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CYMIWWEHHA 30BPAXEHb OB’EKTIB 3 BUKOPUCTAHHAM
F’EHETUYHUX TA TPAOIEHTHUX ANNFTOPUTMIB

Ceprin banoBcsik, Irop ®oauyk

YepHiBenbkuil HallloHaIbHUH yHiBepcuTeT iMeHi I0pis denpkoBrua
ByI1. Komtobuncrkoro, 2, 58012, m. YepHisiii, Ykpaina
e-mail: s.balovsyak@chnu.edu.ua, ifodchuk@ukr.net

Pe3rome: y oaniti pobomi 0ns nopieHsAHHA Yupposux 300padicenb 00 €Kmie UKOPUCMAHO 2IOPUOHUL MemOoO, AKUU €
NOEOHAHHAM 2eHEeMUYHUX ma 2padienmuux aneopummis. Ilpu cymiwenni 300pajiceHb 6paxo6aHo iX OCHOBHI
mparcopmayii: 3cy8 i Macuimaby8aHHs 34 WUPUHOIO MA 8UCOMOI, NOBOPOM, 3MIHY IHMEHCUBHOCHI 1l KOHMpPAcmy.
Cymiwenns 306padicenb 00’€kmie npocpamuo peanizosano 6 cepedosuwii Delphi. 'V npoepami euxopucmano
MOOUDIKOBAHT 2eHeMUYHT ANeOPUMMU, 8 AKUX XPOMOCOMU € BeKMOpaAMU OIUCHUX yucen. K Mmemoou cenekyii Xxpomocom
BUKOPUCINAHO MemOoO pYJLemKU, paHzo08y ma mypHIpHy cenexyito. llicna 3acmocy8aHHs 2eHemuyHux aneopummis
300pasiceHHss 00 ’€KMi8 NOPIBHIOBANUCA MeMOOOM KOOPOUHAMHO20 CHYCKY, WO NiO8UWYE MOYHICIb CYMIileHHs
300padicens.  Jlocniodceno eghekmueHicmv  pISHUX  MemMOOI8  CeneKyii XpoMOCOM 8 2eHeMmUYHUX al2opummax,
NpUsHaueHux O CcymiweHHsi 300padicenb. Onmumizo8aHo po3mip RONYIAYIT XpoMOcoM ma IHWi napamempu
2EHEeMUYHUX AN20PUMMIS.

KarouoBi cinoBa: yugposi 300pasicenns, cymiwjenns 300pasicens, 2eHemudni aicopummi, Xpomocomd, Mymayisi,
2padicHmui aneopummu.
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Abstract: The given paper presents a hybrid method which is a combination of genetic and gradient algorithms used
for the comparison of digital images of an object. Aligning the images, their basic transformations are taken into
account, namely shift and scale in a width and height, angle, changes in intensity and contrast. The software for image
alignment of objects has been created using Delphi environment. The program utilizes modified genetic algorithms
where the chromosomes are the vectors of real numbers. The methods of roulette, rank and tournament selection are
used for chromosome selection. After the use of the genetic algorithm the object images were compared by the method
of coordinate descent that provides an accuracy improvement of image alignment. The efficiency of different methods of
chromosome selection in the genetic algorithm for images alignment is researched. The size of chromosome population
as well as other parameters of genetic algorithm have been optimized.

Keywords: digital images, images alignment, genetic algorithms, chromosome, mutation, gradient algorithms.

BCTYN JICHHSI 3MiH B cepii 300pakeHb, aHaNi3 PyXy, MOE-
HaHHS iHQOpMamii Bifg pi3HUX CEHCOpIB, CTEpeo-
CKOIIYHUH 3ip 1 TekcTypHnd aHam3 [1-3]. [ToxiOHi
Mpo0JIeMH YacTO BUHUKAIOTh B MEIAMYHIN 1 TEXHIU-
Hill nmiarHocTHmi mpu o0poOui cepiit 300paskeHb.
CyMilmeHHsT 300paKeHb TaK0X BHKOPHUCTOBYETHCS

IIpobnema cywmimenas IMGPOBUX 300pakeHb
00’€KTIB TOJIATAE Y BCTAHOBJICHHI BIAMOBIIHOCTI
MK TOYKaMH JBOX 1 Oinmpime 300paxkeHb. CyMi-
HIeHHS 300paKeHb HEOOXiTHE TIPHU BUPIMICHHI TaKHX
BOKIMBUX 3a7a4 KOMIT IOTEPHOTO 30pYy, SIK BHSB-
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TIpU PO3Mi3HABaHHI 00pa3iB METOIAMH TTOPIBHSIHHS 3
€TaIOHOM (11a0JOHHUMH METOJIaMH).

HesBaxkatoun Ha MOCTIHO BHHHKaO4yy MOTpeOy
B KOMIT'FOTEPHOMY CYMIIllEHHI 300paXKeHb, s
npobJieMa BUPILICHA TIIBKU I JCSIKUX YaCTKOBHX
Bunankie [4-5]. 3 opauiei cropoHHW, 3yCHILIA
JNOCTITHUKIB HAmpaBleHI Ha TMOOYAOBY CTIMKHX
ABTOMATHYHHUX CHCTEM, SIKi Ha JaHHWH 9ac CTBOPEHI
TIJIBKY JUIS BY3bKOTO KJacy 3aaad. 3 1HIIOT CTOPOHU
€ chnpobm TOoOYyIOBM 3arallbHUX MPOOJIEMHO-
HE3QIC)KHUX CHCTEM, SKi B TEPCICKTHBI MOTIA 0O
BUPINIYBaTH LIMPOKE KOJIO 3aBlaHb, MOIIOHO [0
cucTeMH 30py JioanHU. OCHOBHA MpobieMa nonsarae
B TOMY, IO 300pa’kKeHHS 3aJeKUTh HE TIIBKH BiJ
cTtaHy o00’€kTy, aje ¥ Big yMOB HOTO OTpHMAaHHS:
BiACTaHI Big 00’€KTy 1O MPHUCTPOIO peecTpauii
300paxkeHb (CEeHCcOopa), TOJOKEHHS 1 KyTa TIOBOPOTY
00’€KTy, OCBITIICHHS Ta iH. Pi3HI YMOBH OTpUMaHHS
300paKeHb TNPHU3BOJATH JI0O TAaKHX OCHOBHHX
MIepETBOPEHD (Tpancdopmariii): 3CyBY i
MacmTabyBaHHS 3a IIHPUHOIO 1 BUCOTOIO, TIOBOPOTY,
3MIiHU SICKpaBOCTI 1 KoHTpacty. Tomy s
ONTUMAJBHOTO CYMIIIEHHS 300pakeHb MOTPiOHO
BH3HAYUTH  Taki  ix  TpaHcdopmamii,  sKi
3a0€3MeuyIoTh MiHIMAIbHY pPISHHIIO 300paKeHb.
[loBHu# mepedip BCiX MOXKIMBUX TpaHCHOpMAITiif
300paXeHb Ja€ ONTHMANbHE pIlIeHHs, aie Mae
eKCIIOHEHITIHHY CKJIaIHICTh 1 MOTpedye HaITo
Oarato yacy. ['pai€HTHI METOIU MalOTh BHCOKY
MIBUAKOAIO (TOIiHOMIaIbHA CKIAIHICTH), aje st
HUX iCHye TIpoOieMa JIOKaTbHUX MakCUMyMiB. Tomy
METOI JIaHOi po0OTH € POo3po0Ka TaKUX METOIIB
CyMillleHHsI 300pakeHb, ski O 3abe3meuyBaiu
KBa3iONTUMAIBHAN Pe3yJbTaT MPH MOIIHOMIaNbHIN
CKJIAJHOCTI OOYHCIIEHb, a caMe METOmiB 3
BUKODUCTAHHSIM TCHETHYHHX Ta TpaJi€HTHUX
anroput™miB [6]. Mera poOOTH TakoXX TOJIATaE Y
TIporpaMHiit peaizamii 1 TOCTiHKEHHI PO3pOoOIICHUX
METOJIIB CYMIIIICHHS 300pakeHb.

1. METOAU CYMILLEHHA 30BPAXEHD

3amavya TMOpIBHSIHHA 300paKeHb IMOJIATae€ B
HactyrmHoMy [3]. JlaHO 300pakeHHs 3pas3ka Sp, SKe
MMOTPiIOHO CYMICTHTH i3 300paKeHHSM eTalloHy E.
300pakeHHsI €TajloHy 1 3pa3Kka BiAPI3HSIIOTBCA MiX
co0O0 4epe3 PI3HUI0 caMuX 00’€KTIB (eTaJloHY 1
3paska), a TaKOX 32 PaXyHOK IHCTPYMEHTAJIbHUX
(dakTOpiB, SKi 3ajmekaThb BiA YMOB OTPHMAaHHSI
300pakeHb (MOBOPOT (OoTOKaMepu abo pyx camoro
00’€KTy, 3MiHa OCBITJICHHS Ta iH.). 300paskeHHsS
3pa3ka Ta eTaJOHy MOXXYTh e BIIPI3HATHCA 3a
paxyHOK TOro, IO BOHH OTPUMAaHI PI3HUMHU
cercopamu. Ilpu oMy Hag 300pakeHHSIM 3paska
MPOTPAMHO BUKOHYIOThCS TIPOCTOPOBI MEPETBOPECHHS
(3CcyB 3a IIMPUHOIO 1 BUCOTOIO, MacIITa0yBaHHS 3a
LIMPUHOIO 1 BHCOTOIO, TIOBOPOT) Ta HEPETBOPEHHS

IHTEHCHUBHOCTI (3MiHa SICKPaBOCTiI 1 KOHTpacry). Y
po0OTI  BHKOPUCTAHO TJO00aJbHI TEPETBOPEHHS
300pakeHb, TPOTE€ Yy TEPCIEKTUBI  MOXKIIHMBE
BUKOPHCTAHHS 1 IOKAIBHHUX MIEPETBOPEHB.

3aBmaHHs MONSTa€ Yy  BU3HAUEHHI  TakKWX
nepeTBopeHs (Tpanchopmaniii), sKi KOMIEHCYIOTH
Ha 300pakeHHi 3pa3ka BIUTUB IHCTPYMEHTaIbHHUX
dakTopiB 1 TpH SAKUX CepeIHbOApH(PMETHIHA
pi3auLs 300paxenb A OyJie MiHIMATBHOIO:

L5355, -£))

A= (s, -£)).
qX qY =53

ae Sy HOpPMOBaHa  SICKPaBICTh  MiKCeNs

TpaHC(OPMOBAHOTO 300paKeHHS 3paska; FEyy
HOpPMOBaHa  SICKpaBiCTh  TIKcens  300pakeHHS
eranoHa; gX, q¥ — po3Mipu 300pakeHb.

PisHuns 300paxkeHb, siIKa € KpUTEpPIEM SKOCTI
CYMIIICHHS, MOXE TaKoX OOYHCITIOBATUCS 5K
CepeIHbOKBaIpaTUYHA PI3HUIIA:

gX qY

——>Y(s,-E,f.  ©

‘]X qY ‘55

K

[HIIMM TAXOMOM 110 CyMIIIEHHST 300pakeHb €
BUJIUICHHS HAa HHUX OIMOPHUX TOYOK, SIKi TIOBHUHHI
CIiBMajaTH Ha 300paKeHHSIX eTajoHy i 3paska. Ha
OCHOBI KOOpPAHMHAT OIOPHUX TOYOK MOJKIIMBO

BU3HAYUTH NepeTBOPEHHS, AKe cyMimiae
300pakeHHs. Y AaHill poOOTi HE BUKOPUCTOBYIOTHCS

OTNOpHI TOYKH, OCKIIBKHA ICHye TpoOiemMa ix
aBTOMaTHYHOTO BHOODY [5].

Bomnowac minboBa  (yHKIiST TepeTBOPEHHS
300pakeHHs 3pazka F=1 — A wmae 0araro
JOKaIbHUX  EKCTPEMYyMiB, TOMY  TOTPiOHMIA
ONTUMI3aUiHHUA  anropuT™M Ans  e(PEeKTHBHOTO

MOITYKY TJ00AIBHOTO EKCTpeMyMy i€l (QyHKIi.
OmauM 3 aITOPUTMIB ONTHMI3aIii € TpamieHTHHI
Meton. llpore rpamienTHHl MeTon 3abe3meuye

ONTUMAJbHUNA pe3yNbTaT TUIBKKM Tpu  BHOOPI
IMOYAaTKOBOI TOYKH, OJIM3BKOi J0 TIJ100adbLHOrO
EKCTPEMYMY. [HIIMM METOJIOM, 1o

BUKOPUCTOBYETHCS TPU CYMIiILlEHHI 300pa’KeHb, €
METO/ IOBHOI'O Mepedopy 3HaYeHb BCiX MapaMeTpiB
TpaHcopmaliii 300paxkeHHs. MeToa  MOBHOTO
nepebopy TapaHTye ONTUMAJIbHHHA pe3ylbTar, a
WOro HEIONIKOM € eKCIOHEHIlIiHA CKJIAIHICTh
oOuncneHs. ToMmy Il 3HAXOMXKEHHS EKCTPEMyMY
IUTbOBOT (PYHKIIT NEPCIIEKTUBHIM € BUKOPHCTaHHS
TeHETUYHUX aJTOPUTMIB, fAKi MOETHYIOTH Kparli
BJIACTUBOCTI TPali€HTHUX METOMIB Ta METOIB
MOBHOTO nepedopy [6]. B reHeTHdHHX anroputmax
BUKOHYETHCS BiJICIKAHHS HETEPCIEKTHUBHUX TiIOK B
JIepeBi  mepebopy, IO  CYTTEBO  Ii/IBHINYE
MIBUIKOMIIO, aje MOXKe TMPUBECTH 0 BHOOPY
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HEONTUMAIBHOTO MIePETBOPEHHS. OCKIUTBKHT
TCHETHYHI AITOPUTMH 4acTo Jaf0Th
KBa310NTUMAJIBHUA DPE3yNbTaT, TOMY Ul Kpalloro
CyMIIlIeHHsI 300pakeHb B pOOOTI BUKOPUCTAHO
riopuanauii meton [7]. JaHuil MeTOX € TO€AHAHHAM
TCHETHYHOTO alNrOpUTMYy 3 OJHHUM 13 TIpaJi€eHTHUX
METO/IiB, @ caMe METOI0M KOOPIWHATHOTO CITYCKY.

2. TEHETUYHI AJTTOPUTMU

lenernuni anroputmu (Genetic Algorithms) €
CKJIaJIOBOIO CBONIONIMHMX MeToaiB [6, 8]. CyTh
redetnuHux  aiaroputmiB  (CA) monsrae y
CTBOPEHHI KOMII'IOTEpPHOI Mporpamu, ska O
BHUpiITyBaa 3agadi IUITXOM €BOJTIOITI].
BigmoBimHo y T'A BHKOPUCTOBYIOTH TIOHATTS,
3armo3uyeHi 3 FTeHETUKH.

3TigHO i3 TCHETUYHHUM aJTOPUTMOM CYMIICHHS
300pakeHb  BHKOHYEThCA Tak. Ha  oCHOBI
MOYaTKOBOTO 300pakeHHS 3pa3Ka CTBOPIOETHCSA
oMy JIsIIiss XpoMocoM { X, X;,...Xn}, SKi OMMHCYIOTH
TpaHchopmarii 300pakeHHS 3pa3ka. Kpamoro
BBaXXA€EThCA Ta XpoMocoMa X;, ska 3a0esmeuye
MEHINy pi3HUII0 A 300pakeHb 3pa3Ka i eTaloHy.
Jns mamoi 3agaui BuOpaHO HacTymHUH (opmat
xpomocomu: X; (G, Gi,..., Gu), 1€ KOKHUH 3 CEMU
reHiB Gj OIUCy€ OJIHY 3 TpaHC(bopMauifI. VY pobori
BHKOpHCcTaHO MoaudikoBani ['A, ski B sAKOCTI
3HauYeHb r'eHiB BUKOPHUCTOBYIOTb
IUWCHI yucna.

[MocaigoBHicTh kpokiB ['A HactymHa (puc. 1):
1. Imimiamizamis a6o BHOIp MOYATKOBOT MOMYJISITT

3 N xpoMocoM (METOJIOM APOOOBHKA).

2. Po3paxyHoxk ¢dyHKIil MIPUCTOCOBAHOCTI
(dbiTHEC-PyHKIIT) XpoMocoM F(X;) =1 - A

3. IlepeBipka yMOBHU 3aKiHYCHHS alnropuTMy (3a
pe3yibTatoM abo 3a yacom).

4. Cenexmis XpoOMOCOM Ha OCHOBiI (QyHKIil
npucTocoBaHocTi F(Xj).

5. ®opMmyBaHHS HOBOI'O IOKOJIHHS XpOMOCOM
IpU BHUKOPHCTaHHI TEHETHYHUX OIEpaTOpiB
cxXperryBaHHS (crossover) 1 MyTatii (mutation)
JI0 BiiOpaHuX 0aThbKIBCHKUX XPOMOCOM.

6. Slkmo yMOBH 3aKiHYeHHS iTepaumiii  He
BUKOHYIOTBCS, TO BimOyBaeThCcs Tepexinm o
KpOKY 2.

7. Bubip HalKpaioi XpOMOCOMU 3
MaKCHMaJIbHHUM 3HaUeHHIM F(X;).

B skocTi MeTomiB  cenekImii  XpoMocoM
BUKOPUCTAaHO METOJ PYJETKH, PAHT'OBY CENEKLil0
Ta TypHipHHA MeTon. CXpenryBaHHS XpPOMOCOM
BiIOyBa€eTHCS 3a OJHOTOYKOBOIO CXEMOIO.

[Micns cymimieHHss 300paskeHb T€HETUYHHMH
aNropuTMaMyd BOHHM JOAATKOBO IOPIBHIOBAJIHUCS
METOJIOM KOOPJMHATHOTO CIYCKY, LIO ITiJIBHIIYE
TOYHICTh CYMIII[CHHS.

( MNoyaTok >

3unTyBaHHA
napameTpis
reHeTUYHMX
anropuTmie

Homep nokoniHHs
k=0

|
IHiuianisauis — Bubip
noyaTkoBOI nonynsuit
XPOMOCOM
P(k)={X1, X\}®

»|

1

PospaxyHok
diTHeC-YHKLT
XPOMOCOM
F(Xi)

3aBepunTn
anropuTm

Cenekuis xpoMmocom,
CTBOPEHHS BaTbKIBCbKOI
nonynsauii

CxpeluyBaHHs,
MyTauis

CTBOpEHHS HOBOI
nonynsuii P(k+1),
k=k+1

KIHeLl,b

BuBig
“Hankpalyoi”
XPOMOCOMM

Puc. 1 — Cxema reHeTHYHOI0 AJTOPHTMY

162



Cepeiti banoscsx, lzop @oouyk / Komn tomune, 2013, mom 12, sunyck 2, 160-169

3. NIPOrPAMHA PEANI3ALUIA
CYMILWWEHHA 30BPAXEHD

Ha ocHOBI amamizy aJropuTMiB Ta METO/IIB
CyMillleHHsI ~ 300pakeHb OO0 €KTIB  pO3pOOIICHO
nporpamy “Image Fit Gen” (puc. 2) B cepenoBHII
Borland Delphi. 3rimHo 3 anropuTMOM CIIOYaTKy
3MIHCHIOEThCA 3YUTYBaHHS 300pa)KeHHsSI eTajioHy E
(Image E), a TOTIM 3YHTYETbCA IIOYATKOBE
300paxenHs 3paska Sy (Image S0). 3o00paxeHHs
3UATYIOTBECS Y BIATIHKaX Ciporo 1 3amuCcyIOThCS
BiANoBimHO y MacuBu E 1 Sp. Jami 34UTYIOThCS
mapaMeTpH, SAKi  BU3HAYAIOTh  IEPETBOPEHHS
300pakeHHS  3pa3ka  (KOKHOMY  IapameTpy
BinoBigae ren Gj XpOMOCOMH):

G,: 3cyB B310BK oci X (Shift X).

G»: 3cyB B310BX oci Y (Shift Y).

G5: Macmtab B310Bx oci X (Scale X).

G4: Macmab B3nmoBx oci Y (Scale Y).

Gs: lloBopot (Rotate).

Ge: laTrencusHicTs (Intensity).

G7: Kontpact (Contrast).

JI1 BeiX mapaMeTpiB TEPEeTBOPSHHS 300payKeHHS
3pa3ka TaKOX 3YMTYIOTHCS iX MiHIMaJbHI Ta MaKCH-
MaJibHi gomyctuMi 3HaueHHsS. [Ipu BHKOHAHHI CyMi-
IIEHHS 300paKeHb MOXKHA BHKOHYBaTH 3TOPTKY
(KOHBOJTIOLF0) 300pa)keHb €TAJIOHY Ta 3pa3ka 3 METOI0
YCYHEHHSI BACOKOYAaCTOTHUX IPOCTOPOBHX IIIYMIB.

HactynmHi Kpoku moNsraloTe y 34HTYBaHHI
mapaMeTpiB TEHETHYHUX anroput™miB (puc. 3). B
pe3yibTaTi cyMilleHHs 300paxensb E i Sy Ha Gopmy
BUBOJUTHCS TPaHC(HOPMOBAHE 300pa’keHHS 3pa3ka
S1 (Image S) Ta mapaMeTpu TEPETBOPEHHS, SKi
3a0e3MevyoTh MiHIMabHY pisHuL0 Delta ES
300paxkenb £ Ta S;. Pi3Huus eramoHy Ta 3paska
BimoOpaXkaeTbes Ha 300pakeHHi Image D (puc. 4).

[Ticns cymimenass 300paxeHb 3a JOIIOMOTOIO
TEeHETHYHHUX aJlTOPUTMIB BUKOHYETHCS IX OCTaTOYHE
CYMIIIEHHSI METOIOM  KOOPAMHATHOTO  CITyCKY
(puc.4). Ilpm 1wpomy  “Tpybe”  CyMilIeHHS
BUKOHY€EThCS ['A, a “TouHe” CyMIIIeHHS — METOI0M
KOOPJIMHATHOTO CIYCKY (pHcC. 5).

5
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-IDED '_ Show_k
g [~ Show i
1.036 v Show_Par
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Graph_F
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Intenzity Calc_F |
1.001
Series
Contrast

Image [
" |nt.

0.335 Help

I

Options Image
Fit_ES ‘ Stop | Open_E Difference_ES Open_S0 Exit
Image_E gee= 390 gv'e= 476 Image_50 g+el=353 gv'sl= 448
k=1 ta t FX0= 0.34530 FM_E=3_Ray Hand 1 bmp FM_S0=3_Ray Hand 15c_51_7dbmp
Delts ES=0.08235 FX=0.91105
Parameters
System ‘ Chromozom |
Cear | i |

Image_D[ = Image_E[B] - Image_S[R]

" Color

giz= 366 gi's= 479

Image_S

v Scale_D v Show_SD_kax [~ Show_SD

Puc. 2 — ®@parmeHT ro;ioBHoi ¢popmMu mporpamu cymiireHHsi 300pakens mic/s iHiniagizauii xpomocom;
TpaHcgopMoBane 300pa:keHHs 3pa3ka Image S BinnmoBinae moyaTtkoBomMy 3Ha4YeHHIO XpoMocomu X i
BiIpi3HAETHCA Bil MOYATKOBOIO 300paxeHHs 3pa3ka Image S0 3a paxyHOK 3CyBY, MacIITaA0yBaHHs,

MOBOPOTY, 3MiHH SICKPABOCTi Ta KOHTPACTY
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Puc. 3 — ®parmenT popmMu NporpamMu 3 napaMeTpaMu XpoMocoM

Options Image

Fit_ES Stop | Open_E | Difference_ES Open_50 Exit
ENNENNRNNNNNENNENERD Image_E gre= 390 qgve= 476 Image_ S0  gel=353 qvs0= 448
k. te=10 t=6  FcO= 0.99554 FM_E=%_Ray Hand 1.bmp FM_S0=%_Ray Hand 15c_ 51 7dbmp
Delta ES=0.00343  FO= 0.99657

Parameters
System | Chromosom |
Clear | Init_% |

Shift_x Show,
27.100
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= Ir=T|
34.600 8 =]

Image_D =Image_E(B] - Image_5IR] Image_5 gae= 361 gre=453

Scale_x
0951 r ShCIW_k
Scale Y [ Shaow_i
0.951 v Show_Par
Rotate, gr
oo
|ntenzity Calc_F |
|0.993

Sefiez
Contrast
0999 Image_D

Help % Int. Color | W Scale D v Show SD_Max [~ Show SD

Puc. 4 — ®parmMeHT rosioBHoOi popMH mporpamMu micJisi cyMileHHs 300pakeHb NPH KiIBKOCTi XpoMocoM
N = 32; pisHuns 300paxeHb 3pa3ka Image S Ta eranony Image E miHiMi30BaHa 3 10MOMOI010
TeHeTHYHUX AJTropuTMIiB; Yac cymimenus — 70 ¢ (mpu Bukopucransi ITK 3 yactoTo npouecopa 2 I'T')

164



Cepeiit banoscsik, leop @oouyk / Komn tomune, 2013, mom 12, eunyck 2, 160-169

0.935 4

'
'
[T SR -
]

'
[ E R D
v
'

!

0.994

0933 4

0,595 1

0975 4

'
'
1
1
'
'
T
'
'

'
'
'
'
'
Lemcedececcbccccdanaaa
'
'
| P [ B

=l CLEEEEE EEEEPEEEERE R T
'
'

[+ i e

e I A

-
-
i o

V
'
'
'
'
-
'
'
'
'
s
v
'
'
'
'

-=-m--r
'
'
'
'
s
'
T

m__
M_----.-
=0

3%}

35}

=g

[

=g

=

£

09963 §
0.9364 §
0.9963 §
09962 §
09361 §

0.996 4
09959 §
09955 §
09337 +

] ' [ ' [ ' [ [ ' '
bl el Bl il T it il mie Tl Bl Sl alialil il Sl il Stk il Bl

v AP | Py R Ry s
1 ' T 1 ' [ ' [ | [ (] ' T

Puc. 5 — I'padixm 3anexuocti pynkuii npucrocoBanocti kpamoi xpomocomu F(k) Big HoMepy nokoJiHHs k
(reHeTH4Hi aNropuTMHM) Ta WiNBOBOI pyHKLil F(?) Bix HOMepy iTepawii 7 (MeTOx KOOPANHATHOIO CIYCKY)

Jo  ocHOBHMX  mapamMeTpiB  TI'€HETHYHUX
QITOPUTMIB BiTHOCATBHCA: KITBKICTH MOKONiHB Oy,
KUIBKICTh XpOMOCOM N, MakcHMalbHE 3HAYCHHS
bitHec-QyHKIIT F p, HMOBIpHICTE MyTamii Py,
aMIutiTyna wyTauii Ay, MiHIManbHe 3HAYCHHS
aMIUTITYAu MyTatii Ay i (puc. 3). Ammiityna
MyTalii A, BH3HAYAE€TBbCA SAK BIJCOTOK BiX
JOMyCTUMOTO  Jiama3oHy  3Ha4e€Hb  KOXKHOTO
napaMeTrpy NepeTBOpeHHS. 3HadeHHs (iTHec-
¢dbynkuii F(X;) BigoOpakaroThes y BUTIAAL Tpadika
Ta  Tabnuii. 3HAYEGHHS TEHIB  XPOMOCOM
BigoOpaxaroThCs y TaOJIMYHOMY BUTIISAML, & TaKOX
y BUDIsIAi  300paxkeHHs [mage X. 3akiHueHHS
QNrOpUTMy  BigOyBa€ThCs,  SKIMIO  KUIBKICTh
MOKOJIiHG k> (Q; abo MakcuMaidbHE 3HAYCHHS
(GYHKIIT IPUCTOCOBAHOCTL > F jf4y.

Y mHaBeneHux mpukiagax (puc.2 — puc.S)
po3mip momysrarii xpomocom N =32, tomy ['A He
3a0e3nedye MOBHOTO CyMillleHHS 300paxens. [lpu
30inbIIeHH] KigbKOcTi XpomocoMm (N = 96..128)
TOYHICTH CYMIIICHHS 3HAYHO ITOKPANTyEThCSA: Ha
pizHUIi 300paxkeHp [mage D OymyTh moOKa3aHi
TIIBKM Taki 1X geranmi, siKi HEMOXKJIMBO CYMICTUTH
LIIIXOM BUKOPHCTaHUX TEOMETPUIHHUX
NEPEeTBOPEHb Ta MEPEeTBOPEHb scKpaBocTi. B
HAIIOMY BHIIAJKY Ha pi3HUII 300paxkeHb [mage D
Oyne BUIHO TITBKH PO3MUTY IUIAMY B IIEHTPI
(puc. 4), ockinbKM BOHA BIICYTHS Ha 300paxeHi
eranoHa /mage L.

[Ipauesnatuicts nporpamu  “Image Fit Gen”
MEPEeBIPEHO MPU  CYMIIIEHHI  MEIUYHUX  X-
MpOMEHeBHX 300paxkenb (puc.2 — puc.S) [3],
300pakeHp CHMBOIIIB Ta 300pa)KeHb, OTPUMAaHUX B
pesynbTaTi audpakuii enextponiB [9]. Llmsxom

3MIHM  TapaMeTpiB  TMEpPETBOPEHHS  OTPUMAaHO
33/I0BUTBHY ~ TOYHICTh CYyMIIIEHHS 300pakeHb
00’€KTIB MpH JAONYCTUMHUX 3HAYEHHSIX dacy

po3paxyHkiB. [Ipu 1mpoMy 30KpemMa BCTaHOBJICHO,
10 ONTHMAaJIbHA KUTBKICTh XpoMocoM N = 0.25..0.5
Bil MaKCHMalIbHOTO pO3Mipy 300paxkeHb (B
MmiKcenax), ane N > 64.

4. NOCNIAXKEHHA E®EKTUBHOCTI
PISBHUX BUAIB CENEKLUII TA
NMAPAMETPIB MYTALII XPOMOCOM

B reHeTnyHHMX anropuTMax BHKOPHUCTOBYIOTH
pi3HI BHIM CeJEKIii XpOMOCOM, 30KpemMa B
po3po0IIeHiit nporpami BHKOPHUCTOBYETHCS
CEJICKIIisl METO/IOM PYJIETKH, PAHTOBHH 1 TYpHIPHUH
Meton. [l mocmimkeHHs eEKTUBHOCTI IUX BUIIB
CeJIeKIlii XpOMOCOM TIPOBEICHO CEpPif0 CYyMIlleHb

300paxkeHb OyKB YyKpaiHChbKOTO andasity, sKi
BIAPI3HSIIHCS 3a paxyHOK 3MIEHHS,
MacmTaOyBaHHS Ta TOBOPOTY. Y  pe3yJbTaTi

MOBTOPHUX CYMIllIeHb 300pakeHb MPH OJHAKOBUX
mapamerpax  (KUIBKICTh  BHMpPOOyBaHb  F=30)
OTpUMaHi HaCTYIIHI pe3yabTatu (puc. 6).
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Puc. 6 — I'padikn 3ane:xxnocTti pitHec-pynkuii F
Bil HOMepy BUNIPOOYBaHHA V7 a) MeTO PyJIeTKH;
0) paHroBuii MeTOAA; B) TYPHiIpHMII MeTO

Haitkpamuii pe3yJibTat OTPUMaHO JUIst
TYpPHIPHOTO METOMYy CeJeKIii (cepeiHe 3HauYeHHs
¢yHskuii npucrocoBanocti F = 0.9993) (puc. 68). s
METOy PpYJETKH 1 PaHrOBOTO METOJYy OTPUMAaHO
OpUOU3HO  OJHAKOBY  TOYHICTH  CYMIIICHHS
300paxenb (F.=0.9958) (puc. 6a, puc. 60), npore
pe3yNbTaT  METOAYy pyJIeTKH Oifbil cTabiibHI

(MeHIIE 3HAYEHHS CEPEIHBOTO KBAJIPATUYHOTO
BigxuneHns Sigma_F nnst Bubipku F(V)).
EdexTuBHICTD TCHETHYHOTO AITOPUTMY

3QJIKUTH BIJl aMIUNITYId Ta HMOBIPHOCTI MyTarii
TeHIB, TOMY Ui JOCITIIKCHHS TaKOl 3aJIeKHOCTI
MPOBEJICHO CEpil0  CyMillleHb 300pakeHb OyKB
yKpaiHChKoro andapiTy 3a JOMOMOTOK CTBOPEHOT
nporpamu. CeNeKIlisi XpoMOCOM BHKOHYBajacs
TYpHIDHHUM METOAOM, KUIBKICTH XpoMocoM N = 64.
B pesynprari Halikpame cywimeHHS 300pakeHb
OTPUMAaHO TIPW BIiTHOCHO BHCOKIH WMOBIpHOCTI

MmyTariii Py~ 0.5. IIpu Takiii WMOBIpHOCTI MyTarii
MPOBENICHO CYMIMIEHHS 300paKeHb U  PI3HUX
3HAYCHb aMIUTITyqu MyTtamii 4y, (1abdxn. 1). Takum
YMHOM, HaWKpamy pe3yabTaTd OTPUMAHO MpPH
amIuTiTyai MyTtaii 4y, =~ 20%.

Taduuus 1. 3ane:xkHicTh 3Ha4YeHb PyHKUIT
npucrocoBaHocTi F Bix ammutityan myTauii 4,

Ay, %o F
1 0.9963
2 0.9978
5 0.9981
10 0.9980
20 0.9993
50 0.9992
5. BUCHOBKHU

1. Po3pobiteHo TiOpuaHmMiA METO I CYMIMIIEHHS
UPPOBHUX 300pakeHb 00’ €KTIB, AKHH € MOEIHAHHIM

TCHETHYHHUX Ta TPATIEHTHUX anroputmis. Jlns
TEHETUYHUX  aQJTOPUTMIB  BHUOPAHO  CTPYKTypy
XpOMOCOM, sIKa OINKHCYE OCHOBHI MPOCTOPOBI

NEepeTBOPEeHHS 300pa)KeHb Ta 3MiHH SICKPaBOCTI.
Po3pobiennii MeTox NporpaMHO peati3oBaHO B
cepenosuiti Borland Delphi.

2. Ilpu nmocmimpkeHHI pI3HUX BHUIIB CEJIEKIIil
XpPOMOCOM TIpH CYMIIIIeHHI 300pakeHb 3po0IJIeHO
BHCHOBOK TIpO OiIbITy €()EeKTHBHICTH TYPHIPHOTO
METO/Iy TIOPIBHSIHO 3 CEJEKIIE€I0 METOJIOM PYJIETKH
Ta paHroBUM MeTomoM. JliIs  JOCHiIKyBaHUX
300pakeHb HaWKpale CyMIMIEHHS OTpPHUMaHO IpH
amIuTiTyai Myrarii ~20%.

3. PesynpTaTé mOCHimKEeHb MOKa3alu, WO IS
CyMmimeHHS 300pakeHb ONTHMallbHa KUTBKICTh
xpomocom N =0.25..0.5 BiZ MaKCHMaJbLHOTO
po3Mipy 300paxkeHs (B mikcensix), ane N > 64.

4. 3 MeTor MiABHINEHHS TOYHOCTI CyMiIlEHHS
300pake€Hb 3aCTOCOBAHO METOJ| KOOPIHMHATHOTO
CITyCKY micst MIOTIEPETHBOTO MOPIBHIHHS
300paKeHb 3a JOMOMOT0I0 T€HETUYHUX aJITOPUTMIB.

[lepcrieKTMBHUM €  HACTyNIHHHW  HampsM
MalOyTHIX JOCIIDKEHb, SIKUH MOJIATae B CyMIIICHH]
300paKeHb 3 BpaxyBaHHSAM HE TiIbKH TJ00aJbHHUX,
aJe i IOKaIbHUX TeOMETPUYHHX MIEPETBOPEHb.
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Abstract: The given paper presents a hybrid method which is a combination of genetic and gradient algorithms used
Jfor the comparison of digital images of an object. Aligning the images, their basic transformations are taken into
account, namely shift and scale in a width and height, angle, changes in intensity and contrast. The software for image
alignment of objects has been created using Delphi environment. The program utilizes modified genetic algorithms
where the chromosomes are the vectors of real numbers. The methods of roulette, rank and tournament selection are
used for chromosome selection. After the use of the genetic algorithm the object images were compared by the method
of coordinate descent that provides an accuracy improvement of image alignment. The efficiency of different methods of
chromosome selection in the genetic algorithm for images alignment is researched. The size of chromosome population
as well as other parameters of genetic algorithm have been optimized.

Keywords: digital images, images alignment, genetic algorithms, chromosome, mutation, gradient algorithms.

1. INTRODUCTION

The problem of alignment of the digital images
of objects consists in determination of accordance
between points of two and more patterns [1].
Comparison of images is needed in solving such
important problems as computer vision, detection of
changes in the series of images, motion analysis,
stereoscopic vision and texture analysis. Despite the
permanent demand for computer alignment of
images, this problem has been solved only for some
particular cases. The problem is that image depends
not only on the state of object but also on the
conditions it is made (instrumental factors), i.e
distance from object to sensor, position and angle of
object, illumination etc. Different external
conditions of images result in the following basic
transformations: shift and scaling the width and
height, angle, brightness and contrast variations.
Therefore optimum alignment of images demands
establishment of such transformations which provide
the minimum difference in images.

2. METHODS OF IMAGES ALIGNMENT

The full search of all possible transformations of
images gives the optimum solution, but is
exponentially complicated and time consuming.

Gradient methods are characterized by high
performance  (polynomial complication), but
encounter the problem of Ilocal extremums.

Therefore the given paper aims at the development

of such image alignment methods which would
provide a quasi optimal result at polynomial
complication of calculations, namely methods with
the use of genetic and gradient algorithms [2, 3].

The problem of image comparison is as follows.
The image of the sample S, needs to be aligned with
the image to the etalon E. The reference image and
that of the samples differ due to the difference of
objects, and to instrumental factors. Thus the
patterns undergo software spatial transformations
and transformations of intensity [1]. The task is to
obtain such transformations which  would
compensate the influence of instrumental factors on
the image of samples and provide minimal value of
the average arithmetic difference of images A:

Sram DI I

x=1 y=1

E,|). (1)

where S,, is the normalized brightness of pixel of the
transformed image of sample; E,, is the normalized
brightness of pixel of the reference image; ¢X, qY
are image sizes.

The objective function of the sample image
transformation /= 1 — A has many local extremums,
thus optimization algorithm for the effective search
of its global extremum is required. For the effective
alignment of images a hybrid method, as a
combination of genetic algorithm and the gradient
method of the coordinate descent is used.
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3. GENETIC ALGORITHMS

Nature of genetic algorithms (GA) is to create the
software which would solve the problems by means
of evolution [2,3]. According to the genetic
algorithm the alignment of images is executed as
follows. On the basis of initial image of a sample a
population of chromosomes {Xj, X;,...Xy} is created,
which describe transformations of the image. The
best X; chromosome is considered the one which
ensures smaller difference A between images of the
sample and the etalon. For this problem the
following format of chromosome is chosen: X; (G,
G,,..., Gu), where each of seven genes G; describes
one of transformations: shift along the X axis, shift
along the Y axis, scale along the X axis, scale along
the Y axis, angle, intensity, contrast.

The work deploys the modified GA, which use
the real numbers as gene values.

The sequence of the GA steps is following:

1. Initialization or choice of initial population of
N chromosomes (by the method of shot-gun).

2. Calculation of fitness function of the
chromosomes F(X;) =1—A.

3. Verification of the algorithm termination
condition (by result or in time).

4. Selection of chromosomes on the basis of the
fitness function F(X).

5. Forming of a new generation of chromosomes
applying genetic operators of crossover and
mutation to the selected paternal chromosomes.

6. If the condition of iteration termination is not
met, the transition to the step 2 occurs.

7. Choice of the best chromosome with the
maximal value F(X;).

As the methods of selection of chromosomes the
ones of roulette, rank and tournament selection are
used. After the application of genetic algorithms for
image alignment they were additionally compared
by the method of the coordinate descent that
promotes accuracy of the alignment.

4. SOFTWARE

A hybrid algorithm is implemented in the
program, called “Image Fit Gen”, which is created
in the Borland Delphi environment. The basic
parameters of genetic algorithms are number of the
generations (J;, amount of the chromosomes N,
maximal value of the fitness-function Fjqy,
probability of the mutation P, amplitude of the
mutation A4,, minimum value of amplitude of the
mutation 4y, rs,. The alignment accuracy is shown to
improve considerably at the increase of the number
of chromosomes up to N = 100.

The efficiency of the “Image Fit Gen” program
is tested at alignment of medical X-ray images,
images of characters and resulting patterns of
electron diffraction. In particular it has been
established, that the optimum number of
chromosomes is N =~ 0.25..0.5 from the maximal size
of images (in pixels), but N > 64.

5. ANALYSIS OF IMAGES ALIGNMENT

To investigate the efficiency of the different
types of chromosome selection a series of alignment
of the images of the Ukrainian alphabet characters is
performed. The best result is obtained for the
tournament method of selection (mean value of
fitness function F,. = 0.9993). The method of roulette
and rank selection yield approximately identical
accuracy of images alignment (F.=0.9958),
however the results of the roulette method turn out
to be more stable.

Efficiency of genetic algorithm depends on
amplitude and probability of gene mutation. In order
to study such dependence the created program
performs a number of alignments of the images of
Ukrainian alphabet letters. The selection of
chromosomes was executed by a tournament
method. The number of the chromosomes is N = 64.
As a result the best alignment of images is achieved
at relatively high probability of the mutation
Py =0.5. At such probability of mutation the
alignment of images is executed for different values
of amplitude of the mutation A4,. Thus the best
results are obtained at the 4, =~ 20%.

6. CONCLUSIONS

1. A hybrid method, which is a combination of
genetic and gradient algorithms, is developed for
alignment of digital images of objects. For genetic
algorithms the structure of chromosomes is chosen,
which describes basic spatial transformations of
images and brightness variations. The developed
method is implemented in the software created in the
Borland Delphi environment.

2. Investigations of different types of
chromosome selection at alignment of images
revealed greater efficiency of tournament method,
comparing to the selection made by the method of
roulette and the rank method.

3. The results of research showed that for image
alignment optimum amount of the N chromosomes
is N~ 0.25..0.5 from the maximal size of images.

4. For the purpose of accuracy increase of image
alignment the method of the coordinate descent is
applied after previous comparison of images by
genetic algorithms.

Promising direction of future research is the
alignment of images which accounts for not only
global but also local geometrical transformations.
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