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Since 2017, the format of the UNT (Unified National Testing) has changed. The new format of UNT
includes a compulsory subject - mathematical literacy, which consist of 20 tasks.The new format of the
unified national testing presents qualitatively new requirements to the functional literacylevel of the future
enrollee. The content of the test includes tasks from simple calculations to more complex ones. The second
ones check the application of mathematics in various situations, students ability to analyze and summarize
information.Here are some examples:
| have three sons. The age of the first is equal to the first digit of my age, the second son’s age is the second
digit of my age and the age of the third is the sum of the digits of my age. The age of each of us is different
and their sum is 60. My age is equal to:

A)29 B)37 C)28 D)38 E)39

As we know, we do not have a definite algorithm or formula for solving this mathematical problem. That is
why we try to solve with the help of options.

Option A) 29 Hence the age of the first child is 2, the second child is 9, the third child is the sum 2+9=11.
The sum of our 4 ages 2+9+11+29=51#60 The answer is not correct.

Option B) 37 Hence the age of the first child is 3, the second child is 7, the third is the sum 3+7=10. The
sum of our 4 ages 3+7+10+37=57#60 The answer is not correct.

Option C) 28 Hence the age of the first child is 2, the second child is 8, the third is the sum 2+8=10. The sum
of our 4 ages 2+8+10+28=48#60 The answer is not correct.

Option D) 38 Hence the age of the first child is 3, the second child is 8, the third is the sum 3+8=11. The sum
of our 4ages 3+8+11+38=60=60 The answer is correct.

OptionE) 39 Hence the age of the first child is 3, the secondis 9,the third is the sum 3+9=12. The sum of our
4th age 3+9+12+39=63#60. Wrong answer.

In this way, the answer to this mathematical problem is 38, option D.

It should be noted that students like the tasks that requirethe processes of comparison, monitoring,
refining and compiling.And this leads them to stabilize qualities, such as attention, imagination, perception,
memory, thinking.Some inspiredstudents find non-standard taskshemselves, solve them and share with
other students during classes or breaks.

Conclusion

As a result, students increased their interest in mathematics solving non-standard problems.This is
due to the fact that non-standard tasks are aimed at the fulfillment of a number of tasks, such as correctional
development and upbringing.They allow teachers to organize the repetition systematically,
consolidatestudents mathematical knowledge and skills, develop creative thinking.

The result of the work provides an opportunity to see a number of positive recommendations:

1) Non-standard problems should be used at different stages of mathematics lessons to study various
mathematical materials.

2) Non-standard problems are useful in classes, where there are many students who believe that
mathematics is a boring science and they are less interested in it.

3) The use of logical tasks of a creative nature for the development of the imagination of students also gives
good results at the lessons of mathematics, technology and visual arts.

Teaching mathematics the teacher must adhere to the creative approach. Non-standard reports and
assignments have many opportunities for teaching, developing and correcting students.

REFERENCES:

1. Poya, D. Kak reshat' zadachu [Text]: posobiye dlya uchiteley / D. Poya - M.: Librokom 2010. -
208 s

2. Moro, M.l. Matematika [Text]: uchebnoe posobiye dlya uchiteley / M.l. Moro, M.A. Bantova, G.V
Bel'tyukova -: Almaty, «Mektep», 1975. — 192 s.

3. Al'seytov, A.G. Matematika:uchebno-metodicheskoe posobiye / A.G.Al'seytov - Oral., 2013. -
332 s.

4. Al'seytov, A.G. Matematika dlya kandidata: Testy dlya podgotovki k Yedinomu natsional'nomu
testirovaniyu / A.G Al'seytov - Oral, 2012. - [220 s.]

5. Ysmagul, R.S. Resheniye odnoy schetnoy sistemy evolyutsionnykh uravneniy metodom
ukorocheniya / R.S. Ysmagul, T.L. Mukanov // 3i: Intellect, idea, innovation.- Kostanay: KGU.- 2014.- Ne1.-
S.294-298

CBepgeHus 06 aBTopax
GepdeHosa [ynbHap JManeacoeHa — A.balimypcebiHoe ambiHOarbl KocmaHall Memiekemmik
yHusepcumemi mamemamuka KaghedpachiHbiH afa okbimywbickl, 110000 KocmaHal Kanacel, MayneHoga
keweci 33/7, men.87080508497;e-mail:gulnar_7109@mail.ru
Hasnemkanuesa Acem KeHxebekosHa — Ne1 KazaHbackbl opma mekmebiHiH MameMamuka Mmyrarimi,
KasaHbachk! aybinbl, ©ynuekesn aydaHbl, KocmaHat obrnibickl, men.87773790107; e-mail: asem_davletkalieva
@mail.ru

184



TEXHUKAJbIK FbINIbIMOAP XXOHE TEXHOJIOINATAP TEXHUWYECKUE HAYKU U TEXHONOI KN

GepdeHosa NynbHap XKanzacoeHa - cmapuwuli npernodasamers Kaghedpbl MamemMamuku KocmaHadic-
Koeo e2ocydapcmeeHHo20 yHugsepcumema um. A. balimypceiHoga, 110000 e.KocmaHal, yn. MayneHosa
33/7,men.87080508497;
e-mail:gulnar_7109@mail.ru

Laenemkanueea Acem KeHxebekosHa - ydumernb Mamemamuku KasaHb6acckol cpedHel wkornbi Nef,
n.KaszaHnbacnbi, Aynuekonbckuli patoH, KocmaHatickasi obnacmb, men.87773790107; e-mail: asem_davlet-
kalieva@mail.ru

Berdenova Gul'nar Zhalgasovna - senior teacher of the Department of Mathematics of the Kostanay
State University named after A. Baytursynov 110000 Kostanay, Maulenova st.33/7,phone:87080508497 ,e-
mail:gulnar_7109@mail.ru

Davletkalyeva Asem Kenzhebekovna - the mathematic teacher of the Kazanbas high school Ne7,
Kazanbas, Auliekol district, Kostanay region, phone:87773790107;e-mail: asem_davletkalieva@mail.ru

YOK 004.931

ANALYSIS OF METHODS FOR EXTRACTING CHARACTERISTICS FROM A DIGITAL
IMAGE FOR SEARCH AND FACE RECOGNITION TASKS
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Nowadays, personal identification systems are of great interest to various law enforcement agencies
and security agencies to establish transboundary control and to combat various types of crime. Individual
recognition systems, as well as word recognition systems, refer to indirect observation systems, that is, the
ability to identify and control the object at a distance, without direct interaction. Within this article was carried
out a comparative analysis of the methods of sparse representation and image transformation, for searching
and recognizing faces. The considered methods: Discrete Cosine Conversion (DCT), Fast Conversion (FFT),
Discrete Wavelet Transform (DWT), Karunen-Loew (KLT), Nearest Neighbor Discriminant Analysis (NNDA).
DCT is a homomorphism of the vector space DFT, and their difference is that Fourier works with more
general complex numbers, cosine transform with real numbers. Algortm fiberboard, as already noted above,
is a very close type of transformation to DCT, of course, here it should be noted that because of the
partitioning into blocks in DCT, the quality of the reconstructed image decreases with large compression
ratios.

Keywords: sparse representation, recognition system, computational complexity, transformation.

BETTI TAHY MEH I3AEY TAIMNCbIPMAJAPbI YLWUIH CAHObIK CYPETTEPAIH
KACUETTEP TSCIIHIH TAJIOAYbI

Bepik C.b. — A.balimypcbiHo8 ambiHOarbl KocmaHal memriekemmik yHueepcumemiHiH aknapammsasik
mexHorioausinap kagpedpachiHblH OKbimyuwbichbl, KocmaHal K-Cbl.

Maycbivbaesa C.5. - A.balmypcbiHo8 ambiHOafbl KocmaHal memriekemmik yHUg8epcumemiHiy
aknapammablK mexHonoausinap kagedpachiHbIH OKbimyuwbichbl, KocmaHal K-Cbl.

Kasipei maHOa mpaHcwekaparnblk bakbiiay OpHamyfra XoHe KblIMbICIbIH 9pmypsii mypriepimeH
Kypecy makcambiHOa myJiFaHbl maHy Xyuesnepi myprii KyKblK KOpFay opeaHOapbl MEH Ky3em MeKemerepiHe
V/IKEH Kbi3bIfyubliblK myobipadsl. ©UmkeHi mynranapObl maHy Xxylieci, coHOal-aKk ce30i maHy xyudenepi
)XaHama balKay XyuenepiHe »amaolbl, siFHU OBBbEKMIHI KauwlbIKmbiKma, mikernel e3apa apeKemmecyci3
colikecmeHOipy xoHe bakbinay MyMmkiHOiai 6ap. Makanada 6emmiH maHybl MeH i30ey YWiH cypemmiH cupek
Kepcemy apKbifibl XoHe mypreHdipy 8diCiHe canbiCmbipMarbl aHanu3 Xy3eae acbkipblilbl. [Juckpemmik
KocuHyc mypneHdipyi (DCT), Tes ®ypbe mypneHdipyi (FFT), Juckpemmik eelisnem-mypneHdipy (DWT),
KapyHen-JTloae mypneHdipyi (KLT), XKakbiH kepwi HykmenepdiH mandaybi (Nearest Neighbor Discriminant
Analysis, NNDA) adicmepi monbikmat Kkapacmbipbinidbl. DCT eekmopribik keHicmikmiH DFT eomomopgpuami
)XoHe onapdbiH alblpMmawbinbifbl - @ypbeHiH Kypderni caHOapMeH, Hakmbl caHOapMeH KOCUHYC myprieH-
dipymeH xymbic icmeltmindieide. Anzopumm AWT coHbimeH Kamap on DCT-ra xakbiH mypseHOipy mypi
6onbin mabbinadsl. DCT-0a 6rokka 6erneeHHeH yrkeH KoaghgbgpuuueHmme KbicblsiFaH KasnrnbiHa Kesamipi-
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nemiH cypemmiH canacbl memeHdeminedi. Con cebenmeH cypemmi KbiCy apkbifibl OUCKpemmik eelisriem-
myprieHOipy wamaMeH Kbi3bIKmbl, 01 MoJibiK cypemke KondaHy muimdi xoHe onapda 6riokmixk 6esnydiH
apmedghbakmici Kambicratobl.

TytiHOi ce3dep: cupek KepiHic, maHy Xyueci, ecenmey KubIHObIKMaphbi, myprieHJIpy.

AHAJIN3 METOAOB 3KCTPAKLIUM NMPU3HAKOB U3 LU®POBOIO U3OBPAXEHUN
AanA 3AA0AY NOUCKA U PACIMO3HABAHUA 1AL

Gepik C.b. - npenodasamerb kagheOpbi UHGhOPMaAYUOHHbIX mexHooauli KocmaHatickoeo eocydapcm-
B8EeHH020 yHuUsepcumema um. A. batimypcbiHosa, 2. KocmaHad.

Maycbivbaeea C.b. - npenodasamersib kagheldpbl UHGOPMaUUOHHbLIX mexHosioauli Kocmaralickoz2o
2ocydapcmeeHHOo20 yHusepcumema um. A. balimypceiHosa, 2. KocmaHad.

Ha ¢gpoHe so3pacmarouieco mypucmu4ecko20 U 3KOHOMUHYECKO20 r10mokKa Mex0y cmpaHamu, 8 Uesnsx
HanaxueaHusi mpaHcepaHU4YHo20 KOHMPOssi, U 60pbbbl C pas3nuyHo2o poda MpecmyrnHoCmbio CUCMeEMbI
pacrosHagaHus1 /iUy, Ha4UHaKm rob308ambCsi 60/IbWUM UHMEPECOM y Pas/UuYHbIX IPagooXpaHUmMe bHbIX
cmpykmyp u opzaHos b6e3onacHocmu, mak Kak cucmeMbl pacro3HasaHusi /iUy, Kak U K C/108y 20/10C08ble
cucmeMbl OMHOCAMCS K cucmeMaMm Hesi8Ho20 HabrrdeHuUs, Mo ecmb 803MOXHOCMb UOeHmuguKkayuu u
HabmodeHusi 3a obbekmom Ha paccmosiHuu, 6e3 HerocpedcmeeHHO20 83aumodelicmeus. B cmamebe
rpoeedeH cpasHUMesIbHbIU aHau3 Memodo8 pa3pexeHHo20 rnpedcmaesneHust U rnpeobpasosaHusi u3obpa-
JKeHuu, Orid roucka u pacrodHasaHusi nuy. PaccmompeHbl memodbl: [JuckpemHoe KOCUHycC rpeobpa-
30eaHue (DCT), beicmpoe npeobpasosaHue (FFT), QuckpemHoe Belienem-ripeobpasosaHue (DWT), lNpe-
obpasosaHue KapyHeHa-J1oaga (KLT), AHanu3s 6nuxatiwux coceOHux moyek (Nearest Neighbor Discriminant
Analysis, NNDA). Kl sensemcsi 2oMoMopghu3dmMom 8ekmopHo2o ripocmpaHecmea DFT, u ux ommuyue 8
mom 4mo ®@ypbe pabomaem ¢ 6onee obWUMU KOMMNEKCHLIMU YuciaMu, KOCUHYCHoe rpeobpo3ogaHue ¢
deldicmeumenpHbiMu yucriamu. Aneopmm OBl mak xe Kak yxe ommeyqasriocb 6blue s8s/71emcsi OYeHb
6nuskum sudom npeobpososarusi k [KI1, koHe4HO 30ecb HE0O6X0OUMO omMemumb Ymo U3 3a pa3bueHus Ha
6noku y [KI1 cHuxaemcsi Ka4ecmeo 8occmaHas/u8aemMoza0 u3obpaxeHusi npu 6onbwux KoagpuyueHmax
cxxamus.

Knrouesbie crnoesa: paspexeHHoe npedcmassieHue, cucmema pacrio3HagaHusl, ebl4ucriumeribHasi
C/I0XKHOCMb, NpeobpasosaHue.

Introduction. Against the backdrop of increasing tourist and economic flows between countries, in
order to establish cross-border control, and to combat various types of crime, face recognition systems are
beginning to be of great interest. Especially by various law enforcement and security agencies, since face
recognition systems, like the voice systems, refer to systems of the implicit observations, that is, the
possibility of identifying and monitoring the object at a distance, without direct interaction.

If we consider the standard recognition (identification) scheme on which most of the systems are built,
then we have some original image that we want to find and then feed it to the input of the system in the
database, a search is performed among the existing images. From the original image, the characteristics are
extracted with the help of the characteristic extractor, the necessary characteristics are compared with the
characteristics that are available in the database and the most suitable image is displayed (coincidence with

the drawing 1).

l
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Descriptor- » Comparison
extractor block «

RESULT

Picture 1. The standard structure of identification systems

o
al

But nowadays the trend of modern recognition methods is changing and moving to a different
approach. There is only one image to be found in the database, and an image stream is fed to the input,
which is compared with what is found in the database. The wording here already has to talk not about direct
recognition, but rather about the search for individuals (in the data stream) [1, p. 241].
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Descriptor ‘- Comparison

extractor block
= RESULT

Picture 2. The structure of search for individuals according to the trends of contemporary
recognition methods

The main criterion for constructing a real person search system is speed, so that the system can
operate in real time, that is, search the data stream.

The main problems of the practical use of the search system for persons with real conditions are
associated with working with a very large space of features. For this reason, arises the problem of reducing
or representing the original feature space by a smaller, sparse representation.

For example, suppose that a digital image is given at the input of a simple system, the only (or largest)
object of which is a human face. Note that this requirement strictly corresponds to the standard for size,
quality and content in the original images used in biometric problems [2, p. 31]. If the size of the original
image is M x N pixels, then when using luminance characters for the person's dimension DIM of the
characteristic vector is MN (DIM = MN). For example, for M = 112 and N = 92, DIM = 10304. In accordance
with, the original image can be 4-5 times larger (for example, M> 500 and N> 400), which corresponds to
DIM> 200000, and this is for one image [3, p. 35].

Given this circumstance and the fact that the system is designed to work with very large databases
(and the rapid dynamics of changes in their composition), it becomes impossible to talk about solving the set
task of searching for / recognizing faces in real time.

The main task of sparse data representation is to minimize the input signal, for subsequent
processing, with the possibility of reconstructing. Sparse representations are used to store a relatively small
amount of data that is located in a large data area.

Main part. Sparse representation methods are widely used not only in image processing, but also in
signal processing in general. The methods of sparse representation of the image for the purposes of face
recognition have been devoted to a considerable number of works, most of them are based on the following
methods and their associations:

- Principal Component Analysis (PCA)

- Discrete cosine transformation (DiscreteCosineTransform, DCT)

- Nearest Neighbor Discriminant Analysis (NNDA)

- Discrete Wavelet Transform (DVR)

- Fourier transform (FT)

Let us consider these methods in more detail, and the algorithms in which they are applied.

Discrete cosine transform (DCT)

Discrete cosine transformation is one of the orthogonal transformations. It is very important in the field
of signal processing, from compression of audio signals, to image compression, as well as for spectral
representation of information.

The basic idea of an approach is in the representation of image data by the coefficients of their
discrete transformations (transformants). The discrete cosine transform is very closely interrelated with the
discrete Fourier transform, but in contrast to the Fourier transform it uses only real numbers.

Image pixels have a correlation in two directions, and not just one at a time. Therefore, image
compression methods use a two-dimensional DCT, which is given by the (1) formula:

1 _ _ y+1)jr (2x+1)in
Gij = 7 iy Za=b Bz pay cos (P3F) cos (452) M

at0<i, j<n-—1. The image is divided into blocks of pixels p,,of size nxn, and the equations are
used to find the coefficients G;; for each pixel block. If a partial loss of information is allowed, then the
coefficients are quantized [4, p.359].

The discrete cosine transformation is closely related to the discrete Fourier transform and is a
homomorphism of its vector space.
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Fast Fourier Transform (FFT)

Fast Fourier Transform (FFT) - is an algorithm for the rapid calculation of a discrete Fourier transform
(DFT). The most common algorithm of the FFT is the Cooley-Tukey algorithm, in which the DFT from N =
N_1 N_2 is expressed by the sum of the DFT of smaller dimensions N1 and N2. In general form, the Discrete
Fourier Transformation (2) formula looks like this:

1$N-1 L
X =2¥Ndx e w @)

When using the Cooley-Tukey transformation algorithm. Taking as a base 2, and expressing the DFT
as the sum of 2 parts: the sum of even indices m = 2n and the sum of odd indices m = 2n + 1. As a result of
simplifications, denoting the DFT of even indices x,,, as E; and DFT of odd indices x,,,,41 @S O, for 0 < m <

g, we get (3) and (4) formulas:

2T
X = Ep +e W70, ®3)
_2m
X = B = €N "0, )

This note is the base of the Cooley-Tukey algorithm with base 2 for calculating the FFT.

Methods of VCT and FFT can have a large information redundancy due to the fact that the images in
these methods are divided into blocks between which a correlation appears. The approach that allows
reducing inter-block redundancy and fragmentation of the conversion, recursive block coding. Also, the
discrete wavelet transform (DVT) and its various types become popular.

Discrete Wavelet Transform (DWT)

DWT is a close type of transformation to DCT, but its advantage is that the signal nonstationarity is
localized in a small number of wavelet coefficients. This leads to the possibility of better recovery of the non-
stationary signal by incomplete data and solves the problems encountered in the FFT and DCT.

A conventional DWT for the input signal, which is represented by an array of 2n numbers, the wavelet
transformation groups the elements into 2 and forms a sum and a difference from them. The grouping of the
sums is carried out recursively to form the next level of decomposition. The result is a difference of 2" 'and
1 total sum.

A common and useful feature of wavelets is that they not only decompose the signal into some kind of
frequency bands, but also represent a time domain, that is, the moments of occurrence of certain
frequencies in the signal [5, p. 543].

The Karunen-Loeve transformation (KLT)

The Karunen-Loeve transformation also has a great comparative affinity for the cosine transform. The
KLT transformation calculates the most optimal basis for several vectors, in contrast to all other kinds of
transformation, which are transformations with a constant basis.

The basis vectors for KLT are calculated using the pixels of the original image, that is, they depend on
the original data. In a particular compression method, these vectors are written to a compressed file for use
by the decoder. In addition, there is no known fast method for calculating these vectors. All these factors
make the KLT method exceptionally theoretical without real applications.

Analysis of the nearest neighboring points (Nearest Neighbor Discriminant Analysis, NNDA)

The problem of finding the nearest neighbor consists in finding among the set of elements located in
the metric space elements close to a given one, according to some given proximity function that defines this
metric space. Depending on the algorithm used in the application, the complexity of the algorithm can also
be different. The most common algorithms for partitioning space are Voronoi Diagrams and various
algorithms based on a tree structure.

The Voronoi diagrams of a finite set of points S on the plane represent a partition of the plane for
which each region of these partitions form a set of points closer to one of the elements of the set S than to
any other element of the set.

The problem of finding the nearest neighbor consists in finding among the set of elements located in
the metric space elements close to a given one, according to some given proximity function that defines this
metric space. Depending on the algorithm used in the application, the complexity of the algorithm can also
be different. The most common algorithms for partitioning space are Voronoi Diagrams and various
algorithms based on a tree structure.

The Voronoi diagrams of a finite set of points S on the plane represent a partition of the plane for
which each region of these partitions form a set of points closer to one of the elements of the set S than to
any other element of the set [6,p. 853].
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Conclusion. Thus, it is not difficult to see that most of the methods described, namely DCT, FFT and
DVP, take the same approach as the basis, this is the orthogonal data transformation. For example, the DDC
is essentially a homomorphism of the vector space DFT, and their difference is that Fourier works with more
general complex numbers, cosine transform with real numbers. The DVP algorithm, as already mentioned
above, is very close to the type of preprocessing to DCTSs, of course, here it is necessary to note that due to
the partitioning into blocks in DCT, the quality of the reconstructed image decreases with large compression
ratios. For this reason, the compression of an image by means of a discrete wavelet transform is more
interesting, since it can be effectively applied to whole images and they do not have artifacts of block
decomposition. Also, the cosine transform has a large comparative affinity with the Karunen-Loeve
transformation.

The exception is the Nearest Neighbor Point Analysis (NNDA) method, which differs from all others.
But it is worth noting that the computational complexity of NNDA in practice is greater than the above
approaches, even for the algorithm with modification. For large volumes of data, the decision algorithm must
satisfy the specified requirements for the permissible error of search and computational complexity, which,
as arule, are in inverse relationship.
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