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3anucka: 68 ct., 11 puc., 1 Ta6i., 20 BUKOpHCTaHEe HKEPETO.

OOrpyHTYBaHHSI AaKTYyaJbHOCTI TeMH PpodoTM — VY CydyacHOMY CBITI
iHbopMaIliiHI CHCTEMHU pO3Mi3HABaHHA (PPAarMEHTIB 300paKe€Hb MAaIOTh IIUPOKE
3aCTOCYBaHHA B 0araThbOX raiy3sx, TaKUX SK KOMIT IOTEPHE 30pPOBE CHPUUHSATTS,
MeIUYHa JIarHOCTHKA, Oe3neka Tta Oarato iHmmuX. [Ipote, 6arato 3 X cUCTEM HE €
1HBApIaHTHUMH JI0 PiBHS OCBITJICHHS, 1[0 MOXE MPU3BOJAUTU J0 3HMKEHHSI TOYHOCTI
Ta HAIIMHOCTI X po6oTU. TOMY aKTyanbHUM € AOCTIIXKEHHS Ta po3po0Ka 1HBap1aHTHOT

710 p1BHS OCBITJIEHHS IHPOPMALIHOT CUCTEMH PO3Mi3HABAHHS ()pArMEeHTIB 300paKEHb.

O0’exT npocaimkeHHss — iHdopmalliiiHa cucTeMa pO3Mi3HABaHHA (PparMeHTIB

300pakeHb.

Meta pobdoTH — po3poOKa 1HBapiaHTHOI A0 PIBHS OCBITIEHHS 1HGOPMAIIMHOI
CUCTEMHM pO3Mi3HaBaHHA (parMeHTIB 300pakeHb, sKa 3JaTHa 3a0e3MCUUTH

CTaOUIBbHICTh Ta TOYHICTh PO3MI3HABAHHS HE3AJIEKHO B1Jl YMOB OCBITJICHHS.

Metoau pochaigxeHHss — AHam3 JITEpaTypHUX JDKEpen IS OTPUMaHHS
HEOOXITHUX 3HaHb NP0 ICHYIOYl METOJIM PO3MI3HABaHHS (PparMeHTiB 300paKEHb 1 iX
1HBapiaHTHICTh JO OCBITJIIeHHA. Po3poOka MarematuyHoi Mojeni. Peamizaris

PO3p00JICHOT MO/JIeTl Ta BUKOHAHHS €KCIIEPUMEHTIB JIJISl OIIIHKH 1i MOYXJIMBOCTEH.

PesyabTar — Po3poOiieHa iHBapiaHTHa 10 piBHS OCBITJICHHS 1H(OpMaliiiina
cCUCTeMa po3Mi3HaBaHHA (PparMeHTiB 300paxkeHb. [IpoBeneHuii aHammi3 Ta OIlIHKa

e(hEeKTUBHOCTI pO3POOICHOT CHCTEMH.
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1. BCTYII

1.1 AkTyajJbHiCTh TeMH

Y cydacHOMY CBITI, ¢ BUKOPHCTAHHS KOMIT'IOTEPHOTO 30py 1 pO3Mi3HABAHHS
00pa3iB cTae Bce OUIBII MOMTUPEHUM, IMPOoOJIeMa 1HBAPIiaHTHOCTI JI0 PiBHS OCBITICHHS
IpyU pO3Mi3HaBaHHI (PparMeHTIB 300pakeHb € akTyanbHOI0. OCBITICHHS € OJHHUM 3
HalBaXXJIMBIIIKX (DAKTOPIB, 10 BILNIMBAIOTh HA 300paK€HHs, 1 HOTO HEPEeTryJSIPHOCTI
MOYTh BUKJIMKATH 3HA4YHI TPYJHOINI MPHU pO3Mi3HaBaHHI 00'ekTiB a00 oOpa3iB Ha
300paxeHHsX. Po3poOka iHpopmarlliiiHoi cuctemu, sika Oysa O IHBapiaHTHOIO JI0 PI1BHS
OCBITJICHHS, Ma€ BEIUKHM TOTEHIA] y 0aratbox Tally3siX, TaKuX SK MEAUIINHA,

Oe3rneka, aBTOMOO1IbHA POMUCIIOBICTh Ta 0arato 1HIIUX.

1.2 MeTa pociaiKkeHHs

OCHOBHOIO METOI0 JIOCHIJKEHHSI € po3poOka iHdopmaliitHoi cucreMu
po3Mi3HaBaHHsI (parMeHTIB 300pa’KeHb, AKa MOBUHHA OyTH 1HBapiaHTHOIO JO PIBHS
ocBiTiieHHs. [[nig 1poro Tpeda po3poOUTH METOAM Ta aJIrOPUTMHU, IO J03BOJISIThH
cucteMi eheKTUBHO PO3MI3HABATH (PparMeHTH 300paKeHb HE3aIEKHO BiJl OCBITIICHHS.
OcCHOBHI 3aBJaHHS BKJIOYAIOTh AaHalI3 ICHYIOUHMX METOJIB, pO3pOOKY HOBHX
QITOPUTMIB Ta METOIB MPOCTOPOBOI HOpMAJIi3allii, a TaKOXK OIIHKY €(QEeKTUBHOCTI

3aMpPONOHOBAHKX PIIICHbD.

1.3 3aBaaHus D0CTiTKEeHHA

B pamMkax mocinikeHHS TIJIaHy€ThCSl BAKOHATH TaKi 3aBJaHHS:
- AHami3 CcydacHMX METOJIB pPO3Mi3HaBaHHS (parMeHTIB 300pakeHb Ta iX
1HBApPI1aHTHOCTI /10 PIBHS OCBITJICHHS.

- BuBueHHs BIUIUBY OCBITJICHHS Ha mponec pOBHi3HaBaHHH.



- Peamizanist iHpopMariiiHoi cuCTeMHU po3Mi3HaBaHHSA ()parMeHTIB 300pa’KeHb,
BUKOPHCTOBYIOUH 3alPOTIOHOBAHI aJITOPUTMHU Ta METO/IH.
- [IpoBeieHHS eKCTIEpUMEHTIB 3 BAKOPUCTAaHHSIM PO3pOOJICHOT CHCTEMH Ta OIliHKA

il eheKTUBHOCTI Ha PI3HUX TECTOBUX HabOpax JaHUX.

1.4 Ilpeamer aocaigKeHHA

[IpenmetroM nmociipkeHHs € iH(OpMaliiiHa cucTeMa po3Ii3HaBaHHS (PparMeHTIB
300pakeHb, Ska 3a0e3neuye I1HBapIaHTHICTh JO PIBHSA OCBITIEHHA. JloCHimKeHHS
CIpSIMOBaHE Ha PO3pOOKY HOBUX METOMAIB 1 aJIrOPUTMIB, SIKI JO3BOJSATH CUCTEMI

e(eKTUBHO pO3Mi3HaBaTH (PparMeHTH 300paKe€Hb HE3aJIEKHO BiJ OCBITIICHHS.

2. OTJIA A JIITEPATYPU

2.10cHoBHI BiZoMOCTI 3 TEMH

[HBapianTHa 40 PpIBHS OCBITJIEHHS 1H(pOpMAaliiiHA cUCTeMa pO3Mi3HaBaHHS
(dbparmMeHTiB 300paxkeHb NIABUIILY€ HAAIMHICTh pO3MI3HABAHHS (DparMEHTIB HE3ATEHKHO

B1J1 YMOB OCBITJICHHS.

3 11i€r0 METOI0 BUKOPUCTOBYIOTHCS P13HI METOHM Ta miaxoau. Hanmpuknan, oqHum 3
MIJIXOMIB € BHKOPUCTAHHS METOMIB HOpMaii3armii OCBITICHHS, SKI JO3BOJISIOTH
3MCHIIUTH BIUTMB 3MIiH OCBITJICHHs Ha 300paxkeHHsx [1]. Ile moxe BIouyaTH
aJlaTUBHY PEryJISIil0 KOHTPACTHOCTI [2], BHaaneHHS TiHeH a00 BUKOPHUCTAHHS

crnieniaabHUX GinbTpiB [3].

Takox AOCHIIHKY€EThCS BUKOPUCTAHHS 1HBAPIAaHTHUX O3HAK JUISl PO3Mi3HABaHHS
(dparmeHTiB. IHBapiaHTHI O3HAKU HE 3aJIeKaTh BiJ] PIBHS OCBITJICHHS 1 JO3BOJSIOTH

TOYHO BHU3HayaTH o00'ekTH abo0 marepHu Ha 300pakeHHsAX. lle MoxyTp OyTu



r€OMETPUYHI 03HAKH, TEKCTYPHI 03HAKU a00 1HII XapaKTePUCTUKH, K1 3aJTUIIAI0THCS
CTIMKMMH HaBiTh MPH 3MiHI YMOB OCBiTJIeHHS [4].

BaxxnuBuM acmekToM € TakoX aHadi3 TONepeAHIX JOCHIKEHb Yy Trajysi
po3mi3HaBaHHs 300paXkeHb, 30KpeMa METO/IIB PO3Mi3HAaBaHHS (PparMeHTiB 300paKeHHS
[5]. Lle mae 3mory BUSBHTH HasBHI METOIH, iX IEpPEBard Ta HEIOJIKH, a TaKOX

11eHTH(QiKyBaTH IPOTaIuHU, IKI MOXKYTh OYTH 3alIOBHEH1 BJIACHUM JIOCTI1KEHHSIM.

BpaxoByroun 111 OCHOBHI BIJJOMOCTI, HEOOXIJIHO TMPOJOBKUTH PO3BUTOK
1H(MOpMAIIHHUX CUCTEM PO3IMi3HaBaHHS (PparMeHTIB 300pakeHb, sIKI 1HBApiaHTHI 10
piBHs ocBiTAeHHS. [Ipy 11bOMY HEOOX1JHO BUKOPUCTOBYBATH HOB1 aJITOPUTMH, METOAU
HOpMaJIi3alli Ta IHINl IHBapiaHTHI O3HAKU JJIsl JOCSTHEHHS OUIbII TOYHOTO Ta

HaAIMHOTO po3mi3HaBaHHs [4,6].

2.2 AHaJi3 nomepeaHix Q0CJHiKeHb y rajy3i po3ni3HaBaHHA 300pakKeHb

[HBapianTHa 70 piBHS OCBITJICHHS 1H(OpMaIiiiHa cucTeMa 3 BHUKOPUCTAHHSM
¢yHKLIM HempomopuiiHocTl Oyna mnpuBEAEHA Yy JOCHIKEHHI [/]. Y upomy
JOCIIKEHH] aBTOPY 3alpONOHYBAJIM HOBMM MiAX1J 10 pO3Mi3HABaHHS (DparMeHTIB
300pakeHb, SIKUW 0a3yeThCs Ha BUKOPUCTAaHH1 (PYHKIIN HenponopiiiHocTi. Cuctema
BpPaxOBY€ 3MIHH y PiBHI OCBITJIEHHS LIJISXOM aHaII3y (PYyHKIIA HENPOMOPLIIHOCTI s
OTPUMAaHUX 300pakeHb. Pe3ynbTaTu MOCIHIKEHHS MATBEPIKYIOTh BUCOKY CTIHKICTb

710 3MiH OCBITJICHHS Ta TOYHICTh PO3Mi3HABAHHS (ParMeHTIB 300pa’KeHb.

JlonatkoBo, miii Temi TakoX mpucesyeHi pobdotu [8-11]. ExcmepumenrtanbHi
pe3yibTaTH, TMpPEACTAaBICHI B 1LUX poOOTax, MIATBEPIKYIOTh €()EKTUBHICTD
BUKOPUCTAaHHA (YHKIIN HEMPOMOPIIAHOCTI JJisi  pO3Mi3HABaHHS (PparMeHTiB

300pakeHb MPHU 3MIH1 OCBITJICHHSI.

3 ypaxyBaHHAM IMX JOCIIIKEHb MOKHA 3pOOWTH BUCHOBOK, IO BUKOPHUCTAHHS

(GyHKIIM HENpOMOPILIMHOCTI B CHCTEMax pO3Mi3HABaHHS (PparMeHTIB 300pakeHb €



aKTYaJIbHUM MiAX0J0M JJI JOCSTHEHHS 1HBApiaHTHOCTI JO piBHS OCBITIeHHs. Lleit
M1X1]] Ma€ MOTEHIial 3aCTOCYBaHHS B PI3HUX Taly3sX, TAKUX SIK KOMITIOTEpHE 30POBE

CIPUMHSATTS, pO3Mi3HABaHHS 00pa3iB Ta aBTOMATUYHE YIIPABJIIHHS CUCTEMaMH.

OmHuM 13 MOXJIMBUX BaplaHTIB TakKOl CHCTEMH 13 BUKOPUCTAHHAM (PYHKIIT
HENPOMOPIIHHOCTI € iH(pOpMalliiHa CUCTEMa, B AKIH BHUKOPUCTOBYIOTHCS —(PYHKIIIT

HenpomnopiiiHocTi [12].

@yHKIIA HENPONOPLIHHOCTI JONMOMarae CTBOPUTH 1HBaplaHTHY [JO pIBHS
OCBITJICHHS 1H(OpPMAILIfHYy CUCTEMY pO3Mi3HaBaHHS (parMeHTiB 300pa)xeHb, sSKa
MOKe €(EeKTUBHO MPALIOBATH HABITh MPU 3HAYHUX 3MIHAX OCBITIEHHS. e BaxiInBO
sl 6araTbOX 3acTOCYyBaHb, TaKUX SIK PO3IMI3HABaHHS OOJMY, JNETEKIIsS OO0'€KTiB,

MeJMYHa JiarHocTuka Ta 6e3mneka [13].
2.3 ®yukuii HenmponopuiiiHocTi
2.3.1 HenponopuiiiHicTh M0 MoXigHiil n-nopsiaxky

BigoMi kisibka TUMIB (PYyHKLII HEMPOMOPIIAHOCTI: HENPOMOPLIMHICT MO MOXITHIN
N-TIOPSAZIKY,  HEMPOMOPIINHICT, MO  3HAYEHHIO  N-TIOPANKY 1  BIJIHOCHI
HETPOTOPIIIHHOCTI. BCl BOHM SIBISIIOTHCS XapaKTEPUCTUKAMH UYHUCIOBUX (PYHKIN 1
XapaKTEPU3yIOTh HASIBHICTh a00 BIACYTHICTH MPOMOPLIOHATBHOTO 3B’ 513Ky MIXK LIUMHU
GyHKIISIMU.

HenponopuiiiHicTe M0 NOXIAHIA N-MOPSJIKY Y(X) MO X OMHCYIOThCS HACTYITHUM

BHPA30M

@My =2-=-.22 (1)
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TyT BUKOPHCTOBYETHCS CHUMBOJ (@ JUIA TIO3HAYCHHS oOImepallii 00YMCIeHHS
HenpornopuidHocTi. CuMBoI «d» 03Hauae «moxinHa». [Topsaok BKa3yeThCs B KPYTIIUX
ayxkax. JIlia yactuna (1) 3Byunts Tak: " d ny mo X"

Henpomnopititinicts (1) gopiBHIOE HYIIIO, AKII0 QyHKIISA y(X) Mae Burisia Y = kX" 1
BOHA iHBapiaHTHA I10 BiIHOMIEHHIO JI0 KoedillieHTa mporopIidHocTi K.

HenponopiifiHicTs o MOX1HIN mepiroro nopsaky (N=1) mae BUTsI;

@dMy=2-% 2)

X dx

Skmo ynkiii X = ¢ (t), y = v (1), Bu3Ha4aroThcs napameTpudHo (t - mapamerp)

To HenponopuiiiHICTh (2) Ma€e BUTIISIA:

ay
1 (L) /
@dy0P(t) = i

o 99 ®)

SIkiio icHye mponopiiiHa 3anexHicTh Y(t) = K @(t) Mk aBoMa GyHKIisMU Y(t) i
¢(t), To HempomopiiiHicTh (3) TOpiBHIOE HYJIO y BCil o00jacTi iX iCHYBaHHS,
HE3aJIC)KHO BiJ] 3HAYCHHS KOe(ili€HTa MPOMOPIIIHOCTI.

Cnin 3a3HauuTH, MO (PYHKIIT HEMPOMOPIIHHOCTI JI03BOJISIIOTH OOUYHCIIOBATH
HEBiZIoMi KOe(illieHTH mepel BiTOMUMH (QYHKIISIMH, IO YTBOPIOWOTH cymy Y(X),

BHUKOPUCTOBYIKOYHU 3HAYUCHH:, OTpI/IMaHi JJI IOTOYHOT'O 3HAYCHHA apI'yMCHTY.

Jnst Bumaaky, koiu (QYHKIIT He TIaaki 1 HE MaloTh MOXIAHUX, 3aMICTh
HETPOIOPIIIHHOCTI 3) MPOTIOHY€THCS BUKOPUCTOBYBATH IHTErpagbHy
HENPONOPLIHHICTH nieproro nopsaky [13, 14]. Ls venponopuiiHicTs GyHKIIIT y(X) 10

BiTHOIIEHHIO 710 f(X) Mae BUTIISIA:
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@1V X hy(X>dX y(x)
f(X)Y( ) _p fx)dx f(x) (4)

ae h - 3anane uuncio.
VY upomy Bumanky y(x) i f(x) mpeacraBieHi OAHOBUMIPHHUMH MacuUBaMmH. SIKIIO
anpoKCUMYBAaTH 1HTErpaiu B (4) 3a gomomoror ¢GopMyld Tpameriil 3 0JHaKOBUM

KpokoM h st y(x) 1 f(x), To HemponopititiHicTh (4) HaOyBae BursIAy (5):

1 YVi-1 1Yi Vi
=@y =T T Q

HactymnHe 3BOpoTHE MepeTBOPEHHS TaK0X Oyjie BAKOPUCTAHO B JaH1i poOOTi:

Yi-1—1i(fi-1+fi) fi
fi-1 ' (6)

Vi =

2.3.2 BaacTuBocTi HenponopuiiiHOCTI Mo NoXiaHii N-mopsiaAKy

Hwxue HaBeneH1 esiKi BIACTUBOCTI MOXI1IHOI JUCTIPOTOPIIIITHOCTI:

1. Muoxenns ¢yskuii y = f(x,t) Ha mocTiitHui MHOXHUK C MPU3BOIUTH 10
MHOKEHHS 11 HEPOIMOPIIITHOCTI HAJT TOX1THOIO N-TIOPSIKY.

2. HenpomnopiiiiHicTe 1O TOXIAHIA N-TIOPSAAKY Big cymu (pi3HUI) GYyHKIIH
JIOPIBHIOE CyMi (Pi3HHMIII) TX HEMPOMOPIIIHHOCTEH.

3. Jnsa y = k(t)x™, ne n - uize uncio Ouibiie HYJsA, 3 (IKCOBAHUM 3HAYCHHSM t
@dfcn)yt = OBchoMy 00cs131 PyHKITII.

4. Ille ogHa BIACTHUBICTh € HACHIIKOM Teopemu [12].

Hana dyukuis y = f(x,t),x € X, t € T. Toni @d,(cn)yt * 0, ane @(n)@d,(cl)yt =

0. JoBenemo, 1o B manoMy Bumnaaky y = f(x, t) Mae BUTIISA
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y=k,(®)x™ + k,_,(®)x™1 + -+ k(t)x, 9)

ne k,, (t), kn,_1(t), ..., kqi(t) - koedimienTu, GpikcoBaHi IJIs 3a1aHOT BETUIHHH t;
k, (t) # 01ixo4a 6 oguH 3 iHMMX KOe(Dilli€EHTIB HE JOPIBHIOE HYJIIO; N - I[1JI€ YHCIIO,

O1sIbIIIE HYJISL.

Hoka3z. IlepekoHaeMocsi, 10 HENPONOPUIMHICT MO MOXIAHIA N-TIOPAIKY HE

JOPIBHIOE HYJI0. BiamoBiTHO 110

@AMy, = [k (X" + kpy_p (X2 4 - + ky (£)x].

—x_n

(10)

3a ymoBoto xoua 6 ot 3 k,,_1(t), k,,_5, ..., ki(t) HE TOpPIBHIOE HYIIIO.

Tomy HENpOMOPIIHHICT TEXK HE JOPIBHIOE HYIO. Tenep 3Hal1ITh MOCTIJOBHICTh N

HEIl 11H1 i d®
PONOPLIIHICTE HAJl HOX1IHOKO MEPILOro NopsAAKy Wit @ (n)@d, " y;.
JI71s1 3py4HOCT1 KOXKHA HEMPOMOPIIIHHICTD B 111 MOCI1OBHOCTI Oy i€ MO3HAYaTUCS

7. 3 BIAIOBIIHUM 1HIEKCOM.

Zy = @d{y, = —[(n — Dk (DX + (n —
k1 ()2 + - + 2k5 (£)x2 + ko (£)x];
Z, =@d"Z, = [(n— 1)(n — Dk, (Ox" 2+ (n— 2)(n —
k1 (O)x™3 + o+ 3+ 2k, ()22 + 2k5(£)x];
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Zi = @d7Z;_; = (1) X ki ()% ooy (G — m);

Zn-y = @dZyy = ()" (n — Dl ky(B)x;

n = @da(cl)zn—l =

2.4 IIpo0Jiema iHBapiaHTHOCTI 10 PiBHSA OCBITJICHHA

[IpoGyiiema 1HBapiaHTHOCTI 10 PIBHS OCBITJICHHS BHHHUKAae B 0OaraThboxX 3ajiadax
KOMIT'FOTEPHOT0 30py Ta 00pOOKH 300pakeHb, Jie HEOOX1THO aHATI3yBaTH 300payKCHHS
HE3aJIe’KHO BiJl HOTro OCBITIEHHS. OCKIJIBKUA OCBITIICHHS MOKE CYTTEBO 3MIHIOBATHUCH,
HaIpUKIaJa, Yepe3 PI3HUII0 B JDKEpEIax CBITIA, BIIOOPa)KEHHS MOBEPXOHb a00 1HIII
(dbakTOpH, IHBAPIaHTHICTH JI0 OCBITJICHHS € BaYKJIMBOIO BJIACTUBICTIO JJIs 3a0€3MCUECHHS

CTIMKOCTI Ta TOYHOCTI aHami3y 300paxkeHs [15 - 18].

OpmHuM 3 TIXOIB 0 BUPIIIEHHS TPOOJIEMH 1HBAPIaHTHOCTI JI0 PiBHS OCBITJICHHS €
BUKOPUCTAaHHA 1HBapiaHTHUX 03HAK 200 IeCKpUNTOPIB 300pakeHb. L1 03HaKu MOBUHHI
OyTH CTIMKMMH JI0 3MIHU OCBITJIEHHS, IO JO3BOJIAE iX BUKOPHCTOBYBATH ISt

po3mi3HaBaHHs 00'€KTIB a00 MOPIBHSHHS 300paXKeHb HE3aJICKHO BiJl OCBITICHHS.

Hampukinazn, omiHUM 3 TOMYJISPHUX METOIIB JUIsl OTPUMAaHHS 1HBApIaHTHUX O3HAK €
meroa SIFT (Scale-Invariant Feature Transform). Bin 06a3yeTbcsi Ha mNOUIyKY
JIOKaJIbHUX KJIIOYOBUX TOYOK Ha 300pa)KeHHI Ta CTBOPEHHI JECKPHUIITOPIB, SIKI €
CTIMKMMHM J0 MaciiTaOyBaHHS, 3MIIICHHS Ta OOEpTaHHS 300paKEHHS, a TaKOX

BIJTHOCHO CTIMKHUMHU JI0 3MiH ocBiT/IeHHs [18].

[HmMi migxig nojisrae B BUKOPUCTAHHI METOJIB HOpMautizalii abo momnepeaHbol

00poOKM 300pakeHb sl BUJalieHHsS e(eKTiB OcBiTIeHHsA. Hampukian, MOXyTh
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3aCTOCOBYBATHCh METOJIM KOPEKIIii KOJIhOPY a00 KOHBEPTAIlii B MPOCTIP KOJIBOPIB, K1
T03BOJISIIOTH 3MEHIITUTH BIUIUB OCBITJICHHS Ha 300pa)KCHHS Ta 3a0€3MEUnUTH OUTBITY

CTIMKICTH 0 3MIHU OCBITJICHHS.

OxpiM 1BOTO, ICHYIOTh METOJM MAIIMHHOTO HAaBYaHHS, SKI MOXXYTh HaBUUTHCS
PO3IMi3HaBaTH 00'€KTH HE3aJICIKHO B1J] PIBHS OCBITJICHHS IIJIIXOM HaBYaHHS Ha BEJIUKIN
KUTBKOCTI 300pa)K€Hb 3 PI3HUMH PIBHSIMH OCBITJICHHS Ta 3HAXO/KEHHS 1HBaplaHTHUX

3aKoHOMIipHOCTEH [12].

VYei i nigxoau cupsiMoBaHi Ha 3a0€3IeUeHHsI 1HBAp1aHTHOCTI O PIBHS OCBITJICHHS
Ta TOKpAIEHHS SKOCTI Ta CTIMKOCTI aHalidy 300pa)kKeHb HE3aJeKHO Bl 3MIH

ocBiTienss [19, 20, 15].

3. HOCTAHOBKA 3AJIAYI

3.1 ITocraHoBKa 3a1a4i

Po3poOut anropuT™M 1 KOMII'IOTEpPHY Mporpamy JUisi MOJEIIOBAHHS pOOOTH

CUCTEMHU PO3Mi3HaBaHHS (parMeHTiB 300pakeHb MPU JOBIILHOMY PiBHI OCBITIICHHS.

3.2 MaTreMaTH4YHA HOCTAHOBKA 3aJay4i

JlaHO 11Ba €TaJIOHHUX pacTPOBUX 300paKEHHS, KOXKHUHU 13 SIKUX MOXe OyTu
npeacTaBieHnit Matpuiiero. B Hiit h psakiB 1 w croBmuukiB. KoxkHOMY eleMeHTY
MaTpHuIll BIJMIOBIIAa€ MIKCEIb 300pa)kKeHHS 13 CKIIaoBUMH KoIbopiB Red, Green, Blue.
[Ipu ckanyBaHHI 300pakeHHs BiJIOYBa€TbCs MPOYUTAHHS IMIKCENTIB 3J1iBa HAIpPaBo 1
3Bepxy BHU3. [Ipu 1boMy BiOYBa€ThCS 3UMTYBaHHS 3HAUYEHb CKJIAJI0OBUX KOJBOPIB.
Koxne 13 Hux moxe 0ytu Big 0 1o 255.

ITo3naunmo:

1=0,1,...,h-1- HOMep psKa;
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7=0,...,w-1- HOMep CTOBITUHKA;
g= IwW+] — HOMep IOTOYHOT'O TIKCEIs;
r1(q), 91(q), bi(q) — BignmOBiAHO 3HAYEHHS YEPBOHOI, 3€JICHOT 1 OJJAKUTHOI CKJIaI0BUX

MEPIIOro 300paKeHHS.

r2(q), 92(9), b2(q) — cknamoBi KOJIBOPIB MK CEMIB APYTOro 300parKeHHSI.

JlaHo Tako)X KOMOIHOBaHE 300pakKeHHs, Ha SKOMY MOXYTh OyTH (dparMeHTH
IepIioro, abo Jpyroro 300pakKeHb a TaKOX IIE SKICh BHIAAKOBI 300pa)KCHHSI.
HeoOxigHo mna mo0oro 13 3aJaHUX €TajJoOHIB pO3IMi3HABAaTH HOro (parMeHTH Ha
KOMOIHOBaHOMY 300pa)keHHI IPH TOBLILHOMY PiBHI OcBiTJIeHHS. [To3HaunMo yepes M
PIBEHb OCBITJIIEHHS I[LOT0 300paXKeHHS, IKE MOKe OyTH BUMAJKOBUM B iHTepBai Bix ()
no 1, mo Biamoigae mepexoxy Bia moBHOi TemMHOTH 10 100% ocBiTiaenus. [lpu
3HIDKEHH1 PIBHSL OCBITJICHHS, MPOMOPIIMHO 3MEHIIYIOTHCS 3HAYCHHS CKJIAJIOBUX
KoJbopy. [l03HaUMMO CKJIaZ0B1 KOJBOPIB MIKCENIIB KOMOIHOBAHOTO 300paXKeHHS MIPU
JOBUTHHOMY PiBH1 OCBITJIEHHS uepes r1(q), gg(q), bb(q).

JUJist miKCemiB MepIIoro €TajJoOHHOrO 300paKeHHS

rr(q) = Mra(q), (2)

99(a) = Mga(a), (3)

bb(q) = Mba(q), (4)
BignosigHo s npyroro:
rr(q) = Mrx(q), (5)

99(q) = Mga(q), (6)

bb(q) = Mby(q), (7)

ToOTo 3amaya 3BOAUTHCS 1O BUSBICHHS MPOMOPIIOHATBHOTO 3B’S3KYy MIXK
CKJIAJIOBUMU KOJIHOPIB TIKCENIIB KOMOIHOBAHOTO 300payKeHHSI Ta KOYKHOTO 13 €TaJIOHIB.
SIKIIO IS SIKOrOCh 13 €TAJIOHIB TAakHWi 3B’SI30K BHSBJICHUM, BBAXKA€ThCS, IO

BIJITIOBITHUM TIKCEJIh HAJIEKUTH I[bOMY €TaJIOHY.
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SIKIIO 71 YKOJTHOTO 13 €TAIOHIB IPOMOPIIIHHUH 3B 30K HE BHUSIBJIICHUH, 116 O3HAYAE
MPUCYTHICTH II€ TKOTOCh CTOPOHHBOTO 300paKEeHHSI.

[ro 3amaqy HE MOXHA PO3B’S3aTH MIPOCTUM JIIJICHHSIM 3Ha4€Hb CKJIaJI0BOT KOJILOPY
3aTEMHEHOT0 300pakeHHS Ha TaKy K CKIAIOBY BIAMOBIIHOTO MIKCEJs OJHOTO i3
JOCTIIXKyBaHUX 300paxkeHb. CrpaBa B TOMY, 1110 pe3yJbTaT AUICHHS HEBIIOMO 13 YUM

MOPIBHIOBATH BHACJIIJIOK HEBIJJOMOTO PiBHS OCBITJIEHHS 1 BIACYTHOCTI 1H(popMarrii

PO Te, TIKOMY €TAJIOHY HAJICKUTh TOTOYHHUH MIKCEITb.
4. AJITOPUTM PO3B’sI3AHHS 3AJAUI
4.1 Xix po3B’sizaHHd 327124

[IpucBoroeMo nepiioMy eTajloHHOMY 300pakeHHI0 iHjaekc k = 0, a inmomy k = 1.
O06uKCIMMO IHTETPAIbHY HENPONOPIIHHICTD MEPIIOTO MOPSAKY CKIAJOBUX KOJIbOPIB
rr(q), gg(q), bb(q) koMOIHOBAaHOrO 3aTE€MHEHOTO 300pa)X€HHSI MO BIAMOBIIHUM

CKIIATIOBHUM KOJKHOI'O CTAJIOHY.

[To3zHaunmMoO HENMPOMOPIIHICTh IO YEPBOHIN CKJIaJ0BIN MOTOYHOTO MiKcens ais k-

ro eranona uepes D,.(k,q), nns sanexnoi cknanooi Dy(k,q) 1 mna OGmakurHOi

Db (k, q): Ac

g — HOMep TTIKCEeJs

rr(@g =D +rr(@)  rr(q)

Drlle @) = S+ r(k,q) 1k q)

_ 99(q-D+g9l@  g9@)
Dg(kr Q) - g(k’q — ]_) + g(k, CI) g(k, q)
Dy(k,q) = e o~ T

b(k,q—1) +b(k,q) 7k, q)
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nek=0,1.
AHani3 OTpuMaHUX HEMPOIOPLIHHOCTEH 103BOJISIE PO3MI3HATH MPOMOPILIOHATBHUN

3B’SI30K MK CKJIQJIOBUMH KOJIBOPIB IMIKCEIIB 3aTEMHEHOI'0 300paKeHHS 1 €TAJIOHHUX

300paxeHb.

Y Bunanxy xomu D, (k, q) abo Dy (k, q) a6o Dy, (k, q) nopiBHIOE HyJIIO, LIE O3HAYAE,
10 q-# MIKCeNTb BIAMOBIAA€ BIAMOBITHOMY IIKCEIIO0 €TAJIOHHOTO 300paKeHHI0. SIKIIO
MPOMOPLIHHOCTI HYJBOBI Ui 000X KOe(illieHTiB, 11e 03HAayYae, MO B 000X eTaioHax

CKJIQJIOBI MIKCEJIIB CITIBIIaa0Th.
VY Bunajaky, KoJM HEMPOIOPIIIHHOCTI HE JOPIBHIOIOTh HYJIIO, II€ O3HAYa€, M0 J-U
MIKCEb HE BIAMOBIAAE HI IEPIIOMY Hi IPyTOMY €TajJOHaM.

4.2 AJropuT™M mporpamMu

[Ipu HamucaHHI aNTOPUTMY 3aCTOCOBYIOTHCS 1€HTHU(DIKATOPHU, SKI MPHUBEICHI B

TaOJHIII.
Ta6mmms 1.
3miHa Inentudikarop [TosicHeHHs
w width upuna BikHA
h height Bucota BikHa
I ij Homepu psijxa i
CTOBITYH KA
g q

Howmep notounoro nikcens




r(a), 91(a),
b1(q)

r2(q), 92(0),
b2(q)

rr(9), 99(q),
bb(q)

D,(k,q)
Dy(k,q)

Dy (k, q)

R1[q], G1[q],
B1l[q]

R2[q], G2[q],
B2[q]

R_new [q],
G_new_[q], B_new _[q]

etalon,

etalonl

Reogn

disp_r[q]
disp_gl[a]

disp_bl[q]

CkasoB1 q-TO TKCes

1 eranony

CkJ1agoB1 HIKCEIIS 2-TO

eTaJIOHY

Cxi1a0B1 mIKCENA
KOMOIHOBAHOTO

300paKeHHS

3HaYeHHS CTAJIOHIB

PiBeHb OCBITIIEHHSA
KOMOIHOBaHHUX

300paKeHb

Homep 300paxkeHHs

Hemnpomnopriiinicts

JUTSL TIIKCETISt €TalIOHy




swr, swg, swb

daitm U1 3HaYCHHS

CKJIAJJOBUX

4.3 Baok-cxeMa nporpamMu

pooooooo -
L
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‘ ZaHeceHHA & S3inM HenponopyifHoored ne Red, Green, T
-+

Blus Konsopam

'

Fozmizszzsad4s dparvesT e zodpaseds No
J‘ HEMpONCpUiRHOCTRAM

AKWo No HenponopUiHoCTI no
yCiM TDBOM KONbPaM HynbOE

BignosigHmia nikcens GepyTeeA i3 NMikcent oTpUMYE YEREOHUA
eTanoHis Komip.

BuBeaeHHA 3aTeMHeHoro EOEPE}KEHHH ]

!

BueeaeHHA 306parkeHHs,
oTpUMaHore B pesynbTaTi aHanisy

L

........

Pucynoxk 1. biiok cxema 1o uttocTpye poOOTy alropuTMy Iporpamu.

4.4 TacTpyKuif 1JI1 KOPpUCTyBa4va

Le#t xox vHa C# MicTUTh JesKi QyHKLIT Ta 3MiHHI, SIKI BUKOHYIOTh Pi3H1 Aii OB'A3aH1

3 00po0OKOI0 300paKeHb.

VY 1ubOMy KOl BHUKOPUCTOBYIOTHCS PI3HI MPOCTOpPH I1MEH, Takl AK System’,
“System.Collections.Generic’, “System.ComponentModel’, “System.Data’,
"System.Drawing’, System.Ling’, "System.Text’, “System.Threading.Tasks,

‘System.Windows.Forms®, ‘System.IO" 1 "System.Reflection.Emit’. Koxxen 3 Hux
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HaJa€e JOCTYN J0 MEBHHUX KJaciB Ta (PYHKIIIM, sSKi MOTPiOH1 JUIsi BUKOHAHHS TIEBHUX

3aBJaHb.

Kon Takox Buznavae npoctip imeH * WindowsFormsAppl™ i kinac "Forml®, sikwuii €

MOYaTKOBOIO (hOPMOIO MPOTpamH.

OcHoBHa Jorika mporpamu posmimiena B wmetoxi buttonl Click’, sxuii €
00pOOHUKOM TOI1i JJIsI HATUCKAHHS KHOIIKH 3 iAeHTrudikaropom "buttonl'. V mpomy
MeTOo/1 BiOyBaeThcsi 00poOKka 300paxeHb 1 po3mi3HaBaHHS (parMeHTiB Ha OCHOBI

HEIPOIMOPIIHHOCTI KOJIbOPIB.

Kon mictuth nekiabka MacHUBIB, TAKUX K T, g, b, 'T new, g new, b new,
‘R, "G’, ‘B, 'R _new’, ‘G new’, ‘B new’, 'R1°, "G1°, 'B1’, 'R2", "G2", 'B2", axi

BUKOPHUCTOBYIOTHCS JJIsI 30epiraHHs 3HaUeHb KOMIIOHEHTIB KOJIbOPY MIKCEIIB.

Takox y ko1 € GyHKIIIsI ' nonprop’, ika 00YUCITIOE HEMTPOIIOPIIIHHOCTI JJ1 33J]aHOTO

MacHBY 3Ha4€Hb KOJbOPIB.

Y upoMy KoIi BHUKOpPHUCTOBYIOThCS kiiacu Color’, ‘Graphics', ‘Bitmap’,
‘StreamWriter', ski HagalOThb (QYHKIIOHAIBHICTH JIsi POOOTH 3 KOJIHOPAMH,

300paskeHHsIMH, Tpadikoro Ta (ailinamu.

Kon Takok MICTUTH Jesiki omnepaunli 34MTyBaHHS Ta 3alUCyBaHHS MIKCENIB
300pakeHb, CTBOPECHHSI HOBUX 300pakeHb, OOUYMCIICHHS HEMPOMOPIIMHOCTEH Ta

po3Mi3HaBaHHs (PparMeHTIB Ha OCHOB1 HEMPOMOPILIMHOCTEH.

3aranom, 11ei KOJ BUKOHYE 0OpOOKYy 300pa)eHb, po3Mi3HaBaHHA (DparMeHTiB Ta

30€epeKEeHHS Pe3yIbTaTiB B (haidll.
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4.5 CepenoBuiliie 1Jisi po3pooKu

Visual Studio 2022

Visual Studio € iaTterpoBanum cepenoBuinem po3podku (ICP) mnst ctBopeHHs
OpOrpaMHOTO 3a0€3MEYeHHs, SKE€ HaJa€ UIMPOKUNA CHEKTP 1HCTPYMEHTIB 1
moxknmmBocted. lle mortyxkne ICP, ske nmo3Bojisie mporpamictam peaaryBatu,

HAJIaro/KyBaTH, KOMIIUTIOBATH Ta MyOIiKyBaTH KOJI.

Visual Studio MicTUTh HE TUIBKM OCHOBHMM pEIakTOp 1 BIUIAMUUK, ayne u
KOMITUTATOPH, 3aCO0M aBTOJOMOBHEHHS KOAy, rpadiyHl KOHCTPYKTOpH Ta 1HIII
(YHKITIOHATBHI MOJMJIMBOCTI, $KI CHPUSIOTH TOJIMIICHHIO TPOILECY PO3POOKH

MIPOTPAMHOTO 3a0€3MEYCHHS.

[aTerpoBane cepenonuie Visual Studio BiloMe CBO€I0 BUCOKOIO MPOIYKTUBHICTIO
1 WBHAKOAIE0. BOoHO miaTpuMy€e po3poOKy Ha pi3HUX IUIATPOpMax Ta MPUCTPOSX 1
3a0e3mneuy€e MOXKJIMBICTh KOMITUTIOBATH Mporpamu pizHuX TumiB. KpiMm Toro, Visual
Studio Hamae 3pyyHi 3aco0U CHIBHOI pOOOTH B PEXUMI PEAIBHOTO Yacy, A1arHOCTUKY

po0JIeM Ta BUNIPABJICHHS 1X 0 BAHUKHCHHS.

3aBasku CBOIM (YHKI[IOHATBHUM MOXIUBOCTAM, Visual Studio poOuth moaeHH1
MpoIeCH PO3POOKK OUIBII THYYKUMHU Ta QJAaNTHUBHUMH, CIPUSIOYM TI1BUIIECHHIO
MPOTyKTUBHOCTI PO3POOHUKIB MPOrPAMHOT0 3a0€3MeUeHHS.

CrBopenns npoekry y Visual Studio na C#

1. Biakputu Visual Studio.

2. BubOpatu "CrtBopeHHs mnpoekTy" a0o BUKOPUCTAaTH KOMOIHAIIIO KJIaBIII

Ctrl+Shift+N.
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3. VYV Bikai "CrBopenns mnpoekty" BuOpatu "Windows Forms Application”

(momatox Windows Forms) B kateropii "Visual C#".

4. BBecTH iM's MPOEKTY 1 BUOpATH MANKYy s 30€pEKESHH.

5. Harucnytu "OK", 1100 CTBOPUTH TIPOEKT.

6. Ilicis cTBOpeHHS MPOEKTY BIIKpUETHCS BIKHO "Forml.cs" (abo iHIIe 1M's1, SIKIIO

BH BKa3ajy 1HIe iM'st hopmu).

7. 'Y BikHI penakTopa ¢GOpMH MOXHa J0JaBaTH €JIEMEHTH KepyBaHHS (KHOIIKH,

TEKCTOBI I10JIs, CIIMCKH 1 T.7.) 3 mademni "Toolbox".

8. Po3mictuTu eneMeHTH KepyBaHHS Ha (¢Gopmi, KIAIHYBIIM HAa HUX 1

MEePETATHYBIIU Ha PopMy.

9. o6 nomatu 0OPOOHMK MOIIN TSI €IeMEHTa KepyBaHHS (HampUKIIaa, 0OpOOHHUK
KJIIKY Ha KHOMI[1), HEOOX1AHO MOJBIMHO KJIAIHYTH Ha LIbOMY €JIEMEHTI KepyBaHHI B
penaktopi ¢opmu. Lle cTBOpUTH 3aroToBKy OOpOOHHMKA TMOMIINA 1 TEpeHece Bac 0

pelnakropa Koxy.

10. ¥V penakrTopi Komy BcepelrHI METOay oOpoOHMKa Tpeba HamucaTH KO, SKHM

Oy/ie BUKOHYBaTUCh ITPY BUHUKHEHHI 1MO/ii (HAPHUKIIA]], IPH KIIIKY Ha KHOIIKY ).

11. Tlicns nonaBaHHS €JIEMEHTIB KEpyBaHHS 1 HAMMCaHHS Koay 30epertu Qaiau

IIPOEKTY.

12. 3anyctuti NpoOEKT, HATUCHYBIIM KHOMNKY '"3amyctutu" (abo BHUKOpHUCTATH

komOinariro kiaasim Ctrl+F5).
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13. Tlicns 3amycky MpoeKTy 3'IBUThCS hopMa 3 eJIEMEHTaMU KepyBaHHs, 1 KoJ1 Oyie

BHUKOHYBATHUCh MPHU B3a€MO/IIi 3 (hopmoro.

Takum 4uMHOM, BH MOKHA CTBOprOBaTd cBoi mpoektu Ha C# y Visual Studio 3
BUKOPUCTaHHAM (OpMHU, [10/1aBaTh HEOOXiJHI €JIEMEHTH KepyBaHHS Ta TMHCATU
BIJIMOBIAHUHN KOJI JIs1 OOPOOKH IMO1 Ta JOTIKK BaIIOro JIOJATKY.

5. KOHTPOJIBHI ITPUKJIA/IU TA PE3YJIbTATHU

5.1 lpuxkaax 1 Ta ioro pe3yjabTaTu

JIns TecTyBaHHS MPOTpaMHU BUKOPHUCTAHO €TAJIOHHI 300paKEHHS JBOX KIIIOK.
[lepmia i3 HUX OUIOrO KOJBOPY 3 YOpPHUMH  II'iTaHaMHU-AJIeHa, JIpyra, Ciporo
Koapopy —Mina. Inentudikatop Minu Recogn [0], BiamoBigHO IS
Anenu — Recogn [1].

BxiaH1 manHi1:

[Tepmmii excriepuMeHT mpoBoauBcs Tpu piBHI ocBitieHHs 10% M = 0.1; Ta

eTayioHHI 300pakenHs: Recogn = 0;

Pesynprar:

CtBOpeHHs KOMOIHOBAHOTO 300paKEHHS 3 ypaxyBaHHSIM PiBHS OCBITIEHOCTI M.
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Pucynox 2. KombinoBane 300paxenss 3 10% sickpaBicTro.

Po3paxyHOK HenponopuiiHOCTEH AJii KOXKHOTO KaHally KOJIbOpY (YepBOHUM,
3€JICHUM, CHHIM) NUISXOM TOPIBHSHHS 3HAYE€Hb KaHaliB [Js KOMOIHOBAHOIO

300pa)keHHs 3 BIAMOBIIHUMHU 3HAYCHHIMH ISl eTajoHHOTO 300paxkeHHs (Recogn = 0).

PosmiznaBanus (parmeHTiB 300pak€HHsS Ha OCHOBI HEMpomopIiiiHOCTeH. Ko
HETPOTOPIIIHHOCTI JyIsi BCIX TPHhOX KaHAIIB KOJBOPY JOPIBHIOIOTH HYJIO, TO
BIIMOBIHUM TIIKCEIh OEpEeThCA 13 €TAJOHHOTO 300pakeHHs. B 1HIIOMY BHUMOAAKY,

TMIKCEJIb OTPUMYE YEPBOHUIM KOJIIP.

CtBOpeHHs 300pa’keHHS-pe3yJbTaTy, SKE IOKa3ye po3Mi3HaHl (parMeHTu

300paKeHHs.
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Pucynox 3. 3o6paxenns [licns o0unciaeHHs: HEMPOIOPIitHOCTeH KOMOIHOBAHOTO

300paxkenHs no etalon (Recogn==0).

Pe3ynbrarom 11bOTO KOy € 3alliC HEPONOPIIHHOCTEN KOJIBOPIB Y TPHOX OKPEMHX
datimu: "nonpr_red.txt" mIs YepBOHOTO KaHay, "nonpr gr.txt" s 3eI€HOTO KaHaTy

Ta "nonpr_blL.txt" nns cuHBOTO KaHaNy.

[licnss BUKOHAHHS LIOTO KONy Y BKa3zaHUX (paiinax OyIyTh MICTUTHCS 3HAYEHHS
HEIPOTIOPIIIHHOCTEH JI1 4ePBOHOTO, 3€JIEHOTO 1 CHHBOTO KaHAJIIB KOJIhOPY, SIKI MOKHA

OyJie BAKOPUCTOBYBATH JIJIs MOJAJIBIIOTO aHaJi3y Yd 0OpOOKH TaHUX.



B nonprre X +

Dain Peparysatw MepernaHyTh

disp r= B
disp_r=-0,0062218916
disp_r=0,00841034583
disp_r=0,0815591398
di;p r=0,016780151
814
dl;p_r——a,ahﬁj 7356
disp_r=-0,0017241379
disp r=8, 88%19& 3852
dl;p r=0,0828409891
8,0043466224
8,61445511
8,8046089135
-0,0815995471
0,001312336
a, 8581775 1

0~ o U

[N -~ RN = I =

disp r=8, B
disp_pr= 8,8452181

Papok 1, cto  100% Windo CRLF) UTF-8

Pucynok 4. Pe3ynbrar 3aneceHHs B ¢aiin HenporopitiiiHocTei Red, koibopa.

=] nonr_bl X +

Dain Penarysatm MepernaHytu

8
b=-8, BlallBBdu

WD 00 = Oh oW B @

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i

Pagok 1, cto  100% fii (CRLF) UTF-8
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Pucynok 5. Pe3ynbrar 3anecenHs B ¢aitnu Henpomnopiiiitnoctei Blue, kosipopa.
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=| nonpr.gr X A

Dain Peparysatu MepernAHyTy

)
-8,0079699953
@,0093485051
@,01626506
@,018139831
-8,010037704
-8,030519481
-8,0011662531

-0, 004556962

0,0031

-8,0
0,0126
@,01515617

9,033992095
,965446809
,050134771

WA= @ W0 00

Papox 1, cto 100% Windows (CRLF) UTF-8

Pucynok 6. PesynbpraT 3aHecenns B (paitnu HenponopuiitHocTeit Green, komasopa.

5.2 Ilpukian 2 Ta iioro pe3yjabTaTn

Bxiani nansi:

[Tepmmii excriepuMeHT TpoBojauBcs Tpu piBHI ocBiTiaeHHs 10% M = 0.1; Ta

eTayioHH1 300paxkenHst Recogn = 1,

Pesynprar:

CtBOpeHHsT KOMOIHOBAHOTO 300paKEHHSI 3 ypaxyBaHHSIM PiBHS OCBITIEHOCTI M.
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Pucynox 7. Komb6inoBane 300paxenHs 3 10% sickpaBicTIO.

Po3paxyHok HeEmpomopHiiHOCTeW [Jii KOXKHOTO KaHally KOJbOpYy (YEepBOHUM,
3€JICHUM, CHHIM) MUITXOM TOPIBHSHHS 3HAUYE€Hb KaHAiB JiJI1 KOMOIHOBAaHOTO

300paKCHHS 3 BINOBIIHUMH 3HAYCHHSIMH JIJIS €TaIOHHOTO0 300pakeHHs (Recogn = 1).

PosmiznaBanHs (parMeHTIB 300paK€HHST Ha OCHOBI HEIMPOTMOPIIHHOCTEH. SKII0
HETPOMOPIINHOCTI JJISI BCIX TPbOX KaHAJIB KOJbOPY JOPIBHIOIOTH HYJIO, TO
BIJIMMOBIAHUHN TIKCEIb OEPEThCs 13 €TAJIOHHOrO 300paKeHHS. B 1HIIOMY BHITQJIKY,

MIKCEJIb OTPUMY€E YEPBOHUM KOJIIP.

CtBOpeHHS 300pa)keHHSA-pe3yJbTaTy, SKE IOKa3ye po3Mi3HaHl (parMeHTu

300paK€HHSI.
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Pucynok 8. 300paxenns [licas o6uncneHHs] HEMPOMOPLUIHHOCTEH KOMOIHOBAHOTO

300pakeHHs 1o etalonl (Recogn==1).

Pe3ynbraromM 1bOTo KOy € 3aliC HEMPONOPUIHHOCTEN KOJIBOPIB Y TPhOX OKPEMHX
¢aiimm: "nonpr red.txt" muist 4epBOHOrO KaHaiy, "nonpr gr.txt" /s 3e€HOro KaHaly

Ta "nonpr_ blL.txt" nus cuHBOTO KaHamy.

[Ticnss BUKOHAHHS 1OTO KOJy Y BKa3zaHUX (Qaiiax OyayTh MICTHUTHCS 3HAY€HHS
HETPOMOPIIHHOCTEN /111 Y4EPBOHOT0, 3€JICHOTO 1 CHHBOTO KaHaJI1B KOJbOPY, K1 MOYKHA

OyJie BUKOPUCTOBYBATH JIJIS ITOAAIBIIOTO aHATI3y Y 0OpOOKH JaHUX.
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=] nonprore X ar

Dain Peparyeatn MepernaxyTi

Papgok 1, cto  100% Windows (CR UTF-8

Pucynok 9. Pesynbrar 3aHeceHns B ¢aiiim HenpomnopitiiiHocTe# Red, kosbopa.

=] nonr bl X +

®ann Peparysatn MepernanyTh

a
a
a
a
a
a
@
a
a
a
a
a
a

Papox 1, cto  100%

Pucynox 10. PesynbraT 3anecenns B (aiiau HenponopiiiiHocted Blue, koibopa.
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=] nonprgr X A+
Prg

Daiin Peparyeath MepernaHyTh

|
=
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|
=
=~

e
(5
(5
(&
BSE
e
BSE
e
8
e

Papok 1, cre 1009

Pucynoxk 11. Pe3ynbrat 3anecenss B daiiiau HenponopiiiHocTeir Green, koibopa.
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BUCHOBOK

B xoni BukonanHs kBamidikariiiHoi podoTu Oyja po3pobiieHa iHBapiaHTHA J10 PIBHS
ocBiTIIeHHS 1H(opMaliiiHa cucTeMa po3Mi3HaBaHHS (parMeHTiB  300pakeHb.
OCHOBHUMH IUIIMH pOOOTH OYyJIO JOCATHEHHS CTAOUTBHOCTI Ta HE3aJeKHOCTI
pO3Mi3HAaBaHHS BIiJ PIBHSA OCBITJICHHS, IO € aKTyaJbHOI IPOOJEeMOI0 B 001acTi

KOMI'FOTEPHOT0 30py Ta 00pOOKH 300pa’KEHb.

JI1s1 HOCSITHEHHS TTOCTaBIICHUX IIUJICH OyiIu IIPOBEACHI HACTYITHI KPOKHU:

1. TlpoBemenuii aHami3 ICHYIOYHMX METOAIB Ta TMIAXOJIB J0 pPO3Mi3HABaHHS
300pakeHb. BusiBieH] iX mepeBaru Ta HEJOJIKH, 30KpEMa, HU3bKY CTaOUIBHICTB 10

3MIHH OCBITJICHHS.

2. IIpoBeneHO ekcrepuMeHTalIbHE JAOCTIKEHHS pO3pO0JIeHOT CUCTeMH Ha Habopi
300pakeHb 3 PI3HUM piBHEM OCBITIeHHS. OTpuMaHi pe3ylbTaTd MiATBEPIUIH
e(EeKTUBHICTh 3alpONOHOBAHOTO MIAXOMYy Ta MOro 3AaTHICTH J0 CTaOUIBHOIO

pO3Mi3HaBaHHs HE3aJIEKHO B1J] OCBITIICHHS.

OTxe, MOXXHa 3pOOUTHM BHCHOBOK, IO po3poOjieHa iH(doOpMalliiiHa cucTema
po3Mi3HaBaHHs (PparMeHTIB 300pa)KeHb € 1HBApIaHTHOIO 1O PiBHS OCBiTIEHHsS. Lls
CUCTEMa Ma€ BEJMKUW TMOTEHINal g 3aCTOCYBaHHS B pI3HUX 00JacTsIX, e
CTa0lIBHICTh Ta HE3AJICXKHICTh B1J] PIBHS OCBITJICHHS € BOKJIUBUMHU (haKTOpaMH ISl

e(heKTUBHOTO PO3Mi3HABaHHS 300paKeHb
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BAPIAHT KBAJI®IKAIINHOI POBOTU AHTJIIMICKOIO MOBOIO

1. Introduction

1.1 Relevance of the topic

In the modern world, where the use of computer vision and image recognition is
becoming increasingly widespread, the problem of invariance to lighting conditions in
image fragment recognition is relevant. Lighting is one of the most important factors
that affect images, and its irregularities can pose significant challenges in recognizing
objects or patterns in images. The development of an information system that is
invariant to lighting conditions has great potential in various fields such as medicine,

security, automotive industry, and many others.

1.2 Research objective

The main objective of this research is to develop an information system for the
recognition of image fragments that is invariant to lighting conditions. To achieve this,
methods and algorithms need to be developed that allow the system to effectively
recognize image fragments regardless of the lighting conditions. The main tasks
include analyzing existing methods, developing new algorithms and methods for

spatial normalization, and evaluating the effectiveness of the proposed solutions.

1.3 Research tasks

Within the scope of this research, the following tasks are planned to be
accomplished:

- Analyzing current methods of image fragment recognition and their invariance to
lighting conditions.

- Studying the influence of lighting on the recognition process.
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- Implementing an information system for the recognition of image fragments using
the proposed algorithms and methods.
- Conducting experiments using the developed system and evaluating its

effectiveness on different test datasets.

1.4 Research subject

The research subject is an information system for the recognition of image fragments
that ensures invariance to lighting conditions. The research aims to develop new
methods and algorithms that enable the system to effectively recognize image

fragments regardless of the lighting conditions.

2. FORMULATION OF THE PROBLEM

2.1 Formulation of the problem

Develop an algorithm and a computer program to simulate the operation of the image

fragment recognition system at an arbitrary level of illumination.

2.2 Mathematical formulation of the problem

Two reference raster images are given, each of which can be represented by a matrix.
It has h rows and w columns. Each element of the matrix corresponds to an image pixel
with Red, Green, Blue color components. When scanning an image, pixels are read
from left to right and top to bottom. When this occurs, the values of the composite
colors are read. Each of them can be from 0 to 255.

Denote:

1=0,1,...,h-1- line number;

J=0,...,w-1- column number;

g= iw+j — the number of the current pixel;
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r1(q), 9:(q), b:(q) — respectively, the values of the red, green, and blue components

of the first image.

r2(9), 92(q), b2(q) — The color components of the peak selves in the second image.

A combined image is also given, which may contain fragments of the first or second
Images, as well as some other random images. It is necessary for any of the given
standards to recognize its fragments in the combined image at an arbitrary level of
illumination. Denote by M the level of illumination of this image, which can be random
in the range from 0 to 1, corresponding to the transition from total darkness to 100%
illumination. With a decrease in the level of illumination, the values of the color
components decrease proportionally. Denote the color components of the pixels of the
combined image at an arbitrary level of illumination via rr(q), gg(q), bb(q).

For pixels in the first reference image

rr(g) = Mra(a), (2)

99(q) = Mga(a), (3)

bb(g) = Mb(q), (4)

Accordingly, for the second:

rr(q) = Mra(q), (5)

99(q) = Mgz(a), (6)

bb(q) = Mba(q), (7)

That is, the task is to identify the proportional relationship between the color
components of the pixels of the combined image and each of the standards. If such a
relationship is found for any of the standards, it is considered that the corresponding
pixel belongs to this standard.

If no proportional relationship is found for any of the standards, this means the
presence of some other foreign image.

This problem cannot be solved by simply dividing the values of the component color
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a darkened image by the same component of the corresponding pixel in one of the
studied images. The fact is that the result of division is unknown with what
compare due to an unknown level of illumination and lack of information about

which standard the current pixel belongs to.
3. ALGORITHM FOR SOLVING THE PROBLEM
3.1 Progress of problem solving

We assign the index k = 0 to the first reference image, and the other k = 1. We
calculate the integral disproportionality of the first order of the composite colors rr(q),
99(q), bb(q) of the combined darkened image by the corresponding components of each
standard.

Denote the disproportionality by the red component of the current pixel for the k-th

reference through D,.(k,q), for the dependent component and for the blue where
Dy(k, q)Dy(k, q),

g — pixel number

rr(@g =D +rr(@)  rr(q)

Drll @) = S "¢ r(k,q) 1k q)

_ 99@-D+g9(@)  g9(q)
Dg(kr Q) - g(k’q — ]_) + g(k, CI) g(k, q)
Dyl ) = B e Tis

b(k,q—1) +b(k,q) 7k, q)

where k =0,1.
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Analysis of the obtained disproportionalities allows you to recognize the
proportional relationship between the color components of pixels in the darkened

Image and reference images.

In the case when either or equal to zero, this means that the q pixel corresponds to
the corresponding pixel in the reference image. If the proportionalities are zero for both
coefficients, this means that in both references the constituent pixels
coincide.D,. (k,q)D, (k,q)Dy, (k, q)

In the case when the disproportionalities are not zero, this means that the g-th pixel
does not correspond to either the first or second standards.

3.2 AJroput™M nmporpamMu

When writing an algorithm, identifiers are used, which are given in the table.

Tabmmg 1.
Change Identifier Explanation
w width Window width
h height Window height
1] ij Row and column numbers
q q The current pixel number
r(q), 91(q), R1[q], G1[q], CorTlponents of the g-
ba(q) B1[q] th pixel 1 reference
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r2(q), 92(0),
b2(q)

rr(a), 99(a),
bb(a)

D,(k,q)
Dy(k,q)

Dy (k, q)

R2[q], G2[q],
B2[q]

R_new [q],
G_new_[q], B_new [q]

etalon,

etalonl

Reogn

disp_r[q]
disp_gl[a]

disp_bl[q]

Components of a pixel

of the 2nd reference

Composite pixels of

the composite image

Standards values

Light level of the

combined images

Image number

Disproportionality for

a pixel in a reference




swr, swg, swb

Files for component

values

3.3  Flow chart programs

g mm——————
= R
|
L
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‘ ZaHeceHHA & S3inM HenponopyifHoored ne Red, Green, T
-+
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'
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J‘ HEMpONCpUiRHOCTRAM

AKWo No HenponopUiHoCTI no
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BignosigHmia nikcens GepyTeeA i3 NMikcent oTpUMYE YEREOHUA
eTanoHis Komip.

BuBeaeHHA 3aTeMHeHoro EOGPE}KEHHH ]

!

BueeaeHHA 306parkeHHs,
oTpUMaHore B pesynbTaTi aHanisy

L

........

Figure 1. Block diagram illustrating the operation of the program algorithm.

3.4 User manual

This C# code contains some functions and variables that perform various actions

related to image processing.

Various namespaces are used in this code, such as 'System’
'System.Collections.Generic', 'System.ComponentModel’, 'System.Data’,
'System.Drawing’, 'System.Linq’, 'System.Text', 'System.Threading.Tasks',

'System.Windows.Forms', 'System.lO" and 'System.Reflection.Emit'. Each of them
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provides access to specific classes and functions that are required to perform certain

tasks.

The code also defines the namespace "WindowsFormsAppl' and the class 'Form1’,

which is the initial form of the program.

The main logic of the program is placed in the method 'button1_Click’, which is an
event handler for pressing the button with the identifier 'buttonl'. This method
processes images and recognizes slices based on color disproportionality.

The code contains several arrays, such as 'r', 'g', 'b', 'r_new’, 'g_new’,'b_new', 'R','G',
'B', 'R_new', 'G_new', 'B_new', 'R1', 'G1', 'B1', 'R2', 'G2', 'B2', which are used to store

the values of pixels' color components.

There is also a 'nonprop' function in the code that calculates disproportionalities for

a given array of color values.

This code uses classes 'Color', ‘Graphics', '‘Bitmap’, 'StreamWriter', which provide

functionality for working with colors, images, graphics and files.

The code also includes some operations for reading and writing image pixels,
creating new images, calculating disproportions, and recognizing fragments based on

disproportionalities.

In general, this code processes images, recognizes fragments, and saves results to a
file.
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3.5 Development environment

Visual Studio 2022
Visual Studio is an integrated development environment (IDE) for creating software
that provides a wide range of tools and capabilities. It is a powerful IDE that allows

programmers to edit, debug, compile and publish code.

Visual Studio contains not only the main editor and debugger, but also compilers,
autocompletion, graphic designers, and other functionality that improves the software

development process.

The integrated Visual Studio environment is known for its high performance and
performance. It supports development across platforms and devices and provides the
ability to compile different types of applications. In addition, Visual Studio provides
convenient tools for real-time collaboration, diagnosing problems, and fixing them

before they occur.

Because of its functionality, Visual Studio makes everyday development processes
more flexible and adaptive, contributing to increased productivity for software
developers.

Create a project in Visual Studio in C #

1. Biakputu Visual Studio.

2. Select Create Project or use Ctrl+Shift+N.

3. Inthe "Create Project" window, select "Windows Forms Application” (Windows

Forms application) in the "Visual C#" category.
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4. Enter a name for the project and select a folder to save.

5. Click OK to create the project.

6. After creating the project, the window "Form1.cs" will open (or another name,

if you specified a different name for the form).

7. In the form editor window, you can add controls (buttons, text boxes, lists, etc.)

from the Toolbox panel.

8. Place controls on the form by clicking them and dragging onto the form.

9. To add an event handler for a control (for example, a button click handler), you
must double-click that control in the form editor. This will create an event handler

blank and take you to the code editor.

10. In the code editor inside the handler method, you need to write code that will be

executed when an event occurs (for example, when you click on a button).

11. After adding controls and writing code, save the project files.

12. Start the project by pressing the "Run™ button (or use the keyboard shortcut
Ctrl+Fb5).

13. After the project starts, a form with controls appears, and the code will be

executed when interacting with the form.

Thus, you can create your C# projects in Visual Studio using the form, add the
necessary controls, and write the appropriate code to handle the events and logic of

your application.
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4. BENCHMARK EXAMPLES AND RESULTS
4.1 Example 1 and its results
To test the program, reference images of two cats were used. The first of them is
white with black pyatans - Alena, the second, gray - Mila. Mila Recogn identifier [0],
respectively for Alena — Recogn [1].

Input:

The first experiment was conducted at a light level of 10% M =0.1; and Recogn =

0 reference images;

Result:

Create a composite image based on the light level M.
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Figure 2. Composite image with 10% brightness.

Calculation of disproportionalities for each color channel (red, green, blue) by
comparing the channel values for the composite image with the corresponding values

for the reference image (Recogn = 0).
Recognition of image fragments based on disproportionalities. If the
disproportionalities for all three color channels are zero, the corresponding pixel is

taken from the reference image. Otherwise, the pixel turns red.

Create an output image that displays recognized image fragments.
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Figure 3. Image After calculating the disproportionalities of the combined image

by etalon (Recogn==0).

The result of this code records color disproportionalities in three separate files:
nonpr_red.txt for the red channel, nonpr_gr.txt for the green channel, and nonpr_bl.txt

for the blue channel.

After executing this code, the specified files will contain disproportional values for
the red, green, and blue color channels that can be used for further analysis or data

processing.
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Figure 4. The result ofadding color a disproportionality to the Red files.
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Figure 5. The result ofadding disproportionalities to the files is Blue, colora.
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Figure 6. The result ofadding to the files disproportionalities Green, colora.

4.2 Example 2 and its results

Input:

e
1
2
3
4
5
16
7
8
9
e
1
2
3
24

Papok 1, cro 100%

+

MepernAHyTy

%
,0879699953
8893485051
81626586
818139831
,01e837764
,8308519481
,80811662531

,084556962
8,083125

0,0296
0,0034343434
8,066517857
-0,08
0,012692308
0,01515617
@,11939394
@,033992095
965446809
771

7143

Windows (CRLF) UTF-8
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The first experiment was conducted at a light level of 10% M =0.1; and Recogn =

1 reference images;

Result:

Create a composite image based on the light level M.
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Figure 7 Composite image with 10% brightness.

Calculation of disproportionalities for each color channel (red, green, blue) by
comparing the channel values for the composite image with the corresponding values

for the reference image (Recogn = 1).
Recognition of image fragments based on disproportionalities. If the
disproportionalities for all three color channels are zero, the corresponding pixel is

taken from the reference image. Otherwise, the pixel turns red.

Create an output image that displays recognized image fragments.
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Figure 8. Image After calculating the disproportionalities of the combined image

on etalonl (Recogn==1).

The result of this code records color disproportionalities in three separate files:
nonpr_red.txt for the red channel, nonpr_gr.txt for the green channel, and nonpr_bl.txt

for the blue channel.

After executing this code, the specified files will contain disproportional values for

the red, green, and blue color channels that can be used for further analysis or data

processing.
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Figure 9 The result ofadding disproportionalities to the files Red, colora.
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Figure 10 The result ofadding disproportionality Blue to files, colora.
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Figure 11 The result ofadding disproportionalities Green to files, colora.
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CONCLUSION

In the course of the qualification work, an information system for recognizing image
fragments invariant to the level of illumination was developed. The main objectives of
the work were to achieve stability and independence of recognition from the level of
illumination, which is an urgent problem in the field of computer vision and image

processing.

To achieve these goals, the following steps were taken:

1. The analysis of existing methods and approaches to image recognition. Their
advantages and disadvantages have been identified, in particular, low stability to

changes in lighting.

2. An experimental study of the developed system on a set of images with different
levels of illumination was carried out. The obtained results confirmed the effectiveness

of the proposed approach and its ability to stable recognition regardless of lighting.

So, we can conclude that the developed information system for recognizing image
fragments is invariant to the level of illumination. This system has great potential for
use in various fields where stability and independence from the level of illumination

are important factors for effective image recognition
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JTOJATOK A KOJl TIPOTPAMM

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

using System.lO;

namespace Project

{

public partial class Form1 : Form

{

// MacuBH CKJIaJIONX YEPBOHOTO, 3€JICHOTO 1 OJIAKUTHOTO KOJIHOPiB
byte[] r = new byte[160000];

byte[] g = new byte[160000];

byte[] b = new byte[160000];

byte[] r_new = new byte[160000];
byte[] g_new = new byte[160000];
byte[] b_new = new byte[160000];
double[] R = new double[160000];
double[] G = new double[160000];
double[] B = new double[160000];
double[] R_new = new double[160000];
double[] G_new = new double[160000];
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double[] B_new = new double[160000];
double[] R1 = new double[160000];
double[] G1 = new double[160000];
double[] B1 = new double[160000];
double[] R2 = new double[160000];
double[] G2 = new double[160000];
double[] B2 = new double[160000];

//' MacuBH HEMPOIMOPIINHOCTENH TPHOX KOJIHOPIB
double[] disp_r = new double[160000];
double[] disp_g = new double[160000];
double[] disp_b = new double[160000];

int width = 350; // mmpuHa BiKOH 111 300pakeHb

int height = 350;// Bucota BiKOH 151 300payKEHb

//********************************************

public Form1()
{

InitializeComponent();

public void nonprop(ref double[] V, ref double[] V_new, out double[] disp)

{
disp = new double[160000];

double chisl, znam, prl, pr2;

int g;
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for (int 1 = 0; 1 < height; i++) /HOMep psinka
for (int j = 1; j <width; j++) //HOMep cTOBIUMKA
{
q =1 * height + j; // Homep mikcens
chisl = (V_new|[q - 1] + V_new][q]); // unTcenbHUK
znam = (V][q - 1] + V[q]); // 3namenHuK
if (chisl == 0 && znam == 0 && V _new|[q] == 0 && V[q] == 0)
disp[q] = 0; // Hemponop1iIHHICTH

if (znam =0 && V[q] !=0)
{

prl = chisl / znam;
pr2 =V_new|[q] / V[q];

disp[q] = prl - pr2; // HemponoOpIiiHICTH
}
else

disp[q] = 1000; // HenponopiiHICThH

private void button1_Click(object sender, EventArgs e)
{
double M ; // mons ocBiTiaeHocTi Bix oguauI (100%)
string ss;
ss = textBox1.Text;
M = Convert.ToDouble(ss);
int Recogn = Convert.Tolnt32(textBox2.Text);
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string[] s = new string[2];

s[0] =
"C:\\MyOwnWorld\\Diplom\\Project\\Project\\bin\\Debug\\milochka_new1.png";

s[1] =
"C:\\MyOwnWorld\Diplom\\Project\\Project\\bin\\Debug\\olenka_new.png";

int q;

Color c1 = new Color();

Color ¢2 = new Color(); // kombGiHOBaHE

Color ¢3 = new Color(); //3aTeMHeHe KOMOIHOBaHE

Color ¢4 = new Color(); // nna etalon

Color ¢5 =new Color(); // nns etalonl

Graphics gr = Graphics.FromHwnd(this.Handle);
Bitmap etalon = new Bitmap(s[0]); // Olenka
Bitmap etalon1 = new Bitmap(s[1]); // Milochka

Bitmap my = new Bitmap(width, height); // komGiHoBaHe 300pakeHHs] TpuU
100% ocBiTieHH1

Bitmap myl = new Bitmap(width, height); // 3aremMHeHe KoMOiHOBaHE
300paKeHHsI

Bitmap my2 = new Bitmap(width, height); // 300paxxenns etalon

Bitmap my3 = new Bitmap(width, height); // 306paxxenns etalonl

Bitmap my result = new Bitmap(width, height); // Pesynbrar

pO3Ii3HaBaHHS

// Yntaemo koMOiHOBaHE 300paxkeHHs 13 etalon 1 etalonl (mpum ocBiTieHH1

100% macuBu R,G,B),
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// a Takox Tipu ociabsenoMy B M pa3 ocBiTiieHH1, MacuBH R new, G _new,

B-new

for (inti=0; i <width; i++)

OCBITJICHHIO

for (int j = 0; j < height; j++)

g =1*width + j;
if (1>0&&1i<150)

cl = etalon.GetPixel(i, j); // untaemo mikceni i3 etalon

rlg] =cl.R;

R[a] = (double)r[q];

r_new|[q] = (byte)(M * r[q]); / ocnabnenns yepBoHoro B M pa3
R_new[q] = (double)(M * r[q]); // ocnabnenns uyepBoHOTO B M pa3

gla] = c1.G;

G[q] = (double)g[q];

g_new[q] = (byte)(M * g[a]);
G_new[q] = (double)(M * g[a]);

b[q] = c1.B;
B[q] = (double)b[q];

b_new[q] = (byte)(M * b[q]);
B_new[q] = (double)(M * b[q]);

c2 = Color.FromArgb(r[q], g[q]l, b[a]);
c3 = Color.FromArgb(r_new|[q], g_new][q], b_new[q]);

my.SetPixel(i, j, c2); // 3anecenns mikceniB 300paxxenns mpu 100%



300paxeHHs

300pakeHHS
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myl.SetPixel(i, j, c¢3); // 3aHeceHHs IMIKCEIIB  3aTEMHEHOTO

else

cl = etalonl.GetPixel(i, j); // unTaemo mikceni i3 etalonl

rlq] = cl.R;

R[q] = (double)r(q];

r_new[q] = (byte)(M * r[q]); / ocnabnenus yepBoHoro B M pa3

R new[q] = (double)(M * r[q]); // ocnabnenust uepBoHoro B M pa3

g[q] = c1.G;

G[q] = (double)g[q];

g_new[q] = (byte)(M * g[q]);
G_new([q] = (double)(M * g[q]);

b[g] = c1.B;

B[q] = (double)b[q];

b_new[q] = (byte)(M * b[a]);
B_new[q] = (double)(M * b[q]);

c2 = Color.FromArgb(r[q], 9[al, b[a]);
c3 = Color.FromArgb(r_newl[q], g_new|[q], b_new[q]);

my.SetPixel(i, j, c2); / 3aHeceHHs TIKCeNiB 300payKeHHS

myl.SetPixel(i, j, c3); // 3aHeceHHs miKCEmiB  3aTEMHEHOTO
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/] F**F*X*3axOoMEHTYBATH MEPE] IEMOHCTPAIIEIO PE3yIbTaTy PpO3Ii3HABAHHS
*kkkikkk
/I gr.Drawlmage(my, 10, 10); // BimoOpakeHHS HaKIaJAeHUX 300pa’KeHb

IPY HOPMAJTLHOMY OCBITJICHH1

[[ FFEFXEEX UyraeMo 300pakeHHs juine etalon
for (inti = 0; i < width; i++)
for (int j = 0; j < height; j++)
{
q =i *width +j;
cl = etalon.GetPixel(i, j);
r[q] = cl.R;
R1[q] = (double)ra];
gla] = c1.G;
G1[q] = (double)g[q];
b[q] = c1.B;
B1[q] = (double)b[q];
c4 = Color.FromArgb(r[qa], 9[al, b[a]);

my?2.SetPixel(i, j, c4); / 3aHecenHs mikcemB 300paxkeHHs etalon

[| *****3akoMeHTYyBaTH TIEpEI IEMOHCTPALIIEIO PE3yIbTaTy PO3Mi3HABAHHS

*kkkikkk

// BimoOpakeHHs etalon mpu HOpMaTBLHOMY OCBITICHHI

/l gr.Drawlmage(my2, 10, 10);

//*******************************************************************

J] FFFEREE Uyraemo 300pakeHHst nuie etalonl .



for (inti =0; i < width; i++)

for (int j = 0; j < height; j++)
{

q =i *width + j;

cl = etalonl.GetPixel(i, j);

r[q] = c1l.R;

R2[q] = (double)r[q];

glq] = cL.G;

G2[q] = (double)g[q];

b[q] = c1.B;

B2[q] = (double)b[q];

c5 = Color.FromArgb(r[qa], 9[al, b[a]);

my3.SetPixel(i, j, c5); // 3aHeceHHs MmiKCeiB 300payKeCHHS
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/] F*EFX*3agoMeHTYBATH Mepe] JEMOHCTPAIIEI0 PE3yIbTaTy pO3IMi3HABAHHS

*kkkkk

// BigoOpaxxkenHst etalonl npu HOpManbHOMY OCBITIIEHHI

I

gr.Drawlmage(my3, 380, 10);

//O6UMCIeHHST HEPOMOPIIHHOCTENH KOMOIHOBAHOTO 300pakeHHs 1o etalon

(Recogn==0) a6o etalonl (Recogn!=0)
if (Recogn ==0)

{

}

nonprop(ref R1, ref R_new, out disp_r);
nonprop(ref G1, ref G_new, out disp_g);
nonprop(ref B1, ref B_new, out disp_b);

else

{

nonprop(ref R2, ref R_new, out disp_r);
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nonprop(ref G2, ref G_new, out disp_g);
nonprop(ref B2, ref B_new, out disp_b);

/] *¥**%% 3apecenHs B ¢aiam HempomopiiitHoctedw 1o Red, Green , Blue

KOJIbOpaM

StreamWriter swr = new
StreamWriter("C:\\MyOwnWorld\\Diplom\\Project\\nonpr_red.txt");

StreamWriter swg = new
StreamWriter("C:\\MyOwnWorld\\Diplom\\Project\\nonpr_gr.txt");

StreamWriter swb = new
StreamWriter("C:\\MyOwnWorld\Diplom\\Project\\nonr_bl.txt");

for (int 11 = 0; 11 < disp_r.Length; ii++) // 3aHeceHHs HempoNoOpIiHHOCTEN B

(baiinu

swr.WriteLine(" ii={0}  disp_r={1,10:G8}", ii, disp_r[ii]);
swg.WriteLine(" ii={0} disp_g={1,10:G8}", ii, disp_g[ii]);
swh.WriteLine(" ii={0} disp_b={1,10:G8}", ii, disp_Db[ii]);

//Po3ni3HaBaHHs (pparMeHTIB 300paKeHb 110 HEMPOMOPLIHOCTIM
//*** fJk1110 MO yCiM TPhOM KOJIBPaM BOHH HYJIBOBI, TO BiJIMTOBITHUMN TIKCEIb
OepeThes 13 eTaloHa.
/] *** Jxio "Hi", TO MKCEIb OTPUMYE YEPBOHUIA KOJIIP.
Color ¢6 = new Color();
for (inti =0; i < height; i++)
for (int j = 0; j < width; j++)
{
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q=i*width + j;
if (disp_r{q] == 0 || disp_g[q] == O | disp_blq] == 0)

if (Recogn ==0)

c6 = etalon.GetPixel(i, j); / yuTaemo miKcell 13 €TaJIOHY IPHU
CIIBHAAIHHI
else
c6 = etalonl.GetPixel(i, j);

else

{
c6 = Color.FromArgh(255, 0, 0);

my_result.SetPixel(i, j, c6); // 3aHeceHHs MIKCENIB B pe3yJIbTAT aHAJI3y

// st neMoHCTpaliii pe3ybTaTiB po3Mi3HaBaHHs TpeOa 3HATH KOMEHTapi 13
HACTYyIHUX 2-X ONEpaTopiB

gr.Drawlmage(myl, 10, 10); // BuBeneHHS 3aTEMHEHOTO 300pa’KCHHS
Enmiukn

gr.Drawlmage(my _result, 380, 10); // BuBenenHs 300pakeHHs, OTPUMAHOTO

B pe3yJIbTaTl aHaJli3y

¥

private void Form1_Load(object sender, EventArgs e)

{



buttonl.Text = "ITyck";
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