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Kef�laio 13Epexergas�a ègqrwmwn eikìnwnTo qr¸ma apotele� prìsjeth phg  plhrofor�a gia to perieqìmeno twn eikìnwn ki epomènwup�rqei idia�tero endiafèron, ìqi mìno gia thn apìdosh twn qrwm�twn, all� kai gia thn epe-xergas�a twn ègqrwmwn eikìnwn.Sto kef�laio 2 anafèrjhke ìti to anjr¸pino m�ti diajètei qrwmatikoÔ aisjht re eua�-sjhtou se m kh kÔmato sta onomazìmena kÔria qr¸mata: kìkkino R, pr�sino G kai mple
B. Sto Sq ma 13.1 d�dontai proseggistik� oi sunart sei euaisjhs�a twn tri¸n aisjht rwnan�loga me to m ko kÔmato se nm.
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Sq ma 13.1: Oi sunart sei euaisjhs�a.Ant�stoiqa up�rqoun teqnhto� aisjht re pou d�doun tr�a kÔria qr¸mata kai ìpou tozhtoÔmeno e�nai na suntejoÔn ìla ta dunat� qr¸mata kai na tairi�zoun sthn anjr¸pinh ant�lhyhtwn qrwm�twn kai twn qrwmatik¸n diafor¸n. H Diejn  Epitrop  Fwtometr�a (Commission
Internationale de l’Eclairage, C.I.E.) èqei prosdior�sei èna di�gramma efikt¸n qrwm�twn.Or�sjhkan arqik� oi triqrwmatikè diegèrsei (X, Y, Z), ¸ste oi sunart sei tairi�smatotwn qrwm�twn na e�nai jetikè gia ìla ta m kh kÔmato kai h sun�rthsh gia th sunist¸sa
Y na antapokr�netai sthn euaisjhs�a tou anjr¸pinou ofjalmoÔ sth fwteinìthta. H sqèshtwn (X, Y, Z) me ti sunist¸se (R, G, B), ìpw e�qan orisje� ep�sh apì thn C.I.E. e�nai hakìloujh
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0.4900 0.3100 0.2000
0.1770 0.8124 0.0106
0.0000 0.0100 0.9900
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H parap�nw metatrop  g�netai me thn paradoq  ìti X = Y = Z = 1, ìtan R = G = B = 1.Apì ti triqrwmatikè diegèrsei or�zontai oi suntelestè
x =

X

X + Y + Z
, y =

Y

X + Y + Z
, z =

Z

X + Y + Z
.To di�gramma or�zetai w sun�rthsh twn (x, y) kai ta efikt� qr¸mata prosdior�zontai apì ènatìpo se morf  gl¸ssa. Sthn kampÔlh per�metro eur�skontai ta kajar� qr¸mata tou oratoÔf�smato. H grammik  parembol  metaxÔ dÔo qrwm�twn d�dei ta endi�mesa qr¸mata.

Sq ma 13.2: To qrwmatikì di�gramma.Me ton orismì twn tri¸n kÔriwn qrwm�twn or�zontai trei sunist¸se. An�loga ìmw meth qr sh se suskeuè   se upologismoÔ èqoun orisje� diaforetik� sust mata anapar�stashtwn qrwm�twn. To sÔsthma RGB qrhsimopoie�tai sti ojìne kai tou probole� kai bèbaiasti suskeuè l yh. Stou ektupwtè qrhsimopoie�tai to sÔsthma CMYK, pou qrhsimopoie�ta deutereÔonta qr¸mata: kuanì, i¸de kai k�trino. Gia ton poiotikì qarakthrismì kai thnperigraf  twn qrwm�twn e�nai protimìtero to sÔsthma HSI. To H (hue) or�zei to qr¸ma, to S
(saturation) or�zei ton koresmì tou qr¸mato, dhlad  thn kajarìtht� tou, kai to I (intensity)or�zei th fwtein  èntash. Gia metr sei qrwmatik¸n diafor¸n katallhlìtero sÔsthma e�naito CIE Lab. Sta prìtupa sump�esh eikìnwn kai b�nteo qrhsimopoie�tai to sÔsthma YCbCr.Akolouje� h parous�ash twn susthm�twn qrwm�twn.
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13.1 Sust mata qrwm�twn
13.1.1 HSIH pr¸th sunist¸sa perigr�fei to kur�w kajarì qr¸ma, h deÔterh sunist¸sa to bajmì ka-jarìthta kai h tr�th thn èntash. To sÔsthma autì afenì diaqwr�zei thn èntash apì toqrwmatikì perieqìmeno ki afetèrou oi dÔo qrwmatikè sunist¸se sundèontai me ton trìpopou oi �njrwpoi antilamb�nontai ta qr¸mata.Gia th metatrop  twn sunistws¸n apì to sÔsthma RGB sto sÔsthma HSI jewroÔme toqrwmatikì shme�o sto q¸ro enì monadia�ou kÔbou. Me anafor� to shme�o (1/3, 1/3, 1/3)or�zoume to qr¸ma H w th gwn�a an�mesa sto di�nusma pou or�zetai apì to qrwmatikì shme�okai sto di�nusma tou kìkkinou qr¸mato. Epomènw 0o antistoiqoÔn sto kìkkino qr¸ma, 60osto k�trino, 120o sto pr�sino, 180o sto kuanì, 240o sto mple kai 300o sto i¸de. ProkÔpteitìte h akìloujh sqèsh se mo�re

H = arccos
R − 0.5(G + B)

√

(R − G)2 + (R − B)(G − B)
, gia G ≥ Bkai

H = 360o − arccos
R − 0.5(G + B)

√

(R − G)2 + (R − B)(G − B)
, gia G ≤ BH èntash or�zetai

I =
1

3
(R + G + B).O koresmì or�zetai apì th sqèsh

S = 1 −
min(R, G, B)

I
.An o koresmì e�nai mhdèn den or�zetai to qr¸ma. Ep�sh o koresmì den or�zetai, an h èntashe�nai mhdenik  (maÔro qr¸ma). O arqikì kÔbo twn qrwm�twn metatr�phke se kÔlindro, touopo�ou o �xona antistoiqe� sthn èntash, h akt�na ston koresmo kai h gwn�a sto qr¸ma.

13.1.2 C.I.E. LabTo sÔsthma Lab èqei sqediasje� apì thn C.I.E. gia na prosegg�zei thn anjr¸pinh ant�lhyh twnqrwm�twn kai twn qrwmatik¸n diafor¸n. O qrwmatikì q¸ro e�nai omoiìmorfo w pro tiqrwmatikè diaforè, me diaqwrismì th fwteinìthta L apì ti qrwmatikè sunist¸se (a, b).O orismì qrhsimopoie� to di�nusma triqrwmatik¸n diegèrsewn (X, Y, Z) pou parousi�sjhkeprohgoÔmena.
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f(τ) =

{

τ1/3, τ > (6/29)3

(841/108)τ + 4/29, τ ≤ (6/29)3To (Xn, Yn, Zn) antistoiqe� sto leukì qr¸ma. H eukle�dia apìstash d�dei th qrwmatik  di-afor�. To qr¸ma kai o koresmì tou mporoÔn na metrhjoÔn w ex 
H = arctan

b

a
, S =

√

a2 + b2.
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13.1.3 YCbCrH metatrop , ìpw qrhsimopoie�tai sto prìtupo sump�esh JPEG, d�detai w akoloÔjw
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0.299 0.587 0.114
−0.169 −0.331 0.500
0.500 −0.419 −0.081
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To sÔsthma RGB sti anwtèrw sqèsei e�nai autì pou èqei orisje� apì thn Etaire�a Mhqanik¸nThleìrash (Society of Motion Picture and Television Engineers, SMPTE). Kai sto sÔsthmaautì diaqwr�zetai h èntash apì ti qrwmatikè sunist¸se. To sÔsthma YCbCr qrhsimopoie�taista prìtupa sump�esh eikìnwn kai b�nteo.
13.2 Kbantismì qr¸matoO skopì tou kbantismoÔ e�nai h sump�esh   perigraf  tou perieqomènou,   akìma h tmh-matopo�hsh. O kbantist  sun�statai apì èna sÔnolo antiproswpeutik¸n dianusm�twn {ck :
k = 1, . . . , K}. To sÔnolo twn antiproswpeutik¸n qrwm�twn kataskeu�zetai apì èna sÔnolodianusm�twn ekm�jhsh {xi : i = 1, . . . , Nt} kai bas�zetai s' èna krit rio el�qisth paramìrfw-sh, ìpw tetragwnik , pou or�zetai

D =
K
∑

k=1

∑

xi∈Sk

‖xi − ck‖
2 (13.1)gia K kl�sei Sk.O bèltisto kbantist  ikanopoie� dÔo anagka�e sunj ke gia thn elaqistopo�hsh th D.Gia dosmènh kl�sh o kalÔtero antiprìswpo e�nai to kèntro b�rou

ck =
1

card[Sk]

∑

xi∈Sk

xi (13.2)Gia dosmèno sÔnolo antiproswpeutik¸n qrwm�twn h kalÔterh tim  kbantismoÔ enì dianÔsmato
x sun�statai sthn epilog  tou plhsièsterou antiprìswpou

‖x − ck‖ < ‖x − cl‖ ∀l 6= k ⇒ x ∈ Sk (13.3)H qrhsimopo�hsh twn dÔo aut¸n anagka�wn sunjhk¸n d�dei ènan epanalhptikì algìrijmokataskeu  enì sunìlou antiproswpeutik¸n qrwm�twn.
• Arqikì b ma: Arqik� antiproswpeutik� qr¸mata, i = 1, kai arqik  meg�lh tim  gia thnparamìrfwsh D(0)

• B ma 1: EÔresh twn kl�sewn (Ex�swsh (13.3))

• B ma 2: Upologismì th paramìrfwsh D(i)

• B ma 3: 'Elegqo sÔgklishAn D(i−1) − D(i)

D(i−1)
≤ ǫ, tèloDiaforetik�, prosaÔxhsh tou i, kai sunèqish twn epanal yewn

• B ma 4: EÔresh tou kalÔterou antiprìswpou gia k�je kl�sh (Ex�swsh (13.2)), kiepistrof  sto B ma 1. 76



13.3 Me�wsh jorÔbouO jìrubo par�getai e�te kat� th diadikas�a th l yh, e�te kat� th met�dosh twn eikìnwn.PolÔ suqn� mpore� na jewrhje� ajroistikì kai anex�rthto apì shme�o se shme�o. Ta gram-mik� f�ltra me�wsh jorÔbou pou parousi�sjhkan sto Kef�laio 9 mporoÔn na qrhsimopoi-hjoÔn xeqwrist� gia k�je sunist¸sa twn ègqrwmwn eikìnwn. Kai to f�ltro mesa�a tim  jamporoÔse na qrhsimopoihje� anex�rthta sti xeqwristè sunist¸se. Wstìso e�nai protimìterona lhfje� upìyh ìti ta dedomèna e�nai trisdi�stata.To f�ltro mesa�ou dianÔsmato efarmìzetai se mia perioq  W gÔrw apì to shme�o poulamb�netai h apìkrish kai sun jw e�nai èna tetr�gwno mplok. A e�nai
{xn, n = 1, 2, . . . , N}ta dianÔsmata qr¸mato sthn perioq  W . To mesa�o di�nusma e�nai eke�no (xi) metaxÔ twnparap�nw pou elaqistopoie� thn apìstash1

N
∑

n=1

‖xi − xn‖p.To f�ltro mesa�ou dianÔsmato afaire� ton kroustikì jìrubo kai mei¸nei ton ajroistikìjìrubo, id�w an sunduasje� kai me grammik� f�ltra.To di�nusma mesa�a kateÔjunsh apokr�netai xi, efìson autì to di�nusma elaqistopoie�thn apìstash
N
∑

n=1

θ(xi, xn),pou or�zetai me b�sh ti gwniakè apokl�sei. Up�rqei ep�sh h dunatìthta qr sh f�ltrwnkai w pro thn kateÔjunsh kai w pro to mètro twn dianusm�twn th jewroÔmenh perioq .Or�zetai ep�sh to f�ltro topik� stajmismènh mèsh dianusmatik  tim  w akoloÔjw
f

(
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i=1 wixi
∑N
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, wi = e
−
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p
)1/p
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