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NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecriybnukacbl ¥nmmbiK fbiibiM akademusicbl «KP YFA Xabapnapbl. ®u3uka-
TibIK-MamemamukariblK CepusiCbl» fblfibIMU XXypHaribiHbiH Web of Science-miH xaHanaHfFaH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeryze KabblniOaHfaHbIH Xxabap-
natdsl.  byn uHdekcmeny 6apbicbiHda Clarivate Analytics komnaHusicbl XypHarnldbl o0aH api the
Science Citation Index Expanded, the Social Sciences Citation Index xoeHe the Arts & Humanities
Citation Index-ke Kabbinday moeceneciH kKapacmbipyda. Webof Science 3epmmeywinep, as-
mopsap, 6acnawbiiap MEH MeKemeriepae KOHmeHm mepeHdiei MeH canacbiH ycbiHalbl. KP
¥FA Xabapnapbl. Xumus xeHe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi
6i30iH KoramdacmbIK YWiH eH 63ekmi xoHe 6e0endi XuMusirblK FblfibiMOap 60UbIHWAa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «Wzeecmuss HAH PK. Cepusi ¢busuko-ma-
memamudeckas» 6bii npuHam 0ns uHOekcupoeaHuss 86 Emerging Sources Citation Index,
obHoeneHHol eepcuu Web of Science. CodepxaHue 8 3amom UHOEKcUuposaHUU Haxodumcs 8
cmaduu paccmompeHus komnaHuel Clarivate Analytics 0nsi OanbHelwea0 NPpUHIMuUS XypHarna 6
the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kadecmeo u asybuHy koHmeHma 0ns uccredoesa-
mersel, asmopos, usBamenel u y4dpexdeHul. BkmroueHue Wzeecmuss HAH PK e Emerging
Sources Citation Index OemoHcmpupyem Hawy npueepXxeHHoCmb K Haubosiee akmyarsb-
HOMY U 811usimesibHOMY KOHMeHmMy Mo XUMUYeCKUM Haykam Ot Haweao coobuecmea.



Bac penakrop:

MYTAHOB Faasivmkaiisip MyTaHyibl, TeXHUKa FBUIBIMIAPBIHBIH AOKTOpPBI, mpodeccop, KP ¥FA
akanemuri, KP BFM FK «AknaparTeik ®oHE ecenTey TeXHOJOTHSUIAPbl HHCTUTYThI» 0ac AUPEKTOPBIHBIH
M.a. (Anmartsl, Kazakcran) H=5

Pepakuus ankacel:
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FBUIBIMIAPBIHBIH 1OKTOpHI, mpodeccop, KP ¥FA akamemuri, KP BFM FK «AknaparTeik xoHe ecentey
TEXHOJIOTHUSIIAPBl HHCTUTYTHD) 0ac TUPEKTOPBIHBIH KeHecwTici, 3epTxana MeHrepyuici (Anmarsl, Kasakcran)
H=7
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QUEVEDO Hemando, npodeccop, SapoibIk FeuibiMaap nHCTUTyThl (Mexuko, Mekcuka) H=28

KYCIIIOB Mapar Ag:xkanyjibl, (Qu3HKa-MaTeMaTHKa FbUIBIMIAPBIHBIH JIOKTOPBI, TEOPHSIIBIK KOHE
AaponblK Qu3nka KadeapaceiHblH Tpodeccopsl, an-dapadu  arbiHmarekl Kazak YITTBHIK YHHBEPCHUTETI
(Ammarsr, Kazakcran) H=7

KOBAJIEB Anexcanap MuxaiijioBu4, pu3nka-MaTeMaTuKa FEUTBIMIAPBIHBIH TOKTOPEI, YkpanHa YFA
akagemuri, KonmanOamer MareMaTrKa koHe MexaHnka MHCTUTYTHI (lonenk, Ykpanna) H=5

MUXAJIEBUY Aunekcanap AJieKCaHAPOBHY, TEXHUKA FBUIBIMAAPBIHBIH JOKTOPBI, IMpodeccop,
Benapycy ¥FA akanemuri (Munck, benapycs) H=2

PAMA3AHOB Tinexkkaobr1 Co0uTYIbI, (U3MKa-MaTeMaTUKa FhUIBIMIAPBIHBIH JOKTOPHI, Ipodeccop,
KP ¥YFA axamemwuri, on-®apabu areHmarsl Kazak yJITTBIK YHHUBEPCHUTETIHIH FBHUIBIMHU-MHHOBAIHSIIBIK
KBI3MET JXKOHIHAeTI TpopekTophl, (Anmarsl, Kazakcran) H=26

TAKUBAEB Hypraau KaGarayiabl, ¢usnka-mareMarvka FhUIBIMIAPBIHBIH JOKTOPHI, Ipodeccop,
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TUTUHSAHY Hon MuxaiinoBu4, Gusnka-MaTreMaTuka FeUIBIMIapBIHBIH JOKTOPEI, akageMuK, Mongosa
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IF'maBublii pegakTop:

MYTAHOB TIaaumkaup MyTaHoBUY, JOKTOP TEXHHYECKUX HayK, mpodeccop, akanemuk HAH PK,
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COMPARATIVE ANALYSIS OF THE RESULTS OF IMAGE RECOVERY BASED
ON THE STRIP METHOD USING VARIOUS MATRICES

Abstract: digital image processing and recognition is one of the most intensively developed areas of
research. Computer image processing involves processing digital images using computers or specialized
devices built on digital signal processors. This article discusses the various orthogonal matrices used in the
strip transformation, and compares them based on the metric and visual comparison of the reconstructed
images with different frequency characteristics obtained using them. The advantage of the strip method is
that due to the linear combination of all fragments of the source signal or image, each fragment of the
transmitted signal contains information about all other fragments. This allows you to restore the entire signal
or image with the least distortion, while losing a certain number of fragments. The Matlab application is used
to perform calculations and mathematical operations. The functionality of the application made it possible to
produce orthogonal transformation with a digital image, and calculate relevant metrics, such as average
module L1 deviation, standard deviation L2 module, module maximum deflection and PSNR. In this work,
the following matrices were used: Hadamard 2", Hadamard p + 1, Slant, Discrete Cosine Transform, Haar,
Conference, S-Matrix. The described strip method based on a two-way matrix transformation of a two-
dimensional image can be useful for cryptography, steganography, and other applications.

Key words: strip method, noise, steganography, Hadamard, Haar, imag

Introduction. Computer image processing involves processing digital images using computers or
specialized devices built on digital signal processors. At the same time, image processing is understood not
only to improve the visual perception of images, but also to classify objects performed during image analysis
[1]

An important task in the transmission of signals over communication channels is to reduce the level of
interference and distortion introduced in the various links of the channel, or, in other words, to increase the
accuracy (or reduce the error) of the signal transmission over the channel.

Methods. Recently, one of the most popular areas in the field of information transmission and storage is
cryptography and one of its sections is steganography. Steganography is the transmission of a secret message
in a "simple"” shell (container). So, for example, you can pass a secret text hidden in another text that is open
to everyone. This direction in the transmission of computer information is becoming increasingly developed
and widespread.

The strip method is one of the methods of noise-resistant transmission of a signal or image [2]. The
essence of the method is to cut the initial signal into fragments of the same size, further linear combination
and reverse gluing. The received signal or image is transmitted over the channel where it is exposed to
interference. At the receiving end, the reverse conversion of the signal (image) is performed, as a result, the
original signal is restored.

By performing various linear combinations, you can get a uniform distribution of interference throughout
the signal, which will significantly reduce the noise amplitude. This will improve the quality of the recovered
signal [3].
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Experiments and results. The first stage of the strip transformation of a two-dimensional signal (image)
consists in splitting it into N fragments of the same size [2].

Denote the number of horizontal and vertical strips, which are conventionally cut image by m and n; then
N =mn.

Next, the fragments are linearly combined according to the following scheme. The original image,
divided into fragments, is considered as a block matrix of size m by n, which is multiplied by the orthogonal
matrix B on the left and by the orthogonal matrix A on the right (two-sided transformation) (1.1).

Z = BXA (1.1)

In this case, there is a multiplication of the numerical matrices A, B by the block matrix X, the elements
of which are image areas. In this case, the following rules are used:

1. Adding blocks (fragments). The addition of individual blocks (fragments) of image matrices is
performed by summing the corresponding elements of the blocks. This operation is similar to adding two
matrices of the same size.

2. Multiplication of a fragment by a number. The operation is performed by multiplying each pixel of the
fragment by a number. This changes the brightness of the fragment as a whole. The operation is similar to
multiplying a matrix by a number.

3. Multiplication of a block matrix by a numeric matrix. This multiplication is performed similarly to the
usual multiplication of numerical matrices according to the "row by column™ rule, taking into account the use
of the first two operations.

This method mixes image fragments horizontally and vertically. Thus, each piece of the image contains
information about all the other pieces. The communication channel transmits the Z image obtained as a result
of a two-sided strip transformation of the original image. Pulse noise A is added to it in the channel. As a

result, we get Z =Z +Aat the channel output. At the receiving end, the image undergoes an inverse
bidirectional transformation to obtain the original image. This transformation is described by the following
formula (1.2):

X =B'ZA'=BHZ+A)A'=B*ZA +B'AA =X +BAA™! (1.2)

Thus, the recipient will see the original image with added noise in the channel to it, to which the inverse
bidirectional transformation is applied.

When using this method, it is convenient to take the matrix A and B equal, since this will simplify the
calculations, and will also save memory in hardware implementation. Moreover, matrix A is an orthonormal
matrix. Then equation (1.1) takes the following form (1.3):

Z = AXA (1.3)
Equation (1.2) will be simplified to (1.4):
Z=7Z+AAA (1.4)

It is worth noting that the above method is applicable in the case of black and white images, each
component of which can be represented as a single matrix with integer components. It is this matrix that
undergoes fragmentation during the strip transformation. One of the standard ways to represent color images
is using a three-layer RGB matrix. Each pixel in the image is encoded with the luminance value of red (R),
green (G), and blue (B) colors. Then, in the cases, each of these matrices is strip-transformed separately
[2,4].

Choice of transformation matrix. Strip transform matrices are selected in order to achieve the most
uniform distribution of interference in the signal or image as a result of decoding at the receiving end of the
communication channel. This will allow the most accurate recovery of information about distorted or lost
fragments.

In this work, the following matrices were used [2-6]:

- Hadamard 2"

- Hadamard p + 1

- Slant
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- Discrete Cosine Transform

- Haar

- Conference

- S-Matrix

Results. Matlab application was used to carry out calculations and mathematical operations. The
functionality of this application made it possible to perform orthogonal transformation with a digital image,
as well as calculate the necessary metrics.

For comparison, the following orthogonal transformations were selected: Hadamard, Haar, Slant, Discrete
Cosine Transform. To compare the effect of noise on the final result, the following indicators were selected:

- the average of the deviation module L1:

2

lezr’: |Xij _yij|

- root-mean-square deviation module L2:

- maximum deviation module MAX =

max

1<i, j<n

X — yij|
- signal to noise ratio PSNR:

2552n?
Z:H(Xij - Yij)2

For the experiment, monochrome images (1024x1024) with light and dark areas of different frequency
characteristics were selected (Fig. 1, 2). Interference to the image was set as a black area of various sizes in
the center of the image. It was “cut” into fragments, after which it was subjected to a two-sided
transformation using the matrices described above.

PSNR =10Log,,

Figure 1. High Frequency Image Figure 2. Low frequency image
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Table 1 - Dependence of the image reconstruction error with a high frequency response

Matrix Noise PSNR
percentage L1 L2 MAX

2.77% 8.11 10.18 48.81 27.98

Hadamard 13.85% 17.93 22.64 97.84 21.03
27.71% 2551 32.27 14359 17.96

41.53% 31.85 40.11 181.21 16.07

84.03% 49.21 62.69 253.00 12.19

2.77% 3.12 9.57 101.50 28.51

13.85% 13.68 23.12 167.68 20.85

Haar 27.71% 20.70 33.38 170.75 17.66
41.53% 29.24 40.71 180.38 15.94

84.03% 53.99 71.52 254.00 11.04

2.77% 3.56 8.96 145.68 29.08

13.85% 12.67 22.14 177.33 21.23

Slant 27.71% 21.03 33.66 197.90 17.59
41.53% 30.21 41.35 194.97 15.80

84.03% 52.56 69.77 253.00 11.26

Discret 2.77% 7.32 9.55 58.94 28.54
Cf'sfa‘ie 13.85% 16.42 21.05 114.89 21.67
Transform 27.71% 24.08 30.77 157.72 18.37
(oCT) 41.53% 30.55 38.97 181.92 16.32
84.03% 49.27 63.68 252.00 12.05

2.77% 24.05 30.26 148.25 18.52

13.85% 27.29 34.32 159.87 17.42

Conference 27.71% 31.01 39.13 172.08 16.28
41.53% 34.72 43.88 198.16 15.29

84.03% 50.00 64.70 252.00 11.91

2.77% 50.471 80.158 255 10.052

13.85% 63.494 91.636 255 8.889

S-Matrix 27.71% 43.326 65.068 255 11.863
41.53% 74.728 100.421 255 8.094

84.03% 66.045 86.54 254 0.386

2.77% 7.71 9.70 52.44 28.40

13.85% 17.80 22.32 124.62 21.16

Hadamard p+1 27.71% 25.23 31.72 154.01 18.10
41.53% 31.14 39.25 174.28 16.26

84.03% 46.47 58.42 250.00 12.80
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Table 2 - Dependence of the image restoration error with a low frequency response

Matrix Noise PSNR
percentage L1 L2 MAX

2.77% 411 5.05 13.41 34.07

13.85% 5.31 6.94 26.80 31.30

Hadamard 27.71% 6.89 9.68 49.33 28.41
41.53% 9.00 12.50 68.77 26.19

84.03% 31.41 56.92 204.00 13.03

2.77% 0.86 2.59 28.75 39.86

13.85% 4.47 9.68 62.25 28.42

Haar 27.71% 6.85 13.08 64.00 25.80
41.53% 10.08 16.69 75.00 23.68

84.03% 55.69 81.16 204.00 9.94

2.77% 0.64 1.67 42.30 43.66

13.85% 4.95 9.66 80.57 28.43

Slant 27.71% 6.37 11.52 89.67 26.90
41.53% 9.94 15.74 97.44 24.19

84.03% 53.30 77.22 204.00 10.38

. 2.77% 1.20 1.83 16.71 42.86
g(')ss‘;;‘ife 13.85% 2.85 4.47 43.03 35.12
Transform 27.71% 4.65 7.35 80.32 30.81
(DCT) 41.53% 7.05 10.93 89.69 27.36
84.03% 42.22 65.57 204.00 11.80

2.77% 7.17 9.28 46.20 28.78

13.85% 11.52 15.19 76.81 24.50

Conference 27.71% 11.85 16.99 137.36 23.53
41.53% 12.57 17.97 138.00 23.04

84.03% 37.96 61.26 203.00 12.39

2.77% 62.60 86.43 206.00 9.40

13.85% 69.04 94.43 215.00 8.63

S-Matrix 27.71% 35.33 60.77 214.00 12.46
41.53% 69.36 94.61 214.00 8.61

84.03% 68.91 94.76 207.00 8.60

2.77% 2.10 2.71 10.78 39.48

13.85% 4.38 5.79 27.75 32.87
Hadamard p+1 27.71% 6.23 8.48 56.36 29.56
41.53% 7.48 10.76 72.80 27.50
84.03% 17.49 33.67 203.00 17.59

In the image (Table 1) with a high frequency response, the Haar and Slant matrices performed well in the
mean deviation, the Discrete Cosine Transform (DCT) in the root mean square, the Hadamard matrix in the
maximum, and the Discrete Cosine Transform (DCT) in PSNR.

In the image (Table 2) with a low frequency response by the mean value - Discrete Cosine Transform
(DCT), Hadamard, by RMS - Discrete Cosine Transform (DCT), Hadamard, to the maximum - Hadamard
matrix, by PSNR - Discrete Cosine Transform (DCT) and two modifications of Hadamard.

When visually comparing the images, it is clearly seen that with any percentage of information loss -
Discrete Cosine Transform (DCT) and Hadamard matrix, it is best to save the image, which allows it to be
closer to the original using third-party software and other algorithms. Using a Slant matrix or a Haar matrix
allows you to keep some parts of the image exactly as in the original image (which may be due to the fact
that there was no interference on them), but significantly spoils the image. At the same time, other parts of
the image are seriously distorted or cannot be restored.

93



Conclusion. In the course of the work, new experiments were carried out with several types of strip
transformation matrices. Those of them have been identified that are most successful in minimizing the
negative impact of the interference, evenly distributing it over the entire image, thereby making it possible to
restore the lost areas. The dependence of the degree of reconstruction on the size of the interference was
revealed for various matrices and images with different frequency characteristics.
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IOPTYPJII MATPULAJIAPJAbBI KOJIIAHA OTBIPBIII, CTPUII QAICIHE HEI'I3AEJII'EH
KECKIHAI KAJIITBIHA KEJITIPY HOTHU/XEJIEPIH CAJIBICTBIPMAJIBI TAJIZIAY

AHHOTAIUSA: KECKIHACPAl CaHIBIK OHJEY JKOHE TaHy — KapKbIHABI JaMblll KeJe XaTKaH 3epTTey
OarpITTapbIHBIH Oipi. KoMmbroTepiik KecKiHaepal eHIeY CaHABIK KECKIHIEpAl KOMIBIOTEpICpPMEH HeMece
CaHBIK CHTHAJI MIPOLIECCOpIapblHa CABIHFAaH MaMaHJaHABIPBUIFaH KYPBUIFBUIAPMEH OHACYl KaMTHIBL. by
Makanaga CTPUI-TYPJCHIIPY A€ KOIIAHBUIATHIH SPTYPJIi OPTOTOHAIBIBI MaTPHLIANIAD KAPaCThIPhUIAIbI )KOHE
onapApl TmaiijanaHy apKbUIbl albIHFaH OPTYPIl KHUUIIK cHUMarTamanapbl Oap KajlblHAa KeNTipijreH
OeifHeepli METPUKAIBIK JKOHE BU3YAIIbl CAIBICTHIPY HETi3iHAE CalbICTBIpY Xyprizinmi. CTpum omiciHiH
apTHIKIIBUIBIFEI — OacTankpl CHUTHANIBIH HeMece OelHeHiH OapiblKk (parMeHTTEpiH CBI3BIKTHIK TYpHE
OipiKTipy apKbUIbl OepilieTiH CUTHANIBIH op (parMeHTi Oapiblk Oacka (parMeHTTEp Typaibl aklapaTThl
KamTuael. byn Oenrini Oip ¢parMeHTTEp >KOFanFaH Ke3/le OapiblK CHUTHAIIBI HEMece KECKiHIl eH a3
OypMmallaHyMeH KallllbIHA KeNTipyre MyMKiHIIK Oepeni. Ecenreynep MeH MaTeMaTHKANBIK ONEpanysiapabl
Kyprizy yurH Matlab KoceIMIIachkl KONIAHBUIABL bBysl KOCBIMINAHBIH (DYHKIIMOHAIIBUIBIFBI CAHJIBIK
KECKIHMEH OpPTOTOHAJIB/IBI TYPJICHIIPYTe, COHBIMEH KaTap CoiiKec ejmemJIep i ecenrteyre MyMKiHaiK Oepi,
SFHU: OpTala aybITKy Moayini L1, oprama KBaapaTThIK aybITKy MoAyni L2, MakcHManipl aybITKy MOAIYIi
xone PSNR. Byt skymbicTa Keneci matpunanap komgansuiasi: Hadamard 2", Hadamard p+1, Slant, Discrete
Cosine Transform, Shear,Conference, S-Matrix. Exi emmemMai KeckiHmi €Ki JKaKThl MaTPHIAIBIK
TYPJACHIIPYTE€ HETI3[EeNreH CHUMATTAIFaH CTPUM ofici kpunrorpadwus, creraHorpadus xoHe Oacka naa
KOCBIMITIAJIAP YIIiH Mainanel 00Iysl MYMKiH.
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CPABHUTEJIBHBIN AHAJIN3 PE3YJbTATOB BOCCTAHOBJIEHUS U30BPAKEHUI
HA OCHOBE CTPUII-METOJA C UCIIOJIb30BAHUEM PA3JIMYHBIX MATPUIL

AHHOTanusi: nudposas o0paboTKa M pacrno3HaBaHHE M300paKEHUH - OJHO M3 Haubojee MHTEHCHBHO
Pa3BHUBAIOIIMXCS HAIlpaBleHUH nccienoBanmii. KommproTepHas o0paboTka n300pakeHnit BKIIIOYAeT B ceds
00paboTKy IUGPOBBIX H300PKECHHUH C TOMOIIBI0 KOMIBIOTEPOB WM CHEIHATU3HPOBAHHBIX YCTPOWCTB,
MOCTPOCHHBIX Ha IM(POBBIX CUTHAIBHBIX Ipoleccopax. B maHHOHM cTaTbe paccMaTpuBAIOTCS Pa3iUuHBIC
OPTOTOHAJIbHBIE MATPHILIBI, UCIONB3YIOMIMECS B CTPUI - MpeoOpa3oBaHHUM, W MPOBEIEHO WX CpaBHEHUE Ha
OCHOBE METPHUUECKOT'O ¥ BU3YJILHOT'O CPABHEHHSI BOCCTAHOBIICHHBIX U300paKEHUI € pa3IMyHON YaCTOTHOM
XapaKTePUCTUKOW, MOMYYEHHBIX C MX HUCIOJIIb30BaHHEM. [IpEeMMYIIEeCTBO CTPUII-METOIa 3aKIIFOYAETCS B TOM,
4yro Onarojapsi TMHEMHOMY KOMOMHHPOBAHMIO BCeX (DParMEHTOB HMCXOJHOTO CUTHAJIA WM M300pakeHUs
KaX/Ibli (hparMeHT IMepeiaBaeMoro CUTHaJIa COAEPKUT WH(POpPMAIUI0 000 BCEX OCTANBHBIX ()parMeHTax.

94


mailto:nurbekkyzy_e@mail.ru

OTO MO3BOJIIET BOCCTAHOBUTH BECh CHUTHAJ MJIM M300pa)K€HHE ¢ HANMEHBIINMH WCKXEHISIMH TIPH MTOTEepe
HEKOTOpOro 4yrcia (pparMeHToB. J{J1sl MpoBeIeHUS BBIYMCICHUH U MATEMATHIECKUAX OTIEpaIii UCIIONb3yeTCsI
npwiokeHnne Matlab. @yHKOMOHANI AaHHOTO MNPHIOKEHHS TO3BOJIMII TPOU3BECTH OPTOTOHAIBLHBIE
npeoOpa3oBaHus ¢ HUPPOBBIM H300pPaKEHUEM, & TAK)KE BEIYUCIUTH COOTBETCTBYIOIINE METPHKH, TAKUE KaK:
cpemHUil MOIyns OTKIOHeHHA L1, cpemHeKBaipaTHYHBIA MOIYJh OTKIOHEHHWA L2, MakCUMyM MOy
otknoneHuss 1 PSNR. B nannoli pabore ObLIM HWCIONB30BaHbI ciefyronme matpuipl: Hadamard 2,
Hadamard p+1,Slant, Discrete Cosine Transform, Haar, Conference, S-Matrix. OnrcaHHbI# CTPUTI-METO] Ha
OCHOBE JIByCTOPOHHET0 MAaTPHUYHOTO IPeoOpa3oBaHMs ABYMEPHOTO N300paKeHUsT MOXKET OBITh TTOJIE3EH IS
1enei kpunrorpaduu, creranorpaguu U APYTUX MPUMEHEHHH.
KuaroueBsble c1oBa: cTpun-MeTo/1, mym, cteranorpadus, Hadamard, Haar, nzo0paxenue.
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