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ANroPUTM BOCCTAHOBIJIEHUA NMUKCENEN N30BEPAXEHUSA
HA OCHOBE HEUPOHHOW CETU

B pabome paccmompeH anzopumm 80CCMaHo8/eHUsT U300paxeHul, Mo8pexXO0eHHbIX 8 pe3ynbmame
8030elicmeausi Wymo8 pa3snuyHol rnpupodsl. OmmeyeHbl npeumMywecmea u Hedocmameku cyujecmeayrouux nodxodos,
a makxe nepcrieKmu8HOCMb UCIMOMIb308aHUSI UCKYCCMBEHHbIX HEUPOHHbIX cemel. B kayecmee uHcmpymeHma
8occmaHoerieHus1 U3obpaxeHusi ucronb3yemcsi 08yxcrioliHasi HelpOHHasi cemb, MpU 3mMoM ripednonazaemcs, 4mo
pacronoxeHue nospexxO0eHHbIX Mukcesnel usgecmHo. HelipoH ripedcmasneH 8 sude maccusa 3x3, 20e KaxOblil
anleMeHm Maccuea umMeem 3HavyeHue ueema ruKcersis, Komopoe coomeemcmeayem 3HaqyeHulo 0aHHO20 ueema 8
nanumpe. Helipocemb o0b6yyaemcsi Ha HeNoOBPEXOEHHbIX U300paXxeHusix, MpuU 3MOM 8 Kadyecmee Kpumepusi
obyyeHus ebicmynaem ygemosas pasHuya nukcesneu. [ns 6bonee mo4YHO20 80CCMaHOBIEHUSI PEKOMEHO08aHO Ha
amane oby4yeHusi noObupame U306paxeHusl, CXoXue Mo 2aMme Ugemos C rospex0éHHbIM. Ha smane eoccmaHos-
JIeHUs1 BOKpYy2 Mospex0eHHbIX rukcenel ¢opmupyromces HelpoHbl (3x3), mak 4mo nospexO0eHHbIl MUKCerb
Haxodumcsi nocepeduHe maccusa OaHHbIX HelipoHa. [1o8pexx0EHHOMY MUKCENIo 8 3asucumMocmu om cpedHezo
3Ha4YeHUs1 Mampuybl 8ecoe rpuceausaemcsi 3HadeHue HelpoHa. PaspabomaH aneopumm 60CCMaHo8-NeHusl
rnukcernel, a makxe 6bIloIHeHa e20 fpoepaMMHasi peanusayus. ModenupoeaHue rposodusiock 8 nanumpe RGB
omaersnbHO o Kax0oMy KaHasy. [ns oueHKu kayecmea 80ccmaHo81eHUs bbinu noGobpaHbl epynmbl u3obpaxeHul ¢
pasnuyHol cmeneHbio nospexoeHul. B omnuvue om cywecmsyroujux peweHul anzopumm obrnadaem rnpocmomodu
peanusayuu. Pe3ynbmamebl uccredogaHusi ceudemesibCmeayom, 4Ymo He3asucuMO Om CMerneHuU rnospexoeHus (8
npedenax 50%), eoccmaHaenuearomcsi okorno 70% noepexdéHHbIX nukcenel. [anbHelwue uccredogaHusi
npednonazatom moducghukayuto anzopumma Ol 80CCMaHO8MNeHUs1 u3obpaxeHul C ye8enu4yeHHbIMU obnacmsamu
rnospexoeHuli, a makxe adanmauyuel e2o 0119 80CCMaHOB/IEHUS MPEXMEPHbIX U30bpaxeHUU.

Knroueenie cnoea: obpabomka usobpaxeHull; soccmaHoeneHue; hunbmpayus; HelipoHHasi cemsb; cpasHe-
Hue u3obpaxxeHul.
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Beegehue PAaCCMOTPEHHBIX B JIUTEPATYPE, B YACTHOCTH

BOCCTAHOBJIEHHE IO OJMXalIIUM coceasiM
Bonpocel BoccTaHOBIIEHUSI TOBPEKICH-

HBIX THKCENed Ha U300paKEHUSIX IIMPOKO
MpeacTaBiacHbl B sutepatype [1-6] u, kak

(TOT K€ MPHUHIUIT UCIOIB3YETCs] IPU UHTEP-
HOJSIMU M300paXkeHuit), MenuaHHas (uiIb-
Tpauusi, ycpeanstoume GuibTpsl, Helpoce-

MPaBUJIO, PELIAIOTCS NPUMEHEHUEM pa3iny-
p ' P p P TeBbIe anroputmbl [1-6]. B kauectBe Hemo-

HBIX alTOPUTMOB (UIBTpamMU AN yCTpa-

CTaTKOB WCIIOJBh30BaHUS (UIBTPOB JIOTOJI-
HEHUs IIyMOB Ha M300pakeHusX. [Ipu sTom

HUTEJIHLHO OTMEYAIOT HEPAaBHOMEPHOCTH 3a-

UCTIONIB3YETCs /1Ba Mojxona: 1) pacyer u npu- .
MOJTHEHUS 00JIaCTe|, HApyIIEHHE CTPYKTYPHI

MeHeHue (UIBTPOB IOJABJIEHUS ITYMOB; 2) T L — | —
2 M 2
OJIHUM M3 HauboJjee MepCleKTUBHBIX pelie-

HHUI 00JaCTH SBISETCS MCIIOJIB30BaHUE MC-

JIOKAJIM3aIKsl TIOBPEKICHHBIX MUKCENEeH U UX
BOCCTaHOBJIeHHE. [IpenmyiiiecTBoM BTOPOro

HO/XO/a SIBJISIETCSl COXpAaHEHHE HEeIloBpe- N .
X0 p p KyCCTBEHHBIN HEHpOHHBIX cereit [1-3,7-9].

JKJIEHHBIX yacTeil nzoopaxenus [2, 3].
CymiecTByeT AOCTaTOYHO MHOTO aJro- MocTaHoBKa 3agaun

PUTMOB  BOCCTAaHOBJICHUSI IIOBPEXKIEHHBIX .
3ajgauell MCCIEJOBAHUS SIBIAETCS pa3-

IMUKCEJIICK C M3BECTHBIM PACIIOJIIOKCHHUEM, pa60TKa AJITOPUTMA BOCCTAHOBJICHHSI H306-
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184 B.C. MMaHuwes

paXEHUH, IMOBPEXKACHHBIX B PE3YJIbTATE
BO3JICUCTBUS IIYMOB. [l pemieHus 3Tou
3aJa4d B CTAaTb€ HCIOJIB30BAaH HEHUpoceTe-
BOH ITOJIXO/I.

AﬂrOpMTM BOCCTaHOBINEeHuUA nOBpe)K,D,éHHbIX
nuKcenen Ha OCHOBE HEMPOHHOMN CeTun

B o0meMm ciydae, ceTb COCTOHT U3
IIPOU3BOJIBHOTO KOJIMYECTBA CJIOEB HEUPO-
HOB. HelpoHbI Kak10ro CJI0sI COEAUHAIOTCS
C HEHpOHAMH MPENbIIYIEro U MOCeayolle-
IO CJIOEB IO NMPUHIUITY «KaXKAbIM C KaXKIbIM»
(paccmaTpuBaeM TMOJHOCBSI3HYIO CTPYKTYPY)
[10]. Tlepmwlii cmoii SBISETCS BXOIHBIM,
BHYTPEHHUE CJIOM — CKPBITBIMHU, NOCIEAHUN
— BBIXOJHBIM. Kosln4ecTBO HEHPOHOB B CJIO-
X ompeaensieTcss 00JacThl0 BOCCTAHOBIIE-
HUsA. OOBIYHO BO BCEX CKPBITHIX CIOSX OJIH-
HAKOBOE KOJIMYECTBO HEHpoHOB. O003HAUNM
KOJIMYECTBO CJIOEB U HEMPOHOB B CJIOE.
Bxoxnoii cioii: Ni meiiponos; Nh HeifipoHOB B
KaXJI0OM CKpbITOM cjioe; NO BBIXOAHBIX
HEUPOHOB: X — BEKTOP BXOJHBIX CHI'HAJIbI Ce-
TH, Y — BEKTOP BBIXOAHBIX CUTHAJIOB.

Jlig  uccienoBaHMs  MCIOJB30Bajach
JIBYXCJIOMHas HeWpoHHas ceTb. HelpoH
MPEJCTaBJIECH B BUAE MaccuBa 3xX3, e Kax-
JIBIIA 3JIEMEHT MacCHBa UMEET 3HaYEHHE I[Be-
Ta MHUKCENSA, KOTOPOE COOTBETCTBYET 3HAYe-
HUIO JAHHOTO 1BETA B MAJIUTPE.

[lepBoe 3HaueHMEe MaTpULIBI JaHHBIX
HEIpOHa CPAaBHUBAETCS C IMEPBBIM JIPYroro
HEHPOHA, BTOPOM CO BTOPHIM U TaK IIOKa HE
CpaBHSTCSI BCE 3HAUEHUs, NMPUUEM CpeaHee
3HaY€HHE MATPUIL] JaHHBIX HE YUYUTHIBACTCS.
Ilocne cpaBHEHUs MBI NOJIy4aeM IPOLICHTHI
paznuuus MEXIy 3HAYCHUSIMU, KOTOPbIE 3a-
MUCBIBAIOTCS B MaTpUIly BecoB. UeM Ooliblie
uTepanuii o0y4eHus: Mpou3onnér, Tem Jiyd-
e o0y4YuTCs CeTh, 1 MEHBIIUMHU OyIyT TO-
Ka3aTelu B MaTpULIE BECOB.

Martpuiia BeCOB MOKa3bIBA€T, HACKOJIb-
KO TOYHOE COBNAJCHUE MOKHO HaWTH B

o0yuyeHHoil cetn. To ecTh npu JanpHeiem
BOCCTAHOBJIEHHH Oy/eT NOJ0MpaThCs UMEH-
HO TaKasi TOYHOCTb.

[Tpu oOyuyeHNH BBIOUpAICS TPOU3BOIb-
HBIN HEHpPOH (TIEPBBIA CJIOW) U CPaBHUBAJICS
oOYEpETHO ¢ APYTrUMH HelpoHaMu (BTOPOI
CJIOM), a MMEHHO, CpPaBHUBAIOTCS JIaHHBIE,
XpaHsLIMecs: B HEMPOHAX. JTO MPOUCXOTUT
o gopmyne

c1ln—c2n

Wn = e X 100%,

rae cln — uBeT nmepBoro mukcens HehHpoHa 1;
C2N — IBET MEpPBOTO IHKCEIS HEHpoHa 2;
Wn — Bec (IpOLIEHT CXOJCTBa IO IBETY);
256 —MakcuMaIbHOE KOJI-BO IIBETOB (haiina.

[Tocne cpaBHEHUS MBI MOJy4yaeM Mac-
CUB BecOB. /{7 KakJoro MaccuBa BBICUH-
ThIBaeTCA cpeAaHuil Bec. Pacuer mpowusso-
IUTCs IO popmyIie

iz wi)
ch= 2056

rae M=8 (MOCKOJBKY pacCMaTpUBAeM OKHO

3x3), Wi — i-ii Bec HelipoHa, MOJIyYEHHBIN
IIPU CPaBHEHUU HEHPOHOB MEPBOTO U BTOPO-
ro ciosi, 256 — KOJIMYeCTBO LIBETOB (MoJe-
JAMpoBaHUe TpoBoAmiIock B manurpe RGB
OTJENBHO TI0 KAKAOMY KaHAIY).

OOydeHre TPOBOAUTCS IO JIFOOOMY
M300paXeHHI0, HO NIt 00Jiee TOYHOTO BOC-
CTAaHOBJICHHUSI CTOHUT TMOJIOUpPATh H300pake-
HUS, CXOXKHE [0 ramMme IBETOB C IOBpe-
JKIIEHHBIM.

BoccranoBnenue. Bokpyr noBpexieH-
HBIX TMHKCeNel co3maroTcss HeHpoHsl (3x3),
TaK 4TO MOBPEXKJICHHBIA MUKCENh HAXOIUTCA
MOCEepeIMHE MacCUBa JaHHBIX HEWpOHA, 3TU
HEHUpOHBI OyIyT COCTaBJISITH INEPBBIM CIIOH
HelipoHHoW cetu. OctaBiueecss u300paxe-
HUE JIeJUTCS Ha HEHMPOHBI C TaHHBIMU TaKo-
ro K€ TUIa, OHU OYyIyT COCTaBJISITh BTOPOM
CJIOM HEMPOHHOU ceTu. /laHHble, XpaHAalue-
Csi B HEHPOHAX, paBHbI COOTBETCTBYIOLIUM
LIBETaM U3 MaJIUTPBI.
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lanee Beca HEHPOHOB C IIOBPEK/ICH-
HBIMHM TUKCEISIMHU (IIEpPBBIA CIIOH) CpaBHU-
BAIOTCSI C BECAMHU HEMPOHOB BTOPOTO CIIOS U
€CJIM pa3jInuve MEHbIIE WM PaBHO CpeIHe-
My 3HAY€HUIO MaTpHIbl BECOB, TO IOBpE-
KJICHHOMY IHMKCENIO0 MPUCBAUBAETCs 3Haye-
HHUE LIEHTPAJIBHOIO0 HEMPOHA CPABHUBAEMOIO
n300pakeHus, €ClIM JK€ IOocie TOro, Kak

Havano A

MHUUMANU3aLUMA BXOOHBIX
napameTpos:
1.MckaxeHHOe n3oBpaxeHue.
2.Marpuua secos

l

DopmrpoBaHMe HeMpPOHOB
nepeoro CNOA Ha OCHOBE
NOBPEXAEHHBIX
1306paXxeHuit

i<widht, j<height 2

050K ¢ OUTHIM MUKceleM Oblla CpaBHEHA CO
BCEMHU KapTaMH CETH W PA3IHIUE MEKITY
HAMH OBbUTA OOJIbIIIE CPEIHETO 3HAYEHUS
MaTpHIIBl BECOB, TO MOBPEKIEHHOMY TTHKCE-
JIIO0 TIPUCBAMBACTCS 3HAYCHHE LIEHTPAILHOTO
HEHpOHa C HAUMEHBIIINM Pa3THYUEM.

Ha pucynke 1 mokasaH alropuTm BoOC-
CTaHOBJICHUS U300paXKEeHUSI.

i=0,j=0;

[o6asu1Ts B nepebli
cnon

l »
Mowuck BCEX HEpOHOB
nepsoro CMoA, C Uenbio

NoUCKa MakCumanbHO
NOX0XXero ux BTOpPOro CnoR

|

i<0,j<n;

BoaBpar BOCCTAHOBNEHHO
KapTvHKN

!

i=0,j=0;

Bnwxe scero no
cpenHemy secy

i<widht/3, j<height/3

MoaxoauT no secam

BoccTaHasnueaer
NOBPEXAEHHbIiA
nuKcens

BoccraHasnueaer

NOBPEXAEHHbIA
nuKcens

BoccraHosnex

Puc. 1. AnropMtm BOCCTaHOBMEHMS NOBPEXOEHHbBIX NMUKCENEN Ha OCHOBE HEMPOHHOMN CETU
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Ha ocHoBe pa3paboTaHHOrO ajnropurMa
OblIa HalMcaHa IporpaMma Jjisi BOCCTaHOBIIE-
HUS TIOBPEXKICHHBIX MHKCENeW C W3BECTHBIM
PacroIoKEHUEM Ha OCHOBE HEHPOHHOM CETH.

MopenupoBaHue

JUIs OLEHKH KadyecTBa BOCCTAHOBJICHUS
ObUIM 1OA0OpaHHbI 4 TPYNITBI pa3HBIX U300pa-
xennid. [lepBas rpynma m3o0pakeHuid ObLia

MMCTOrpaMmMa KpacHoi NanuTpel

e,
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MWcTorpamMma cH gl n AnnTpbi
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— MNepBoe nsolpaxedne — Bropoe nsolpaxeqHue I

noBpexieHa Ha 10%, Bropas — Ha 25%, TpeTbs
—Ha 40%, u yeTBeptasi — Ha 55%.

ITocme BOCCTaHOBIEHHUS IPEIJIOKEH-
HbIM METOJOM ME¥KIY BOCCTaHOBJIEHHBIMH
N300paKeHUSIMU U UCXOJIHBIMU OBbLIT IPOBE-
JNEH CpaBHUTEINbHBIM aHanu3. Pe3ynbrarsl
aHanm3a CBeJeHbl B Tabnmiy. Ha pucynke 2
IIPUBEEHBl TUCTOTPAMMBI BOCCTAHOBJICHHUS
HauOoJ1ee MOBPEKIECHHOTO N300paKeHUSI.

CWcTorpamMma sened o nan WTpbI

I o s e B s e A e s

e
0 20 40 &0 &0 100 120 140 160 180 200 220 240

— MNepBoe wiobpaxeiwe — BTopoe wiobpaxeHue I

TucTorpamma cpegded RGE nanuTphl

0 20 40 &0 &0 100 120 140 160 180 200 220 240

— MNepBoe nsolpaxedne — Bropoe nsolpaxeqHue I

Puc. 2. TncTorpammbl cpaBHEHUS HaMbornee BOCCTAHOBMNEHHOTO M306paXXeHUst C COOTBETCTBYIOLLIMM UCXOAHBLIM

PesynbTaTel uccnenoBanus

Ne uzo6pakenus 1 2 3 5

[ToBpexnaenus, % 10| 25 | 40 | 55

CXx0XecThb
C UCXOOHBIM 97 | 92 88 | 83
n3o0paxkeHueM, %

Cpennuit mpoLeHT 20168 | 72 | 69

BOCCTaHOBJICHHS, %

[Ipu mnoBpexneHHH H300pakeHUsT Ha
55%, pe3ynabTaT paboThl aJrOpUTMa CXOX C

HUCXOOHBIM u300pakeHneM Ha 83%, drO
CBUJIETEIILCTBYET O TOM, UYTO YCTIEIIHO BOC-
CTAHOBJIEHO 69% MOBPEKAEHHBIX MUKCEICH.
OKCHEpPTHBIC OIEHKHM KadecTBa IOJTBEP-
KIAIOT yiydllleHue uzoopaxenus. Omnupa-
SIChb HA TOJYYCHHBIE B XOJIE HCCIICIOBAHUSI
JaHHBIE, MOYKHO CJIeNaTh BBIBOJA, YTO MPHU
MOBPEKICHAM H300paKEHUsT B Mpefesiax
50%, BoccranaBiauBaeTcsd okoyno 70% to-
BPEXKIAEHHBIX TUKCENICH, YTO CBUICTENb-
CTBYET O CTAaOMJIBHOM paboTe aaropuTMma.
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Viydiienne KadecTBa pabOThI  airo-
pI/ITMa BO3MOXHO HpI/I HNCITIOJIB30BAHHUU KOM-
OMHUPOBAHHBIX MOAX00B [2- 4, 7-9]. Jlanb-
HEWMINE WCCIEIOBAaHUS AITOpUTMa OyIyT
CBSI3aHbI ¢ MOAM(DUKAIMEN aArOpUTMa JUIs
BOCCTAHOBJICHUS M300PaKCHUH C YBEIHYCH-
HBIMH 00JaCTSMHU TOBPEXKICHHUH, a TaKKe
AHAJIN30M HpI/IMeHI/IMOCTI/I HpI/I BOCCTAHOB-
JICHUU TPEXMEPHBIX U300pakeHUH.
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AN ALGORITHM FOR THE RESTORATION OF PIXELS IMAGE BASED

ON THE NEURAL NETWORK

In work the algorithm of restoration of the images damaged as a result of influence of noise of various nature is
considered. The advantages and disadvantages of the existing approaches, as well as the prospects of using artificial
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neural networks, are noted. A double-layer neural network is used as an image restoration tool, and it is assumed
that the location of the damaged pixels is known. A neuron is represented as a 3x3 array, where each element of the
array has a pixel color value that corresponds to the value of that color in the palette. The neural network is trained
on intact images, while the color difference of pixels acts as a learning criterion. For a more accurate restoration, it is
recommended at the training stage to select images similar in color to damaged ones. At the recovery stage, neurons
(3x3) are formed around the damaged pixels, so that the damaged pixel is located in the middle of the neuron data
array. The damaged pixel is assigned a neuron value depending on the average value of the weights matrix. An algo-
rithm for the restoration of pixels, as well as its software implementation. The simulation was carried out in the RGB
palette separately for each channel. To assess the quality of the recovery were selected groups of images with vary-
ing degrees of damage. Unlike existing solutions, the algorithm has the simplicity of implementation. The research
results show that regardless of the degree of damage (within 50%), about 70% of damaged pixels are restored. Fur-
ther studies suggest a modification of the algorithm to restore images with enlarged areas of damage, as well as
adapting it to restore three-dimensional images.

Key words: image processing; restoration; filtering; neural network; image comparison.
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