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D. O. Pivtorak

National Technical University of Ukraine «Kyiv Polytechnic Institute”, Kyiv, Ukraine
SPATIALLY-FREQUENCY MODEL OF IMAGING PROCESS BY MULTIFUNCTION
METHOD

When photographing of objects with large range of brightness, some information may be lost. The main reasons for the
loss of information when photographing these objects are insufficient dynamic range of the input signal to the dynamic
range of the image detector. To reduce loss of the information when photographing in a large range of brightness within a
frame used multiplicative, additive and multifunction methods of image registration are used.

If multifunction method of image registration is used exposing the photosensitive sensor through pre-built frequency
selective filter-mask of optical image of the photographing object and images of uniform brightness screen is carried out.
Spatially-frequency model of imaging process in digital photocameras that use the multifunction method of local
exposure control is developed. From a model evidently, that the exposure system of local exposure control directly
influences on the imaging process, changing the modulation transmission function, and mediated, changing
parameters, that is included in expressions for the modulation transmission functions of most links that take part in
forming of this image.

Key words: image, exposure, dynamic range.
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3ACTOCYBAHHS AJIATITUBHOI'O METOY JIM®EPEHIIIHOL
EBOJTIOLIIT KOLLI /151 PO3PAXYHKY OB’€EKTUBIB

Coxypenxo B. M., Byiinog I. C.
Hayionanonuu mexniunuu ynieepcumem Yrpainu « Kuiscobkuti noaimexuivHut iHCmumym»y,
m. Kuis, Ykpaina
E-mail: sokurenko2@meta.ua, enekotrade@gmail.com

Asmomamuzosanuii po3paAxyHox ONMUYHUX CcUcmem 00 €Kmugie nompebye 3acmocy8ants 6i0no8ioH020
npocpamnoeo 3abesneyenHs. B ocHo8y makozo cneyianizo8aHozo NPOSPAMHO20 3a0e3nedeHHs MOXCYymb Oymu
NOKNA0eHi CyuacHi aneopummu  2100anvHoi onmumizayii. B Oawuiti  pobomi uucenvHuM MOOent08aAHHIM
00CHI0AHCYEMBCA  HEWO0OABHO ONYONIKOGAHUL AdanmMueHul Memod ougepenyiinoi egomoyii Kowi, saxuil
BUPIZHAEMbCA HASAGHICMIO BHYMPIUWHB020 MEXAHIZMY adanmayii 080X napamempig-Koeiyicumis KiacuUyHO20
Memooy oOugepenyitnoi esontoyii ma sacmocysaunam po3nodiny Kowi 071 ecenepysanHs HOBUX 3HAYEHb YUX
koegiyicumie. Ompumani pesyiomamu niomeepoXsCcyloms me, wo a0anmueHuil memoo ougepenyiinoi esonoyii
Kowii 0ozeonsie cunmesyeamu 008inbHy ORMUYHY CUCHEMY 3 3A0AHUMU QYHKYIOHANGHUMU RAPAMEmpamu ma
NPUUHAMHUM DI6HeM KOpeKyii MOHOXpOMAMUYHUX ma Xpomamuynux abepayiu. Ilpodykmuenicms cunmesy
ONMUYHOI cucmemMu 3HAYHO 3a1edcums 8i0 CmpyKkmypu cgopmosanoi oyinounoi ¢yuxyii. Yac, saxuii nompiden ois
30TIICHEHHST A8MOMAMU308AHO20 PO3PAXYHKY ONMUYHOL cucmemu 3 KIIbKICMIO nouykogux napamempis 6ins 20, ve
nepesuyye 0eKiibKa 200uH. AKicmb 300padicenHs OMpPUMAHUX CUCHeM 00360JI€ 8UKOPUCIOBYBAMU IX 3 ICHYIOUUMU
MAMPUYHUMU NPUUMAYAMU BUNPOMIHIOBAHHS.

Knwouoei cnoea: 006’ckmus, onmuuna cucmema, adanmueHuti memoo ougpepenyitnoi esomoyii Kouwi,
aA8MOMamMu308aHULl PO3PAXYHOK, 2100ANbHA ONMUMIZAYIL.
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Beryn

Cy4acHi 4YHCenbHI METOAM aBTOMAaTH30BAHOTO
npoekTyBaHHs ontuaHUX cucrteM (OC) maroTh Oararo
mepeBar mepel AHAJITHYHUMHM METOAaMH, aJpKe
JIO3BOJISIIOTE  €()EKTUBHO  pO3B’s3yBaTH  3anadvi
npoektyBaHHss OC pPI3HOMAHITHOIO IPU3HAYECHHS.
30KkpemMa, ycImixu B KOMITIOTEpHIH Haymi Ta
00YHCITIOBANIBHII MaTeMaTHIl TIPU3BEITU bi (o)
YIOCKOHAJEHHS BXE BIIOMHX aJTOPUTMIB  SIK
JIOKAJILHOI, TaK 1 riao0anpHoi onTumizarii OC [1-3].

OCHOBHMUMH  TIEpEHIKOJaMH, SKi  IMOTPiOHO
MOZOJIATH TMiJl 9ac aBTOMAaTH30BAHOTO NPOECKTYBAHHS
OC, € HasBHICTH 0araTbOX JIOKQJIbHUX MIHIMyMIiB B
OaraToMipHOMY MPOCTOPi pO3B’s3KiB [4, 5] Ta cyTTEBI
3aTpaTH 4acy.

HesBakarouu Ha IIi MEPEIIKO/IH, 3aIPOIIOHOBAHI
Ta/abo Moau(ikoBaHI B OCTaHHI POKM BapiaHTH
AITOPUTMIB  [VIOOANTBHOT ONMTHMI3alii T03BOJISIOTH
JOCTaTHHO MIBHAKO OTpHMYBaTH BHCOKOsKicHI OC B
AaBTOMATH30BAaHOMY PEKHUMI.

[pencrapneni B maHili poOOTI HOCHIMKEHHSI

MiATBEPIKYIOTh, IO  3aCTOCYBaHHI  CYYacHHX
ANTOPUTMIB ~ ONTHMI3alii, €  TEePCIEKTHBHUM
HampsiMKoM  po3pobkm  HoBux OC B  cydacHiit

ONTHYHIN iHKeHepil.

IMocTaHoBKa 3agaui

Meroto naHoi poboTH € nepeBipka epeKTUBHOCTI
3aMpONOHOBAHOTO HEMIOAABHO AaJalTHUBHOTO METOIY
mudepenmiitnoi esomonii Komi (ACDE) mig dac
ABTOMATH30BaHOTO PO3PaxyHKY JIH30BHX OO0'€KTHBIB
[6, 7]. JudepeHmiiiHa eBOTIOIIS MPEICTABISIE COOOIO
OaraToBUMIpHY MaTeMaTHYHy ONTHMI3amito, a Il
ANTOPUTM  HANGKHUTh OO KJIAacy CTOXaCTHYHHX
EBOITIOIIITHIX METOJIB Ta BHKOPHCTOBYE OKpeMi imel
reHeTuuHux  anroput™miB  [8-10].  OcoOuuBicTio
yaockoHaieHoro Metoay Ko € Te, 110 Ha KOXHIN
HOBIll iTepalii mapameTpu MeETOAY aJanTyHOThCS Ha
OCHOBI Cepe/IHiX 3HaUeHb MTOKa3HUKIB [6].

B pamkax TIpOBEICHHS JOCHIKECHb
YIOCKOHAJICHO BJIACHE MPOrPaMHE
po3paxyuky OC B  HampsiMKy
MOXJIMBOCTEH 3

gac TII00aIbHOT

Oyro
3a0e3neYeHHs
PO3LIMPEHHSI
ra00aJIbHOT
orrruMizarii

(hyHKIIOHATEHIX
Iix

oInTuMizarii.

R1 RZ2 R3 R4 RS R6 R7 R9 Rfti Ri2 R13

Puc. 1. Ontryna cxema o0'extrBa 3 mateHTy [11]

nporpamMa aBTOMAaTHYHO BH3HAYa€ TOBIUMHH JIiH3,
OCHOBI TOBITPSIHI MPOMDKKH Ta pajiyCH KpUBH3HH.
Anroput™MH T00aNbHOI ONTHMI3alii, peanizoBaHi B
POTPaMHOMY 3a0e3neueHHi, rapaHTOBaHO
JOTPUMYIOTH 33JlaHi KOPHUCTyBayeM TI'paHWUYHI YMOBH
(30KkpeMa, jiama3oHM Ha KOHCTPYKTHBHI NapaMeTpH,
¢ikcoBaHe 3Ha4YeHHs 3aAHBOI (OKYCHOI BiJCTaHi,
MaKCHUMaJIbHE 3HAYCHHS OCHOBOI JOBXHHHM CHCTEMH
TOIIIO).

Buoip BizoMux onTHYHUX cHCTeM 00’€KTHUBIB
3 NATEHTHHUX JIKepes

B  namiii  pobori mpoBexeHa  mepeBipka
npane3gaTHoCTl Ta  eQEeKTUBHOCTI  aJalTHBHOTO
merony Komri Ha npukmaai pospaxynky OC nBox
niH30BUX 00’ekTHBIB. [Tapamerpamu onrumizauii OC
oOupasnucs paaiycu KPUBU3HH TOBEPXOHb Ta OCHOBI
Bigcrani. OcraHHs cepuuHa TOBepXHS 00'eKTHBA
BHUKOPHCTOBYBAJIACs I KOHTPOIIO 3a1Hb01 (hOKYCHOT
BigcTaHi Bciei cuctemMu (3aBHaHHIM (HIKCOBAHOTO
3HaYEeHHS KyTa BUXiJHOI'O allePTypPHOTO POMEHIO).

Ax  mepmmit mpukiaanm Oymo obpano OC
o0’extrBa 3 mareHty US 7924510 B2 xommaHnii
Kobayashi Hiroaki Fujinon Corporation [11] (puc. 1,
tabi. 1). [IpencraBieHui B maTeHTi 00 €KTUB MICTUTh
YOTHPU TIpymd JiH3, a 3arajbHa  KUIBKICTh
KOMIIOHCHTIB JOpiBHIOE MmiecTd. [lepia rpyma JiH3
MICTUTh OJIHY ABOBBITHYTY JiH3Y, Jpyra rpymna — JIBi

JBOBUIYKJII  JIIH3W,  PO3TALIOBaHI  BHITyKIHMMH
NOBEPXHAMH OJIHA 110 OJHOI, TPeTsS Ipyma — JIHIIe
OIHY JBOBBICHYTy JIH3Yy, a 4deTBepra — JBI
JMBOBHUITYKJI  JIH3W,  PO3TAllOBaHI  BHITYKIHMH

MOBEPXHSMH OJTHA 10 OJTHOI.

Ax gpyruit npuxinan Oymo oopano OC 00’ekTrBa
3 marery US 9013806 B2 Daiki Kawamura
FUJIFILM Corporation [12] (puc. 2, Ttabm:. 2).
OO’eKTMB MICTHTh JBI Tpynd JiiH3, a 3araibHa
KIJIbKICTh KOMIIOHEHTIB JOpiBHIOE 1iecTH. llepma
rpyna JiiH3 MpeACTaBIsiE COO0I0 CKIIEHKY 3 JIBOX JIH3:
BiZI’EMHOI'O MEHICKY 3 BHUIIYKIIMMH IIOBEPXHIMH,
00CpHEHUMH JI0 TIPOCTOPY MPEAMETIB, Ta MO3UTHBHOT
niH3u. Jlpyra rpyna JiH3 MiCTUTh CKJICHKY TTO3UTHBHOT
Ta BiJ’€MHOI JiH3, BiJl’€MHUI MEHICK Ta IBOBHUITYKIY
JH3Y.
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Puc. 2. OntnyHa cxema 00'€eKTHBa 3 TATEHTY
[12]
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Tabnms 1. Yncnosi 3HaueHHs abepariii 00'ekTrBa 3 mateHTy [11]

Tun abepamii

3nadyeHHs abepartii

3nauyenns CKB B mmpokoMy CEKTpaIbHOMY Jliana3oHi:

- st ot Nel (Ha ONITHYHIN OCi) 6,4 MKM
- urst mosst Ne2 (i xyrom 19,3°) 9,6 MKM
- 1uist ogist Ne3 (na nepudepii, mig kyrom 27,3°) 14,8 MM
Jucropcis Ha kpato mois 30py W=27,3° 9%

Tabnmms 2. Yncnosi 3HaueHHs abepariii 00'ekTrBa 3 mateHTy [12]

Tun abepamii

3nadyeHHs abepartii

3nauenns CKB B mmpokoMy ceKTpajabHOMY Jiana3oHi:

- st ot Nel (Ha ONITHYHIN OCi) 26,21 MKM
- urst moJst Ne2 (g xyrom 18,7°) 36,05 MxM
- urst ot Ne3 (Ha mepudepii, mig KyroM 26,5°) 61,46 MxMm
Hucropcis Ha kpato mois 30py W=26,5° 4%

3aranbHa MNOCJHITOBHICTH ABTOMATH30BAHOIO
PO3paxyHKy

Jyis po3B’si3aHHS MOCTaBICHOI 3aaa4i B AaHii
poOOTI TPOMOHYEThCS MiOXim, sKAH mependavae
BUKOHAHHS YOTHPHOX CTAIIIB.

Cnovatky mporpaMy  HEOOXiJHO  BBECTH
3arajgbHy CTPYKTYPY ONTHYHOI CHCTEMH: HPHOIM3HI
(paxTHYHO MOBLNTBHI) 3HAYCHHS PaliyCiB IOBEPXOHB,
TOBIIUH JIiH3 T4 MOBITPSHUX MPOMIXKKIB, MapKH CKJIA,
10 BHOUPAIOTHCS 3 00paHUX KATaJIOTIB, & TAKOXK TaKi
CHCTEMHI MapaMeTpH SIK anepTypy, TOUKU MO0JIs 30Dy,
JIOBXKHMHH XBHJIb TOILIO.

Ha gpyromy erami KOHCTPYKTOp IOBHHEH
obOpatu mnapaMeTpu onrtumizanii Ta chopmyBaTu
ouiHouny ¢ynkuito. Kpurepiem sikocti OC Moxe
CIIyTyBaTH GyHKIISA MiHiMi3aril
CepeHbOKBAIPATHYHOTO PAZiyCy IUIIM PO3CIIOBaHHS,
IPY IbOMY TIEBHI TOUKH II0JIS 30PY Ta JIOBXXHHHU XBHJIb
MOXYTh MaTH CBOI crenu(idHi BaroBi KoeQillieHTH.
Ha 1mpoMy erami KOHCTPYKTOp Ma€ MOXIHMBICTh
BCTAaHOBUTH pAalliOHANIbHI Jlialla30HM Ha KPHBHU3HU
MOBEPXOHb  JIH3, TMOBITPSHI TNPOMDKKH, OCBOBI
TOBIIUHM JIiH3, TOMYCTAMI TOBIIMHH JIIH3 Ha Kparo 3
ypaxyBaHHIM MiHIMaJIbHUX JIOITYCKiB IS
MOJAJIBIIOTO 3aKPIMUIEHHS Ta TPU HEOOXiTHOCTI —
OakaHi 3HaueHHA (HOKYCHOI BiJICTaHi, MAKCHMAaIbHOT
ockoBoi ToBmHN OC Ta iHIII BUMOTH (OOMEXEHHS).

Tperiii eran e HaiitpuBamimmMm, 00 came BiH
nependavae mpouenypy riodanbHOI onTHMizamii 3a
o0paHuM anroputMoM. Sk 3a3Havanocs BHIIE, B JaHii
pobori JIOCIIJKYETBCS aJlanTHBHUN METOI
mudepenmiinoi eponromii Komri. ABropu mpari [6]
3aMpOTIOHYBAIM  HAa  KOXKHIM ~ HOBI  iTeparii
3MIMCHIOBATH aJamTallilo JIBOX IapaMeTpiB METOIy
IuepeHIiftHol  eBOMIoIl, a camMe MacITaOHOTO
koedimienta F (scaling factor) Ta xoedirienta CR
(crossover rate), TpUUOMY JUISI KOXHOI TOYKH
(imamBimyyma) HE3aJIeXKHO. Taka ananTamis
(xopuryBaHHSI) TPOBOJUTHCSI Ha OCHOBI 3Ha4YeHb
koedimientie F 1 CR, ycepenueHux cepex Bcix

ycmimHux  iHAMBigyymiB. HoBi 3HaueHHS 1HX
KOE(ILIEHTIB /I8 KOXHOI TOYKM TEHEpPYIOThCS SIK
BUIIAJIKOBI BEJIMYMHU 3 PO3PaXOBAHUMHU CEPEAHIMH
3HAQUEHHSAMH  Ta  MOXIHMBHMH  BIIXWICHHAMH
BignoBigHO g0 posnoxiry Komri. 3actocyBaHHS
TaKoro posmnoziny, o XapaKTepU3yeThCs
MIOJTOBKCHUM “XBOCTOM”, Ha TIPAKTHUIII IPU3BOIUTH JI0
OMBPII MIBHIKOTO TMOIIYKYy ONTUMYMY IIiJ] d9ac
PO3B'sI3aHHS PI3HOMAHITHUX 3a/1a4 3 YHIMOAAIBHUM Ta
0araToMoJaIbHAM XapaKTepoOM OLIHOYHOI (yHKHii B
MOPIBHSHHI 3 IHIIMMH CYyYaCHUMH aJrOPUTMaMHu
nmudepeHIiiHol eBotoIii [6].

Haperri, Ha YEeTBEPTOMY eTami
aBTOMAaTH30BaHOTO po3paxyHKy OC g KiHIEBOTO
«IOBEICHHS»  MapaMeTPiB  CHCTEMH  JOLIJIBHO
CKOPHUCTATHUCS 3ac00aMH JIOKAJFHOT ONITHUMI3aIlii.

Pe3yabTaTn aBTOMAaTH30BAHOTO PO3PAXYHKY

Hns mapamerpuuyHoro cunresy OC mnepuoro
o0’ekTrBa OyIl0 3amaHO Taki BXiJHI TapaMeTpH:
KyTOBE TIOJi€ 30pYy B MPOCTOpi mpeameriB 54,6°;
BigHOCHMIA OTBip 1:1,5; 3amust (okycHa BifcTaub 5,7
MM; chekTpanbHuii  giamazon  0,48..0,65 MM
(ocHoBHa moBxuHa XBHI — 0,58 MKM); MakCUMajbHa
IOB)KHHA cHUCTEMH 17,66 MM.

3aranbHa KUIBKICTH  IOIIYKOBHX IapaMeTpiB
nopiBaioBasia 20. Ha pue. 3 mpezncraBieHa onTHdHa
cxema po3pobieHoro o0’ektBa, a B Tabm. 3 — iforo
KOHCTPYKTHBHI Tapametpu. Ilpakthka mokasye, o
HaBITh Ha KOMIT OTepax 3 TIOMIPHUMH
XapaKTepUCTHUKAMU BCs TIPOLEypa aBTOMAaTH30BaHOIO
npoektyBaHHs1 OC 3 KiIbKiCTIO 3MiHHEX 110 20 oTpedye
Jekinbpka roaus s momyky OC.

Jns  omiHKM sKOCTi 300pakeHHs Ha puc. 4
MpeacTaBieHi TOYKOBI  JiarpaMd  po3poOJIeHOro
min3oBoro oO'ektmBa Nel, OoTpuMaHi B IIHPOKOMY
CIIEKTPAILHOMY Jiama30Hi IS TPbOX JOBXWH XBHIIb
Ta TPHOX TOYOK MO 30py. SIK BHAHO, po3pobieHa
OC € BUIIpaBJIEHOIO JUIS 33/IaHUX JOBXKUH XBHJIb Ta
30aJ1aHCOBaHOIO T10 IIOJIIO 30DY.
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Monn 3opy: _Ne1 N3
Maxc. encota nosepxi 42511 mm

]
=

20 MM

Puc. 3. Ontnuna cxema orpumanoi OC 06’extruBa Nel
3 X0JIOM TIPOMEHIB

ISSN 0201-744X, ISSN 0321-2211

Hucropciss  po3paxoBaHOTO  00’€KTHBAa  HE
nepesuiye  9%. CepeqHbOKBaIpaTHYHA IOXHOKA
XBWIBOBOTO (POHTY OTPHUMAaHOTO O0O0’€KTHBA SIK
(yHKIIisI OJIA pe/IcTaBIeHa Ha puc. 6.

ITapameTpuunuit cuates OC apyroro o6’exTuBa
MPOBOJIMBCS. 3 TaKMMHU MapaMeTpaMH: KyTOBE IOJIe
30py B mpocTopi mpeamertiB 53°; BiJHOCHHWI OTBIp
1:2,8; cnexrpamsumit piamazon 0,46...0,655 MxM
(ocHoBHa mopkmHa xBuii: 0,58 MKM); MakcHMajbHa
OBKMHAa cucteMu 38,2 MM; JiameTp amepTypHOi
nmiapparmu 10 mm; 3agast pokycHa BincTans 28,8 mm.

Tabmms 3. KorcrpykrueHi napametpu po3pobaeroi OC 06’extuBa Nel

Howmep Paniyc, ToBmwmHa, MM IToka3HUK 3aM0MIIEHHS Ne TA CBiTi0BUH
TOBEPXHi MM KoeilieHT qucnepcii ve paaiyc, MM
IIpeamer 0 0

1 -15,694 0,60 1,773; 49,60 3,89
2 7,394 3,47 3,61
3 16,216 1,66 1,801; 35,00 4,25
4 -20,619 2,29 4,24
5 7,310 1,14 1,755; 52,30 3,50
6 22,530 1,57 3,33
7 (amepTypHa o 0,95 2,65
niagparma)
8 -28,252 0,60 1,923; 18,90 2,71
9 7,380 0,61 2,81
10 31,549 1,1 1,835; 42,70 2,96
11 -10,612 0,1 3,11
12 6,749 3,5 1,755; 52,30 3,58
13 30,579 55 3,26
300pakeHHs 0 0,0 2,55
N2 nons CKB Make. N2 nons: 1 0.4
1 2302 4676 Lo i e
2 2,273 4,899 ;
3 4215 12,112 2
JLOBXMHU XBWU/b: {%} ;E g
£ 0,48613 = 0,65627 ¥ §
N2 nong: 2 N2 nons: 3 ' - m’g;“”“”py (m‘jejg o ”

] o

Puc. 4. Touxosi miarpamu otpumanoi OC 00’ekTuBa
Nel B mIMPOKOMY CHEKTpalnbHOMY Jiama3oHi
(monme Nel — Ha omTwyHiM oci; mome Ne2 — mig
kytoM 19,3°; mome Ne3 — mHa mepudepii, min
KyToMm 27,3°)

Puc. 5. 3anexHicTh cepesHLOKBAaAPATUIHOI MOXHUOKH
XBHJIBOBOTO ()POHTY pO3paxoBaHOrO 00’ €KTHBa
Nel Big mosst

3aranbHa KIiJTBKICTh TIOIIYKOBHX IapameTpiB
nopiHroBasia 19. OmnrtmuHa cxema po3poOsieHOTO
o0’exTHBa TIpeinCTaBIeHa Ha puc. 6, a Horo
KOHCTPYKTHBHI TapaMeTpu — B Ta01. 4.

Ha puc. 7 i 8 mpencrasieni TOYKOBi giarpamu
CHCTEMH Ta 3aJeXHICTh CepeIHbOKBaJIPATHIHOT
MOXMOKM  XBWJIBOBOrO  (poHTY Bix ToNs, 3a
JIOTIOMOTOI0  SIKNUX ~ MOXKHa  OIIHHTH  SIKICTh
300pakeHHS.
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Monn zopy: N1

Makc, BucOTa MoBepxHi: 14,584_MM

20 Mm

Puc. 6. Onruuna cxema otpumanoi OC 06’extuBa No2
3 XOJIOM TIPOMEHIB

ISSN 0201-744X, ISSN 0321-2211

Pozpobnera OC 3a sKiCTIO 300pakeHHS He
MOCTYMAEThCs TpoToTHiy. Juctopcis 00’ektrBa No2
He nepesuirye 4%.

BucHoBkn

B naniit po6oti Oyno 3aiicHeHO Po3poOKy ABOX
ontuuaux cucteM (OC) niH30BUX OO0’€KTHUBIB, sKa
MpOBOAMJIACS B ABTOMATHYHOMY  pexumi. 3
pe3yNbTaTIB PO3PaXyHKY PO3POOICHUX CUCTEM BUIHO,
[0 BOHH HE TOCTYMAIOThCS BIJOMHM aHAJIOTaM-
nporoturnaM. OTpHMaHiI pe3yJNbTaTH CBIiT4aTh, IO
aJanTHBHUKA MeToa nudepeHiiiaoi esomomii Komri €
MOTY>KHUM 3ac000M, 3a JONOMOTOI0 SIKOTO MOXKHA
3MIACHIOBATH TMapaMETPUYHHNA CHHTE3 ONTHYHHX
CHCTEM.

Tabmuus 4. KonctpyktuBHi napamerpu po3pobieroi OC 06’extuBa Ne2

Howmep Paniyc, ToBuuHa, MM [Toka3HuK 3aJI0MJICHHS Ne T CaiTi0Buit
MTOBEPXHI MM KoedimieHT nucnepcii [ e pajiyc, MM
IIpenmer S o0

1 23,250 0,80 1,689; 31,07 6,32
2 9,014 2,74 1,883; 40,76 5,57
3 70,235 1,00 513
4 (amepTypHa 3,64 4,36
niadparma)
5 -16,714 4,46 1,847, 23,78 5,18
6 29,464 4,59 1,904; 31,32 7,07
7 -20,511 1,00 7,71
8 51,786 2,38 1,623; 58,16 8,31
9 -49,554 3,27 8,35
10 -11,733 0,95 1,713; 53,87 8,34
11 -28,199 1,69 9,38
12 0 2,80 1,550; 55,00 10,61
13 0 8,82 11,27
300pakeHHs 0 0,0 14,58
Nenons  CKB  Maxc N2 nons: 1 24

1 2777 4867 o] Aoexo e 045 0 s ;]{M

2 13,268 21,247 ; 16l

3 19408 47,915 3 Ll

* 0,46

N2 nons: 2 N@ nons: 3

Puc. 7. Toukosi piarpamu orpumanoi OC 06’ekTuBa
Ne2 B IIMPOKOMY CHEKTpaJbHOMY Jliala3oHi
(moe Nel — Ha omrtwuHid oci; moxe Ne2 — mif
kyrom 18,73°; mose Ne3 — na mepudepii, min
KyTOoM 26,5°)

CKB n

0 53 106 159 212 265
Tone sopy (+¥).°

Puc. 8. 3anexHicTh cepesHbOKBAaAPATUIHOI MOXHUOKH
XBHJIBOBOTO ()POHTY pO3paxoBaHOTO 00’ €KTHBA
Ne2 Big mosst

IIpomec aBTromMarm3oBanoro mpoekryBanas OC 3
KUTBKICTIO TIONTYKOBHX TlapaMeTpiB Oinst 20 moTpedye
JIMIIe JEeKiIbKa TOJMH JJIsi IPOBEJICHHS PO3PaXyHKIB.
3  PpO3BUTKOM  aNrOpUTMiB Ta  30UIBIICHHSIM
00YHCITIOBAIEHOI TOTYXHOCTI KOMIT'IOTEPHOI TEXHIKH
e yac Oyze JIuie CKOpOodyBaTUCS.
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[IPUMEHEHHUE AJIAIITUBHOI'O METOJIA JIM®OEPEHIIMAJILHON DBOJIIOLIUN
KOIIUA IS PACUETA OFBEKTUBOB

ABTOMATH3UPOBAHHBIN pacyeT ONTHYECKUX CHCTEM OOBEKTHBOB TpeOyeT MPHUMEHEHUS COOTBETCTBYIOIIETO
MpPOrpaMMHOTO obecrieueHns. B 0CHOBY Takoro CHenualiu3upOBAHHOTO MPOTPAMMHOTO 00eCleYeHHuss MOTYT OBITh
MOJIO’KEHBI COBPEMEHHBIE arOPUTMBbI TJI00aIbHOM ONTUMU3ANUU. B MaHHON paboTe YUCIEHHBIM MOJICIUPOBAHUEM
WCCIeyeTCs aJanTUBHBIA MeTo uddepeHnnanbHoi sBomonnd  Komm, KOTOPBIA OTIMYaeTCs HaTUYHEeM
BHYTPEHHEr0  MEXaHM3Ma  aJanTalid  JBYyX  [NapaMeTPOB-KOA(PQHUIIMEHTOB  KIACCHYECKOI0  METoja
nudhepeHIManTbLHON 3BOTIONNN U IPUMEHEHHEM pactpeenenns Komu 71 TeHepupoBaHus HOBBIX 3HAYSHUH ITHX
ko3 dunueHtoB. [lomyyeHHBIE pe3yibTaThl IMOATBEPXKIAIOT TO, YTO AaJaNTHBHBEIA MeToa AuddepeHInanTbsHON
spomonu  Komm  mo3BosisieT  CMHTE3UpPOBAaTh  MPOM3BOJIBHYIO — ONTHYECKYIO CHUCTEMY C  3aJlaHHBIMH
(hyHKIIMOHATBPHBIMY TIApaMETPaMH ¥ MPHEMIIEMBIM YPOBHEM KOPPEKIUH MOHOXPOMATHYECKHX M XPOMATHYCCKIX
abepparuii. [IpouM3BONUTENHFHOCTh CHHTE3a ONTHYECKOH CHCTEMBl 3HAYHTEIFHO 3aBHCUT OT CTPYKTYPHI
c(OpMHUpPOBaHHOW OILICHOYHOH (GYyHKIUU. Bpems, HeoOXomumoe A OCYIICCTBICHUS aBTOMATH3HMPOBAHHOTO
pacdera ONTHYECKOH CHUCTEMBI C KOJIMYECTBOM TOHWCKOBBIX MapaMeTpoB OKojo 20, He TpeBHIIIaeT HECKOJIbKUX
gacoB. KauecTBO H300pa)keHUS TOJYYEHHBIX CHCTEM TO3BOJISIET UCIOJb30BaTh HMX C CYIIECTBYIOUTUMHU
MaTPUYHBIMH TPUEMHUKAMH H3TYICHUS.

KiroueBble cj10Ba: 00bEKTHB, ONTUYECKAsT CHCTEMa, aJalNTHBHBIA MeToa MuddepeHnnansHoi 3Bomonnn Koy,
aBTOMATH3UPOBAHHBINA pacueT, rI1o0albHas ONITUMU3AIIHS.

V. Sokurenko, I. Builov
National Technical University of Ukraine «Kyiv Polytechnic Institute”, Kyiv, Ukraine
APPLYING ADAPTIVE CAUCHY DIFFERENTIAL EVOLUTION FOR LENS DESIGN
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For automated design of optical lens systems, the appropriate software is to be used. To provide a design process,
modern algorithms of global optimization can be incorporated into such specialized software. In this paper, a
recently published adaptive Cauchy differential evolution method is numerically studied for the purpose of lens
design. This method is characterized by an availability of an internal mechanism for adapting two specific
parameters (coefficients) of the classical differential evolution method, as well as by applying the Cauchy
distribution to generate new values of these parameters. The obtained results confirm that the adaptive Cauchy
differential evolution method enables to design an arbitrary optical system with the required functional parameters
and an acceptable level of correction of both chromatic and monochromatic aberrations. The performance of a lens
design process greatly depends on a structure of the given merit function. The time interval, required to carry out
automated design of an optical system with a number of variables about 20, does not exceed a few hours. The image
quality of the obtained lenses enables to use them with existing matrix image sensors.

Keywords: lens, optical system, adaptive Cauchy differential evolution, automated calculation, global optimization.
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CIIEKTPOKOMIIAPATOPA

Muxeenxo JI. A., baxapesuu A. A.
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IIposeden memponocuueckuti anaiu3 OpUSUHATLHOZO WUPOKOOUANA3ZOHHOZ0 CHeKmpOoKoMnapamopa Ha baze
08YX ONMUYECKU-CONPSICEHHBIX UHMESPUPYIOWUX chep 05l RPEYU3UOHHOU PAduoMempuu, NPOAHAIUZUPOBAHLL €20
Memponocuieckue — Xapakmepucmuky — KOmopvle — CYWeCMBEeHHO  NPeGOCX00Am  U3BECHMHble  AHANO2U.
Ilpoananusuposanvl OCHOBHbBIE NOZPEULHOCIU CHEKMPOKOMRAPAMOpa, paspabomanbl peKoMeHOayuu hno ux
MUHUMATU3AYUU U BbIOOPY DNIEMEHMHOU Da3bL.

Kniouegvie cnoga: cnekmpokomnapamop, Memponiocuieckii aHau3, pauomempus, unmezpupyowas cgepa

Beenenne Lensto HaCTOsALEH paboTsl SBJIAETCS
OgHuM ©3 OCHOBHBIX YCTPOHCTB CHCTEM METPOJIOTHUECKHI aHajh3 PacCMOTPEHHOTO B [5]
nepeaayn CANHUILL PaaIuoOMETPHUUICCKUX BCIIMYUH OpPUTHMHAJIBHOT'O IMUPOKOANAITIa30HHOT O

(Ipexxae BCero SIpKOCTU M CHEKTPaIbHOW MIOTHOCTH
SIPKOCTH), SIBIISICTCS CIEKTPOKOMIapaTop,
METPOJIOTHUECKUE  XApAaKTEPUCTHKH KOTOPOrO U
ONpENeNAlT, B MEPBYI0 OuYepelb, IOrPEIIHOCTH,
JMama3oH paboThl U CIEKTPAIBHBIC XapaKTEPUCTUKU
KOHKPETHOTO y4yacTKa NOBepo4HOM cxembl [1].
OpmHaKo M3BECTHBIE CIIEKTPOKOMIIAPATOpPHI, OCOOCHHO
BBICIINX Pa3psI0B, 10 MHEHHUIO CHICIIHAINCTOB yKe He
YIOBJIETBOPSIIOT MIPEIBIABISEMBIM K HUM
TpeOOBaHUAM, NPEXKIE BCEro IO JHHAMHYIECKOMY
IUama3oHy  CPaBHHMBAEMBIX  PaJAMOMETPHUYECKHX
BEJIMYHMH U OO0 MOTrpenIHOCTH KOMITAPHPOBAHUS, B
KOTOPOH OCHOBHYIO JOJIIO COCTABISIOT HOIPEIIHOCTU
MO3WIIMOHUAPOBAHUS ~ KOMIIApaTopa  OTHOCHTEIBHO
u3Iyvarenen u MOTPENIHOCTH YCTaHOBKH
ko3¢ dunmenta ocnabnenus [2—4].

CIEKTpOKOMIIaparopa Ha 0a3e JBYX ONTHYECKH-
CONPSDKEHHBIX MHTETPHUPYIOIUX cdep M pazpadoTka
peKOMeHJauil 1Mo  ero  NPOEKTUPOBAHUIO  C
3aJ]aHHBIMHA TOYHOCTHBIMH ITapaMeTPaMH.

ITocTanoBKka 3agaun

MeTtponornueckuii  aHaau3 ®W  pa3paboTka
MPAaKTUYeCKUX  pPEeKOMEHJamii 1o  BBIOOpPY |
QNIEMEHTHOW 0a3bl W MPOEKTHPOBAHUIO C 3aJaHUMH
TOYHOCTHBIMH MTapaMeTPaMH.

OcHoBHAf 4aCTh

Cxema IIPOKOINANIA30HHOTO
CHEKTPOKOMIIapaTopa MoKa3aHa Ha puc. 1.

OHa COCTOMT M3 ONTHYECKOI'O OCIa0WTEels, Ha
BXOJHYIO anepTypy KOTOPOTO MOCTYTACT
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