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PerÐlhyh

Sthn anafor� aut  parousi�zetai h melèth kai ulopoÐhsh enìc sust -
matoc tmhmatopoÐhshc eikìnwn to opoÐo basÐzetai sthn apì koinoÔ axiopoÐh-
sh qarakthristik¸n fwteinìthtac, qr¸matoc kai uf c. Wc qarakthristik�
fwteinìthtac kai qr¸matoc qrhsimopoioÔntai ta antÐstoiqa kanonikopoihmè-
na istogr�mmata, en¸ wc qarakthristik� uf c qrhsimopoioÔntai oi diasporèc
twn sunistws¸n thc an�lushc Discrete Wavelet Frames thc eikìnac eisìdou.

Gia thn ektÐmhsh twn qarakthristik¸n twn prìtupwn kl�sewn efarmìze-
tai mÐa teqnik  ierarqik c omadopoÐhshc se tetr�gwna mplok thc eikìnac. Me-
t� apì th statistik  montelopoÐhsh twn dedomènwn, h metrik  Bhattacharya
qrhsimopoieÐtai gia thn kat�taxh me meg�lh empistosÔnh enìc uposunìlou thc
eikìnac stic kl�seic pou èqoun exaqjeÐ. O basismènoc se teqnikèc epipèdwn
st�jmhc (level sets) algìrijmoc Multi-Label Fast Marching qrhsimopoieÐtai
gia thn di�dosh twn arqik¸n apof�sewn kat�taxhc sto sÔnolo thc eikìnac.





Abstract

This report presents the design and implementation of an image seg-
mentation system based on the joint usage of intensity, color and texture

features. Intensity and color features consist of the respective normalized
local histograms, while the local variances of the Discrete Wavelet Frames
analysis components are used as the texture descriptors.

A hierarchical clustering technique is applied on square image blocks
to estimate the features of the prototype classes. Following the statistical
modeling of the corresponding features, the Bhattacharya metric is used
to yield high con�dence classi�cations of image pixels into the extracted
classes. The level set based Multi-Label Fast Marching algorithm is used
for the propagation of initial classi�cation decisions towards the rest of the
image.





Ja  jela na euqarist sw jerm� ton kajhght  mou k. Gi¸rgo

TzirÐta gia thn polÔtim  tou bo jeia kai upost rixh, tìso

sta plaÐsia thc paroÔsac ergasÐac ìso kai kaj� ìlh th di�r-

keia thc sunergasÐac mac





Kef�laio 1

Eisagwg 

1.1 AntikeÐmeno thc ergasÐac

H tmhmatopoÐhsh apoteleÐ basikì tm ma poll¸n mejìdwn an�lushc kai
epexergasÐac eikìnwn. Sust mata anagn¸rishc protÔpwn, parakoloÔjhshc
antikeimènwn kai kwdikopoÐhshc akolouji¸n eikìnwn basÐzontai sthn tmhma-
topoÐhsh eÐte wc proapaitoÔmeno   wc sumpl rwma thc ulopoioÔmenhc mejo-
dologÐac. Mèjodoi tmhmatopoÐhshc pou apantoÔn sth bibliografÐa parou-
si�zoun meg�lh poikilÐa sta epimèrouc qarakthristik� pou axiopoioÔn, sthn
akrÐbeia twn apotelesm�twn, sthn anoq  sto jìrubo all� kai sthn algorij-
mik  touc poluplokìthta.

H qr sh qarakthristik¸n uf c   qrwmatik¸n dom¸n gia tmhmatopoÐhsh
eikìnwn parousi�zei mÐa eggen  duskolÐa kaj¸c oi as�feiec, akìma kai se epÐ-
pedo antÐlhyhc, eÐnai kat� kanìna pollapl�siec aut¸n pou parathroÔntai se
aplèc eikìnec fwteinìthtac, ìpou ta diaforetik� antikeÐmena qarakthrÐzon-
tai apì mÐa qrwmatik  omoiomorfÐa. H poikilÐa twn formalism¸n pou èqoun
qrhsimopoihjeÐ gia thn perigraf  tètoiwn qarakthristik¸n eÐnai endeiktik 
twn periorism¸n pou fèroun ta antÐstoiqa montèla kai thc mh kajolik c touc
isqÔoc.

H paroÔsa ergasÐa esti�zei sthn tmhmatopoÐhsh eikìnwn ìpou oi diafore-
tikèc kl�seic diakrÐnontai ikanopoihtik� me mètro thn katanom  fwteinìthtac
kai qr¸matoc kai thn perieqìmenh uf . Exet�zetai tìso h perÐptwsh thc
tmhmatopoÐhshc upì epÐbleyh, ìpou o qr sthc parèqei sto sÔsthma upodeÐg-
mata twn diaforetik¸n kl�sewn pou anazhtoÔntai se mÐa eikìna, ìso kai thc
tmhmatopoÐhshc qwrÐc epÐbleyh, ìpou h mình pareqìmenh plhroforÐa eÐnai o
arijmìc twn diaforetik¸n kl�sewn pou apartÐzoun mÐa dedomènh eikìna eisì-
dou. Basikèc epidi¸xeic thc ulopoÐhshc eÐnai h kal  anoq  sto jìrubo qwrÐc
na jusi�zetai h akrÐbeia tou entopismoÔ twn orÐwn twn kl�sewn kai h kat�
to dunatì apofug  emf�nishc parasitik¸n aniqneÔsewn.
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1.2 Dom  thc parousÐashc

To upìloipo thc paroÔsac anafor�c ja akolouj sei thn parak�tw je-
matik  di�rjrwsh:

Kef�laio 2 DÐdetai o akrib c orismìc twn qarakthristik¸n pou qrhsi-
mopoioÔntai gia na perigr�youn thn plhroforÐa uf c, qr¸matoc kai fwtei-
nìthtac se mÐa eikìna. Exet�zontai ta statistik� montèla pou mporoÔn na
qrhsimopoihjoÔn gia th montelopoÐhsh twn qarakthristik¸n aut¸n kai orÐ-
zontai mètra omoiìthtac metaxÔ qarakthristik¸n diakrit¸n antikeimènwn.

Kef�laio 3 EpiqeireÐtai mÐa anaskìphsh twn basismènwn se formalismoÔc
merik¸n diaforik¸n exis¸sewn jewri¸n epipèdwn st�jmhc kai perigr�fetai h
leitourgikìthta twn sqetik¸n algorÐjmwn. Parousi�zetai ekten¸c mÐa epè-
ktash twn klassik¸n mejìdwn pou odhgeÐ ston algìrijmo Multi-Label Fast

Marching kai exet�zontai ta idiaÐter� tou qarakthristik� gia efarmogèc tmh-
matopoÐhshc.

Kef�laio 4 Parousi�zetai me leptomèreia h algorijmik  di�rjrwsh thc
oloklhrwmènhc efarmog c tmhmatopoÐhshc pou kataskeu�sthke gia tic an�g-
kec thc paroÔsac ergasÐac kai epexhgoÔntai oi epilogèc pou èginan kat� to
sqediasmì kai thn ulopoÐhsh tou sust matoc.

Kef�laio 5 DÐdontai oloklhrwmèna apotelèsmata efarmog c thc protei-
nìmenhc mejodologÐac gia thn tmhmatopoÐhsh qwrÐc epÐbleyh ikanoÔ arijmoÔ
pragmatik¸n skhn¸n, oi opoÐec parousi�zoun shmantik  poikilÐa sthn diakri-
tìthta twn diafìrwn tmhm�twn kai sthn isqÔ twn epimèrouc qarakthristik¸n
pou ta diakrÐnoun.

Kef�laio 6 Sqoli�zontai ta apotelèsmata thc mejìdou, parousi�zontai oi
periorismoÐ kai ta perij¸ria exèlixhc twn sqetik¸n algorÐjmwn kai ex�gontai
ta telik� sumper�smata thc ulopoÐhshc.
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Kef�laio 2

Qarakthristik� uf c,
qr¸matoc kai fwteinìthtac

2.1 Genik�

H montelopoÐhsh qarakthristik¸n eikìnwn ìpwc h uf  kai to qrwmatikì
perieqìmeno parousi�zei mÐa eggen  duskolÐa, h opoÐa phg�zei tìso apì thn
èlleiyh austhroÔ orismoÔ gia tic ènnoiec autèc ìso kai apì thn anepark 
gn¸sh mac gia th susqètis  touc me thn antÐlhyh. Epiplèon, up�rqoun kai
praktikèc duskolÐec pou sqetÐzontai me thn poluplokìthta tou q¸rou pou
orÐzoun ta qarakthristik� aut�, o opoÐoc suqn� eÐnai mh eukleÐdeioc kai, se
k�poiec peript¸seic, endeqomènwc oÔte kan grammikìc.

Sth sunèqeia parousi�zontai ta sugkekrimèna montèla pou qrhsimopoi -
jhkan gia thn perigraf  twn qarakthristik¸n uf c, qr¸matoc kai fwteinì-
thtac. Wc qarakthristik� uf c qrhsimopoi jhkan oi diasporèc diakrit¸n su-
qnotik¸n sunistws¸n thc eikìnac, en¸ wc qarakthristik� uf c kai qr¸matoc
ta antÐstoiqa kanonikopoihmèna istogr�mmata. EpÐshc perigr�fetai h metrik 
Bhattacharya wc èna mètro anomoiìthtac metaxÔ tmhm�twn thc eikìnac.

H enopoÐhsh twn qarakthristik¸n uf c kai qr¸matoc èqei epiqeirhjeÐ sto
[2] apì to opoÐo h paroÔsa mejodologÐa daneÐzetai mèroc thc prodiagraf c
twn qarakthristik¸n. Wc exeidÐkeush thc parap�nw mejodologÐac h paroÔsa
ulopoÐhsh epilègei thn antimet¸pish twn qarakthristik¸n uf c kai qr¸matoc
qwrÐc thn uiojèthsh k�poiou montèlou, kaj¸c ektim�tai ìti oi katanomèc twn
qrwmatik¸n kai fwtein¸n motÐbwn suqn� apèqoun kat� polÔ apì prìtupec
katanomèc pou prosfèroun mÐa eÔqrhsth diatÔpwsh twn mètrwn anomoiogè-
neiac.
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2.2 Perigraf  qarakthristik¸n

2.2.1 Qarakthristik� uf c

Gia thn exagwg  twn qarakthristik¸n uf c qrhsimopoieÐtai h an�lush
se Discrete Wavelet Frames (DWF) [6]. H arqik  monoqrwmatik  eikìna
analÔetai se sunist¸sec tou Ðdiou megèjouc pou antistoiqoÔn se diaforetikèc
z¸nec suqnot twn.

Gia to diaqwrismì twn sunistws¸n thc an�lushc DWF qrhsimopoieÐtai
èna bajuperatì fÐltroH(z) kai to suzugèc tou uyiperatì fÐltro G(z). Sthn
paroÔsa ulopoÐhsh qrhsimopoioÔntai ta diwnumik� fÐltra tet�rthc t�xewc:

H(z) =
3

8
+
1

4
(z + z�1) +

1

16
(z + z�1) (2.1)

G(z) = zH(�z�1) (2.2)

Ta parap�nw fÐltra qrhsimopoioÔntai wc protìtupa gia th dhmiourgÐa tou
pl rouc sunìlou twn fÐltrwn thc an�lushc DWF sÔmfwna me to anadromikì
sq ma:

Hi+1(z) = H(z2
i

)Hi(z) (2.3)

Gi+1(z) = G(z2
i

)Hi(z) (2.4)

H efarmog  aut¸n twn fÐltrwn sto s ma eisìdou èqei wc apotèlesma
to diaqwrismì tou se sunist¸sec pou antistoiqoÔn se diaforetikèc z¸nec
suqnot twn. Me autì ton trìpo epitugq�netai h apotÔpwsh shmantik¸n
qarakthristik¸n uf c, ìpwc ta periodik� motÐba, se diaforetikèc klÐmakec.
Sthn perÐptwsh idanik¸n prototÔpwn fÐltrwn, oi sunist¸sec thc an�lushc
DWF eÐnai asusqètistec. Ta fÐltra pou dÐdontai stic sqèseic (2.1,2.2) èqoun
arket� mikr  suqnotik  epik�luyh, proseggÐzontac ikanopoihtik� thn prodia-
graf  twn asusqètistwn sunistws¸n thc an�lushc DWF. EpÐshc, h an�lush
den apaiteÐ upodeigmatolhyÐa tou s matoc, parèqontac sunist¸sec tou Ðdiou
megèjouc me thn eÐsodo, kajist¸ntac stajerìterh thn exagwg  statistik¸n
mètrwn.

To parap�nw sq ma an�lushc epekteÐnetai stic dÔo diast�seic, ìpou ta
antÐstoiqa fÐltra dÐdontai wc to ginìmeno Kronecker an� dÔo twn monodi�sta-
twn fÐltrwn, gia k�je epÐpedo an�lushc. To apotèlesma eÐnai treic sunist¸-
sec gia k�je epÐpedo an�lushc (leptomèreiec) kai h sunist¸sa pou antistoiqeÐ
stic qamhlèc suqnìthtec tou teleutaÐou epipèdou an�lushc (prosèggish).

Wc qarakthristik� uf c lamb�nontai oi diasporèc twn 3N sunistws¸n
pou antistoiqoÔn stic leptomèreiec twn N epipèdwn an�lushc. Lìgw thc fÔ-
shc twn fÐltrwn oi sunist¸sec autèc èqoun mhdenik  mèsh tim . H prosèggish
thc an�lushc DWF qarakthrÐzetai apì thn mèsh tim  thc kai th diaspor�.
Wstìso, sthn paroÔsa ulopoÐhsh aut  h sunist¸sa de sunupologÐzetai sta
qarakthristik� uf c, kaj¸c mporeÐ na qrhsimopoihjeÐ me megalÔterh axiopi-
stÐa sto plaÐsio twn qarakthristik¸n fwteinìthtac, ìpwc perigr�fetai sthn
par�grafo 2.2.3.
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2.2.2 Qarakthristik� qr¸matoc

Gia thn exagwg  twn qarakthristik¸n qr¸matoc qrhsimopoieÐtai o q¸roc
qrwm�twn Lab. EÐnai gnwstì ìti o q¸roc autìc eÐnai kat� prosèggish gram-
mikìc wc proc thn antÐlhyh twn qrwm�twn, sunep¸c h eukleÐdeia apìstash
mporeÐ na qrhsimopoihjeÐ gia th mètrhsh qrwmatik¸n apost�sewn. Sth sug-
kekrimènh ulopoÐhsh qrhsimopoieÐtai o prìtupoc q¸roc CIELab, o opoÐoc èqei
epiplèon thn idiìthta thc anexarthsÐac apì th suskeu  apeikìnishc. Met� to
qrwmatikì metasqhmatismì thc eikìnac eisìdou, ta qarakthristik� qr¸matoc
ex�gontai apì ta zeÔgh tim¸n (a; b) thc eikìnac, dedomènou ìti h sunist¸sa
L perièqei plhroforÐa fwteinìthtac, h opoÐa sthn paroÔsa ulopoÐhsh exet�-
zetai anex�rthta.

Arqik� oi N diaforetikèc qrwmatikèc timèc fCi = (ai; bi)gNi=1 kbantÐzontai
¸ste na prokÔyounK timèc (ìpou K < N). Arqik� epilègontai K to pl joc
qr¸mata, tètoia ¸ste na brÐskontai kat� to dunatìn se meg�lh apìstash
metaxÔ touc, me b�sh thn anadromik  sqèsh:

Qi+1 = argmax
Cj

min
Ck2fQ1;:::;Qig

d(Cj ; Ck) (2.5)

ìpou d(�; �) h eukleÐdeia apìstash. Sth sunèqeia, efarmìzetai o algìrijmoc
K-means sta qr¸mata fCigNi=1 gia thn omadopoÐhs  touc se K qr¸mata, b�-
sei thc eukleÐdeiac apìstashc kai qrhsimopoi¸ntac wc arqikopoÐhsh tic timèc
fQigKi=1. O kbantismìc aposkopeÐ kat� kÔrio lìgo sth sumpÔknwsh tou qrw-
matikoÔ perieqomènou, idiìthta anagkaÐa gia lìgouc statistik c eurwstÐac,
all� kai sth meÐwsh tou upologistikoÔ kìstouc thc metèpeita epexergasÐac.

H telik  morf  twn qarakthristik¸n qr¸matoc enìc tm matoc thc eikìnac
eÐnai to kanonikopoihmèno istìgramma twn kbantismènwn qrwmatik¸n zeug¸n
(a; b) pou parathroÔntai sta shmeÐa tou.

2.2.3 Qarakthristik� fwteinìthtac

Gia thn exagwg  twn qarakthristik¸n fwteinìthtac h antÐstoiqh mono-
qrwmatik  eikìna ufÐstatai kbantismì me efarmog  bèltistou bajmwtoÔ kban-
tismoÔ gia touc Ðdiouc lìgouc pou anafèrjhkan sthn par�grafo 2.2.2. Dedo-
mènou tou monodi�statou qarakt ra thc plhroforÐac fwteinìthtac, se meri-
kèc peript¸seic eÐnai epijumhtì na prohghjeÐ mÐa exom�lunsh tou istogr�mma-
toc k�je perioq c gia thn opoÐa anazhtoÔme ta qarakthristik� fwteinìthtac
me èna fÐltro Gauss kai to nèo istìgramma na anaqjeÐ ek twn ustèrwn stic
kbantismènec timèc pou proèkuyan apì to sÔnolo thc eikìnac. EpishmaÐnetai
ìti parìmoia diergasÐa den qrhsimopoieÐtai sthn perÐptwsh twn qrwmatik¸n
qarakthristik¸n lìgw tou auxhmènou kìstouc pou èqei h epexergasÐa tou
didi�statou istogr�mmatoc.

Wc telik� qarakthristik� fwteinìthtac qrhsimopoioÔntai ta kanoniko-
poihmèna istogr�mmata twn kbantismènwn fwteinot twn. EpishmaÐnetai ìti,
pèra apì th diaforetik  epexergasÐa pou akoloujeÐtai sthn exagwg  touc,
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ta qarakthristik� qr¸matoc kai fwteinìthtac qrhsimopoioÔntai akrib¸c me
ton Ðdio trìpo gia th metèpeita epexergasÐa.

2.2.4 Sunduasmènh qr sh qarakthristik¸n

H mejodologÐa pou parousi�zetai èqei en gènei sqediasteÐ gia ègqrwmec
eikìnec. Wc sunèpeia autoÔ, mìno ta qarakthristik� qr¸matoc eÐnai apìluta
orismèna, wc ta kanonikopoihmèna istogr�mmata twn kbantismènwn tim¸n (a; b)
tou metasqhmatismoÔ ston q¸ro Lab thc arqik c eikìnac. Ta qarakthristik�
uf c kai fwteinìthtac èqoun oristeÐ anaforik� me mÐa monoqrwmatik  eikìna
eisìdou, thc opoÐac h proèleush eÐnai dunatì na poikÐllei, an�loga me tic
epilogèc thc ulopoÐhshc.

Ta qarakthristik� uf c eÐnai dunatì na exaqjoÔn apì thn eikìna fwtein c
èntashc (intensity) thc arqik c triqrwmatik c eikìnac. H fwtein  èntash
dÐdetai wc èna stajmismèno �jroisma twn qrwmatik¸n sunistws¸n R;G;B
sÔmfwna me th sqèsh:

Iintensity(x; y) = 0:299IR(x; y) + 0:587IG(x; y) + 0:114IB(x; y) (2.6)

H qr sh thc fwtein c èntashc gia ton prosdiorismì twn qarakthristik¸n
uf c eÐnai mÐa logik  prosèggish, kaj¸c h eikìna fwtein c èntashc perièqei,
stic perissìterec peript¸seic, sqedìn to sÔnolo twn periodik¸n qarakthri-
stik¸n pou h an�lush DWF èqei sqediasteÐ na apotup¸nei.

Peript¸seic ìpou periodik� qarakthristik� apantoÔn mìno stic epimèrouc
qrwmatikèc sunist¸sec, all� ìqi tìso emfan¸c sthn eikìna fwtein c èntashc
ja mporoÔsan na antimetwpistoÔn me thn exagwg  tri¸n sunìlwn qarakth-
ristik¸n uf c, qrhsimopoi¸ntac antÐstoiqa wc eÐsodo thc an�lushc tic treic
qrwmatikèc sunist¸sec enìc kat�llhlou q¸rou qrwm�twn. Aut  h prosèg-
gish den exet�sthke sta plaÐsia thc paroÔsac ulopoÐhshc kaj¸c krÐjhke ìti
h anamenìmenh wfèleia ja  tan kat� polÔ mikrìterh thc aÔxhshc thc polu-
plokìthtac twn qarakthristik¸n kai lìgw thc ousi¸douc ex�rthshc pou ja
eÐqan apì thn epilog  tou q¸rou qrwm�twn ta qarakthristik� uf c.

Prèpei na epishmanjeÐ ìti kai oi dÔo proseggÐseic pou anafèrjhkan èqoun,
se diaforetikì bajmì, to prìblhma thc epik�luyhc twn dedomènwn eisìdou me
aut� pou qrhsimopoioÔntai gia ta qarakthristik� qr¸matoc. H fusiologik 
lÔsh ja  tan na qrhsimopoihjeÐ wc eÐsodoc gia ton prosdiorismì twn qarakth-
ristik¸n uf c h sunist¸sa L (luminance) tou metasqhmatismoÔ Lab. Aut  h
prosèggish lÔnei to prìblhma thc epik�luyhc twn dedomènwn eisìdou, qwrÐc
wstìso na eggu�tai thn anexarthsÐa touc. Wstìso, o q¸roc qrwm�twn Lab
suqn� prokaleÐ uperbolik  sumpÔknwsh twn orat¸n qrwm�twn gÔrw apì mi-
kr� diast mata wc proc th sunist¸sa L kai epÐshc, kat� kanìna, diaisjhtik�
den upertereÐ apì thn eikìna fwtein c èntashc wc mètro fwteinìthtac. Sthn
paroÔsa ulopoÐhsh h prosèggish aut  qrhsimopoi jhke wc deÔterh epilog 
ènanti thc qr shc thc fwtein c èntashc gia lìgouc aplìthtac all� kai b�sei
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thc empeirik c parat rhshc ìti to qrwmatikì kai to suqnotikì perieqìmeno
twn eikìnwn faÐnontai na eÐnai asusqètista sthn pleioyhfÐa twn peript¸sewn.

Ta qarakthristik� fwteinìthtac eÐnai dunatìn na exaqjoÔn tìso apì thn
eikìna fwtein c èntashc, ìso kai apì th sunist¸sa L tou q¸rou Lab, sÔm-
fwna me ta epiqeir mata pou prot�jhkan parap�nw. Wstìso, sthn perÐptwsh
tautìqronhc qr shc qarakthristik¸n uf c kai fwteinìthtac, up�rqei to z -
thma thc epik�luyhc twn antÐstoiqwn dedomènwn eisìdou. Autì mporeÐ na
lujeÐ an ta qarakthristik� fwteinìthtac exaqjoÔn apì thn sunist¸sa pro-
sèggishc thc an�lushc DWF. Se aut  thn perÐptwsh eggu�tai h di�krish
twn dedomènwn eisìdou twn diafìrwn qarakthristik¸n all� kai h statistik 
anexarthsÐa apì ta qarakthristik� uf c. H prosèggish aut  problèfjhke
sthn paroÔsa ulopoÐhsh, all� kat� kanìna den qrhsimopoi jhke, lìgw thc
uperbolik c exom�lunshc pou parousi�zei h sunist¸sa prosèggishc, h opoÐa
suqn� ekmhdenÐzei th diakritik  ikanìthta twn qarakthristik¸n fwteinìthtac.

2.3 Mètra omoiìthtac

Oi algìrijmoi tmhmatopoÐhshc pou qrhsimopoioÔntai sta plaÐsia thc pa-
roÔsac mejodologÐac basÐzontai sthn Ôparxh enìc mètrou omoiìthtac   apì-
luta summetrik� mÐac sun�rthshc apìstashc h opoÐa axiopoieÐtai wc mètro
anomoiìthtac. ApaiteÐtai tìso mÐa apìstash metaxÔ qarakthristik¸n tmhm�-
twn thc eikìnac, ìso kai metaxÔ enìc shmeÐou kai twn qarakthristik¸n enìc
prìtupou tm matoc. Oi sunart seic pou qrhsimopoioÔntai sth sugkekrimè-
nh ulopoÐhsh, h apìstash Bhattacharya metaxÔ tmhm�twn thc eikìnac kai
o arnhtikìc log�rijmoc thc pijanof�neiac metaxÔ shmeÐou kai tm matoc thc
eikìnac, parousi�zontai analutik� sth sunèqeia.

Apìstash tmhm�twn thc eikìnac H apìstash Bhattacharya qrhsimo-
poieÐtai wc mètro anomoiìthtac metaxÔ twn qarakthristik¸n pou ex�gontai
apì dÔo tm mata thc eikìnac. H metrik  aut  ekfr�zei thn anomoiìthta me-
taxÔ dÔo katanom¸n pijanot twn. Sthn perÐptwsh suneq¸n katanom¸n h
analutik  thc èkfrash eÐnai:

dB(p1; p2) = � ln

�Z
x

q
p1(x)p2(x)dx

�
(2.7)

ìpou oi p1 kai p2 eÐnai sunart seic puknìthtac pijanìthtac thc dianusmati-
k c metablht c x 2 RN . Sthn perÐptwsh diakrit¸n katanom¸n h apìstash
paÐrnei th morf :

dB(p1; p2) = � ln

 X
i

q
p1(i)p2(i)

!
(2.8)

ìpou o deÐkthc i aparijmeÐ tic diaforetikèc timèc thc diakrit c metablht c.

7



Sthn perÐptwsh twn qarakthristik¸n uf c h apodoq  enìc kat�llhlou
montèlou gia thn perigraf  twn qarakthristik¸n odhgeÐ se mÐa aploÔsterh,
all� kai statistik� stajerìterh, èkfrash gia thn apìstash thc exÐswshc
(2.7). Sth mejodologÐa pou parousi�zetai epelègh to montèlo thc katanom c
Gauss gia thn perigraf  twn qarakthristik¸n uf c:

p(i)(x) =
1

�i
p
2�

e
� x2

2�2
i (2.9)

ìpou p(i) h sun�rthsh puknìthtac pijanìthtac gia thn i-st  sunist¸sa thc
an�lushc DWF kai �i h antÐstoiqh diaspor�. Me dedomènh thn anexarthsÐa
twn qarakthristik¸n uf c, h exÐswsh (2.7) paÐrnei th morf :

dB(Ci; Cj) = 1

2

3NX
k=1

ln
�2k;i + �2k;j
2�k;i�k;j

(2.10)

ìpou �k;i eÐnai h tupik  apìklish tou k-stoÔ qarakthristikoÔ tou tm matoc
Ci kai N o arijmìc twn epipèdwn thc an�lushc DWF.

Gia ta qarakthristik� qr¸matoc kai fwteinìthtac den èqei uiojethjeÐ k�-
poio montèlo, all� h apìstash dÔo tmhm�twn upologÐzetai �mesa apì th
sqèsh (2.8). Shmei¸netai ìti lìgw tou kbantismoÔ twn tim¸n qr¸matoc kai
fwteinìthtac o analutikìc upologismìc twn apost�sewn kajÐstatai upolo-
gistik� efiktìc.

H apìstash dÔo tmhm�twn thc eikìnac b�sei tou sunduasmoÔ qarakth-
ristik¸n uf c, qr¸matoc kai fwteinìthtac dÐdetai, me b�sh thn upìjesh thc
anexarthsÐac twn qarakthristik¸n kai thn èkfrash thc apìstashc Bhat-
tacharya, wc to �jroisma twn apost�sewn pou ofeÐlontai sta epimèrouc qa-
rakthristik�:

dB(Ci; Cj) = dB;texture(Ci; Cj) + dB;color(Ci; Cj) + dB;intensity(Ci; Cj) (2.11)

Apìstash shmeÐou apì tm ma thc eikìnac Gia th mètrhsh thc apì-
stashc enìc shmeÐou thc eikìnac apì mÐa prìtuph kl�sh qarakthristik¸n
qrhsimopoieÐtai wc apìstash o arnhtikìc log�rijmoc thc pijanof�neiac twn
qarakthristik¸n tou shmeÐou wc proc thn katanom  thc kl�shc. Autìc o
formalismìc odhgeÐ stic parak�tw sqèseic gia thn apìstash tou shmeÐou s
apì thn kl�sh Cl:

dl;texture(x(s)) =
1

2

3NX
i=1

 
x2i;texture(s)

�2i;l
+ ln�2i;l

!
+
3N

2
ln(2�) (2.12)

dl;color(x(s)) = � ln pl;color(xcolor(s)) (2.13)

dl;intensity(x(s)) = � lnpl;intensity(xintensity(s)) (2.14)
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ìpou x(s) to di�nusma qarakthristik¸n tou shmeÐou s. EpishmaÐnetai ìti stic
sqèseic (2.13,2.14) èqoun qrhsimopoihjeÐ oi empeirikèc katanomèc qr¸matoc
kai fwteinìthtac pou prokÔptoun apì ta antÐstoiqa istogr�mmata.

'Opwc kai sthn perÐptwsh thc apìstashc Bhattacharya h telik  apìsta-
sh dÐdetai wc to �jroisma twn apost�sewn pou ofeÐlontai sta epimèrouc
qarakthristik�:

dl(x(s)) = dl;texture(x(s)) + dl;color(x(s)) + dl;intensity(x(s)) (2.15)
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Kef�laio 3

Algìrijmoi epipèdwn
st�jmhc (level sets)

3.1 Basik  jewrÐa

O formalismìc twn epipèdwn st�jmhc (level sets) pou eis gagan oi Osher
kai Sethian [3] epitrèpei thn prosomoÐwsh kai parakoloÔjhsh thc exèlixhc
mÐac metallassìmenhc kampÔlhc tou epipèdou. H kampÔlh kineÐtai upì thn
epÐdrash dun�mewn pou ep�goun kat� m koc thc èna pedÐo taqÔthtac gia thn
kÐnhsh sthn k�jeth proc aut  kateÔjunsh. Phgèc tou pedÐou taqÔthtac
eÐnai dunatìn na apotelèsoun topik� qarakthristik� thc kampÔlhc, ìpwc h
kampulìthta kai to k�jeto di�nusma, kajolik� qarakthristik� thc, ìpwc to
m koc kai h perikleiìmenh epif�neia,   kai exwterik� qarakthristik�, ìpwc oi
idiìthtec tou qwrÐou tou epipèdou   thc eikìnac pou h kampÔlh perikleÐei.

H sun jhc anapar�stash mÐac kampÔlhc wc mÐa suneq c dianusmatik 
sun�rthsh mÐac bajmwt c paramètrou C(t) parousi�zei shmantikoÔc periori-
smoÔc, me basikìtero thn adunamÐa qeirismoÔ metall�xewn thc kampÔlhc pou
èqoun wc sunèpeia morfologikèc allagèc thc, ìpwc di�spash kai ènwsh ane-
xart twn tmhm�twn thc. O formalismìc pou akoloujeÐtai sthn jewrÐa twn
epipèdwn st�jmhc montelopoieÐ mÐa uper-epif�neia me N � 1 bajmoÔc eleuje-
rÐac ston q¸ro RN wc èna sÔnolo st�jmhc mÐac sun�rthshc N metablht¸n.

'Estw mÐa metaballìmenh sto qrìno uper-epif�neia �(t) di�stashc N �1.
'Estw h sun�rthsh N+1 metablht¸n �(x; t), ìpou x 2 RN kai t � 0, h opoÐa
ikanopoieÐ thn arqik  sunj kh:

�(x; t = 0) = �d (3.1)

ìpou d eÐnai h apìstash tou shmeÐou x apì thn epif�neia �(t = 0), proshma-
smènh jetik�   arnhtik� an to x eÐnai antÐstoiqa sto exwterikì   eswterikì
thc epif�neiac. Sunep¸c, h arqik  jèsh thc kinoÔmenhc epif�neiac dÐdetai wc:

�(t = 0) = fxj�(x; t = 0) = 0g (3.2)
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ApodeiknÔetai ìti an h sun�rthsh � ikanopoieÐ thn exarthmènh apì to
qrìno exÐswsh epipèdwn st�jmhc:

�t + F jr�j = 0 (3.3)

kai thn arqik  sunj kh (3.1), ìpou h klÐsh sthn parap�nw merik  diaforik 
exÐswsh lamb�netai mìno proc tic qwrikèc metablhtèc, tìte oi diadoqikèc
jèseic thc epif�neiac �(t) sto qrìno, kaj¸c aut  kineÐtai upo thn epÐdrash
thc k�jethc taqÔthtac F , dÐdontai apì to sÔnolo mhdenik c st�jmhc thc
sun�rthshc �, dhlad :

�(t0) = fxj�(x; t0) = 0g (3.4)

H exÐswsh (3.3) mporeÐ na lujeÐ arijmhtik�, me th qr sh kentrik¸n dia-
for¸n gia tic qwrikèc parag¸gouc kai monìpleurhc diafor�c gia th qronik 
par�gwgo. Suqn� h arqik  sunj kh (3.1) kajist� dunat  thn Ôparxh mìno
asjen¸n lÔsewn, perÐptwsh sthn opoÐa eÐnai aparaÐthth h qr sh enallakti-
k¸n diakrit¸n proseggÐsewn twn parag¸gwn kat� trìpo ¸ste na antime-
twpÐzontai ta idiìmorfa shmeÐa thc lÔshc thc merik c diaforik c exÐswshc.
EpishmaÐnetai, tèloc, ìti sthn èkfrash thc sun�rthshc taqÔthtac F eÐnai
dunatìn na summetèqoun topikèc par�metroi thc kinoÔmenhc kampÔlhc, ìpwc
h kampulìthta kai to monadiaÐo k�jeto di�nusma, oi opoÐec dÐdontai wc alge-
brikèc ekfr�seic twn tim¸n thc sun�rthshc � kai twn parag¸gwn thc.

Sthn perÐptwsh pou h sun�rthsh taqÔthtac F diathreÐ stajerì prìshmo,
h kÐnhsh thc kampÔlhc (  genikìtera thc epif�neiac) gÐnetai mìno proc mÐa
kateÔjunsh. Se aut  thn perÐptwsh mporoÔme na orÐsoume mÐa sun�rthsh
qrìnou �fixhc T (x) wc th monadik  qronik  stigm  kat� thn opoÐa to shmeÐo
x brÐsketai sto mhdenikì sÔnolo st�jmhc thc sun�rthshc �. Dhlad :

T (x) = t0 , �(x; t0) = 0 (3.5)

opìte h jèsh thc kinoÔmenhc kampÔlhc dÐdetai apì th sqèsh:

�(t = t0) = fxjT (x) = t0g (3.6)

Me th qr sh autoÔ tou formalismoÔ h exÐswsh (3.3) an�getai sthn sta-
tik  exÐswsh epipèdwn st�jmhc:

F jrT j = 1 (3.7)

h opoÐa upodeiknÔei ìti to mètro thc klÐshc thc sun�rthshc qrìnou �fixhc T ,
dhlad  h par�gwgoc sthn k�jeth proc thn epif�neia kateÔjunsh, eÐnai anti-
strìfwc an�logo thc taqÔthtac thc k�jethc kÐnhshc. H exÐswsh (3.7) epi-
dèqetai kataskeuastik  epÐlush, qwrÐc na apaiteÐtai h qronobìra diadikasÐa
thc epanalhptik c arijmhtik c prosèggishc. H upologistik  poluplokìthta
thc epÐlushc thc exÐswshc aut c eÐnai thc t�xhc n logn, ìpou n to pl joc
twn shmeÐwn thc eikìnac, me th qr sh tou algorÐjmou Fast Marching [4]. To
antÐtimo gia thn idiaÐtera mikr  algorijmik  poluplokìthta eÐnai h eggen c
duskolÐa qr shc topik¸n qarakthristik¸n thc epif�neiac sthn èkfrash thc
taqÔthtac kÐnhshc.
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3.2 O algìrijmoc Multi-Label Fast Marching

O algìrijmoc Fast Marching èqei qrhsimopoihjeÐ me epituqÐa se èna eu-
rÔ f�sma efarmog¸n tmhmatopoÐhshc, stic opoÐec h exairetik� gr gorh al-
gorijmik  ulopoÐhsh pou epidèqetai èqei apodìsei shmantik  meÐwsh stouc
apaitoÔmenouc qrìnouc epexergasÐac. Wstìso, sth suntriptik  pleioyhfÐa
twn efarmog¸n aut¸n up rqe mÐa saf c di�krish twn perioq¸n proc tmhma-
topoÐhsh se eswterikèc kai exwterikèc tou kinoÔmenou perigr�mmatoc. 'Eqei
protajeÐ h epèktash tou algorÐjmou se pollaplèc perioqèc proc tmhmatopoÐh-
sh mèsw thc antistoÐqishc diaforetik¸n epipèdwn st�jmhc sta sÔnora metaxÔ
diaforetik¸n zeug¸n apì perioqèc, wstìso aut  h prosèggish parousi�zei
probl mata stic peript¸seic tripl¸n shmeÐwn pou odhgoÔn se ast�jeiec kai
den èqoun lujeÐ me stèreo kai genikì trìpo gia to sÔnolo twn efarmog¸n
tou algorÐjmou.

H proteinìmenh mejodologÐa apoteleÐ mÐa epèktash tou algorÐjmou Fa-

st Marching sthn perÐptwsh pollapl¸n perioq¸n proc tmhmatopoÐhsh. O
nèoc algìrijmoc Multi-Label Fast Marching , o opoÐoc perigr�fetai ekten¸c
sto [5], eÐnai se jèsh na qeiristeÐ thn tmhmatopoÐhsh aujaÐretou pl jouc pe-
rioq¸n, mèsw thc anex�rththc par�llhlhc kÐnhshc pollapl¸n kl�sewn apì
kampÔlec (  genikìtera epif�neiec), endeqomènwc me diaforetikèc paramètrouc
kÐnhshc gia thn k�je kl�sh. Epiprìsjeta, to upologistikì kìstoc tou nèou
algorÐjmou paramènei sthn Ðdia t�xh poluplokìthtac me ton klasikì algìrij-
mo Fast Marching, anexart twc tou pl jouc twn perioq¸n pou summetèqoun
sthn tmhmatopoÐhsh. Sth sunèqeia ja jewr soume thn efarmog  tou algo-
rÐjmou sto epÐpedo, dedomènou ìti h prosèggish genikeÔetai kat� tetrimmèno
trìpo kai se q¸rouc megalÔterhc di�stashc.

O proteinìmenoc algìrijmoc apaiteÐ ton prosdiorismì xènwn an� dÔo upo-
sunìlwn thc eikìnac, ta sÔnora twn opoÐwn sunistoÔn tic arqikèc jèseic
twn kampul¸n pou antistoiqoÔn se k�je kl�sh proc tmhmatopoÐhsh. EpÐshc
apaiteÐtai èna pedÐo taqut twn gia thn kÐnhsh sthn k�jeth kateÔjunsh twn
kampul¸n aut¸n, to opoÐo en gènei eÐnai diaforetikì gia k�je kl�sh. Oi
perioqèc pou perikleÐontai apì tic kampÔlec k�je kl�shc epekteÐnontai kat�
antagwnistikì trìpo, en¸ ìtan dÔo kampÔlec pou an koun se diaforetikèc
kl�seic brejoÔn se epaf  kat� thn kÐnhs  touc oi taqÔthtèc tou mhdenÐzon-
tai kat� m koc twn koin¸n touc tmhm�twn. O algìrijmoc Multi-Label Fast
Marching upologÐzei kataskeuastik� mÐa lÔsh thc statik c exÐswshc epipè-
dwn st�jmhc (3.7) se k�je uposÔnolo thc eikìnac pou met� th di�dosh twn
diaforetik¸n kl�sewn katat�ssetai se mÐa apì autèc. Epiplèon par�getai
ènac q�rthc me tic telikèc katat�xeic twn shmeÐwn thc eikìnac stic diafore-
tikèc kl�seic di�doshc pou problèfjhkan, o opoÐoc apoteleÐ to apotèlesma
thc tmhmatopoÐhshc. Ja prèpei na shmeiwjeÐ ìti, en¸ o klasikìc algìrijmoc
Fast Marching apaiteÐ gia thn exagwg  tou telikoÔ apotelèsmatoc tmhmato-
poÐhshc thn epilog  enìc kat�llhlou shmeÐou sto qrìno sto opoÐo h jèsh
thc epif�neiac diaqwrÐzei ta dÔo tm mata, sthn perÐptwsh tou proteinìmenou
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algorÐjmou den up�rqei an�gkh gia mÐa tètoia epilog  kaj¸c h telik  kat�-
taxh twn shmeÐwn thc eikìnac stic di�forec kl�seic prosdiorÐzetai me trìpo
apìluta aitiokratikì kai autìmato.

H arq  leitourgÐac tou nèou algorÐjmou basÐzetai sth diapÐstwsh ìti
to epijumhtì apotèlesma ja  tan dunatì na paraqjeÐ apì thn anex�rthth
ektèlesh tou algorÐjmou Fast Marching gia k�je kl�sh xeqwrist�, me thn
antÐstoiqh arqikopoÐhsh kai sun�rthsh taqÔthtac. Met� thn olokl rwsh
twn epimèrouc diadìsewn, k�je shmeÐo thc eikìnac ja apodidìtan sthn kl�-
sh thc opoÐac to kinoÔmeno perÐgramma pèrase apì thn en lìgw jèsh ston
el�qisto qrìno. Wstìso, h mejodologÐa aut  èqei dÔo shmantik� meionekt -
mata. O qrìnoc upologismoÔ eÐnai an�logoc tou arijmoÔ twn diaforetik¸n
kl�sewn, kaj¸c ìlec oi ektelèseic tou algorÐjmou ja qreiasteÐ na sar¸soun
to sumpl rwma thc ènwshc twn arqik¸n perioq¸n. EpÐshc, h anex�rthth di�-
dosh se sunduasmì me tic diaforetikèc ekfr�seic taqÔthtac eÐnai dunatìn na
odhg sei se morfologik  asunèpeia tou apotelèsmatoc me thn arqikopoÐhsh,
se perÐptwsh pou mÐa kl�sh me uyhl  taqÔthta di�doshc katafèrei na afiqjeÐ
pr¸th se mÐa perioq  thc eikìnac apì mÐa kl�sh me qamhlìterh taqÔthta, an
kai lìgw thc arqikopoÐhshc h perioq  aut  perikleÐetai apì th deÔterh kl�sh.

O algìrijmoc Multi-Label Fast Marching antimetwpÐzei aut� ta probl -
mata, parèqontac mÐa ulopoÐhsh me poluplokìthta n logn epÐ tou arijmoÔ
twn shmeÐwn thc eikìnac pou den èqoun apodojeÐ se mÐa apì tic kl�seic sthn
arqik  touc morf , anexart twc tou arijmoÔ twn diaforetik¸n kl�sewn pou
jewroÔntai, kai egguìmenoc ìti h morfologik  poluplokìthta tou apotelè-
smatoc den ja uperbeÐ aut  thc arqikopoÐhshc kai eidikìtera ìti dÔo kl�seic
pou eÐnai sthn arqikopoÐhsh diaqwrÐsimec mèsw mÐac suneqoÔc kampÔlhc sug-
klÐnoun, me to pèrac thc di�doshc, epÐshc se èna sÔnoro apoteloÔmeno apì mÐa
monadik  kampÔlh. H sumbolik  perigraf  tou algorÐjmou dÐdetai parak�tw:

ArqikopoÐhse th sun�rthsh qrìnwn �fixhc
ArqikopoÐhse tic listec upoyhfiot twn
efìson (Up�rqoun ekkremeÐc dokimastikèc upoyhfiìthtec) f

Brèc thn dokimastik  upoyhfiìthta me ton el�qisto qrìno �fixhc
ShmeÐwse thn upoyhfiìthta wc energ 
Enhmèrwse ton pÐnaka apof�sewn
Prosèjese ta geitonik� shmeÐa wc dokimastikèc upoyhfiìthtec
Enhmèrwse touc qrìnouc �fixhc twn geitonik¸n shmeÐwn

g
H eÐsodoc tou algorÐjmou apoteleÐtai apì ènan q�rth apof�sewn gia tic

katat�xeic k�je shmeÐou se mÐa apì tic kl�seic, o opoÐoc eÐnai merik� sumplh-
rwmènoc. Ta sÔnora twn perioq¸n pou èqoun arqik� apodojeÐ se k�je kl�sh
sunistoÔn ta antÐstoiqa kinoÔmena perigr�mmata, ta opoÐa kinoÔntai sthn ka-
teÔjunsh thc antagwnistik c epèktashc twn perioq¸n pou perikleÐoun, upì
thn epÐdrash pedÐwn taqut twn anex�rthta orismènwn gia k�je kl�sh. O al-
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gìrijmoc prosomoi¸nei thn par�llhlh di�dosh twn diafìrwn kl�sewn, axio-
poi¸ntac to dunamikì periorismì pou epib�llei h epèktash k�je kl�shc sth
di�dosh twn upoloÐpwn, sar¸nontac k�je shmeÐo eswterikì twn telik¸n pe-
rioq¸n mìno apì thn kl�sh sthn opoÐa telik� apodìjhke. Me to pèrac thc
ektèleshc, o algìrijmoc parèqei ènan pl rwc sumplhrwmèno q�rth apof�-
sewn kaj¸c kai touc qrìnouc �fixhc gia k�je shmeÐo thc eikìnac.

O pÐnakac twn qrìnwn �fixhc arqikopoieÐtai kat� trìpo ¸ste oi arqikèc
perioqèc twn kl�sewn na èqoun mhdenikì qrìno �fixhc, en¸ autìc twn shmeÐ-
wn pou den èqoun apodojeÐ se k�poia kl�sh tÐjetai sto �peiro. O algìrijmoc
basÐzetai sthn ènnoia twn upoyhfiot twn shmeÐwn gia k�je kl�sh. MÐa upo-
yhfiìthta enìc shmeÐou thc eikìnac mporeÐ na eÐnai eÐte dokimastik  an eÐnai
dunatì na uposteÐ anaprosarmogèc tou qrìnou �fixhc   energ  an o qrìnoc
�fix c thc eÐnai plèon stajerìc. H telik  kat�taxh k�je shmeÐou thc eikì-
nac kajorÐzetai apì thn kl�sh gia thn opoÐa up�rqei mÐa energ  upoyhfiìthta
gia to sugkekrimèno shmeÐo me ton el�qisto qrìno �fixhc. Oi upoyhfiìth-
tec k�je shmeÐou diathroÔntai se mÐa sundedemènh lÐsta, en¸ par�llhla ìlec
oi dokimastikèc drasthriìthtec summetèqoun se mÐa our� proteraiìthtac me
krit rio thn el�qisth tim  tou qrìnou �fixhc. Kat� thn arqikopoÐhsh ìla
ta shmeÐa pou sunoreÔoun me arqikèc katat�xeic shmeÐwn apoktoÔn mÐa upo-
yhfiìthta gia k�je kl�sh me shmeÐa thc opoÐac brÐskontai se epaf , en¸ oi
qrìnoi �fixhc aut¸n twn upoyhfiot twn tÐjentai se mÐa arqik  tim , b�sei
thc taqÔthtac di�doshc thc antÐstoiqhc kl�shc.

O algìrijmoc epexerg�zetai diadoqik� ìlec tic dokimastikèc upoyhfiìth-
tec, mèqri ex�ntlhs c touc. Se k�je b ma epilègetai h dokimastik  upoyh-
fiìthta me ton el�qisto qrìno �fixhc kai an�getai se energ . Se perÐptwsh
pou aut  eÐnai h pr¸th energ  upoyhfiìthta pou dhmiourgeÐtai gia to sugke-
krimèno shmeÐo thc eikìnac h kl�sh sthn opoÐa an kei qrhsimopoieÐtai wc h
telik  kat�taxh tou shmeÐou autoÔ. Sth sunèqeia k�je geitonikì shmeÐo pou
den èqei mÐa dokimastik    energ  upoyhfiìthta gia thn kl�sh aut  apokt�
mÐa dokimastik  upoyhfiìthta thc Ðdiac kl�shc. Tèloc, oi qrìnoi �fixhc ìlwn
twn dokimastik¸n upoyhfiot twn twn geitonik¸n shmeÐwn enhmer¸nontai me
trìpo ¸ste na epib�lletai h isqÔc thc statik c exÐswshc epipèdwn st�jmhc
(3.7) sta shmeÐa aut�. Kat� th di�rkeia thc di�doshc eÐnai pijanì na up�r-
xoun shmeÐa sta opoÐa h exÐswsh epidèqetai mìno asjeneÐc lÔseic. Wc sunèpeia
autoÔ eÐnai anagkaÐo na qrhsimopoihjeÐ mÐa enallaktik  arijmhtik  prosèg-
gish tou dianÔsmatoc thc klÐshc thc sun�rthshc qrìnou �fixhc, h opoÐa ja
epitrèpei to sqhmatismì asjen¸n lÔsewn thc statik c exÐswshc. H sun jhc
prosèggish pou qrhsimopoieÐtai odhgeÐ sthn exÐswsh:

1=F 2
ij = max

n
maxfD�x

ij T; 0g;�minfD+x
ij T; 0g

o
+

max
n
maxfD�y

ij T; 0g;�minfD+y
ij T; 0g

o
(3.8)

ìpou Fij h taqÔthta di�doshc thc kl�shc sthn opoÐa an kei h upoyhfiìthta

sto shmeÐo (i; j) kai D
�fxjyg
ij T h kat�llhlh monìpleurh diafor� thc sun�rth-
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shc qrìnou �fixhc. H exÐswsh (3.8) odhgeÐ se mÐa deuterob�jmia algebrik 
sqèsh apì thn opoÐa epilègetai h megalÔterh tim  gia ton qrìno �fixhc tou
shmeÐou (i; j).

EÐnai profanèc ìti o algìrijmoc ja qreiasteÐ na sar¸sei mìno mÐa for�
ta shmeÐa pou ja brejoÔn sto eswterikì twn telik¸n perioq¸n, me endeqì-
menh thn pollapl  s�rwsh mìno twn shmeÐwn pou ja apotelèsoun ta sÔnora
twn kl�sewn. Wstìso, to gegonìc ìti mÐa upoyhfiìthta eis�getai mìno wc
sunèpeia thc kat�taxhc enìc geitonikoÔ shmeÐou se k�poia kl�sh odhgeÐ sto
sumpèrasma ìti to polÔ tèssereic upoyhfiìthtec eÐnai dunatì na sunup�rxoun
an� shmeÐo thc eikìnac. Sthn pr�xh h pleioyhfÐa twn pollapl¸n upoyhfio-
t twn apant� se apl� sÔnora metaxÔ dÔo kl�sewn, opìte kai eis�gontai
akrib¸c dÔo diakritèc upoyhfiìthtec. EÐnai fanerì ìti akìma kai sthn qei-
rìterh perÐptwsh h algorijmik  poluplokìthta eÐnai anex�rthth tou arijmoÔ
twn diaforetik¸n kl�sewn pou summetèqoun sthn tmhmatopoÐhsh. Dokimèc
tou algorÐjmou èqoun deÐxei apait seic qrìnou ektèleshc ìqi megalÔterec
apì to dipl�sio aut¸n tou aploÔ algorÐjmou Fast Marching.
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Kef�laio 4

UlopoÐhsh

4.1 Genik�

H efarmog  tmhmatopoÐhshc pou ulopoi jhke domeÐtai algorijmik� apì
tèssera st�dia: thn exagwg  twn prìtupwn qarakthristik¸n, ton upologi-
smì twn topik¸n qarakthristik¸n kai apost�sewn, thn epilog  twn katat�-
xewn meg�lhc empistosÔnhc gia thn arqikopoÐhsh tou algorÐjmou di�doshc
kai, tèloc, th di�dosh twn apof�sewn kat�taxhc me qr sh tou algorÐjmou
Multi-Label Fast Marching. To pr¸to st�dio apaiteÐtai mìno sthn perÐptwsh
thc tmhmatopoÐhshc qwrÐc epÐbleyh. An parèqontai upodeÐgmata twn kl�sewn
pou anazhtoÔntai sthn eikìna tìte h exagwg  twn prìtupwn qarakthristik¸n
gÐnetai apì aut�, qwrÐc an�gkh epexergasÐac thc eikìnac eisìdou. Sth sunè-
qeia dÐdetai mÐa analutik  perigraf  twn diafìrwn stadÐwn tou ulopoihjèntoc
sust matoc.

4.2 Exagwg  twn qarakthristik¸n

To pr¸to st�dio tou sust matoc tmhmatopoÐhshc efarmìzetai sthn pe-
rÐptwsh tmhmatopoÐhshc qwrÐc epÐbleyh, ìpou kaleÐtai na sugkrot sei èna
dedomèno arijmì apì prìtupa qarakthristik� ex�gontac perioqèc upodeÐgma-
ta gia thn k�je kl�sh apì thn eikìna eisìdou.

H prosèggish pou uiojet jhke sunÐstatai ston katamerismì thc eikìnac
eisìdou se tetr�gwna tm mata   mplok kai h perigraf  twn upodeigm�twn
twn diafìrwn kl�sewn wc diakekrimèna sÔnola aut¸n. To mègejoc twn mplok
prèpei na sqetik� mikrì ¸ste na exasfalÐzetai mÐa kal  prosèggish twn prag-
matik¸n perioq¸n twn diafìrwn kl�sewn all� kai epark¸c meg�lo ¸ste na
brÐsketai upì èlegqo to statistikì sf�lma pou dièpei thn exagwg  twn qa-
rakthristik¸n apì aut�. Empeirikèc parathr seic èdeixan ìti ikanopoihtik�
apotelèsmata lamb�nontai me èna arijmì apì mplok thc t�xhc twn 100 gia
tic perissìterec twn peript¸sewn, gegonìc pou upodeiknÔei ta megèjh twn
32� 32 kai 64� 64 shmeÐwn thc eikìnac wc fusiologikèc timèc gia ta sun jh
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megèjh eikìnwn.
Arqik�, ta jewroÔmena qarakthristik� upologÐzontai gia kajèna apì ta

mplok thc eikìnac. Dedomènou ìti ta mplok pou brÐskontai sta sÔnora me-
taxÔ diaforetik¸n kl�sewn fèroun qarakthristik� pou den antistoiqoÔn me
akrÐbeia se k�poia kl�sh, h qr sh touc sth diadikasÐa exagwg c twn qara-
kthristik¸n eÐnai dunatì na prokalèsei statistik� sf�lmata kai ast�jeiec.
Gia na prolhfjoÔn autèc oi katast�seic efarmìzetai mÐa mejodologÐa apìr-
riyhc apì thn diadikasÐa exagwg c qarakthristik¸n twn mplok ekeÐnwn pou
qarakthrÐzontai apì anomoiogenèc perieqìmeno. H anomoiogèneia enìc mplok
ektim�tai b�sei thc empeirik c paradoq c ìti èna omoiogenèc mplok ja pa-
rousi�zei me meg�lh pijanìthta shmantik  omoiìthta me thn pleioyhfÐa twn
geitonik¸n tou. H omoiìthta aut  metr�tai mèsw thc apìstashc Bhattachar-
ya pou orÐsthke sthn par�grafo 2.3. Dedomènou ìti h tim  thc apìstashc
aut c exart�tai eggen¸c kai apì ta qarakthristik� twn mplok, èna katallh-
lìtero krit rio anomoiogèneiac eÐnai h diafor� thc el�qisthc anomoiogèneiac
apì ta geitonik� mplok apì thn el�qisth:

M(B) = med
n

dB(B;Bn)� min
n

dB(B;Bn) (4.1)

ìpou ta mplok Bn eÐnai ta geitonik� tou jewroÔmenou mplok B. H di�kri-
sh twn omoiogen¸n kai anomoiogen¸n mplok gÐnetai upojètontac ìti autèc
eÐnai oi mìnec katast�seic pou parousi�zontai sthn eikìna. Sunep¸c to istì-
gramma twn tim¸n anomoiogèneiac diaqwrÐzetai mèsw enìc katwflioÔ se dÔo
tm mata. O diaqwrismìc autìc pragmatopoieÐtai me thn di�taxh twn tim¸n
thc anomoiogèneiac se fjÐnousa seir� kai thn epilog  tou katwflioÔ wc to
shmeÐo megistopoÐhshc thc deÔterhc parag¸gou tou taxinomhmènou istogr�m-
matoc. To apotèlesma thc apìrriyhc twn anomoiogen¸n mplok parousi�zetai
sto sq ma 4.1 gia to par�deigma thc eikìnac SeaStones.

Met� thn apìrriyh twn anomoiogen¸n mplok pragmatopoieÐtai mÐa omado-
poÐhsh twn omoiogen¸n mplok kat� zeÔgh gia th beltÐwsh thc statistik c
eurwstÐac thc ektÐmhshc twn qarakthristik¸n. H apìstash Bhattacharya
upologÐzetai gia ìla ta zeÔgh geitonik¸n omoiogen¸n mplok kai pragmato-
poioÔntai oi en¸seic me seir� proteraiìthtac pou kajorÐzetai apì thn omoiì-
thta twn mplok. Epipèon, apotrèpontai oi en¸seic mplok me anomoiìthta
megalÔterh enìc katwflioÔ pou empeirik� orÐzetai wc:

Tp =

max
B 2 BH

med
n

dB(B;Bn) + min
B 2 BH

med
n

dB(B;Bn)

2
(4.2)

ìpou BH to sÔnolo twn omoiogen¸n mplok pou epelèghsan apì thn prohgoÔ-
menh diergasÐa.

Sth sunèqeia ektimoÔntai ta qarakthristik� gia ta zeÔgh mplok pou èqoun
dhmiourghjeÐ. AkoloÔjwc, ìla aut� ta zeÔgh summetèqoun se ènan ierarqi-
kì algìrijmo omadopoÐhshc. Se k�je b ma en¸nontai ta dÔo sÔnola mplok
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Sq ma 4.1: H arqik  eikìna SeaStones kai ta omoiogen  thc mplok

pou parousi�zoun thn mikrìterh anomoiìthta, ìpwc aut  metr�tai mèsw thc
apìstashc Bhattacharya kai tautìqrona ta qarakthristik� tou nèou sunì-
lou orÐzontai wc o kurtìc sunduasmìc twn qarakthristik¸n twn epimèrouc
sunìlwn me b�rh st�jmishc ta posost� summetoq c tou k�je sunìlou ston
sunolikì arijmì twn mplok. H omadopoÐhsh perat¸netai ìtan o arijmìc twn
sunìlwn mplok sta opoÐa èqoume odhghjeÐ sumpÐptei me ton arijmì twn kl�-
sewn pou èqei zhthjeÐ. Ta telik� qarakthristik� twn sunìlwn mplok pou
prokÔptoun apì ton algìrijmo omadopoÐhshc qrhsimopoioÔntai wc ta prìtu-
pa qarakthristik� twn proc tmhmatopoÐhsh kl�sewn sta upìloipa st�dia thc
efarmog c tmhmatopoÐhshc.

Ta apotelèsmata thc diadikasÐac epilog c zeug¸n kai thc telik c exagw-
g c twn prìtupwn perioq¸n apeikonÐzontai sto sq ma 4.2 gia thn perÐptwsh
thc eikìnac SeaStones.

4.3 Exagwg  twn topik¸n qarakthristik¸n kai apo-

st�sewn

To st�dio thc exagwg c topik¸n qarakthristik¸n aposkopeÐ sthn an-
tistoÐqish se k�je shmeÐo thc eikìnac enìc sunìlou qarakthristik¸n pou
proèrqontai eÐte apì to sugkekrimèno shmeÐo   apì mÐa prokajorismènh gei-
toni� tou. EpÐshc upologÐzetai h apìstas  tou me qr sh twn mètrwn thc
paragr�fou 2.3 apì tic kl�seic pou pro ljan apì to st�dio thc exagwg c
twn protÔpwn qarakthristik¸n   apì sugkekrimèna upodeÐgmata pou dìjhkan
sthn perÐptwsh tmhmatopoÐhshc me epÐbleyh.

Arqik�, qrhsimopoieÐtai h apìstash Bhattacharya gia thn mètrhsh thc

19



Sq ma 4.2: EÔresh zeug¸n omoiogen¸n mplok kai ierarqik  omadopoÐhsh gia
thn exagwg  twn protÔpwn tri¸n kl�sewn sthn eikìna SeaStones

omoiìthtac enìc shmeÐou thc eikìnac me kajemÐa apì tic prìtupec kl�seic.
Kaj¸c h sugkekrimènh metrik  efarmìzetai se zeÔgh katanom¸n, ta qara-
kthristik� den lamb�nontai apì to shmeÐo kajautì, all� apì mÐa tetr�gwnh
geitoni� me kèntro to en lìgw shmeÐo. Empeirik� dedomèna upodeiknÔoun èna
mègejoc geitoni�c thc t�xhc twn 103 shmeÐwn wc eparkèc gia thn axiopisth
exagwg  twn topik¸n qarakthristik¸n. Tautìqrona upologÐzetai kai h apì-
stash tou shmeÐou apì k�je kl�sh me th qr sh tou shmeiakoÔ mètrou tou
arnhtikoÔ logarÐjmou thc pijanof�neiac.

Sto sq ma 4.3 parousi�zetai mÐa prokatarktik  kat�taxh twn shmeÐwn
thc eikìnac SeaStones se kajemÐa apì tic treÐc exaqjeÐsec kl�seic b�sei tou
krithrÐou thc el�qisthc apìstashc sÔmfwna me ta dÔo mètra pou proana-
fèrjhkan. ParathroÔme ìti, en gènei, h apìstash Bhattacharya dÐdei mÐa
pio axiìpisth kat�taxh, h opoÐa wstìso den parousi�zei idiaÐterh akrÐbeia
kont� sta sÔnora twn perioq¸n. AntÐjeta o arnhtikìc log�rijmoc thc pija-
nof�neiac epitugq�nei shmantik� kalÔterh akrÐbeia kont� sta ìria perioq¸n,
parousi�zontac wstìso mÐa exairetik� jorub¸dh sumperifor� sto sÔnolo
thc èktashc thc eikìnac. Ta dÔo aut� mètra apìstashc axiopoioÔntai kat�
perÐptwsh sta dÔo akìlouja st�dia tou sust matoc tmhmatopoÐhshc.

4.4 EÔresh twn katat�xewn meg�lhc empistosÔnhc

Skopìc tou epomènou stadÐou thc mejìdou tmhmatopoÐhshc eÐnai h epilo-
g  enìc ikanoÔ uposunìlou twn shmeÐwn thc eikìnac gia ta opoÐa mporoÔn
na lhfjoÔn apof�seic kat�taxhc me exairetik� meg�lh empistosÔnh, idanik�
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Sq ma 4.3: Kat�taxh twn shmeÐwn thc eikìnac stic prìtupec kl�seic sÔmfwna
me th metrik  Bhattacharya kai thn mègisth pijanof�neia

apokleÐontac thn perÐptwsh l�joc katat�xewn. Oi katat�xeic autèc prag-
matopoioÔntai me krit rio thn apìstash Bhattacharya metaxÔ twn diafìrwn
kl�sewn kai twn topik¸n qarakthristik¸n k�je shmeÐou thc eikìnac, dedomè-
nhc thc auxhmènhc axiopistÐac pou parousi�zei aut  h metrik .

H epilog  gÐnetai se N + 1 diadoqikèc bajmÐdec. Gia k�je tim  tou w =
0; : : : ; N jewroÔme èna par�juroBw diast�sewn (2w+1)�(2w+1). OrÐzoume
epÐshc thn sun�rthsh kat�taxhc gia k�je shmeÐo s thc eikìnac wc ex c:

k(s) = argmin
l

X
p2Bw

dl(s+ p) (4.3)

ìpou dl(s) h apìstash Bhattacharya tou shmeÐou s apì thn kl�sh Cl.
OrÐzoume epiplèon èna krit rio axiopistÐac sÔmfwna me th sqèsh:

R(s) =
X
p2Bw

 
min
l 6=k(s)

dl(s+ p)� dk(s)(s+ p)

!
(4.4)

H epilog  twn katat�xewn meg�lhc axiopistÐac gÐnetai gia tic diadoqikèc ti-
mèc thc aktÐnac k tou parajÔrou Bw kat� trìpo ¸ste na epilègetai se k�je
bajmÐda èna prokajorismèno posostì shmeÐwn thc eikìnac ta opoÐa qarakth-
rÐzontai apì th mègisth tim  tou krithrÐou R(s).

Ta shmeÐa pou epilègontai me autì ton trìpo apoteloÔn thn arqikopoÐhsh
tou algorÐjmou Multi-Label Fast Marching pou qrhsimopoieÐtai sto epìme-
no st�dio. 'Ena posostì thc t�xhc tou 5-10% eÐnai genik� eparkèc gia tic
perissìterec efarmogèc, an kai h akrib c epilog  mporeÐ na diaforopoihjeÐ
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an�loga me th diakritik  ikanìthta pou parousi�zoun ta qrhsimopoioÔmena
qarakthristik�. 'Ena par�deigma arqikopoÐhshc gia thn eikìna SeaStones

se posostì 40% apeikonÐzetai sto sq ma 4.4.

Sq ma 4.4: O arqikìc q�rthc apof�sewn (posostì 40%) kai stigmiìtupa thc
ektèleshc tou algorÐjmou Multi-Label Fast Marching sthn eikìna SeaStones

4.5 Di�dosh twn apof�sewn kat�taxhc

Me dedomèno èna arqikì uposÔnolo twn shmeÐwn thc eikìnac ìpou èqoun
apodojeÐ apof�seic me meg�lh empistosÔnh, to zhtoÔmeno eÐnai na epekta-
joÔn autèc sto upìloipo thc eikìnac, me trìpo kajodhgoÔmeno apì ta mètra
omoiìthtac metaxÔ shmeÐwn kai kl�sewn pou èqoun oristeÐ.

Gia to skopì autì qrhsimopoieÐtai o algìrijmoc Multi-Label Fast Ma-
rching, o opoÐoc parousi�sthke sthn par�grafo 3.2. Wc arqikopoÐhsh tou
algorÐjmou qrhsimopoieÐtai o hmitel c q�rthc apof�sewn pou dhmiourg jhke
sto prohgoÔmeno st�dio. Ta sÔnora twn perioq¸n pou èqoun arqik� apo-
dojeÐ se k�je kl�sh sunistoÔn kinoÔmena perigr�mmata, ta opoÐa kinoÔntai
ektatik� mèqri sÔgklishc kajenìc epÐ twn upoloÐpwn. O pur nac thc me-
jodologÐac tmhmatopoÐhshc pou parousi�zetai se aut  thn anafor� eÐnai h
qr sh thc desmeumènhc (a posteriori) pijanìthtac mÐac dedomènhc kl�shc upo
th dèsmeush twn qarakthristik¸n tou shmeÐou pou diekdikeÐtai apì aut  wc
thn taqÔthta di�doshc gia thn kl�sh aut  sto sugkekrimèno shmeÐo. Anaka-
l¸ntac ton orismì thc basismènhc sthn pijanof�neia apìstashc pou dìjhke
sthn par�grafo 2.3 kai axiopoi¸ntac ton kanìna tou Bayes h taqÔthta aut 
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mporeÐ na p�rei th morf :

Fl(s) = p(ljx(s)) = 1

1 +
P

k 6=l
P r(k)
Pr(l) e

dl(x(s))�dk(x(s))
(4.5)

ìpou Pr(k) h a priori pijanìthta thc kl�shc k kai dk(�) h apìstash pou
orÐsthke wc o arnhtikìc log�rijmoc thc pijanof�neiac. Oi pijanìthtec Pr(k)
mporoÔn na lhfjoÔn axiwmatik� Ðsec me th mon�da, apousÐa stèrehc gn¸shc
gia thn tim  touc,   na exaqjoÔn apì mÐa (kat� protÐmhsh topik c embèleiac)
ektÐmhsh me qr sh twn katat�xewn pou dÐdei h apìstash Bhattacharya.

AkoloÔjwc ekteleÐtai o algìrijmoc Multi-Label Fast Marching o opoÐoc
epekteÐnei tic arqikèc apof�seic kat�taxhc sto sÔnolo twn shmeÐwn thc ei-
kìnac, ektel¸ntac mÐa di�dosh twn perigramm�twn twn kl�sewn sÔmfwna me
ton orismì twn taqut twn di�doshc pou dìjhke sth sqèsh (4.5). Diadoqik�
stigmiìtupa thc ektèleshc tou en lìgw algorÐjmou sthn eikìna SeaStones

dÐdontai sto sq ma 4.4.
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Kef�laio 5

Apotelèsmata

Sth sunèqeia parousi�zontai apotelèsmata ektèleshc tou algorÐjmou se
èna sÔnolo eikìnwn me shmantik  poikilÐa qarakthristik¸n kai apait sewn
tmhmatopoÐhshc. To sÔnolo twn dokimastik¸n eikìnwn l fjhke apì th sul-
log  Corel Gallery . Oi dokimèc èginan stic perissìterec twn peript¸sewn me
èna stajerì sÔnolo paramètrwn, ¸ste na eÐnai efikt  h �mesh sÔgkrish twn
apotelesm�twn.

Sta sq mata 5.1 kai 5.2 parousi�zontai tmhmatopoi seic eikìnwn me sun-
duasmènh qr sh qarakthristik¸n uf c qr¸matoc kai fwteinìthtac. Ta apo-
telèsmata twn sqhm�twn 5.3 kai 5.4 èqoun lhfjeÐ me qr sh mìno qarakth-
ristik¸n uf c   qr¸matoc antÐstoiqa. Parousi�zontai epiplèon sto sq ma
5.5 peript¸seic ìpou eÐnai anagkaÐa h di�spash perioq¸n se tm mata, lìgw
thc anomoiomorfÐac twn qarakthristik¸n pou perièqontai se autèc. Tèloc,
sto sq ma 5.6 dÐdontai paradeÐgmata anepituq¸n tmhmatopoi sewn, ofeilìme-
nwn kurÐwc sth mh antiproswpeutikìthta twn exagìmenwn qarakthristik¸n,
suqn� met� apì apìrriyh, wc anomoiogen¸n, arket¸n qr simwn mplok.

Se k�je perÐptwsh dÐdetai h arqik  eikìna, h epilog  twn mplok gia thn
exagwg  twn qarakthristik¸n twn kl�sewn, h arqikopoÐhsh tou algorÐj-
mou di�doshc kai to telikì apotèlesma. Kat� kanìna qrhsimopoi jhkan 3
epÐpeda an�lushc DWF, 64 kbantismènec timèc qr¸matoc kai 32 fwteinìth-
tac. Kat� to st�dio thc exagwg c twn qarakthristik¸n qrhsimopoi jhkan
megèjh mplok 32 � 32   50 � 50 kat� perÐptwsh. H arqikopoÐhsh tou algo-
rÐjmou di�doshc ègine se posostì 30� 40% en¸ kat� th f�sh thc di�doshc
stic perissìterec peript¸seic oi a priori pijanìthtec twn kl�sewn l fjhkan
Ðsec.
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Corel Gallery #134025

Corel Gallery #805079

Sq ma 5.1: TmhmatopoÐhsh eikìnwn se 3 kl�seic me sunduasmènh qr sh qa-
rakthristik¸n uf c, qr¸matoc kai fwteinìthtac
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Corel Gallery #134057

Corel Gallery #214078

Sq ma 5.2: TmhmatopoÐhsh eikìnwn se 2   4 kl�seic me sunduasmènh qr sh
qarakthristik¸n uf c, qr¸matoc kai fwteinìthtac
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Corel Gallery #134047

Corel Gallery #534017

Sq ma 5.3: TmhmatopoÐhsh eikìnwn se 2   3 kl�seic me apokleistik  qr sh
qarakthristik¸n uf c
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Corel Gallery #107005

Corel Gallery #150012

Sq ma 5.4: TmhmatopoÐhsh eikìnwn se 3   4 kl�seic me apokleistik  qr sh
qarakthristik¸n qr¸matoc
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Corel Gallery #107001

Corel Gallery #251093

Sq ma 5.5: Peript¸seic kat�tmhshc perioq¸n lìgw anomoiomorfÐac twn pe-
rieqomènwn qarakthristik¸n
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Corel Gallery #77030

Corel Gallery #384078

Sq ma 5.6: Probl mata tmhmatopoÐhshc ofeilìmena sthn anaxiopistÐa twn
exagìmenwn qarakthristik¸n
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Kef�laio 6

EpÐlogoc

6.1 Sumper�smata

Parousi�sthke èna oloklhrwmèno sÔsthma tmhmatopoÐhshc eikìnwn apì
sunduasmì qarakthristik¸n uf c, qr¸matoc kai fwteinìthtac. H mejodo-
logÐa proôpojètei th gn¸sh mìno tou arijmoÔ twn diaforetik¸n kl�sewn
pou perièqontai sthn eikìna eisìdou. Ta peiramatik� apotelèsmata èdeixan
ikanopoihtik  sumperifor� thc mejodologÐac, akìma kai se arket� dÔskolec
peript¸seic.

Oi dokimèc pou èginan upodeiknÔoun thn isqur  ex�rthsh thc mejìdou apì
thn poiìthta twn exagomènwn qarakthristik¸n. Sugkekrimèna, ìlec oi pe-
ript¸seic pou dokim�sthkan kai stic opoÐec ègine exagwg  qarakthristik¸n
me ep�rkeia kai antiproswpeutikìthta den antimet¸pisan kanèna prìblhma
sta upìloipa st�dia thc tmhmatopoÐhshc. Oi ìpoiec apotuqhmènec tmhma-
topoi seic ofeÐlontai sth suntriptik  touc pleioyhfÐa se anaxiopistÐa twn
exagomènwn qarakthristik¸n, ofeilìmenh suqn� eÐte sthn epilog  mplok mì-
no apì èna tm ma mÐac dedomènhc kl�shc, eÐte sthn apìrriyh wc anomoiogen¸n
mplok pou perièqoun shmantikì mèroc twn qarakthristik¸n thc. Se el�qistec
peript¸seic eÐqan k�poio rìlo sthn adunamÐa exagwg c axiìpistwn qarakth-
ristik¸n kai oi gewmetrikoÐ periorismoÐ thc omadopoÐhshc kai sugkekrimèna
thc prokatarktik c omadopoÐhshc se zeÔgh.

O algìrijmoc Multi-Label Fast Marching parousÐase idiaÐtera kal  sum-
perifor� sto sÔnolo twn peript¸sewn, akìmh kai ìtan h pareqìmenh arqi-
kopoÐhsh  tan idiaÐtera ptwq . Emf�nise idiaÐterh apotelesmatikìthta sthn
apaloif  tou jorÔbou twn shmeiak¸n mètrwn anomoiogèneiac pou qrhsimo-
poi jhkan, sebìmenoc par�llhla tic metab�seic metaxÔ twn diaforetik¸n tmh-
m�twn thc eikìnac.
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6.2 Prooptikèc

H parousiazìmenh mejodologÐa epidèqetai arketèc sumplhr¸seic kai epe-
kt�seic. Endeiktik� anafèretai o autìmatoc prosdiorismìc tou arijmoÔ twn
kl�sewn tmhmatopoÐhshc, all� kai �llwn paramètrwn tou algorÐjmou. 'Enac
tètoioc prosdiorismìc ja mporoÔse na prokÔyei eÐte kat� th di�rkeia thc
exagwg c qarakthristik¸n, wc epèktash thc ierarqik c omadopoÐhshc, eÐte
me th qr sh enìc sunolikoÔ krithrÐou poiìthtac sto telikì apotèlesma thc
tmhmatopoÐhshc.

H kalÔterh axiopoÐhsh twn qarakthristik¸n uf c ja mporoÔse na epiteu-
qjeÐ mèsw epilog c twn kat�llhlwn sunistws¸n thc an�lushc DWF kai twn
antiproswpeutikìterwn tim¸n fwteinìthtac kai qr¸matoc gia ton upologismì
twn mètrwn omoiìthtac, me krit rio thn auxhmènh diakritìthta twn tmhm�twn
thc eikìnac. O upologismìc twn epipèdwn thc an�lushc gia thn exagwg  twn
qarakthristik¸n uf c ent�ssetai sto Ðdio plaÐsio. Tèloc, par� thn kal 
sumperifor� twn sun jwn paramètrwn gia to posostì thc arqikopoÐhshc kai
ton prosdiorismì twn a priori pijanot twn twn kl�sewn, ja  tan epijumhtìc
kai o apìluta autìmatoc kajorismìc touc.

6.3 Prwtìtuph suneisfor�

Sthn paroÔsa ergasÐa perilamb�nontai prwtìtupec mèjodoi kai formali-
smoÐ, me epÐkentro ton algìrijmo Multi-Label Fast Marching kai th sundua-
smènh qr sh tou me tic metrikèc pou orÐsthkan. Oi formalismoÐ pou parou-
si�sthkan èqoun suneisfèrei epÐshc se dÔo ereunhtikèc ergasÐec [1, 5] pou
èqoun gÐnei  dh dektèc gia dhmosÐeush.
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