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IIOBBIHNIEHHUE [IBETOBOI'O KOHTPACTA C HCHIOJIB3OBAHUEM
YITPAB/IAEMbIX OCBETHTE/IbHbIX YCTPOHCTB

BBenenue. 3BecTHO, YTO pa3aMuMMbIe 3pPEHUEM YeEJIOBEKa LIBETa MPEIMETOB
OTIPEICTISAIOTCA XapaKTEepPOM CBETa OTPAKEHHOTO OT 3TUX MPEIMETOB, a IBET OTPAKEHHOTO
CBETOBOIO M3JIYYCHHS, B CBOIO OdYepenb, OIpenessercss (U3MUeCKUMH CBOMCTBaMU
OTpaxKkaroled TMOBEpXHOCTU. CHEKTpAIbHBIM COCTaB H3JIYYEHUH OTPAKEHHOTO OT
MMOBEPXHOCTH 3aBUCUT HE TOJIBKO OT €€ OTPAKAIOIIMX CBOMCTB, HO M OT XapakTepa
ocBelieHus. [loaToMy, H3MEHsSIsi CHEKTPAIbHBIA M SPKOCTHOM XapakTep HMCTOYHHUKA
M3JIY4eHUS! MOKHO W3MEHHUTh COCTaB M3Jy4YEHUs, BOCHPHUHUMAEMBbI rja3oM 4eloBeKa H,
CIIEIOBATENIbHO, O0ECIEeUUTh SPKOCTHYIO M CHEKTPaJbHYI0 KOPPEKLIHIO MPEeIMETHOTO
MU300paKeHUSI.

W3BecTHO, UTO LIETBIN Psi/i CBETOTEXHUYECKUX 33a4 CBA3AHHBIX C MPOCTPAHCTBEHHBIM
paszzeneHueM OOBEKTOB H300pakeHHs IO CIEKTPaJIbHBIM IPHU3HAKaM TMOBBIIICHUE JHOO
YMEHbILIEHUS I[BETOBOIO KOHTPACTa JOCTaTOYHO aKTyallbHbI. B yacTHOCTH, MO100HOTO Ki1acca
3a/ladd BO3HUKAET B TPOIECCE PECTaBPAIIMOHHBIX pPadOT, B MEIUIIMHCKOW MPAKTHKE IMPHU
MIPOBEJICHUH XUPYPTUUECKUX OMEpallHii, a TaK k€ B KOCMETOJIOTHH.

Pemienne »>THX 3ama4 MOXKET MONYYUTh CBOE AAJILHEUIIErO pPAa3BUTUS B CBS3H C
UCIOJb30BAaHUEM B CBETOTEXHMUYECKHX CHCTEMaX HOBOIO HAy4YHOrO HamlpaBieHHUsS B
OINTOAJICKTPOHUKE — Hu300paxaromieil crnekrpockornuu [1]. YcrpoiicTBa crniekTpaibHOM
¢bunbTpanyy, peaau3yoiire IPUHIUIH H300pakaroleil CIEKTPOCKOMUH MOTYYUITH Ha3BaHUS
BHUJICOCTIEKTPOMETPOB U, PETUCTPUPYS] H3IYUEHHUS B Y3KHUX CHEKTPaJIbHBIX JIMalla30HaX,
MO3BOJISIIOT ~ HAOMIOAATh Ha HW300pXKEHUSAX Ppa3nuuHble (parMeHThl, OTIMYAIOIIHECS
CHEKTPaJbHON SIPKOCTBIO B Ka)JIOM W3 CIEKTPaJbHBIX JWANa3oHOB. BuaeocneKTpoMeTpsl
WCIIOJIb3YIOTCSL B CHCTeMax JAUCTAaHLUMOHHOTO 30HAMPOBAHUA 3€MJIM IMPU OCHAIICHUU
aIPOKOCMUYECKMX KOMIUIEKCOB OINTORJIEKTPOHHBIMU UM  HMH(pPaKpacHBIMH  CHCTEMaMH
HAOIIO/ICHNS U PACTIO3HABAHUSI.

B cocraB BHAEOCHEKTPOMETPOB BXOAAT JABE CUCTEM. Bo-mepBbIX, omnTuyeckas
cUCTeMa, KOTopasi ACTUT PErUCTPUPYEMYIO 00JIaCTh MPOCTPAHCTBA HA HAOOP CMEKHBIX TOUEK
(mukceneit) ©, BO-BTOPBIX, HM300pa)kalOIIMii CIEKTPOMETP, KOTOPBIA C HCIOJIb30BAHUEM
TUCTICPTUPYIONIMX YCTPOMCTB JIETUT COCTaB JJIGKTPOMArHUTHOE H3JIy4eHHE Ha HaOop
OTPaHUYEHHBIX CHEKTPAJbHBIX IOJIOC, @ 3aT€M C MCIOJb30BaHHWEM IMPHUEMHHUKA HM3ITY4ECHHUS
MPOU3BOIUT U3MEPEHHUE DHEPTUHU B KXKIOU CIIEKTpalibHOM Tojioce [2].

[IpueMHUK  HM3Iy4YeHHUS  BUACOCIEKTPOMETpa, Mpeodpa3yoliero  ONTHYECKOoe
W3ITy4eHHE B DJIEKTPUUECKHE CUTHAIBI MPENCTaBiIsgeT co00i MO0 COBpeMEHHYIO MH(PPOBYIO
[[BETHYIO TEJIEBU3MOHHYIO KaMepy C BBICOKHM CIEKTpPalbHBIM pa3pelIeHHeM, B KOTOPOM
BMECTO U3MEPEHUS UHTEHCUBHOCTU TPEX OCHOBHBIX LIBETOB — KPAaCHOTO, 3€JI€HOTO0 U CUHETO
OCYILIECTBJISIETCS HM3MEPEHHWE B IIMPOKOM JMAma30HE CIEKTPalIbHBIX MOJ0C, 100
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MHOT03JIEMEHTHbIE TPUEMHUKU M3JIyY€HHUS Ha OCHOBE IMPHOOPOB C 3apsIoBOi CBs3bi0. B
pe3yabTaTe BHUICOCHEKTPATbHON ChEMKH (POPMUPYETCS MHOTOMEpPHOE INPOCTPAHCTBEHHO-
CHEKTpaJibHOe H300pakeHHe, B KOTOPOM KaKIbIi 3J€MEHTApHBIA y4acTOK H300paxKeHHs
«ITUKCEINb» XapaKTePHU3yeTCsi COOCTBEHHBIM CIIEKTPOM.

[locne crmekTpanbHOrO aHaduM3a C MCMHOJIb30BAaHHUEM MPUEMHHUKOB HU3TyYEHUS
n300pakeHne npeodpazyercss B 3JICKTPUUECKHE CUTHAIBI M MOJBEPraeTcsi KOMIIBIOTEpHOU
00paboTke. OOBIYHO HCTOJB3YeTCS BEKTOPHOE MPEACTABICHUE ONTHYECKUX CHUTHAJIOB TPH
peanu3anyy, KOTOpOi CIEeKTpalIbHAsl IPKOCTh JIEMEHTa M300pakeHUs MPEACTABISETCS KaK
TOYKa B N-MEPHOM CHEKTpaibHOM mpocTpaHcTBe. B RGB Mopaensx 1BeTOBbIE CBOWCTBA
nuKcenss W300pakeHUs MPENCTaBISIeTCS KAk BEKTOP B TPeX MEPHOM CHEKTPATbHOM
MIPOCTPAHCTBE.

B Hacrosmiee BpeMs HAKOIUIGH 3HAYUTEIBHBIA ONBIT 1O  (OPMHUPOBAHHIO
CHEKTPAJbHBIX KaHAJOB, NpeoOpa3oBaHUs OINTHYECKOTO H3IYYEHUS B DICKTPUUYECKUE
CUTHAJIBI U pa3pabOTaHbl AITOPUTMBI 00PAOOTKH CUTHAJIOB 00ECTIEYMBAIOIIUX OOHApYXKEHHE
O0OBEKTOB MO CHEKTpaJbHBIM MpHu3HaKaM. OKazaaoch 1enecoo0pa3sHbIM PaccMOTPETh
BO3MOXHOCTb, UCIOJIb3Ysl TIPUHIIUITEI N300paKaroiei CIEeKTPOCKONUU U METO/IbI 00pabOTKU
n300pakeHUH, OJYYUBIIUX PACIPOCTPaHEHUE B CUCTEMAax AUCTAHIIMOHHOTO 30HIUPOBAHUS
3emitu 1S pEICHUs] CBETOTEXHUYESCKUE 3a/1a4H.

B unTepecax nosbieHns 3QPEKTUBHOCTH AEITEILHOCTH ONeparopa padoTaroIIero ¢
[[BETHBIMH HM300paKEHUSMU OOCYKIAIOTCS YT TIOBBIINICHUS IIBETOBOM KOHTPAcT C
HCIOJIb30BaHUEM COBPEMEHHBIX CBETOTEXHUUECKUX U KOMIIBIOTEPHBIX YCTPOHCTB.

IMocranoBka 3amauyu. HacTosimas cTaThs MOCBSIIEHA PEIICHUIO CBETOTEXHHYECKOMN
3aJa4d, MO3BOJISAIOLIEH CPOPMHUPOBATH CBETOBOH MOTOK C TPeOYyEeMBIMH CIEKTPATbHBIMH U
SIPKOCTHBIMU  XapaKTEPUCTUKAMH, OOJIydas KOTOPBIM HCCIEAYEMYIO MOBEPXHOCTh MOXKHO
MOBBICHTh KOHTPACT H300pa)XEHHs, YTO IO3BOJUT orepaTopy 3S(dexkTuBHEe pazaudarh
AIIEMEHTHI U300pPaKEHUS TI0 CIIEKTPATHHBIM MPU3HAKAM.

CrieKTpabHBI COCTaB OTpPaK€HHOrO u3aydeHus E(A) 3aBUCHUT Kak OT Xapakrepa
OCBCILIEHUS, TaK M OT OKPACKH MOBEPXHOCTH TMPEAMETOB. DTy 3aBUCUMOCTh MOKHO
MPEJICTaBUTh B BUJE IIPOU3BEACHUS

E(4)=S(A)a(1), )

rae S()l) - (hyHKUHUS CHEKTpalIbHON 3HEPreTUYECKOM OCBEIIEHHOCTH MOBEPXHOCTH

(criexTp ocBelIeHNs);

p(l) — dyHKUMSA cHeKTpadbHOTO pachpeieiacHus Kod(D(UIMEHTa OTpaKCHUs
HOBEPXHOCTH.

B nanpHeiimem OynyT UCTIONB30BATHCS CIEAYIOIIUE JOMYIICHUS

— MBI He OyJeM y4YHTBIBATh CIEKTPAIBHYIO 3aBHCHMOCTb, CBSI3aHHBIX CO B3aUMHBIM
pacrooKeHUeM HCTOYHUKA, MCCIEAYeMOH IMOBEPXHOCTH M Tjla3a, U OTPaHUYUTHCS TOJBKO
CIIEKTPAIbHBIMHU XapaKTEePHCTHKAMH OCBELICHUS U OKPACKU IIOBEPXHOCTH,

— OyzeM moJyarath, 4To CHEKTPAIbHBIA KOA((QUIMEHT OTpakeHUsI B Pa3HBIX TOYKax
CIIEKTpa MOKET IPUHUMATh Pa3HbIC 3HAUCHHSI.

Tormga uBeT u3AyYeHHs, OTPAKEHHOTO OT TMOBEPXHOCTH CO CIIEKTPAIbHBIM
ko3 dunmrenTom orpaxkenus p(A), OyaeT onpeaeasaThCs HHTErpaJaMu CICAYIOero Buia [3]

X =

S(Mp(A)x(A)dr,  i=12..n. )

o—38

Kak BumHO w3 91O  QopMynbl, TIBET TOBEPXHOCTH  MPEACTABICHHBIN
N — MepHBIM BekTOpOM X 3aBHCHT, C OJHON CTOPOHBI, OT CIEKTPATLHOIO KOA(PUIIHEHTa
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OTpaXKeHUs MOBEPXHOCTH, a C JPYTOil CTOPOHBI, OT XapaKTepa OCBEUICHHUs], BCIEICTBUE YEro
IIprU U3SMCHCHUHN OCBCIICHUA LIBCT OI[HOﬁ n TOﬁ, 7K€ MMOBCPXHOCTU MOKET MCHATHCH.

[Ton 1BETOBBIM KOHTPAaCTOM OOBIYHO MOHUMAIOT BEJIUYMHY, KOTOpasl XapaKTepusyeT
pasHuny MExKAy ABYMS IIBECTHOCTSAMU. Mzr rOBOPUM O KOHTpACTax, KOraa, CpaBHUBAA MCKIAY
co0o0ii 1Ba 11BETa, HAXOUM MEXy HUMHU YETKO BbIpakeHHbIE pasnnunsi. Koraa stu paznuuus
AOCTUTAOT CBOCTO IIpEAcia, Mbl TOBOPUM O AWAMCTPAJIbHOM HJIKM IIOJIAPHOM KOHTPACTC.
Pa3znuyaroT ceMb THIIOB IIBETOBBIX KOHTPACTOB. BOJNBIIMHCTBO U3 HUX CBSI3aHO C SKUBOMUCHIO
U XyJ0KECTBEHHBIM BOCIIPUATHEM NIPOCTPAHCTBEHHO-1IBETOBBIX (OPM.

Hac Oyner wHTEepecoBaTh KOHTPACT IIBETOBBIX corocTaBieHui. OOBIYHO €ro
BO3MOJXXHOCTHU XapaKTCPHU3YIOT C MOMOIIBIO YU CTBIX IBCTOB B UX HpC,Z[GHBHOﬁ HAaCBhIIIICHHOCTH.
Taxke kKak 4YepHBIA W OCNbI IBeTa O0pa3ylOT CaMblii CHJIBHBIA KOHTPACT CBETJIOTO H
TEMHOTI'O, TaK U )KGHTBIﬁ, KpaCHBIﬁ U CUHUHU IBETa O6HaI[aIOT CaMbIM CHUJIBHO BBIPA’*XCHHBIM
[[BETOBBIM KOHTPACTOM.

[IBeToBOE mpeoOpa3zoBaHUE BKIIOYACT JBE OMNEPAMHU BBHIPABHUBAHUE SPKOCTU U
1BeToBas koppekuus. Onepanus npeoOpa3oBaHus MPOCTPAHCTBEHHBIX 3JIEMEHTOB BXOJIHOTO

M300pakeHUi f (X, Y) ¢ xoopauHaraMu (X, y) MOKET OBITh MPECTaBICHA B CIEIYIOLIEM
Buje [4].

g(x y)=T[f(xy).

Wnu ¢ yyeroM uHclia IBETOBBIX KOMIIOHEHT N IIBETOBOE MpeoOpa3zoBaHUE
MIPEACTABIISIETCS B BUJIE

S =T(r.,r,..r.).

rae S = g(x, y), r = f(x, y). T - dbyHKuusa npeodbpazoBaHus.

B cucremax ympasiaeHus nserom wucmonsdyercs Mmonenb (CIE) yrBepxkmenHast
MEXTyHapoIHO# KoMuccuei o oceemenuio (MKC), kotopas o6o3nagaercs Lah"”

3necy L'— onpe/eaeHHas IPKOCTE,

a” —uBera KpacHbI MUHYC 3€JIE€HBIN;

b"— 1BeTa 3eNeHBIN MUHYC CHHUIA.
HBCTOBBIC KOOpAWHATBI MOACIIN 3aat0TCA BBIPAKCHUAMUA

L”=116h Y -16;
Y,

w

a”=500H 2 |-H L ||.
XW YW

b°=200H - |-H 2 ||,
\# Z,

rne X,,, Y, ,Z,, —KOOpAMHATHI ONIOPHOTO GEJIOro LBETa.

Mopnenb N03BOJSET OCYLIECTBIATh IPKOCTHYIO U I[BETOBYIO KOPPEKLHIO HE3aBUCHMO
JpyT OT Apyra B BUJE ABYX MOCIeI0BaTeIbHBIX onepaiuii. Buauane npon3BoauTcs SpKoCTHAS
KOppeKIHs U300paXeHUH a 3aTeM [[BETOBAasI.

Henabo cratbm — sBHseTcs pa3pabOTKa TNPEIOKEHUH  TMO3BOJIAIOIIMX  C
WCIIOJIb30BaHUEM MPUHIMIIOB HM300pakaroniel CHEeKTPOCKONHUH, KOMIBIOTEPHBIX METOJIOB
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00pabOTKM LBETHBIX M300paKEHUI U YMPaBISEMbIX CBETOTEXHUUYECKUX YCTPOMCTB U3MEHATh
[[BETOBOW KOHTpACT M300pa’keHH B MHTEpecax MOBBIMIEHUS 3()(HEKTUBHOCTH JIEATEIBHOCTH
orepaTopa.

MeToa noBbILIeHUS] IBETOBOI0 KOHTpPacTa

B unTepecax noctaBiieHHOM 11enu B paboTe pazpaboTaH METO/] MOBBIIIEHUS IIBETOBOTO
KOHTpacTa U300pakeHHi, KOTOPBIN BKJIIOYAET CIIEAYIOIIUE OTlepalyu:

1. IIpousBoauTcsi OCBELIEHUE MPEIMETHOrO TMPOCTpAaHCTBA U  (QopMHpYyeTcs
nonHouBeTHOe 1uppoBoe RGBu3obpaxkenue.

2. PazpabarpiBaeTcs KOMIBIOTEpHAsT MOJEIb HM300paXXeHUusi ¢ TpeOyeMbIMU
SIPKOCTHBIMH U CIIEKTPAJIbHBIMH XapaKTePUCTUKAMH B 33JaHHON 00JIaCTH N300paKEeHUSI.

3. B coOTBeTCTBUM KOMIBIOTEPHONW MOENbI0 (POPMHUPYIOTCS CUTHAJBI YIPABICHUS
OCBETHUTEIBHBIMU  yCTPOMCTBAMH, KOTOpbIE OOECIEUYMBAIOT IIBETOBYID M  SPKOCTHYIO
KOPPEKIHUIO OCBEIAEMOT0 y4acTKa H300paKeHUSI.

Ha puc. 1u3o0paxeHa CTpyKkTypHas cxema sipKOCTHON M I[BETOBOW KOPPEKIINH.

CxeMa coCTOUT U3 CIenyomuX (PyHKIIMOHATBLHBIX OJIOKOB:

1. brok ¢opmupoBaHHs IBETOBOIO M300pakeHHs B LU(ppOBOW (opme, KOTOpBIA
BKJIIOYAET MMPUEMHBIN 00bEKTUB, AUCTIEPTUPYIOIIEE YCTPOUCTBO U MPUEMHUK U3ITyUCHHUS;

2. BeraucnurenbHBIN 070K, COCTOSIINN W3 YIPABISIONIETO YCTPONCTBA U YCTPOHCTBA
bopMupOBaHUS KOPPEKTUPYIOIINX CUTHAJIOB.

3. OcBeTUTENBbHBIN OJIOK BKIIIOYAET YCTPOWCTBO YCUIICHUS U TIPE0Opa3oBaHuUs
CUTHAJIOB, KOMMYTATOP U OCBETUTEIH.

Cxema (pyHKIMOHHUPYET CIEAYIOUUM 00pazoM:

1. HUccnemyemass TNOBEPXHOCTh OCBEIIAETCS MCTOYHUKOM O€lIoro ImBera H ¢
UCIIOJIb30BAaHUEM OMTORJIEKTPOHHOU CXeMbI (popmupyeTcst n3o0paskenue B nudposoit popme;

2. Onepatop, HaOIIOMAsT DJIEMEHTHI M300paXKeHHUsI HA MOHUTOPE, C HCIIOJIb30BAaHUEM
ycTpoiicTBa (POPMUPOBAHUS KOPPEKTHPYIOUIMX CUTHAIOB OCYIIECTBISCT IIBETOBYIO U
SAPKOCTHYIO KOPPEKIMIO OCBELIAEMOI0 y4acTKa U300paxeHus;

3. Koppektupyromue CUrHaidbl Mpeodpa3yloTcs U YCHIMBAIOTCS B OCBETHUTEIHHOM
0JIOKE 1 HAIPaBJIAIOTCS HA OCBETUTENN CIIOCOOHBIE EPECTPauBaThCs, Kak 0 MHTEHCHUBHOCTH,
TakK ¥ MO CHEKTPAIILHOMY JIMAIa30HY.

4. Oceturenu GopMHUPYIOT TpeOyeMbIi CIIEKTPAIbHBIN COCTaB U SIPKOCTHOM COCTaB
U3JTydeHus1, o0ecrieunBas OBBIICHUS KOHTPACTA B 33JJaHHON 00JIACTH IPOCTPAHCTBA.

Puc.1 —CrpykTypHas cxema SpKOCTHOH U LIBETOBOW KOPPEKIIMN
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BriBoabI

N3noxkeH METOJ MOBBIIMIEHUS! I[BETOBOTO KOHTPACTa C MCIOJIb30BAaHHEM MPUHIIMIIOB
M300paKaoIIel CIIEKTPOCKOMNH, KOMITBIOTEPHBIX CIOCOOOB 00pabOTKHM H300paKeHHHA H
VIPaBISIEMBbIX OCBETUTENBHBIX YCTPONCTB B HMHTEpecax TMOBBIMICHUS 3(PPEKTHBHOCTU
NesITeNIbHOCTH ofepaTropa. MeTo1 0OCHOBaH Ha M3BECTHBIX MOJOXKEHHSIX COCTOSIIIIUX B TOM, YTO
CHEKTpaJIbHBIE U SIPKOCTHBIE XAPAaKTEPUCTUKH OTPAKEHHOTO OT IMOBEPXHOCTH H3TYUYCHHS
3aBHCHT, C OHON CTOPOHBI, OT CIIEKTPATbHOI0 KO (PUIIMEeHTa OTpaXKeHHs TOBEPXHOCTH, a C
JPYroil CTOPOHBI, OT XapaKTepa OCBEILECHHUSI, BCAEACTBUE YErOo MPU M3MEHEHUU OCBEILCHUS
LBET OJHON M TOW K€ MOBEPXHOCTU U3MEHsieTcd. [IpuBeneHa CTpykTypHas cxema CUCTEMBbI
peanu3yrmui METOI.
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HIABUILIEHHA KOJIIPHUX KOHTPACTIB 3 BUKOPUCTAHHSAM KEPOBAHUX
OCBITJIIOBAJIbHUX I[TPUCTPOIB
O. JI. Yepkammnna

3 memoro niosuwenna eghekmuenocmi pobomu onepamopa, wo npayioe 3 KO1bOPOSUMU
300padiCeHHAMU, BUKIAOEHO Memo0 NiOBUWEHHS KONIPHO20 KOHMPACMY 3 GUKOPUCHAHHAM
NPUHYUNIE 300padXdcaroyoi CneKmpocKonii, KOMN'tomepHux 3acobdieé 0OpobKu 300paxcets i
KepOBaHUX OCBIMII08ANbHUX npucmpois. Hasedeno cmpykmypny cxemy cucmemu, wo
peanizye memoo.

INCREASES COLOR CONTRAST USING CONTROLLED LIGHTINBEVICES
E. Cherkashina
In order to improve the efficiency of the operasonorking with color images a method
of improving the color contrast with the principles imaging spectroscopy, computer
methods of image processing and controlled lightiegices is presented. The block diagram
of the system that implements the method is shown.
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