ideas inherited from the past about manual separation of signs is made. It is specified that
beforehand it is necessary to initialize detectors of the first convolution layer algorithmically, in a special
way analyzing all turned-out patches patterns of the small-sized size "cut" from all reference images. After
that the found values of weight factors should be specified in together with training of the subsequent
layers of a network. Article [6] is devoted to development of a method of formation of representative
learning selection of images for training of a subsystem of automated recognition of objects of air
reconnaissance. The method assumes use of a convolution neural network. It is claimed that application of
the developed method allows providing a representativeness of learning selection at the expense of the
accounting of the parameters influencing results of recognition of objects on aerial photographs. In this
case the representativeness is understood as compliance of characteristics of learning selection to
characteristics of population of statistical data in general. In the done researches the accent is delivered
only on determination of the informative input parameters of educational examples.

Formulation of the problem. The purpose of the real research is development of the procedure of
application of low-resource neural networks for coding an output signal of educational examples of a
multi-layer perceptron, which at the expense of the accounting of closeness of standards of the recognized
classes allows increase efficiency of its training.

Development of coding procedure of the expected output signal. We detail the task of reflection
in an output signal of educational examples of closeness of standards on a specific example of neural
network recognition of uppercase printing letters of the Russian alphabet which are displayed in black
color on a white background. The classical coding procedure of parameters of standards of letters
illustrated with Figure 1 consists in sequential implementation of five stages.
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Figure 1 - Illustration of coding procedure

1. Every letter accommodates in a separate rectangle of the fixed size, which is partitioned into cells
by a grid chart. The quantity of these cells determines the number of input parameters of neural network
model. In Figure 1 this quantity is equal:

K=axb=11x10=110, €))
where a and b — height and width of a rectangle which describes a letter. Within a separate rectangle each
cell assigned certain number which corresponds to number of the entering parameter of neural network
model.

2. For a separate letter value of i-th input parameter is equal 1 if i-th a cell is filled in black color, and
is equal 0 in case it is filled in white color.

3. Letters registered and numbered in alphabetical order.

4. Number of a letter in the alphabet defines the raw value of the expected output signal of neural
network model. Thus, for a letter A the raw value of the expected output signal is equal 1, for aletter b - 2,
and for a letter JI - 13.

5. For each letter the raw value will be transformed to the look suitable for use in neural network
model. Depending on structure of neural network model are possible two options of conversion.

Option 1. The output signal of neural network model is defined by one output neuron. In this case for
a standard of n-th letter the expected output signal is determined using the following expression:

y(n)=y(n)/N=n/N )

where y(n) — the raw value of an output signal of a standard »-th letters, # — number of a letter in the
alphabet, N — quantity of letters in the alphabet.

Option 2. The output signal of neural network model is defined by a set of output neurons, which
amount is equal to quantity of letters in the alphabet. Therefore, for an educational example of a standard
n-th of a letter the expected output signal is defined so:

—ym)/n=1
y.(m)=ym)/n ’ 3)

V()= ym)—n=0,k=1,Nk=#n

where k - number of output neuron.

The basic lack of the described coding procedure is that the value of the raw expected output signal
defined at the fourth stage badly corresponds to geometrical closeness of the recognized images.

To solve this disadvantage, it was proposed to use the probabilistic neural network PNN to estimate
the proximity of the standards, in which educational examples the expected output signal represents not
number, but the name of a class [21]:

{x}K — Name, | )

where {X}K — a set of input parameters, Name, — the name of a class to which this educational example
belongs.

For an example in Figure 2 the structure of the PNN network which is intended for correlation of
unknown graphic images to one of three classes - A, B or C is shown. It is supposed that each of graphic
images is placed in a separate rectangle by the size of @ X pixels. The number of PNN inputs is equal to
the number of class features and is determined using (1).




Hseecmua Hayuonanenoti akademuu Hayk Pecny6auxu Kasaxcman

N\
e \
Wiat \

Wa a1 23 Ya1
|

Yoz

N [/

Q Lot

N\
©)

§| Y/

Figure 2 — Example of structure of the PNN network

The network consists of four layers of neurons: input - Ln,,, images — Ln,, adding — Ln, and a output
— Lngy. The number of neurons in the layer of images is equal to the number of training examples, and the
number of neurons of the summation layer is equal to the number of classes. The element of a layer of
images is connected only to that element of a layer of summing to which corresponds the class of an
image. When learning for links that are in the neuron of the image layer, the weight coefficients are set to
the same as the constituent parts of the corresponding learning vector. The weight coefficients of the links
entering the neurons of the summation layer and the output clement are equal to 1. Thus, all PNN
parameters are directly determined by the training data. The output signal of an arbitrary j-th neuron of the
image layer is calculated as follows:

_(Wk,j _xk)2
2

K
Hy = D exp , (3)
k=1 [0}

where X, — k-th component of an unknown image, W ; weight factor of communication between k-th

input neuron and j-th neuron of a layer of images, K — quantity of components of an input image, c —
radius of function of Gauss.
In neurons of a summing layer the linear function of activation is used. The output signal of »-th
neuron for summing layer (¥,) is calculated so:
£
2,
i=1

Y =4
I (©)

where I — amount of neurons of the images layer of connected to n-th neuron of a summing layer, y; —
activity i-th neuron of the layer of images connected to # neuron of a summing layer.

The value of ¥, is equal to the probability of assigning the input image to a class that corresponds to a
given neuron. The task of an output element is only determination of neuron of a layer of summing with
the maximum activity. Although the result of PNN recognition is only the name of the most probable
class, but the Y, values indicate the probability that an unknown input example belongs to one of the
recognizable classes.
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The offered procedure of use of the PNN network for coding of the expected output signal is as
follows:

— by means of expression (4) the set of educational examples which correspond to a set of standards
of the recognized classes is created,

— learning of a network is implemented;

— on an input of the trained network standards of the recognized classes sequentially move. For each
standard the help of expressions (5, 6) values of output signals of neurons of a layer of summing are

calculated.
The scaled values of these signals will also be the expected output signal for an NNM based on a

multilayer perceptron.
Will consider application of the developed coding procedure on a specific example of recognition of
8 abstract black-and-white figures shown in Figure 3.

NZAEL

Figure 3 — Recognized figures
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Each figure is written in a square 3x3 i.e. the number of input parameters of NNM is equal to 9. Each
figure is accepted in the form of a standard of the recognized class. With the help of the expression (4),
many input and output parameters of the training examples of these standards are formed. For example,
I= {0 0,0,1,1,1,0,0 O}‘ After that, the structure of the PNN network shown in Figure 4 was constructed.
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Figure 4 — Structure of the PNN network for recognition of the abstract figures

Application of the built network allowed is to carry out coding of an output signal for each of
standards. Value of these signals are provided to table.
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Value of the expected output signals

Output Name of references

signal F F, Fy F, Fs Fs F T
Yr 9,00 5,07 5,07 3,11 3,11 6,05 5,07 7,04
Ye, 507 9,00 507 7.04 311 6,05 507 311
Yrs 5,07 5,07 9,00 7.04 3,11 6,05 5,07 3,11
Yrg 3,11 7,04 7.04 9,00 5,07 4,09 3,11 115
Yes 3,11 3,11 3,11 5,07 9,00 0,16 3,11 5,07
Yrs 6,05 6,05 6,05 4,09 0,16 9,00 6,05 4,09
R 507 507 507 311 311 6,05 9,00 7.04
Yrs 7,04 3,11 3,11 1,15 5,07 4,09 7,04 9,00

For use of the received results in the educational examples oriented on neural networks with
sigmoidal function of activation it is necessary to carry out their scaling in the range [0,1]. It is for this
purpose possible to use shown in [5, 6] expression:

Y ™ Yin

Yy 7
ymax_ymm ’ ()

where y - the scaled value of an output signal, V;, - original value of a signal, Y ,cand Vi, - maximum

and minimum value of the original output signal.

After carrying out the appropriate calculations using (7), the obtained scaled values of the expected
output signals were used in the formation of training examples for a two-layer perceptron. The made
comparative experiments showed that use of such educational examples allows reduce by 30-50% the
number of computing iterations concerning examples in which the well-known coding is used. Thus, in a
basic case, proved can read prospects of application of the developed coding procedure.

Conclusion. It is shown that one of important shortcomings of application of neural networks
technology on the basis of a multi-layer perceptron for recognition of graphic images in systems of
biometric authentication of users is insufficient quality of processing of statistical data which are used
when forming parameters of educational examples.

It is offered to increase quality of educational examples due to use of the procedure of neural network
coding of value of the expected output signal, which allows to consider closeness of standards of the
recognized classes.

The coding procedure of the expected output signal providing use of a probable neural network is
developed. As a result of numerical experiments, it is shown that the application of the developed
procedure allows reducing by 30-50% the number of computational iterations necessary to achieve a given
error in the training of neural networks intended for recognition of graphic images in biometric
authentication systems.
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BUOMETPHUAIBIK AYTEHTUOHKALIUA JKYHEJEPTHJE I'PA®UKAJIBIK YT LIEPII
TAHYFA APHAJIFAH HEUPOKEJILIIK MOAEJABAEI'T HIBIFBIC CUTHAJIBIH KOATAY

AnHoranus. Makana akmaparTeiK SKyHeaepAeri maijanaHyIibriapabl OHOMETPHSUIIBIK Ay TCHTH()HKALILLIAY
JKyHenepiHzae rpauKanblK YATLIepAl TaHYFa apHAIFAH HEHPOXKEILIIK MOACTbACPAl MaltaNaHy TEXHOIOTHIAPHIH
SKEeTLIipyeri mpobnemara apHaiaFad. Kasipri 3aMaHFbl TEXHOJOTHSUIAPABIH, HETi3ri KeMIMIri, OKY MbICAJIIAPbIH
KaJbINTACTBIPY KE3IHJETI CTATHCTHKAIBIK ACPEKTCPAIH Calachl3 OHICHyiHe OaHIaHBICTHI, HEHPOIKETUIK MOJICTb-
JCPAl OKBITY KE31HIE THIMCI3 €KEHAIr KepceTiireH. MyHbIH MaHbI3bI Oip ce0e0i, OKy MbICAIAAPBIHAAFBI KYTLITCH
HIBIFBIC CHUTHAIAPBIHBIH apaChIHAAFbl KOPPE/LIMAHBIH OOIMAybl JKOHE TAHBUIATBHIH KIACCTapAbIH 3TAJOHAAPBIHBIH
SKaKbIHABIFBL. OKYy MBICATIAPBIHBIH KYTIITCH IIBIFBIC CHTHAIBIHBIH MAMACHIH HEHPOKENILTIK KOATAY PICiMi apKbLIbI
OKY MBICAJIIAPBIHBIH CANACHIH APTTHIPY YCHIHBUIFAH, OJI TAHBLIATHIH KJIACCTAPABIH 3TATOHIAAPBIHBIH, JKAKBIHIBIFbIH
KapacThIpy¥a MYMKiHAIK Oepeni. bIKTuManabl HEHPOHIBIK JKECTiHI KOJAAHYIbI KAPACTBIPAThIH KYTLITEH MIBIFBIC
CHTHAJIBIH KOATAY PaciMi o3ipaeHreH. bIKTumanapl HEHPOHIBIK KETi KOJTAHY MAKCAThIHA COHKECTIri, OHBIH TOMEH
pecypc CHIMBIMABLIBIFBIMEH aHbIKTaTFaH. COHBIMEH KATap, OKY MBICATAAPBIHAA IIBIFBIC CHTHAIBI CAHMEH EMEC
KYTLITEH KJIAcC aTaybl TypiHzae 00ysl MyMKiH. CoHKECiHIIEe MAaTEMATHKAIBIK annapar Kypsuiasl. KenrereH Toxkip-
Oueep HOTEKUECIHAE, 93IPACHICH PACIMII KOIAaHy rpaUuKabIK YITiIEpAi TaHyFa apHATFaH OUOMETPHATIBIK Ay TCH-
TU(HUKALHS KYHEIepl Heri3ri HeHPOsKEiIiK MOJICIBIiH KOMKA0aTThl IEPCENTPOHABI OKBITYFa KEPEKTI TAICHIPBHLIFAH
KaTeHi ecentey Hrepaunusacsl keneMiH 30-50% azaiityra OGOJATBIHBIH KOpPCETTi. Bysl yCHIHBUIFAH MICHIMICPIAIH
OMOMETPHUSIBIK ayTCHTU(HUKALUS >KYHEJNCPIHAE KOJJAHBUIATHIH HEHPOKETIK TEXHOJOTHAIAPABIH THIMIUITIH
apTTHIPYFa KOJJAHY KEJICHICKTI CKCHIH KOPCETE .

Tyiiin ce3aep: HEHPOKEIIIIK MOAETb, OKY, OKY MBICATAAPhl, OHOMETPHSUIBIK ay TCHTH()HUKALUA
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KOAWPOBAHUE BBIXOJHOI'O CUTHAJIA HEWPOCETEBOM MOJIEJIH,
NPEAHAZHAYEHHOMU JJIs1 PACHHOSHABAHUSI TPA®UYECKHX OBPA30OB
B CHCTEMAX BUOMETPHYECKOH AYTEHTUO®PHKALINHA

Annoramus. Ctarbs NMOCBAIICHA NPOOJEME COBEPIICHCTBOBAHMSA TEXHOJOTHH NPUMEHEHHS HEHPOCETEBBIX
MOJCIICH 151 pacio3HABaHUS Tpaduteckux 00pa30B B cCHCTEMaX OHOMETpHUECKOi ayTeHTH(pHKanun. [TokazaHo, 4To
CYILECTBCHHBIM HEIOCTATKOM COBPEMEHHBIX TEXHOJOTHH SBIIETCA HEAOCTaTO4HAA 3()(EKTUBHOCTH OOYUCHUA
HEHPOCETEBBIX MOJCTCH, CBA3aHHAS C HEIOCTATOUHBIM KAaYeCTBOM OOPAOOTKH CTATUCTHYCCKHX JAHHBIX. OqHOH M3
BKHBIX IPHYMH 3TOTO SBIIETCA OTCYTCTBHEC KOPPEALHMH MEKIY OKHIAEMBIM BBIXOJHBIM CHTHATOM YUYCOHBIX
IPUMEPOB B OIH30CTHIO STAIOHOB PACIO3HABACMBIX KIACCOB. [IPEAI0KEHO OBBICUTD KAUECTBO YUCOHBIX MPUMEPOB
3a CYET MCIOJb30BAHMA NMPOLEAYPHI HEHPOCETEBOTO KOAWPOBAHMSA BEIMUMHBI 0)KHTACMOTO BBIXOIHOTO CHTHAIA
yueOHBIX NMPUMEPOB, KOTOPAsA MO3BOJLIET YUECTh B 3TOM CHTHANC OJH30CTh 3TAJOHOB PACIO3HABACMBIX KJIACCOB.
Pazpaborana mporeaypa KOIZHPOBAaHHS O)KHIAEMOTO BBIXOJHOTO CHTHANA, IPEAYCMATPHUBAIOMIAS HCIOJIb30BAHHCE
BCPOATHOCTHON HEHWPOHHOM cerH. LlenecooOpa3HOCTh MPHMEHEHHSI BEPOATHOCTHONH HEHPOHHOM CETH OIpEaciIcHA
HCXOMS U3 HH3KOH PecypcoeMKoCcTH ee o0yueHusa. Kpome TOro, B e yueOHbIX IMPHMEPAX O’KUIACMBIH BBIXOIHOM
CHT'HAJI MOSKET OBITh MPEICTABJICH HE YKCIIOM, 4 HA3BaHHEM OkuaaeMoro kiaacca. CHopMupoBaH COOTBETCTBYOIIUIH
MaTeMaTH4eCKui ammapar. B pe3yabrarte YHCICHHBIX 3KCIEPHMEHTOB MOKA3aHO, YTO MPUMEHECHHUE Pa3pabOTaHHOM
nmpoueaAyphl mo3BoJsieT Ha 30-50% yMEHBIIUTD KOJHYCCTBO BBIMHUCIHTCIIBHBIX HTCPALUI, HCOOXOAUMBIX I JOCTH-
SKCHHUS 3aJaHHON OIMHOKH OOYYCHHUS MHOTOCTIOHHOTO MEPCENTPOHA, KOTOPBIH SABISCTCH 0a30BOH HEHPOCETEBOH MO-
JETBI0 I PACMO3HABAHUS TPaHIeCKUX 00pa3oB B CHCTEMaX OHOMETPHUICCKON ayTEHTH(HKAIMU. JTO YKA3BIBACT
HA MEPCHEKTUBHOCTh HCIOJIB30BAHMUS MPEUIOKECHHBIX PEIICHUH U1 MOBBIMCHHI 3(D()EKTUBHOCTH HEHPOCETEBBIX
TEXHOJIOTHUH, MPUMEHICMBIX B CHCTEMAX OMOMETPHYCCKOM ay TCHTH(DHUKAHH.
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