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Kat"logoc Sghm™twn

11

1.2

2.1

2.2

2.3
2.4

2.5
2.6

2.7

Anagkaiithta thc api koinoO antimet_pishc leitourgi n irashc q a-
mhloO kai uyhloO epipédou [165]: (a) Eikina pou periéqgei éna anti-
kebmeno () Apotelésmata anbgneushc akm,n (g) Megejunsh thc perio-

g c tou pros,pou. H eikina den ebnai kat'llhlh gia thn efarmog

tupik,n mejidwn kat"tmhshc kai anbgneushc antikeiménwn, ligw thc
gamhl ¢ an’lushc, thc éntonhc skbashc kai thc perbplokhc dom ¢

thc. Qrhsimopoi,ntac imwc to montélo enic anjr,pou h ermhneba thc
dieukolOnetai, epitrépontac thn apotelesmatik ektélesh twn epime-

ouc leitourgi,n thc kat'tmhshc kai anbgneushe. . . . . . . . . . .. 2

Montélo thc “nwjen irashc [190]: parametrik® montéla pou up’r-
goun gia ta optik™ antikePmena grhsimopoioOntai gia thn ermhneba
mbac skhn ¢ mésw thc anakataskeucthc. . .. ... ... ... .. 3

QamhloO kai UyhloO epipédou probl mata thc kat'tmhshc: P nw

gramm : Ta krit ria me ta opoPa apokaloOme tic periogéc thc eiki-

nac omoiogenebc den ePnai koin” gia ilec tic eikinec, 0Ote mporoOn na
posotikopoihjoOn eOkola. Mino sthn eikina (a) ePnai gr simh h tim

thc wteinithtac wc qarakthristiki gia kat"tmhsh; gia tic upiloipe c
to grhsimopoioOmeno garakthristiki eDnai h diaspor” tou orObou ( )

h skbash (par"gwgoc thc wteinithtac) (g) h omoiithta twn khiBdwn

(d) kai h pros nei” touc (e). K'tw gramm : Analigwc thc kiPmakac

kai tou kOriou endiaférontoc tou eat all"zei kai h kat"tmhsh mbac
skhnec. . . . 8

(a): Gewmetrikéc posithtec pou emplékontai sthn exélixh mbac ka  mpO-
Ihc () Diamerismic mPac eikinac. . . . . . .. ... ... ...... 12

Parametrik kai @mmesh anapar“stash mbac kampOlhc. . . . . . . . 14

Exelixh enic  Geodesic Active Contour : h topologba thc kampOlhc al-
I"'zei abbasta en, oi gwnbec twn antikeiménwn entopbzontai me akrbleia. 16

Poludiakritik anapar’stash (a) thc eikinac kai () twn akm,n thc. 19

(@)-():Argik kai telik ésh twn orBwn thc perioq ¢ pou anti stoigeb
sthn wteini tm ma thc eikinac kai (g)-(d) sto skoteini tmma. . . . . 19

Anagn_ rish mésw antistobgishc montélwn [149]: orismena api ta g a-
akthristik™ shmeba thc eikinac, ipwc gwnbec kai diastaur,seic mpo-
oOn na antistoigistoOn se aut™ proapojhkeuménwn antikeiménwn. An
kajorbzontac katllhla tic paramétrouc probol ¢ tou antikeimén ou
mporoOn na ermhneujoOn perissitera garakthristik”, auti ewrebtai
endeiktiki thc Oparxhc tou antikeiménou. . . . . . .. ... ... .. 21



2.8 Anagn,rish mésw tegnik,n neurwnik,n diktOwn/anagn,rishc protO-
pwn [192]: ta antikeDmena anigneOontai api mPa katanemhmeénh arqi-
tektonik mésw mbac allhlougbac exagwg c periplokiterwn kai akri-
esterwn garakthristik. n . . . . . ... 22
2.9 Anagn,rish antikeiménwn mesw tmhmatik,n anaparast’sewn [65]: h
anapar'stash enic antikeiménou an’getai sthn montelopobhsh twn
epimérouc tmhm"twn tou kai twn exart sewn metaxQ touc . . . . . . . 23
2.10Anagn,rish mésw paramorf simwn montélwn twn antikeiménwn [157]:
montelopoi,ntac thn paramirfwsh sthn emf'nish kai sto sq ma tou
antikeimenou, mporeb na anaparastajeD mba kathgorba antikeiménwn
grhsimopoi,ntac eéna gamhlodi“stato parametriki montélo . . . . . 24
2.11 (a) EpipedosOnola tou pragmatikoO mérouc thc apeikinishc Ikeda ()
Shmeba ta opoPa grhsPmeusan wc sOnolo ekpabdeushc (g-e) Proség-
giseic mésw enic diktOou RBF, enic mixture-of-experts  kai enic SVM
antbstoigqa. . . . . . . . 28
2.12 Api [246]: Péra api tic tupik™ ewroOmenec phgéc alloBwshc ( wii-
smic kai iruboc) sthn dhmiourgba mbac eikinac api éna antikeBbmeno
upeiserqontai kai “llec phgéc paramirfwshc, ipwc h qwrik para-

mirfwsh kai oi epikalOyeic. . . . . . ... ... ... .. ...... 34
2.13Grafiki dbktuo gia thn anapar”stash twn allhlexart sewn th ¢ ka-
tanomc (2.38). . . .. 37

2.14 Anbgneush pros,pou grhsimopoi, ntac grafik™ montéla: P"nw gram-
m : Eikina sthn ebsodo tou pros,pou, kai topik™ kajorizimena du-
namik™ parat rhshc log i(X;), ipou X; h ésh tou dexioO matioO,
thc mOthc kai tou dexioO gePlouc, antDstoiga. K'tw gramm : Grafik i
dbktuo gia thn anapar“stash kai anbgneush pros,pou, kai apotelé-
smata algorbjmou  Belief Propagation gia tic Osterec katanomeéc twn
ésewn twn shmebwn,logB;(Xi). . . ... ... ... ... ...... 39

3.1 (a)Di"gramma thc arqitektonik c BCS/FCS kai () antbstoigec perio-

géc tou optikoO sust matoc. . . . . ... ... 48
3.2 (a) Di"gramma tou sust matic mac kai () antbstoigec periogéc t ou

iologikoO sustmatocirashc . . . . . . . .. ... .. ... .... 50
3.3 H argitektonik tou montélou mac. K'tw arister” abnetai h a rqite-

ktonik tou sust matoc kai oi allhlepidr“seic twn domik,n mon“dwn

tou. Sto upiloipo sq ma abnetai o upologismic perigramm’twn

se mba sugkekrimenh kibmata: h anbgneush garakthristik,n se pol-

laplec kateujOnseic sto St'dio | akoloujeBtai api ton sghmatismi

perigramm™twn sto St"dio Il. Ekeb h K'twjen plhroforba sundi“ze-

tai anadromik™ me to "nwjen s ma saliency pou upologbzetai api to

St'dio Ill. Ta St'dia | kai Il upakoOoun anadromik dunamik pou

kajorbzetai api tic allhlepidr'seic touc. . . . . . .. ... ... .. 51
3.4 (a)Eikina sthn ebsodo tou sust matoc, ()-(g) Kateujuntik Enérgeia

gia thn kJjeth kateOjunsh qwrbc kai me kanonikopobhsh, antbstoiq a,

(d)-(e) mégisto wc proc kateOjunsh thc kateujuntik ¢ enérgeiac qwrb C

kai me kanonikopobhsh, antbstoiga. . . . . . . . ... ... 52
3.5 Oi lobob pou dbnei to montélo kampOlwn Elastica (3.13) gia parame-
trouc(@) =10; =0:4,() =10; =0:2(g =20, =02 ... 54



3.6 Anbgneush antastik,n akm n: stic p"nw eikinec antilambanimaste
anOparktec akméc se leukéc periogéc. Stic kK'tw eikinec abnontai
ta apotelésmata anBgneushc akm n tou diktOou mac, to opoPo qgrhsi-
mopoi_ntac to uposOsthma anBgneushc saliency montelopoieD aut th
sumperifor” tou anjr,pinou optikoO sust matoc. . . . . . ... .. 55

3.7 SOgkrish apotelesm™twn anBgneushc akm ntOpou  Canny [28] kai tou
ierargikoO diktOou mac [126]. Orbzontac ta kat flia kai gia tic dOo
mejidouc ,ste na epistréfoun to Bdio pl joc akm_ n, api th méjo-
do Canny pabrnoume éna meg’lo pl joc akm,n se periogéc me uf.
Antbjeta, to dbktui mac grhsimopoi,ntac mba uyhliterou epipédou
diadikasba anbgneushc omal,n akm,n esti"zei se omaléc kai éntonec
akmec. H diaspor” thc  Gaussian kai ta p"nw kai k“tw kat,flia thc
mejidou Canny pou anagr fontai se k'je eikina orbsthkan xeqwri-
st’, ,ste na dbnoun thn optik”™ kalOterh apidosh. . . . . . ... .. 56

3.8 TOpoc sundésewn gia mPa BM () To sOsthm™ mac wc mba BM.

3.9 Diafor” metaxO twn prokajorisménwn ar,n kai aut,n pou éqoun ek-
majhjeb. Stic perittéc grammeéc debgnoume to prokajorisména “rh
kai stic “rtiec aut” pou ekmajeOthkan; mBa uyhl tim wteinith-
tac debgnei mPa isqur anastaltik sOndesh metaxO tou neur,na sto
kéntro kai tou neur,na sthn antbstoigh ésh. Oi pr.tec dOo grammeéc

debgnoun “rh gia to st’dio | kai oi kK'tw gia to st"dio Il. Oi st lec
(@)/() antistoiqgoOn se “rh metaxO k’jetwn/orizintiwn neur,nwn s e
mba traqi” kibmaka kai oi (g)/(d) se lept klIbmaka. . . .. ... .. 67

3.10Ekm’jhsh anbgneushc akm,n: (a) Eikina sthn eBsodo tou sust ma toc,
()-(d) pijanithta Oparxhc akm n, gqrhsimopoi ntac euretikéc ekfr™-
seic gia ta “rh, se auxanimenec analOseic thc eikinac (e) pijani thta
akm c “sei katatm sewn anjr,pwn (st)-(h) pijanithta akm ¢ me -
sh ta “rh pou proekuyan api ton algirijmo ekm’jhshc. . . . . . 68

3.11Anbgneush akm.n se mPa eikina pou den an kei sto sOnolo ekpab-

deushc: (a) Eikina sthn ebsodo tou sust matoc, ()-(d) pijanith ta

Oparxhc akm_n, grhsimopoi, ntac euretikéc ekfr’seic gia ta “rh,

se auxanimenec analOseic thc eikinac (e) pijanithta akm ¢ “sei k a-

tatm sewn anjr,pwn (st)-(h) pijanithta akm ¢ me “sh ta “rh pou

proékuyan api ton algirijmo ekm’jhshe. . . . . ... ... 69
3.12 Sugkritik™ apotelésmata gia anBgneush akm n, gia kajierwménec me-

idouc anbgneushc akm,n kai to dbktui mac, se diaforetikec kIb-
makec; oi suntomeOseic {F,M,C}S shmabnounFine-, Mid- kai Coarse-
Scale antbstoiqa. ParathroOme iti to sOsthm™ mac éqei kalOterec

epidiseic api tic perissiterec mejidouc, en, h méjodoc tou Bri-

ghtness & Texture Gradient  twn [154] pou éqgei kalOterec epidiseic

grhsimopoieb kai garakthristik™ uf ¢ sthn anbgneush akm.n. . . . 70
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Exagwg qarakthristik,n me th méjodo DCA: éna sOnolo apo wnope-
at” Dltra Gabor grhsimopoiebtai argik™ gia na apomonwjoOn kai
apodiamorfwjoOn oi memonwmeénec sunist sec thc (4.3). To kuri'rqo
kan’li epilégetai se K'je shmebo thc eikinac kai oi par'metrob to u
grhsimopoioOntai gia thn perigraf thc uf c. H kurBargh dom tou
s matoc uf ¢ sullamb™netai étsi api tic parameétrouc thc DCA. .
Qarakthristik™ uf c mesw DCAkai apodiamirfwshc. (@) Sunjetiki
sma ufc, () KwdikopoPhsh kurirqou kanalioO ipca Mésw w-
teinithtac. (c) Ektbmhsh pl'touc @ tou kurBargou kanalioO Kai
(d) Ektbmhsh pl'touc A; “sei thc sgéshc (4.8); To ektim meno pl“toc
kwdikopoiebtai mésw thc tim ¢ thc wteinithtac thc eikinac. . . . . .
Ta stoigePa thc “shc (sumpag ¢ gramm ) kai sun“rthsh empistosO-
nhc (diakekommenh) gia tic 1D toméc twn tri,n ewroOmenwn kl"sewn:
(& Uf () Akm (@ Omal" Tmmata. . . . . . . . ... ... ... .. 82
Anakataskeu thc mh-omal ¢ sunist,sac thc eikinac (a) grhsimo-
poi,ntac () tic paramétrouc tou montélou akm,n, (4.27) kai (g) tic
parametrouc tou montélou uf ¢, (4.12). H anakataskeu sthn eiki-
na (g) anadeiknOei tic periodikéc ptugéc thc topik ¢ dom ¢, antbje ta
me thn eikina () ipou apitomec, mh-periodikéc metabseic ebnai pio
ENIONEC. . . . . o o 87
Di“krish periog,n uf ¢ api akméc, grhsimopoi,ntac topik™ ana-
gennhtik™ rgontéla: Eikina (a) kai pl'th twn montélwn uf ¢ () kai
akmc (g) A%+ AZ metaAg; A, ektim mena “sei tou tOpou (4.20).
Ta pl'th stic eikinec () kai (g) ebnai anloga me thn pijanof'ne ia
twn dedoménwn, dedomeénhc thc ki'shc tou s matoc. Oi Osterec pija-
nithtec twn ki"sewn omaloO s matoc (d), s matoc uf ¢ (e) kai akm ¢
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5.4 To anagennhtiki montélo thc proséggis ¢ mac: oi par'metroi sq -
matoc kai emf'nishc  S;t sunjétoun thn emfnish tou antikeiménou
meésw enic montélou, pou sth sunégeia sundu“zetai me to tmhmatik™
stajeri montelo tou intou. O sunduasmic epitugq netai mésw enic
pPnaka kat"tmhshc (kruféc metablhtéc), pou kajorbzei poia tm mata
thc eikinac anatbjentai sthn upijesh tou antikeiménou. Gia thn e ktb-
mhsh tou pPnaka kattmhshc sundu“zetai h pistithta tou montélou
stic parathr seic me plhroforba sqgetik™ me to qwrbo tou antikei-
meénou. Gia ektbmhsh paramétrwn h pijanofneia twn parathr sewn
pou rbskontai mésa sth ‘m"ska' megistopoiebtai. . . . ... ... .. 10

5.5 Apotelesmata "nwjen kat'tmhshc gia eikinec autokin twn kai pro-
s,pwn, grhsimopoi,ntac to ma E se epbpedo tmhm™twn. Qrhsimo-
poi ,ntac éna stajeri kat,fli gia ta apoteléesmata tou matoc E,
ta tm mata thc eikinac pou an koun sthn upijesh tou antikeiménou
thc anatbjentai. An kai h kattmhsh tou antikeiménou ebnai qont  rik”
swst, emfanbzontai probl mata lept ¢ kilbmakac, ipwc mba atuq ¢
kat'tmhsh gamhloO epipédou na égei wc antBktupo sthn “nwjen ka-
t"tmhsh ton anakrib entopismi twn orbwn kai gwni,dh perigrmmata. 109

5.6 SOgkrish metaxO twn dOo mejidwn “nwjen kattmhshc: H exélixh kam-
pul.n parégei kalOtera apotelésmata api th méjodo pou ulopoieD
to ma E se epbpedo tmhm™twn, dbnontac omal” perigr"mmata, pou

entopbzoun swst” ta iria twn antikeiménwn. . . . . ... ... L 114
5.7 Diaforéc sthn prosarmog qgrhsimopoi ntac enallaktik™ krit ria

AAM: (a) Eikina proc an’lush, () anakataskeu mésw tou aploO

krithrbou el"qistwn tetrag,nwn, (g) eis"gontac plhroforba kat “tmh-

shc mesw tou EM, (d) ta apotelésmata tou matoc E. Eis"gontac ton
EM kajbstatai eOrwsth h prosarmog twn AAM kaj,c agnooOntai
periogéc me mh montelopoioOmenh emf nish, ipwc to trbto par’juro

ta malli” stic K'tw gramméc. . . . . ... ..o 119

5.8 P°nw gramm : H "nwjen plhroforba mporeb na elti,sei tic epidi-
seic anbgneushc periorbzontac tic esfalménec etikec apof'sei c (false
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6.13 Apotelésmata sunergetik c anbgneushc antikeiménwn: to ktwje n sO-

6.14

sthma protePnei éna sOnolo pijan.n topojesi.n gia antikePmena, oi
opobPec epalhjeQontai api to "nwjen sOsthma, ipwc perigrfetai sto
kebPmeno. Gia mPa sugkekriménh tim enic katwflioO, oi topojesbec
me kikkinh diakekomménh gramm aporrbptontai, en, me thn pr'sinh
suneq egkrbnontai. Genikitera étsi periorDzontai oi yeudebc a  nigneO-
seic, me to kistoc orisménwn gamenwn etik,n (I. dexi” st |h).

P"nw gramm : (a) Belti,seic sthn epbBdosh pou eis"gontai se di afo-
etik” st"dia epexergasbac: BU: bottom-up, NB: naive Bayes, TD:
Top-down, GM: Graphical model, GMTD: Graphical model & Top-
down. () Sumbibasmic akrbbeiac / tagOthtac; h epPdosh tou “nwjen
anigneut elti,netai aux™nontac to pl joc twn upojésewn ( particles )
kai elatt.nontac to ma olokl rwshc. (g) SOgkrish me apotelésma-

ta “llwn mejidwn, met” thn katapbesh mh-megbstwn. K'tw gramm :
Sugkritik™ apotelésmata gia tic “llec kathgorbec antikeiménwn.
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PROLOGOS

H irash upologist,n ePnai éna eurQ ereunhtiki pedDo me endiaféron ti SO ew-
htiki iso kai praktiki; péra api tic iatrikéc, iomhganikéc kai emporikéc efar-
mogec thc, h katanihsh kai montelopobhsh twn mhganism n thc irashc e Pnai éna
gohteutiki iso kai dOskolo priblhma.

Par” tic meg’lec prosdokPec kai thn auxanimenh upologistik isqO, me t" api
ereuna perbpou tri,n dekaeti,n oi praktikeéc efarmogéc thc irashc upol ogist,n
paraménoun periorisménec se polO sugkekriména probl mata. Péra api th d edo-
ménh duskolPa tou probl matoc, auti a mporoOse na apodojeP kai sthn tOpo u
“diabrei kai asbleue' taktik pou égei akoloujhjeb api tic pr tec dekaetbec. Sta
plabsia aut ¢ thc diatrib ¢ epidi ketai mba sunjetik proséggish s e probl mata
thc irashc upologist,n, égontac we asiki stiqo thn api koinoO ant imet, pish dOo
kOriwn periog,n thc irashc, thn kat'tmhsh eikinwn kai thn anagn,ris h antikei-
ménwn.

Gia thn empistosOnh kai th st rix tou kat” thn enasqgilhs mou me én a éma
tiso sunarpastiki euqarist, ton epiblepont™ mou, Kaj. Pétro Maragk 1. Api
tic pr,tec hmérec thc sunergasbac mac me “‘pbese' na organ,sw thn ergas Da kai ton
tripo skéyhc mou, gwrbc poté na periorbsei thn episthmonik mou eleujerb a, kai
pisteOw iti aut h diatrib den a tan efikt an den ePga paradeig matisteb api
thn epimon , upomon kai ton enjousiasmi tou gia thn éreuna.

Ja jela na eugarist sw kai ta “lla dOo melh thc trimeloOc mou epitrop C,
Kaj. Stefano Killia kai Kaj. Andréa Stafulop”th oi opoboi tan p™n ta prijumoi
na me ohj soun kai na me sthrbxoun ipote touc to thsa. Eugarist, epb shc touc
Kaj. Spurbdwna Tzafesta, Kaj. Nikilao Mar"to, Kaj. Timoléonta S ell, kai
Kaj. Nikilao Galats"no, oi opoboi deqt kan na ebnai melh thc ept ameloOc mou
epitrop c.

Wrfel jhka shmantik™ api thn paramon mou sthn ereunhtik om™da Odyssee
tou INRIA sthn Sophia Antipolis kai api thn ereunhtik mou enasqilhnsh me to
iologiki sOsthma irashc pou mou priteinan oi Dr. Rachid Deriche kai Kaj.
Olivier Faugeras . Epbshc, euqarist, ton Kaj. Alan Yuille gia thn sunergasba pou
ebgame kat” th sOntomh all” sunarpastik perDodo thc paramon ¢ mou sto UCLA.

'Htan meg’lh mou tOgh pou kat” thn di“rkeia tou didaktorikoO mou er gasthka
se ena perib’llon me sp’niouc anjr,pouc, me touc opobouc elpbzw na parameb-
noume demeénoi kai sto méllon ipwc tra. Idiabtera a jela na eugarist sw ton
Basblh Pitsik’Ih, o opoboc gia p"nw api pénte grinia apotélese upide igma sun-
trofikithtac, th Q’ric Papas’ika pou se tisec perist™seic ~ esws e thn kat"stash’,
to pijanotiki  cluster tou Gi,rgou Papandréou kai N"ssou Katsam™nh gia suzh-

t seic, sqilia, anaforéc kai thn o jei” touc, ton Gi,rgo Euagg elipoulo gia th
sunergasPa pou ePgame sthn an’lush uf ¢ kai thn Nat’sa SofoO gia ta p°nta



emyuqgwtik™ thc sqilia. Ston palaiitero tou ergasthrbou mac, Dhm tr h Dhmh-

tri"dh eOqomai kal stadiodromba, kai stouc neiterouc, Stam’th Leuk immi“th kai
T"so RoOsso kal sunégeia. Teloc, a jela na euqarist sw touc Bl ouc mou pou
sunégisan na me y"gnoun, par” thn poluet exaf’nis mou.

Aut h diatrib , ipwc kai i,ti “llo ofebletai stouc gonebc mou, Marie tta kai
Stéfano. Elpbzw na apotelebD mba mikr antapidwsh gia th storg, ron tBbda kai

upomon touc gia ila aut” ta grinia.

Aj na, loOnioc 2006



PERILHYH

Aut h diatrib asqolebtai me ta probl mata thc anagn,rishc antike iménwn kai
thc kat"tmhshc eikinwn, éqontac wc asiki stiqo ton sunduasmi touc. To plabsio
meésa sto opobo diatup,nontai oi shmantikiterec suneisforéc ebnai h pijanotik ,
Bayesian , proséggish se probl mata irashc upologist,n, pou mporeb na sunoyi-
steb sthn idéa thc An“lushc-mésw-SOnjeshc: égontac sth di'jes ma ¢ éna montelo
sOnjeshc thc eikinac, h an’lush mPac néac eikinac an"getai sthn prosarmog tou
montélou.

Uiojet,ntac thn pijanotik proséggish problhm™ta ipwc h anbgneush a km.n, h
montelopobhsh uf ¢, h kat"tmhsh kai h anagn, rish antikeiménwn diat up,nontai se
ena koini plabsio, mésw anagennhtik,n ( generative ) kai grafik,n montélwn. Koinic
“xonac gia ilec tic suneisforéc thc diatrib ¢ apoteleD h diatOpws h kai gr sh
montélwn pou na antapokrbnontai stic idiaiterithtec tou probl ma toc thc irashc.

H kainotomba pou eis"gei aut h diatrib mporeb na sunoyisteb sta para K'tw
shmeba:
Eisagwg tou algirijmou Expectation Maximization  gia th diatOpwsh tou

priblhmatoc thc Sunérgeiac.

Sunduasmic Montelwn EnergoOc Emf'nishc ( Active Appearance Models -
AAM) kai Tegnik,n Epipedosunilwn gia th Sunergeia Kat'tmhshc kai Ana-
gn.rishc.

Qr sh Grafik,n Montelwn kai Shmebwn Endiaferontoc gia thn api koi noO
‘Anwijen kai K"twjen '‘Anbgneush Antikeimenwn.

Topik™ Anagennhtik™ Montéla gia thn An”lush kai Kattmhsh Eikinwn Uf c,
di“krish Uf c/Akm_n kai th Stajmisménh Exélixh Kampul,n.

Pijanotik DiatOpwsh kai Ekm’jhsh enic Montélou QamhloO kai Méso u
Epipédou Leitourgi,n tou BiologikoO Sust matoc ‘Orashc.






ABSTRACT

This dissertation deals with the problems of object recognition and image seg-
mentation, focusing primarily on their combination. The major contributi ons of
this dissertation build on the probabilistic, Bayesian approach t 0 computer vision
problems, whose essence is captured in the Analysis-by-Synthesis frame work:
once an image synthesis model is available, image analysis can be phrased as
model tting.

Adopting the probabilistic approach, problems like edge detectio n, texture
modeling, image segmentation and object recognition are phrased in a common
setting, using generative and graphical models. The common theme for al | the
contributions of this dissertation is the formulation and usage of probab ilistic
models that account for the specic aspects of the vision problem co nsidered.
The novelty introduced in this thesis can be summarized in the following p oints:

Introduction of the Expectation Maximization algorithm for the form ulation

of the Synergy problem.

Combination of Active Appearance Models and Level Set techniques for the
Synergy between Segmentation and Recognition.

Joint Bottom-up and Top-down Object Detection using Graphical Mode Is
and Interest Point Features.

Local Generative Models for Texture Analysis and Segmentation, Edge/ Texture
Discrimination and Weighted Curve Evolution.

Probabilistic Formulation and Learning of a Biologically Motivate d Model of
Low- and Mid- Level tasks.






Kef'laio 1

Eisagwg

1.1 To Priblhma thc Sunérgeiac

To kurbarqo par"deigma thc irashc upologist,n mporeb na sunoyisteb sto montée-
lo pou parousPazetai sthn anafor” [153], sOmfwna me to opoPa h epexerga sba thc
optik ¢ plhroforbac akoloujeb mba k'twjen ( bottom-up ) poreba, me diadikasbec
auxanimenhc poluplokithtac na grhsimopoioOn ta apotelésmata twn prohgo Ome-
nwn, aploOsterwn stadbwn. Auti to montélo ePnai dhmofilec kaj.c epitrépe i na
exet’sei kanebc to k'je upopriblhnma qwrist”, apofeOgontac éna auxhmé nhc po-
luplokithtac montélo. B"sei aut ¢ thc proséggishc diaforetikec koinithtec thc
irashc upologist,n égoun esti"sei se memonwmeéna probl mata, me thn prosd okba
iti k’pote me arket upologistik isqO kai elti,seic twn up“rgontwn mo ntelwn
kai tegnik,n a epiteugjeDP mhqganistik™ h Bdia epbdosh me to iologi ki sOsthma
irashc. An kai ousiastik priodoc égei shmeiwjeb étsi sta epimérouc pr obl mata,
el"gista sust mata éqoun kataskeuasteb pou na ebnai leitourgik™ s e mh-tetrimména
perib’llonta en, oi praktikec efarmogéc thc irashc upologist.n par ameénoun pe-
iorismenec.

H apotugba aut mporeb na apodojeb stic aplousteOseic gia tic upiloipec sun i-
st,sec tou probl matoc pou grhsimopoieb h k'je upokoinithta. Gia par” deigma,
0i perissiteroi algirijmoi méswn leitourgi,n thc irashc, ipwc katt mhsh eiki-
nwn, ektbmhsh kbnhshc antBlhyh “jouc ewroOn iti ta antikePmena s to eswteriki
touc mporoOn na montelopoihjoOn we tmhmatik™ sunegeBc sunart seic wteini thtac
kai diatup,noun majhmatik™ probl mata pou asbzontai sthn paradoq aut . Se
ena uyhlitero epbpedo, arketob algirijmoi anagn, rishc antikeimén wn ewroOn iti
to antikeDmeno éqei diaqwristeb api to perib’llon tou, dhlad fiti to priblhma thc
kat"tmhshc egei dh lujeb. Kat” th di‘rkeia aut c thc dekaetbac egei argbsei na
diafabnetai iti poluplokiterec proseggbseic ebnai aparabthtec , pou na antimetw-
pbzoun to priblhma thc irashc se perissitera tou enic epbpeda, epitré pontac thn
epPlush dOskolwn problhm™twn antBlhyhc sundu”zontac étsi ta epimérouc upo-
probl mat™ touc (sunérgeia). Sthrbzontac aut n thn proséggish, a potelésmata
api to q,ro thc Gnwstik ¢ Yuqgologbac [171] kai thc Yugofusiologbac [143, 142]
katadeiknOoun iti kai sto iologiki sOsthma irashc h o thc plhro forbac ako-
loujeb éna sOsthma an"drashc, ipou h sunergasDa metaxO gamhliterwn k ai uyh-
literwn stadbwn epexergasbac ebnai suneq ¢ kai amfbdromh.

'Ena par"deigma pou anadeiknOei thn grhsimithta mbac tétoiac prosé ggishc
abnetai sto sq ma Sq. 1.1 [165]. En, emebc antilambanimaste "mesa thn Opar-



2 Kef'laio 1. Eisagwg

xh enic atimou mésa sthn eikina kai ewroOme thn upiloiph eikina wc into
(background ), itan énac upologist ¢ prospaj sei na katatm sei thn eikina kai

na k'nei anagn. rish antikeiménwn (en prokeimenw pladn,n iyewn pros,pou), do-
skola a d sei swst™ apotelesmata. Se iti afor” thn kat"tmhsh, ipwc a Pnetai
sthn eikina Sq. 1.1 () oi metaboléc thc wteinithtac sp™ne thn per iog tou pro-
s,pou se perissitera mikritera tm mata en, af noun to pPsw méroc tou ke falioO
na enwjeb me to into. 'Oso gia thn anagn,rish, h an’lush tou pros,pou e Pnai

tiso gamhl pou den epitrépei thn anbgneus tou me k’poia sigouri”.

() (@)

Sqma 1.1: Anagkaiithta thc api koinoO antimet, pishc leitourgi,n ir ashc qa-
mhloO kai uyhloO epipédou [165]: (a) Eikina pou periégei éna antikeD meno ()
Apotelésmata anbgneushc akm,n (g) Megéjunsh thc perioq ¢ tou pros,pou. H
eikina den ebnai kat'llhlh gia thn efarmog tupik,n mejidwn kattmh shc kai
anbgneushc antikeiménwn, ligw thc gamhl ¢ an"lushc, thc éntonhc skbashc kai thc
perbplokhc dom c thc. Qrhsimopoi ntac imwc to montélo enic anjr,pou h er mh-
nePa thc dieukolOnetai, epitrépontac thn apotelesmatik ekteles h twn epimérouc
leitourgi,n thc kat"tmhshc kai anbgneushc.

H idéa thc sunérgeiac ebnai iti an, éstw kai me mikr ebaiithta, argik™ ew-
soume iti up’rgei éna priswpo sthn eikina, mporoOme na ermhneOsoume opite

kai na agno soume tic akméc pou prokOptoun api thn skBash, en, gnwrbzont ac
to sq ma enic pros,pou katalababnoume iti den en netai me to upiloipo wtei ni
tm ma thc eikinac. Api thn “llh, éqontac reb mba perioq thc eikina C pou na
sumfwneb me tic probléyeic tou montélou tou pros,pou mporoOme na aux soume

thn empistosOnh mac sthn upijesh aut , h opoba arqgik™ mporeb na asbsthk e mino
se topik™ garakthristik”, ipwc h mOth.

1.2 Proséggish sto priblhma thc Sunérgeiac

To genikitero plabsio thc "nwjen ( top - down ) irashc sto opobo eqoun diatupwjeb
oi parap™nw idéec mporeD na sunoyisteD sthn idéa thc ~ An’lushc - mésw - SOnjeshc .

H proseggish aut asbzetai sthn gr sh montélwn gia ta antikeDmen a tou opti-
ko® mac perib’llontoc, kai dedoménhc mbac neac skhn c, an’gei th n ermhneba thc
sthn anakataskeu thc mésw twn montélwn pou éqoume sth dijes mac, p.q. gia
priswpa, autokbnhta, ktria k.o.k. (Sg. 1.2). 'Etsi, h ermhneba t hc skhn ¢ den
akoloujeb mba kajar” k“twjen poreba all” kajorbzetai kai api thn pr iterh gn,sh
(prior knowledge ) pou diajétoume gia ton tripo me ton opoPon mporoOn na égoun
prokOyei oi parathr seic api ta antikeDmena. H ktwjen o plhroforD ac mpo-

eb na ewrhjeb iti epitugq nei thn epbspeush aut ¢ thc diadikasbac , pareqontac
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Sq ma 1.2: Montélo thc “nwjen irashc [190]: parametrik™ montéla po u up“rgoun

gia ta optik™ antikePmena grhsimopoioOntai gia thn ermhneba mbac sk hn ¢ mésw thc
anakataskeu c thc.

endebxeic sto “nwjen sOsthma irashc sgetik™ me to poiec upojéseic eD  nai wfélimo
na exetastoOn.

'‘Ena majhmatiki plabsio sto opobo éqei diatupwjeDb aut h proséggish eb nai
h Jewrba ProtOpwn ( Pattern Theory ) thn opoPa arqik™ eis gage o UIf Grenander

[78] kai argitera anélusan, ef'rmosan kai epékteinan ergasbec ipwc [75, 79, 166,
218]. 'Opwec analQetai sthn anafor” [166] h ewrba aut antimetwpbzei to priblh-
ma thc katanihshc protOpwn to opobPo apoteleD éna upersOnolo thc anagn.ri shc
protOpwn; stigoc ePnai na ekmajeutoOn, analujoOn, kai anaparagjoOn ta pr itupa
pou emfanbzontai ston usiki kismo se ilh touc thn poikilba kai poluplok ithta
kat” tétoio tripo pou na epitrépei thn exagwg twn usik n aitbwn pou ta pro k-
lesan.

Qrhsimopoi,ntac to pijanotiki plabsio to opobo akoloujebtai se aut n th dia-
trib gia th diatOpwsh tou probl matoc, ewroOme iti to montélo M (k) tou k-
e antikeiménou Kk grhsimopoieb éna sOnolo paramétrwn Ay (k) gia na sunjesei
to uposOnolo twn parathr sewn thc skhn ¢ pou tou antistoiqoOn; gia th sOn-
esh mbac skhn c perissitera tou enic antikebmena sundu”zontai, en, eis"gontai
epipléon tugabec metablhtéc pou perigrifoun thn skhn, ipwc o wtismic, t 0
“joc sto opobo rbskontai ta antikeBPmena, h ésh thc kK"'merac, k .0.k. Sundu™-
ontac ta parap"nw me ena montelo tou sfllmatoc eqoume mba katanom pija ni-
thtac p“nw stic parathr seic | mbac eikinac P (I jA), ipou to sOnolo paramétrwn
A =1M ;Am @) Am k)s Ascd sunoybzei thn ermhneba thc skhn ¢ mésw tou su-

nilou montelwn M | twn paramétrwn twn epimérouc montélwn kai twn paramétrwn
thc skhnc  Agc.

'Eis"gontac mesw mbac priterhc katanom ¢ (  prior distribution ) p"nw stic pa-
ameétrouc P (A) th gn,sh mac sgetik™ me touc tripouc me touc opobBouc paramor-
,hontai kai sundu“zontai ta antikebmena, h ermhneba thc skhn ¢ an “getai sthn
efarmog tou tOpou tou  Bayes

. P(IJA)P(A :
p(ajl) = WAPA) /o ia)p(a) (1)
P(I)
Sunoptik®, h anagn rish protOpwn anazht™ na proseggbsei thn posithta P(AjI)
en, h katanihsh protOpwn epidi kei thn kataskeu kai gr sh twn irwn P(IjJA);P(A)

“sei twn opoPwn upologbzetai kai o iroc P (Ajl).
Me “sh aut thn proséggish mporoOme na diagwrDsoume thn kataskeu mon-
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telwn api thn antimet pish sugkekriménwn leitourgi.n thc irashc; étsi gia par’-
deigma to Bdio montélo gia éna priswpo mporeb na grhsimopoihjeb gia thn  para-
koloOjhsh thc kPnhs ¢ tou, thn anBgneush kai thn kat'tmhs tou; ek tim,ntac tic
paramétrouc tou montélou epilOontai tautigrona ila ta probl mata, en , elti,-
nontac to montelo tou pros,pou elti,netai h epbdosh tou sust matoc s ta epime-
ouc probl mata.

Epbshc, grhsimopoi,ntac montéla gia antikebmena, ta probl mata thc irashc
gamhloO epipédou kajbstantai kal ¢ orisména, kaj.c o g.roc I0se n touc perio-
Dzetai. H diafor™ me th sunhjisménh majhmatik proséggish thc kan onikopobh-

shc (regularization ) ebnai iti oi periorismob pléon den asbzontai sth majhmatik
diabsjhsh, all" mporoOn na ekmajeutoOn api to perib’lion.

'Eqontac ései to plabsio auti, ta kOria probl mata ePnai h katask eu tou mon-
telou sOnjeshc P (Il jA) kai thc priterhc katanom ¢ P (A) (st"dio ekm’jhshc), kai
h ektbmhsh twn paramétrwn tou montélou dedoménhc mbac eikinac (st'di o an’lu-
shc). Ta majhmatik™ ergaleba gia thn efarmog thc proséggishc aut c apoteloOn
ta anagennhtik™ kai grafik™ montéla, sta opoba asBsthke kai h ereun” pou égine
sta plabsia aut ¢ thc diatrib c.

1.3 Suneisforec kai Dom Didaktorik ¢ Diatrib c

Stigoc aut ¢ thc diatrib ¢ ebnai na exetasteb h dunatithta dia tOpwshc kai ek-
met’lleushc thc sunérgeiac metaxO twn diergasi.n thc anagn,rishc a ntikeiménwn
kai kattmhshc eikinwn. Ta dOo aut™ probl mata ePnai eurOtata, kai sun du™-
oun ptugéc sgedin api ilo to “sma thc irashc upologist,n, ipwc anbgneush

akm_n, an’lush uf ¢, anagn rish protOpwn, ekm’jhsh montélwn kai anBgneus h
antikeimenwn. Kat™ thn exélixh kai wrbmansh thc éreunac pou égine s ta plabsia thc
didaktorik c diatrib ¢ asqolhj kame kai me tic epimerouc sunist,s ec tou probl -
matoc, ,ste apokt,ntac mba absjhsh twn problhm™twn pou emfanbzoun na rej eb
poO kai p,c a mporoOse na grhsimopoihjeP o sunduasmic touc. To enopoihtiki
plabsio gia thn éreuna pou égine sta plabsia thc diatrib ¢ aut ¢ apo telese h dia-
tOpwsh, ekm’jhsh kai gr sh pijanotik.n montélwn pou na antapokrbnonta i stic
gewmetrikec idiaiterithtec twn optik, n antikeiménwn.

H dom thc diatrib ¢ antikatoptrbzei ta st"dia thc ereunac pou ek pon jhke
sta plabsi” thc: sto 20 kef'laio parousi"zontai sOntoma oi kOriec t egnikéc ana-
gn,rishc antikeiménwn kai kat"tmhshc eikinwn kaj,c kai ta asik™ s toigeba twn
anagennhtik,n kai grafik,n montélwn. Sto 3o kef'laio parousi“zet ai h ergasba
pou égine sta plabsia thc an’lushc thc sunérgeiac metaxO gamhloO ka i mésou epi-
pédou leitourgi,n thc irashc, ipwc anbgneush akm, n, omalopobhsh eikin ac kai
sOndesh perigramm™twn. To 40 kef'laio periégei ta apotelésmata thc & reun’c
pou egine sthn kat"tmhsh eikinwn uf c, ipou o sunduasmic gewmetrik n kai sta-
tistik,n mejidwn katésth dunatic sto plabsio twn anagennhtik,n mont elwn. Sto 50
kef'laio eis"getai mPa statistik proséggish sthn api koinoO k at"tmhsh kai anb-
gneush antikeimenwn, “sei tou algorBjmou Expectation Maximization , en, sto 60
kef'laio protebnetai mba mejodoc pou sundéeei anagennhtik™ kai gr afik® montela
gia ton sunduasmi “nwjen kai k“twjen plhroforbac gia thn anbgneush a ntikei-
meénwn. Oi ereunhtikéc suneisforec pou éginan sta plabsia thc diatr ibc autc
entopbzontai stic parak™tw periogéc:
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Kef'laio 2: Mh-grammik proséggish sunart sewn me tegnikéc ekm’jhshc
mhgan,n

Xekin ntac api éna prwtargiki priblhma thc anagn, rishc protOpwn, thn pro seég-
gish sunart sewn “sei enic sunilou dedoménwn ekpabdeushc, ulopoi j hkan, sug-
krbjhkan kai efarmisthkan tegnikéc api to g,ro thc m’jhshc mhgan,n , ipwc db-

ktua tOpou Radial Basis Function , argitektonikéc Takagi-Sugeno-Kang/Mixture-
of-Experts kai Support Vector Machines

Kef'laio 3: Ekm’jhsh montélwn gia leitourgbec irashc gamhloO kai mésou
epipédou.

'Eqontac wc stiqo thn kataskeu enic montélou gia leitourgbec ir ashc gamhloO kai
meésou epipédou (anbgneush akm,n, omalopobhsh kai kat“tmhsh eikinwn) po  u na
asbzetai sth leitourgba tou iologikoO sust matoc irashc, as golhj kame me thn
metabolik kai pijanotik tou diatOpwsh kai thn ekm’jhsh twn paramétr wn tou.
Qrhsimopoi ntac thn metabolik proséggish h leitourgba tou montel ou ermhneO-
thke wc ulopobhsh mbac sugkekriménh morf ¢ sumperasmatologbac (Mean Field
Approximation) p°nw se éna grafiki dbktuo. B"sei aut ¢ thc e rhshc, h ekm™-

hsh tou montélou epiteOgjhke mésw tegnik.n ekm’jhshc paramétrwn gra fik,n
diktOwn, dbnontac susthmatik”™ kalOtera apotelésmata anBgneushc ak m.n.

Kef'laio 4: An’lush, kat'tmhsh kai anBgneush uf ¢ me qarakthristik”
diamirfwshc, anagennhtik™ montéla kai stajmisménh exélixh kampul,n

Gia to priblhma thc kat'tmhshc eikinwn argik™ prot’jhke o sunduasmic gara-
kthristik,n uf ¢ tOpou AM-FM me tegnikéc exelixhc kampul,n, pou édwse ika-
nopoihtik™ apotelesmata sthn kat'tmhsh usik,n eikinwn pou periebgan entonh
uf . Akolouj ntac mPa pijanotik proséggish, ermhneOthke h diadikas ba exagw-
g ¢ garakthristik,n mésw enic anagennhtikoO montélou, kajist,n tac etsi dunat
thn eisagwg enallaktik,n montélwn gia akmec kai omaléc periogéc. M Dba prakti-
k efarmog thc ideac aut c ePnai o sunduasmic diaforetik,n phg,n plhr oforbac
sthn diadikasPa thc kat"tmhshc, mésw thc eisagwg ¢ twn Osterwn pija not twn touc
ston algirijmo exelixhc kampul ,n. Xekin ntac api mba pijanotik méjod o sOn-
thxhc plhroforbac auti epitugg netai mésw enic néou sgq matoc, pou o nom“zoume
stajmisménh exélixh kampul,n. 'Etsi antimetwpbzetai to praktiki pribl hma thc
di"krishc periog,n uf ¢ kai akm,n apalebfontac thn epbdrash twn lanj asmenwn
garakthristik,n uf ¢ p"nw se akmeéec/omaléc periogéc kai twn éntonwn a km.n se

periogéc uf c.

Kef'laio 5: Sunergeia anagn,rishc antikeimenwn kai kat"tmhshc eikin wn
mésw anagennhtik,n montélwn kai tou algorbjmou Expectation Maximiza-
tion. (EM)

B“sei thc proséggishc twn anagennhtik,n montélwn, prot'jhke h efa rmog tou
algorbjmou EM sto priblhma thc sunérgeiac. Antimetwpbzontac to pribl hma thc
kat"tmhshc eikinwn wc thn an”jesh periog,n thc eikinac se montéla g ia antikebme-
na kai thn anagn,rish/an”lush antikeiménwn wc thn ektbmhsh twn paramé trwn enic

montélou, to priblhma an“getai sthn ektbmhsh parametrwn me elleip ded omena,
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kaj,c h kat'tmhsh ebnai “gnwsth. O algirijmoc EM apoteleD mba kajie rwme-
nh proseggish gia probl mata me elleip dedoména pou egguhména katal gei se
mba (topik") eéltisth I0sh en, h taqOtht” tou kajist™ dunat thn pra ktik ek-

metlleush thc sunérgeiac. H saf neia thc diatOpwshc mésw tou algor Bjmou EM
egei epitréyei ton sunduasmi diaforetik,n tegnik,n thc irashc upolog ist,n, ipwc

montéla energoOc emf nishc kai exélixh kampul n, epitrépontac epbshc thn eisa-
gwg plhroforbac kat"tmhshc stic sgéseic prosarmog ¢ twn anagenn htik, n monté-

lwn. Susthmatik™ kalOtera apotelésmata se anBgneush kai kat'tmhsh a ntikeime-
nwn égoun epiteugjeD mésw thc sunérgeiac twn dOo problhnm™twn, en, epekteD nontac
thn efarmosimithta thc mejidou prot’jhke mba tegnik gia thn automa topoihménh

kataskeu anagennhtik,n montelwn.

Kef'laio 6: Sunduasmic "nwijen kai k'twjen plhroforbac gia anbgne ush
antikeimenwn mésw grafik,n montélwn kai prwtargik,n garakthristik,n
eikinac

H proséggish thc exagwg ¢ shmebwn endiaférontoc gia anbgneush an tikeiménwn me-
sw tmhmatik,n anaparast’sewn antimetwpbsthke sto plabsio twn anagenn htik,n-

grafik,n montelwn, esti"zontac ston sunduasmi thc "nwjen plhroforb ac pou pa-
egei éna anagennhtiki montelo me thn k'twjen plhroforba pou proér getai api
thn eikina. Qarakthristik® tOpou “bdwn, akm_n kai khiBdwn grhsimo poi jhkan
gia thn ekmjhsh apl n grafik,.n montélwn tOpou ta opoPa efarmizontai st hn
K'twjen anbgneush antikeimenwn. H eisagwg “nwjen plhroforbac me te gnikéc
grafik,n diktOwn katésth dunat mésw mbac tagePac mejidou gia ektbmh  sh thc pi-
anof'neiac upojésewn exeidikeumeénh se probl mata pou perilamb™noun e ikinec.
P nw se gnwst” sOnola dedoménwn aut h proséggish éqei d_sei apotelés mata is"-
xia me ta kalOtera twn teleutabwn et.n, grhsimopoi_ntac shmantik™ aploOs terec

anaparast’seic gia antikebmena.



Kef'laio 2

Jewrhtiki Upibajro Kkai
Episkiphsh EreunhtikoO Pedbou

2.1 Kat'tmhsh Eikinwn

To priblhma thc kattmhshc eikinwn mporeb na oristeD se éna geniki e pPpedo wc h
anaz thsh enic diaqwrismoO thc eikinac se omoiogenebc periogéc , kat™ énan tripo

pou na antistoigeb sthn anjr, pinh antblhyh. H duskolba tou probl ma toc rbske-
tai tiso se uyhli epPpedo, kaj,c diaforetikob “njrwpoi mporoOn na katat m soun
thn Bdia skhn me diaforetikoOc tripouc, iso kai se gamhlitero, ka j,c ta kri-

tria me ta opoba orbzetai h omoiogeneia twn periog,n poikbloun api eik ina se

eikina, en, ePnai sugn™ dOskolh h diatOpwsh kai posotikopobhs touc ( p.g. Sq.
2.1).

H sunhjisménh proséggish ewreD iti ta tm mata thc eikinac mporoOn na o ma-
dopoihjoOn “sei k’poiou garakthristikoO gamhloO epipédou, ipwc h wte ini-
thta thc eikinac, to gr,ma, h éxodoc mbac sustoigbac DBltrwn. Ta kr it ria pou
grhsimopoioOntai sth diatOpwsh twn algorBjmwn kattmhshc asbzontai tite sthn
omoiogénei” twn qgarakthristik,n sto eswteriki twn periog,n /kai t hn asunéqei”
touc ekatérwjen twn orbwn touc, en, oi epijumhtéc IOseic mporoOn na periori stoOn
eis"gontac epipléon irouc pou aforoOn to m koc twn diaqwristik,n gramm_n kai

thn ektash twn periog,n.

2.1.1 Kirit ria kai mejodoi kat"tmhshc eikinwn

Ta krit ria pou grhsimopoioOntai gia thn kattmhsh eikinwn mporoOn na omado-
poihjoOn stic parak™tw kOriec kathgorbec:

‘Anwijen krit ria

Wc poiotik kat"tmhsh ewrebtai aut ipou mésa se k’je tm ma thc eikin ac mporeb
na kataskeuasteb éna aplopoihméno montélo twn parathr sewn pou na ta mo nte-
lopoieb ikanopoihtik™. Qarakthristik® paradebgmata ebnai to t mhmatik™ omali
montélo thc eikinac [168, 15, 217], h tmhmatik™ stajer proseggi S tou [248, 32]
kai genikitera ta anagennhtik™ montéla gia kat'tmhsh [219, 21 8]. H grsh enic
montelou gia thn eikina ebnai suggrinwc priblhma kai protérhma, kaj ,C afe-

nic ePnai dOskolo na kataskeuasteb éna montélo pou na sundu“zei ekf  rastikithta
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(d)

pédou probl mata thc kat'tmhshc: P~ nw

gramm : Ta krit ria me ta opoPa apokaloOme tic periogéc thc eikinac omo iogenebc
den ebnai koin™ gia ilec tic eikinec, oOte mporoOn na posotikopoihj oOn eOkola.
Mino sthn eikina (a) ePnai gr simh h tim thc wteinithtac wc garak thristiki gia
kat'tmhsh; gia tic upiloipec to grhsimopoioOmeno qarakthristiki eD nai h dia-
spor” tou orObou () h skbash (par"gwgoc thc wteinithtac) (g) h omo iithta twn
khlibdwn (d) kai h pros nei” touc (e). K'tw gramm : Analigwc thc klDmak ac kai
tou kOriou endiaférontoc tou eat all*zei kai h kat"tmhsh mbac skhn c.

kai aplithta, afetérou éna “nwjen krit rio epitrépei thn katani hsh twn apote-
lesm™twn thc kattmhshc mésw thc anasOnjeshc twn parathr sewn kai th n "'mesh

proséggish tou probl matoc thc sunergeiac.

Krit ria duadik ¢ omadopobhshc ( pairwise clustering )

To krit rio epizhteb thn omoiithta twn garakthristik,n sto eswte riki twn periog,n

kai th diaforetikitht™ touc se sqgésh me aut™ twn upiloipwn. Paradebgma ta ebnai
to krit rio kanonikopoihmenwn tom_ n [202, 238, 150] kai oi tegnik €c paragonto-
pobhshc pin"kwn sunoq ¢ [185]. H diafor” me thn parap™nw meéjodo ebnai iti den
grei“zetai h gr sh k™poiou uyhliterou epipédou montélou ,ste na dia tupwjeb to
epizhtoOmeno krit rio; afenic étsi aplopoiebtai to priblhma, afet erou h ipoia

IOsh ebnai dOskolo na enswmatwjeD se mPa sunjetiterh proséggish, pou n  a pe-
ilamb“nei antikebmena, na sunerg“zetai me sust mata pou asbzon tai se “llec
phgéc plhroforbac, ipwc kbnhsh kai “joc.

Krit ria omadopobhshc dedomenwn

Ta qarakthristik™ thc eikinac ewroOntai wc apl” dedoména, kai ef armizontai
koinob algirijmoi omadopobhshc, en, h ipoia gewmetrik plhroforba eis"getai
ewr,ntac tic suntetagménec twn shmebwn thc eikinac epbshc wc garakth  ristik”
[7, 36]. Ja mporoOsame na ewr soume ta krit ria aut™ wc eidikéc peript,se ic
twn parap™nw dOo, itan afaireBtai h ipoia priterh plhroforba sgetik " me thn
kat'tmhsh. Teétoia krit ria sugn” grhsimopoioOntai gia probl mata ipou htebtai
na rejeb gr gora mba sunoptik perigraf twn dedomenwn thc eikinac , Ipwc gia
par"deigma sthn an"klhsh eikinwn “sei perieqoménou; ebnai imwc peri orismenwn
dunatot twn, kaj,c den lamb”noun upiyh thn idiaiterithta tou probl ma toc thc

irashc.
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Krit ria sunektikithtac eikinac

Sthn perbptwsh aut , xekin, ntac api thn an’lush thc eikinac se sunekt ik™ tm ma-
ta “sei thc geitnBashc twn parathr sewn kai thc omoiithtac twn ga rakthristik, n

thc apousbac akm n, htebtai na rejeb mba diamerish thc eikinac po u na pro-
kOptei api thn suss_ reush tmhm“twn. Teétoioi algirijmoi, ipwc gia par“deig ma
o algirijmoc  watershed [10] éqoun prokOyei api thn perioq thc majhmatik ¢
morfologPac, en, h genikiterh idéa apant™ kai se tegnikéc tOpou region growing
kai ewrbac grifwn [59]. An kai majhmatik™ safebc kai apodotikob al girijmoi
mporoOn na kataskeuastoOn “sei aut ¢ thc proséggishc, krbsima émat a ipwc
p.g. h epilog tou krithrBou sunektikithtac h méjodoc suss,reushc tmhm™twn

den éqgoun p'nta k"poia profan |1Osh.

Krit ria akm_n/perigrrmmatoc

H proséggish aut an“gei thn kat"tmhsh sthn omadopobhsh thc exido u enic su-
st matoc anBgneushc akm,n me kleist™ perigrymmata. 'Etsi afenic para k"mptetai
to priblhma thc montelopobhshc twn qarakthristik,n, grhsimopoi, nta c ta apo-
telésmata enic algorbjmou akm.n wc mPa sOnoy touc, afetérou eis"gont ai nea
probl mata ipwc h anbgneush twn akm_ n kai h omadopobhs touc. lkanopoihti -
k™ apotelésmata “sei autoO thc proséggishc mporoOn na epiteugjoOn se s getik”
apléc eikinec [118, 31]; gia to genikitero priblhma thc kat'tmhs hc sun jwc sun-
du"zontai me algorbjmouc pou grhsimopoioOn krit ria pou ekfr"zontai “sei twn

garakthristik,n twn perioq,n [150, 178].

'Eqontac diatup,sei ena krit rio gia thn katallhlithta mbac kat “tmhshc, apomenei
h eltistopobhs tou; gia to stiqo auti h koinithta thc irashc upol ogist,n antleb
majhmatikéc mejidouc api tic parak™tw kurbwc periogec:

Meéjodoi LogismoO Metabol n

Ekfr'zontac thn kat"tmhsh wc mba sun’rthsh, to krit rio pou ekfr” zei thn poii-
tht” thc mporeb na grafeb wc éna sunarthsiaki pou posotikopoieb tic i diithtec thc
kat'tmhshc, ipwc to m koc twn orBwn, th sOmptws touc me metaboléc thc w-
teinithtac kai thn omoiogéneia twn garakthristik,n sto eswteri ki twn periog,n.
Qrhsimopoi ntac tegnikéc tou LogismoO Metabol.n, xekin ntac api mPa arqik
kat’stash h sun“rthsh exelPssetai proc thn kateOjunsh h opoba mei,n ei tagOtera
to grhsimopoioOmeno sunarthsiaki. Api thn sunj kh elagistopobhshc t ou su-
narthsiakoO prokOptoun algirijmoi Gewmetrik,n Merik,n Diaforik,n Ex is,sewn
an"mesa stouc opobouc katat"ssontai oi tegnikéc Exélixhc Kampul,n [ 31, 248] kai
Anisotropik ¢ Di"qushc [187, 213]. Sunhjéstera tetoiec tegnik ec efarmizontai se
sunduasmi me ta topik™ krit ria, all” mporoOn na epektajoOn kai se krit ria
duadik c omadopobhshc [211].

Méjodoi statistik ¢ sumperasmatologbac

Jewr ntac thn kat"tmhsh S mbac eikinac wc thn kat"stash enic usikoO sust -
matoc, to krit rio pou elagistopoiebtai mporeb na ermhneujeD wc h ené  rgei” tou
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E(S; O); oi parathr seic thc eikinac, O eis"goun exwterikoOc periorismoOc sto
sOsthma en, krit ria ipwc to m koc akm, n leitourgoOn wc eswterikoP iroi e ner-
geiac. Mporeb tite na grhsimopoihjePb o tOpoc tou Boltzmann gia na orbsei mba
katanom pijanithtac p“nw stic katatm seic

. X
p(sjo)= XPLEEO) - % (o E(s:0) 2.1)
z s
pou ewreb pijaniterec katast"seic me mikriterh enérgeia. To prib Ihma thc kat™-
tmhshc an’getai étsi sthn ektbmhsh thc Osterhc ( posterior ) katanom c¢ pijanithtac
ston g,ro twn katatm sewn. Mba amesiterh optik gwnba ebnai aut twn an agennh-
tik,n montélwn, ipou htebtai h Osterh katanom thc kat"tmhshc thc e ikinac grh-

simopoi,ntac to Bayesian plabsio, opite éqgoume P(SjO) = 2l 'OQP(S(%)) P

Gia thn ektbmhsh thc Osterhc katanom ¢ grhsimopoioOntai tiso stoq astikec te-
gnikec deigmatolhybac Markov Chain Monte Carlo  gia Tugaba Markobian™ Pedba
(Markov Random Fields-MRFs )[75, 219] kaj,c kai metabolikec teqgnikec [245], pou
parégoun mba shmeiak ektim tria antD thc Osterhc katanom c. Gia sug kekriménec

epilogéc tou pijanotikoO montélou kai tou algirijmou upologismoO t hc Osterhc
katanom ¢ mporoOme na doOme ta metabolik™ montéla sto plaBsio thc stati stik ¢
sumperasmatologbac, ewr ntac iti xekin ntac api mba argik kat"sta sh me enan

“plhsto ( greedy) tripo anazhtoOn mPa koruf thc sun’rthshc Osterhc pijanith-
tac.

Méjodoi ewrbac grfwn

Jewr,ntac K'je pixel thc eikinac wc énan kimbo enic grifou kai thn omoiithta
metaxO dOapixels wc ta “rh twn akm,n tou grfou, to priblhma thc kat"tmhshc

an"getai sthn eQresh twn tom_n pou elagistopoioOn mPa sun’rthsh Kisto uc p'nw
ston grifo. Analigwc tou krithrbou pou ekfr'zei to Kistoc thc to m c eqoume
sunarthsiak™ imoia me aut” twn statistik, n/metabolik,n mejidwn, pou el agisto-
poioOntai grhsimopoi, ntac algirijmouc Epist mhc twn Upologist,n [24, 2 3, 59]
kai kajolik™ sunarthsiak™ pou elagistopoioOntai me mejidouc thc Fa smatik ¢

Jewrbac Gr'fwn ( Spectral Graph Theory ) [202, 238].

Mba shmantik ptug ebPnai h apodotikithta twn tegnik,n me tic opobec g Pnetai h

eltistopobhsh twn krithrbwn; mba apl idéa ebnai na gbnei arqik” h kat"tmhsh
se mba mikriterh anlush kai argitera na grhsimopoihjoOn ta apotelé smata gia
na argikopoihjeb h kattmhsh sthn plrh an”lush, exoikonom ntac q rino kai

exasfalbzontac eurwstba. H idea aut mporeb na diatupwjeb kai na epekt  ajeb sto
plabsio twn poluplegmatik,n ( multigrid ) mejidwn, tiso gia metabolikéc [176] iso
kai gia tic statistikec [5] kai grafikec mejidouc [74].

Shmei,noume ed, iti ta sOnora metaxO twn mejidwn kai krithrbwn aut,.n den ep -

nai austhr™; gia par’deigma metabolikeéc méjodoi exelixhc kampul,n eq oun efar-
mosteD gia thn eOresh topik n éltistwn sta plabsia thc eOreshc thc Maximum-a-
Posteriori ektbmhshc thc kattmhshc [248, 219], algirijmoi tOpou deigmatolh yb-

ac/jewrbac gr'fwn gia thn elagistopobhsh sunarthsiak,n pou diatup,j hkan sta
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plabsia twn metabolik,n mejidwn, kai algirijmoi exelixhc kampul,n wc pros eggi-
stikéc |Oseic tou probl matoc twn kanonikopoihménwn tom n [201].

Sta plabsia thc éreun"c mac asqolhj kame me metabolikéc mejidouc kaj .C
sundu”zoun komyithta, saf neia kai apodotikithta. Epbshc éna shman tiki touc
garakthristiki ePnai iti eDnai dunamikéc, opite mporoOn na grhsimo poihjoOn pa-
“llhla me “llec diadikasbec ipwc h anagn,rish antikeiménwn, se an tbjesh me

“llec tegnikéc [162, 238] ipou aut h sOzeuxh ePnai sgedin tegnht

2.1.2 Metabolik Kat"tmhsh Eikinwn

SOmfwna me tic tegnikéc kat'tmhshc pou asBzontai sth ewrba tou Logi smoO Me-
tabol n [230, 42] h epblush tou probl matoc thc kat"tmhshc an"geta i sthn ela-
gistopoPhsh enic sunarthsiakoO pou posotikopoieD thn poiitht™ th c. B’sei thc
metabolik ¢ proséggishc h an’lush twn problhm™twn gbnetai sto suneq ec pedbo
ohj,ntac thn diabsjhsh kai thn saf neia en, ta probl mata diak ritopobhshc em-
anbzontai itan pleon analamb™noun oi arijmhtikob algirijmoi thn elagistopobhsh

tou krithrbou.
To genikitero plabsio twn metabolik,n mejidwn ebnai to ex c:

JewroOme thn kat'tmhsh thc eikinac wc mba sun’rthsh. H ékfras thc
mporeb na ebnai eDte mésw tdabelling thc eikinac ebte mesw twn sunirwn twn
periog,n.

Sghmatbzoume mba ekfrash pou posotikopoieb thn poiithta mbac kattmh-
shc. Kaj,c h ékfrash orDzetai p"nw se sunart seic (katatm seic) ebnai ena
sunarthsiaki.

Brbskoume th sunj kh gia éna el"gisto thc ekfrashc, grhsimopoi, nt ac th
ewrba tou LogismoO Metabol,n.

ExelDssoume thn kat'tmhsh proc thn kateOjunsh pou a ikanopoi sei th
sunj kh el"qgistou.

Api ta pleon gnwst™ sunarthsiak™ ebnai auti pou eis gagan oi Mumford Kai
Shah [168], to opobo ousiastik™ xekbnhse thn ereuna sto pedbo twn metabo lik,n
tegnik,n [161]:

ZZ ZZ
E(U;) = (I U)%dxdy + kr Uk2dxdy+ | j (2.2)
R R
Oi iroi pou emplékontai sto sunarthsiaki auti ePnai: h parathroOmenh eikina,
I, mia tmhmatik™ omal proséggish thc eikinac U, ta iria twn periog,n , kai
to pedbo orismoQ thc sun“rthshc, R. Shmei,noume iti mporeDb ta sOnora na mhn
apomon_noun p nta periogéc thc eikinac, periégontac anoiktéc kampOle c. Periori-
imenoi sthn kat'tmhsh eikinwn ewroOme iti h eltistopoPhsh tou sun arthsiakoO
(2.2) gbnetai mino p nw se diamerbseic thc eikinac, ipote an hselk ina gwrbzetai stic
periogéc Rj;i =1:::M (Sq. 2.2),eqoume ;= @R = I, |
H poiithta mbac kat tmhshc ewrebtai iti sundeetai antbstrofa me t hn posithta
E(U;) (2.2), kaj,c oi iroi pou ajrobzontai ekfr'zoun anepijOmhtec posith tec.

Sugkekriména, egoume:
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@) )
Sqg ma 2.2: (a): Gewmetrikec posithtec pou emplékontai sthn exelixh mBac kampO-
Ihc () Diamerismic mbac eikinac.

R
<(I  U)2dxdy : éna dipli olokl rwma p™nw se ilo to pedBo thc eikinac
pou timwreb thn apistash thc anakataskeu c U api thn eikina 1.

r Kr Uk2dxdy: éna dipli olokl rwma se ilo to pedDo orismoO ektic api
ta sOnora twn periog,n pou timwreb tic anwmalbec thc anakataskeu c. Sta
sOnora epitrépetai h U na éqei asunéqgeiec, opite prokOptei mPa tmhmatik”
omal proséggish.

jj= ds: éna epikampOlio olokl rwma pou ektim™ to m koc twn orBwn
twn periog,n kai odhgeD se IOseic me omal” sOnora, apofeOgontac peritté c
kampul seic. Gia thn parametropobhsh thc kampOlhc grhsimopoiebtai h
eggen ¢ gewmetrik posithta tou m kouc tixou, S.
Kaj.c h elagistopobhsh tou sunarthsiakoO aposundéetai api to sghma tismi tou,
enallaktikéc proseggbseic kai aplousteOseic éqoun odhg sei se pl joc diafore-
tik,n algirijmwn [15, 139, 32, 217].

Parimoia krit ria @qoun emfanisjeD se prohgoOmenec kai epimenec erg asbec
[75, 15, 245], me th diafor” iti ePnai orisména sto diakriti pedb o kai oi algirij-
moi pou protebnontai gia thn elagistopobhs touc ebnai eggen.c dia kritob. Anti-
étwce, oi sunj kec el"gistou thc (2.2) odhgoOn sthn epBlush Merik .n Diaforik,n
Exis,sewn-MDE ipote ewrhtikéc ptugéc, arijmhtikec mejodoi epBlushc kai h diab-

sjhsh pou égoun anaptugjeD gOrw api aut™ ta probl mata mporoOn na axiopoih-
oOn gia touc skopoOc the irashc upologist,n.

Gnwrbzoume [230] iti h anagkaba sunj kh gia thn elagistopobhsh en  ic sunar-
thsiakoO J pou orbzetai p'nw sthn sun’rthsh  f (X;y) wc
Z
J(f)= o(f;f «;fy)dxdy (2.3)

dbnetai api ton mhdenismi thc parag,gou Euler tou sunarthsiakoO:

pp =89 @ @ @ Qg
T @f @x @f @y @f

H Oparxh mBac sunoriak ¢ sunj khc thc morf ¢

(2.4)

HE YD =0 (2.5)
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sthn argik diatOpwsh tou probl matoc odhgeD sthn sunoriak sunj k h thc MDE :
@ I-}\I @ I-}\I
——Ny+ —N, =0 (2.6)
@f * @f ’

Api tic sgéseic autéc prokOptei iti gia stajeri h sunj kh el"gistou sthn opoba

empléketai h sun’rthsh U ekfrzetai api to parak’tw elleiptiki priblhma me
sunoriakéc sunj kec:

@UuU

4U=cU I) —_— =0 2.7
( ) X g
ipou @@ ePnai h kateujuntik par"gwgoc k’jeta sto sOnoro R @, thc periogc .
Téloc, h elagistopobhsh tou sunarthsiakoO J()= ds dbnetai api thn sgésh
exelixhc
Q s)
= (s)N 2.8
or- O 2.8)
ipou N ebnai to orjog,nio di"nusma (Sg. 2.2(a) ) kai (s) ebnai h kampulithta
(curvature ) thc kampOlhc  :  (S) = div( N (S)).
‘Ena “llo shmantiki ma sthn kajierwsh twn metabolik,n mejidwn tan to

ergo twn Kass, Witkin kai Terzopoulos [118], api to opobo p re ,jhsh to pedbo
thc Energ ¢ 'Orashc [14]. H idéa ePnai na argikopoiebtai mba par  ametrik , para-
morf,simh kampOlh ( snake ) pou anaparist™ to sOnoro mBac perioq ¢ k’pou mésa

sthn eikina, ewr ntac iti rBsketai sgetik™ kont™ sta iria twn antikeimenwn. O
entopismic twn orBwn epitugq netai exelDssontac thn kampOlh proc thn k ateOjun-
sh proc sthn opoba aux'netai h éntash twn akm_n, diathr ,ntac parllhl atairi
touc omal”. To sunarthsiaki pou grhsimopoiebtai ebnai:
Z, Z, Z,
J() = Eint( ( p))dp+ Eimg(( p))dp+ Econ(( p))dp (2-9)
0 0 0
O pr.toc iroc antistoigeD se genik priterh gn_sh gia thn kampOlh sge tik™

me thn omalitht” thc, o deOteroc iroc exarttai api thn eikina kai wijeb ta peri-

grrmmata se periogéc me meg’lh éntash akm_ n en, o trbtoc periorbzei th n kampOlh
analigwc thc ipoiac plhroforbac eis"gei o gr sthc.

Aut h ergasba apoteleb kai thn pr,th praktik efarmog thc idéac tou sun-
duasmoO k'twjen plhroforbac, ipwc ePnai h isqOc enic telest anbgne ushc akm,n
me priterh gn,sh pou afor” thn omalithta twn orbwn kai "nwjen periorismo Oc
pou eis"gei éna exwteriki sOsthma, ipwc énac gr sthc, sthn perDptwsh pou mac
endiaférei éna sOsthma anagn rishc. Wc epekt’seic tou montélou a uto® mporoOn
na ewrhjoOn pl joc tegnik,n thc ‘Orashc Upologist,n, ipwc ta Paramor f,sima
Perigrrmmata ( Deformable Contours ) [208, 14, 13] oi Energéc KampOlec ( Active
Contours ) [248, 31, 32, 178] oi Paramorf,simec Templétec ( Deformable Templa-
tes) [247, 90] kai ta montéla energoO sq matoc/emf nishc [38, 37, 2 26, 112].

Ta parap™nw montéla xekinoOn api mPa arqik ektbmhsh twn orBwn twn anti-
keiménwn/periog,n kai mésw mbac diadikasbac eltistopobhshc ta pro sarmizoun
sta dedoména thc eikinac. Periorbzontac ton g,ro anaz thshc s e mPa perioq gOrw
api thn treqousa ektbmhsh thc éshc twn perigramm’™twn, aut h ~ energ' méjodoc
antiparergetai probl mata thc klassik ¢ proséggishc pou a apait oOse arqgik”
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@) ()
Sq ma 2.3: Parametrik kai @mmesh anapar’stash mPac kampOlhc.

thn epblush tou probl matoc thc anbgneushc akm,n sthn pl rh éktash to u, kai
katipin thn ektélesh poluplokiterwn diadikasi,n.

Api th dekaetDa tou 80 opite kai prwtoemfanDsthkan oi tegnikéc tOpou shakes
egoun exeligjeb tiso ta majhmatik™ montela iso kai ta krit ria me t a opoba antime-
twpbzetai to priblhma thc kat"tmhshc sto plabsio twn metabolik,n mejid wn. KOria

shmeba thc wrbmanshc aut ¢ ebnai h eisagwg twn mejidwn epipedosunilwn (  level
-set methods ) [174, 200, 180] gia thn arijmhtik epblush twn Merik n Diaforik n
Exis,sewn pou prokOptoun kai ta krit ria twn Geodesic Active Contours [31] kai
Region Competition [248] pou parousi“zontai sto epimeno edfio.

2.1.3 Teqgnikec Epipedosunilwn

'Ena kOrio thma stic mejidouc energ,n perigramm’twn eBnai h parametro pobhsh
thc kampOlhc: an kai majhmatik™ to m koc tixou dPnei thn profan parame tro-
pobhsh, upologistik® den ePnai praktiki na upologbzetai api thn kampOl h gia na
grhsimopoiebtai gia thn exélix thc. Sunep.c grei“zetai h eisagwg kat"llhlwn
anaparast’sewn pou na epitrépoun ton geirismi posot twn ipwc h kampulithta

kai to orjog,nio di"nusma thc kampOlhc, kaj,c kai na prosférontai gia thn en-
swm’tws touc se algorbjmouc eltistopoPhshc. MPa I0sh gia par“deigma ebnai h
grsh splines gia thn anapar“stash thc kampOlhc [13], ipou ewroOme iti k*poia
shmeba anafor’c se sunduasmi me mPa sunj kh omalithtac arkoOn gia na or Dsoun
thn kampOlh. Sta pleonekt mata twn mejidwn aut,n prosmetr'tai h upologi-

stik apodotikithta, pou sunep”getai kai thn dunatithta kataske uc i,simwn
montélwn auxhmenhc poluplokithtac [13]. Péra imwc api probl mata sgetik “me
thn autimath epilog twn shmebwn, eggen probl mata aut ¢ thc mejidou e Pnai h

adunampa geirismoO shmebwn ipou den orDzetai h kampulithta (p.g. gwnbec ) kaj,c
kai h topologik touc duskamyba: éna perbgramma antistoigeb p'nta se mb  a pe-
iog kai den mporeD na sp’sei se dOo, akima kai an up’rgei keni an"mesa se dOo
antikebmena.

Ta probl mata aut” mporoOn na antimetwpistoOn grhsimopoi,ntac @mmesec
(implicit ) mejidouc gia thn anapar'stash kampul,n kai sugkekrimena tegnikéec
epipedosunilwn ( level-set techniques ) [174, 200, 180]. Oi tegnikéc autéc anti-

metwpBbzoun ta proanaferjénta probl mata qwrbc na katafeOgoun se arijmh tik®
teqnsmata ta opoPa grhsimopoioOsan “llec meéjodoi, en, mporoOn eOkola na ge-
nikeujoOn se dedoména uyhliterwn diast’sewn, antbjeta me mejidouc pou q rhsi-

mopoioOn parametrikéc anaparastseic thc kampOlhc.

H idéa twn mejidwn epipedosunilwn ebnai na ekfrasteb h exelissimenh k ampO-
Ih we to mhdeniki epipedosOnolo mbac sun“rthshc megalOterhc di"stash c kai h
exelixh thc kampOlhc na ekfrasteD meésw thc exélixhc the sun’rthsh ¢ aut c (Sq.
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2.3). Sugkekriména, grhsimopoiebtai mPa Lipschitz sun’rthsh embQjishc tétoia
_ste an” p“sa stigm to mhdeniki epipedosOnoli thc na mac dbnei thn kampOl h

(xy;t):f (xy;1)=0g= (1) (2.10)

Ta perissitera metabolik™ probl mata pou sgetbzontai me thn kat't mhsh ka-

tal goun sthn exélixhn mpac kampOlhc  ( t) = (X(t); y(t)) sOmfwna me mBa sqésh thc
morf c:

@

— =VN 2.11

ot (2.11)
ipouto V ebnai éna pedbo taqOthtac pou orDzetai p"nw sthn kampOlh, kai exart™  tai
tiso api thn kampOlh iso Kai tic idiithtec thc eikinac pou grhsimopoi oOntai sthn

exélixh, ipwc éntash akm,n.
Api thn sgésh  (( t);t) =0, ton kanina alusPdac kai thn (2.11) prokOptei:

d(( 1);1)
R A o)
dt
a( ;1) @
=r 77 r — =0
at r () ot
@ ( 1)t
—_— = V N 2.12
ot Q) (2.12)
Gewmetrikob iroi pou emplékontai sthn parap™nw exbswsh, ston iro V ipwc h

kampulithta kai to k’jeto di"nusma sthn kampOlh prokOptoun “mesa api thn
sun’rthsh embQjishc

= 2V A y3 WX N= — (2.13)
(3+ 97 i

ipou to K'jeto di"nusma N debqgnei proc to exwteriki thc kampOlhc , sto eswte-
iki thc opobac h sun’rthsh pabrnei arnhtikéc timeéc. Qrhsimopoi,ntac loipin
thsqgesh r N = jrr—jr = jr | kai th sgesh (2.12) paBrnoume ton nimo exelixhc
tou @

—=Vjr |j 2.14

i VI (2.14)
H parap™nw sgésh isqOei upogrewtik™ sta shmeBa tou mhdenikoO epipedosun ilou

thc sun’rthshc kai mporeb na epektajeb kai sto upiloipi thc [200].

To pleonékthma aut ¢ thc diatOpwshc ePnai iti h sqésh (2.14) mporeb na grh-
simopoihjeD gia thn exelixh thc kampOlhc qwrbc na epiblletai o upolog ismic thc
eshc thc se k'je epan’lhyh, h ektbmhsh twn gewmetrik,n irwn api to perbg ram-
m” thc k.o.k. en, h topologba thc kampOlhc mporeb na all"zei dunamik”, q wrbc
na grei“zetai k"poioc idiabteroc geirismic K"poia apifash gia to an prépei na
all’xei igi. Api thn “llh, éna asiki meionékthm™ thc ebnai iti a n"gei thn exeli-
xh mbac kampOlhc sthn metabol mbac epif'neiac, epibarOnontac upologis tik™ to
priblhma; gia to ligo auti egei protajeb h tegnik narrow-band pou periorbzei
thn exélixh thc sun’rthshc mino gOrw api thn tréqousa ésh tou mhdenikoO
epipedosunilou thc, kaj,c kai poluklimakwtéc [178], poluplegmatikec te gnikéc
[176] kai émmesec tegnikéc olokl rwshc [229] pou mporoOn na epispeOsoun thn
exelixh twn kampul, n.
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Sqma 2.4: Exelixh enic Geodesic Active Contour : h topologba thc kampOlhc
all"zei abbasta en, oi gwnbec twn antikeiménwn entopbzontai me akr Bbeia.

2.1.4 Geodesic Active Contours

'Ena asiki priblhma me tic tegnikéc tOpou snakes ebnaito p,c mporeb na mhn eph-
e"zei thn exélixh thc kampOlhc h opoiad pote parametropobhs thc. H IOsh sto
priblhma auti dijhke anexrthta api dOo omdec [31, 120], ipou h elaq istopobh-
sh mPac aplousteuménhc ekdoq ¢ tou sunarthsiakoO (2.9) twn [118] apo debqgjhke
iti isodunameP me thn eOresh gewdesik.n kampul.n p'nw sthn eikina, grhsi mo-
poi.ntac mba Riemannian apistash, h opoba kajorbzetai api thn Bdia thn eikina.
Anajétontac mikritero m koc se periogéc thc eikinac pou up'rgei meg” Ih éntash
akm_n kai megalOtero m koc se periogéc pou h eikina ebnai omal , oi gewd esi-
kéc metaxO dOo shmebwn a diérqontai api tic akméc thc eikinac. Sugke kriména
an to Riemannian m koc tou diast matoc ~ ds ePnai Bso mg(jr |j)ds, ipou ¢ ebnai

mba jbnousa sun’rthsh thc entashc akm,n, jr 1], tite to metaboliki priblhma
diatup,netai wc h elagistopobhsh tou sunarthsiakoO:
yan Z, @
J[1= gr 1(Cs)ids= g(ir 1(( p)J) @69) dp (2.15)
0 0

Api tic exis,seic  Euler - Lagrange prokOptei h sgésh exélixhc:

@ _ ., . o

@t or 1) N (r g(r 1)) N)N (2.16)

O pr.toc api touc dOo irouc exomalOnei thn kampOlh, ligw tou irou kampuli-
thtac, ektic api periogéc ipou up'rgei meg'lh éntash akm n, opite h gamh I
tim tou g(jr 1j) akur,nei th dr'sh tou. O deOteroc iroc elkei thn kampOlh proc

thn kateOjunsh ipou aux'netai h éntash akm_n, exasfalbzontac iti h exelixh thc
kampOlhc a stamat sei se &éna mégisti thc. ParathroOme iti stic exis .seic autec
den upeisérgetai pléon h parametropobhsh thc kampOlhc kaj,c oi iroi N; pou

éqgoun sgésh me thn exelissimenh kampOlh ebnai gewmetrikéc posithtec pou den
exart,ntai api thn parametropobhs thc.

'Ena asiki priblhma thc mejidou aut ¢ ePnai iti kaj,c grhsimopoieb tai mi-
no plhroforba sqgetik™ me thn éntash akm,n, ebnai akat’llhih gia pe riogec ipou
up’rgei iruboc, uf, kil. opite kai pagideOetai se upobeltistec IOsei c. Epbshc,
an h kampOlh argikopoihjeb se periogéc ipou den up“rqoun akméc, o minoc ir oc
pou upeisérgetai sthn exélixh thc ebnai h kampulitht™ thc, opite sta diak™ sur-
ikn,netai proc éna shmebo. Eis"gontac enan stajeri iro ( baloon ) [34] sth sgésh

exelixhc kampul,n:

L= gir 1) N[0 g0r 1) N+ N (217)
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antimetwpbzetai auti to priblhma, all® prokOptoun néa; sugkekriména, to pe-
Bgramma prépei na rbsketai pleon ebte sto exwteriki tou antikeimé nou ebte sto
eswteriki tou, opite an’loga eis"getai kajorbzetai kai to prish mo tou C. Api
ta parap’nw abnetai iti an kai komyec, oi tegnikec twn Geodesic Active Con-
tours/Snakes spnia eparkoOn gia epPlush problhm™twn kattmhshc se usikéc
eikinac, péra api polO apléc peript,seic, ipwc autéc sto Sq. 2.4

2.1.5 Region Competition

Mba shmantik suneisfor™ ston g,ro twn metabolik,n algirijmwn tan h ergasba

[248] twn Zhu & Yuille ipou prot’jhke énac metabolikic algirijmoc gia thn epb-

lush tou probl matoc thc kat"tmhshc grhsimopoi ntac mba statistik diatOpwsh.
Sugkekriména, to pedDo orismoO thc eikinac qwrbzetai se M periogéc R;;i =

1:::M me sOnora ; = @R kai mésa se k’je mPa api autéc grhsimopoiebtai

mba parametrik katanom P( ;&) gia tic parathr seic thc. To priblhnma thc

kat"tmhshc ekfr'zetai wc h elagistopobhsh tou sunarthsiakoO:

Z ZZ
> ds logP(l;a)+ ; =f i mg (2.18)

i=1 i Ri

J( ;fag) =

O pr toc iroc timwreb meg-lou m kouc sOnora metaxO twn perioq,n, protim ntac

omal” perigr'mmata, o deOteroc epib’llei ta dedoména na montelopoioOn tai ika-
nopoihtik™ api tic antbstoigec katanomec en, o teleutaboc timwreb to pl joc twn
perioq,n, apofeOgontac thn uperkat'tmhsh thc eikinac. Sthn perBptwsh ipou oi

katanoméc mésa se k’je perioq montelopoihjoOn me Gaussians Bswn diaspor,n
, to sunarthsiaki gbnetai

W Z zZ ( e
ds R-2—2I+C (2.19)

J( ;fag) =

i=1 i

ipou to | eDPnai h mésh tim thc i-ostc Gaussian katanom cpen, h posithty ~ C
perilamb’nei tiso touc irouc poin c iso kai to “jroisma JRij log 2
ipou me j | sumbolBzoume thn plhjikithta. Péra api ton iro C, h parap™nw
ekfrash prokOptei api to sunarthsiaki (2.2) itan p“roume to irii tou g a 1
opite apoklebontai oi opoiesd pote diakum™nseic thc U ektic twn sunirwn twn
periog,n. H U tite eDnai tmhmatik™ stajer kai h tim thc pou elagistopoieb ton
pr,to iro poin ¢ tou (2.2) ebnai h mésh tim thc eikinac mésa sthn peri oq |,
dhlad h i

To praktiki pleonékthma aut ¢ thc pijanotik ¢ diatOpwshc ePnai iti e pitrépei
mba megalOterh poikilba katanom n gia k'je perioq, pou mporoOn na kajor b-
ontai dunamik™, me “sh tic parathr seic. 'Etsi gia par’deigma mpor oOn na
grhsimopoihjoOn  Gaussian katanoméc p’nw se poludi’stata garakthristik™, me
mh-diag,niouc pPnakec sundiakOmanshc, katanomeéc tOpou Mixture of Gaussians

k.0.k.[219, 193]. En, aut” den problépontai api to argiki montélo Mumford-
Shah , égontac kat™ nou thn pijanotik tou ermhneba mporoOn na grhsimopoi hjoOn
abPasta. 'Ena ewrhtiki pleonékthma ePnai iti epitrépei na doOme to priblhma thc
kat"tmhshc sto genikitero plabsio thc An"lushc-mésw-SOnjeshc, e wr,ntac iti oi

timéc twn ; parégoun éna monteélo sOnjeshc gia ta tm mata thc eikinac.
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Gia thn elagistopobhsh tou sunarthsiakoO (2.18) grhsimopoioOnt ai tegnikeéc tou

LogismoO Metabol n api tic opoPec prokOptei h parak™tw sgésh gia thn ex elixh
twn orbwn thc perioq ¢ i pou sunoreOei me thn perioq | :
@ _ N +log D)y (2.20)
@t Pi(l:a)
O pr.toc iroc thc exeélixhc prokOptei api ton iro poin ¢ sto m koc tou i kai
emfanbzetai stic perissiterec exis,seic exelixhc kampul,n. H kain otomba égkeitai
ston deOtero iro pou odhgeb thn perioq I sthn kat'lhyh twn parathr sewn thc
eikinac pou montelopoieP kalOtera api thn perioq j:an EE: ;‘; > 0 h kampOlh i
proelaOnei, diaforetik™ opisjoqwreD. Api thn sumperifor tou aut o al girijmoc

onom’zetai Region Competition kaj,c oi kampOlec antagwnbzontai gia thn katoq
twn parathr sewn thc eikinac.

Péra api thn ésh twn sunirwn, grei"zetai na ektimhjoOn kai oi par'met roi
twn katanom_ n mesa stic periogec: oi par'metroi tbjentai Bsec me tic e  ktim triec
megisthc pijanof'neiac (  Maximum Likelihood ) twn Gaussians meésa se K'je pe-
iog , ipwc aut orbzetai api thn tréeqousa ésh twn orbwn thc. Auti gbne tai se
enallag me thn exélixh twn kampul n, dbnontac mba mh epiblepimenh mejodo gia
thn elagistopoPhsh tou sunarthsiakoO (2.18).

H argik proséggish éqei epektajeb [219] ste na grhsimopoieD mPame  galOterh
oikogeneia katanom,n api tic ~ Gaussians en, sundu”zontac tic nteterministikéc exi-
s,seic exélixhc kampul,n me algirijmouc stogastik ¢ anaz thshc apof eOgontai
ta topik™ el"gista sta opoDa mporoOn na katal xei o algirijmoc anaz thshc tou
Region Competition

Emploutbzontac ton argiki sq ma exélixhc sthn anafor™ [179] prot “jhke o
sunduasmic twn irwn twn sunarthsiak ,n twn Geodesic Active Contours kai tou
Region Competition se énan eniabo iro poin ¢, api thn elagistopobhsh tou opobou
prokOptei h sgésh exélixhc twn  Geodesic Active Regions :

@ _ P; (l ; a.) + . . . .

ot log B ;a,-)N (oGr 1j)) N (rgQr 1)) NIN)  (2.21)
Gia thn ulopobhsh aut ¢ thc sgeshc exélixhc eis gjhsan tegniké c epipedosuni-
lwn en, éna poludiakritiki sg ma grhsimopoi jhke gia na exasfalbs ei eurwstba
kai tagOthta. Sth dik mac ulopoBhsh grhsimopoioOme tic ujmBseic thc a nafo-
“c aut ¢ ipou analOontai kai émata praktik ¢ shmasbPac, ipwc h egguhmé nh
Kluyh ilhc thc eikinac api ta epipedosOnola kai o geirismic twn pollapl .n
epikalOyewn; enallaktikéc proseggbseic pou kinoOntai se éna parimoi o plabsio

parousi“zontai stic anaforéc [32, 241].

Stic paraktw eikinec debgnoume éena par"deigma efarmog c tou algi rijmou
Region Competition ulopoihménou mésw teqnik n epipedosunilwn, sOmfwna me tic
ujmBseic twn [178]: parathroOme iti den grei*zetai h argikopoPhsh twn kampu-
I.n me sugkekriméno tripo, en, ta sOnora twn periog,n entopBzontai me meg” Ih
akrbbeia.
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(a) 0
Sqg ma 2.5: Poludiakritik anapar”stash (a) thc eikinac kai () twn akm,n thc.
dUUUUUUUUUUUUUUUUUY Juuuuuuuuuuuuuuuuuu
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(@) 0 (9) (d)

Sg ma 2.6: (a)-():Argik kai telik ésh twn orbwn thc periog ¢ po u antistoigeb
sthn wteini tm ma thc eikinac kai (g)-(d) sto skoteini tm ma.

2.2 Anagn,rish Antikeimenwn

2.2.1 Eisagwg

Ta dOo kOria probl mata thc irashc uyhloO epipédou ePnai: h anBgneush a ntikei-
méenwn ¢bject detection ), stigoc thc opobac ebnai na lhfijeb h apifash an up“rgei
ena antikebmeno, ipwc éna priswpo se mba eikina kai h anagn,rish antik eiménwn
(object recognition ), ipou up“rgoun pollapl™ antikebDmena kai prépei na apofa-
sbsoume me “sh tic parathr seic mac upér enic api aut”. Sun jwc de me ton ir o
anagn.rish antikeiménwn ennoebtai kai ilo to “sma twn problhm™twn th c irashc
uyhloO epipédou.

DOo sumplhrwmatikéc ptugéc tou probl matoc, pou eis"goun epipléon apait -
seic ebnai

H gr sh kathgori,n antikeiménwn antb sugkekriménwn antikeBbmenwn, o pite
prepei na lhfieb upiyh h poikilba pou up“rgei mesa sthn Bdia kathgorba.

O entopismic twn antikeimenwn ( object localization ), ipou stigoc ebnai péra
api thn 1 yh thc apifashc perb thc Oparxhc/kathgorBac tou antikeimé nou
na rejeb sthn eikina h topojesba tou.

Genikitera auti to opobo egei kanebc kat™ nou legontac * anagn,r  ish antikei-
ménwn' mporeb na ekfrasteD me “sh touc parap™nw irouc wc 0 entopismic twn
ewroOmenwn kathgori.n se mPa eikina kai h anagn,rish twn memonwmeénwn an-
tikeiménwn twn kathgori,n stic opobec esti"zoume; p.q. met” ton entopi smi enic
autokin tou na roOme kai an ePnai to diki mac.

Se antbjesh me thn entOpwsh pou mporeb na éqei kanebc diaisjhtik”, st hn ana-
gn,rish antikeimenwn h duskolba enic probl matoc ebnai antistrif wc an’logh thc
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exeidbkeus ¢ tou. Gia par"deigma, en, grhsimopoi ntac akima kai aplo okéc me-
idouc mporeb na ebnai efiktic o entopismic elattwmatik n ergostasi ak,n exarth-
mtwn “sei el’gistwn diafor,n apoteleD mba meg’lh priklhsh na anaptuq joOn
meéjodoi pou na apofabnontai gia to an up“rgei énac "njrwpoc se mba eiki na.

Oi par"gontec pou dusgerabnoun thn epPlush tou probl matoc mporoOn na
sunoyistoOn sta paraktw shmeba:

Poikilba thc emf’nishc mesa sthn Bdia kathgorba.

Metabol tou wtismoO.

Esfalménec anigneOseic ligw perbplokh dom ¢ ( clutter ).
AllhloepikalOyeic me diaforetik™ antikePmena.

Pollapléc kiIDmakec/kateujOnseic.

Allagec sthn emf'nish ligw peristrof ¢ tou antikeimenou.

O kOrioc igkoc thc éreunac sthn anagn, rish antikeiménwn égei esti "sei sta téssera
pr.ta probl mata, ewr,ntac iti ta teleutaba dOo mporoOn na antimetwpistoOn me-
sw exantlhtik ¢ anaz thshc kai xeqwrist™ montela gia diafore tikec iyeic antbstoi-
ga, pou shmabnei imwc megalOterec upologistikéc apait seic. Prisfat ec ergasbec
égoun protebnei mejidouc gia na aplopoi soun kai epispeOsoun thn antimet .pis
touc [215, 62], all” autéc oi ptugéc tou probl matoc ebnai sumplhrwmatik ec tou
antikeDmenou thc diatrib ¢, opite a esti"soume sta upiloipa probl mata.

2.2.2 Episkiphsh Teqgnik,n Anagn,rishc Antikeiménwn

Tic pr,tec dOo dekaetbec thc éreunac sthn anagn rish antikeiménwn up rqan dOo
kurbarqa eOmata, antbstoiga thc “nwjen kai k“twjen proséggishc s thnirash: ta
K'twjen montela, p.q. [11, 183], asizimena sto montelo tou Marr kai se idéec api
thn suntaktik anagn rish antikeiménwn [72] ewr, ntac iti mba eiki na mporeb na
analujeD se k’poia prwtogen sq mata (p.q. kOlindroi, parallhlepPped a, sfab-
ec) anazhtoOn na roun p,c mporoOn na sundejoOn ta anigneujénta sq mata mesw
periplokiterwn montélwn gia antikebmena. Ta “nwjen montéla [48, 80] , grhsimo-
poi.ntac tridi"statec anaparast’seic gia ta antikebmena an"go un to priblhma thc
anagn.rishc sthn ektbmhsh twn parametrwn thc probol ¢ tou montélou s thn eiki-
na. 'Opwc analOjhke kai sto kef'laio thc eisagwg ¢, oi proseggbse ic autéc den
antapokrbnontai sth duskolPa tou probl matoc, kaj,c h exagwg twn pr wtogen,n
sghm’™twn ebnai problhmatik sthn pr'xh, en, den ebnai i,simh h kata skeu kai
gr sh tridi"statwn montelwn gia k’je memonwmeéno antikeDmeno pou up’rge i sto
peribllon mac.

Stic argéc tic prohgoOmenhc dekaetbac, kaj,c oi periorismoP twn para p nw

proseggbsewn ebgan gbnei antilhptob, xekbnhsan oi pr tec prospije iec afenic gia
na IhfieD upiyh h poikilDa sthn emf'nish pou mporoOn na parousi’zoun ta an-
tikebmena mbac kathgorbBac kai afetérou gia thn kataskeu tétoi  wn montélwn me

mikriterh anjr,pinh parémbash. SOntoma h anagn,rish antikeiménwn str “th-
ke proc statistik™ montéla gia anapar”stash antikeiménwn, antbs toiga aut,n pou
egoun epikrat sei sthn tegnologba wn ¢ kai tegnikéc ekm’jhshc mh gan,n gia thn

autimath kataskeu touc api dedoména ekpabdeushc. Kaj,c h prosp’jeia aut
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Sg ma 2.7: Anagn,rish mésw antistobgishc montélwn [149]: orisména api ta ga-
akthristik™ shmeba thc eikinac, ipwc gwnbec kai diastaur,seic mpor oOn na anti-
stoigistoOn se aut™ proapojhkeuménwn antikeiménwn. An kajorDzontac k at’llhla
tic parameétrouc probol ¢ tou antikeiménou mporoOn na ermhneujoOn periss itera
garakthristik”, auti ewrebtai endeiktiki thc Oparxhc tou anti keiménou.

éqei apoférei karpoOc, duskoliteroi stiqoi abnontai pléon efikt ob, ipwc h ekm™-
hsh montelwn gwrbc epbbleyh, kai o sunduasmic twn montélwn twn antikeimén  wn
me “llec leitourgbec thc irashc.

Parak"tw parousi“zontai argik™ sunoptik™ ta kOria eOmata thc anag n,rishc
antikeimenwn kai sth sunéqeia analutikitera oi periogéc me tic opob ec asqolhj ka-
me sta plaPsia thc diatrib ¢ aut c. Ja mporoOsame na taxinom soume tic t egnikéc
anagn rishc antikeiménwn “sei tou eOrouc tou probl matoc pou kalOpto un, twn
montélwn twn antikeiménwn pou grhsimopoioOn kai twn majhmatik, n/algorij mik,n
tegnik,n stic opobec asbzontai. Protim jhke na grhsimopoihjeD enac sunduasmic
aut,n twn krithrbwn, ste na diafanoOn oi “sqoléc ' pou up“rgoun sto pedbo . Ori-
sménec ibliografikéc anaforéc pou kalOptoun se megalOtero “joc d i"forec

ptugéc tou autoO tou pedPou ebnai [60, 66, 221, 239].

Anagn,rish memonwmenwn antikeiménwn mésw montélwn kai antistobgishc

Me “sh thn proseggish aut [48, 80], ta antikebmena pou rbskont ai se mba di-
di"stath eikina anagnwrbzontai gqrhsimopoi ntac apojhkeuménec an aparastseic
tridi"statwn antikeiménwn sunduasmoOc didi"statwn iye n touc. Oi as ikéc su-
nist,sec tou probl matoc ebnai h kataskeu twn anaparast"sewn, h par agwg
enic periorismenou pl jouc upojésewn dedoménhc mbac eikinac kai h ekt Pmhsh thc
pistithtac twn parathr sewn stic probléyeic tou montélou.

Gia thn anapar”stash twn montelwn éqoun grhsimopoihjeb arqik”™ trid i"sta-
ta montela ipwc montela CAD kai montéla plegmatoc ( wire framed objects ) en,
sthn anafor™ [222] oi grammikoD sunduasmob api didi"statec iyeic ei s gjhsan,
periorbzontac thn poluplokithta tou probl matoc.

Gia thn anaz thsh thc éshc tou antikeiménou mporoOn na grhsimopoi hjoOn
“nwjen teqgnikéc pruning gia na periorBsoun tic dunatéc ermhnebec twn parathr -
sewn “sei twn periorism.n pou eis"gei h gewmetrba tou antikeiménou [8 0], h k™-

twjen tegnikéc ipwc o metasghmatismic ~ Hough [149], ipou éna sOnolo api shmeba
endiaférontoc "yhfbzei' gia tic dunatec éseic tou antikebmen ou. 'Eqontac k™poiec
upoy fiec topojesbec, h ektbmhsh thc pistithtac twn parathr sewn epit ugq’ne-
tai “sei k™poiou kat'llhlou métrou thc apistashc metaxO twn gara kthristik,n
twn parathr sewn kai tou montélou, ipwc h apistash Hausdor metaxO twn ak-
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Sq ma 2.8: Anagn rish mésw tegnik n neurwnik n diktOwn/anagn rishc pro tOpwn
[192]: ta antikePmena anigneOontai api mPa katanemhmeénh argitekt onik mésw mbac
allhlougbac exagwg c periplokiterwn kai akribésterwn qarakthri stik,n
m,n touc [103] to krit rio el"gistwn tetrag,nwn metaxO thc pribleyhc kai twn
metr sewn twn esewn twn shmebwn endiaférontoc.

An kai oi proseggbseic autéc éqoun d,sei ikanopoihtik™ apotelésmata se pra-
ktikec efarmogéc (p.g. episkiphsh exarthm“twn se iomhganikéc gra mmeéc sunar-

molighshc, anklhsh antikeiménwn api mba “sh dedoménwn), to pedbo e  farmog,n
touc ebnai periorisméno se sugkekrimena antikebmena antb gia kath gorbec antikei-
meéenwn. 'Omwec, h empeirDa pou égei susswreujeD éqei apodeigjeb wfelimh gia t hn
diatOpwsh kai epPlush néwn problhm™twn pou prokOptoun se sOggronec tegnikéc
anagn,rishc antikeiménwn.

Anagn_rish antikeiménwn me tegnikéc anagn rishc protOpwn & neurwni-
k.n diktOwn
Oi tegnikéc aut c thc sqol ¢ xekbnhsan api thn eéreuna sto g,ro twn n eurwnik,n
diktOwn, ipou to priblhma thc anBgneushc antimetwpbzetai mésw thc par’l Ihihc,
katanemhmeénhc epexergasbac thc plhroforbac thc eikinac (proség gish “kuliime-
nou parijurou’). Xekin ntac api thn exagwg enic sunilou garakthri stik,n ta
opoba ebnai analloPwta wc proc anepijOmhtec phgéc poikilDac sthn emf'n  ish, ipwc
o0 wtismic, h anbBgneush enic antikeiménou ekfr'zetai wc ena priblhma anagn,-
ishc protOpwn: dedoménou enic sunilou garakthristik,n mésa sto exe tazimeno
parijuro, htebtai na Ihfijeb h apifash gia to e"n up“rgei €éna antik ebmeno.
H exelixh twn ide,n sthn periog aut akoloujeb wc éna ajmi thn priodo
sto pedbo thc anagn,rishc protOpwn kai apotup netai stic anaforéc [189 , 196,
212, 175, 227, 95, 3, 199]. Ta probl mata pou kaloOntai na antimetwpd soun
tétoiec tegnikéc aforoOn thn exagwg kat'llhlwn garakthristi k,n gia ta antikeb-
mena [220, 175, 95, 199], thn apodotik ulopobhsh twn algorbjmwn anb gneushc
[227] kaj.c Kkai ila ta probl mata tou pedbou thc anagn rishc protOpwn [ 224],
ipwc h ekm’jhsh api éna periorisméno pl joc dedomenwn, h apofug thc upe-
ekpabdeushc se sunduasmi me thn kataskeu enic euéliktou taxinomht k.o.k.
Api ta asik™ pleonekt mata twn mejidwn aut,n ebnai h wrimithta twn diaje-
simwn teqnik,n api thn perioq thc mhganik ¢ m'jhshc, ipwc ta Support Vector

Machines [224, 175], algirijmoi tOpou Boosting [227], kaj.c kai h tagOthta me
thn opoba mporeb na gbnei h diadikasPa thc anBgneushc an grhsimopoihjoOn kat'I-
Ihlec tegnikéc [227]. Up“rgoun imwc dOo kOria probl mata: to asikit ero ebnai
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Sg ma 2.9: Anagn.rish antikeiménwn mesw tmhmatik,n anaparast"sewn [65 ]: h
anapar’stash enic antikeimenou an"getai sthn montelopobhsh twn epimerouc tmh-
m’twn tou kai twn exart sewn metaxO touc

iti gia thn ekm’jhs touc grei“zetai sun jwc éna sOnolo ekpabdeushc thc t™xhc
twn merik,n qili"dwn eikinwn, kaj,c perilamb”netai éna meg’lo pl joc pa rame-
trwn pou prépei na ekmajeutoOn. Antbjeta, se anaforéc ipwc [57] epitugg™n ontai

ikanopoihtik™ apotelésmata akima kai me mPa h dOo eikinec, en, emebc wc  "n-
rwpoi arkoOmaste se mPa eikina, itan lépoume gia par"deigma gia pr th or -
éna néo ex'rthma upologist. EpPshc mba tétoia proséggish den ebna i eOkolo na
antimetwpPsei epikalOyeic me “lla antikeDmena kai genikitera probl mata pou
den égoun sumperilhfieD sto sOnolo ekpabdeushc. Antbjeta, grhsimopoi ,ntac to
plabsio thc an"lushc mésw sOnjeshc mporoOn na entopistoOn kai na agnoh ~ joOn oi
mh-probléyimec periogéc thc eikinac.

Anagn. rish antikeimenwn me tmhmatikec anaparast™seic

Ta montéla pou an koun sthn kathgorba twn tmhmatik n taxinomht n [58, 63, 57,
62, 3, 27, 233, 95, 160, 237] asbzoun thn anbgneush twn antikeimé nwn sthn anb-
gneush garakthristik,n shmebwn ( keypoints ) twn antikeiménwn. Qrhsimopoi,ntac

anex’rthta montéla gia thn anBgneush k’je enic api aut™ aplousteOet ai shmanti-
k™ to priblnma, kaj,c h poikilba pou uprgei sthn emf'nish tou kajenic mon-
telopoiePtai anex’rthta kai den grei“zetai na IhfjioOn upiyh iloi oi sunduasmob
tou. EpBshc ebnai eOkolo na grhsimopoihjeb statistik plhroforba gia thn qwri-
k di‘taxh twn tmhm“twn,  ste na eisagjeb kai gewmetrik gn, sh sthn di adikasba
anbgneushc.

An kai h dhmosbeush pou parousbase auti to montélo tan to “rjro twn Fischler
& Erschlanger [65], h pr,th efarmog touc se praktik™ probl mata parousi“ze-
tai met” api ebkosi éth sthn anafor™ [237]. Diaforetikec majhmat ikec diatup,seic
tou Bdiou montélou éqoun protajeb kat™ kairoOc[65, 237, 95, 223, 3, 144], all" h
epikratésterh pléon ebnai h statistik [27, 233, 62, 135, 57, 5 8, 45] pou epitrepei
abPasta na sunduastoOn iroi ipwc h plhroforDa sqgetik® me thn emf nish kai h
gewmetrDa tou antikeiménou, en, epitrépei thn diatOpwsh thc ekm’jhs ¢ touc sto
plabsio twn algorBjmwn gia grafik™ kai anagennhtik™ montéla.

H proseggish aut sundu”zei thn apodotikithta tou k“twjen montelou thc ira-
shc, ipou api apl”~ epimérouc tm mata anagnwrbzontai periplokitera anti kebme-
na, me touc periorismoOc pou eis"gei h priterh gn sh twn "nwjen montélwn, a plo-

poi,ntac thn anaz thsh se sunduasmoOc pou a mporoOsan na eDgan prokOyei api
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Sg ma 2.10: Anagn,rish mésw paramorf,simwn montelwn twn antikeimenwn [157 ]:
montelopoi,ntac thn paramirfwsh sthn emf'nish kai sto sq ma tou anti keime-
nou, mporeb na anaparastajeb mba kathgorba antikeiménwn grhsimopoi,n tac ena
gamhlodi“stato parametriki montélo

to antikebmeno. To asiki thc meionékthma ebnai iti antb giato a ntikebmeno kajauti

montelopoioOntai ta tm mat” tou kai oi allhlexart seic touc pou ewr oOntai qr -
simec gia thn anbgneus tou, dbnontac eéna montelo periorisménwn duna tot twn gia
“llec leitourgbec, ipwc gia par"deigma gia thn kat"tmhsh enic anti keiménou thn

anagn,rish thc tautitht’c tou.

Anagn rish antikeiménwn me paramorf,sima montéla

H proséggish aut asbzetai sthn gr sh enic parametrikoO montélo u twn para-
morf,sewn thc emf nishc kai gewmetrbac enic prwtitupou antikeiménou, to opobo
na kalOptei ilh thn poikilDa pou qarakthrbzei mPa kathgorba antik eiméenwn. De-
domenhc mbac néac eikinac kai mbac argikopobhshc, to priblhma thc a nagn,ri-
shc/anbgneushc an“getai sthn metabol twn parametrwn tou montélou ,Ste auti
na anapar"gei tic parathr seic. Oi dOo asikéc sunist sec thc pros eggishc au-
t ¢ ebnai h montelopobhsh thc paramirfwshc kai h ektbmhsh twn paramétr wn twn
montelwn.

Wc pr tec prosp’jeiec sthn kateOjunsh thc montelopoBhshc thc paramirf w-
shc tou sq matoc mporoOn na ewrhjoOn afenic tegnikéc ipwc ta paramorf s ima
pritupa ( Deformable Templates ) [247], afetérou h anagn rish mésw sunduasmoO
twn iyewn [222]. Sthn pr,th perbptwsh éna montélo gia orisménec periogéc tou
antikeimenou epanalhptik™ paramorf netai ewsitou up“rxei antistob gish twn pe-
iog,n tou montélou me autéc tic eikinac, en, sthn deOterh proséggi sh [222] egon-
tac k"poiec iyeic enic antikeimeénou upologbzetai o sunduasmic touc pou mporeb na
ermhneOsei mPa néa iyh tou antikeiménou api mba diaforetik optik gwn ba. Mba
sumplhrwmatik kateOjunsh éreunac stic argéc kai sta mésa thc prohgoOmen hc
dekaetbac tan h prosp’jeia gia thn ékfrash ilhc thc poikilbac s thn emfnish
enic antikeiménou mesw thc tegnik c  PCA [121, 220, 160]; ewr ntac iti h w-
teinithta mPac kathgorbac antikeiménwn mporeb na ekfrasteD mésw & na grammikoO
anaptOgmatoc, h teqnik ~ PCA mporeD na grhsimopoihjeD gia na rejoOn ta stoigePa
“shc gia ta opoba elagistopoiebtai to sf'lma anakataskeu c.

O sunduasmic twn ide.n aut,n od ghse anexrthta sta ousiastik™ isodOn a-
ma (Active Appearance Models- AAM) [37, 41, 157] kai Morphable Models [226,
112, 16]. Ta montela aut™ ewroOn iti oi parathr seic pou proérgonta i api to
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antikePmeno mporoOn na montelopoihjoOn api thn qwrik paramirfwsh tou an ti-
keiménou, h opoba akoloujebtai api thn paramirfwsh thc wteinitht"c to u. Sthn
qwrik paramirfwsh sumperilamb nontai tiso paramorf seic api aploOc me-
tasghmatismoOc (p.q. metatipish, peristrof , afinikoD metasghmati smob) iso kai
api periplokiterec paramorf seic pou ePnai garakthristikec thc sug kekriménhc
kathgorbac antikeiménwn, ipwc ebnai h ékfrash enic pros,pou to m ko C enic
autokin tou.

Ta montela aut™ apoteloOn mPa shmantik epitugba thc “nwjen irashc kurb -
wc ligw thc majhmatik ¢ touc aplithtac se sunduasmi me to pl joc efarmog,n

touc se praktik™ probl mata. To asiki priblhma me ta montéla aut™ ebna iiti
kaj,c grhsimopoiebtai énac epanalhptikic algirijmoc den ebnai ef ikti na ereu-
n sei kanebc gia ilec tic éseic, kibmakec thc eikinac k.o.k. an up’rqgei éna pri-
swpo. Sunep,c tetoiec méjodoi den ebnai kat'llhlec gia anbgneush an  tikeiménwn
exarq c, all” mporoOn na grhsimopoihjoOn gia thn | yh thc telik ¢ api fashc,
grhsimopoi,ntac tic exidouc enic “llou taxinomht gia argikopobh sh. Gia auti
grhsimopoioOntai kurBwc gia anagn,rish antikeiménwn ewr ntac iti eD nai gnwsti
iti sthn ésh pou argikopoioOntai up’rgei éna antikePmeno k’poiac s ugkekrime-
nhc kathgorbac. Mba “llh efarmog touc ebnai h katagraf thc ex elixhc (tracking )
antikeiménwn, ipou grhsimopoiebtai h pribleyh “sei thc prongoOmenhc eshc tou

montelou gia na xekin sei h anaz thsh thc tréqousac.

2.2.3 Montéla api to g,ro thc Anagn,rishc ProtOpwn

SOmfwna me thn proséggish thc anagn rishc protOpwn mba perioq thc eikina c
ewrebtai we éna sOnolo api dedoména, gia ta opoba htebtai api énan t axinomht
na apofasbsei an perieqoun éna antikebmeno. Oi perissiterec api ti ¢ tegnikéc pou
grhsimopoioOntai antimetwpBzoun mPa eidik perDptwsh tou probl matoc th C pro-
séggishc sunart sewn: h ebsodoc tou sust matoc ebnai to irisma th ¢ sun’rthshc
kai h apifash pou pabrnei h tim thc. Sth di‘rkeia thc ekpabdeushc par egontai
eOgh exidwn-eisidwn thc sun’rthshc kai htebtai na rejeD mba pro seggish thc
sun’rthshc pou na mporeb na genikeOsei th sumperifor™ tou sust matoc it an tou
parousizontai ebsodoi tic opobec den egei sunant sei sto st™di 0 ekpabdeushc. Sta
plabsia thc diatrib ¢ aut ¢ arqik™ exet"sthkan arketéc méjodo i gia to priblh-
ma thc proseggishc sunart sewn [132], an"mesa stic opobec sumperilamb “nontai
monteéla tOpou SVM[224], Radial Basis Function Networks-RBFs  [76] kai Mixture
of Experts-MoEs [115]. Sth sunéqeia parousi“zontai sunoptik™ oi shmantikiterec

kai apodotikiterec tegnikéc api autéc pou dokim“sthkan.

Dbktua Radial Basis Function

Ta dbktua tOpou RBF sundu”zoun aploQOc algirijmouc gia ekpabdeush me mPa diai-
sjhtik™ saf ermhneba me epijumhtéc idiithtec gia proséggish sunar t sewn, ipwc
omalithta, diaforisimithta kai topikithta thc proseggishc. Gi a thn proséggish
mbac sun’rthshc f ajrobzontai K iroi, o kajenac api touc opobouc sumbllei sthn
telik ekfrash mino se mbPa upoperioq tou pedbou orismoQ thc sun’rths hc:

X
F(X)" F(X)=  GG(X X)) (2.22)

i=1
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H sun“rthsh  G; ebnai mba jbnousa sun’rthsh thc apistashc tou X api to sh-
mebdX;: mba sunhjisménh epilog ebnai mba Gaussian sun’rthsh mba sun’rthsh
spl nac ( spline).

To asiki touc pleonékthma se sgésh me palaiiterouc taxinomhtec, p.q . tOpou
Multi Layer Perceptrons  ebnai iti h ékfrash pou grhsimopoiebtai ebnai diaisjhtik”
saf ¢, en, oi sgéseic touc me tegnikec regularization [76] touc egei parégei ena
saféc ewrhtiki upibajro.

Gia probl mata irashc exet"sthkan apléc argitektonikéc p.g. [1 89] pou kOrio
skopi eDgan na exetsoun an kai p,c mporeb na ekmajhjeb mba sun’rthsh ta  xini-
mhshc f “sei gnwst,n iyewn twn antikeimeénwn, Xi. Sugkekrimena gia k'je iyh i
tou antikeiménou mbaGaussian me kentro X; topojetebtai sthn ékfrash (2.22), kai
gia mba néa iyh X htebtai na rejeb kat™ piso h f(X) "' F(X) pabrnei uyhl
tim , opite mporeb na ewrhjeb iti h nea iyh pro lje api to antikeBmeno.

Mixture of Experts

Stic argitektonikéc tOpou  Mixture of Experts [115] h proséggish thc sun’rthshc
asbzetai ston sunduasmi topik,n ekfr’'sewn kat™ énan tripo pou prosfe retai
se mba pijanotik ermhneba, epitrépontac th qr sh apotelesmatik.n a Igorbjmwn
ektbmhshc paramétrwn. Proseggbseic thc Bdiac morf c ebgan protaj  eb kai nwrbtera
api to q,ro thc AsafoOc Logik ¢, ipou ePnai gnwstéc wc Takagi Sugeno Kang
Networks [214], ipou to Bdio montélo parousi“zetai me thn diafor” iti ipou st h
sunéqei leme pijanithta, sthn anafor” [214] grhsimopoiebtai o ir oc dunatithta.
Dedoménhc mbac eisidouX , égoumeK topik™ sust mata proséggishc i, to ka-
éna api ta opoba dbnei mba ektbmhsh thc exidou tou sust matoc, 1;(X). Oi éxodoi
twn susthm™twn aut,n stajmbzontai me irouc pou exart ntai api thn tim tou X,
i(X), kai h éxodoc tou sust matoc prokOptei wc €nac stajmisménoc mésoc twn
epimerouc exidwn: =)
< li(X) i(X)
™K
i=1 i(X)
Mba tetoia argitektonik an"gei to priblhma thc proséeggishc th cf se K aploO-
stera upoprobl mata periorbzontac to pedbo sto opobo gbnetai h prose  ggish me-
sw twn {(X), epitrépontac th gr sh apl,n ekfr'sewn [i(X) gia thn kataskeu
polOplokwn sunartsewn  F(X). Oiroc {(X) ePnai sunjwc mba Gaussian Kkai
grhsimopoiebtai gia na epilexei poia api tic topikec proseggbseic q rhsimopoieb-
tai (mhganismic gating), en, o iroc [;(X) ebnai mba apl ékfrash thc morfc

F(X)= (2.23)

i(X)=A X+h

H pijanotik ermhneba thc argitektonik ¢ aut ¢ prokOptei abPasta : ewroOme
itiegoume K enallaktikec apokrbseic tou sust matoc sthn eBsodo X', me meésh tim
E(UjX;i) = [;(X); i=1;:::;K. Dedomenhc thc eisidou X h pijanithta naLqou-
me thn i-ost apikrish dbnetai api ton iro P@jX)= zl i(X),ipou Z = i(X)
_ste na isqOei P(ijX) = 1. Dedoménhc mbac parat rhshc X h prosdokimenh
tim thc exidou ebnai:

P
X X (X)) (X
POYIX)= " POGRI) = PYEXOR(iX) = —BI ) Eex
| | (2.24)

To pleonékthma thc ermhnebac aut ¢ énanti tou montélou  TSK ePnai iti epitrépei
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thn gr sh apodotik n algirijmwn tOpou Expectation Maximization  [52] gia thn
ekm’jhsh twn paramétrwntwn  |;; ; en, mporoOme na ektim soume Kai tic diasporéc
twn exidwn k'je sun’rthshc, opite ektic api th mesh tim thc pribleyhc g ia thn
exodo tou sust matoc pabrnoume kai mba ektbmhsh tou piso akrib c ebna i aut.
Auti epitrépei gia par"deigma ton sunduasmi thc exidou autoO tou sust mat oc me
tic exidouc “llwn taxinomht_n.

Support Vector Machines

To ewrhtiki upibajro twn diktOwn tOpou SVM [224, 26] sthrbzetai sthn erga-
sba twn Vapnik & Chervonenkis “sei thc opobPac mporoOn na ekfrastoOn “nw
iria tou sfllmatoc genbkeushc mbac sun’rthshc taxinimhshc. To pri blhma thc
ekpabdeushc diatup,netai wc h elagistopobhsh enic irou pou ekfr'zei to I'joc
ekpabdeushc kai enic irou poin ¢ sthn poluplokithta tou taxinomht . Hidéa
aut ebnai arket™ pali”, all” asizitan kurbwc se empeirikec ewr s eic, en, h
ewrba thc statistik c m“jhshc mhgan,n epétreye na aposafhnisteb t opcCc a

ekfrastoOn oi iroi autob.

Sugkekriména, ewroOme iti éqoume diajgésima N dedoména ekpabPdeushc pou
apoteloOntai api eOgh dianusm’twn eisidou Xi kai apof'sewnexidou y; 2f 1;1g,
i =1:::N. Sthn aploOsterh perbptwsh, epijumoOme na roOme éna uperepbpedo
orisméno api th sqgésh y = w'x + b tétoio ste na diaqwrbzei ila ta dedoména.
Sthn perbptwsh pou ta dedomena ebnai grammik™ diagwrbsima, all’zonta ¢ to jwj
mporoOme na roOme éna W tétoio ste na isqOei

w'xi+b 1 an y =1
wixi+ b 1 an yi= 1 (2.25)

Ta dedoména api tic dOo ki"seic gia ta opoba isqQOei h isithta apotelo On ta dusko-
litera diagqwrbsima shmeba, kai kajorbzoun to di"sthma ( margin ) tou taxinomht ,
to opoPo isoOtai me 2=jwj. Api thn pleur” thc argitektonik ¢ tou taxinomht , ePnai
epijumhti na éqgei éna meg’lo di"sthma, kaj,c auti sunep”getai iti diaq wrbzei ta
dedomeéena me meg’lh asf’leia, opite mporeb "mesa na diatupwjeb to priblhma thc
megistopobhshc tou diast matoc upi tic sunj kec (2.25). H idea thc megistopobh-
shc tou diast matoc proérgetai api thn ergasba twn Vapnik & Chervonenkis  api
ipou prokOptei iti taxinomhtéc me meg’lo margin éqoun kai mikritera "nw iria
sf'imatoc genbkeushc.

Kaj,c ta dedoména mac mporeb na mhn ebnai diagwrbsima mporeb kai na mhn

epijumoOme ton diagwrismi touc eic “roc thc aplithtac thc sun’rthshc t axini-
mhshc, eis"gontai metablhtéc galarithtac ( slack variables ) stic sunj kec (2.25)
opite prokOptei to parak’tw priblhma elagistopoPhshc:
; 1T P
Elagistopobhse 3 sww+ Co L
< wixi+b +1  ; y=+1
Upi tic sunjkec . w'x;+ b 1+ 4 yi= 1

' i i 0
ipou C ePnai énac iroc st'jmishc pou ekfr"zei piso shmantik® ewroOme ta ipo ia
I"jh tou taxinomht. To parap™nw priblhma ebnai éna priblhma tetrag wnikoO

programmatismoO kai gnwrbzoume iti mporoOme na roOme to kajoliki el gist 0
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thc sun’rthshc kistouc (kti pou den isqQei gia ta neurwnik™ dbktua) . To duiki
tou probl matoc autoO ePnai:

1N X
MegistopoPhse 5 ViYW w + i
i =1 i=1
P —
Upi tic sunj kec | =1 Y 5 0:C] (2.26)
Api tic sunjkec  Karush-Kuhn-Tucker  prokOptei iti gia to éltisto di"nusma w
isqOeir:
X X
w = ixi 1 f(x)= XTxi+ b (2.27)
i=1 i=1

ParathroOme iti mporoOme antb tou eswterikoO ginoménou X'X; dOo shmebwn
na grhsimopoi soume opoiad pote sun’rthsh éqgei idiithtec eswterik 00 ginome-
nou (pur nec Mercer). Th sunjkh aut ikanopoioOn oi perissiterec sunart seic
pou grhsimopoioOntai sthn anagn rish protOpwn, ipwc h sigmoeid ¢, h Gaus-
sian spl nec k.a. epitrépontac thn epanadiatOpwsh tou probl matoc m“jhshc gia
taxinomhtéc tOpou RBF  Multi-Layer Perceptrons  sto plabsio twn SVMs.

Approximation with 30 RBF.s Approximation with a MoE with 20 experts Approximation with a SVM

A=
@
€)) 0 ()] (d) (e)

Sq ma 2.11: (a) EpipedosOnola tou pragmatikoO mérouc thc apeikinishc Ikeda ()
Shmeba ta opoba grhsPmeusan wc sOnolo ekpabdeushc (g-e) Proséggisec mésw enic
diktOou RBF, enic mixture-of-experts kai enic SVM antbstoiga.

Original keda Map Points on the att

Sto Sq. 2.11 optikopoioOme tic dunatithtec proséggishc mPac didi’s tathc su-
nrthshc grhsimopoi,ntac aut™ ta montéla [132]: parathroOme iti tis o ta dbktua
MoE iso kai ta SVM dPnoun polO kal" apotelésmata, gia mba arket™ polOplo-
kh sun’rthsh ipwc aut thc apeikinishc Ikeda. To pleonékthma twn SVMs ebnai
iti den grei“zetai na kajoristeD exarq ¢ to pisoi iroi grhsimo poioOntai sto an™-
ptugm” touc, twn de MoE h taqOthta me thn opobPa ekpaideOontai. Ektenéstera
anaferimaste sqgetik™ sthn ergasba [132].

Sthn anagn. rish antikeiménwn sto téloc thc perasmenhc dekaetbac ebge epikra-
t sei h “poyh iti an eqei kanebc arket™ dedomena ekpabdeushc kai upol ogistik
isqO, énac taxinomht ¢ tOpou SVM ebnai h endeiknuimenh “IOsh', p.q. [175, 95]. An
kai ta SVMs exakoloujoOn na dbnoun ta kalOtera apotelésmata sthn kathgorba

twn algorbjmwn anagn . rishc protOpwn, probl mata ipwc h apodotikithta thc anb-
gneushc kai to megejoc tou sunilou ekpabdeushc éqoun érei sto prosk nio “llec
tegnikéc thc anagn, rishc protOpwn, ipwc th méjodo Boosting [227] ta Relevance

Vector Machines . Kaj,c, imwc, sthn poreba thc éreunc pou égine sthn di“rkeia
aut c thc diatrib ¢ diapist jhke iti péra api thn anbgneush prépei to montela
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gia ta antikePmena na kajistoOn dunat kai th sOnjes touc, straf kame proc tic
“llec dOo kathgorbBec tegnik,n pou parousi“zontai sth sunégeia.

2.2.4 Tmhmatikob ( Part-Based ) Taxinomhtec

H gr sh tmhmatik,n taxinomht n epitrépei thn aplopobhsh tou probl mato ¢ thc
anBgneushc enic antikeiménou an"gont™c thn sthn anBgneush aplo  Osterwn tmhm"twn
tou, ta opoPa sundu”zontai gia na d_soun thn pijanithta thc Oparxhc tou antikeime-
nou. Péra api th dunatithta qr shc apotelesmatik,n algorbBjmwn gia an bgneush,
aut h proseggish exasfalbzei epijumhtéc idiithtec ipwc thn eurwstba wc proc thn
epik’luyh, sumpag anapar“stash twn antikeiménwn kai th dunatithta apof ug c
thc exantlhtik ¢ anaz thshc p"nw se kibmakec.

H statistik proséggish sundu’zei thn plhroforba sgetik™ me thn e mf nish me

aut n gia th gewmetrba, ewr ntac tic topojesbec X = X1y twn tmhm™twn tou
antikeiménou wc tugabec metablhtéc kai qrhsimopoi ntac mPa api koino O katanom
pijanithtac gia tic sqetikéc touc éseic P (X)), se sunduasmi me tic epimerouc ka-
tanomec P;(1;jX;) gia thn pijanof neia twn parathr sewn dedomenhc thc éshc tou

tm matoc i. Qrhsimopoi ntac ton tOpotou  Bayes égoume gia thn Osterh pijanithta
twn ésewn twn tmhm“twn tou antikeiménou X dedomenhc thc eikinac |

i Y
Pixiny = CUEEE RapoPeO = T RGiXIPX) @29
|
Sthn parap™nw sgésh o iroc P (X) eis"gei plhroforba gia tic pijanéc sgetikec
topojesbec twn tmhm™twn, h perioq I; thc eikinac gOrw api th ésh Xj tou ga-
akthristiko® shmebou i montelopoiebtai mésw thc P;(1ijX;), en, upojéetoume iti oi
parathr seic I; ePnai anexrthtec metaxO touc, itan pléon desmeOoume p nw sth
esh tou tm matoc.

Gia na Ihfieb h apifash gia to e€"n up'rgei éna antikeDmeno grei"ze tai mba
epipléon katanom pou na ermhneQei tic parathr seic stic éseic auté € mesw enal-
laktik,n upojesewn; sghmatbzontac ton ligo thc pijanof'neiac twn pa rathr sewn
“sei thc upijeshc tou antikeiménou kai twn enallaktik,n pabrnoume mb a posithta
pou mporeb na grhsimopoihjeb gia thn taxinimhs tou.

Xekin,ntac api aut n thn genik proséggish, di*forec parallagec thc prokO-

ptoun api touc orismoQOc twn tmhm’twn twn antikeiménwn kai api touc algirijmouc
pou grhsimopoioOntai gia na rejoOn ta mégista twn parap™nw ekfr"sewn.

Orismic Tmhm~™twn Antikeiménou

H aploOsterh proseéggish grhsimopoieD éna prokajorisméno sOnolo api t m mata
gia to k'je antikePmeno, kai ewreD iti sto sOnolo ekpabdeushc éqo  un entopisteb
geirwnaktik™ oi éseic touc sthn eikina. An kai aut h méjodoc mac db nei plrh
élegqo p’nw sthn kataskeu tou montélou kai sun jwc dbnei kai kalOt era apo-
telésmata [45], ePnai dOskolo na oristoOn kai na entopistoOn ta tm mata gia ila
ta optik™ antikebmena pou antilambanimaste, ipwc ena kal,dio, énac t obgoc éna
sOnnefo.

Mba enallaktik proseggish pou apaiteD el qisth kai kajilou e pbbleyh

asbzetai sthn gr sh shmebwn endiaferontoc, pou ex"gontai gqrh simopoi,ntac gia
par‘deigma énan telest anbgneushc gwni.n [158] tic topojesbec t wn meégistwn
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K"poiac diaforik ¢ posithtac, ipwc h Laplacian-of-Gaussian  [148, 149]. 'Etsi
mporoOn na entopistoOn garakthristik™ ipwc mtia, idec, pl ktra, gwn Pec sto
meétwpo k.o.k. qwrbc thn anjr,pinh parembash.

H asik etik sunist,satwn proseggbsewn aut,n ebnai to mikri pl joc shmeb-
wn pou prépei na geiristeb kanebc; auti kajist”™ dunat thn exontwtik ( exhaustive )
anaz thsh p"nw se klPmakec gia thn autimath ekm~jhsh twn montélwn en, epitre-
pei thn eisagwg tegnik,n ekm’jhshc mhgan,n. Xekin ntac api th montel opobh-
sh twn garakthristik.n twn tmhm™twn mésw apl,n Gaussian [233, 62] sunart -
sewn, ta teleutaba qgrinia égoun eisaqgjeb idéec api metabolik Bayesian ektbmhsh
[62, 57], kai api thn kathgoriopoBhsh keiménou [207, 210], kaji st,ntac efikt thn

automatopoihménh kataskeu montélwn gia éna meg~lo pl joc kathgori,n

Péra api auti, h anex'rthth api thn klIbmaka anbgneush aut,n twn shmebwn
mporeb na automatopoi sei thn ektbmhsh thc klbmakac tou antikeimeno u, parak"m-
ptontac thn exantlhtik anaz thsh p"nw se kiDmakec pou a greiaz itan diafore-
tik™.

Montelopobhsh Gewmetrbac

Se antbjesh me thn montelopobhsh thc emf'nishc, ipou ilh h epexerga sba gbne-

tai topik”, sthn perbptwsh aut qrei"zetai na IhfioOn upiyh oi sunduasmob twn
esewn twn garakthristik,n shmebwn tou antikeiménou. H poluplokithta tou pro-
| matoc sthn perbptwsh pou exet"zoume ilouc touc dunatoOc sunduasmoOc ése wn

ebnai meg’lh, opite grei"zetai k"poia proseggish.
H aploOsterh ePnai aut twn [27], ipou api ilh thn eikina apomon nontai

ta shmeba ekebna gia ta opoba topik™ upologbsimoi iroi pijanof neia C xepern'ne
éna kat fli. Sth sunégeia ektim™tai h pijanithta thc suneQreshc ( constellation )
twn qarakthristik,n shmebwn stic sugkekriménec eéseic, gia ilouc t ouc dunatoOc
sunduasmoOc metaxO twn qgarakthristik.n shmebwn. To asiki meionékthma aut c
thc mejidou ebnai iti poll” shmeba ta opoba ebnai k“tw api to kat fli mporeb na
antistoiqoOn se tm mata tou antikeiménou, opite h diadikasPa aut e Pnai dunati na

odhg sei sthn priwrh apirriy tou.
H proseggish twn [58] ewreD iti h katanom P (X jO) mporeb na grafeb se mb-

a aploOsterh morf, h opoba ekmetalleQetai tic ipoiec anexarthsbec up“rgoun
metaxO twn shmebPwn. Gia par’deigma gia to montélo enic autokin tou, mpor eb
kanebc na upojesei iti h esh thc pbsw idac ebnai anex'rthth api t h esh thc
mprostin ¢, itan gnwrbzei kanebc pou rbsketai h pirta endi'mes” t ouc. H ék-
rash tétoiwn idiot twn gbnetai abbasta mesw grafik,n montélwn [18 2]: oi ipoiec
exart seic up’rqoun metaxO twn tugaBwn metablht n (en prokeiménw oi és eic twn
tmhm’twn) ekfr"zontai mésw enic grfou, o opoboc epitrépei thn aploOst eush twn
upologism_n twn statistik,n posot twn pou mac endiaféroun. 'Etsi ebnai dunatin
me énan katanemhmeéno algirijmo na upologisteb h eltisth topojesba tou anti-
keiménou grhsimopoi,ntac apléc ekfr'seic; perissiterec leptomére iec sgetik™ a

dojoOn sto epimeno tm ma tou kefalabBou autoO.

2.2.5 Paramorf,sima Montela

To montéla AAM geirbzontai xeqwrist™ tic qwrikéc paramorf seic api ti C para-
morf,seic sthn emf'nish, kai tic sundu™zoune kat™ énan mh-grammiki tr ipo.
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Sugkekriména, h emf nish (If ) T tou antikeimeénou suntbjetai se éna prwtitu-
po sOsthma suntetagménwn sto opoPo den upeisérgontai qwrikéc alloi sei C WC éna
an"ptugma se mba grammik “sh:

X
T = 4Ti(x); (2.29)
i=0
ipwc kai sthn mejodo twn  eigenfaces [121, 220]. Parap'nw me t = (tq;:::;tn;)
sumbolbzoume to di"nusma suntelest n tou anaptOgmatoc, T tic sunart seic “shc,
en, Tp ebnai h mésh tim thc wteinithtac tou antikeiménou Kkai to = 1. Apito
an"ptugm” auti mporeD na ekfrasteD h poikilDa sthn emf nish pou prokOptei api
ton wtismi kai to qr,ma tou antikeimenou, p.g. sta malli” h sta m’tia.
Sth sunégeia h sOnjesh aut paramorf netai qwrik”, ,ste na érjei se an ti-
stoigba me thn parat rhsh pou égoume sthn eikina, grhsimopoi,ntac én a pedbo

paramirfwshc, S to opobo p’li ekfr'zetai wc ena grammiki an“ptugma:

Ks
S(x;8)  (Sx(X;9);Sy(x;9) = siSi(x) (2.30)
i=1
Parap™nw grhsimopoioOme ton sumbolismi S=(S1;:::;SNg), gia touc suntelestéc
tou anaptOgmatoc thc paramirfwshc, en, argitera grhsimopoioOme enall aktik”

ta pedDaS (Sx; Sy) analigwc tou poii ePnai aploOstero. To pedDPo auti opobo érnei
to shmebo(Sx(X; S); Sy(X;s)) thc eikinac se antistoigba me to shmebo tou prwtitu-
pou antikeiménou X = (X;y), opite sOmfwna me to montélo twn AAM ewroOme
iti 1(S(x;s)) ' T (x;t)), ipou | ebnai h ewroOmenh eikina kai to X an kei sto
eswteriki tou antikeiménou.

H prosarmog twn montelwn AAM tupik”™ epitugg netai elagistopoi ntac epa-
nalhptik™ wc proc tic paramétrouc s kai t éna krit rio pou orDzetai sto sOsthma
suntetagmenwn thc templétac:

X
E(st)=  (1(S(x;9) T (x;t))? (2.31)

X2R

ipou R ebnai to sOnolo twn stoigePwn sto eswteriki tou antikeiménou. Auti &g  ei to

pleonékthma iti grhsimopoioOme mPa statik “sh gia ta stoigePa emf nishc kai
sq matoc, ta opoba diaforetik a eprepe se K'je epan’lhyh na paramor f,non-
tai sto sOsthma suntetagménwn thc eikinac.
Gia thn elaqgistopobhsh thc parap™nw posithtac treic kurbwc prosegg Pseic
egoun protajeb:
Stic anaforéc [226, 112]grhsimopoiebtai énac algirijmoc stoq astik ¢ elti-
stopobhshc, o opoboc apotim™ thn par"gwgo thc sun“rthshc kistouc grh si-

mopoi_ntac se k'je epan’lhyh éna uposOnolo twn parathr sewn kai grhsi-
mopoiebgradient descent .

H epbspeush thc diadikasbac gradient descent epitugq netai sthn anafor”

[37] mésw mbac sun’rthshc palindrimishc pou sundéei to sfima sOnjesh c
me tic éltistec anane seic twn paramétrwn; aut h sun’rthsh majabnet ai
kat™ th di“rkeia thc ekpabdeushc kai mporeb na apotimhjeb apodotik™ kat”

thn prosarmog se mba néa eikina.
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Téloc, sthn anafor” [157] grhsimopoiebtai mPa diatOpwsh tou probl matoc
thc prosarmog ¢ pou epitrépei thn gr sh tou algorBjmou Newton-Raphson
gia thn ektbmhsh twn paramétrwn gqwrbc na apaiteb ton epanadpologismi thc
Hessian thc sun’rthshc kistouc se k'je ma.

H Oparxh apodotik,n algorBjmwn gia thn prosarmog toOc kajist™ dunat t h
gr sh touc se pragmatiki grino [157], parak"mptontac to asiki empid io sthn
efarmog touc.

Periplokitera montéla ipwc ta 3-D paramorf,sima montéla twn Blanz & Vet-
ter [16] éqoun d sei ta kalOtera apotelésmata twn teleutabwn et.n sthn ana gn,-
ish pros,pwn, en, prisfata éqoun protajeb epekt'seic twn montelwn aut,n s e
duskolitera probl mata, ipwc h montelopobhsh antikeiménwn me poll”~ epbpe da
[111].

2.3 Pijanotik™ Montela gia Probl mata An’lushc
kai Anagn_rishc ProtOpwn

An kai h poikilba mejidwn pou up“rqoun sthn irash upologist,n éqgei wfel se i to
pedbo eis"gontac idéec kai tegnikec api diaforetik™ ,rima pedba, kajist™ dOskolh
thn epikoinwnBa kai thn api koinoO qr sh ide n se diaforetik™ prob | mata.

Kat™ th di'rkeia thc teleutabac dekaetbac imwc ebnai aisjht mba strof an™-
logh thc tegnologbac anagn,rishc wn ¢ proc thn statistik diat Opwsh kai eno-
pobhsh problhm’twn thc irashc kai sthn gr sh tegnik,n statistik ¢ ekm’jhshc
mhgan,n, tiso se gamhloO/mésou epipédou probl mata, ipwc omalopoBhsh ei-
kinac, ektbmhsh kbnhshc/b’jouc, p.q. [67, 70, 71] iso kai se uyhlo O epipédou
probl mata, ipwc  tracking kai anagn,rish [13, 209, 210].

Sth “sh thc diatrib ¢ aut ¢ rbsketai h gr sh twn anagennhtik ,n montélwn,
dhlad pijanotik,n montélwn me éna mikri sOnolo api paramétrouc pou mporoOn
na grhsimopoihjoOn gia na anakataskeu"soun tic parathr seic thc e ikinac kai
twn grafik.n montélwn, ipou oi exart seic metaxO twn tugabwn metablht,n pou
perilamb™nontai se éna montélo mporoOn na anaparastajoOn mésw enic gr “fou.
Shmei,noume iti sunhjbzetai wc anagennhtik™ montéla na anaféronta i ila ta monte-
la pou mporoOn na par“sqoun mba ékfrash thc pijanof'neiac twn parathr s ewn,
opite perilamb™nontai kai ta perissitera grafik™ montéla. Gia th n parousbash
aut ¢ the diatrib ¢ grhsimopoioOme th di“krish thc anafor™c [249 ], pou ohj’ei
kurbwc sthn parousbas touc, tonbzontac iti ta anagennhtik™ monte la, ipwc ta en-
nooOme ed,, égoun mbPa tetrimménh grafik dom Kkai ta grafik® montéla sun jwe

polO apl” anagennhtik™ montéla sta dunamik” parat rhs ¢ touc.

Ta ubrbdia metaxO touc prokOptoun abPasta, en, sunhjbzetai me toniroa nagen-
nhtik™ montéla na ennooOntai kai oi dOo proseggPseic, égontac ka t* nou to geniki-
tero plaBsio thc ewrDac protOpwn.

Sth sunéqeia parousi"zontai stoigePa twn dOo pedbBwn pou a ohjsoun s thn
eniaba parousbash twn suneisfor,n pou éginan sta plabsia thc diatri b c autc;
ektenésterec parousi'seic perilamb”nontai stic anaforéc [78, 167, 90, 113, 249,
71].
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2.3.1 Anagennhtik™ Montéla

Ta anagennhtik™ montéla gia probl mata thc irashc upologist,n tai ri"zoun sto
genikitero plabsio thc  Bayesian anagn, rishc protOpwn. H proséggish sunPstatai
sthn kataskeu gia thn k“je montelopoioOmenh kathgorba eikinwn en ic montélou
sOnjeshc me éna mikri pl joc paramétrwn to opoBo mporeD, na ekfr"zei thn poiki-
[Da twn parathr sewn pou proérqontai api thn kl"sh kai na parégei mba e kfrash
gia thn pijanof'neia mPac parathroOmenhc eikinac dedoménhc thc sOn  jeshc tou
montélou, “sei enic montélou sf lmatoc.

'Hdh sunant same dOo api tic pléon sunhjisménec sqgéseic sOnjeshc

Gia to eswteriki mbac perioq ¢ sto plabsio thc kattmhshc:

I(X)=c¢c; A=c (2.32)

Gia thn proséggish mPac eikinac mésw enic grammikoO sunduasmoO stoiq ePwn
“shc, ipwc p.q. sthn an’lush Fourier , stic mejidouc  Principal/Independent
Components Analysis

X
I(x) = &Bk(X); A=[c;ii 6] (2.33)

k=1
SOmfwna me thn anafor” [166] an"mesa sta antikeDmena kai thn emf nis touc
pou apotup,netai se mba eikina paremb’llontai genikitera tésseric k Orioi tOpoi
paramorf sewn, pou prépei na montelopoihjoOn sta plabsia enic anagennh tikoO

montélou:

Jiruboc kat” th | yh thc eikinac.
Upérjesh me “lla s mata.
Qwrik paramirfwsh.

EpikalOyeic me “lla antikeDmena.

Oi pr.toi dOo tOpoi paramorf,seic odhgoOn sth gr sh k™poiou anaptOgmatoc t O-
pou PCA kai sthn eisagwg enic montélou sflImatoc, tupik” tOpou leukoO Gaus-
sian orObou ( White Gaussian Noise- WGN ). Oi qwrikéc paramorf seic mporoOn
ebte na montelopoihjoOn meésw enic pedbou paramirfwshc ( deformation eld ), ipwc
sta montéla AAM ebte mésw enic grafikoO diktOou, ipwc sta tmhmatik™ monté la.
Téloc, gia thn montelopobhsh thc diadikasbac epik’luyhc gia thn pl rhc 10sh
a greiazitan na sunduastoOn perissitera tou enic antikePmena, n a upologisteb h
probol touc gia thn ("gnwsth) ésh thc k"merac k.o.k. AntD autoO, mpor oOme na
doOme thn kat'tmhsh ipwc efarmizetai sto keflaio 5 wc mPa par’kamyh aut ¢
thc diadikasbac, ipou apl” apofasbzetai poia mérh tou antikeiméno u ebnai orat”,
gwrbc na grei“zetai mba ermhneba ilhc thc skhn c.

H anagn, rish protOpwn mésw anagennhtik.n montélwn asbzetai ston nimo
tou Bayes pou epilégei thn kI"'sh me thn meégisth-ek-twn-ustérwn ( Maximum-a-
Posteriori - MAP ) pijanithta. Sugkekrimena, an upojésoume iti égoume K enalla-
ktikec t'xeic C= fhq;:::;G;:::; 0 g kai mPa paratrhsh |, to montelo i grhsimo-
poieD éna sOnolo parameétrwn A; sthn sqgésh sOnjes ¢ tou |;( ;A;) gia na proseg-
gbsei tic parathr seic. Jewr ntac tic paramétrouc tou montelou autée c “gnwstec
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Sq ma 2.12: Api [246]: Péra api tic tupik® ewroOmenec phgéc allobwshc (wt i-
smic kai iruboc) sthn dhmiourgba mbac eikinac api éna antikebmeno upe isérqontai
kai “llec phgéc paramirfwshc, ipwc h qwrik paramirfwsh kai oi epikalOyeic

apoktoOme thn marturba montélou (model evidence) oloklhr nontac p"nw se au-
tec:

Z

P(ljc)=  P(ljAi;c)P(Aijc)dA; (2.34)

Aj
ipou P(Aj) ebnai h priterh katRnom twn parameétrwn tou montelou. Parap™-
nw grhsimopoi jhke h sgésh ,P(a;gc) = P(ajc) se sunduasmi me ton kanina
alusbdac P(a;lc) = P(ab; 9P (bc).

Sun jwc to parap’nw olokl rwma p'nw stic paramétrouc parak"mptetai,
grhsimopoi, ntac apeujeBPac mba shmeiak ektim tria, ewr,ntac iti h m"z a thc
oloklhroOmenhc posithtac ePnai proseggistik™ mia sun’rthsh Dirac gOrw api au-
t n. Oi dOo sunhjésterec ektim triec ePnai oi ektim triec Megbs thc Pijanof'neiac
(Maximum-Likelihood - ML ) kai Mégistou-ek-twn-Usterwn ( Maximum-a-Posteriori
- MAP)

AM

MAP
Ai

argmax P (1A ;)

argmax P (1 jA ; )P (Aijc) (2.35)

Gia par"deigma, gia thn perbptwsh pou égoume éna an“ptugma p'nw se mba
“sh, se sunduasmi me thn upijesh tou leukoO orObou mporoOme na gr'youme

P o T ARG 100
o x2P k=1 AkBk(X X jPjlog2 2

logP(l;A) = 52 + 5 .
ipou P ePnai to sOnolo twn parathr sewn sthn eikina pou montelopoiebtai ka i to
j ] sumbolbzei thn plhjikithta. O log rijmoc thc pijanof°neiac twn de domenwn
ebnai tite an"logoc tou ajroBsmatoc tou tetrag,nou twn laj,n, opi te h ektbmhsh
twn paramétrwn megisthc pijanof’neiac an"getai sthn antistrof t ou pbnaka pou
prokOptei api to krithrDou El'gistwn Tetrag.nwn. Ac shmeiwjeD ed, iti a utic
ebnai kai o asikic ligoc pou eis"getai h paradoq tou WGN; kaj,c prikeitai gia
sf'lma montelopobhshc, praktik™ to sf'lma anakataskeu ¢ ebnai sus getismeno,
all” lamb™nontac auti upiyh odhgoOmaste se perbplokec sqéshc ektbmhsh C pa-

ametrwn.
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Eis"gontac tic ektim triec autéc ston tOpo tou Bayes mporoOme na proume
proseggbseic twn Osterwn pijanot twn twn kI"sewn, “sei twn opoPwn mporoOme na
k"noume taxinimhsh grhsimopoi,ntac eéna Test Ligou Genikeuménhc Pija nof neiac
(Generalized Likelihood Ratio Test (GLRT) ) [119]:

. P(c)P(ljc P(jA%;q
P(gjl)= P (c) (JQ). P (] '_Q) (2.36)
g 2c P(G)P(ljg) o2c PU1IAT;6)

Krufec metablhtec
Kaj,c sugn” sthn diadikasba paragwg c twn parathr sewn upeisérqgonta i par’-
gontec oi opoboi den katagr~fontai mazb me tic parathr seic, ekf r"zontac thn pija-
nof neia twn parathr sewn “sei twn sgésewn sOnjeshc sugn” eis"gon tai "gnwstec
metablhtéc pou prépei na IhfjoOn upiyh kat™ thn ektBmhsh twn paramétrwn kai
thn gr sh twn montélwn. Gia par"deigma itan éqoume metr seic wteinith tac kai
den gnwrbzoume thc phgéc wtismoO, oi éseic touc ePnai kruféc metablhté ¢ oi opob-
ec prépei na apaloifoOn itan k'noume wtometrik steréoyh. AntPstrofa, itan

éloume na ektim soume thn ésh twn phg.n wtismoO to tridi’stato sq ma twn
antikeimenwn ebnai mba “gnwsth posithta pou prépei na I"lboume upiyh kat™ th
di“rkeia thc sumperasmatologbac.

MPa “llh perbptwsh ipou oi kruféc metablhtéc prokOptoun "mesa ebnai sthn

ekm’jhsh twn “sewn pou grhsimopoioOntai gia ta anagennhtik® montel a. Sthn
perbptwsh aut oi parathr seic ePnai to sOnolo ekpabdeushc, oi par'met roi pou
eloume na ektim soume ta stoigePa “shc kai oi krufec metablhtéc oi suntelestéc

sta anaptOgmata. Tite, h ektbmhsh parameétrwn isodunamep me thn gr sh mPa c te-
gnik cipwch PCA,ICA,TCA en, oi suntelestéc tou anaptOgmatoc pléon ewroOntai
wc perittéc tugabec metablhtéc ( nuisance terms ). Téloc, ipwc a doOme kai sto ke-
“laio 5 mporoOme na doOme kai thn kat“tmhsh thc eikinac wc éna pedbo kruf n
metablht,n, pou prépei na apaloifeb api th diadikasba ektbmhshc paramé trwn twn
anagennhtik,n montélwn.

H méjodoc antimet,pishc twn kruf n metablht,n ebnai h apaloif touc me-
sw olokl rwshc ( integrate-out ): éqontac éna pijanotiki montelo  P(l;Z; A) pou

sunoybzei th diadikasPa sOnjeshc twn parathr sewn I mésw tou sunilou parame-
trwn A pou éloume na ektim soume kai enic sunilou kruf .n metablht,n Z pou
paremb’llontai sth diadikasba sOnjeshc, égoume
Z
P(AIL)/ PUJA)P(A) = P(l;ZjA)P(A) (2.37)
z
Kaj,c to olokl rwma auti mporeb na ebnai dOskolo na upologisteD, proseg gistikec

meéjodoi megistopoPhshc tou irou P (I jA) sugn” grhsimopoioOntai, ipwc gia par’-
deigma o algirijmoc Megistopobhshc Prosdokbac Expectation Maximization-EM
0 opoboc grhsimopoieb idiithtec thc sun’rthshc tou logarbjmou.

Periorismob anagennhtik,n montelwn

Ta anagennhtik™ montéla gia probl mata irashc ebnai diaisjhti k™ elkustik™, ka-
.c grhsimopoi ntac apl~ parametrik® montéla mporoOn na ermhneOsoun enic
meg~lo pl joc parathr sewn. 'Enac asikic periorismic touc ebnai i ti den ek-
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metalleQontai th dom twn allhlexart sewn metaxO twn tugaBwn metablht .n gia
apodotikiterouc algorbjmouc kai pio sumpag montéla. Gia par"deigma, mo n-
telopoi,ntac éna priswpo, éna kajoliki montélo mporeb na grhsimopoieb enan
epanalhptiki algirijmo prosarmog ¢ montélou asizimeno se ilec ti c parathr -
seic. Ja tan epijumhti an h diadikasba prosarmog c égei katal xe i se mba kal
anakataskeu mbac periog ¢ tou pros,pou, na “pag,sei' sthn perioq aut kai
na esti"sei stic upiloipec periogéc. Kaj,c imwc ta anagennhtik™ mont ela tOpou
AAM ebnai kajolik™, den mporoOn na susgetbsoun tic paramétrouc touc me sugk e-
kriménec periogéc, opite kai na ekmetalleutoOn sthn ektbmhsh twn para meétrwn thn

ipoia anexarthsBa mporeP na up“rgei metaxO touc.
Péra api auti h autimath ekm’jhsh anagennhtik.n montélwn api dedome-

na ebnai sugn”™ problhmatik , kaj,c emplekontai oi par'metrob touc wc kr ufec
metablhtec, opite aux nontac thn ekfrastikitht™ touc (mésw peris siterwn para-
metrwn), megal nei kai h pijanithta h ekm’jhsh na stamat sei se mba to pik”
eltisth IOsh.

2.3.2 Grafik®™ Montela

Sta perissitera probl mata irashc upologist,n grei“zetai na ekmet alleutoOme
tic ipoiec anexarthsPec up“rgoun metaxO twn tugaPwn metablht,n gia thn kata-
skeu aploOsterwn kai apodotikiterwn montélwn. H ékfrash tétoiwn idi ot twn
gbnetai abbasta mésw grafik. n montélwn [182, 240, 113, 44, 114], kaj,c epitré-
poun thn montelopobhsh kai gr sh katanom_n p"nw se éna meg~lo pl joc tuq abwn
metablht,n, ekmetalleuimena tic ipoiec anexarthsBec up’rqoun metaxO touc. Gia
thn anapar“stash thc api koinoO katanom c touc grhsimopoiebtai h d om enic
gr-fou, oi kimboi tou opobou ebnai oi tugabec metablhtéc kai oi akmé ¢ tou ek-
rzoun tic exart seic metaxQ touc. 'Etsi mporoOn na kataskeuastoOn a Igirijmoi
sumperasmatologbac pou ekmetalleOontai tic ipoiec anexarthsbec ~ sei thc dom ¢
tou kai igi api tic ipoiec euretikéc efeurejoOn gia to ek’stote prib Ihma.
Sugkekriména, ac ewr soume iti oi allhlexart seic twn tugabwn metab Iht,n
pou emplékontai sto priblhm™ mac mporoOn na montelopoihjoOn mésw tou mh-
kateujuntikoO grifou sto Sq. 2.13 kai iti @loume na ektim soume thn perijw-
iak katanom thc metablht c X 1. Api th dom tou gr'fou mporoOme na gr'-
youme thn ékfrash thc api koinoO katanom c tou dianOsmatoc tugaBwn meta blht.n
X = fXyq; X2; X3; X g5 Xs0:
Y
P(X) = P(Xc) = P(X1; X2)P(X2; X3; X4)P(X2; X5)P(X3; X5)  (2.38)
c2c
ipou C ebnai to sOnolo twn mégistwn |I_/,Iik,lbtou grfou, kai P(Xc) ebnai etikec
sunart seic kanonikopoihménec ste x  ca2cP(Xc)=1.
H apeujebac gr sh tou tOpou thc perijwriopoBhshc apaiteb ton upologismi thc
ekfrashc
X
P(Xl): P(Xl,XQ,Xg,X4,X5) (239)
X2;X3;X4;X5

to opobo an gia par’deigma egoume diakritec metablhtec me N dunatéc timéc ebnai
poluplokithtac O(N%). Ekmetalleuimenoi imwc th sugkekriménh morf tou gi-
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—(x)
T

Sg ma 2.13: Grafiki dbktuo gia thn anapar“stash twn allhlexart sewn thc ka-
tanom c (2.38).

nomeénou, pou prokOptei api th dom tou grfou, mporoOme na grhsimopoi soume
thn antimetajetik idiithta kai na gryoume

X X X
P(X1) = P(X1;X2) P(X2;X3;X4)  P(X2;X3;X5)
X2 X3;X4 |X5 {Z }
X2 X
X X 5(X2:X3)
= P(X1;X>) P(X2; X3;X4) 5(X2;X3)
X2 i<3:X4 {Z }
X 3;4(X2)
= P(X1;X2) 34(X2)
X2
= (Xq) (2.40)
ipou pléon to megalOtero “jroisma ePnai poluplokithtac O(N?). Antbstoiga an
ebgame suneqebc tugabec metablhtéc a ebgame na upologbsoume pléon endipli
olokl rwma antD enic tetraploO. Aut h idéa rbsketai pPsw api kajier wmenec

tegnikéc ipwc ta Pltra  Kalman sthn ewrba elegqou ta Hidden Markov Models -
HMMs sthn epexergasba wnc, ta Belief Networks sta émpeira sust mata kai ta
dbktua tOpou Markov Random Field se probl mata irashc.

MPa sunhjisménh aploOsteush ePnai na tBjentai iloi oi iroi pou anti stoiqoOn
se kIbkec me perissiterouc api dOo irouc Bsoi me thn mon“da, opite apoméno un
mino ta legimena dunamik® eOgouc ( pairwise potentials ), pou sumbolDzontai me
( Xi;Xj). Epbshc, gia tic parathr seic I pou ebnai diajésimec eis"getai o iroc
tou dunamikoO parat rhshc i(Xi) = P(lijXj), ipou X; ePnai h kruf tugaba me-
tablht pou ermhneQei thn parat rhsh I, mésw enic anagennhtikoO upomontélou.
Gia par"deigma gia to Dltro Kalman ta eOgh dunamikoO ekfr"zoun touc perio-
ismoOc pou eis"gei h dunamik tou sust matoc kai ta dunamik” parathr s ewn
to irubo pou upeisérgetai stic metr seic. Gia éna priblhma anagn,ri shc anti-
keiménwn ta dunamik™ eOgouc ekfr'zoun touc gewmetrikoOc periorismoOc sto  uc
opobouc upikeintai ta tm mata tou antikeiménou kai ta dunamik™ parat r hshc
thn pijanof’neia tou tm matoc thc eikinac pou montelopoiebtai api t 0 tm ma tou
montelou.

Sunduazimenoi autob oi iroi mac dbnoun thn ekfrash pijanof neiac gi a to sOno-
lo twn parathr sewn | “sei tou grafikoO diktOou tou montélou tou antikeiménou
O:
X X XY Y
P(IjO0)=  P(:XjO)=  P(jX;0)P(X]jO)= i(Xi) ( Xi;Xj)
X X X i fi;j g2E
(2.41)
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'Etsi mporoOn perbplokec doméc stic parathr seic mac na ermhneutoOn mésw apl,n
anagennhtik,n montélwn (iroi i(Xi) = P(IijXj)) kai enic sunilou kruf n tugaBwn
metablht,n X pou éqoun mba sugkekrimenh dom allhlexart sewn. Ta probl mata

pou tBjentai ePnai afenic h ektbmhshc thc Osterhc katanom ¢ p'’nw's  tic tugabec me-
tablhtec X dedoménhc mbac parat rhshc |, (sumperasmatologba) kai h ekm’jhsh

twn dunamik, n parat rhshc kai eOgouc grhsimopoi ntac dedomeéna ekpabde ushc
(ektbmhsh paramétrwn kai dom c¢). Parak’tw dbnoume mPa sOntomh parousbPas h
twn algorbjmwn sumperasmatologbac gia grafik” dbktua kaj,c emfanbzon tai se
di“fora shmeba tou keiménou, en, parapempoume stic anaforéc [113, 188 , 251]

gia émata ekm’jhshc paramétrwn se grafik™ dbktua.

Algirijmoi sumperasmatologbac gia grafik™ dbktua

Gia to par"deigma sto Sq. 2.13 ebdame éna par"deigma ipou grhsimopoi,n tac th
dom tou grifou epitagOnetai o upologismic perijwriak.n katanom_ n tugab wn
metablht.n. Genikitera, gia grfouc qwrbc rigouc mporeb na grhsimo poihjeb
enac katanemhmeénoc algirijmoc api ton opobo upologbzontai suggrinwc oi Osterec

katanomec ilwn twn metablht,n, gwrbc na gbnetai h diadikasba apaloi fcgiakije
mba xeqwrist”.

Sugkekriména, ston algirijmo Belief Propagation/Sum Product [182] K’je
kimboc i stélnei mhnOmata stouc geBtonéc tou fN (i)g, sta opoPa grhsimopoieb

Ta mhnOmata pou éqei I'bei api ilouc touc upiloipouc gebtonéc tou, fN (i)n
9

To dunamiki parat rhshc, i

To dunamiki eOgouc

To m numa api ton kimbo i ston kimbo | grfetai:
X Y
mi j(Xj) = i(X5) My i (Xi) (2.42)
X k2fN (i)njg

en, ta beliefs ston kimbo 1 ektim ntai wc to ginimeno twn eisergimenwn mhnum™twn
me th sun’rthsh dunamikoO i

Y
Bi(Xi)= (X)) miy  (Xi) (2.43)
j2N (i)

Diaisjhtik”, me to mnuma  m;, j o kimboc i periorbzei tic pijanéc timéc tou kimbou
j sundu“zontac thn antBstoigh plhroforba pou eqei p°rei api touc upiloi pouc
geitonikoOc kimbouc me touc dikoOc tou periorismoOc gia tic sgetikéct  ouc eéseic.

'Otan h diadikasba metabbBbashc mhnum™twn égei sugklbnei, mporeb na apodeigjeb
iti e"n to grafiki montelo éqei th dom enic déentrou, h posithta Bi(X;) aisoOtai
pragmatik® me P (Xijl).

O algirijmoc autic égei emfanisteb wc Belief Propagation sta Bayesian dbktua
[182] forwards-backwards sta HMMs, kai smoothing sta Pltra Kalman [177].
Sto “rjro [134] enopoioOntai oi parap™nw diatup seic en, ed, grhsimo poioOme
th diatOpwsh thc anaforc [240]. 'Ena par"deigma thc efarmog ¢ auto O tou
algorbjmou sthn anbgneush pros,pou abnetai sto Sq. 2.14. Hanbgne  ush shmebwn
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EDsodoc, | logP(ljEye) logP (1 jNose) logP (ljMouth)
leftEye  Right Eye
Left Mouth  Right Mouth . . .
Grafiki dbktuo logP (Eyejl) logP (Nosgl) logP (Mouthijl)
Sq ma 2.14: Anbgneush pros,pou grhsimopoi,ntac grafik™ montéla: P nw gram-
m : Eikina sthn ebsodo tou pros,pou, kai topik™ kajorizimena dunamik” para-
trhshc log (X;), ipou X; h ésh tou dexioO matioO, thc mOthc kai tou dexioO
geblouc, antbstoigqa. K'tw gramm : Grafiki dbktuo gia thn anapar® stash kai anb-
gneush pros,pou, kai apotelésmata algorbjmou Belief Propagation gia tic Osterec

katanomec twn esewn twn shmebwn,logB;(X;).

me “sh topik™ qarakthristik™ dbnei polléc esfalménec anigneOse ic, ipwc abnetai
sthn p"nw gramm ; eis"gontac imwc tic allhlexart seic metaxO twn sh mebwn tou
antikeimenou gbnontai entoniterec oi pragmatikéc topojesbect ouc.

Genikitera mporeb na mhn up’rgei mba poreba apaloif ¢ twn tugabwn metablh -
t,n ipwc aut tou paradebgmatoc pou na exasfalbzei iti to “jroisma gbn etai p"nw
se éna mikri pljoc tugabwn metablht,n. Sthn perBptwsh aut up“rgoun dOo
proseggbseic: h stogastik kai h metabolik .

Sthn stoqastik proséggish oi statistikéc posithtec pou mac end iaferoun pro-
seggbzontai me thn teqnik Monte Carlo ; h mésh tim mbac sun“rthshc f twn meta-
lht,n X mporeb na proseggisteD méswN deigm“twn thc katanom c wc:

z X
f(X)P(X)dX ' Nl f(Xi); Xi P(X) (2.44)

X i=1
Oi idiithtec twn grafik,n montelwn ed, ePnai gr simec gia thn exag wg deigm™twn
api thn katanom , kaj,c epitrepoun thn gr sh tegnik,n deigmatolhybac Gibbs
[75] kai Metropolis gia thn kataskeu mbac alusBdac Markov , ipou to prohgoOme-
no debgma par"gei enan neo grhsimopoi ,ntac mino topik plhroforba pou kajo-
Dzetai api th dom tou diktOou. Auti to opoPo eggu_ntai oi algirijmoi Gibbs kai
Metropolis ePnai iti ta deDgmata aut™ intwc akoloujoOn thn katanom P (X) opite

mporeD na grhsimopoihjoOn gia ektbmhsh Monte-Carlo . O sunduasmic autic ePnai
eurOtera gnwstic wc  Markov Chain Monte Carlo  [169], kai gqarakthrDzetai afenic
api thn euelixba tou, kaj,c epitrepei thn deigmatolhyba perbplokwn kata nom.n,
p.q. [251], afetérou api thn radOtht” tou.

H metabolik proseggish sth sumperasmatologba [107, 228] upojétei i ti oi
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katanoméc pou éloume na ektim soume an koun se mba sugkekriménh oikoge neia
Q, kai an"gei thn sumperasmatologba sthn anaz thsh mbac katanom c Q2Q pou
na megistopoieb éna katllhlo krit rio J(Q). 'Ena kat'llhlo metaboliki krit rio

gia na megistopoioOme gia ton upologismi thc P (XjY) ePnai h ékfrash:

J(Q)=log P(Y) KL (Q(X)KP(XjY)) (2.45)
P
ipou KL (p(X)kp(X)) = N p(X)Iog% ebnai h apistash Kullback-Leibler
[43] metaxO twn katanom,n p kai ¢ pou elagistopoiebtai itan  p(X) = g(X), opite
kai isoOtai me to mhden. Sunep.c to krit rio (2.45) megistopoiebtai i tan Q(X) =

P(XjY) opite kai isoOtai me logP(Y).

An kai h P(X]jY) mporeb na mhn an kei sthn oikogéneia Q, to kritrio  J(Q)
mac parégei eéna meso gia thn epilog enic mélouc thc Q pou na eDnap', kont™ sthn
P (X]Y). Qrhsimopoi,ntac tic tautithtec P(Y)P(X]JY)=P(X;Y)kai  Q(X)=
1, h sgésh (2.45) grifetai wc:

X X Q(X)
J = X)logP (Y X)log ———~
) , Q(X)logP(Y) XXQ( )10 5577y
= Q(X)logP(X;Y') Q(X)log Q(X) =
N X
= Q(X)logP(X;Y)+ S (2.46)
X
ipou h posithta S = P x Q(X)logQ(X) isoOtai me thn entropba thc katanom c
Q. Gr‘fontaﬁhn katan(w\ P (X;Y ) wc éna ginimeno p“nw stic kibkec tou gr-fou,
POGY)= 70 i(Xi) "y gee ( XiiXj),dipou i(Xi) = P(YijXi) égoume

X X X
J(Q) = Q(Xi)log (X;)+ Q(Xi; Xj)log ( Xi;X;) + S(2.47)

i X fi;j g2E
ipou ta ajroBbsmata p"nw sto di"nusma X égei surriknwjeb se epimérouc ajrob-
smata p"nw se mikriterouc irouc.

O iroc pou dusgerabnei thn apeujePac elagistopobhsh autoO tou irou ebnai h en-

tropba thc katanom ¢, S, h opoba kai aplopoiebtai me tic metabolikéc tegnikec. Gia
par"deigma, h proséggish mésou pedbou ( Mean Field Approximation -MFA ) ewreb

iti h api koinoO katanom tou sunilou twn tugaBwn metablht.n X =fXq0 Xn0
mporeD na proseggisteD mésw twn katanom,n Q;; i = 1;::: N pou orDzontai p"nw se
anex'rthtec tugabec metablhtéc:
Y
P(X)" Q(X)=  Qi(Xj) (2.48)
|
P
gthn perbptwsh aut o iroc thc entropbac grifetai we Svr = S, S =
x. Qi(Xi)In(Qi (X)), kaj,c h entropPa enic sunilou anex’rthtwn tugabwn meta-
Iht,n isoOtai me to “jroisma thc entropDac twn memonoménwn metablht.n. P léon
iloi oi iroi periégoun ePte memonwmeénec metablhtéc  eOgh touc, opite mpo  roOme
na grhsimopoi soume énan epanalhptiki algirijmo o opoboc anane,nont ac tic ti-
mec twn Q; aux"nei stajer” to krit rio kai h diadikasba sugklbnei se éna ( topiki)

megisto tou J.
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Mba “llh proséggish grhsimopoieb thn ékfrash gia thn entropba pou a proé-
kupte an o grifoc ebge th dom enic déntrou; sthn perbptwsh aut h katan om
p"nw sto grifo a mporoOse na grafeb wc
Q
Q(X)= QY QUi X;) (2.49)
T QX))@ D '
ipou ¢ ebnaito pl joc twn geitinwn tou Kimbou i. Api thn ékfrash aut prokOptei
h proséggish Bethe thc entropbac
X X X X
Sgethe = Q(Xi; Xj)logQ(Xi; Xj)+ (g 1)  Q(Xi)logQ(Xij2.50)
B XiiX i Xi

Shmei,noume ed, iti h ékfrash (2.49) en génei den antistoigeb se k  “poia prag-
matik dom grafikoO diktOou, kaj.c itan up’rqoun rigoi sto dBktuo od hgeb
se asunepeiec, mh ikanopoi,ntac tic sqgéseic perijwriopobhshc pou peri lamb™noun
parap’nw api dOo irouc. Antbjeta, h MFA pou parousi‘sthke prohgouménwc
antistoigeb se éna sugkekriméno grafiki dbktuo ipou den up“rqoun ka jilou ak-
méc metaxO twn tugaPwn metablht.n. Sunep,c den mporoOme na ermhneOsoume ton
iro pou prokOptei elagistopoi,ntac wc proc Q(X) wc éna Ktw irio tou krithrD-
ou, kaj,c h tim tou den prokOptei grhsimopoi ntac éna uposOnolo twn dunat,n
katanom n.

MPa eidik perbptwsh ePnai itan o grifoc tou diktOou égei intwc th d om enic
déntrou. Tite pléon h proséggish (2.50) sthn entropba gbnetai ak rib ¢, opite ela-
gistopoi,ntac to krit rio pou prokOptei pabrnoume th swst katanom . Th n bdia
katanom paregei imwc kai o algirijmoc Belief Propagation , opite prepei na up’r-
gei k’poia sgésh metaxO touc. Xekin ntac api aut n thn parat rhsh apo debqthke
[240] iti o algirijmoc Belief Propagation mporeb na ermhneujeb wc mba méjodoc
elagistopoPhshc thc proséggishc  Bethe sthn eleOjerh enérgeia, dikaiolog,ntac
etsi kai ewrhtik” ta kal” apotelésmata pou dbnei o algirijmoc ita n efarmizetai
se grafik® montéla me kOklouc (  Loopy Belief Propagation ). H e rhsh aut éqei
epitreyei afenic th genbkeush tou algorBjmou grhsimopoi, ntac uyhlit erhc po-
luplokithtac irouc [240], afetérou thn eisagwg enallaktik,n [2 44] pou éqoun
egguhmenh sOgklish.

2.3.3 Sqeseic grafik,n kai anagennhtik,n montelwn

Genikitera, ta anagennhtik™ montéla garakthrbzontai afeni ¢ api thn aplithta me
thn opoba mporeb na paragjeb kai na ermhneujeb éna debgma touc, afetér ou api thn
peritt poluplokithta pou eis"gei stouc algirijmouc ekm”jhshc kai pro sarmo-
g ¢ montélwn h kajolik touc Osh. Api thn lIh ta grafik® montéla ekfr “zoun
sunoptik™ tic allhlexart seic metaxO twn tugaBwn metablht,n pou monte lopoioOn,
all” h sOnjesh deigm™twn kai h ekm“jhsh paramétrwn ePnai gronobirec gbnontai
mésw proseggbsewn.

'Ena par"deigma pou anadeiknQOei tic diaforéc metaxO grafik.n kai a nagen-
nhtik,n montélwn ePnai h montelopoPhsh tou orObou  Brown [167, 249]. Gia mPa
diakritopoihmeénh stogastik aneélixh orObou Brown oi diaforéc metaxO twn gei-

tonik,n parathr sewn ebnai  Gaussian tugabec metablhtec me mhdenik meésh tim
kai diaspor” . Sunep,c mporoOme na ekfr"soume thn pijanof neia tou sunilou
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parathr sewn wc éna ginimeno p"nw se duadik”™ dunamik™:

Y Y 1 Xi  X;)?
P(X) = P(Xi; Xj) = P=—=exp %
(ig’()ZC (ij)2C
logP(x) / Xi  X;)? (2.51)
(ij)2C
pou mac dbnei to sunhjisméno pritero montélo gia probl mata irashc upol ogist,n
gamhloO/mésou epipédou, thn tetragwnik nirma p nw stic parag,gouc tou s -
matoc. Enallaktik”, mporoOme na grhsimopoi soume to gegonic iti to s ma tou
s matoc akoloujeb ton kanina  1=f [216] pou shmabPnei iti mporoOme na gr'youme
mba sgésh sOnjeshc grhsimopoi ntac ton antDstrofo metasghmatismi Fourier wc

ena anagennhtiki montelo [167].

X X 1
X(xy) = k pmck;m cos(2 (Kx + my) + m)
m
Ci;m N(@©;1); km U[01] (2.52)

ipou N ebnai hGaussian katanom kai U h omoiimorfh. An ewr soume iti leBpei

h parat rhsh j kai éloume na upologbsoume thn Osterh katanom thc “sei

twn upiloipwn parathr sewn, api th sgésh (2.51) prokOptei iti greiazimas te
mino tic geitonikéc parathr seic Xi;i 2 N (i). AntDjeta, h sgesh (2.52) apaiteD
na ektim soume tic paramétrouc  C¢m tou anaptOgmatoc pou emplékoun ilec tic
upiloipec parathr seic.

An t.ra lebpei mba periog thc eikinac kai eéloume na sunjésoume to eswter iki
thc, oi par'metroi tou anaptOgmatoc Ckm arkoOn gia na mac d,soun mPa sOnjesh,
en, grhsimopoi ntac éna grafiki dbktuo a éprepe na katafOgoume sth gr sh
enic algirijmou deigmatolhybac.

'Opwec proanaférjhke, h dikrish metaxO grafik n diktOwn kai anagen nhtik, n
montelwn den ebnai austhr kai grhsimopoi jhke kurbwc gia na mporesoume sth
sunégeia na xekajarDsoume th Oshc ePnai ta probl mata pou antimetwpbzo  ntai se
K'je kef'laio. 'Etsi gia par"deigma up“rqoun grafik™ montéla ipou s ta dunami-
k™ parathr sewn grhsimopoioOntai anagennhtik® montéla gia éna upos Onolo twn
parathr sewn [249, 88], h anagennhtik® montéla se éna uyhlitero e pbpedo api
auti twn kimbwn twn grafik,n diktOwn, pou ermhneQOoun tic allhlexart seic touc
grhsimopoi,ntac éna parametriki montélo, ipwc h Anlush Paragintwn [13 8].

'Eqontac auti kat™ nou, mporoOme na k™ noume thn paraktw sunoptik taxin I-
mhsh twn perieqgomenwn K'je kefalabou se mba h perissiterec api tic ptuge C pou
DBgthkan sOmfwna me ton pPnaka 2.1; an kai up“rgoun epimérouc ptugéc touc, ipwc
h epexergasba eikinac, ta iologik™ montéla irashc, h poluklimak wt an’lush
eikinwn, kai “llec pou den mporoOn na katatagoOn se mPa api autéc tic peri 0geéc,
to enopoihtiki plabsio gia ilh thn ergasba aut tan h anagwg twn pr oblhm™twn
se éna pijanotiki plabsio.
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Proséggish Ptugéc Probl matoc
Kef'laio 3 Grafiki Montélo Ekm’jhsh paramétrwn  (lIS)
EktBmhsh kruf,n paramétrwn (MFA)
Kef'laio 4 Anagennhtiki Montélo Ektbmhsh Paramétrwn (WLSE)
Taxinimhsh
Kef'laio 5 Anagennhtiki Montélo Ektbmhsh Paramétrwn (EM)
Taxinimhsh
Ekm’jhsh montélou (AAM)
Kef'laio 6 Grafiki Montelo EktDmhsh kruf n parametrwn (Monte Carlo)
Ekm’jhsh Dom ¢
Anagennhtiki Montélo Apotbmhsh Pijanof’neiac
Pbnakac 2.1: Taxinimhsh problhm™twn pou Bbgontai sta epimena kef’l aia thc

diatrib c.







Kef'laio 3

An’lush kai Ekmjhsh enic Biologik™
Empneusménou Montélou QamhloO kai
Mesou Epipedou Leitourgi.n 'Orashc

To iologiki sOsthma irashc apoteleD mba ploOsia phg émpneushc gia alg irij-
mouc irashc upologist,n. An kai h dom tou ebnai perbplokh, orisménec apl ou-
steOseic epitrépoun thn kataskeu montélwn pou kalOptoun éna meg’lo méroc twn
pr,twn st"diwn thc leitourgbac tou. Qrhsimopoi,ntac tic sgéseic pou up’r goun
metaxO problhm™twn thc irashc upologist,n, th ewrBa neurwnikoO upologi smoO
kai tou iologikoO sust matoc irashc, sto kef'laio auti parousi® zetai mba upo-
logistik kai statistik an’lush enic montélou gia gamhloO kai mesou epipedou
leitourgbec thc irashc. Qrhsimopoi jhkan ierargik™ montéla me a nadromikéc
sundéseic se K'je epbpedo, mésw twn opobwn kajbstatai dunat kai mba ga mhlite-
ou epipédou diatOpwsh kai efarmog thc sunérgeiac, ipou h Ktwjen mart urba
perD Oparxhc akm n sundu“zetai me “nwjen plhroforDa sgetik® me thn omalit h-
ta kai sunéqgei” touc. Sugkekrimeéna, esti"same sto Boundary Contour System /
Feature Contour System - BCS / FCS tou S. Grossberg kai twn sunergat,n tou
[85, 83, 84, 86] pou se meg’lo ajmi rbsketai pPsw api sOggronec neur whnikéc
argitektonikéc gia probl mata irashc [242, 140, 172].

H Osh autoO tou kefalabou ePnai sunjetik , opite wc énan ajmi parousi “zei
ptugéc twn diaforetik,n periog,n pou sundu“sthkan. Oi kainotomikec sun eisforéc

sunoybzontai sta paraktw shmeba:

Diathr ntac akéraiec tic leitourgbec tou argikoO sust matoc BCS/FCS pro-
teDnetai éna aploOstero montélo to opoPo prosféretai se mpa majhmati kK~
saf an’lush.

B“sei thc gr shc sunart sewn Lyapunov gia thn an’lush thc leitourgbac
anadromik,n neurwnik n diktOwn diatup,netai h leitourgba tou kOriou tm -
matoc tou diktOou wc h eltistopoPhsh enic metabolikoO krithrDou.

Mésw thc metabolik ¢ proséggishc sth sumperasmatologba parégetai mba
statistik ermhneba thc leitourgbac tou, sthn opoba asbzetai h diatOpwsh
enic algirijmou gia thn ekm’jhsh twn ar n tou diktOou.

Apotim™tai susthmatik™ h epDdosh tou diktOou sthn anBgneush akm,n grhs i-
mopoi,ntac perbplokec usikéc eikinec.
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3.1 Sust mata Basisména sto Biologiki SOsthma 'Ora-

shc
Sthn enithta aut se suntomba parousi"zontai oi asikec énnoiec pb sw api th
diatOpwsh tou monteélou mac, kai oi kOriec anaforéc stic opoPec asbs thke au-
t h ergasPa. Kaj,c se orisména shmeba tou keiménou grhsimopoioOnta i iroi api
eteriklhtec periogéc ipwc h ewrba neurwnikoO upologismoO ( Neural Computa-
tion )[96, 50], h neurofusiologba [123] kai h epist mh thc irashc [101 ] pou den
ePnai dunatin na parousiastoOn sta plabsia tou keiménou thc diatri b c, para-

peémpoume stic parap nw anaforéc kaj,c kai sthn anafor” [127] ipou éqoume
epigeir sei na parousiasteb h ergasba aut se éna aut’rkec kebmeno

3.1.1 StoigePa api to Biologiki SOsthma 'Orashc

En suntomPa to iologiki sOsthma irashc grhsimopoieD mba ierarqik argitekto-
nik , ipou pr,imec diadikasbec exagwg c qarakthristik,n lamb™noun g,ra ston
amfiblhstroeid , ston Lateral Geniculate Nucleus - LGN kai sthn perioq V1, kai
sth sunéqeia periplokiterec leitourgbec epiteloOntai stic perioq ecVl, V2, V4 kai
IT. An kai sto genikitero plaBsio thc sunérgeiac anazhtoOme tic allh lepidr’seic
twn leitourgi,n pou ekteloOntai se ilec tic periogéc, sto kef'laio auti esti"zoume
stic periogéc V1 kai V2, pou tupik® ewroOntai iti pragmatopoioOn thn énwsh
perigramm”™twn.

TOpoi neur .nwn stic periogéc V1, V2

Sthn periog V1 apantoOn kurbwec * apl™ kai “perbploka’ kOttara ( simple / complex
cells). Ta pr,ta apokrbnontai se sugkekrimenec periogéec thc eikinac, es ti"zontac
se sugkekriménec sugnithtec kai kateujOnseic, en, ta dektik™ touc pedba (eceptive
elds ) mporoOn na montelopoihjoOn ikanopoihtik™ mésw 2-di"statwn sunart s ewn
Gabor [49, 50]. Sugkekriména, éna migadiki Dltro Gabor egei mba kroustik
apikrish thc morf ¢

X? + y? . .
gixy)=exp 5 exp(ucX+ jVey); 3.1)

pou isoOtai me mbPa Gaussian h opoPa diamorf netai api éna hmitonoeidéc. H
diaspor” thc Gaussian kajorbzei thn qwrik tou epikéntrwsh en, oi gwniakéc
sugnithtec  Uc; V¢ thn kateOjunsh kai kiDmaka twn shm™twn sta opoPa apokrPnetai
entonitera. To pragmatiki méroc aut ¢ thc ekfrashc mac dbnei eénan “rtio pur na,
en, to antastiki thc méroc énan peritti, pou antistoiqgoOn kai sta onomazimena
“rtia kai peritt” apl” kOttara ( even- / odd- symmetric simple cells ).

Ta perbploka kOttara sundu”zoun tic apokrbseic apl.n kutt'rwn parégonta c
mba anex’rthth “shc apikrish pou mporeb na exagjeb upologistik™ pabr nontac
to métro apikrishc tou migadikoO PBltrou Gabor, genikitera me th gr sh enic
OrjogwnikoO ZeOgouc FBItrwn ( Quadrature Filter Pair-QFP ) [2, 94, 50]. Periplo-
kitera montéla thc leitourgbac aut,n twn dOo kathgori.n kutt’rwn [29, 30, 77]
lamb™noun upiyh tic orizintiec allhlepidr seic metaxO touc, ipou pléo n montelo-
poioOntai we mon“dec enic sunilou me to opobo allhlepidroOn dunamik’”.
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Sthn ergasPa [97] anakalOfjhkan neur,nec sthn periog V2 pou ebnai dra-
st rioi akima kai itan den éqoun kpoio eréejisma sto dektiki touc pe dbo, e'n oi
geitonikob touc neur,nec ebnai energob. H sunhjismenh ermhneba thc leitourgbac
aut,n twn kutt“rwn ePnai iti enisqOoun tic apokrbseic om™dwn api neur,nec po u
rbskontai se amoibaPa “sunepebc' topojesPec, dhlad p’nw se omal éc kampOlec me
entonh antbjesh (salient ). Sthn anafor™ [64] perigr-fontai yuqofusik™ dedome-
na pou analOoun ajOtera th leitourgba touc, protePnont’c ta wc énan n eurwniki
mhganismi gia leitourgbec omadopobhshc.

Montelopobhsh leitourgbac neur,nwn

An kai up“rgoun montela thc leitourgbac memonwménwn neur,.nwn meg-lhc polu-
plokithtac kai akrBbeiac [123], itan pléon montelopoioOntai oli klhrec periogec
tou optikoO 10ioO to meglo pljoc twn neur,nwn apaiteD th gr sh gondr ik,n
proseggbsewn. H proséggish tou Mésou RujmoO Ekpursokrithshc ( Mean Firing
Rate -MFR ) sunoyDzei th sumperifor” enic neur,na mésw tou mésou ujmoQ ekpom-

pc palmn ( spikes) [123, 50]. B"sei aut c thc proseggishc oi allhlepidr'seic

enic diktOou neur,nwn mporoOn na perigrafoOn meésw diaforik,n exis,sewn; h
aploOsterh tétoia exDswsh ebnai tou prosjetikoO montélou, ipou o MFR U; tou
neur,na i ephre’zetai api touc  MFR U; twn geitinwn tou j 2 N (i) we:

dv; X
— = avVv; + Wi Uj (3.2)
dt _ .
j2N (i)
U = gM)

To dunamiki V; tou neur,na i sqgetbzetai me toMFR U; mésw mbac mh-grammik ¢
sun’rthshc g pou diathreb thn posithta  U; etik, en, sunjwc t'nei se kore-

smi gia uyhléc timéc tou V. Sthn perBptwsh pou o neur.nac | ephre“zei touc
ujmoQOc ekpursokrithshc kai twn geitinwn tou, odhgoOmaste se mbPa anadro mik
argitektonik , pou mporeb na egei mh tetrimménh dunamik [96, 127].

'Ena periplokitero montélo allhlepidr"sewn pou grhsimopoi jhke api ton S.

Grossberg antikajist™ th sgésh (3.2) me:

dvi
— = AV + (Vmax ~ VI)Ei + (Vi Vi)l (3.3)
dt
X X
ipou E; = WjE Uj; I = WJI Uj
J2N (i) i2N (i)

SOmfwna me aut th sgésh to dunamiki  V sth stajer tou kat'stash parameénei
ragmeno sthn perioq [Vimin ; Vimax | kai den t"nei se koresmi gia osod pote uyhl”
erejistikec ( excitatory )- E anastaltikec ( inhibitory )- | eisidouc:

d\/l Vmax Ei + Vmin Ii
—=01! V= 3.4
dt ' A+E+ I (3.4)
Eis"gontac enan iro apwijhtik c anastol ¢ ( shunting inhibition ) V;Ggp, sthn sqge-
sh (3.3),
dVi
= AVi + (Vimax  M)Ei +(Vmin  Vi)li  ViGgy; (3.5)

dt
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Sq ma 3.1: (a)Di"gramma thc arqitektonik ¢ BCS/FCS kai () antbstoigec periogec
tou optikoO sust matoc.

Diffusion, !

Surface formatioLT** Contrast detection ( ﬂ

V1

Bloh Cells ‘

mporeb upologistik™ na epiteugjeb h diairetik kanonikopobhsh; oi allhlepidr-
seic metaxO neur,nwn stic periogéc V1, V2 égoun montelopoihjeb “sei aut ¢ thc
sqgéshc [29, 30, 205], pareqontac akrib apotelesmata kai proble yeic.

3.1.2 Neurwnikéc Argitektonikec gia probl mata 'Orashc

Probl mata pou aforoOn th poluplokithta, akrDbeia kai apodektitht a twn mon-
telwn prokOptoun itan diatup nontai montéla gia oliklhrec periogéc to u optikoO
loio® ant® gia memonwmeénouc neur,nec. Sthn anaz thsh tétoiwn montélwn  ta yu-
gofusik™ ainimena upodeiknOoun th leitourgba twn upologistik,n mon“dwn e n, h
argitektonik tou sust matoc irashc periorbzei ta montéla pou mpor oOn na pro-
tajoOn gia thn ermhnePa twn ainimenwn.

Kaj,c h gn,sh aut ebnai merik , gia ta perissitera probl mata éqoun pr o-
tajeb diaforetik™ montéla; gia par‘deigma h antblhyh yeud.,n perigra mm”™twn

(illusory contours ) égei montelopoihjeb sth anafor” [146] wc mbPa diadikasba pou
parameénei sto epPpedo tou V1, sthn anafor” [172] mésw enic pollaplasiastikoO

s matoc gating api thn perioq V2 kai stic ergasbec [82, 84] wc énac prosjetikic
iroc. Genikitera, IDga montela érgontai me dedoména usiologbac pou na sthrbzoun
th dom touc, en, to kOrio mélhma ePnai sun jwc na anaparagjoOn yugofusik™

dedomeéna. Sthn sunegeia a parousi"soume sunoptik™ to montelo BCS / FCS to
opobo apotelese to shmebo ekkbnhshc gia thn éreun™ mac sthn perioq aut ; enal-
laktik® montéla [140, 146] pou sgetbzontai me thn ergasba aut par ousi“zontai

stic anaforec [127, 125].

To montelo BCS - FCS

To montéelo FACADE (Form And Colour and DEpth) pou prot'jhke api ton S.

Grossberg kai touc sunerg'tec tou [83, 84, 86] asqolebtai sgedin me ila ta pr o-
| mata gamhloO kai mésou epPpedou irashc, xekin ntac api thn anBgn eush akm.n
kai katal gontac sthn stereoyh. Emebc esti"same sta uposust mata BCS kai FCS

pou sgetbzontai me tic leitourgbec thc anbgneushc perigramm™twn kai  kat"tmhshc
eikinwn.

Sunoptik™ h leitourgba tou BCS sgetbzetai me thn antblhyh orbwn, xekin ntac
api thn anbgneush qgarakthristik, n kai katal gontac se enan mhqga nismi ektbmhshc
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saliency en, to FCS antistoigeb se leitourgbec pou eqoun sqgésh me periogéc thc
eikinac.

Ta st'dia tou BCS ebnai ta akilouja (I. Sq. 3.1):

St™dio | : Anbgneush antbjeshc, ipou montelopoiebtai h sumperifor™ twn kutt™-
wn On/ O pou apokrbnontai se khibdec ( blobs) thc eikinac, mésw diafor,n api
Gaussian sunart seic diaforetik ¢ kiIbmakac.

St™dio Il : AnBgneush Stoigeiwd,n Qarakthristik,n ipou montelopoiebtai h sum-
perifor” twn apl,n kutt"rwn, sunelbssontac thn eikina me epimhkumeénec Gaus-
sian sunart seic.

St"dio 1l Olokl rwsh phg,n plhroforbac, ipou ewrebtai iti ta perbploka
kOttara ( complex cells ) sundu”zoun plhroforDa api apl”~ kOttara, thn “nwjen
plhroforba api th diadikasba omadopobhshc perigramm™twn kai to par’l Ihlo

sOsthma FCS.

St'dia IV -V: diadikasPec antagwnismoQ Ed, pléon mba diadikasPa epilog ¢
megistwn dbnei énan lepti, epikentrwmeéno pPnaka akm, n api tic eurebec apo krbseic
twn prohgoOmenwn stadbwn.

St’dio VI: 'Enwsh akm, n, AnBgneush saliency Sto st"dio auti k“je neur,nac

sugkentr nei plhroforba api th geitoni” tou sqetik™ me thn pijanit hta mba akm
na diérgetai api thn perioq tou, grhsimopoi,ntac mba dom sundesewn th c morfc
tou Sq. 3.5. H éxodoc tou stadbou autoO epistréfei sto st"dio IV, dbnontac étsi mba

anadromik diadikasPa pou anigneQei kai enisqOei omaléc kampOlec.

Ergimenoi sto sOsthma FCS, h leitourgba tou ePnai h dhmiourgba suneq,n eiki-
nwn wteinithtac api tic parag,gouc thc pou paréqei to st'dio I, odhg,nt ac etsi
sthn antblhyh omal ,n epifanei,n. H kataskeu suneq,n epifanei,n epitugq “ne-
tai mesw mbac diadikasbac pou diagéei th drasthriithta twn neur,nwn me exabresh
tic periogéc ipou e€na s ma api to BCS katadeiknOei thn parousba mPac akm c,
diathr ntac etsi diakritec tic drasthriithtec twn neur,nwn ekat erwjen thc.

3.2 'Ena Upologistik™ EOgrhsto kai Biologik™ Apo-
dekti Montélo gia QamhloO kai Mésou Epipé-
dou Leitourgbec thc 'Orashc

To montélo FACADE mporeD na ermhneOsei ikanopoihtik™ poll” yugofusik™ ai-

nimena [84], en, oi perissiterec idéec tou ebnai apléc kai diais jhtik™ ikanopoih-
tikec; wec sOnolo imwc to sOsthma ebnai exairetik™ perbploko se iti afo r* thn
an’lus kai ulopobhs tou, en, oi elti,seic stic epidiseic pou upisge tai den
éqoun apotimhjeD se sgésh me klassikoOc algorbjmouc irashc upologist n.

Gia to ligo auti eis"goume sthn enithta aut éna aploOstero montélo, to opobo
ekteleb ilec tic parap™nw leitourgbec, en, prosféretai se mba saf majhmatik
an’lush. Péra api to ema thc aplithtac, oi perissiterec allagéc ma c asbsth-
kan se orisménec kajierwmeénec proseggbseic thc irashc upologist.n , pou mporoOn

na sunoyistoOn sta akilouja shmeba:

H Iéptunsh akm n ebnai mba eggen,c anadromik diadikasba. O iroc an” -
drashc api to teleutabo st’dio den ohj’ei sthn leptunsh akm,n, an k ai
odhgeb sthn dhmiourgba néwn; h an"drash a éprepe na up'rgei mésa se
K'je epPpedo, grhsimopoi_ntac orizintiec sundéseic metaxO twn neur.n wn.
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To FCS a eprepe na allhlepidr™ me to BCS, grhsimopoi,ntac plhroforba
sgetik™ me tic periogéc gia na odhg sei th dhmiourgba akm,n.

Sthn argik argitektonik [82, 86] ta apotelésmata api diafore tikec kib-
makec apl” prostbjentai, en, genikitera sthn irash upologist,n gr hsimo-
poioOntai ta apotelésmata api qondrikéc kilPmakec gia na odhg soun a ut”

se leptiterec.

H argitektonik tou montélou pou proteBnoume kai h antistobqis t hc me periogéc
tou sust matoc irashc abnontai sto Sqg. 3.2.
Oi leitourgbec pou ekteloOn ta tm mata tou montélou mac ebnai

St'dio | : Exagwg qarakthristik,n sqgetik,n me thn Oparxh akm_n.

St™dio IlI: Sunduasmic diaforetik,n phg,n plhroforbac, | yh apifashc
gia Oparxh akm,n.

St™dio Il : EktPmhsh poiithtac kai shmantikithtac ( saliency ) akm_n.
SOsthma Epif'neiac: Omalopobhsh eikinac grhsimopoi,ntac anisotro pik
di"qush.

Saliency Detecion V2

>l

Edge Fusion, AEN
FSurfafeM Spatel & renatongt— i Vi v
0rmat0 Compe[mon £0arser sca Blob
it || Feature Detection LGN vl
Image | | Divisve Nomnalzaion Interblob
(a) ()
Sgma 3.2: (a) Di"gramma tou sust matic mac kai () antbstoigec peri ogéc tou
iologikoO sust matoc irashc
Ta kuriitera arqitektonik™ garakthristik™ tou sust matic mac e Pnai h gr sh
pollapl.n klim“kwn, sunergasba anbgneushc akm n/omalopobhshc eikina c kai
h allhlepbdrash me énan uyhloO-epipédou mhganismi gia thn enbsqush omal .n

perigramm”twn.

3.2.1 St'dio |: Exagwg Qarakthristik n, Diairetik Kanoni -

kopobhsh
Ta pr,ta dOo st'dia tou sust matoc BCS enopoioOntai ed, se éna, ipou h eDsodoc
sta apl” kOttara ektim’tai mésw Bltrwn Gabor ; h akoloujiak efarmog enic

Pltrou tOpou dierence - of - Gaussians me éna Pltro dierence -of -o set -
Gaussians mporeb na proseggisteb me th gr sh enic DBltrou Gabor [127], opite
grhsimopoioOntai ed, ligw twn idiot twn eltistitht"c touc.

Gia na I"boume upiyh thn kanonikopobhsh antbjeshc pou lamb™nei g,ra st a
apl” kOttara, grhsimopoioOme ed, mpa exBswsh tOpou (  shunting inhibition ) [29]:
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Input Image ~ Stage |: Feature Extraction and Contrast Normalization
T NSC Dodil RS
Shunting < . | S=Se
Inhibition / | |
= /)
Stage II: Cue Combination and Boundary Formation
_ /
o — S AR
Nonmaximum - X
Suppression / 2N
\
. /r \
System Architecture -

/

” Stage | J | - - /. 1 /\ L - -

i

Hyd

Stage Il » 2
seaf|—— 1 _

- Orientation >
Sq ma 3.3: H argitektonik tou montélou mac. K'tw arister” abne tai h arqite-
ktonik tou sust matoc kai oi allhlepidr”seic twn domik,n mon“dwn to u. Sto upi-
loipo sq ma abnetai o upologismic perigramm™twn se mba sugkekriménh kIbma ta:
h anBgneush garakthristikn se pollapléc kateujOnseic sto St'dio | akoloujebtai
api ton sghmatismi perigramm’twn sto St™dio Il. Ekeb h K"twjen plhrofo rba sun-
di"zetai anadromik™ me to "nwjen s ma saliency pou upologbzetai api to St™dio
ll. Ta Stdia | kai Il upakoOoun anadromik dunamik pou kajorDzetai api tic

allhlepidr”seic touc.
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Input image

Sg ma 3.4: (a)Eikina sthn ebsodo tou sust matoc, ()-(g) Kateuj
gia thn k’jeth kateOjunsh qwrDc kai me kanonikopoBhsh, antDstoiq
wc proc kateOjunsh thc kateujuntik ¢ enérgeiac qwrDc kai me kanoniko

antbstoiqa.

péera api thn ebsodo ston neur,na pou kajorbzetai exarq c, 0 iroc
tab’lletai dunamik™, “sei thc drasthriithtac twn geitonik,n n
pou kajorbzei to dunamiki

dv
dt

U
\/_l

Orientation Energy, Orientation = p/2

h e
" e
(U 0 ." wa'
‘ ( ) i \

0

Maximum over orientations of orientation energy

(d)

Normalized input to complex cells

i l il \‘M
(N ( | I ‘w“lt'[?‘ i'”"l

I : ! R
M " 1

(9)

Maximum over orientations of normalized inputs
@8 A m“ Ty
¥, ¥y /‘f m.v/,\ﬂ%”
-1 W7

untik Enérgeia
a, (d)-(e) megisto
pobhsh,

shunting me-
eur,.nwn. H sgésh

V; tou neur,na i grifetai:
X
AV +(C W)l V Wi U; (3.6)
2N (i)
max(Vi; 0)
Cl
P (3.7
A+l+ Wi Y

ipou U; ebnai oMFR tou neur,na | kai me W;; sumbolbzetai h éntash thc allhle-

pbdras ¢ touc. Gia aplithta, se aut n kai tic parak’tw sgéseic grh
k; | kai me kateOjunsh

ton monodi“stato debkth | gia énan neur, na sthn ésh

ParathroOme iti h sqésh aut mac parégei énan iologik™ apodekti mhq

simopoioOme

ani-

smi gia to nimo tou Weber: to sOsthm” akur nei tic ipoiec topikéc kai kajolikéc

alloi,seic thc éntashc kaj,c h éxodoc twn neur,nwn prokOptei api th diaP
r"sewn pou ebnai aOxousec sunart seic thc antbjeshc thc eikinac.
kanonikopobhsh wc proc thn antbjesh, apofeOgetai h drasthriitht

toc se periogéc me irubo uf : kaj,c iloi oi neur,nec ebnai energob t
se tétoiec periogec, katal goun na allhloakur noun th drasthrii

Sto Sqg. 3.2.1 epideiknOoume thn leitourgba tou stadbou autoO:
ta apotelésmata sthn eikina 3.2.1(d) me aut™ sthn 3.2.1(e) parath
thc diairetik ¢ kanonikopobhshc se periogéc gamhl ¢ antbjesh
sto into oi ptug,seic tou pouk™misou oi akmec gbnontai entoniterec

resh ek-
Ektic api thn
a tou sust ma-
autigrona
tht™ touc.

sugkr  Bnontac
roOme iti mésw
c ipwc o rgthc

. Antijetwc,
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periogéc ipwc 0 “mnoc sta arister” katapiezontai, kaj,c up“rgei mba g enikiterh
drasthriithta pou odhgeb sthn amoibaba katastol twn neur,nwn.

3.2.2 St'dio II: Sghmatismic Perigramm™twn, Leptunsh Ak-

m.n
H leitourgba autoO tou stadbou ePnai h asikiterh thc diadikas bac anbgneushc
perigramm™wn: ipwc abnetai sto Sq. 3.2, sto st’dio auti lambnei g.ra o]
sunduasmic plhroforbac api k'twjen (St™dio 1) kai "nwjen (St™dio Il I) phgec, api
traqOterec kiPmakec kai api to sOsthma epif'neiac, kaj,c kai h Iéptuns h akm,n.

Giaton kK'twjeniro  oi ebsodoi “rtiwn kai peritt.n apl, n kutt"rwn sundu”zontai
se éna iro tOpou kateujuntik ¢ enérgeiac [2, 163, 187]:

O= P U2+ U2 (3.8)
ipou Ug; U, ePnai oi apokrDseic stajer ¢ kat’stashc gia ta apl” kOttara. H
posithta O den exart™tai api thn “sh tou s matoc, pou shmabnei iti eDnai staj er
an sthn ebBsodo tou sust matoc up“rgei mbPa hmitonoeid ¢ morf ; mba tét oia ékfrash
egei grhsimopoihjeb gia thn montelopobhsh twn perbplokwn kutt"rwn [2] kai gia
thn antblhyh orbwn twn antikeiménwn [163], en, ta dedoména usiologD ac pou thn
uposthrbzoun parousi“zontai sthn anafor™ [50], sel. 74-76. H dia for” me thn
anafor” [187] ePnai iti pléon oi éxodoi twn apl,n kutt'rwn éqoun prohg oumeéenwc

kanonikopoihjeb, dbnontac apotelésmata anbgneushc akm n pou ebna i anex'rthta
thc antbjeshc thc eikinac.
H léptunsh akm_n epitugq netai mésw orizintiwn sundésewn metaxO neur,nwn

tou Bdiou stadbou. Autéc oi allhlepidr'seic ebnai anastaltik ¢ Oshc, odhg,ntac
se éna dbktuo tOpou winner - take - all  [243], ipou h drasthriithta tou pléon
energoO neur,na enisqOetai eic “roc twn ligitero energ.n geitin wn tou.

Plhroforba sqgetik™ me thn saliency kai ta apotelésmata anbgneushc perigram-
m’twn se traqOterec kibmakec paréqontai api “lla st"dia epexergasbPac, enisqOon-
tac thn drasthriithta twn neur,nwn pou rbskontai se éntona iria se traqOterec
kilbmakec, akimh kai an h k“twjen eBsodoc pou lamb™noun den ebnai ark  et” isqur .
H diadikasba epif'neiac - surface process , S, prowjeb th dhmiourgba akm,n se
periogéc me éntonec asunéqeiec se garakthristik”. Gia énan neur na pou apokrb-
netai se iria me kateOjunsh to metro thc kateujuntik ¢ parag,gou K'jeta sto
, Jr S~ |, paregetai api to  FCS sto st'dio Il.
H sqgésh exelixhc tou dunamikoO enic neur,na i sto st'dio auti grifetai wc:

dv, X
E AV, + ( C V|)| (V, + D) Wi;j Uj (3.9
j2N (i)
ipou | =[cO+ ,C + 3T + ¢yr S-j]:
Parap’nw N (i) ebnai h geitoni” tou neur,na i, to W;; kajorbzei tic orizintiec
allhlepidr’seic twn neur,nwn sto stdio I, T ebnai to “nwjen (top-down ) s ma
pou parégei to st'dio Ill,  C ePnai o iroc pou proégetai api éna traqOtero sOsthma

pou leitourgeb se mba megalOterh kiPmaka ( coarse -scale ), O ePnai o k'twjen iroc
(oriented-energy ) kai U; = g(V;) ePnai oMFR tou geitonikoO neur,na j.
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...........................

(@) ) @)
Sq ma 3.5: Oi lobob pou dbnei to montélo kampOlwn Elastica (3.13) gia paramétrouc
(@ =10; =04,() =10; =0:2() =20; =0:2

Gia to st'dio auti grhsimopoioOme th sigmoeid sun’rthsh

U=g(V)= Troml € ) (3.10)

gia na sundesoume to dunamiki tou neur,nameto MFR tou, ipou to kajorbzei thn
kIDsh tou kampOlhc eisidou exidou, kai to leitourgeD wc par"metroc katwflbou.

Shmei,noume iti ilec oi par"metroi pou emplékontai se autéc tic sqgéseic egoun
ekmajhjeb grhsimopoi ntac dedoména ekpabdeushc sOmfwna me th méjodo thc  eni-
thtac 3.4.

3.2.3 St'dio Ill: Upologismic Saliency

Se auti to stadbou montelopoiebtai h leitourgba twn neur,nwn pou perigr “fontai
sthn anafor” [97], oi opoPoi apokrbnontai kai qwrbc na éqoun éna s ma sto dektiki
touc pedbou, ephreazimenoi mino api th drasthriithta thc geitoni'c touc. Se
éna teétoio st’dio epiteloOntai leitourgbec antblhyhc antastik .n perigramm”twn
illusory contours ipou en, den up’rgei kamba antbjesh sthn éntash thc eikinac,
antilambanimaste thn Oparxh mPac akm ¢ (I. Sq. 3.6).

'Etsi sto st"dio auti éntona perigrrmmata anigneQontai kai anatr ofodotoOntai
sto St'dio Il, energopoi,ntac étsi mba sunergetik diadikasba po u wjeb to sOsthma
proc thn anbgneush omal,n kai meglwn perigramm™twn. O upologismic thc salie-

ncy se ena shmebo mporeb na epiteugjeb grhsimopoi,ntac éna stajmisméno “jr  oisma
twn apokrbsewn twn geitonik,n neur,nwn, ipou ta “rh lamb”noun upiyh tic sqe -
tikec touc topojesbec. Gia énan orizintio neur,na sun jwc grhsimopo ioOntai “rh
ipwc sto Sg. 3.5, pou dbnoun émfash se perigr'mmata gamhl ¢ kampulithtac.

Gia k'je mPa api tic dOo pleuréc api tic opobec mporeb na érjei h gramm

(dexi™/ arister” sthn eikina) éna stajmismeno “jroisma upologbz etai xeqwrist” kali
ta dOo ajroBsmata pollaplasi“zontai, ,ste na exasfalisteD iti up’r gei marturba
kai api tic dOo pleuréc tou neur, na.
H exbBswsh pou perigrifei thn exélixh enic neur na sto st"dio auti eb nai
0 10 1

dvi X X

—= AV, +@ Wi UA @ W, U A (3.11)

dt ! bl

J2N* (i) J2N- (i)



3.2. 'Ena Montélo gia QamhloO kai Mésou Epipédou Leitourgbec thc
'Orashc 55

A W01,

€d /> (

— €9
< @& &

Sqg ma 3.6: Anbgneush antastik,.n akm,n: stic p"nw eikinec antilamban imaste
anOparktec akmeéc se leukéc periogéc. Stic k'tw eikinec abnontai t a apotelésma-
ta anbBgneushc akm,n tou diktOou mac, to opoPo grhsimopoi ntac to uposOsth ma

anbgneushcsaliency montelopoieD aut th sumperifor™ tou anjr,pinou optikoO
sust matoc.

ipou N*;N ebnaita uposOnola twn geitinwn pou rBskontai stic dOo pleuréc tou
i, W";W ebnai ta antbstoiga “rh sOndeshc kai U, ebnai oMFR tou neur,na |,

pou prokOptei api thn anirjwsh tou V.

Arket” perbplokec ekfrseic eqoun grhsimopoihjeb [86, 172] gia na ekfr'soun
tetoiouc tOpouc sundésewn, perilamb nontac éna meg’lo pl joc paramétrwn ; "sei
thc sgéshc pou eqgei kajierwjeb sthn anafor” [235] me to montélo Elastica pou
parousi“zetai argitera, grhsimopoioOme mino dOo apléc paramétrouc, ipou h

mPa antistoigeD sto mégejoc kai h “llh sto eOroc twn dOo lob,n, ipwc abn etai sto
Sqg. 3.5.

H ikanithta tou stadbou autoO sthn anBgneush antastik n perigra mm’twn ab-
netai sto Sq. 3.6 ipou debgnoume merik™ sq mata tOpou Kanisza gia ta opoba to
sOsthm™ mac éqei entopBsei tic antastikéc akméc pou antilambanimast e. Fusi-
k™ up“rgoun pio polOploka kai akrib montela twn leitourgi.n aut,n, all” ta
apotelésmata pou pabrnoume ebnai ikanopoihtik™.

3.2.4 SOsthma Epif'neiac

Sto st"dio auti omalopoioOntai ta garakthristik™ pou ex"gontai a pi to eswteriki
twn antikeiménwn, en, ta shmeba asunégei’c touc protebnontai sto sOs thma BCS wc
pijanéc topojesbec akm n. An kai sto argiki montélo BCS - FCS grhsimopoioOntai
diaforetik™ garakthristik”, gia aplithta grhsimopoioOme ed, th n wteinithta thc
eikinac, ipwc gbnetai kai stic perissiterec ef'millec tegnikéc [187, 213, 12].

H exelixh tou dunamikoO enic neur na tou sust matoc autoO, mporeb na gra feb
we:

d._X .
aS = jr -Sj(L (U)) (3.12)
ipou U ebnai oMFR tou neur na tou stadbou Il me kateOjunsh , 0 opoboc rbsketai

metaxO twn geitinwn pou grhsimopoi jhkan gia ton upologismi tou r »S,en,ipwc
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Sq ma 3 7: SOgkrish apotelesm twn aanneushc akm.n tOpou Canny [28] kai tou
ierargikoO diktOou mac [126]. Orbzontac ta kat,flia kai gia tic dOo mejidouc
,ste na epistrefoun to Bdio pl joc akm,n, api th méjodo Canny pabrnoume éna
meg~lo pl joc akm_n se periogec me uf . Antbjeta, to dbktui mac grhsimopoi .ntac
mba uyhliterou epipédou diadikasba anbgneushc omal n akm n esti"zei s e omaléc
kai éntonec akméc. H diaspor” thc  Gaussian kai ta p"'nw kai ktw kat,flia thc
mejidou Canny pou anagr-fontai se k'je eikina orbsthkan xeqwrist”, ,ste na

dbnoun thn optik™ kalOterh apidosh.

sto[187]htim  Stouneur,na i ePnaih afairoOmenh posithta sthn ékfrash r -»S.
Oiroc (1 (U )) empodbzei th di"qush itan up“rgei k’poia entonh akm me gwnba

, en, itan apousi"zoun oi akmec ( U =0) af nei thntim tou S na érjei kont™ se
aut twn geitinwn tou.

3.3 An’lush tou Montélou me Tegnikéc '‘Orashc Upo-
logist,n

Pollec api tic leitourgbec tou montélou mac iso kai tou argikoO sus t matoc
BCS/FCS antistoiqoOn se orisménec gnwstéc tegnikéc thc 'Orashc Upologi  st,n.
Aposafhnbzontac autéc tic sqéseic mporoOme na apokt soume mPa kalOterh a  Psjh-
sh thc leitourgbac tou, kai na eis"goume wrimiterec tegnikéc thc ir ashc upologi-

st.n. Argik™ exet"zoume tic memonwmeénec leitourgbec tou diktOou kai sun  egqbzoume
me th sunolik tou leitourgba.
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3.3.1 Katapbesh mh-megistwn

H tegnik thc katapbeshc mh-meégistwn ( non-maximum suppression ) grhsimopoieb-
tai sugn” sthn anBgneush akm_n gia thn exagwg enic leptoO kai kajar 00 pbnaka
akm_n api tic asafeDc exidouc pou prokOptoun api th sunélixn me qwrik” ekte-
tamena Dltra [28, 53].

Oi tOpou Winner-Take-All [245, 243] sundéseic sto St™dio Il ekteloOn mba an™-
logh leitourgba eis"gontac, ipwc a doOme sth sunégeia, énan iro poi n ¢ sto eOroc
twn orbwn twn antikeiménwn, kat™ eénan tripo an“logo twn anafor n [12, 75].

3.3.2 Montelo Elastica kai omadopobhsh akm n

To genikitero priblhma thc omadopoBbhshc akm,n se eniabec kampOlec ége i mele-

thjeb ekten,c sthn irash upologist,n, kaj,c ebnai éna shmantiki en di'meso ma

gia thn met’bash api apl” garakthristik™ se anaparast™seic gia a ntikebmena.
To sugkekriméno sq ma diasundésewn metaxO twn neur,nwn arqik™ prot’jh-

ke api ton S. Grossberg kai sth sunégeia grhsimopoi jhke api polloOc “llouc

ereunhtéc, ipwc p.q. [89, 181, 64, 235, 146, 172]. Auti ebnai usiki, k aj,c to
sq ma touc eunoeb kampOlec gamhl ¢ kampulithtac pou emfanBzontai sugn” st h
Osh kai eis"gei gr simh priterh gn_sh sthn anBgneush perigramm’™twn. M Pa sa-
¢ ermhneba autoO tou tOpou sundésewn parousi“sthke sthn anafor™ [23 5] ipou
kajier,jhke mba sgesh me to montélo kampul n Elastica [164].

SOmfwna me to montélo auti mPpa kampOlh montelopoiebtai wc h troqgi” enic
swmatidbou sto g,ro (X;y; ) ipou X;y ebnai h ésh tou swmatidbou kai  h ka-
teOjuns tou. H kBnhsh tou swmatidbou perigr-fetai tite api thn stoq astik
diaforik exbswsh:

d d d

—X = CO0S —y =sin — = N (0; 2t 3.13

X =c0s() gy=sin() o (©: 1) (3.13)
ipou , h kampulithta thc trogi’c, ewrebtai mPa diadikasPa leukoO orObo u. To

m koc twn kampOlwn periorDzetai stamat, ntac th diadikasPa se mba groni k stigm
pou akoloujeb mba katanom Laplace me par"metro
Qrhsimopoi ntac to montélo auti h pijanithta mbac kampOlhc mporeb na
susgetisteD me thn enérgeia Elastica tou Euler pou ekfr'zetai wc éna epikampOlio
olokl rwma kat™ m koc thc kampOlhc
Z

E()= (k?+ )ds (3.14)

H omalithta twn kampul, n kajorbzetai api thn par'metro en, h  sgetbzetai me
to anamenimeno m koc mPac kampOlhc. Sugkekriména apodeiknOetai [164]1 ti api
th sqgésh (3.13) égoume

P() | e (kKPds) = = (3.15)

1
22
Sunep,c mporoOme na doOme ta el gista thc enérgeiac  Elastica (3.14) wc koruféc
thc katanom ¢ (3.15) p"nw stic trogiec twn swmatidbwn.

H sqésh metaxO autoO tou montélou akm n me to sq ma twn lob_n kajier jhke
sthn anafor™ [235]: xekin ,ntac api to montélo Elastica h Osterh pijanithta na
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pern“ei mPa kampOlh mésa api to shmePo X = (Xo; Yo, o) ekfr'zetai met” api tic
diakritopoi seic wc to ginimeno dOo stajmisménwn ajroism™twn:
0 10 1

X X
P(Xo)=@ 9(Xo; X))P(X)A@ 9(Xo; Xj)P(X;)A
i2r(Xo) j21(Xo)

Sthn sgésh aut to ¢ ePnai mPa exadistath sun“rthsh p'nw sta  (X;y; ;x%y% 9
pou isoOtai me thn pijanithta éna swmatbdio na per’sei api to shmebo (x%y% 9
dedomenou itithn t =0 rbsketai sth esh  X;y; , r(Xo) kai 1(X,) ePnai oi geitoniec
stic dOo pleuréc to shmebPou X kai P(X;) ePnai h pijanithta mPa kampOlh na

pern“ei mésa api to  X;. Sthn anafor” [235] grhsimopoi,ntac proseggbseic Monte
Carlo to sqg mathc g réjhke iti dbnei th morf sundésewn sto Sq. 3.5. Mporeb étsi
loipin kaneBc na sundései ton iro an"drashc me thn Osterh pijanith ta diéleushc
mPa kampOlhc mésw enic shmebou dedoménou tou peribllontic tou. Péraa pi mPa
kalOterh katanihsh twn tOpou twn sundésewn, aut h sgésh aplopoieD shman tik™
ton sgediasmi touc, grhsimopoi, ntac mino tic timec twn kai

3.3.3 Metabolik an’lush tou Stadbou I

H argitektonik BCS/FCS tairi"zei me th gr sh twn diadikasi,n akm_ n/epif'neiac
(line/surface processes ) pou grhsimopoioOntai sthn '‘Orash Upologist,n, p.q. [75,

245, 140, 12]. H idéa ebnai h Bdia, dhlad na uprgei éna sOsthma gi a anbgneush
akm,n (diadikasba akm, n), éna gia thn omalopobhsh thc eikinac (dia dikasba epif"-

neiac) kai aut” ta dOo na sunergzontai. Stic parap nw anaforéc up’r gei p'nta
me ton énan ton “llo tripo k™poia sOndesh me to energeiaki Mumford-Shah
[168] (2.2) to opobo elatt netai kaj,c to sOsthma exelDssetai.

Sthn par“grafo aut eis"goume gia to sOsthm™ mac mPa sun’rthsh Lyapu-
nov, dhlad mba etik”™ orisménh sun’rthsh thc kat stashc tou sust ma toc, h
opoba elatt netai kaj,c auti exelDssetai gronik™. H Oparxh sunart sewn Lyapu-
nov gia anadromik™ neurwnik™ dbktua [35, 100] egei ekmetalleuteb sto pa reljin
[124, 140, 242, 245] gia ton sgediasmi neurwnik,n diktOwn pou epilOoun me ta-
olik> probl mata irashc. O skopic mac ed, ePnai na doOme p,c h anadromi k
argitektonik gia to st™dio Il pou prot’jhke ed, mporeb na ermhneut eb me metabo-

likoOc irouc kai p,c mporoOme na ermhneOsoume th sumperifor” tou “sei tou
sunarthsiakoO pou kataskeu"zetai.

Wc sOsthm™ mac ewroOme to sOnolo twn neur,nwn pou rDskontai se mba sug-
kekriménh klbmaka sto st"dio Il kai touc neur,nec tou Sust matoc Epif “neiac sthn
Pdia kiIPmaka en_ oi timéc twn upiloipwn neur,nwn ewroOntai stajeréc. AntD thc
sgéshc (3.9) ewroOme mba aplopoihménh morf thc:

dv; X
d—t' = AV+Cl D Wi Ui (3.16)
j2N (i)
ipou antb thc sunaptik ¢ allhlepBdrashc metaxO neur,nwn [123] grhsi mopoi same

to sunhjisméno montelo tou ajrobsmatoc twn eisidwn; an kai mporeb kan  ebc na
gryei mba sun’rthsh  Lyapunov grhsimopoi,ntac thn argik sgésh (3.9) [35], oi
ekfr'seic gbnontai polOplokec kai den ohjoOn th diabsjhsh.

JewroOme arqik™ thn ebsodo | stajer, opite mPa sun’rthsh Lyapunov tou
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sust matoc ebnai:
X Zu D X
E= [A g Xudu ClU]+ > UW, U (3.17)
I P v S, i )

P(U): Penalty for values of U C(U): cost of con gurations of U

Parak’tw exet"zetai h perbptwsh pou kai to | metab’lletai qronik™ opite den
apodeiknOoume ton isqurismi auti ed..

Exet"zontac touc irouc pou emplékontai sthn ékfrash (3.17) lépoume gia thn
pr.th ékfrash iti mporeb na grafeb kai wc:

P(U)=[UlogU)+(1 U)log(l U)= + U 2

Opr,¢tociroc, [UIn(U)+(1 U)In(1 U)], ebnaiénac iroc arnhtik ¢ entropbac kai
timwreD duadikéc apokrbseic. O deOteroc iroc, U , timwreb tic uyhléc apokrDseic
genikitera. O pr,toc iroc ofePletai sthn gr sh thc sigmoeidoOc s thn sgésh (3.10)
kai o deOteroc sthn metatipis thc kat™ . O par"gontac sqgetbzetai me thn klbsh
thc sigmoeidoOc: an to ebnai meglo, dhlad h sigmoeid ¢ égei meg'lh kibsh

h poin stic duadikéc apokrbseic ebnai mikr kai antbstrofa. H ek frash aut
sundu“zetai me ton iro IU, o opoboc elatt,nei to kistoc mbac uyhl ¢ tim c tou

U, epitrepontac étsi thn emf’nish akm,n.

Oi iroi allhlepbdrashc Wi, ekfr"zounto “roc sOndeshc metaxO twn neur . nwn

i kai j pou rbskontai stic eseic/kateujOnseic (Xi;yi; i) kai (Xj;Y;; j) antbstoiga.
Skopic twn allhlepidr'sewn aut,n ePnai na exagjeDb énac leptic pbnaka c akm,n
api tic eurePec eisidouc tou sust matoc. Sth sunégeia grhsimopoioOme t hn analu-
tikiterh ekfrash gia tetoia “rh Wi; = W' (Xi Xj;¥i ;) ipou grhsimopoioOme
thn qwrik summetrba twn sundésewn. Api tic argikéc mac prospjeiec gia th n upo-
logismi twn ar,n tou diktOou [126, 127] exet’same thn perbptwsh ipou t a rh
sOndeshc metaxO imoiwn kateujOnsewn ekfr'zontai wc h diafor™ enic is otropikoO
Gaussian Bltrou Gg kai enic Bltrou me epim kunsh me kOrio “xona kat” th gwnba

G ., en, gia diaforetikéc kateujOnseic ekfr'zetai mésw mPac isotro pik ¢ Gaus-

sian Gq. Gia touc pur nec autoOc mporoOme p°nta na roOme énan “llo pur na
g tetoio ,;ste g g = G; epPshc grhsimopoi,ntac to pedDo Fourier ePnai eOkolo na
debxoume ititag kai G aut™ eqoun tic Bdiec idiithtec isotropbac/kateujuntikithtac.

Qrhsimopoi ntac tétoiouc pur nec o iroc energeiac gia th diadikas Pa gramm_n
mporeb na aplousteujeb wc [127]:
X 2 X 2
Cu) = [0 U] g5 U] (3.18)
ij; X i
+ 1=2 G U o U (3.19)

i (; ) 6

Sthn parap™nw sgésh me U sumbolbzoume to sOnolo twn neur.nwn me kateOjunsh
kai gs ebnai enac isotropikic pur nac, opite o iroc [g U ]? timwreb genikitera
eurebDec akméc, anexart twc tou an ta stoigeba akm.n rbskontai st  hn bdia eujeba

ePnai diaskorpisména. To ¢ ePnai mP&aussian sun’rthsh me kOrio “xona kat
thn protim_ menh kateOjunsh twn neur nwn , ;oiroc [gs U ]? ebnai sunep,c éna
arnhtiki dunamiki -énac iroc = antbdrashc' ( reaction ) pou odhgeb sto sghmatismi
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eujugrammismenwn perigramm™twn. O teleutaboc iroc timwreb neur,nec me diafo -
etikéc kateujOnseic pou ePnai sugqrinwc energoP stic Pdiec geit oniéc, af nontac
eétsi mPa mino kateOjunsh na epikrat sei.

Sunoybzontac oi iroi poinc  [gs UJ? g U O¢ U katapiézoun eurebec
domec, en, oiroc antbdrashc  [g, U ] odhgeD sthn emf"nish memonwménwn akm.n.

Auti to opoPo apoménei ePnai na eis"goume kai thn allhlepPdrash me to sO-

sthma epif'neiac. Epektebnontac ta epigeir mata [100, 35, 242] mpo roOme na
apodebxoume iti “sei thc (3.12) mba sun’rthsh Lyapunov tou sust matoc ePnai:
X
E = ¢ (1 Ujr -Sj2  U[cO+ 6T + cs
B . L P i Shil
Line Surface interaction External inputs
u
d
+a g Yu)du+ =C(U): (3.20)
1=2 2
| {z }
Cost for line process
ipou oi stajeréc  Ci;:::C4 €goun aporrof sei th stajer” c thc (3.16).
Sugkekriména, aut h sun'rthsh éqgei éna k'tw r'gma, kaj,c oi éxodoi twn

neur,nwn stouc afairoOmenouc irouc den mporoOn na xeper'soun th monda. Epb-
shc éqoume orbseir S = S° S, ipou S°ebnai to geitoniki shmebo tou i kat®
m koc mPac gramm ¢ me gwnba ° . Sunep,c égoume iti

X
%S = 2c, (1 U)r -S

en, api thn (3.12) éqoume:

ds X
o C a1 U)r -S

Kajc ¢;> 0,giakije I éqoume(%dd% < 0 opite h exelixh thc diadikasbac epif -

neiac odhgeb se mba mebwsh tdt
Gia th diadikasba gramm,n, grifontac cl = [0+ T + C + cyjr - Sj?]
eqoume

@ X :
Qu - av cl+d Wi; U, kajiwe
Y 2N (i)
@QCU X X
gu) = Wi;j Uj + Uj Wj;i =2 Wi;j Uj
j 2N (i) j2N (i)
e’n W;; = W;;, to opobo epib’lletai exarq ¢ stic sundéseic twn neur,nwn api thn

apabthsh thc summetrbac. Api tic (3.10) kai (3.16) éqoume giaton  MFR tou neur ,na

|
2 3

du _ dg(V) avi _ a4 av+cl d Wij U;

dt dV V=V, dt

J2N (i)

ipou h a ebnai mPa etik posithta, dedoménou itih g ePnai aOxousa sun’rthsh.
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Stage |l o
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@)
Sg ma 3.8: TOpoc sundésewn gia mPa BM () To sOsthm™ mac wc mPa BM.

Sumperabnoume loipin p7li iti oi % kai dd% egoun antbjeto prishmo gia ila ta I
opite kai h exélixh thc diadikasbac gramm_n odhgeb epbshc sth el’t twsh thc E.

3.4 Ekm’jhsh twn Paramétrwn tou Montelou

Sta arqgik™ mac peir"mata me to montelo [126, 127] grhsimopoi jhkan a nalutikec
ekfr'seic gia ta “rh twn sundésewn tou montélou, oi opobec kajorbs thkan me a-
siki krit rio th diabsjhs kai thn empeirba. EDPnai imwc amfbbolo k at” piso oi
dOo par"gontec autob eparkoOn gia ton kajorismi enic montélou, itan e mplekon-
tai tisec antifatikec apait seic. Gia to ligo auti protePnetai ed, enac algirijmoc
gia thn mjhsh twn paramétrwn tou api éna sOnolo dedoménwn ekpaBdeushc, a  na-
étontac pléon mino to sgediasmi tou diktOou sthn dik mac krbsh. G ia to skopi
auti grei“zetai mba pijanotik ermhneba thc leitourgbac tou dikt Oou, pou epitrépei
thn diatOpwsh tou probl matoc thc ektbmhshc paramétrwn se éna stéreo pl absio.

Sugkekriména, ewr ntac iti h éxodoc tou k'je neur,na dbnei thn pija nithta
Oparxhc akm ¢ sth ésh kai dieQjuns tou, to priblhma thc ekm’jhshc mpore P na
ekfrasteb wc h elagistopobhsh thc apistashc Kullback Leibler metaxO twn exidwn
tou diktOou kai twn pragmatik n pijanot twn akm,n. Wc sOnolo ekpabdeushc
grhsimopoioOntai oi geirwnaktik™ kajorisménec katatm seic eiki nwn tou sunilou
dedomeénwn touBerkeley [155] oi opoPec grhsimopoioOntai wc idanikéc éxodoi enic
anigneut akm,n.

Kaj,c to montélo mac ebnai argitektonik™ parimoio me éna grafiki db ktuo
tOpou mhgan ¢ Boltzmann (Boltzmann Machine- (BM) ), parousi"zoume arqik”
ta asik™ stoigeba gia thn ektbmhsh paramétrwn se Boltzmann Machines . Sth
sunéqgeia sgetbzoume thnMean Field Approximation  me th leitourgba tou montélou
mac kai diatup,noume énan algirijmo ekm’jhshc twn paramétrwn tou diktOou.

3.41 H mhgan Boltzmann

H mhgan Boltzmann [1, 98, 96] (I. Sg. 3.8) ebnai ena pijanotiki neurwniki
dbktuo api summetrik® sundedeménouc duadikoOc neur,nec, pou diagwrDzonta i se
oratec kai kruféc mon™dec, X kai Y antbstoiqa.

O diagwrismic twn mon“dwn stic om”dec autec den ebnai stajeric, all” exarttai
api ta diajesima dedomeéna.

'Ena energeiaki thc morf ¢

E(X;Y)= %YTVY+ %xwa + %YTJX (3.21)
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grhsimopoiebtai sun jwc gia tic  BM, ipou oi summetrikob pbnakec V, W, J kajo-
DBzoun tic endo/dia tmhmatikec allhlepidr’seic. Qrhsimopoi,ntac aut th sun’r-
thsh mba katanom pijanithtac tOpou Boltzmann - Gibbs mporeb na oristeb p"nw
sthn kat"stash tou sust matoc:

X
Pow (G Y)= Zexp( EQGY)=T); Z= exp( EGY)=T) (322
Z XY
ipou Z h (partition function ) thc katanom c; gia aplithta a ewr soume T=1
sth sunégeia. H sun’rthsh aut mporeb na grafteb me thn tupik morf twn MRFs
wc
Y Y Y
Pem (X;Y) = ( Xi5Y5) ( Xi;Xj) (YY) (B23)
(i )2E(x;y (i )2E(x:x ) (i )2E(v;y )

iPou B (x:v ):(x:x ):(v:v)g SumbolDzoun ta eOgh allhlepidr,ntwn mondwn kai ta
i,  kajorbzontai api tic sgéseic (3.21),(3.22). 'Enac sumbolismic sqetikic me
ton EebnaioN (j) = fi : (i;]j ) 2 Eg pou sumbolbzei th geitoni” tou .

To priblhma thc ekm’jhshc gia thn Boltzmann Machine tbjetai [98] wc h
elagistopobhsh thc apistashc Kullback-Leibler (KL) metaxO thc pragmatik ¢ ka-
nomc P(Y) twn parathr simwn mon“dwn kai thc katanom c touc Pem (Y) =
« Pem (Y; X) pou prokOptei api th sgésh (3.22):

X P(Y
KL (P(Y)kPgy (Y)) = P(Y)IogL
v Pem (Y)
X X
= P(Y)logP(Y) P(Y)logPgm (Y)

Y Y
Sthn parap™nw exDswsh mac endiaférei mino o deOteroc iroc, kaj,c o pr,t oc ebnai
anex’rthtoc api thn  Boltzmann Machine kai isoOtai me thn entropPa twn Y. H
ekm’jhsh mporeD loipin na ewrhjeD wc h tropopobhsh twn ar,n tou diktOou sth
sqgésh (3.21) ,ste na kataskeuasteb mba katanom pijanithtac pou na akoloujeb
pist™ thn katanom twn parathr simwn mon“dwn tou diktOou. Shmei_.noume ed. i ti
gia éna diakriti sOnolo dedoménwn h elagistopobhsh thc apiklishc KL an”getai

etsi sto apli krit rio mégisthc pijanof neiac.

O algirijmoc gia thn ekpabdeush mhgan,n Boltzmann [98] anane,nei tic timec
twn ar,n sOmfwna me th sgésh Wi / <viy; > <vjy; > pou <vy >7
ebnai h susgétish twn kimbwn v;;v; itan oi parathroOmenoi kimboi ePnai stajerob
stic parathroOmenec timéc touc kai < ViV; > itan to dbktuo den éqei k'poia pa-
at rhsh kai “trégei eleOjero’. H ektbmhsh aut,n twn méswn apaiteP th stoqgastik
prosomoBwsh tou diktOou pou ePnai upologistik™ apaithtik kai sunep,c mh pra-
ktik gia éna dbktuo tiso meg’lo iso auti tou montélou mac. ProkOptei loipin h
an"gkh gia ligitero akribeDc all” pio apodotikoOc algirijmouc gi a sumperasma-
tologPa [232, 117] kai ipwc a doOme ePnai akrib c auti pou epitelebta i kai api
touc algirijmouc exelixhc pou perigrifhsan prohgouménwc.
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3.4.2 Proséggish Mésou Pedbou

QrhsimopoioOme ed, thn proséggish mésou pedbou pou parousi'sthke sto k ef™-
laio 2; kai ed, égqoume éna sOnolo api parathr simec mon“dec Y kai krufec
mon“dec X kai éloume na ektim soume thn katanom P(XjY). Akolouj,ntac ta
bdia mata katal goume sthn elagistopobhsh tou krithrbou
X X X
J(Q) = Q(Xi)log i(Xj)+ Q(Xi; Xj)log ( Xi; Xj)
X fi;j g2E
+  Qi(X;)logQi(X;) (3.24)
|
pou prok%)tei api ton periorismi thc anaz thshc p"nw se katanoméc thc mo rfc
Q(X) = ", Qi(Xj). ipou ta ajrobsmata p"nw sto di"nusma X eqoun surriknwjeb
se epimérouc ajroPsmata p’nw se mikriterouc irouc. Gia na aplousteOsoume
ton sumbolismi parap™nw gryame E antb tou Exx ), af same thn stajer” c kai
sunoybsame ilec tic allhlepidr’seic metaxO parathr simwn-kruf.n mon” dwn gia
ton kimbo 1 wc:
X X
Qi(Xi)log i (Xi;Y;)) = Qi(Xj)log (Xi) (3.25)
j2N (i) X Xi

An oi timéc twn Q;(X;);j 2 N (i) ewrhjoOn stajeréc ebnai eOkolo na ektim soume
tic timéc twn Q;(X; = 0);Qi(X; = 1) pou megistopoioOn to J(Q). H sunjkh
akrot'tou giato  J(Q) ebnai:

@IQ)
@Q1)
log(Qi(1)) log(1 Qi(1))

0!

log i(3) log (0)+
Qi (Xj)(log i (X;;1) log i (Xj;0))

J2N (i) Xj
Parap™nw grhsimopoi same touc irouc Qi(1); (1) we suntomeOseic twn Q;(X; =
1); i(X; = 1) kai antikatastsame to  Q;(X; = 0) metol Q;i(1). Sthn perb-
ptwsh pou ta dunamik™ ebnai thc morf ¢ i (Xi; Xj) = exp(Ci; XiX;), i(X) =
exp(CiX + k) h parap™nw sgésh aplousteOetai wc ex c:
(1 X
|09Q|—() = Q(1)Ci; + CiQi(1) + b!
1 Q@
i2N (i)
QD) = P - (3.26)
| 1+ exp( i 2N (i) Ci;j Qj (1) GQi (1) b) -

Oi diaforikéc exis,seic gia to st’dio Il (3.16) odhgoOn se staj erec katast"seic
thc morf ¢ (3.26), ipwc abnetai étontac thn gronik par"gwgo Bsh me mhden kai
grhsimopoi, ntac thn sgésh (3.10) gia na ekfr'soume thn éxod@twn ne ur,nwn. Oi
exis,seic exelixhc éernoun loipin thn katanom Q(X) = ", Q(Xj) pio kont™ sthn

P(XjY) “sei thc apistashc KL, ipou X ebnai oi mondec tou Stadbou Il kai h
posithta Q(X; = 1) isoOtai me U; = g(V}).
Gia to pr,to stdio tou diktOou mac den ebnai dunati na katal xoume se mba
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tiso "mesh ermhneba twn diaforik,n exis,sewn mesw thc ewrbac MFA, kaj,c h
sun“rthsh  Lyapunov pou prokOptei “sei thc ergasPac twn [35] den mporeD na
grafeb sthn morf (3.21). MporoOme prauta na ewroOme tic exidouc twn ne ur,-
nwn wc tic anamenimenec timéc duadik n tugaBwn metablht n pou antistoiqgo ~ On sthn
parousba thn apousba mbac akm c, opite kai na efarmisoume to Bdio skepti ki
pou efarmizoume gia thn ekpabdeush sto st™dio |.

3.4.3 Ektbmhsh twn ar n tou DiktOou

SOmfwna me thn ermhnePa tou diktOou mac wec mPa mhgan Boltzmann  ewroOme tic
akiloujec dOo peript,seic:

Diadikasba m’jhshc, ipou oi parathr simec mon“dec ebnai oi ent’s eic twn
pixels kai oi éxodoi tou stadbou Il sthn leptiterh kIbmaka, ipwc autéc kaj o-
DBzontai api tic katatm seic twn eikinwn api anjr, pouc.

Diadikasba dr"shc, ipou oi parathr simec mon“dec eBnai mino oi en t"seic twn
pixels .
'Opwc proanaférjhke, h ekpabdeush tou diktOou epizht” thn elagisto pobhsh

thc apistashc KL metaxO thc empeirik ¢ katanom c twn parathr sewn (eikinec kai
antbstoigec akmeéc) kai thc katanom c touc “sei tou diktOou:

X X
KL (P(Y)jPem (Y)) = P(Y)logP(Y) P(Y)logPgem (Y) (3.27)
Y Y

P
Agno,ntac ton iro v P(Y)logP(Y) pou den ephre”zetai api thn diadikasba m"-
hshc esti"zoume sth megistopobhsh thc posithtac

X
Lo = P(I;E)logPsm (I;E)
X- X
= P(Ej1)P(1)log(Psm (Ejl)Pem (1))
I E
O deOteroc iroc pou prokOptei sp zontac to ginimeno mésa ston logrij mo gr’-
etai wc X X X
P(Ej1)P(I)log(Pem (1)) = P(l)log(Pem (1)) (3.28)
I E [
Autic ebnai énac iroc o opoboc itan megistopoiebtai epitrépei sto db ktuo na monte-
lopoi sei swst™ thn katanom twn eisidwn tou. Sto genikitero plabsi o thc éreunc
mac o iroc autic ebnai shmantikic, kaj,c odhgeb sth dhmiourgba tou mo ntélou
sOnjeshc [51]; den mac endiaférei imwc aut h ptug tou probl matoc ita n k-
noumg,angqneush akm_n, opite ton agnooOme [117, 232]. O iroc pou apomeénei |,
L= |, gP(Ejl)P(l)log(Psm (Ejl)) den mporeb na megistopoihjeb "mesa, ka-
.c égoume mino éna sugkekriméno sOnolo eug.n eikinac-akm n. Gia auti an ti-
kajistoOme to “jroisma p"nw se ila ta dunat” eOgh eikinwn-akm.n me éna p” nw
sta diajésima:
X X
Li" Lo= P (E) 10g(Pem (Ejl)) (3.29)
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Me | ops SumbolDzoume mPa eikina pou perilamb netai sto sOnolo ekpabdeushc kai
meP, _(E) thn antbstoigh pijanithta akm,n.

obs
Oi posithtec E;l pou grhsimopoi jhkan wc ed, antistoiqoOn se oliklhrec
eikinec kai igi shmeba touc.Kaj,c imwc grhsimopoioOme thn MFA aﬂikajisto()me
thn Pgm (Ejlobs) me thn Q itan égei epiteugjed sOgklish  Q(E) = ~, Qi(E;i), pou
mac dBnei thn akiloujh aploOsteush:
X X X
L" L= P s (Ei) 109(Qi (Ei)) (3.30)

I obs i Ei

Aut thn or” iloi oi iroi pou perilamb™nontai sto krit rio pou prépei n a el
tistopoihjeb ebnai diajésimoi: oi ekfr'seic gia ta Qi(Ei) kaj,c kai oi topik™ ori-
smeénec pijanithtec Py, (E;).

Kat™ th di"rkeia thc ekpabdeushc gnwrbzoume mino thn epijumht éxodo t ou
Stadbou Il sthn leptiterh kibmaka. Den gnwrbzoume tic timéc twn mon™d wn tou sta-
dbou | twn “llwn mon“dwn tou stadPou Il se traqOterec kibmakec. Kan  onik™ auti

a apaitoOse thn efarmog se kOklouc thc diadikasPac ekm’jhshc, xe kin,ntac
K'je or” api thn traqgOterh kiDmaka, k’nontac ila ta mata méqri na upolo-
gistoOn oi ektim seic gia tic exidouc tou stadPou Il sthn leptite rh kIbmaka kai
met” na all"zoun oi sundéseic ilwn twn endi"meswn kimbwn grhsimopoi,ntac enan

algirijmo tOpou  Back-Propagation [117]. Kaj.c mbPa tétoia IOsh ePnai exairetik
polOplokh gia éna dh polOploko dbktuo ipwc to diki mac, mPa aploOsterh enal -

laktik ebnai na kataskeu"soume tic epijumhtéc exidouc twn endi"meswn stadbwn,
grhsimopoi, ntac thn epijumht éxodo tou diktOou. Sugkekriména gia tic epijumh-
téc exidouc tou stadDou | grhsimopoioOme touc idanikoOc q'rtec akm,na  foO éqoun
ardunjeb arket™ ste na antistoiqoOn sthn kiPmaka sthn opoPa leit ourgeb to db-
ktuo kai gia tic exidouc tou stadbou Il se “llec kibmakec grhsimopo i same touc
idanikoOc q’rtec akm n kaj,c upotbjetai iti to st’dio auti dPnei lept oOc q’rtec
akm, n.

Gia to Stdio | grhsimopoioOme thc timéc stajer ¢ kat"stashc thc ( 3.6) antb thc
Qi (1) sthn (3.30). Jewr,ntac thn eDsodo tou stadbou |, kai thn epijumht éxodo P
to krit rio pou prépei na elagistopoihjeb gbnetai:

P
L(C) “p @)! 'p Pi(0)! po Y
= - 0 f + P 0 I
i I ga+li+ jCjUj I ga+li+ jCjUj
!
X

X
Pi(0O)log a+ Cj Uj
i j I
X !
(Pi(1) + Pi(O)log a+1i+  CGU + Pi(1)log(li)
| J |
X X ' X '
Pi(O)log a+ Gy log a+ I+ CU +c
i i i

opite prokOptei h ex ¢ apl sgésh gia thn ekm’jhsh twn ar,n tou diktOou

@) _ % Y Y
@—¢_ i PI(O)a"'PjCjUj a+|i+' jCjUj

(3.31)
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Qrin suntomPac, parap™nw kai sth sunégeia grhsimopoioOme to sumbolismi &
antb tou C; ;.

Gia to St'dio Il mporoOme na upologbBsoume éna ktw r"gma thc aOxhshc tou
krithrbou L pou prokaleD mbaallag sto  C to opoPo mporoOme se k’je epan’lhyh

na to megistopoioOme. H apideixh asbzetai ston algirijmo Improved lterative
Sampling [8] o opoboc grhsimopoiebtai gia ektbmhsh paramétrwn se  Random Fields
kai periégetai sto teloc tou kefalabou kaj,c ebnai m’llon teqgni k. To rgma
dbnetai api thn ékfrash:
X X X Q,( )
L Pi (0)( GQ)+1 Qi(1) Qi(0) exp( Q C)
i j j
h opoba éqei to garakthristiki iti oi merikéc par"gwgoi tou dexio O mérouc wc proc
tic sunist,sec C; den ebnai suzeugmenec, opite mporoOme apeujePac na megisto-
poi soume to r"gma k"nontac gradient ascent :
@c _@L’_ X

@ @G P.(0)Q (1) + QO)Q (M)exp( Qi C) (332

3.5 Peiramatik™ Apotelesmata

3.5.1 Apotelesmata Ekm“jhshc Bar,n

Sto Sq. 3.9 sugkrbnoume ta “rh pou ebgan arqik”™ epilegeb me tic euret ikec epi-

logéc pou ebgan gbnei argik” [126, 127] me aut™ pou ekmajeOthkan me "~ sh thn
meéjodo thc prohgoOmenhc paragr'fou. Api aut” abnetai iti arketéc api ti C epi-
logec pou édeignan diaisjhtik™ swstec den ebgan antbkrisma sth  n pragmatikithta.
Gia par"deigma, en, argik™ ewr jhke iti neur,nec pou rbskontai k at™ m koc
thc Bdiac eujebac den éqoun sundéseic anastol ¢, api thn ekm’jhsh twn ar,n lée-
poume to antbjeto. ErmhneQontac ek twn ustérwn ton tOpo twn sundésewn, mporoOme
na poOme iti to s ma andrashc pou érgetai api éna “llo st'dio exasfa IDzei thn
sunéqgeia kai thn omalithta twn kampul n, opite pleon oi anastaltikec s undeseic
apofeOgoun tic duadikéc apof'seic. Kaj.,c me ta “rh pou éqoun ekmajhjeb pa-
athrebtai sth sunégeia mba ousiastik eltbwsh stic epidiseic, sumperabnoume iti
o algirijmoc ekm’jhshc ePnai aparabthtoc, dedomeénhc thc polOplokh ¢ Oshc tou
diktOou, pou den epitrépei th gr sh euretik_n kai “diaDsjhshc'.

Sto Sg. 3.10 debgnoume ta apotelesmata tou algirijmou ekm“jhshc qgr hsi-
mopoi ntac mPa eikina pou an kei sto sOnolo ekpabdeushc. ParathroOme i ti to
dbktuo apofeOgei thc apilutec apof seic pou épairne prohgouménwc kai dbn ei li-

gitera false alarms se periogéc me éntonh uf . EpPshc Ieépoume ta apotelésmata
tou algirijmou gia mPa eikina pou den an kei sto sOnolo ekpabdeushc

3.5.2 Apotelesmata Anbgneushc Akm,n

Gia na sugkrBnoume tic epidiseic tou montélou mac se sqésh me klassik ~ 0Oc all” kai
prisfatouc algirijmouc kat"tmhshc eikinwn grhsimopoi same tic eiki nec api to
sOnolo dedoménwn tou Berkeley [155] ipou usikéc eikinec éqoun gbnei diajésimec
mazb me geirwnaktik™ kajorisménec katatm seic.
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(a)Coarse Scale, () Coarse Scale, (g) Fine Scale, (d) Fine Scale,
Vertical Horizontal Vertical Horizontal

Sq ma 3.9: Diafor” metaxO twn prokajorisménwn ar n kai aut,n pou éqoun e k-
majhjeb. Stic perittec grammeéc debgnoume to prokajorisména “rh kai stic “rtiec
aut” pou ekmajeOthkan; mba uyhl tim wteinithtac deBgnei mPa isqur ana stal-
tik sOndesh metaxO tou neur na sto kéntro kai tou neur,na sthn antD stoigh ésh.
Oi pr,tec dOo grammeéc dePgnoun “rh gia to st’dio | kai oi K'tw gia to s t"dio Il
Oi st lec (a)/() antistoiqoOn se “rh metaxO k'jetwn/orizint iwn neur,nwn se mba
tragi” klDmaka kai oi (g)/(d) se lept kibmaka.

Oi posithtec pou grhsimopoioOntai gia na perigr'youn epBdosh enic ani gneut
akm_ n ebnai h akrbbei” tou ( precision ), P kaih an’klhs tou (  recall ), R. Enallakti-
kec ipwc oi Receiver Operating Characteristic - ROC Curves den ebnai kat'llhlec
gia thn ektbmhsh thc poiithtac anBgneushc akm, n. H an“klihsh isoOta i me ton ligo
twn swst™ entopisménwn stoigePwn akm ¢ proc to pl joc stoigePwn akm ¢ pou ka-
orbzoun oi anjr,pinec katatm seic (' P (DetectionjTrue)) kai h akrbbeia isoOtai
me ton ligo twn swst™ anigneujentwn  pixels proc to pl joc twn anigneujéntwn pi-
xels (" P(TruejDetection)). Gia énan idaniki anigneut kai oi dOo autéc posithtec
a éprepe na isoOntai me mon“da, kaj.c a éprepe na anigneQei ta p"nta R=1,
gwrbc nak'nei Ijh - P = 1. Autéc oi dOo posithtec sundéontai antDstrofa, kai al-
I"zontac to kat,fli tou anigneut pabrnoun diaforetikéc timéc, po u mac dbnoun mba
kampOlh Precision-Recall - PR . 'Otan dOo kampOlec Precision-Recall den mporoOn
na sugkrijoOn eOkola, p.g. itan témnontai, mPa gr simh ékfrash gia n a sunoybsei
thn epbBdosh twn antbstoigwn anigneut,n ebnai h F-meétrhsh, pou orbzetai wc:

2
()P t+(@1 IR

F =

ipou o par“gontac tbjetai sun jwc Psoc me 0:5. H mégisth F métrhsh thc kampO-
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Sg ma 3.10: Ekm’jhsh anbgneushc akm,n: (a) Eikina sthn ePsodo tou sust ma-
toc, ()-(d) pijanithta Oparxhc akm_n, grhsimopoi ntac euretikéc ek friseic gia
ta “rh, se auxanimenec analOseic thc eikinac (e) pijanithta akm c “sei kata-
tm sewn anjr,pwn (st)-(h) pijanithta akm ¢ me “sh ta “rh pou proekuyan a pi

ton algirijmo ekm’jhshc.

lhc mporeb na grhsimopoihjeb gia thn sOgkrish dOo anigneut,n, kaj.c meg alOterec
timéc ebnai pio epijumhtéc.

Sto Sq. 3.12 abnontai oi kampOlec Precision-Recall gia diforouc algirij-
mouc anbgneushc akm n. Sthn lez'nta K'je eikinac abnetai h mégisth F -métrhsh
k'je kampOlhc kaj,c kai oi suntetagménec tou megistou. Sugkekriména | epoume:

To sOsthm™ mac se sOgkrish me thn anbgneush akm.n Canny se pollapléc
kiIbmakec[28].

To sOsthm™ mac se sOgkrish me thn méjodo enérgeiac-se-kateOjunsh ( Oriented
Energy- (OE) ) [186] se pollaplec kiIbmakec.

To sOsthm™ mac se sOgkrish me thn méjodo pPnaka deOterwn op.n (  Second
moment matrix ) se pollaplec kibmakec.

Thn epbdosh tou sust matic mac prin kai met™ api thn ekm’jhsh twn para-
métrwn tou.

Thn epbdosh tou sust matic se sqésh me th méjodo parag,gou wteinithta c
[154].

To sOsthm™ mac se sOgkrish me thn méjodo parag,gou wteinithtac kai uf ¢

[154].
ParathroOme iti to sOsthm™ mac xepern“ei se epidiseic ilouc touc klass ikoOc
algirijmouc anbgneushc akm,n, pou ebnai anamenimeno, kaj,c sundu“zei pl hro-

orba api pollaplec klbmakec, region-based plhroforba kaj,c kai plhroforba
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£y

(e) (st) () (h)

Sq ma 3.11: Anbgneush akm,n se mPa eikina pou den an kei sto sOnolo ekpa  DPdeu-

shc: (a) Eikina sthn ebsodo tou sust matoc, ()-(d) pijanithta Oparxhc akm,n,
grhsimopoi ntac euretikec ekfr'seic gia ta “rh, se auxanimenec a nalOseic thc
eikinac (e) pijanithta akm ¢ “sei katatm sewn anjr,pwn (st)-(h) pi janithta ak-

m ¢ me “sh ta “rh pou proékuyan api ton algirijmo ekm’jhshc.

sgetik me thn saliency twn akm,n. ParathroOme epBshc iti leitourgeD arket” ka-

I” gia éna meg’lo di"sthma timwn anklhshc, en, oi perissiteroi 7l loi anigneutéc
leitourgoOn se periorisménec periogéc. Auti mporeD na ermhneujeD wc sunépe ia
thc leitourgbac tou sust matoc se pollapléc kiPmakec. ParathroOme i mwc i
den pabrnoume tiso kal” apotelésmata iso me th mejodo twn [154] pou sundu” -
ei wteinithta me plhroforba uf c. Kai auti imwc ebnai anamenimeno, ka j,c to

sOsthm™ mac den grhsimopoieD plhroforDa sgetik™ me uf , par™ mino sto st “dio
I, ipou apl” apofeOgetai 0 entopismic akm .n mésa sthn uf mésw thc shunting

inhibition
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BG Brightness Gradient BG+TG | Brightness & Texture Gradient
Sg ma 3.12: Sugkritik® apotelesmata gia anbgneush akm. n, gia kajie rwmenec

mejidouc anbgneushc akm_ n kai to dbktui mac, se diaforetikec kibmake C; Oi sun-
tomeQseic {F,M,C}S shmaPnounFine-, Mid- kai Coarse- Scale antbstoiga. Parath-
oOme iti to sOsthm™ mac éqei kalOterec epidiseic api tic perissiterec mejidouc,
en, h mejodoc tou Brightness & Texture Gradient twn [154] pou éqei kalOterec
epidiseic grhsimopoieb kai garakthristik™ uf ¢ sthn anbgneush a km.n.
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3.A" Upologismic Ktw Frigmatoc gia ton Algirij-
mo Ekm’jhshc Bar,n

Gia aplithta den grhsimopoioOme touc irouc dunamikoQ parat rhshc pou emf a-
nbzontai sth sgesh (3.26)-ta parak'tw menoun aparllagta sthn pe rDptwsh pou
sumperilhfioOn. Qrhsimopoi ntac th stajer tim thc exPswshc (3.16) antb tou

Qi (1) eqoume:

I 1+ exp( piN() G Qi (1)
exp( 2N (i) Cj Qj (1))

1+exp( ian iy G Qi (1)

Sunep,c, o iroc pou éloume na megistopoihjeb grfetai:

Qi(0) =

P
X 1 exp( on ) GQi(1)
L(C)=  Pi(1)log P +P;(0) log Pt ()
i I 1+ eXp( i 2N (i) Cj Qj (1)) I 1+ eXp( i 2N (i) Cj Qj (1))
(3.33)
Metab’llontac kat™ C tic paramétrouc tou diktOou éqoume:
L( C)=L(C+ O) L|£C)
X 1+ ex o iy CiQi (1
- P;(1) log B v G
i 1+ eXFE)( i2N (i)(Cj + Cj )Qj (1))
ex o (G G)Q(1
cplog TP _i2p0(G* GO
exp( 2N CiQ (1)
1+ exg( i 2N (i) Cj Qj (1))
1 +exp( i2N (i)(Cj + Cj )QJ 1))
X X 1+exp( (Gt GQ(D)
= P. (0 CQ1 P.(0) + P:(1))lo 12051
2 3
X X X
= Pi(0) CQ(1) log4Qi(1)+ Qi(0)exp( CQ(1)°
[ j j2N (i)
Sto pr,to ma grhsimopoi same thn ekfrash tou L(C) sthn (3.33), sto deOtero
asikec idiithtec thc sun’rthshc log kai sto teloc ekmetaleuimaste tic ekfr seic
giata Q;(1) kai Q;(0) pou grhsimopoi same kai arqik”.
Qrhsimopoi,ntac ta mata tou algirijmou Improved lterative Scaling [8], a
roOme éna Ktw r’gma tou J: to pr.to ktw r’gma prokOptei efarmizontac
thc anisithta log(a 1 aston teleutabo irotou J, pou dbnei
X X X
L Pi(0)(  DCQ()+1 Qi(1) Qi(0)exp( CiQ; (1))
i j j
To dthero r'gma asbzetai sthn anisithta tQy Jenien, sOmfwna me thn opob-

aan p =1, p 0 8i eqoumeexp( pg) pi exp(g). Eis"goume to
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sumbolismi Qi =,y (;) Qj (1) opite égoume:

X X (1 X (1 X
ep(  co@=zexp( @ B ¢y T WWep o7 o)

j ;o Q o Q j
Sunep,c égqoume
X X X Q@)
L Pi (0)( GQ@M)+1 Q1) Q@O —Z~exp( Qi G)

Qi

i i i



Kef'laio 4

An’lush kai Kat"tmhsh Eikinwn Uf c
Mesw Qarakthristik,n Diamirfwshc,
Anagennhtik_.n Montelwn kai
Stajmismenhc Exelixhc Kampul n

4.1 Eisagwg

H uf apoteleD mba isqur phg plhroforbac gia probl mata irashc upolog i-
st,n ipwc kattmhsh, ektbmhsh sq matoc/b”jouc/kBnhshc, an“klhsh eikinwn api
“seic dedomenwn, kai anagn,rish antikeiménwn. To priblhma pou emfan Dzetai me
tic eikinec uf c ebnai iti kaj,c oi perissiteroi algirijmoi thc i rashc upologist,n
apaitoOn ta antikeDmena na égoun omal dom sto eswteriki touc, h wtein ithta
thc eikinac, pou ebnai auti pou eqoume diajésimo, den ebnai kat'llh Ih we gara-

kthristiki thc.

Apousba enic safoOc majhmatikoO ormalismoO thc uf ¢, kat™ th di‘rkeia
twn prohgoOmenwn dekaeti.n anaptOgjhkan proseggbseic pou antloOn idée ¢ kai
tegnikéc api mba poikilba pedbwn. K'nontac mba genik taxinimhsh th ¢ éreunac
twn prohgoOmenwn dekaeti.n, to priblhma antimetwpBsthke anazht ntac eD  te ga-

akthristik™ uf ¢ ta opoba prosféeroun mba sumpag kai omal perigraf t hc
eikinac p.q. [21, 109, 22, 141, 248, 93, 178]. montela uf ¢, ipou to priblhma
thc an’lushc uf ¢ an"getai sthn ektbmhsh twn paramétrwn enic montélo u to opobo
mporeD na ermhneQOsei thn dom thc eikinac, p.q. [47, 251, 93].

Dhmofilesterec se sunduasmi me to priblhma thc kat“tmhshc eikinwn ebn ai
oi tegnikec pou asbzontai sthn exagwg qarakthristik,n. H sun jhc proseggish
grhsimopoieb sustoigbec grammik,n Bltrwn ta opoba sunelissimena me thn eikina
paréqgoun s mata pou prosferontai eukolitera sthn an’lush, p.q. [21, 109, 22,
93]. Orismenec epijumhtéc idiithtec tetoiwn garakthristik,n ebn ai

Qwrik epikéentrwsh ( spatial localization )
Fasmatik epikéntrwsh ( spectral localization )
Qr sh pollapl,n klim“kwn.

Ta Pltra Gabor [73] ikanopoioOn me éna eltisto tripo tic pr,tec dOo apait seic
kaj,c megistopoioOn tautigrona thn qwrik kai asmatik epikéntrwsh [ 49] en,
h leitourgba twn neur.nwn sta pr ta st’dia tou optikoO sust matoc mporeb n a
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montelopoihjeb ikanopoihtik™ wc sunélixh me éna didi"stato Bltro Gabor. Gia
na kalufjoOn ilec oi dunatéc kiPmakec kai kateujOnseic mPa sustoigbPa Bltrwn
grhsimopoiebtai sun jwc, me to k'je Pltro na exeidikeOetai se mba upope rioq tou
pedbou sugnot twn.

Api thn deOterh kathgorba gnwstitera ebnai ta montéla tOpou MRF, pou er-
mhneOoun thn parathroOmenh eikina wc éna deBgma api thn katanom pijanit htac
pou orbzei éna MRF p“nw sto sOnolo parathr sewn thc eikinac. H tupik pro-
seggish ewreb itito MRF qgrhsimopoieb wc kimbouc parat rhshc ta memonwmeéna
pixels thc eikinac kai ta dunamik™ eOgouc orbzontai “sei p.q. twn diafor .n the
wteinithtac. H ekfrastik dunatitht™ touc egei anadebgjei sth n ergasba [251],
ipou grhsimopoioOntai sustoigPec Bltrwn gia na orBsoun emméswc ta duadi k™ du-
namik™ tou MRF, eis"gontac mba eniaba e rhsh twn mejidwn garakthristik n kai
montélwn uf c. Epektebnontac aut n thn enopobhsh twn montélwn uf c, st hn er-
gasDa [88] prot’jhke o sunduasmic montélwn tOpou MRF me apl” anagennhtik®
montela ipwc topikéc “seic PCA, parousi"zontac ena eniabo plabsio gia thn mon-

telopobhsh kai an’lush ufc. To montéla MRF mporoOn na montelopoioOn me
eniabo tripo stogastik™ kai periodik® s mata diaforetik ¢ Oshc plhroforba
[206] mporeD na enswmatwjeb "'mesa. Oi dunatithtéc touc imwc égoun mebnei s e
meglo ajmi anekmet’lleutec kaj,c en génei apaitoOn tegnikéc deig matolhybac
tiso gia thn ektbmhsh twn parameétrwn touc iso kai gia th sOnjesh deigm” twn api
tic katanoméc touc.

Mba diaforetik proséggish sthn antimet,pish tou probl matoc éqge i xekin sei
api thn ewrba twn textons tou B. Julesz [116], ipou t&jhke to priblhma thc eO-
eshc mPac kajolik ¢ “shc gamhloO epipédou gia thn anapar“stash thc uf c.

Xekin,ntac api énan émmeso orismi twn  textons wc sust’dec ston q.ro apikri-
shc mPac sustoigbac Bltrwn, stic ergasPec [150, 154] epigeirebt ai h sOmptuxh thc

poikilbac emfnishc thc uf ¢ se éna diakriti sOnolo api sust’dec ka i katipin h
gr sh katanom n gia diakrit” dedoména. Akolouj,ntac mba komyiterh ka i pio
makripnoh proséggish, sthn ergasba [250] ta textons diatup jhkan mésw anagen-
nhtik,n montélwn, ewr ntac iti kK'je texton mporeD na ermhneOsei éna sOnolo api
aploOstera prwtarqik” stoigePa, ipwc “bdouc akméc, sunoybzontac th n apikri-
sh poll,n Bltrwn se mba koin aitba. 'Etsi ta textons prokOptoun wc énac k dikac
pou anaptOssetai autimata gia thn anapar”stash thc eikinac me éna per iektiki se
plhroforba “lexiligio', kat™ énan an”logo tripo me autin ipou mba | éxh ermhneQei
perissitera stoigei,dh wn mata.

Ergimenoi sto priblhma thc kat"tmhshc eikinwn, to kOrio priblhnma ebn ai h
exagwg mbac sumpagoOc perigraf ¢ “sei thc opoPac na mporoOn na omadopoih -
oOn swst” oi periogéc thc eikinac. Gia autin ton stiqo oi tegnike c pou asbzontai
se sustoigbec DBltrwn ebnai problhmatikéc, kaj,c ex"goun garakthr istik”™ meg"-
lhc di"stashc, ta opoba eOkola odhgoOn se upobéltistec katatm sei c. Oi tegnikéc
pou asbzontai se montéla usteroOn kaj.c an h kat"tmhsh ektim'tai dun amik”,
oi parmetroi tou montélou prépei na ektim ntai parillhla me thn kat't mhsh
gia K'je perioq, katal gontac se mPa upologistik® asOmforh IOsh. T eloc ta
textons entopbzontai se diakritec eseic sthn eikina, en, oi perissit eroi algirij-
moi kat"tmhshc apaitoOn éna pedbo parathr sewn orisméno se ilh thn &k tash thc
eikinac.

Sta plabsia thc ereun”c aut c thc diatrib ¢ anazht jhkan gamhl c di"sta-

shc garakthristik”, ta opoPa na grhsimeQoun tautigrona sthn anapa r"stash thc



4.2. To Montélo AM-FM 75

uf ¢ kai sthn kat'tmhs thc. To montélo p"nw sto opobo ergast kame d iaferei
api thn sunhjismeénh idéa thc exagwg c garakthristik,n uf c mésw ilt rarbsma-
toc kai asbzetai sto montelo AM-FM diamorf,sewn gia thn an”lush eikinwn uf ¢

kai sugkekriména, sthn méjodo  Dominant Components Analysis . H asik idea
thc mejidou aut c ebnai na anaparist” topik™ thn uf mésw enic hmiton oeidoOc
S matoc, tou opobou oi par"metroi ektim ntai me tegnikéc apodiamirfws hc. 'Etsi,
afenic égoume mba sumpag perigraf thc uf ¢, mésw twn parametrwn tou monte-

lou, afeterou eqoume éna montelo tou opobou oi par"metroi ektim ntai me taqOthta
kai akrbbeia, kai to opoPo mporoOme na grhsimopoi soume gia thn exagwg irwn

pijanof'neiac.

4.1.1 Suneisforec

H ergasba aut egine se sunergasba me ton UD Gi,rgo Euaggelipoulo sta plabsia
thc didaktorik ¢ tou éreunac; oi ereunhtikec suneisforéc tou g r"fontoc ePnai oi
parak™tw:

Eisagwg mbac proseggishc topik,n anagennhtik,n montélwn gia thn ermh-
neba leitourgi,n an’lushc tmhm’twn thc eikinac me qwrik™ epikentrwmena
bltra.

Qr sh tou parap™nw plaisbou gia thn diatOpwsh thc diadikasPac epilo gc
kanalioO thc mejidou  DCAwc mba diadikasPa exétashc pollapl,n upojésewn,
thn ermhneba thc sunélixnc me DBltra Gabor wc ektbmhsh paramétrwn kai thn
pijanotik ermhneba thc energeiac  Teager.

Diagwrismic metaxO periog,n akm_n, uf ¢ kai omal ¢ wteinithtac, grhsi -
mopoi, ntac mPa eniaba pijanotik proseggish gia thn montelopobhsh k ai twn
dOo kI'sewn shm’twn sto parap™nw plabsio.

Kattmhsh eikinwn grhsimopoi ntac garakthristik™ DCA kai sunduasmic
plhroforBac api eterogenebc phgec sthn diadikasba kat"tmhshc mé Sw staj-

misménhc exélixhc kampul.n , me “rh pou kajorbzontai autimata “sei twn
parap”nw montélwn.

4.2 To montelo AM-FM

Mba meg’lh poikilDa shmtwn pou apantoOn ston usiki kismo, ipwc aut™ sto Sq

4.1 qarakthrbzontai api topik™ wnoperat dom ; tétoia s mata mporo On na mon-
telopoihjoOn ikanopoihtik® mésw shm™twn diamirfwshc pl'touc kai sugni thtac
(Amplitude Modulation-Frequency Modulation - AM-FM ):

(% y) = a(x;y)cos( (x;y)) (4.1)

ipou a(x;y) ebnai tostigmiabo pl'toc kai (X;y) ePnaih “sh tou s matoc. To stig-
miabo pl'toc ekfr'zei thc diakum™nseic thc peribllousac ( envelope) tou s matoc,
posotikopoi,ntac thn antbjesh ( contrast ) thc uf ¢, en, h “sh tou perigr-fei thn

topik kumatoeid dom tou s matoc dbnontac plhroforba gia thn kat eOjunsh Kai
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Sqg ma 4.1: Topik™ wnoperatéc eikinec uf c.

thn kibmaka thc uf c. Antb thc “shc mba enallaktik posithta pou mpore b na
exaqgjeb eukolitera mésw apodiamirfwshc ebnai h stigmiaba suqgnithta

@ @

Hxy)=r o (xKy)= == (4.2)

@x @y
ston upologismi thc opobac den upeisérqontai probl mata ipwc h anadbplws h
thc “shc sto 2 . Genikitera, ta s mata diamirfwshc a(x;y); +(x;y) ewroOntai
ajuperat”, epitrépontac thn ermhneba apitomwn metabol,n thc wteinith tac me-
sw omal,n sunart sewn pou prosferontai eukolitera se an’lush kai sta tistik

montelopobhsh.

To sOnolo twn shm™twn pou mporeD na ekfrasteD mésw sunart sewn AM-FM
mporeD na epektajeb [93] se ila ta s mata periorisménou eOrouc nhc gr hsimo-
poi.ntac ajrobsmata shm™twn ~ AM-FM :

X
L(xy) = ax(x;y)cos( k(x;y)): (4.3)

k=1

H aposOnjesh thc eikinac se sunist,sec AM-FM  kat” thn parap™nw sgésh eb-

nai ena polOploko an’strofo priblhma to opoBo égei antimetwpisteD mino merik,c
[93]; mPa koin kai praktik aploOsteush ePnai na gqrhsimopoiebtai & na sOnolo api
wnoperat™ Bltra ipwc mba sustoigba Bltrwn Gabor kai na ewrebtai iti up“rgei
mba antistoigba sunistws,n thc (4.3) kai exidwn bBltrwn, opite h apodi amirfwsh
gbnetai xeqwrist™ gia thn eéxodo k'je Dltrou (Sq. 4.2). H proség gish aut eéqei
to pleonékthma iti geirbzetai ta omal”™ s mata pou pabrnoume api tic exi douc twn
Pltrwn kai gPbnetai shmeiak”, apofeOgontac polOplokouc algorBjmouc gi a trac-

king twn sunistws n. To asiki thc priblhma, to opobo antimetwpbzei merik.c h
méjodoc DCA ebnai iti den mporeb na kajorbzei autimata pisec kai poiéc sunist,sec
ebnai ousiastik™ energec se mba perioq thc eikinac, dbnontac € na meg’lo pl joc
parameétrwn.

4.2.1 Ektbmhsh Parametrwn

'Eqontac apomon, sei mba sunist,sa thc ékfrashc (4.3), to priblhma th c apo-
diamirfwshc epizht™ thn exagwg sunart sewn a(x;y); (x;y) pou na sundi“zoun
pistithta sta dedoména, anog sto irubo kai omalithta. Gia to pri blhma thc
apodiamirfwshc eikinwn éqoun efarmosteb treic diaforetikéc prose ggbseic.

A) O didi"statoc algirijmoc DiaqwrismoQ Enérgeiac [152]( Energy Separation
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Algorithm - ESA ) asbzetai ston 2-D energeiaki telest Teager-Kaiser :
(1), jirljiz 1r?2 (4.4)

o0 opoboc efarmozimenoc se éna s ma AM-FM dbnei sthn éxodi tou thn enérgeia
diamirfwshc:

[ acos()]' a%j+j? (4.5)
To sf'lma sthn proséggish ebnai amelhtéo an ewrhjeb oti ta s mata diamirfwshc
pl'touc kai sugnithtac den metab’llontai gr gora sto g.ro kai polO entona se
sgesh me to éron s ma.
Efarmizontac thn (4.4) stic parag,gouc tou s matoc, pabrnoume ekfr” seic api
tic opoBec mporoOme na ektim soume ta s mata diamirfwshc:
S S
(f) . . (fy) . . (fy) . ,
P j alx;y)i; J 105 y)is I 120%y)i; (4.6)
R GOENGH) (f) (f)
H aplithta kai komyithta autoO tou algorBjmou sundu”zetai me thn upolog istik
tou apodotikithta, kaj,c sthn ulopobBhs tou grei"zetai mino diaf oréc metaxO
shmebwn. Shmei,noume ed, iti étsi upeiserqontai probl mata diakritopo Bhshc twn
parag,gwn; tétoia probl mata mporoOn na antimetwpistoOn grhsimopoi ntac t ic

sunegebc parag,gouc twn Bltrwn  Gabor antb gia tic diakritéc diaforéc twn exidwn
touc [54, 56, 130].

B) H mejodoc Analutik ¢ Eikinac [92] upologbzei tic AM-FM sunist,sec tou s matoc
grhsimopoi_ntac metasghmatismoOc sto pedbo thc sugnithtac. Sugkekri meéna, h
analutik eikina J thc | dbnetai api thn ekfrash

J=1+jl (4.7

ipou (" ePnai o metasghmatismic Hilbert thc |. Sthn perbptwsh pou to sma |
ebnai topik™ hmitonoeidéc, to métro thc analutik ¢ eikinac isoOt ai me to pl'toc
tou hmitinou. Me “sh thn analutik eikina mporoOn na upologistoOn epbs hc ta
meétra kai ta prishma twn kateujuntik,n parag,gwn thc “shc [92].

‘Enallaktik™, gia thn apodiamirfwsh thc exidou enic Orjogwniko O zeOgouc
FPltrwn ( Quadrature Filter Pairs-QFP ) [2, 94, 68, 21] mporoOme na parak”myou-
me thn kataskeu thc eikinac Hilbert . Ena QFP apotelebtai api éna éna “rtio kai
ena peritti Pltro pou éqoune mhdenik apikrish sugnithtac se staje I s ma-
ta kai koini pl'toc apikrishc sugnithtac, dhlad éna eOgoc Hilbert . B’sei thc
grammikithtac tou metasghmatismoO  Fourier , oi @xodoi tou eOgouc apoteloOn éna
eOgoc Hilbert , opite api autéc mporoOme apeujePac na ex"goume tic metr seic -
shc kai pl'touc. Ta eOgh “rtiwn/peritt,n Bltrwn Gabor mporoOn na ewrhjoOn
proseggistik™ wec éna  QFP, an ewr soume proseggistik™ mhdenikéc tic arnhtikec
sunist,sec tou “smatoc tou migadikoO Bltrou he + jho. To priblhma aut ¢ the
proseggishc ebnai iti mac parégei mba metrhsh “shc se k'je shmebo, o pite gia tic
stigmiabec suqgnithtec grei"zetai tiso h diakritopobhsh twn para g.gwn iso kai o
geirismic tou probl matoc anadbplwshc thc “shc.

H metabolik meéjodoc[22] eis"gei mésw enic metabolikoO krithrDou sthn diadi-
kasba apodiamirfwshc apeujePac ton periorismi ta s mata +(x;y); a(x;y) naebnai
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omal”, opite to priblhma thc apodiamirfwshc an"getai sthn arijmhtik epblu-
sh enic sust matoc diaforik,n exis,sewn. Aut h proséggish ebnai pio e uelikth
kai prosféretai gia eisagwg epipléon gn,shc, ipwc itan gnwrbzoume iti gia ena
meroc thc eikinac grei“zetai mikriterh pistithta sta dedoména, opite h ektbmhsh
twn parametrwn asbzetai perissitero sthn omalithta. Gia to priblh ma thc apo-
dotik ¢ exagwg c garakthristik,n uf ¢ pou endiaferimaste imwc h méj odoc aut
ebnai akat’llhlh kaj,c apaiteb enan epanalhptiki algirijmo en, o i upiloipec
parégoun apeujebac mpa [Osh.

Sta apotelesmata pou abnontai sth sunegeia tou kefalabou eqei qr hsimopoihjeb
o algirijmoc  ESA opoud pote grei"zetai h exagwg garakthristik,n diamirfw-

shc. Stic eikinec pou debgnoun thc anakataskeu twn shm’twn, ipou qr ei"zetai
kai h ektbmhsh thc “shc, grhsimopoioOme th métrhs thc pou mac dbnei to eOgoc

Pitrwn Gabor, sOmfwna me thn méjodo analutik ¢ eikinac.

Gia thn aposOnjesh thc eikinac se sunist,sec AM-FM ipwc proanaférjhke
ewroOme iti h éxodoc k'je Bltrou Gabor apomon,nei mba sunist,sa tou s matoc
h opoba en suneqgeba apodiamorf netai. 'Ena praktiki priblhma ebnai i ti kaj,c
h érousa sugnithta thc sunist sac k touc s matoc mporeD na mhn sumpbptei me
thn prokajorisménh kentrik sugnithta tou Bltrou Gabor, ebnai anamenimeno
to pl'toc Ak thc sunist,sac na sumpiezetai, dbnontac mPa gambhliterh ektbmhs
tou, a,. MporoOme merik c na anairésoume aut n th sumperifor”, upologbzontac
thn apikrish sugnithtac tou Bltrou sthn ektim,menh stigmiaba sugni thta tou
hmitonoeidoOc, +; h sgésh

a

JGk(+4)]
ipou Gy ebnai h apikrish sugnithtac tou antbstoiqou Bltrou Gabor, mac dbnei mba
posithta pou paraménei sqetik” anephréasth api tic apoklbseic thc s tigmiabac
sugnithtac api thn kentrik sugnithta tou Bltrou.
An’lush Kurbargwn Sunistws,n
Api th diadikasba apodiamirfwshc pou perigrifhke parap™nw k'je sunist .sa
Kk thc (4.3) prosférei éna tridi"stato di"nusma qarakthristik n (Ax; ! k) se Kije
shmebo thc eikinac prokOptei éna di"nusma garakthristik,n di"stas hc3 K, ipou

K ebnai to pl joc twn Bltrwn Gabor.

Gia eikinec uf c ipwc autéc sto Sqg. 4.1 topik™ to "sma tou s matoc perie -
getai se mba mikr perioq, kai mporeD na anaparastajeb mesw mbac ést w [Dgwn
sunistws,n  AM-FM ; en, ta garakthristik” pou ex"goume perigr-foun kai ilec

tic upiloipec mhdenikéc sunist sec thc (4.3). ProkOptei loipin h an"g kh gia ton
eisagwg enic algirijmou o opoboc na entopbzei kai na apomon, nei tic shmantikéc
sunist,sec tou s matoc. H mejodoc thc An“lushc Kurbargwn Sunistws,n [93 , 92]
(Dominant Components Analysis - DCA) protePnei thn gr sh enic topikoO krith-
Pou gia thn epilog mbac sugkekriménhc sunist,sac, api thn apodiamir fwsh thc
opobac pabrnoume éna tridi"stato di"nusma qarakthristik,n AM-FM . Jewr, ntac
iti mba mino sunist,sa thc sqgéshc (4.3) arkeb gia thn perigraf thc eikinac, h
DCAse k’je shmebo (X;y) “sei enic krithrbou k(X;y) epilegei to kan’li  i(X;y)

pou ebnai plhsiéstero sthn sunist,sa, apodiamorf nei thn éxodi tou kai grhsimo-
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Poluzwnik apodiamirfwsh

An’lysh

Apca €os( pca )

Sq ma 4.2: Exagwg garakthristik,n me th mejodo DCA: éna sOnolo apo wnope-
at” Dltra Gabor grhsimopoiebtai argik” gia na apomonwjoOn kai apodiamorfw-
oOn oi memonwmeénec sunist,sec thc (4.3). To kuri'rqo kan’li epiléget ai se kK'je
shmebo thc eikinac kai oi par'metroD tou grhsimopoioOntai gia thn pe rigraf thc
uf c. H kurbargh dom tou s matoc uf ¢ sullamb”netai étsi api tic paramé trouc
thc DCA.

poieb ta garakthristik” AM-FM gia thn anapar”stash thc uf c:

i(x;y) = arg 1m|?XKf k(X;¥)g; (4.9)

Abca (XY) = Aixy)(XY); *oca (XY) = Fipay) (X Y): (4.10)

To krit rio pou grhsimopoiebtai tupik™ ebnai to apodiamorfwmeéno pl'to c tou k-
ostoO kanalioO:

k(X Y) = Ja(X y)i; (4.11)
to opobo ipwc parousi“zoume sthn epimenh enithta mporeb na aitiologhjeb pijano-
tik™. Stic ergasbec [128, 130] exet"sthke h dunatithta gr sh ¢ thc enérgeiac Teager
wc ena enallaktiki krit rio, to opobo sundu”zei plhroforba gia to pl"toc me plh-
oforba gia th sugnithta. Qrhsimopoi,ntac to krit rio auti pabrno ume mba enal-

laktik thc  Amplitude-based DCA - ADCA , thn opoba onom”zoume Energy-based
DCA-EDCA . Efarmizontac thn EDCA se usikéc eikinec parathr same [129] iti
dbnei kalOtera apotelésmata, kaj,c entopbzei me akrbbeia apitomec a  llagéc sthn
eikina.

Oi diaforec thc DCA me tic upiloipec mejidouc exagwg ¢ garakthristik,n

uf ¢ mporoOn na anadeigjoOn grhsimopoi ntac to garakthristiki s ma s to Sq.
4.3. To s ma auti egei stajeri pltoc kai periegei ilec tic qwrikéc sugnithtec
(!x;!y) mésa sto “sma thc eikinac. Mba méjodoc pou grhsimopoieb textons a
espage thn eikina se tm mata, kwdikopoi, ntac poio texton topik tairi°zei kalO-

tera me to s ma thc eikinac, dbnontac énan diamerismi thc eikinac ipwc sthn eikina
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L |

~ A

(@) AM-FM () ibca @) & @) A
Sq ma 4.3: Qarakthristik™ uf c mésw DCAkai apodiamirfwshc. (a) Sunijeti-
ki s ma ufc, () KwdikopoBhsh kuri'rqou kanalioO ipca Mésw wteinithtac.
(c) EktPmhsh pl'touc @ tou kurBargou kanalioQ Kai (d) Ektbmhsh pl'touc A;

“sei thc sqgéshc (4.8); To ektim,meno pltoc kwdikopoiebtai mésw th c tim ¢ thc
wteinithtac thc eikinac.

(). Qrhsimopoi ntac mPa sustoigba Bltrwn a diathroOsame ilec tic a pokrbseic
bltrwn se K'je shmebo, akima kai an ta perissitera den paréqoun kamba epipléon
plhroforDa epipléon aut ¢ tou pio energoO Bltrou.

Ex"gontac ta qarakthristik™ thc DCA autimata epilegoume mba memonwmeénh
sunist,sa kai ex"goume api aut n énan di"nusma qarakthristik,n gamhl c di-
stashc pou metab’lletai omal™; sugkrbnontac tic eikinec (g) kai (d) sto Sq. 4.3 le-
poume iti met” thn kanonikopobhsh twn exidwn twn Bltrwn Gabor “sei thc (4.8)
apoktoOme mba ektbmhsh pl'touc plhsiésterh sthn pragmatik tim, pou ebn ai
pantoO Bsh me mon“da. O algirijmoc apodiamirfwshc mac epitrépei na metab 00-
me api to kbantisméno sOnolo kateujOnsewn kai klim“kwn pou grhsimopoioOnt ai
api thn sustoigba Bltrwn se mPa suneq anapar“stash. Praktik® mporoOme na
na doOme th leitourgba thc mejidou DCA wc mbPa epéktash twn ide .n twn kateu-
Onsimwn, klimak simwn ( steerable, scalable ) Bltrwn [68, 184] sta Dltra Gabor,
kaj.c api éna peperasméno sOnolo Pltrwn paBrnoume mba akribésterh, suneq
perigraf .

4.3 Topik™ Anagennhtik™ Montéla gia Uf

Sthn enithta auti diatup, noume sto plabsio twn anagennhtik,.n montelwn | eitourgb-
ec pou emplékontai sthn an”lush uf c. Sugkekriména, h sunélixh me DBltr a Gabor
ermhneOetai wc ektbmhsh twn paramétrwn enic montélou pou lamb™nei upiyh thn
topikithta thc an“lushc/montelopobhshc, en, to krit rio epilog ¢ kanalioO thc
mejidou DCA an"getai se mba diadikasba exétashc pollapl,n upojésewn. Teloc,

“sei aut ¢ thc e, rhshc aitiologoOme th gr sh thc enérgeiac Teager ewr ntac
iti sta dedoména eqei prostejeD iruboc Brown . H proséggish aut sundu”zei thn
apodotikithta me thn opobPa mporoOn na gbnoun oi sunelDxeic me thn safn  eia twn
mejidwn an“lushc mésw montélwn, en, epitrépei ton sunduasmi twn montélwn uf c
AM-FM me enallaktik™ anagennhtik™ montela.

H éreuna sthn kateQjunsh thc kataskeu ¢ montélwn gia genikéc eikin ec apo-
tup,netai se anaforéc ipwc [151, 6, 69, 88, 71], ipou to endiaferon e gei esti"-
sei kurbwc sthn automatopoihménh ekm’jhsh montélwn pou na ermhneOoun kat”
éenan eltisto tripo tic statistikec idiithtec twn eikinwn  ste n a prosferontai gia
mba sumpag anapar stash eikinwn kai leitourgbec ipwc sumpbesh kai apojor u-
opobhsh. Sta plabsia thc ergasbac mac grhsimopoi same analutik,c 0 risména
anagennhtik™ montela, af nontac thn autimath ekm’jhs touc api de domeéna gia
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mellontik ergasba.

4.3.1 Topik® Anagennhtik™ Montéla kai Epilog KanalioO

Xekin, ntac api thn upijesh pou sthrbzei th méjodo Dominant Components Analy-
sis, iti éna s ma uf ¢ mporeb topik™ na montelopoihjeD mesw wnoperat,n shm™-
twn, diairoOme to priblhma thc montelopoPhshc se éna sOnolo api aploOste ra
probl mata. JewroOme énan diamerismi tou pedDou sugnithtac antbstoi go me autin
mPac sustoigbac Pltrwn Gabor kai gia k'je sunduasmi kibmakac kai kateOjunshc
pou antistoigeD sthn kentrik sugnithta + tou Dltrou Gabor kataskeuzoume éna
antbstoigo montélo uf c.

Aplopoi,ntac ton sumbolismi, k"'noume thn an’lus mac kat™ m koc thc eg-
K'rsiac tom ¢ tou s matoc kat™ m koc tou +, opite grhsimopoioOme kai th mo-
nodi’stath sugnithta I = j+j, en, ewroOme iti to montelopoioOmeno tm ma ePnai
gOrw api to shmebPo Xg = 0. Gia pio perDploka garakthristik™ uf ¢, ipwc dia-
staur,seic, khibdec, kai gwnbec a grei"zontan didi"stata mont ela, all” auti a
mac apom’krune api thn  DCA pou montelopoieD monodi“stata, hmitonoeid qara-
kthristik™.

Topik Montelopobhsh Uf c

To montélo pou grhsimopoioOme ewreD iti éna s ma uf ¢ pou epikentr,netai se
mPa klPmaka kai kateOjunsh mporeD topik™ na perigrafeD mésw mbac armonik ¢
sunist,sac, me thn antbstoigh sugnithta I all” "gnwsh “sh , pl'toc A kai

stajer tim B:
[(X)" I+(x;fA; ;B g)= Acos(x + )+ B (4.12)

ipou 0 debkthc T sumbolbzei th sOnjesh mésw tou montélou ufc ( Texture ). Mpo-
oOme na ekfr’soume th sqésh sOnjeshc (4.12) wc éna an"ptugma se mPa grammi ~ k
“sh:

Yt
I+(x;A) = EiBti(x); ipou Dt =3 (4.13)
i=1
E;= Acos(); E,= Asin(); E3=B (4.14)
Br.1(X) =cos(!x ); Bra(x)=sin(!x); Brs(x)=1

Ja anaferimaste stic parap™nw sunart seic wc to “rtio, peritti kai stajeri
stoigebo “shc, antbstoiga.

H idea pbsw api ta topik™ anagennhtik® montéla  pou proteBnoume ebnai na mon-
telopoihjeb "mesa h exrthsh thc poiithtac anakataskeu c sth sq ésh (4:12) api
thn apistash X api to kentriki shmebo Xg = 0. Auti agnoebtai se anaforec ipwc
[151, 88], ipou “sei thc upijeshc tou leukoO Gaussian orObou, oi par'metroi
meégisthc pijanof'neiac (ML) prokOptoun api thn mPa probol elagbstwn tetra-
g,nwn tou s matoc p'’nw se mba grammik “sh. EPnai imwc antidiaisjhtik ito
iti oi parathr seic sto irio tou tm matoc P pabzoun diakrit™ diaforetiki ilo
api tic geitonikéc touc parathr seic, pou den lamb™nontai upiyh sto k rit rio
anakataskeu c.
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. Texture model components Edge model components . Smooth model components
(a) (0 )

Sq ma 4.4: Ta stoigeba thc “shc (sumpag ¢ gramm ) kai sun"rthsh empis tosOnhc

(diakekommenh) gia tic 1D tomeéc twn tri,n ewroOmenwn kl’sewn: (a) Uf ( ) Akm

(g) Omal™ Tm mata.

Sthn proséggis mac sunupologbzoume thn topikithta thc diadikasbac apifa-
shc, grhsimopoi,ntac mba tim  ebaiithtac G(x), p.g. mba kanonikopoihménh
Gaussian sun’rthsh, pou sundéetai me tic probléyeic tou montélou sto shmebo X.
H posithta G(X) jbnei me thn apistash api to shmebo Xp = 0 ipwc aPnetai sto
Sq. 4.4, kai mba upijesh background eis"getai gia na anal"bei thn ermhneba thc
emf nishc thc eikinac makri™ api auti

Auti mporeb na diatupwjeD me saf neia me thn eisagwg mbac kruf ¢ duadi-
k ¢ tugabac metablhtc  z, h opoba kajorbzei to €'n h parat rhsh sto shmeba X
proérqgetai api thn upijesh tou foreground (z = 1) tou background (zx = 0) kai
ermhneOontac thn tim thc sun“rthshc empistosOnhc we Bsh me thn anameni  menbh ti-
m tou z:: P(z« = 1jX) = G(X). Anaparist, ntac thc katanomec tou foreground kai

background  wc Pt ; Pt antbstoiga, h pijanofneia thc parat rhshc I (X) sto
shmebax gia éna sOnolo paramétrwn A gr'fetai:
X
Pr (1 (x)ix; A) = Pr (1 (x); 2cjx; A)
X . zx=10;1g .
= Pr (1 (X)jz; X; A)P (z4)X)
zy=10;1g
= F(X)Pm (! {(ZX)J'I T (XA )? + ﬁl G(X){)ZPT;b(I (X)i ; (4.15)
zx =1 zx =0

H Pt grhsimopoieD thn sOnjesh tou montelou 11 (X;A;) gia na ermhneOsei tic pa-
athr seic, en, h enallaktik upijesh P, montelopoieb thn wteinithta thc ei-
kinac wc mba omoiimorfh katanom,  Pr.,(l (X)) = c. Parap”nw grhsimopoi same

th sgésh Pr(z¢jX;A) = P(zjX) kaj,c h qwrik el'ttwsh thc empistosOnhc sthn
pribleyh tou montélou ewrebtai iti den exart™tai api tic parametro uc tou sug-
kekriménou montélou kai thn kI"sh tou, en prokeiménw, uf .

Sugkrbnontac me thn proseggish “llwn “rjrwn, [151, 88], lepoume iti h para-
p"nw diatOpwsh aposundéei diaisjhtik” tic ekfr"seic sOnjeshc kai pi janof’neiac,
kai eis"gei megalOterh elastikithta kai saf neia, epitréponta ¢ thn kataskeu
apl,n “sewn gia exidanikeuména s mata, ipwc hmitonoeid . Antijétwc, s tic erga-
sbec [151, 88] h topikithta kai h epilektikithta se sugkekrimene ¢ kumatomorfec
periplekontai mésw thc eisagwg ¢ mbac qwrik™ jPnousac perib’llousac gia ta

stoigeba “shc.
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'Ekfrash Pijanof’neiac kai Ektbmhsh Parameétrwn

Jewr, ntac iti to montélo sf'lmatoc ebnai mPa diadikasPa leukoO or Obou mporoO-
me na gryoume: X
logP1 (1) = log P (I (X)jX): (4.16)
X
H ékfrash aut ePnai dOskolo na megistopoihjeD wc proc tic parameétrouc tou
montelou, kaj,c to “jroisma sth sgésh (4.15) ePnai mesa ston log'r ijmo. Gia
na éroume to “jroisma ektic tou logarbjmou grhsimopoioOme thn kurtith ta thc
sun’rthshc tou logarbjmou kai efarmizoume thn anisithta tou Jensen gia na
p“roume to paraktw K'tw r’gma sto logPr(l):
X X
LBr(l) = G(x)log Pt (I (xX)jx) + (1 G(x))logc (4.17)
X X
Paraktw a grhsimopoioOme auti to k'tw r"gma antD thc arqik ¢ ekfr ashc gia
thn pijanof'neia twn dedoménwn. 'Opwc kai sth méjodo tou GLRT (2.36) antb na
oloklhr,noume p nw stic paramétrouc, grhsimopoioOme thn shmeiak ektim tria
pou elagistopoieb auti to K'tw r"gma. Upi thn upijesh tou Gaussian orObou
me diaspor” 2, o pr,toc iroc thc (4.17) mporeD na grafeb wc:
_ 1 X P
G(x)logPry (I (x)ix) = R G(x)log(" 2 ); (4.18)
X X X
R=  GX[IX I+(xX))*=[I BA]'G[l BA]; (4.19)

X

G:N N;I:N 1,B:N Dt;A:Dy 1

ipou o G ebnai énac diag,nioc pbnakac, meG;; = G(i), N to pl joc twn parathr -
sewn, kai grhsimopoioOme touc irouc  |1;B; A gia na ekfr’'soume thn (4.13) mésw
pin“kwn.

Péra api to R oi upiloipoi iroi ebnai stajerob, opite h sunj kh megistou
gia thn (4.18) dPnei th IOsh Stajmisménwn El"gistwn Tetrag,nwn ( Weighted Least
Squares Error-WLSE ):

A=D !B'GI : D=B'GB (4.20)

en, eis"gontac thn prokOptousa ektim tria sthn (4.19) paPrnoume:

R=1"Gl ATDA: (4.21)
ParathroOme ed, iti h mePwsh sto sf'lma anakataskeu ¢ sunoyPzetai st ic timéc
twn parametrwn A: o pr.toc iroc thc (4.21) ebnai anex’rthtoc api to sugkekriméno
montélo kai o deOteroc lamb™nei perilamb™nei mino tic paramétrouc A kai énan

stajeri pbnaka.

An h sun’rthsh empistosOnhc  G(x) ePnaiGaussian , o pollaplasiasmic twn
trDwn stoigePwn “shc thc (4.12) me thn  G(x) mac dbnei tic kroustikeéc apokrDseic
enic “rtiou kai enic perittoO PBltrou Gabor kai enic Gaussian Dltrou. Auti
shmabnei iti h sunélixh me ta Dltra aut™ mac paréqgei se k’je pixel tic timéc tou
3 1 dianOsmatoc BTGl . Péra api auti, ewr ntac amelhtéa thn apikrish tou
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“rtiou Bltrou Gabor se éna stajeri s ma egoume

2 3
X Dl O O
G(x)cosk)' 0 ! D=40 D, 0° (4.22)
X O O Dj
X 1 X
G(x)cos(x)' 0! Dy;=D,= > G(x); (4.23)
X X
pou shmabnei iti h antistrof tou pPnaka (4.20) an"getai sthn ka nonikopobhsh twn

kroustik,n apokrbsewn twn  Gabor/Gaussian  Bltrwn.
Eis"gontac thn ékfrash

G(x) 1 X2
GYx)= P = p—exp( =——); (4.24)
2 H
X G(X) 2 2 GB
ipou g ebnai h diaspor” tou Pltrou Gabor egoume tic ektim seic parametrwn:
X .
E: = 2 GYx)sin(x)!I (x)
E, = 2 GYx)cosi)l (x)
X
E; = GYX)I (x):
X
MporoOme loipin na ermhneOsoume thn sunélixh me Bltra Gabor wc thn ektb-
mhsh thc stajmisménhc probol ¢ el"gistwn tetrag,nwn tou s matoc se mb a hmito-
noeid “sh; h st’jmish eggu“tai iti ta shmeba pou ebnai pio kont™ s to kentro thc
Gaussian tou DBltrou anakataskeu“zontai akribéstera api ta pio makrin™. K at”
ton Bdio tripo, h sunélixh me mba Gaussian mporeb na ermhneujeb iti ekteleD mba
probol el"qistwn tetrag,nwn se mPa “sh pou apotelebtai api to staje ri stoigeb-
0. Shmei,noume ed, iti gwrbc to plabsio pou eis"goume parap™nw, h ermhnebamb ac
sunélixhc wec mPa probol se mPa “sh ePnai efikt itan to sOnolo Dltr wn ebnai
orjog,nio, opite kai h “sh apotelebtai api touc pur nec twn Bltrwn. Ant Djeta,
ed, oi pur nec twn Bltrwn ebPnai sunart seic Gabor, en, oi “seic hmitonoeid .
H el"ttwsh tou sf'Imatoc anakataskeu ¢ “sei tou montélou (4.12 ) mporeb na

ekfrasteb wc

A\TDA\:X G(x) ¥+ E2 =X G(x) §+ B2 . (4.25)

X X

Kaj,c h par"metroc ég =B kajorbzetai api to Gaussian bDltro, 0 minoc iroc

pou exart'tai api to sugkekriméno upomontélo ebnai o E2+ E2 = A2 0 opoPoc
isoOtai me to tetr"gwno tou krit riou epilog ¢ kanalioQ “sei pl° touc. To K'tw
irio (4.17) mporeb loipin na grafeb wc:
X
LB:(1)=c.  GX)A?+ ¢ (4.26)

X

me ta C;;C, na ebnai stajerec anex'rthtec api to sugkekriméno montelo. Mpo-
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oOme loipin na ermhneOsoume thn epilog kanalioO wc mbPa diadikasPa elé  gqou

pollapl,n upojésewn [119], kaj,c epilegei to kanli pou megistopoieb éen a Ktw
r"gma tou log’rijmou thc pijanofneiac twn parathr sewn upi thn upijes h tou
montélou (4.12).

Péra api th ewrhtik tou saf neia, auti to genikitero plabsio an timetwpbzei
eOkola émata ipwc probl mata sto irio thc eikinac kai elleip dedomé na, ka-
.c kai thn mh-mhdenik apikrish tou “rtiou Bltrou se éna stajeri sma. Gia
to pr,to priblhma mporoOme na ésoume Bso me mhdén to “roc tou sfimatoc
anakataskeu c sta shmeba peéra api to irio thc eikinac; agno,ntac t o sf'Ima ana-
kataskeu c ekeb pabrnoume apokrbseic pou eqoun el"gista probl mata s to sOnoro,
me enan tripo ef'millo thc kanonikopoihménhc diaforik ¢ sunélixh c [122, 234].
Gia to deOtero priblhma h 10sh p’li ebnai "mesh: o pPnakac D = BTGB den
ebnai pleon diag,nioc, kai o antbstrofic tou prépei na grhsimopoih jeb gia na ex’-
goume tic eltistec paramétrouc. ParathroOme iti to Bltro pou paBrnoume etsi
ebnai isodOnamo me auti pou protePnetai sto “rjro [140] gia na katas keuasteb éna

“rtio DBltro Gabor me mhdenik apikrish se stajer” s mata. 'Olec oi antistro-
éc pin"kwn mporoOn na prodpologistoOn, opite égqoume el’gisth upologistik
epibrunsh.

Jiruboc Brown & Energeia Teager

MBa upijesh pou sthrbzei thn prohgoOmenh an’lush ePnai iti h diafor® metaxO thc
pribleyhc tou montélou kai tou parathroOmenou s matoc mporeb na montel opoih-
eb wc leukic Gaussian iruboc. Gia susgetismeno irubo oi ekfr"seic ektbmhshc
paramétrwn perilamb™noun th diagwniopoPhsh tou pPnaka sundiakOmanshc k ai gb-
nontai arket™ perBplokec [119]. Eidik™ imwc gia ton irubo Brown o opoboc mporeb
na ewrhjeb wc to olokl rvma Gaussian orObou mporoOme na douléyoume p nw
sthn par"gwgo twn parathr sewn oi opoPec pléon mporoOn na montelopoihjoOn
mésw twn parag,gwn twn stoigePwn thc “shc stic opoPec ewroOme iti prostb jetai
leukic Gaussian iruboc.
Sugkekriména, gia to montélo uf c |+ to opobo perilamb“nei éna memonwmeno

hmitonoeidéc sugnithtac !, auti isodunameb me thn probol thc parag,gou tou
s matoc QP sthn par'gwgo twn stoigeBwn thc “shc, B9, = IB 1;5(x) kai B, =

IB 1.1. Api tic sqéseic (4.20,4.21), o pollaplasiasmic twn stoigeBwn thc “shc me
mba stajer” ! den a égei epPdrash sto sfima anakataskeu ¢, opite mporoOme
na thn agno soume kai na ektim soume to pl“toc Althc parag,gou tou s matoc
grhsimopoi,ntac ta Bdia stoigeba “shc:

| 0

q
A% = (O° GBr;1)2+(0° GBrp)?
q
= (O GB'Clz;l)2 + (O GB'(IQ;Z)2
q
= 1 (O GB712)?+(0 GBr;y)?= A
Epanalamb”nontac thc prohgoOmenh an’lush kai ewr ntac wc dedoména mac thn
par"gwgo tou s matoc, h pijanof’neia twn dedoménwn upi thn kI"sh twn shm”™ twn
uf ¢ ekfr'zetai mésw thc posithtac (A92 = 12A? ipou A ebnai h ektBmhsh tou

pl'touc gia to s ma prin thn parag,gis tou. H posithta I 2A? isoOtai me thn
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apikrish tou Telest Energeiac Teager pou ebgame parathr sei empeirik™ [128,
130] iti paréqgei kalOtera qarakthristik™ uf ¢, dikaiolog,ntac pléon thn gr sh
tou se éna pijanotiki plabsio.

4.4 Di'krish Uf ¢ kai Akm.n

'Ena shmantiki praktik™ kai endiaféron ewrhtik™ priblhma ebnai h di"krish
metaxO periog,n pou periéqoun akméc kai periog,n ufc. Ta Bltra pou grhsi -
mopoioOntai gia anBgneush akm,n kai an’lush uf ¢ @goun parimoiec apokrDs eic

sugnithtac, h ePnai akimh kai ta Bdia, opite eOkola suggéoun touc dOo a  utoOc
tOpouc periog,n. Auti odhgeb afenic se esfalménec anigneOseic akm. n se pe rio-

géc uf ¢, afetérou se qarakthristik™ uf ¢ kat™ m koc twn orbwn twn a ntikeiménwn
poO den égoun nihma. ProhgoOmenec ergasPec pou asgoloOntai me to pribl  hma au-
ti perilamb™noun tic anaforéc [150, 88], ipou grhsimopoi,ntac perbpl okec kai en
merei empeirikéc mejidouc epigeirebtai o0 autimatoc kajorismic tou poi ec periogéec
thc eikinac perieqoun uf .

Diatup,nontac thn anbgneush akm n sto plabsio twn topik,n anagennhtik .n
montélwn sugkrbnoume tic dOo upojéseic se mPa koin “sh, grhsimopoi nta c thn
el'ttwsh tou sfimatoc anakataskeu ¢ pou eis"goun. B’sei autoO to u krithrbou
mporoOme na anajésoume Osterec pijanithtec stic enallaktikéc upojése ic kai na

apofasbsoume poia dom kuriargeb topik”.

4.4.1 Sqeseic SOnjeshc Akm n

Sthn ergasba [163] parathr jhke iti antilambanimaste tic akméc se topojesbec
me sOmptwsh “shc -phase congruency , dhlad periogéc ipou to s ma mporeb na
montelopoihjeb topik™ api ena an"ptugma se seir” Fourier thc morf c:

X
I(xX)" le(x)= A acosl okx+ )+ B: (4.27)
k

Sth sqesh aut | ebnai h proséggish sto s ma mésw tou montelou thc kathgorbac

twn akm,n kai ! o ePnai h asik sugnithta thc seir"c Fourier . H diafor”™ “shc
ebnai koin gia ilec tic armonikéc sunist,sec, opite sto shmebo Xo = 0 égoume
sOmptwsh “shc, me diaforetikéc timéc tou na dbnoun diaforetikoOc tOpouc ak-
m.n; p.q. gia =0 kai = =2 antilambanimaste akméc tOpou “bdou kai tOpou
hmatik ¢ sun’rthshc antbstoiga.
H gr sh orjogwnik,n eug,n Bltrwn ( Quadrature Filter Pairs-QFPs ) se anb-
gneush akm_n [163, 186, 68, 20] p re jhsh api to montelo auti. EPnai eOk olo

na apodeigjeD iti sunelDssontac éna tétoio eOgoc DBltrwn me éna s ma thc mor-
¢ (4:27) kai sundu“zontac tic exidouc se mba metrhsh  topik ¢ energeiac [163]
LE (x) = (he 1)2+ (h, 1)? apoktoOme mba posithta anex’rthth thc “shc
Sthn anafor” [186] apodeiknOetai iti h proséggish aut uperéqei th ¢ mejidou tou
Canny itan efarmizetai se akméc pou emfanbzontai se sunduasmi me skbash, li gw
twn kalOterwn idiot twn entopismoO touc.
MporoOme "mesa na diatup,soume aut th sqésh sto plabsio twn topik,n mon-
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O @

Sq ma 4.5: Anakataskeu thc mh-omal ¢ sunist,sac thc eikinac (a) gr hsimo-
poi.ntac () tic paramétrouc tou montéelou akm_n, (4.27) kai (g) tic par ametrouc tou
montélou uf ¢, (4.12). H anakataskeu sthn eikina (g) anadeikn Oei tic periodikéc
ptugec thc topik ¢ dom ¢, antbjeta me thn eikina () ipou apitomec, mh- periodikec
metab”seic ePnai pio entonec.

telwn mac, gr-fontac thn (4.27) wc éna an“ptugma se grammik “sh:

Re
le(X;A) = EiBgi(x); ipou Dg =3 (4.28)
i=1
XE1 = Acos(); E;= A)s(in( ); E3=B (4.29)
Be.1(X) = ay cos( okx); Be.o(x) = ax sin(! gkx); Be:3(x) =1
k k
Profan,c to s ma pou orbzetai api thn sgésh (4.27) ebnai periodiki pou den
antapokrbnetai sthn énnoia mbac akm c. 'Omwc, ipwc abnetai kai sto S q. 4.4
h gwrik éktash thc sgetizimenhc sun’rthshc empistosOnhc ePnai ar ket™ mikr
,Ste na lamb”nei upiyh ligitero api to misi thc periidou tou s matoc, ipo uta
stoigePa thc “shc sumperiférontai san tupikéc akmeéc tOpou matoc ka i “bdou.

Sunep,cta Bltra  he = G(X)Bg.1(X); ho = G(X)BEg.2(X) pou emplékontai sth sgésh
pou antistoigeb sthn (4.20) apokrbnontai se s mata akm,n, agno,nt ac thn ipoia
periodikithta mporeD na up’rgei se megalOterh kiPmaka api aut n sthn ipo ia
montelopoiebtai to s ma.

Sugkekriména, sundéoume me k'je upomontélo gia uf thc morf c (4.12) ena

antbstoiqgo montelo akm,n, pou ekfrzetai “sei thc (4.27); h as ik sugnithta
sthn (4.27) tbjetai empeirik® Bsh me !y = 0:4!, ipou ! ebnai h sugnithta sto
montelo uf c. Oi sunist,sec a thc seir'c Fourier sthn (4.27) tbjentai Bsec me
autéc enic periodikoO tetragwnikoO surmoO.

Kaj,c h proseggis mac asbzetai se éna montélo tou s matoc, antb g ia thn exa-
gwg garakthristik.n api auti, h ékfrash gia to sf'lma anakataske uc (4.21)
den periorbzei kat™ opoiond pote tripo ta s mata “shc pou grhsimopo ioOntai.
Sunep,c den greiazimaste na asqolhjoOme me to lepti thma tou na egguhj oOme

itita Blra  he = G(X)Bg.1(X);ho = G(X)BEg:2(X) sunistoOn éna QFP, ipwc p.q.
sthn anafor” [163] ipou grhsimopoioOntai tegnikéc sto pedbo sugni thtac. An p’li
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ewr soume iti to “sma tou migadikoO Bltrou he + jh 4 gia arnhtikec sugnithtec
ePnai arket™ mikri ;ste na mporeb na agnohjeD, mporoOme na to doOme wc éna QFP.
H sunélixh me ta Bltra aut” tite antistoigeb sthn ektbmhsh thc él tisthc probol ¢
sthn “sh tou montélou akm_n Be:1; BE:2 kai h topik tou enérgeia grhsimeOei wc
éna meétro thc eggOthtac tou montélou akm n sta parathroOmena dedoména

Sugkrbnontac ta anagennhtik™ montéla gia akméc kai uf, h sgésh ( 4.12) mon-
telopoieb s mata ta opoba ebnai idanik™ entopisména sth sugnithta , en, h (4.27)
mporePb na montelopoi sei apitomec allagéc sthn wteinithta, grhsimo poi.ntac
uyhliterouc irouc sugnithtac. Epbshc, sthn perbptwsh tou montélou uf ¢ , ipwc
abnetai sto (4.4) h sun“rthsh empistosOnhc epitrépei gia arketéc t alant,seic tou
s matoc, kajist,ntac to montélo kalOtera prosarmosmeéno se periodik " s mata

antb gia memonwmeénec allagec sthn wteinithta.
MporoOme na doOme ti “blépei' to kje montélo sthn eikina anakataske u“zontac
mba eikina mésw twn topik™ ektim menwn paramétrwn twn montélwn. Sto Sq. 4.5

lépoume iti to montélo thc sgéshc (4.27) ermhneOei thn metabol thc eikinac mesw
apitomwn metab”sewn sthn wteinithta, en, to montélo thc sqéshc (4.1 2) esti"zei
se domeéc tOpou kumat sewn. H antbjesh ( contrast ) twn suntij@menwn eikinwn ebnai
an’logh tou pl“touc tou montélou, pou me th seir” tou ekfrzei thn dun atithta

tou montélou na anakataskeu’sei tic parathr seic. ParathroOme i ti to montéelo

akm,n éqgei megalOterh antbjesh kat™ m koc twn orBwn twn antikeiménwn en | to
montelo gia thn uf sto eswteriki twn periog,n me uf .

Mhdenik Upijesh: Omal” S mata

Sumplhr nontac to sOnolo montélwn, oi omaléc periogéc (smooth - S) montelo-
poioOntai wc stajer” s mata:

[(x)" Is(x)= B: (4.30)

Auti to montelo elatt,nei thn axiopistba twn garakthristik,n akm c/ uf.n se oma-
lec periogec thc eikinac. Qrhsimopoi, ntac to bdio skeptiki me ta pro hgoOmena dOo
montela, mporoOme na doOme to apotélesma thc sunélixhc me mPa Gaussian sunr-
thsh wc thn stajmisménh éltisth probol twn parathr se,n mac sto sta jeri
stoigebo “shc 1.

Auti to montélo ePnai exarq c gnwsti iti a mac d,sei megalOtero sfima
anakataskeu c api ta “lla dOo, kaj.c prokOptei wc mia eidik perDptwsh twn

sgesewn (4.12,4.27) etontac ton periorismi A = 0. Auti antimetwpbzetai mésw enic
irou poin ¢ tOpou El"gistou M kouc Perigraf ¢ - Minimum Description Length
-MDL [119] stic eklffseic thc pijanof neiac gia ta dOo prongoOmena mont ela, bso

meMDL = F’E log( , G(x)). To 2 isoOtai me ton epipléon arijmi paramétrwn, en,
oiroc log( , G(x)) prokOptei prosarmizontac sthn perDptws mac thn apideixh
sto par'rthma  F tou kef'laiou 6 api thn anafor™ [119].

Di"krish Akm_n/Uf ¢ se Pollapléc Kibmakec

'Ewc t,ra emmeéswc ewroOsame iti kai ta trba montéla epigeiroOn na ermhneOs  oun
mba periog thc eikinac se mba stajer klbmaka. Kaj,c epilegoume an"me sa stic

ewroOmenec kl"seic sunduzontac plhroforba api ilec tic kiPmakec, greiazima-

ste mPa méjodo pou na kajist” touc irouc pijanof’neiac pou prokOptoun api
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Weighted MSE: 0.138 Weighted MSE: 1.507 Weighted MSE: 1.893
At 1 Dt Dy
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Weighted MSE: 0.388 Weighted MSE: 0.401
v 1 Ry

Weighted MSE: 0.308
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Montélo Akm,n Montélo Uf ¢ Omali Montélo

Pbnakac 4.1: Anakataskeu s matoc mesw diaforetik,n anagennhti k,n montelwn:
Gia k'je gramm tou pbnaka éna s ma api mba diaforetik kl"sh égei sun tejeb (én-
tonh gramm ), kai epideiknOetai h anakataskeu tou meésw twn diajési mwn anagen-
nhtik,n montélwn (agn gramm ), grhsimopoi,ntac th sun“rthsh empistos Onhc pou
aPnetai me diakekommeénh gramm . Api p"nw proc ta K'tw, to s ma éqei prokOyei

api to montélo akm ¢, uf ¢ kai omal,n shm™twn. To sfllma anakataskeu c e Pnai
mikritero itan grhsimopoiebtai to antbstoiqo tou s matoc anage nnhtiki montelo;
exabresh apoteleb h perbptwsh tou omaloO montélou, ipou to mikritero pl joc

parameétrwn odhgeb pnta se megalOtero sfima anakataskeu c.
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enan diaforetiki arijmi parathr sewn sugkrbsimouc. Gia na eis"go ume énan iro
pou ebnai anephreastoc api thn prisjesh stajer,n tim,n sthn wteinith ta, ew-
oOme thn posithta G4 = log %, ipou H ebnaiénaapita E; T kai S h upijesh
omaloO s matoc kai antikajist,ntac touc logarBjmouc me ta kK'tw r'gma t" touc
pou mac dbnei:
=1 ALDLAT A $DsAT +MDL( H):

GH—ﬁ HDHAY sDsAg + (H): (4.31)
O pr,toc iroc posotikopoieb thn aOxhsh ston log’rijmo thc pijanof'n eiac pou
ofebletai sthn eisagwg tou poluplokiterou montéelou H, en, o iroc MDL(H)
sthrbzei thn omal upijesh se periogéc ipou aut h aOxhsh den ePnai sh mantik .
H posithta Gy ebnai an’logh tou oloklhr,rlgatoc thc sun’rthshc empistosOnhc
Gy ; sunep,c, diair,ntac thn me ton iro c ,Gu(x) apoktoOme mPa proseggistik™
anex’rthth kibmakac posithta, to kérdoc se log'rijmo pijanof'n eiac an” pixel :

By = —FL (4.32)
c ,Gu(x)

H apiklish api thn anexarthsba klbmakac ofebletai ston iro W pou

prokOptei apito  MDL , kai deBgnei mPa protbmhsh se upojéseic pou montelopoioOn

megalOterec periogéc thc eikinac, pou ePnai diaisjhtik” ikanopo intiki. Oiroc ¢C
kajorbzei thn austhrithta twn akiloujwn apof°’sewn en, 2 ebnai h ewroOmenh
diaspor” thc diadikasPac orObou sto anagennhtiki montélo. An k ai idanik™ autob
oi iroi a éprepe na ektimhjoOn api dedoména ekpabdeushc, ikanopoihti k™ apo-
telésmata se mba megq’lh poikilba eikinwn éqoun parathrhjeb grhsimopo i,ntac tic
stajeréc iméc =10 ! kai c¢=10.

'Eqontac katal xei se éna anex’rthto kiPmakac krit rio mporoOme na aposun-
desoume thn apifash an"mesa sto upomontélo gia thn K'je t"xh kai thn t axinimhsh
miac geitoni"c se mba api tic treic t'xeic. Sugkekriména, epilégoume gwrist™ ton
sunduasmi klbmakac kai kateOjunshc tou upomontélou pou megistopoieD to k ri-
trio gia k'je mPa api tic dOo t'xeic kai sth sunégeia tic sugkrBnoume me “sh
en génei diaforetikéc epilogéc kiPmakac kai kateOjunshc. Qrhsi mopoi,ntac tic

megistec timéc twn krithrbwn By mporoOme na gr'youme gia tic Osterec katanoméc
twn tri,n kI"'sewn:

PTIO)= Bom+ Eg& P(OIS) Ry +RRTE F1
PEIO= st
P(SIO)= s
P R Bl = Trem(ED
P(IjJE 1
Re = P((IJjS)) " 1+exp(Eg) (4.33)
Aut h proséggish egei efarmosteb se poikilba usik,n eikinwn, ipwc autéc sta

Sqg. 4.6,4.7 dbnontac ikanopoihtik™ apotelésmata. Se autéc tic e ikinec h pijani-
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thta mPa akm ¢ ePnai tupik™ uyhliterh p"nw sta sOnora twn antikeiménwn, e n, se
periogéc me uf h pijanitht” thc ePnai gamhliterh api aut n pou a upodeb knue
h efarmog enic Pltrou anBgneushc akm n. ParathroOme epBbshc iti kat " m koc
twn orbwn twn antikeiménwn up’rgei mba el ttwsh sthn pijanithta thc uf ¢ , kaj,c

to montélo gia akméc antiproteBnei mPa kalOterh ermhneba gia thn met abol sthn
wteinithta.

(&) Fwteinithta Eikinac (") PI'toc Uf ¢

e —

(d") Pijanithta Omal ¢ Upijeshc (e") Pijanithta Uf ¢ (*) Pijanithta Akm ¢

Sq ma 4.6: Dikrish periog,n uf c api akmec, grhsimopoi,ntac topik™ an agennh-
tik®> montéla: Eikina (a) kai pl"th twn montélwn uf ¢ () kai akm ¢ (g) A2+ A3
me ta A1; A, ektim mena “sei tou tOpou (4.20). Ta pl'th stic eikinec () kai (g)

ebnai an’loga me thn pijanof’neia twn dedoménwn, dedomenhc thc kI°  shc tou s -
matoc. Oi Osterec pijanithtec twn kI'sewn omaloO s matoc (d), s mato c ufc (e)
kai akm c (st) prokOptoun api ton tOpo tou Bayes . H wteinithta thc eikinac

kwdikopoieb thn pijanithta thc antbstoighc upijeshc.

4.5 Kat'tmhsh Eikinwn Ufc me Qarakthristik”
Diamirfwshc kai Stajmisménh Exelixh Kampu-

I,n

Sthn enithta aut antimetwpbzoume to priblhma thc kat"tmhshc eikinwn po u pe-
iegoun uf sundu“zontac treic sunist,sec: ta qarakthristik™ dia mirfwshc gia
thn exagwg mbac sumpagoOc perigraf ¢ thc uf ¢, ta anagennhtik™ monté la gia
thn ektbmhsh twn Osterwn pijanot twn twn upojésewn twn tri,n ewroOmenwn Ka-
thgori,n kai thc exelixhc kampul,n gia thn eOresh the kat'tmhshc. O s unduasmic
aut.n twn tri.n tegnik,.n prokOptei abPasta, dbnontac éna komyi kai apote lesma-
tiki plabsio gia thn antimet, pish tou probl matoc.
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(@) Eikina (") Pijanithta Uf ¢ (g") Pijanithta Akm c

Sq ma 4.7: Fusikéc eikinec (a) kai Osterec pijanithtec twn montélwn uf ¢ () kai
akm c (g) antbstoiga. H wteinithta thc eikinac kwdikopoieb thn pi janithta thc

antbstoighc upijeshc.
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4.5.1 Qr sh Qarakthristik,n Diamirfwshc gia Kattmhsh

Eikinwn
Oi perissiteroi algirijmoi kat"tmhshc eikinwn uf ¢ éqoun na antime twpbsoun to
priblhma tou meg’lou arijmoQ qarakthristik.n pou prokOptoun api thn gr -
sh mbac sustoigbac Dltrwn. 'Otan grhsimopoiebtai éna st’dio ekm”j hshc gia tic
diaforetikéc t"xeic uf ¢ [178] mporoOme na p“roume ikanopoihtik™ apot elésmata
epilegontac k'poia api ta garakthristik™ gia ton diaqwrismi twn ki “sewn uf c.
Sthn genikiterh perbptwsh thc kat'tmhshc uf ¢ qwrbc epbbleyh euretik ec pou
éqoun protajeD, p.q. [197] mporoOn na ewrhjoOn wc tegnikéc anaz thsh ¢ probo-
I.n - Projection Pursuit [102], pou ePnai api mino tou éna dOskolo priblhma.

Se mba prisfata apipeira na antimetwpisteb auti to priblhma oi Brox, Rous-
son, & Deriche [193] grhsimopobhsan mba mh-grammik diadikasba di"qushc dia-
nusmatik n garakthristik.n, ta opoba ex"gontai argik™ api tic para g.gouc tic
eikinac:

|
@Qu : X . _ 3 1 _
@ = v o rudru i 00= gty (439
ui(y;0) = 1% Y);
ux(Xy;0) = L y)ly(X;y);
us(x;y;0) = I (4.35)
Qrhsimopoi_ ntac ta garakthristik® pou prokOptoun api thn epPlush autoO t ou
sust matoc MDE se mba gronik stigm t se sunduasmi me thn wteinithta thc ei-
kinac epiteOgjhkan ikanopoihtik™ apotelésmata kat'tmhshc eikin wn uf ¢ qwrbc
epbbleyh. 'Ena priblhma ebnai iti ta garakthristik™ aut™ den éroun plhroforba
gia thn klbmaka thc uf c, kaj,c h gronik stigm t, pou eléggei thn kibmaka
sthn opoba ex"gontai ta garakthristik™ ebnai kajorisménh ek t wn protérwn; sqe-
tik”™ me to priblhma auti, se mba prisfath ergasba touc oi Brox & Weickert [25]
egoun eis"gei mba mejodo ektbmhshc kilbmakac “sei di"qushc gia na e pekteBnoun
to arqiki touc di"nusma qarakthristik,n. Par” ta ikanopoihtik™ a potelésmata
pou epitugg nontai, den ePnai xekjaro ti akrib,c ekproswpoOn ta gar akthristik”
aut”, kaj,c prokOptoun wc éna paraprodin mPac diadikasPac di"qushc.

H gr sh qarakthristik,n DCA gia kat'tmhsh eikinwn [191, 129, 56, 130]
endebknutai gia treic kurbwc ligouc:

PlhroforDa sqetik™ me thn klbmaka, kateOjunsh kai antbjesh thc uf c ana-
parDstatai mésw enic gamhlodi“statou dianOsmatoc qarakthristi k.n.

Ta garakthristik” DCA ex’gontai “sei enic majhmatik™ safoOc montélou

gia thn anapar’stash eikinac kai paréqoun éna eOkola ermhneQsimo di “nu-

sma qarakthristik n.

H ermhnePa mésw anagennhtik,n montélwn epitrépei thn ektbmhsh twn Oste rwn
pijanot twn twn t"xewn uf ¢, akm_n kai omal,n shm”twn, pou ekmetalleui-

maste argitera gia na kajorbsoume autimata thn epirro twn garakthr isti-
k,n uf c sthn diadikasba exelixhc kampul,n.

To di"nusma garakthristik.n pou grhsimopoioOme apotelebtai api thn wte inith-
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ta thc eikinac kai ta garakthristik™ DCA (4.10), sugkekriména to pl“toc diamir-
wshc kai to métro kai kateOQjunsh thc stigmiaBac sugnithtac.

H katanom P( ;&) mesa sthn periog i montelopoiebtai wc to ginimeno mbac
Gaussian gia ta trba pr,ta qarakthristik™ kai mbac katanom c von-Mises gia to
garakthristiki thc kateQjunshc . H teleutaba ebnai an"logh mbac Gaussian ka-
tanom c¢ gia dedoména kateOjunshc:

exp( cos( o))

Pum( 5 o0 )= 31 o(K) (4.36)
ipou | ePnai mPa sun“rthsh Bessel pr tou tOpo me antastiki irisma. H ektim -
tria thc parametrou o dbnetai api thn ékfrash [87]:
P
s=tan @ pxSNCW (4.37)
« C0S( k)
en, h  mporeD na ektimhjeD arijmhtik” wc h I10sh thc
Y L 2
1 P X ) X
190) =" o ); "= = sin(k) +  cos(x) ;
k=1 k=1
ipou K ebnaito pl joc twn parathr sewn mésa sthn perioq . Kaj,c oi ektim se ic
kateOjunshc rDskontai mésa sto di"sthma [0; ), kaiigisto [0;2 ) diplasi"zoume
thn tim touc prin tic eis"goume stic ekfr'seic ektbmhshc parameéetrwn k ai pijano-
“neiac.

Sthn ulopoBhs mac pou akoloujeD thn anafor” [179] grhsimopoioOme mba x e-
gwrist sun’rthsh embQjishc gia k'je elissimenh kampOlh, kai epildoume t hn
exbswsh exeélixhc grhsimopoi,ntac éna eujO sq ma olokl rwshc, ipwc per igr-fe-
tai sthn antbstoigh eisagwgik enithta.

H katanom twn dedoménwn mesa se k'je periog ektim“tai par’llhla me th n
diadikasba exelixhc, epitrépontac thn anepbblepth kat'tmhsh ei kinwn uf c, xe-
kin ,ntac api tugaPec argikéc sunj kec gia ta sOnora twn periog,n. Anti jétwe,
sthn arqgik ergasba [191] ipou sunduazitan exelixh kampul,n me garak thristik”
DCA h exélixh kampul n periorizitan se éna st"dio eltbwshc twn apoteles m’twn,
ipou eis gage plhroforba gia thn kampulithta, omalopoi,ntac ta perig rrmmata
twn perioq,n.

4.5.2 Stajmismenh Exelixh Kampul,n

To kOrio priblhma pou antimetwpBsame sthn efarmog thc mejidou DCA se pro-
| mata kattmhshc uf ¢ tan h poiithta twn garakthristik,n se peri 0géc pou
den qgarakthrbzontai api uf . Sugkekriména, sta sOnora twn antikei meénwn to pl™-
toc pou ex"getai me th méjodo DCA ebnai uyhli, perigr'fontac talant seic, en, a

eprepe na eqgei mba mikr , adi“forh tim . EpBshc, se omaléc periogéc h k ateOjun-
sh tou dianOsmatoc sugnithtac metab’lletai kat™ &énan apriblepto t ripo, kaj,c
den up’rgei k"poia dom na thn periorbsei. Péra api auti, h gr sh irwn po u

prokOptoun api thn anBgneush akm.n mporeb na empodBbsei thn exélixh kampul.n
kai na thn periorDsei sto eswteriki periog,n me entonh uf .
Se auti to tm ma eis"goume mba mejodo pou apall’ssei thn diadikasba ka-
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t'tmhshc api tétoia probl mata, epilégontac autimata se poia qarakt hristik”
thc eikinac prépei na asistoOn oi exis,seic exelixhc. Basizimen oi se mba proseg-
gish sunduasmoQ taxinomht,n, parousi’zoume mbPa tropopobhsh tou algorbj mou
Region Competition  pou ekmetalleOetai thc Osterec pijanithtec pou anatbjentai

stic kI"seic “sei twn opobwn égine h exagwg qarakthristik, n, epi trépontac thn
automatopoihmenh, qwrik™ metaballimenh epilog twn pio axiipistwn gara kthri-
stik, n.

Oi supra - Bayesian tegnikéc sOnthxhc [108] sundu“zoun tic exidouc pollapl.n
taxinomht.n (C eidik,n") geirizimenéc tec wc tugabec metablhtéc ka i ewr, ntac thn
api koinoO katanom touc. Sugkekriména, gia dOo kathgorPec  i;j kai éna sOnolo
garakthristik,n F, K’je pijanotikic taxinomht ¢ metaxO twn dOo kI"'sewn aut,n
parégei thn posithta

Le =log —Pi(F'a):
Pi(F:a)
Aut h posithta pou a onom"zoume log-odd (log’rijmoc apidoshc) posotikopoieb
ton ajmi ston opobo h parat rhsh F ebnai pio pijan upi thn upijesh I api Tt
upi thn j. H proséggis pou akoloujoOme ewreD thn posithta L wc mba tugaba

metablht pou akoloujeD mba Gaussian katanom dedomenhc thc kathgorbac ;]
twn dedomenwnF :

P(Leji) _ N(C i ®; P(Leji) - N( 5 )

'Etsi mporoOme na posotikopoi soume thn ebaiithta thn opoBa antisto iqgoOme sthn
apifash pou k'nei eénac sugkekrimenoc taxinomhtc: mba meg’lh diaspo rooo,
dhlad mbPa gamhl empistosOnh sthn akrBbeia thc posithtac log-odd mporeb na
elatt, sei to apotélesma mbac meg’lhc tim ¢ twn L. Api énan kali taxinomht
genikitera perimenoume iti an ta dedomena F ebnai api thn kI'sh i ePnai meg’lh h
pijanithta (qamhli )to Lg na p’rei meg’lh tim ( i j) kai antbstrofa.

Me “sh thn parap™nw proséggish, ta apotelesmata N taxinomht,n pou qrh-
simopoioOn diaforetikéc tegnikéc taxinimhshc diaforetik” ga rakthristik™ mpo-
oOn na sunduastoOn [108]: oi log-odds touc L =[Lg;:::;Lk] ewroOntai wc mba
poludi“stath tugaba metablht pou akoloujeb mba Gaussian katanom dedomeénhc
thc t"™xhc twn dedomeénwn, dhlad

P(Lii) _ NC i ) P _NCy; )

O Osteroc logrijmoc tou ligou pijanot twn dedoménwn twn log-odds ilwn twn
taxinomht n ebnai tite:

. T+
P(”L) :(L [ j)T 1( i J)
P(iL) 2
Pabrnoume loipin mba apifash grhsimopoi ,ntac wc “qarakthristik™ ti ¢ exidouc
twn taxinomht,n. Gia thn eidik perbptwsh pou oi éxodoi twn taxinomht,n ebnai
asusqetistec, égoume énan diag nio pPnaka sundiakOmanshc; epipléon, prosje-
tontac kai pollaplasi“zontac katllhlec stajeréc, mporoOme na eg guhjoOme iti

P = j kai ila ta stoigeba tou dianOsmatoc ; isoOntai me mon“da, opite a
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egoume:

PGiL) _ X Lk

PGIL) ., «
Aut h sqgesh ekfr'zei mba diaisjhtik™ profan idéa: itan énac tax inomht ¢ Kk dbnei
orub,dh apotelésmata, dhlad éqgei éna meg-lo k, €na gamhlitero “roc a
eprepe na sundeéetai me thn apifas tou kai an”poda. H gr sh twn log-odds ebnai
idiabtera praktik , kaj,c mporoOme na ekfr’soume aut n thn pr’xh sunduas moO

wc mba prisjesh.

Se auti to plabsio, o pijanotikic iroc baloon log ;‘EE:]')) mporeb na ewrhjeb
iti anajétei ta qarakthristik” F stic periogec | kai | kai exelDssei ta iria twn
periog,n ,ste na taxinom sei swst” tic parathr seic. Auti pou protebno ume gia
to priblhma pou antimetwpbzoume ePnai na geiristoOme tic Osterec pijanit  htec twn
klI"'sewn wc endeiktikéc thc akrbbeiac enic taxinomht pou grhsimo poieb to antbstoi-
go uposOnolo parathr sewn. JewroOme iti treic taxinomhtéc grhsimopoio Ontai
gia na kajorbsoun thn exelixh mPac kampOlhc, o pr,toc “sei thc wteini thtac,
o deOteroc “sei twn garakthristik,n uf ¢ kai o trBtoc o opoPoc omad opoieb tic

parathr seic ekatéerwjen twn dedomenwn.
Qrhsimopoi_ ntac ton prohgoOmeno sumbolismi éqoume gia touc pr,touc dOo:

P(Fr; 7). P(Fs; si).
P(Fr; 74)’ P(Fs; sj)

ipou me P (Fy ; aw: )sumbolbzoume thn pijanof'neia tou sunilou garakthristik,n
Fm pou ex“getai api thn ki"sh M (uf, T texture omal, S smooth) upithn

Lt =log Ls =log (4.38)

katanom P thc sugkekriménhc kl"shc gia thn perioq i, thc opoPac h par"metroi
ebnai .. Gia thn telik apifash, h apifash tou k’je taxinomht stajmbzet ai
me thn pijanithta thc antBstoighc upijeshc, pou ektim’tai sOmfwna me th sqgésh
(4.33). 'Etsi gia periogéc uf c ta qarakthristik™ uf c @goun mega |Oterh epBdrash
sthn exélixh thc kampOlhc api iti ta garakthristik™ wteinithtac, kai antbstrofa
gia omaléc periogéc. Antb thc sgéshc (2.21) mporoOme t.ra na gr'youme th s gésh
stajmisménhc exélixhc kampul.n
" y #

@i_ WCIOQM we[g N +(rg N)N] N;: (4.39)

@t 2T:S P(FCl c;j)
ipou we rh Wg;Wr;Ws grhsimopoioOntai oi Osterec pijanithtec twn montélwn
akm c, uf c kai omal ¢ wteinithtac; EpBthdec apofeOgjhke ed, h grs h tou
sumbolismoO twn pijanot twn, ste na aneb iti péra api thn diaisjhtik proseg-
gish pou parousi’sthke nwrbtera, den upono jhke kpoia “llh amesite rh sgesh
metaxO twn Osterwn pijanot twn kai k™poiou eltistou tripou sunduasmoO twn
taxinomht,n. K'je “llo métro éntashc uf ¢ h akm,n, ipwc p.g. stic anafo rec
[154, 150, 225] a mporoOse na grhsimopoihjeP stic parap™nw sgéseic , ipwc kai

ta dik™ métra sto plabsio twn anafor,n aut,n.

Téloc, shmei,noume itito W den sqetbzetai me thn diadikasba anbgneushc akm,n,
pou grhsimopoiebtai gia ton upologismi twn g kai r g, kaj,c parégei mino mba
endeixh tou piso shmantik prepei na ewrhjeb h plhroforba pou sqgetb zetai me
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7. - %ﬁ;‘ - - -
= 2.
_-.
.
9) (d)

akmec.

4.5.3 Peiramatik™ Apotelésmata

0
Sqg ma 4.8: Apotelésmata kat"tmhshc grhsimopoi,ntac diaforetik™ qa rakthristi-
K™ kai algirijmouc exeélixhc kampul,n: (a)EPsodoc () Kat'tmhsh grh simopoi,n-
tac qarakthristik” DCA kai thn wteinithta [129]. (g) kat'tmhsh me ta gara-
kthristik™ di"qushc twn [193]. (d) Kat'tmhsh grhsimopoi ,ntac gar akthristik”

di"qushc kai stajmisménh exelixh kampul,n (4.39).

Sto Sg. 4.8 parousbBazoume apotelésmata kattmhshc grhsimopoi,ntac tr eic
diaforetikéc mejidouc: Sthn deOterh st Ih parousi’zoume ta apotelé smata thc
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Sqg ma 4.9: Apotelésmata kat"tmhshc grhsimopoi,ntac garakthristik
wshc kai stajmismenh exélixh kampul, n.

exelixhc kampul,n ipwc sto “rjro [129] grhsimopoi,ntac to tridi"stat o di'nusma
garakthristik,n thc mejidou Dominant Components Analysis  gia thn perigraf
thc uf c. Sthn epimenh st Ih grhsimopoioOme ta garakthristik™ twn [1 93], en,

sthn teleutaba gramm parousi"zoume apotelésmata me th méjodo sunduasmoO
plhroforbac pou parousi“sthke sthn prohngoOmenh par"grafo

Se iti afor” thn argik mejodo, [129] parathroOme iti an kai dbnei ikanopoih-
tik™ apoteléesmata se periogéc me entonh uf, p.q. stic eikinec me touc tbgreic,
se omaléc periogéc to garakthristiki thc kateOQjunshc thc uf ¢ dbn ei perbploka
iria pou den antapokrbnontai sta iria twn antikeiménwn. Epipléon, g ia par"deigma
sthn eikina me thn ébra, to meg’lo pl'toc sta iria twn antikeimenwn diastéllei thn
periog thc eikinac pou anatbjetai sto tm ma thc ébrac, kaj,c h meg “lh ektbmhsh

tou pl“touc sta iria twn antikeiménwn den mporeb na exhghjeb ikanopoi htik™ api
thn antagwnizimenh upijesh tou pPsw meérouc thc eikinac to opobo genik  itera eqgei
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gambhli pl'toc diamirfwshc.

Ta qarakthristik™ pou ex"gontai me th méjodo twn [193] ePnai geni kitera omal”
kai dbnoun apotelésmata sugkrbsima me ta qarakthristik® pou ex"gon tai me th
meéjodo Dominant Components Analysis , eqoun imwc to priblhma iti den éroun
plhroforba sqetik™ me thn kIbmaka thc uf ¢ kai emfanbzoun ta Bdia pro bl mata
me ta garakthristik™ tOpou Dominant Components Analysis se omaléc periogec.
Se polléc eikinec (p.g. sto Sq. 4.8 oi eikinec me ton tbgrh, to lio ntri kai touc
r'gouc) ta iria twn antikeiménwn omadopoioOntai se mba xeqwrist peri oqg . Auti
ofebletai sto iti oi meg~lec timéc thc parag,gou thc eikinac sta i ria ermhneQontai
wc garakthristik™ uf ¢, kai apaitoOne mba xeqwrist perioq thc eik inac gia na
ta ermhneOsei.

Ta apotelésmata thc mejidou sunduasmoO qarakthristik,n genikiter a den
upoféroun api thn sOgqush metaxO plhroforbac sgetik ¢ me akm kai uf . Pa br-
noume genikitera kalOtera apotelésmata kattmhshc, me ta iria twn per iog.n na
entopbzoun me akrbbeia ta iria twn antikeiménwn. ParathroOme epBshc i ti oi epi-
pt.seic thc an,malhc sumperifor’c tou qarakthristikoO thc kateOjuns hc anti-
metwpbzetai me “sh to mikritero “roc pou egei h upijesh uf ¢ stic perio géec
autéc. MporoOme imwc na entopbsoume k™poiec exairéseic, ipwc sthn ékth ei  kina
me ta ktria ipou h upijesh thc uf ¢ gia to aristeri kt rio den ebnai arket”
isqur ste na odhg sei thn kat"tmhsh, me apotélesma thn uperkattmhs tou
sthn perBptwsh tou sunduasmoO plhroforDac. ‘Omwec, gia tic perissitere c eikinec
pou emfanbzontai ed,, ipwc kai gia tic perissiterec “llec eikinec t hc “shc [154],
parathroOme mPa eltbwsh sthn kat'tmhsh grhsimopoi,ntac to nimo thc st ajmi-

sménhc exelixhc kampul,n, pou ebnai idiabtera emfan se eikinec pou pe riegoun
tiso uf iso kai omaléc periogéc.






Kef'laio 5

Suneérgeia metaxO Anagn rishc
Antikeimenwn kai Kattmhshc
Eikinwn mesw tou Algirijmou
Expectation Maximization

Sto kef’laio auti eis"goume ton algirijmo Expectation Maximization- EM  wc éna
plabsio gia thn diatOpwsh kai epPlush tou probl matoc thc sunérgeiac me taxO thc
anagn,rishc antikeimenwn kai kattmhshc eikinwn. Qrhsimopoi,ntac anagennh-
tik® montéla gia kathgorbec antikeiménwn, h kat"tmhsh diatup,neta i wcto ma
Expectation , ipou oi parathr seic anatbjentai stic upojéseic twn antikeiménwn kai
h an’lush antikeimenwnwcto ma  Maximization , ipouta montéla prosarmizontai
stic parathr seic.

Oi asikéc suneisforéc autoO tou kefalaDou sunoyBzontai sta para Ktw sh-
meba:

H eisagwg tou algorbjmou EM gia to priblhma thc sunérgeiac epitrépe i
afenic thn diatOpws tou me énan majhmatik™ saf tripo, afetérou thn

gr sh diaforetik,n tegnik,n thc irashc upologist,n gia thn antime t,pis
tou.

Sundéoume ta montela energoOc emf nishc ( Active Appearance Models - AAMs )
me thn kat'tmhsh eikinwn, kai epitrépoume étsi ton geirismi epikalOyewn
sthn prosarmog montélwn  AAM.

B"sei thc metabolik ¢ ermhnebac tou algorDjmou EM grhsimopoioOme t eqni-
kec exelixhc kampul,n gia thn ulopobhsh tou matoc E, eis"gontac ét si ta
montéla AAM wc orebc priterhc gn,shc ( shape priors ) gia thn metabolik
kat"tmhsh eikinwn.

Diereun’tai h grhsimithta thc plhroforbac kattmhshc gia thn di adikasba
anbgneushc antikePmenwn. Qrhsimopoi,ntac gnwst™ sOnola dedoménwn apo ti-
m_ntai ta ofelh thc api koinoO K'twjen kai “nwjen antimet,pishc tou pro -
| matoc, pou apodbdei susthmatik™ kalOtera apotelésmata.

Epidi kontac th dieOrunsh thc efarmosimithtac thc proséggis ¢ mac, asqo-
loOmaste me thn automatopoihménh kataskeu montélwn grhsimopoi ntac
éna sOnolo ekpabdeushc me el"gista shmeba anafor’c ( landmarks ).
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Sqg ma 5.1: Episkiphsh thc proseggis ¢ mac.

Met™ api mba sunoptik parousbash tou algorbjmou EM sthn enithta 5.1 pa-
ousi"zoume thn proséggis mac. To ma E kai h sgésh tou me mejidouc exé lixhc
kampul.n analOontai sthn enithta 5.2 en, sthn enithta 5.3 parousi’z oume th
diatOpwsh tou matoc M sto plabsio twn AAM. Sthn enithta 5.4 parousi*zo ntai
ta peirmata anbgneushc antikeiménwn, kaj,c kai h suneisfor” mac sth n auto-
matopoihmeénh kataskeu montelwn AAM, en, sthn enithta 5.5 parousi"zoume th

sgésh thc proséggis ¢ mac me tic kOriec anaforéc tou pedbou. Tegnik ec ptugec
kalOptontai sta dOo parart mata tou kefalabou.

5.1 H proseggish tou EM gia to Priblhnma thc Su-

nergeiac

Epidi,koume thn epBlush tou probl matoc thc api koinoO kat'tmhshc kai a nb-
gneushc antikeiménwn sto plabsio thc an’lushc-mésw-sOnjeshc, ipou h an’lush
twn antikeiménwn mésw enic anagennhtioO montélou apoteleb to méso k ai gia tic dOo
leitourgbec. Aut h proséggish odhgeb se éna diaplekimeno priblhma, kaj,c gnw-
Bzontac mésw thc kat“tmhshc tic parathr seic thc eikinac pou an atbjentai se éna
antikePmeno mporoOme na ektim soume tic paramétrouc tou kai antbstrofa . O EM
ebnai énac epanalhptikic algirijmoc gia ektbmhsh paraméetrwn me elle ip dedo-
meéna, o opoboc tairi"zei idanik™ me to priblhm™ mac, pareqgontac éna e nargec kai
kal” emeliwmeéno plaPsio gia thn diatOpwsh tou probl matoc.

PrwtoQ parousi’soume thn proséggis mac, eis"goume ton sumbolismi Kai ti c
asikec ennoiec me mba episkiphsh thc gr shc tou algorbjmou EM gia to priblhma

thc ektbmhshc paramétrwn gia mba katanom mbxhc (mixture distribution ).

5.1.1 Algirijmoc EM gia montelopoBbhsh mesw mbxhc katano-
m,n

JewroOme iti égoume éna sOnolo N anex’rthtwn parathr sewn I = flgiiIng
pou prokOptoun api mPa api tic K parametrikec katanoméc Py(lj ), pou me
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th seir” thc epilégetai anex’rthta gia k’je parat rhsh me priter h pijanithta
k- H katanom | api thn opoPa h parat rhsh I, egei prokOyei ePnai “gnw-
sth kai anaparbstatai grhsimopoi ,ntac to di"hnusma kruf.n metabl t,n Z, =
(Zn1;:: 5 Zak ), ipou Zoy = (J 1) me  thn diakrit sun’rthsh Dirac . H sqge-
sh pou sundéei thn pijanof'neia twn parathr sewn me to sOnolo paramétrwn
A=( 110 k; 15051 k) prokOptei ajroBzontac p'nw stic kruféc metablhtéc:
X X X
logP(IjA) = logP(1,jA) = log P(ls;ZnjA) (5.1)
n=1 n=1 Zn
K
ipou P(In;ZnjA)= P(I1njZn; A)P(Z4jA) = [P(ln] «) k]zmk (5.2)
k=1
H megistopobhsh autoO tou ajroPsmatoc wc proc to sOnolo paramétrwn A den
ebnai eOkolh, kaj,c to Jjroisma p nw stic kruféc metablhtéc Z, emfanbzetai mésa
ston log'rijmo. Jewr ntac imwc iti to di"nusma kruf,n metablht,n Z, ebnai
gnwsti, mporoOme na ekfr'soume ton log’rijmo thc pijanof'neiac twn pl r wn
parathr sewn (  full observations ):
X X X
logP(l;Z) = logP(1;Z,) = Znk 10gPk(In] k) « (5.3)
n n k
ipou to “jroisma emfanbzetai pléon éxw api ton log'rijmo, opite oi par “metroi
mporoOn na ektimhjoOn apeujePac. H posithta pou eis"gei o0 EM gia na ekme-
talleuteb aut n thn parat rhsh ebnai h prosdok,menh tim thc (5.3) wc proc tic

kruféc metablhtéec  z,., ipou h katanom p“nw stic Z apokttai “sei twn tre-
gouswn ektim sewn gia tic paramétrouc. OdhgoOmaste étsi se éna epanalh ptiki
sq ma:

B ma E : upologismic thc Osterhc katanom c Pa pnw sta Z desmeOontac
sthn prohgoOmenh ektbmhsh twn paramétrwn, A kai tic parathr seic:
kPe(lnj 1)

Enx Pa (Zn;k =1)= I:)(Zn;k = 1j|n;Ak) =P

. (5.4)
i P (Inj ;)
kai sghmatismic thc prosdokbac (  expectation ) tou log rijmou pijanof"neiac
twn pl rwn parathr sewn:
- X X .
HogP(l;Z)ip, = Enk l0g «Pk(lnj «) (5.5)
n k

Parap™nw me ton sumbolismi  h iF,A sumbol®zoume thn prosdokDa thc posi-
thtac upi thn katanom  Pp .

B ma M: megistopobhsh thc parap™nw posithtac wc proc tic paramétrouc
twn katanom,n:

X X
k = Enk=N; k = argmax Enxk Iog F)k(I nj k) (5.6)
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Diaisjhtik”, sto ma E oi krufec duadikec metablhtéc thc (5.3) a ntikajbstantai
me mba ektbmhsh thc * upeujunithtac' thc k'je katanom ¢ gia tic parathr seic, pou
argitera grhsimopoiebtai gia na aplopoi sei thn ektbmhsh parametr wn sto ma
M.

Aut h diadikasba susthmatik™ aux"nei ton log“rijmo thc pijanof’ne iac [52]
kai katal gei se ena topiki mégisto thc (5.1).

5.1.2 Proséggish sth sunérgeia “sei tou algorbjmou EM

Efarmizoume ton algirijmo EM sto priblnma thc api koinoO kattmhshc k ai
an’lushc/anbgneushc antikeimenwn diatup,nontac thn kat"tmhsh wc to ma E,
ipou oi parathr seic thc eikinac anatbjentai kat”™ eénan pijanot iki tripo sthn
upijesh tou antikeimenou, kai thn an”lush tou antikeiménou wc to ma M, ipou
0i par"metroi tou montélou ektim ntai ,ste na megistopoihjeb h pijano f'neia tou
tm matoc thc eikinac pou egei katal"bei to antikeBmeno.

H idea pbsw api aut n thn proséggish ebnai na ewrhjeb h kat"tmhsh wc e na

parijuro mesa api to opobo parathrebtai to antikeBbmeno, me duadikéc met ablhtec
se k'je shmebo na kajorDzoun an to antikeDmeno ePnai orati h epika [Optetai. H

“nwjen kat'tmhsh tite an"getai sthn | yh thc apifashc gia to poO eb nai kalOtero,
me thn ennoia iti aux'nei thn pijanof’neia, na ~ anobxoume to par’jur 0' en, h
prosarmog tou montélou esti"zei mino stic periogéc thc eikinac po u abnontai
mesa api to par’juro.

'‘Ena apli par"deigma aPnetai sto Sq. 5.2, ipou deBgnoume ta apotelés mata thc
epanalhptik ¢ efarmog c twn hm"twn E kai M gia mPa aplodk eikina; xe kin,ntac
api mPa topojesPa thc eikinac pou protePnetai api éna arqgiki sOsthma a nbgneushc,
h sOnjesh kai h kat'tmhsh stadiak” elti,nontai, sugklbnontac s e mba I0sh pou

montelopoieb ikanopoihtik™ mba perioq thc eikinac mésw tou antik eimeénou.

Face Support, iteration 1 Face Support, iteration 5 Face Support, iteration 40

s, iteration

Synthesis, iteration 5

Synthesis, iteration 40

() (@) (d)
Sqg ma 5.2: Eikina sthn ebsodo (a) kai epanal yeic tou EM ()-(d) . P"nw gramm :
exelixh tou gwrbou thc upijeshc tou antikeiménou se epbpedo  pixels ( ma E). K'tw
gramm : apotelésmata sOnjeshc, grhsimopoi ntac ta parap™nw “rh ( ma M).
'Ena periplokitero par"deigma abnetai sto Sqg. 5.3, ipou mba skotei n perioq
epikalOptei éna tm ma tou antikeiménou. H “nwjen pribleyh den ePnai akr ib ¢ sthn
epikaluptimenh perioq , kai oi parathr seic autéc den anatbjentai sto antikebmeno

kat" to ma E. Sto ma M sunep,c ta shmeba aut™ den lamb”nontai upiyh
kat™ thn ektbmhsh twn paramétrwn kai étsi epitugq netai h eurwstba wc pro c thn
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Face Support, iteration 40

Input Image Synthesis, iteration 40 Synthesis without occlusion information

(a) 0 (9 (d)
Sq ma 5.3: Qeirismic epikalOyewn: H sOnjesh sthn eikina (g) qrhsimopo ieb thn
kat'tmhsh sthn eikina (), en, aut thc eikinac (d) den égei k'po ia plhroforba

sgetik™ me to qwrbo thc perioq ¢ tou pros,pou.

epik’luyh tou antikeiménou; antijetwc, agno,ntac ta apotelésmata to u matoc E
ta apotelésmata thc sOnjeshc geirotereOoun.

Shmantiki gia mba epituq efarmog ebnai to sugkekriméno anagennht iki monte-
lo pou grhsimopoieBtai me ton EM; gia ta prohgoOmena sq mata grhsimopoi jhke
mba “sh PCA gia thn wteinithta pros,pwn [220], ipou den up“rgei k"poia diadi-
kasPa antistobgishc twn pros pwn. Sunépeia autoO ebnai ta di*fora an epijOmhta
ainimena pou emfanBDzontai sth sOnjesh, gia par"deigma gOrw api ta mall i, en,
den mporoOme na anaferimaste se k'ti ipwc to qwrbo tou antikeiménou, kaj .cden
up’rgei sOmptwsh twn gwrbwn twn antikeiménwn “sei twn opoPBwn kataskeu sthke
to montélo.

Ta probl mata aut™ mporoOn na antimetwpisjoOn grhsimopoi ntac montéla
energoOc emf nishc - AAM [112, 37, 157] pou parousi’sthkan sthn enit hta 2.2.5
wc anagennhtik™ montéla pou lamb“nontac upiyh tic gwrikec paramorf, sei c twn
antikeiménwn mporoOn na geiristoOn tiso tic diadikasPec thc an’lus hc/anbgneushc
iso kai thc kat"tmhshc.

Diatup,nontac ta AAM pijanotik™ h tupik upijesh pou grhsimopoiebtai [39]

ePnai iti to sf'lma metaxO thc pribleyhc kai twn parathr sewn mporeb na monte-
lopoihjeb wec mPa diadikasPa leukoO Gaussian orObou, tupik ¢ apiklishc . O
log“rijmoc thc pijanof"neiac thc parat rhshc sto shmebo X upi to montelo AAM
mporeb tite na grafeb:
n #
(1) T (S*x)° log2 ?

logP (I (X)js;t) =

5 2 5 (5.7)

ipou h sun’rthsh S ! érmei api to sOsthma suntetagménwn thc templétac thn

pribleyh thc emfnishc T(S (x)) pou antistoigeP sthn tim wteinithtac I (x).
Jewr ntac iti h megéjunsh/smbkrunsh thc periog ¢ gOrw api to shmebo X ebnai
amelhtéa, mporoOme tite na gr'youme gia to krit rio (2.31) P()/ exp( E(s;t)),

opite h prosarmog tou AAM mporeb na ewrhjeD wc h ektbmhsh twn paramétrwn
megisthc pijanof neiac.

Mba mikr eltbwsh thc parap™nw proseggishc sthn opoba anaferimast e sthn
enithta 5.3 sunbstatai sthn gr sh thc Jacobian thc paramirfwshc sto krit rio
pou grhsimopoieDtai, ste na IhfioOn upiyh oi qwrikéc alloi seic tou an tikeime-
nou sto krit rio pijanof’neiac. Mba shmantikiterh eltbwsh pou ebnai dunat sta
plabsia tou EM ePnai o geirismic epikalOyewn aprosdikhtwn katast™s ewn w-
tismoO grhsimopoi_ntac montéla AAM. Blépontac ta montéla AAM sto plabsio twn
anagennhtik,n montélwn kai tou EM antimetwpbzoume auti to priblhma epitr epon-

tac enallaktikéc upojéseic na ermhneOsoun tic parathr seic, kai a pal’ssontac ta
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Sqg ma 5.4: To anagennhtiki montélo thc proséggis ¢ mac: oi par'met roi sq matoc
kai emf'nishc  s;t sunjétoun thn emf'nish tou antikeiménou mésw enic montélou,
pou sth sunéqgeia sundu”zetai me to tmhmatik™ stajeri montélo tou into u O
sunduasmic epitugq netai mesw enic pPnaka kattmhshc (kruféc metablh tec), pou
kajorbzei poia tm mata thc eikinac anatbjentai sthn upijesh tou a ntikeiméenou.
Gia thn ektbmhsh tou pPnaka kat"tmhshc sundu”zetai h pistithta tou montélou stic
parathr seic me plhroforba sqetik™ me to qwrbo tou antikeiménou. Gi a ektbmhsh
paramétrwn h pijanof'neia twn parathr sewn pou rbskontai mésa sth 'm” ska'

megistopoiebtai.

AAM api thn ermhneba twn parathr sewn, qwrbc auti na apaiteb mba tropopobhs h

thc nirmac sfllmatic touc. Antbjeta, h tupik proséggish, p.q. [81] e bte ewreb
tic periogéc pou epikalOptontai wc gnwstéc ek twn protérwn, asbzetai se mba
euretik™ orisménh eOrwsth nirma gia na apofOgei thn prosarmog tou mont elou

sta dedoména me epik’luyh.

5.2 B ma E: Kat'tmhsh B"sei Antikeiménwn

'Ena praktiki priblnma pou prokOptei itan ewroOme to priblhma thc kat'tmh -
shc enic antikeiménou ebnai p,c mporeb na oristeD h sumplhrwmatik upijes h tou
intou; auti to opobo grei“zetai genikitera ebnai na ebnai diaje simh mba mhdenik
upijesh ,ste na mporeb na sugkrijeD me tic probléyeic tou montélou tou an tikei-
ménou. Mba aplodk proséggish pou grhsimopoi jhke giato Sq. 5.2 grh simopoieb
mba mh parametrik katanom gia ilec tic parathr seic tou intou; imwc g ia ei-
kinec me meg’lh metabol thc emf'nishc sto into aut h katanom gbne tai sqedin
omoiimorfh, kai to montélo tou antikeimenou problépei thn wteinith ta thc eikinac
kalOtera akima kai itan den uprgei sthn pragmatikithta k’poio anti kebmeno.
‘Ena sumplhrwmatiki priblhma ebnai h kanonikopobhsh tou matoc E: gi ato
Sqg. 5.2 grhsimopoi jhke plhroforba api thn geitoni” tou K’je pixel , pollapla-
si"zontac ta apotelésmata tou matoc E me ton meéso thc geitoni“c t wn apotele-
sm’twn tou prohngoOmenou matoc, dPnontac étsi mPa stadiak exélix  h tou qwrbou
tou antikeDmenou proc ta éxw. Aut h euretik h periplokiterec tegnik éc mporoOn
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na dapan soun grino ewsitou ena tm ma thc eikinac metabeb api thn mba upi jesh
sthn 7llh, en, ePnai eukolitero na koll soun se topik™ el"gista

ParakinoOmenoi api ta parap™nw parousi’zoume sth sunégeia dOo diaforet i-
kec proseggbseic sthn ulopobhsh tou matoc E.

5.2.1 Ulopobhsh tou matoc E se epbpedo tmhm™twn

H pr,th proséggish pou akolouj jhke ebnai na grhsimopoihjeb exarq ¢ mba uper-

kat"tmhsh thc eikinac kai na anaparastajeb h upijesh tou intou mes W enic xe-

qwristoO montélou gia kje tm ma. MPa sgetizimenh kanonikopobhsh tou matoc

ebnai na ewr soume iti oi kruféec metablhtec den debgnoun pléon an memo nwme-

na pixels an koun sthn upijesh tou antikeiménou, all” tm mata thc eikinac. H

upijesh tou intou montelopoieb tic parathr seic Ir méesa sthn periog R me-

sw mbac stajer ¢ tim ¢ wteinithtac, pou éqgei alloiwjeb api Gaussian irubo;

oi parathr seic | g mporoOn tite na anatejoOn sthn upijesh O tou antikeimenou
B tou intou “sei tou tOpou tou Bayes sugkrbnontac tic pijanof'neiec twn

parathr sewn:

E P(IrJO)
RO~ P(IrjO) + P(IrjB)

P(IgjH) ' P(IRjF4;H)P(Fy4jH); H2fO ;Bg

(5.8)
Sthn parap™nw ekfrash h P (F,jH )ebnai mba priterh katanom p°nw stic para-
métrouc tou montélou kai F,, ebnai oi eéltistec me to krit rio MAP par"metroi gia
thn upijesh H. Gia to montélo tou intou ewroOme iti @goume mPa omoiimorfh
priterh katanom p°nw sthn stajer tim kai thn diaspor™ tou orObo u, opite
katal goume apl” stic ektim triec mégisthc pijanof’neiac ( to méso kai th diaspo-
" twn parathr sewn), en, gia ta montéla AAM grhsimopoioOme ta apotelésma ta
tou matoc M, to opobo parousi“zetai sthn epimenh enithta.

Efarmizontac thn parap™nw sqgésh sthn prxh, parathroOme iti to mégej oc
tou tm matoc thc eikinac éqei mPa anepijOmhth epPdrash sthn austhrit hta me thn
opoba lamb™netai h apifash gia thn an”jesh tou tm matoc. Auti ofeble tai sthn
aplopoihtik upijesh iti to sflma anakataskeu ¢ mporeb na montelopoi hjeb wc
mPa diadikasba anex’rthtou orObou. Tiso gia ta AAM iso kai gia to mo ntelo
tou intou exet'zontac prosektikitera to sf'lma parathroOme iti e Pnai éntona
susgetisméno, opite ousiastik™ uperektimoOme thn marturBa pou mac prosfér oun
oi parathr seic mac. Gia na antimetwpisjeD auti diairoOme ton log™ri jmo thc
pijanof°neiac twn parathr sewn I R me ena pollapl”sio tou pl jouc twn parath-

sewn mesa sthn perioq jRj, pabrnontac étsi thn anex’rthth-klDmakac posithta:

IOQPRH — ior logP(lijF, H)

ipou ePnai mPa eleOjerh parmetroc. MPa kom-

iR
yiterh proséggish a tan na eis"goume thn upijesh tou orObou Brown  ste
na montelopoi soume th susgeétish tou sfllmatoc anakataskeu c; auti imwc a

periepleke tic sqéseic ektbmhshc paramétrwn.

'Ena deOtero shmebo ePnai iti to montélo tou intou genikitera e  nai leptomere-
stero api éna AAM, me thn énnoia iti to teleutabo tupik™ montelopoieb mba perioq
pou ePnai 20 e,c 30 oréc megalOterh api aut n enic tm matoc pou prokOptei api
thn uperkat'tmhsh thc eikinac. Sunep,c, to sf'lma anakataskeu c tou montelou
stajer ¢ wteinithtac a ePnai sgedin p“nta mikritero, sugkrbs imo me auti enic
AAM. Gia to ligo auti eis"goume &nan iro poin ¢ tOpo MDL, o opoboc ‘timwreb' to
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montélo tou intou kai exisorropeb thn an”jesh twn parathr sewn.

Téloc, an kai apaitebtai h eisagwg thc pijanof'neiac twn parameétr wn sthn
telik apifash, auti periplékei thn apotbmhsh twn peiramatik,n apotele sm’twn
pou gbnontai sth sunéqeia, sthn enithta 5.4. Sugkekriména, ekeD  diereun™tai to ka-

t" piso ta apotelésmata kat"tmhshc prosferoun sumplhrwmatik plhroforb a
WC proc aut n pou paréqoun oi par metroi tou AAM; sunep,c to na eis"goume tic
teleutabec mésa sth diadikasba kat'tmhshc a periepleke thn an”l ush twn apote-
lesmtwn. Gia auti grhsimopoioOme mino ton iro pistithtac dedoménwn log Pr:H
kai parousi’zoume ed, ta apotelésmata “nwjen kat"tmhshc pou apoktoOnta i stic
topojesbPec pou antapokrbnontai se antikePmena, af nontac thn a  pi koinoO kat -
tmhsh kai anbgneush antikeimenwn gia thn enithta 5.4 ipou to priblh ma antimetw-
pbzetai diexodikitera.

'Eqontac eis"gei ilouc touc kanonikopoihtikoOc irouc sto parap™nw krit rio,
h Osterh pijanithta ta I r na an koun sthn upijesh O mporeb na grafeb sunart sei
tou irou:

P ) .
P(IrjO) _ ior I0gP(1ijF5;0) logP(lijFg;B)
P(IrjB) jRj

log (5.9)

Blepontac thn diadikasba tou matoc E wc thn pijanotik taxinimh sh twn

tmhm’twn “sei thc sqgéshc  Er;0o = Lei=5- mporoOme na ektim soume tic
1+exp(log P(|st))

stajerec ; me tegnikéc ekm’jhshc mhgan,n, an éqoume sth di“jes mac geirwna-

ktik™ katetmhmeénec eikinec sto sOnolo ekpabdeushc. An kai argik™ a kolouj jhke
aut h proséggish, [131], sth sunegeia parathr jhke iti gia éna e ur®O “smatim,n

ta apotelésmata tan poiotik™ imoia. ApofeOgontac étsi thn sqetik™ perbplokh
parap™nw IOsh, telik™ epiléxame dOo timéc ujmbzontac to sOsthm” gia IDg ec ei-
kinec, kai grhsimopoi same sth sunéqeia tic Bdiec timec kai gia ti ¢ dOo kathgorbec
antikeimenwn.

Met”™ api peiramatismi me apléc kai apotelesmatikéc tegnikec kattmhs hc ei-
kinac katal xame ston algirijmo watershed ; oi akmeéc thc eikinac ektim ntai mésw
tou telest parag,gou wteinithtac [154] pou sunduzei tagOthta me apo doti-
kithta, en, ta topik™ el"gista thc éntashc akm,n grhsimopoi jhka n wc shmeba
ekkbnhshc (markers ).

Sto Sq. 5.5 deBgnoume to sOnoro thc periog ¢ pou prokOptei katwfli,nont ac
ta apotelésmata tou matoc E gia to antikeDmeno pou antistoigeb s to isquritero
apotelesma K'twjen anbgneushc. Api ta apotelésmata abPnetai h dunatit hta thc
proséggis ¢ mac na katatmeb antikebmena mbac kathgorbac me meg’lh po ikilba sthn
emf nish kai sto sq ma. Ta apotelésmata ebnai genikitera ikanopo ihtik”, kaj,c
h kat"tmhsh twn antikeiménwn pou parousi“zoun meg’lh poikilba sto sq ma kai
sthn emf'nish ektim“tai swst”, en, apoklebontai mh probleyimec perio géc, ipwc
genia gia priswpa pezob gia autokPnhta. 'Omwec, h katwflbwsh den mac epit re-
pei na epib’loume thn omalithta twn orBwn pou prokOptoun, me apotélesma na

prokOptoun gwni,dh iria ipote ta apotelésmata tou matoc E gia k’poio mik r
tm ma ebnai K'tw api to kat,fli. EpPshc, oi anakrbbeiec tou argiko O sust matoc
kat"tmhshc metaférontai kai sthn uyhloO epipédou kat“tmhsh, ipwc abn etai en-
tona gia tic eikinec twn autokin twn, ipou h gamhloO epipédou plhrofo rba ebnai

orub,dhc.
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Sg ma 5.5: Apotelésmata "nwjen kat'tmhshc gia eikinec autokin twn k ai pro-
s,pwn, grhsimopoi ntac to ma E se epbpedo tmhm™twn. Qrhsimopoi ntac éna
stajeri kat,fli gia ta apotelésmata tou matoc E, ta tm mata thc ei kinac
pou an koun sthn upijesh tou antikeimenou thc anatbjentai. An kai h kat"tmhsh
tou antikeiménou ebnai qontrik™ swst , emfanbzontai probl mata lept ¢ kiIbmakac,
ipwc mba atuq ¢ kat'tmhsh gamhloO epipédou na égei we antbktupo sthn “nwje n
kat"tmhsh ton anakrib entopismi twn orbwn kai gwni ,dh perigrmmata.
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5.2.2 Ulopobhsh tou matoc E grhsimopoi,ntac Exelixh Kam-

pul.n
Par” thn aplithta kai apodotikitht™ thc h prohgoOmenh proséggish d en epitre-
pei thn eisagwg periorism_n ipwc h omalithta twn sunirwn, thn sOmptwsh twn
sunirwn twn antikeiménwn me tic akméc thc eikinac. H gr sh tetoiwn phg,n plh-
oforbac ebnai sunhjisménh sthn kat"tmhsh eikinwn, opite a tan epijumhti na
sunduasteb h "nwjen plhroforba pou parégei éna AAM me k™poion “llo euélik to
algirijmo kattmhshc, paraménontac sto plabsio tou EM. B sei thc metabolik ¢
diatOpwshc tou algorBjmou EM sth sunégeia sundu”zoume thn proséggis ma c me
tegnikéc exelixhc kampul,n, eis"gontac étsi ta AAM wc orebc priterhc gn,shc

sqetik™ me to sq ma kai thn emfnish gia thn kat"tmhsh eikinwn.

Ermhneba algorbjmou  Region Competition meésw tou EM

Up’rgei mPa saf ¢ diaisjhtik sgésh metaxO tou algorbjmou EM kai tou Region
Competition : ewr, ntac thn kat"tmhsh thc eikinac wc éna pedbo kruf,n metablh-

t,n, to ma E antistoigeb sthn exelixh kampul,n, kaito ma M sthn epa nektbmhsh
twn paramétrwn twn katanom n. Ed, kajier,noume kai mbPa majhmatik™ saf dia -
tOpwsh thc sgéshc metaxO touc grhsimopoi ntac thn metabolik ermhneba tou EM

[170, 107].

Sugkekriména, to ma E mporeb na ermhneujeb epbshc wc éna ma megisto-
pobhshc: eis"gontac mba opoiad pote katanom Q(Z) p°nw stic krufec metablh-
téc, eéna kKtw rgma tou logP (I jA) apokt'tai efarmizontac thn anisithta tou

Jensen sthn sun’rthsh tou logarbjmou:
I

X P(I;ZjA) X P(Z;1jA)
lo Z Z)log ————— 5.10
g Q@) —ar Q(Z) ] Q(Z)log o) (5.10)
X X P(Zjl; A
= 7 Q@)logP(IjA)+  Q@)log ZILA)
, , Q2)
= logP(IjJA) KL (Q(Z)kP(Zjl; A)) (5.11)
ipou gia na p"me sth deOterh gramm grhsimopoi jhke o kaninac alusBdac P(;ZjA) =
P(Zjl; A)P(l1jJA). O pr,toc iroc den ephre”zetai api thn epilog thc Q.,en, o

iroc KL sumbolbzei thn apiklish  Kullback-Leibler metaxO twn katanom,n Q(Z)
kai P(Zjl; A), pou ebnai mPa mh-arnhtik posithta. ParathroOme iti gia thn epi-

log pou gbnetai kat" to ma E, Q(Z) = P(zjl; A), h apiklish KL isoOtai me
mhdeén, opite auti isodunameb me thn elagistopobhsh tou kKtw orbou (5  .10) wc proc
thn Q(Z). H apeujebac megistopobhsh thc posithtac  log(P (I jA)) antikajbstatai
loipin me thn diadogik megistopoPhsh autoO tou Ktw orbou, étont ac thn Q(Z)
Psh meP (Zjl; A) ( ma -E) kai akoloOjwc k™nontac pio steni to irio tropopoi,n-

tac tic paramétrouc ( ma-M).

Sunep.c kai ta dOo mata tou EM mporoOn na ewrhjoOn wc elagistopoi seic
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tou k“tw orbou thc pijanof neiac twn parathr sewn(5.10):

X P(LZiA) _ %
Q(2)log —==7v— =

, Q) ]

Q@)= _ o) X

Q(Z)logP(ljZ; A)P(ZJA)+ S

X
Qn(Zn)logP(IhjZn;A) + Q(Z)logP(ZjA) + S; (5.12)

n Zn Z

ipou S = P > Q(Z)10g(Q(Z)) ebnai h entropba thc katanom ¢ Q. Kaj.cto Z, eb-
nai éna K -di"stato di"/nusma me stoigePa z,; = (i ) toopobo kwc&opoief) thn an”-
esh thc parat rhshc I'n sthn upijesh |, eqoumeP (1,jZn;A) = | Pe(InjAk)*,
opite mporoOme kai na gryoume:

X X
Qn(Zn)logP(InjZn;A) = Qnik logPk(IhjAk) (5.13)

Zn k
Parap’nw  Qn.x ePnai h prosdokimenh tim thc duadik c metablht c Zyk. Ston

algirijmo Region Competition h Q. epitrépetai na I"bei mino duadikéc timec,
kaj,c den up“rgoun parathr seic pou na an koun sugqgrinwc se parap nw api
mPa periogéc. MporoOme loipin na doOme ton pr,to iro we mPa diakritopobhsh t ou

irou pistithtac dedoménwn tou sunarthsiakoO Region Competition , kaj,c ajrobzei
ton log“rijmo thc pijanof'neiac twn parathr sewn upi thn upijesh sthn opoba
eqgoun anatejeb:
X X X X
logPk(InjAK) = Qnik logPk(1njAk); Rk =1fn:Qnk =1g (5.14)
k n2Rg n ok
O deOteroc iroc eis gei priterh gn sh sthn kat"tmhsh, grhsimopoi.n tac ebte
parametrikéc ekfr'seic ebBte genik plhroforba. Sto priblhma thc montelopobh-
shc mesw mbac mbxhc katanom, n, auti antistoigeb sthn gr sh twn priter  wn pija-
not twn gia na anatejoOn eukolitera parathr seic stic megalOtere C sunist,sec
thc mbxhc. Ston algirijmo Region Competition autic o iroc den exart'tai api
parameétrouc kai eis"gei mPa genik ¢ Oshc poin se meg’la sOnora perioq ,n; me-
tabaPnontac api th suneq sthn diakrit diatOpwsh, mporoOme na gr'youme t on

iro tou r"gmatoc tou EM pou sundéetai me to m koc kampOlhc wc

Y
P(ZjJA)= P(2) = exp( @2 (5.15)

ipouto @ ZkatadeiknOei an sthn topojesPa i sumbabnei mPa met bash stdabel thc
kruf ¢ metablht c.

Teloc, o iroc entropbac genikitera epib’llei omaléc anajéseic twn parathr -
sewn stic diajésimec upojéseic; kaj,c ston Region Competition oi anajéseic gbnon-
tai kat™ enan duadiki tripo, autic o iroc ebnai p“nta mhdenikic kai den ephre”zei
to rgma.

Katal gontac, auti pou diaforopoieb ton EM gia montelopobhsh mésw mbxhc
katanom,n api ton algirijmo Region Competition ebnai h gr sh duadik,n apo-
“sewn gia k'je parat rhsh, antb omal .n Osterwn pijanot twn, h eisagwg enic
gewmetrikoO irou pou epib’llei omal” iria, kai h méjodoc exeélixhc t wn orbwn pou

esti“zei sthn periféreia twn periog,n antb na grhsimopoieb ilo to g wrbo touc. Mpo-
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oOme na doOme tic idiaiterithtec autéc tou  Region Competition  sto plabsio tou EM
WwC ex ¢

Region Competition EM
Exelixh kampul,n BmaE
Ananéwsh paramétrwn B maM
Qr sh duadik,n apof°sewn Winner-Take-All EM [170]
(Topik ) exélixh kampul,n Freezing [170]
'‘Oroc poin ¢ gia m koc orbwn MRF p“nw stic kruféc metablhtéc

'Etsi antDb gia éna sq ma pou a agnooOse th gewmetrik Osh tou probl -
matoc kai a qgeirizitan thn eikina wc éna apli sOnolo parathr sewn, 0 Region
Competition eis"gei gr simh gewmetrik plhroforba, sundu“zontac statistike ckai
gewmetrikec tegnikéc exelixhc kampul n.

Qr sh montelwn AAM gia metabolik kat"tmhsh eikinwn

Gia na enswmat,soume ta montéla AAM sto parap™nw plabsio, ewroOme iti h pe-
iog Kk antistoigeb sthn upijesh O enic montélou AAM, kai esti"zoume stouc irouc
tou r"gmatoc tou EM pou emplékontai. Autob perilamb™noun ton iro pistit htac
dedomenwn pou sgetbzei thn pribleyh tou montélou me tic parathr seic
X
Qn;o logPo(lnjs;t)

n

kai touc periorismoOc p nw stic dunatéc anajéseic mésw twn krufwn metabl ht,n
pou ekfr"zontai wc
X _ X X _
Q(Z)logP(ZjA) = Q(Z)logP(2) + Qn.0 l0gP(zn.0])S) (5.16)

‘ |2 {z bl {Z }

'‘Oroc omalithtac Sq ma AAM

Parap™nw sundu”zoume ton iro poin ¢ gia omal” iria P > Q(Z)logP(Z) me ton
iro pou exart™tai api thn treqousa ektbmhsh tou sq matoc tou antik eiménou. Jew-
.ntac it n ePnai o debkthc thc parat rhshe sto shmebo X a mporoOsame na é-
soume P (zn.0jS) = H(S 1(x;s)), periorbzontac tic parathr seic pou anatbjentai
sto antikeDmeno na rDskontai sto eswteriki tou. Gia na apofOgoume a rijmhtik”
probl mata omalopoioOme pr ta th garakthristik sun’rthsh tou qwrBou tou
antikeiménou sunelPssontac thn me éna Gaussian Bltro kai grhsimopoioOme thn
tim pou prokOptei.

MporoOme na eis"goume apeujePac touc néouc irouc autoOc kaj,c sp™ne se

ajrobsmata p"nw sto plégma thc eikinac; metagr-fontac thn sgesh ( 5.17) gia thn
perbptws mac katal goume sth sgésh exelixhc gia to sOnoro tou antik eiménou sthn
periog X
Pe(ljs;t; O)P(S (x;s)jO

@y _ N +log k(] )PK(S “(x;9)j0) (5.17)

@t P (1jA})
Se k’je shmebo loipin exet"zoume pr,ta an sthn perioq thc templétac S }(x) a
éprepe na empisteujoOme thn pribleyh tou AAM kai Ostera grhsimopoioOme thn
pijanofneia gia na kajorbsoume an h upijesh j montelopoieb kalOtera tic pa-

athr seic sthn perioq X. EpBbshc, apoklbnontac api ton argiki kanina exelixhc
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Region Competition eis"goume kai plhroforba sqetik™ me akméc kat™ thn anafor”
[178], wj,ntac ta sOnora twn tmhm“twn ,ste na sumpBptoun me éntonec metaboléc
sthn wteinithta.

Epbshc o MDL -tOpou iroc sto montélo tou intou pou ebge eisagjeP gia thn

ulopobhsh tou matoc E se epPpedo tmhmtwn metafr'zetai se énan iro tOpo u

balloon pou diastéllei to iria tou antikeiménou, en, ipwc sth anafor”™ [178 ] énac

iroc akm_n eis"getai gia na wj sei ta iria twn tmhm™twn proc periogéc én tonhc

metabol ¢ sth wteinithta. Autéc oi allagéc dbnoun thn telik sgés eic exelixhc:
@ = Ny g PUISEOPAS H06G90) L gy g 1N
@t Pi(1jA})

ipou B ePnai h dOnamhballoon , kai G(jr 1j) ePnai mPa jPnousa sun’rthsh thc
dOnamhc akm.n, jr Ij. H exélixh twn kampul,n éqgei ulopoihjeD grhsimopoi,n-

tac teqnikec epipedosunilwn, oi opobec kaj,c epitrepoun to sghmatismi o p.n sto
eswteriki twn tmhm”“twn mporoOn na geiristoOn émata ipwc epikalOyeic.

DOo antagwnistikéc upojéseic eis"gontai gia to into pou tupik™ dhmio urgoOn
dOo meg’lec sust'dec gia wteinéc kai skoteinéc periogéc; h argiko pobhsh twn
orbwn kai twn paramétrwn twn katanom.n ebnai tugaba, péra api to montélo AAM
pou grhsimopoieb ta apoteléesmata tou K'twjen sust matoc anBgneushc g ia thn

argikopobhsh thc éshc tou.

Sto Sq. 5.6 sugkrbnoume ta apotelésmata "nwjen kat"tmhshc pou mac paré-
goun oi dOo proseggbseic: Se ila ta paradeBgmata ta sOnora twn antike  iménwn
entopbzontai me akrbbeia, en, oi ipoiec merikec apotugbec apodbdontai kurbwc stic

periorisménec dunatithtec sOnjeshc tou AAM. An kai ta apotelésmata eb nai kalO-
tera api aut” thc prohgoOmenhc mejidou, den grhsimopoiebtai exélixh k ampul.n
gia ta epimena peir'mata kaj,c afenic éqgei megalOterec upologistikéc apait -
seic se sqésh me thn prohgoOmenh proséggish, kai peripléketai h an ush mbac

eikinac itan up“rgoun polléc yeudebc anigneQOseic.

5.3 Ektbmhsh Parameétrwn: B ma M

Sto ma M h pijanof'neia twn parathr sewn pou égoun anatejeb stic par athr -
seic megistopoiebtai wc proc tic paramétrouc twn montelwn. 'Opwc debgnoume  sthn
enithta aut , megistopoi ntac to krit rio tou EM prokOptoun néec sgé seic ana-

néwshc twn AAM. MporoOn étsi na antimetwpistoOn probl mata pou anakOptoun

kat™ thn efarmog montélwn tOpou AAM sto priblhnma thc kat'tmhshc, ipwc o
geirismic twn epikalOyewn me “lla antikePmena kai o entopismic twn orBwn t ou
antikeimenou.

5.3.1 Sqeseic prosarmog ¢ parametrwn Sg matoc

Jewr,ntac gia aplithta mino tic upojéeseic tou antikeiménou kai tou i ntou, to
krit rio tou EM grfetai:

X
Po(x)logP (1 (x)jO) +(1  Po(x))log P (I (x)jB) (5.18)
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Tmhmatiki B ma E  Exélixh Kampul,n Tmhmatiki B ma E  Exélixh Kampul,n
Sq ma 5.6: SOgkrish metaxO twn dOo mejidwn “nwjen kat'tmhshc: H exélix h kam-
pul.n parégei kalOtera apotelésmata api th méjodo pou ulopoieD to ma E se
epbpedo tmhm“twn, dbnontac omal™ perigr"rmmata, pou entopbzoun swst™ ta ir ia
twn antikeimenwn.
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ipou Pgo(x) ebnai h pijanithta h parat rhsh sto shmebo X na anatbjetai sto an-
tikebmeno. ParathroOme sto shmebo auti iti h ektbmhsh thc paramirfwsh c tou
antikeimenou kat” to ma M sundéetai kai me thn an’jesh parathr s ewn sto an-
tikeBDmeno, pou éwc t ra thn eBDgame diatup,sei wc to ma E. Gia par"deigma, mba
parat rhsh thc eikinac pou ebge anatejeb sto antikebmeno “sei thc prohgoOme-
nhc ektbmhshc thc paramirfwshc mporeb en génei na mhn an kei sto qwrbo  tou gia
éna neo di"nusma paramétrwn, opite h pijanithta na anatejeb sto anti kebmeno a
isoOtai pléon me mhdén. Aut parat rhsh odhgeD sto na ekfr"soume thn pos ithta
Po(X) wc:

Po(x) = E(X)H(S *(x;9)) (5.19)
ipou E(X) ebnaita stajer” apotelesmata tou matoc E en, to H(S %(x;s)) mporeb
na metab’lletai kat” to ma M; mporoOme pléon na xanagr'youme to krit r io
(5.18) wc

X P (1 (x)iO)

E(X)H(S *(x;s))log (5.20)

) P(I(x)jB)
. . P , : o _

ipouoiroc c= | logP(l(x)jB) ebnai mPba stajer”. Kaj,c h eltistopobPhsh au-

toO tou krithrbou ulopoiebtai eukolitera itan orDzetai sto sOst hma suntetagménwn
thc templétac, mporoOme na to gr'youme wc:

X . oy 1o P(L(S(X;9))j0)

X E(S(x;s))H(x)D(x;s)log B (I (S(x:9)jB) (5.21)
ipou t,ra to Jjroisma ebnai p'nw sthn templéta kai D(x;s) ebnai h orbzousa
thc Jacobian thc apeikinishc X !I' S (X) pou posotikopoieb thn topik megéjun-
sh/smbkrunsh tou pedbou thc templétac. Aplopoi ntac to krit rio, ewr oOme iti
to sflma anakataskeu c kai gia tic dOo upojéseic montelopoieBtai wc leukic
Gaussian iruboc me mba koin diaspor” , Opite éqoume:

X

¢ E(SX)NHX)D(X;s) (1(S(x)) T (x)* (1(S(x)) B(S(X)* (5.22)

X

ipou T ebnaih sOnjesh “sei tou montélou tou antikeiménou, B h anakataskeu thc
eikinac grhsimopoi,ntac to montélo gia to into kai c= 5% mba pollaplasiastik

22
stajer” pou agnoebtai sth sunéqgeia.
To arqiki krit rio gia prosarmog montélwn AAM (2.31) mporeb na grafe b me
“sh ton parap™nw sumbolismi wc:
X
E(=  HEU(S(X9) T (x)*: (5.23)

X

Sugkrbnontac ta krit ria (5.22) kai (5.23) parathroOme trba shme ba sta opoba to
teleutabo ebnai anakribéc:

H plhroforba sgetik”™ me thn kat"tmhsh pou pareqei to pedbo E (S(x)) agnoeb-
tai, odhg,ntac étsi se probl mata se shmeba me epikalOyeic. Kaj,c epib” I-
letai h eOresh mbac antistobgishc gia k’je shmebo thc templétac, t o montélo
prosarmizetai se otid pote mporeb na epikalOptei to antikeDmeno.
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H pistithta tou montélou tou intou den sugkrbnetai me aut n tou ant ikeime-
nou, epitrépontac sth sOnjesh tou antikeiménou na perioristeb sto eswteriki
na xeper'sei ta iria tou pragmatikoO antikeiménou, an den up’rqoun & n-
tonec akméc. AntDjeta, an up“rgei éna montélo gia to into mporeb na pié sei
proc ta pbsw/mprost™ to antikeDmeno kai na entopBbsei orj” ta iri” tou sthn

eikina, ipwc aPnetai sto Sqg. 5.7.

H megéjunsh/smbkrunsh twn shmebwn thc templétac exaitbac thc paramir-
wshc agnoebtai; ousiastik™ to krit rio (5.23) apaiteb oi parath r seic na
tairi"zoun me to montélo, antb na to grhsimopoieb gia na ermhneQsei t ic para-
thr seic, ipwc a eprepe kai ipwc k'nei to krit rio tou EM.

Sth sunégeia dbnontai oi sgéseic ananéwshc twn montélwn AAM pou prokOpto  un

metababnontac api thn (5.23) sth (5.22), eis"gontac stadiak” periplokiterh plh-
oforba; gia na diathrhjeb h sunégeia, oi apodebxeic perieqont  ai sto parrthma
5.A". 'Opwc kai sthn anafor” [157] ewroOme th méjodo Newton Raphson pou
grhsimopoieD mPa proséggish deOterhc t"xhc sthn sun’rthsh kistouc gOrw api tic
tregousec parametrouc gia na upologbsei thn éltisth ananéwsh twn par ametrwn.
Metab’llontac tic parameétrouc kat” S égoume:
Xs g
[(S(x;s+ 9) " 1(S(x;9))+ ﬁ_(x;s) Si (5.24)
=1
dl S(x;s S(x;s
d gz @BKS) @B @S(x:s) B, (5.25)
ds; @x @ @x @&
ipou Ns ePnai to pljoc twn stoigeBwn thc “shc pou grhsimopoioOme gia na ek-
r’soume thn qwrik paramirfwsh tou antikeimenou. Jewr ntac thn positht al

we mPbaRNs I RN apeikinish api ton g,ro twn paramétrwn sto pedbo thc eikinac,
sumbolbzoume m(‘:glS thn Jacobian thc apeikinishc aut c. Gia diakrit” dedoména ta

| Kkai g—'s mporoOme na ta geiristoOme wc N 1kai N Ng pPnakec antDstoiga kai

na gryoume sunoptik™ thn parap™nw sgésh wc o+ s= 1t ‘C’j—'s S ,ipou S ebnai
to Ns 1 di"nusma metabol c.

Qrhsimopoi, ntac aut n th grammikopobhsh gC)rw api to S kai eis"gontac sum-
olismi pin“kwn h tim thc sun’rthshc kistouc (5.23) gia th néa tim t wn para-
meétrwn mporeb na proseggisteb wc:

X
C(s+ s )= H)((x;s+ s) T (x))?
X
dl T dl
' H s+ —s T ls+ —s T (5.26)
ds ds
. 7 dl . d T dl
= [H E] E+2[H E] —s + s H — —s (5.27)
ds ds ds

ipou E=1g T kaime sumbolbzoume ton pollaplasiasmi pin“kwn kat™ stoi-
gebo. Gia na aplopoihjeb o sumbolismic, gia irouc ipwc o H g—'s ipou h posithta
H ebnaiN 1 kai g—'s ebnaiN  Ng, ennoebtai iti o pPbnakac H pollaplasi“zetai
prohgoumenwc meto 1  Ns monadiabo di"nusma.
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H sgésh (5.27) mac dbnei thn tetragwnik proseggish sth sun’rths h kistouc
C(s+ s)=C(s)tJ s +s ™H S,
+dl di Tdl
J=2[H E] —; H= H — — (5.28)
ds ds ds
me tic H kai J na ebPnai oiHessian kai Jacobian m trec thc sun"rthshc kistouc.
H éltisth ananéwsh tou dianOsmatoc paramétrwn S dbnetai pleon api th sgésh
1
s = 5 JH 1T (5.29)

pou apoteleD ton eujO prosjetiki (  forwards additive ) kanina gia prosarmog mon-
telwn AAM sOmfwna me thn orologBa twn [157].

Eis“gontac tic pijanithtec an"jeshc parathr sewn pabrnoume éna d iaforetiki
krit rio:

X
E(SO)NHX)(1(S(x)) T (x))>’=[(E H) EI'[E] (5.30)

X

gia to opoPo oi antDstoiqoi pPnakec mporoOn na grafoOn wc:

n #
o — .7 dl dE T
J = H°E) —+ — H E E
ds ds
n #
, di T dE Tl
H = HO — —+2 H — E — s (5.31)
ds ds ds ds

jpou H°=H E . H profan c tropopobhsh pou eis"getai etsi ebnai o polla-
plasiasmic thc garakthristik ¢ sun“rthshc tou gwrbou tou antik eiménou, H me
ta apoteléesmata kat“tmhshc E, epib’llontac étsi ston algirijmo prosarmog c

na esti’sei stic periogéc tou antikeiménou pou montelopoioOntai k alOtera. Oi epi-
pléon iroi pou emplékoun thn  Jacobian thc kat"tmhshc wc proc tic parameétrouc

sq matoc prokOptoun api to gegonic iti metatopbzontac to antikeBmeno all"zei kai

to “roc me to opobo anatbjentai periogec thc eikinac se sugkekri meénec periogec
tou.

Qrhsimopoi ntac ton iro Es = 1s B mporoOme na gryoume gia to krit rio
pou prokOptei eis"gontac to sflma tou montélou tou intou:

C(s)=[H Es (BI'[E [H Es (E)[E] (5.32)

api to opobo pabrnoume touc pbnakec

J =Jg J EB;H:HE HEB (5.33)
Parap’nw oi Jg;Hg antistoiqoOn stouc pPnakec thc (5.31) kai  Jg, ;Hg, ePnai oi
antbstoigoi pPnakec pou prokOptoun eis"gontac touc irouc api to montel otou in-
tou. Kaj,c o iroc o opoboc elagistopoiebtai den ebnai pleon mba kurt sun’rthsh
mporoOn na prokOyoun ast’jeiec; éna mikritero ma sunep,c epilégetai ipot e

proteBnontai meg’lec anane seic, exasfalbzontac iti oi néect  iméc tou dianOsmatoc
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den a xeper“soun to tripl’sio thc diaspor™c touc sto sOnolo ekpabde ushc.

Téloc, eis"gontac thn klim“kwsh thc paramirfwshc pabrnoume to argik 1 kri-
trio tou EM, ipou h ékfrash gia thn ananéwsh lamb™nei upiyh ilouc touc para-
p nw irouc, kaj,c kai thn epirro thc smbkrunshc/megeéjunshc tou anti keiménou
ston iro pijanof°neiac. Oi sgéseic ananéwshc dbnontai sto par” rthma 5.A".

5.3.2 Exis,seic prosarmog ¢ emf nishc

Oi par"metroi emf nishc mporoOn na ananewjoOn grhsimopoi, ntac ligiter 0 perb-
plokec sgeseic, kaj,c metab’llont’c tec den ephre“zetai h kat't mhsh h para-
mirfwsh. Sto sOsthma suntetagménwn thc templétac to krit rio tou EM mpor eb na
grafeb wc:
n #
X X ?
C(t) = W(x) (1(S(x)) To(x)) tiTi(x)
X i=1
W(x) = D(x;s)H(X)E(S(x)) (5.34)
ipou Nt ebnai to pljoc twn stoigePwn thc “shc emf'nishc kai o iroc W (x)
sundu’zei ilouc touc par"gontec thc paramirfwshc. Auti mac dbnei th 10sh t wn

stajmisménwn el"gistwn tetrag,nwn:

t =[W E]T"(W T) * (5.35)

ipou E(X) = 1(S(X)) To(x) kai T ebnai oN Ny pbnakac pou sghmatbzetai
en, nontac ta stoigeba thc “shc gia thn emf nishc.

Shmei ,noume ed., iti stic sgéseic ananéwshc twn parametrwn emf nishc ka isq -
matoc mporeb na eisagjeb "mesa h pijanofnei” touc “sei thc priterh ¢ katanom ¢
touc, an aut montelopoiebtai mésw mbac Gaussian katanom c. Oi pbnakec pou em-
plékontai stic sqéseic ananéwshc tropopoioOntai étontac Ji=J; pi=3ZHy =
Hii + ,2 ipou p; ePnai h prongoOmenh ektbmhsh thc paramétrou p;, ; h apiklis
tou sto sOnolo ekpaPdeushc kai mésw tou eléggetai o sumbibasmic metaxO pri-

terhc gn,shc kai pistithtac sta dedoména. Sthn ulopobhs mac grhsi mopoi same
tic timéc = :1 gia thn emf'nish kai = 1 gia to sq ma pou edwsan ikanopoihtik
apotelésmata kai gia tic dOo kathgorbec antikeiménwn.

K poia apotelesmata pou debgnoun tic elti,seic pou eis"gontai api t a enal-
laktik™ krit ria prosarmog ¢ abnontai sto Sq. 5.7. Gia thn p'nw gramm ta
apoteléesmata ebnai se epbpedo leptomerei.n, eis'gontac mba susthmati k, all”
igi kritik c shmasPac eltbwsh. Gia tic teleutaPec dOo, ipou h kat “tmhsh ebnai
aparabthth, h gr sh twn apotelesm™wn tou matoc E ohj’ei na diat hrhjeb h
poiithta thc prosarmog ¢ tou AAM, en, oi upiloipoi iroi eis"goun p~li mik rec,
all” aisjhtéc elti seic. An kai oi teleutaPoi dOo iroi prokOptoun api thn pro-
séggis mac, a mporoOse na ewrhjeD iti oi elti seic pou eis"goun (s tlh d) den
dikaiologoOn to epipléon upologistiki kistoc pou apaitoOn. '‘Omwc, sugk rbnontac
tic eikinec sthn deOterh kai trbth stlh, aPnetai iti h plhrofo rba kat"tmhshc
ebnai aparabthth, en, kai ta peiramatik™ apotelésmata thc epimenhc enithtac ka-

tadeiknOoun mba stajer eltbwsh stic epidiseic anBgneushc.
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Sqgma 5.7: Diaforec sthn prosarmog drhsimopoi,ntac enallaktik™ krit ria

AAM: (a) Eikina proc an’lush, () anakataskeu mésw tou aploO krithr bou el’-
gistwn tetrag,nwn, (g) eis"gontac plhroforba kat"tmhshc mesw tou EM, (d) ta
apotelésmata tou matoc E. Eis"gontac ton EM kajbstatai eOrwsth h prosarmo-

g twn AAM kaj,c agnooOntai periogéc me mh montelopoioOmenh emf nish, ipwc
to trbto parijuro ta malli” stic K'tw grammec.
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5.4 Sunergetik Anbgneush Antikeimenwn

To iti h "nwjen gn,sh mporeD na ohjsei th diadikasba thc kat"tmhs hc ebnai
wc éna ajmi saféc, tiso api prohgoOmenec ergasPec iso kai api ta apote le-
smata pou parousi'sthkan stic prongoOmenec enithtec. O stigoc mac se autn
thn enithta ePnai na exet"soume thn “llh iyh tou probl matoc, dhla d kat® pi-

so h sunergasba metaxO thc kat"tmhshc kai thc anagn,rishc mporeb na ohj sei
thn anagn rish. Gia ton ligo auti grhsimopoi same arqik™ kajar™ d edomeéna,

me ta garakthristik®™ shmeba tou antikeiménou na éqoun entopisteb geirwnaktik”,
_ste na apofeugjeD h sOgqush metaxO diaforetik.n problhmtwn, ipwc h kata -
skeu tou montélou kai h sunérgeia twn dOo diadikasi,n. Sth sunéqeia , etontac
wc stiqo thn epektash thc efarmosimithtac thc proseggis ¢ mac se per issiterec
kathgorbec antikeiménwn, grhsimopoi jhke éna sOsthma k'twjen anb gneushc anti-
keiménwn “sei shmebwn endiaférontoc se sunduasmi me énan neo algiri ~ jmo gia thn
automatopoihménh ekm’jhsh montélwn AAM gwrbc garakthristik®™ shmeba. Q rh-
simopoi,ntac tic Pdiec ujmBseic gia dOo kathgorbec antikeiménwn, k atal xame sta
Bdia poiotik™ apotelesmata sgetik™ me thn eltiwmenh epbdosh pou epit ugq netai
“sei tou algorbjmou EM.

541 Plrwc Annotated Dedomena

'Opwc kai stic anaforéc [218, 144], ewroOme iti to k'twjen sOsthma an Bgneushc
antikeiménwn protebnei tic endiaférousec topojesbec thc eikina ¢ api tic opobec xe-
kinei h efarmog twn anagennhtik.n montelwn. Gia na periorBbsoume to pl joc
twn upojésewn pou exet’zontai grhsimopoioOme éna kat fli gia tic timéc t ou k-

twjen sust matoc anbgneushc, to opobo tbjetai Dso me th mégisth tim g ia thn opoba
anigneOontai ila ta up’rqonta antikePmena. 'Etsi exet’zontai ma zb me tic swstec
topojesbec kai pljoc api I'joc upojéseic, opite o iloc thc sunérge iac ebnai
pléon na akur, sei tic esfalménec etikéc anigneOseic ( false positives ).

H "nwjen plhroforba mporeb na exagjeb tiso api tic parameétrouc twn AAM
iso kai api thn kat"tmhsh tou antikeiménou. Ja mporoOse kaneBc na isq uristeb iti
a mporoOsame na p“roume thn “nwjen plhroforDa pou eis getai api éna AAM
gwrbc ton EM, dhlad me apl prosarmog AAM, opite pléon den a tan apa-
abthtoc o api koinoO geirismic twn dOo diadikasi ,n. 'Opwc debgnoume a  rgitera,
autic o isqurismic exasjeneb itan ta antikebmena ebnai merik.c epik  aluptimena,
opite oi par"metroi pou prokOptoun me apl prosarmog AAM mei noun aisjht”

tic epidiseic anBgneushc. Proc to parin imwc ewroOme iti 0 isqurismic a IhjeQei,
kai exet"zoume thn plhroforba pou eis"goun ta apotelésmata thc kat” tmhshc iqi
pléon sto plabsio thc sunérgeiac all” ewroOmena wc mPa métrhsh pou grhs imo-
poiebtai gia thn anbgneush antikeiménwn.

'‘Eqoume treic diaforetikec phgéc plhroforbac gia thn anbgneush a ntikeiméenwn :
Pr ton, ton iro pijanof"neiac pou mac parégei to sOsthma pou grhsimopoi ebtai
gia K'twjen anBgneush Cgy: DeOteron, tic paramétrouc emf'nishc kai sq matoc
twn montélwn AAM, tic opobPec geirizimaste wc qarakthristik™: Montel opoi,ntac

thn katanom touc mésw Gaussian sunart sewn gia eikinec pou periégoun to an-
tikebPmeno kaj,c kai eikinec pou periegoun mino to into kataskeu“zoume ton iro
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taxinimhshc:
P(s;tjO)
C =log ———— 5.36
AAM g P(stjB) ( )
Teloc, ta apotelésmata thc "nwjen kat"tmhshc sunoybzontai sto poso sti tou qw-
Pou tou antikeiménou to opobo telik™ tou anatbjetai kat™ to ma E; h posithta
aut ektim“tai pabrnontac ton méso twn apotelesm™twn tou matoc E p"nw sthn
periog thc eikinac pou antistoigbzetai sto antikeBmeno:
" e H(S HX)EX)
X X
CEM = PR ; (5.37)

wor H(S (X))

Sundu”zoume thn plhroforba pou parégoun autéc oi treic phgéc sto plabsio twn
supra-Bayesian tegnik,n sunduasmoO plhroforDac [108] pou eDdame kai sto proh-
goOmeno kef'laio. Kai ed, h éxodoc  Cy tou taxinomht k ewrebtai wec mPa tugaba
metablht pou akoloujeb thc katanoméc P(CkjO) kai P(CjB) upi tic upojéseic
tou intou kai tou antikeiménou, antbstoiga. Jewr ntac to sOnolo t wn exidwn twn
taxinomht,n wc éna di"nusma api anex’rthtec tugabec metablhtéc, C=(Cy;::5C)
mporoOme na grhsimopoi soume tic memonwmeénec katanomeéc touc gia ton sundua-
smi twn taxinomht,n:

P(0jC) _ P(CjO) _ ¥ P(CO)

- = — = — (5.38)
P(BIC)  P(CjB) ,_ P(GiB)
ipou ¢ = P(O)=P(B). Gia aplithta den lamb"noume upiyh tic allhlexart seic
metaxO twn exidwn twn taxinomht,n, an kai auti a mporoOse na eis"gei k'po ia
eltbwsh stic epidiseic.
Gia thn apotbmhsh thc apidoshc twn di“forwn taxinomht,n grhsimopoioOme ti-

so kampOlec tOpou garakthrismoO leitourgbac dékth ( Receiver Operating Chara-
cteristic- ROC ), ipou ta apotelésmata anbgneushc sunoybzontai sthn apifash gia

to €’n h eikina periégei éna antikeDmeno, kai tic kampOlec Akrbbeia c-An“klhshc
(Precision Recall-PR ) ipou to pososti twn anigneujéntwn antikeimenwn (Anklh-

sh) sugkrbnetai me to pososti twn swst,n anigneOsewn (AkrBbeia). Oi ka mpOQlec
ROC mporoOn na sunoyistoOn me to Pososti 'Isou Sflimatoc ( Equal Error Rate
- EER), pou isoOtai me to shmebo ipou to pososti yeud,n anigneOsewn isoOtai me

to pososti esfaliménwn arnhtik,n, en, oi kampOlec PR api th megisth F-meétrhs

touc, pou orbzetai wc F = ﬁ Shmei,noume ed, iti oi kampOlec ROC sugn”

ebnai paraplanhtikéc, kaj,c énRa gésthma anbgneushc pou dbnei pollapl ec yeu-
debc anigneOseic a d,sei eukolitera mPa etik ap™nthsh gia mba meg “Ih eikina.
Sunep.c, epeid sth “sh twn [62] oi eikinec pou periéqoun antikeBbmena ebnai me-
galOterec api autéc tou intou, abnetai na leitourgePb kalOtera éna s Osthma me
gamhl akrBbeia. Gia to ligo auti perilamb™noume tic kampOlec ROC mino gia
sOgkrish me “llec anaforéc, kai ewroOme tic kampOlec PR wc endeiktikéc twn
epidisewn.

'Opwc abnetai api tic teleutabec, ta memonwmena sust mata anbgneushc sum-
periférontai me énan sumplhrwmatiki tripo se diaforetikéc periogéc, en, ta apo-
telésmata tou sunduasmoO touc ePnai susthmatik™ kalOtera. Shmei noume s ugke-
krimena iti ta apotelésmata kat"tmhshc pou pabrnoume sundu“zontac to ~ nwjen
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@) () @)

Sg ma 5.8: P"nw gramm : H “nwjen plhroforDa mporeb na elti sei tic epi di-

seic anbgneushc periorbzontac tic esfalménec etikec apofsei c (false positives ):
h perbplokh dom sto into, prokaleBb mba esfalménh pritash gia th ésh tou
antikeimeénou, pou abnetai me thn kikkinh diakekommeéenh gramm  sthn ei kina (a).
Aut h upijesh aporrbptetai tiso ligw thc gamhl ¢ pijanof'neiac twn par ame-
trwn, pou odhgoOn sth sOnjesh mbac perDerghc morf ¢ sthn eikina () i so kai sta
gambhlitera apotelésmata tou matoc E, pou abnontai me mba gambhliter h wtei-
nithta sthn eikina (g). K'tw gramméc: apotelesmata “nwjen/k"twje n anbgneushc
“sei aut ¢ thc proséggishc. Oi kikkinec diakekomménec grammec de Bgnoun upo-

éseic pou aporrbfjhkan api to “nwjen sOsthma.

sOsthma anbgneushc mino me ta apotelésmata tou AAM elti nontai itan ei s'ge-
tai plhroforba kat"tmhshc, aposafhnbzontac iti aut ebnai mba sumpl hrwmatik
phg plhroforbac.

Anbgneush Kalumménwn Antikeiménwn

'Ena asiki epigebrhma enantbon twn kajolik,n anagennhtik.n mont elwn ebnai iti
den mporoOn na geiristoOn to priblhma thc epik’luyhc kai étsi apotugqg no un
se peript seic pou mporoOn na antimetwpistoOn api tmhmatik™ montéla. To pri-
Ihma auti imwc mporeb na antimetwpisteb eis"gontac plhroforba sqgetik me thn
kat"tmhsh sthn an’lush twn antikeimenwn, epitrépontac étsi na agno oOntai oi pe-
iogéc pou den mporoOn na parathrhjoOn.

Kaj,c sto argiki sOnolo dedomeénwn ila ta priswpa parathroOntai pl rwc, t o
kérdoc pou eis"getai ebnai dOskolo na apotimhjeD. Gia auti epanala mb“noume to
prohgoOmeno pePrama anbgneushc, prosjétontac t.ra guali® hiDou sta pr iswpa

Sq. 5.7. Gia na aplopoi soume thn an’lush twn apotelesm™twn, ewroOme iti
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PR Curves for faces using EM ROC Curves for faces using EM
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Sq ma 5.9: Apotelésmata anBgneushc sto sOnolo dedoménwn thc anafor” c [62]: pa-
athroOme iti o sunduasmic “nwjen kai k“twjen plhroforbac odhgeb se k alOterec
epidiseic anbgneushc.
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to k'twjen sOsthma den ephre”zetai api thn epik’luyh kai grhsimopoioOme t a
apotelésmata pou dbnei me tic pl rwc parathroOmenec eikinec. EpBshc, q rhsimo-
poioOntai oi taxinomhtéc kai h méjodoc sunduasmoO twn exidwn touc pou ekma jeO-
thkan me kajar” dedomeéna, opite h epik’luyh emfanbzetai pleon mino sto sOnolo
exétashc.

Se auti to plabsio apotim jhke h epPdosh twn “nwjen taxinomht,n se dOo en al-
laktik™ sen’ria, (a) étontac ta “rh kat'tmhshc E (x) sthn (5.22) Bsa me mon“da
pantoO, agno ntac thn plhroforba sqgetik™ me thn kat“tmhsh kai () etontac ta
E (x) Dsa me ta apotelésmata pou parégei o EM. Oi ektim,menec par"metroi eis"-
gontai stouc taxinomhtéc pou kataskeu“zontai me kajar”~ dedoména g ia to antbstoi-
go sen’rio, en, h métrhsh kat'tmhshc kai stic dOo peript,seic ektim” tai me “sh
tic paramétrouc tou AAM met” thn sOgklish.

'‘Opwc abnetai sto Sq. 5.10, oi ektim seic twn paramétrwn api to senri 0
(a) dbnoun shmantik™ geiriterec epidiseic, kai prokaloOn thn apit omh pt,sh thc
kampOlhc Akrbbeiac-An“klhshc. AntDjeta, sth deOterh perbptwsh oi epid iseic gei-
otereOoun stadiak”, me thn asik phg [jouc na ePnai anakrbbei ec tou matoc
E pou anajétoun méroc twn guali,n sto priswpo. EpBshc, oi epidiseic tou ta Xino-
mht pou grhsimopoieb plhroforba kat"tmhshc ebnai mino elafr” geir iterec sto
sen’rio () kai ebPnai oi anamenimenec, dedomeénou iti méroc tou an tikeiménou ebnai
krummeéno kai sunep,c ebnai mikriterh h ektash thc eikinac pou tou anat Djetai.
AntbDjeta, sto sen’rio (a) oi lanjasménec sunjéseic twn pros pwn dbno un orub_dh
apotelésmata kai emfan,c geiriterec epidiseic. Aut h sumperifor™ ephr ezei
kai ta apotelésmata sunduasmoO taxinomht,n, ipou parathrebtai h susth matik”
kalOterh apidosh pou epitugqnetai me thn deOterh proséggish.

Sunoybzontac, aut” ta apotelésmata katadeiknOoun th shmasba tou koi noO gei-

ismoO twn problhm’twn thc anBgneushc kai kat"tmhshc antikeiménwn se dOskolec
peript seic, itan p.q. priswpa pou epikalOptontai api guali’, génia kask il
To kérdoc sthn perbptwsh aut den ofebletai mino sthn plhroforba epa | jeushc
pou parégetai api mPa “nwjen kat“tmhsh, all” kai api thn eOrwsth prosarmo g
tou montélou pou diathreD uyhl thn apidosh tou taxinomht pou grhsi mopoieb

tic parametrouc tou AAM.
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PR Curves for occluded faces without EM PR Curves for occluded faces using EM
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Sq ma 5.10: KampOlec Akrbbeiac-An’klhshc gia thn anBgneush pros pwn me e pi-

K'luyh grhsimopoi,ntac (a) apl prosarmog AAM kai () ta apotelésmata to u
EM. Ed, h epbdrash tou sunduasmoQ kattmhshc kai anBgneushc gbneta i pio em-
an ¢, kaj,c h gr sh tou EM eis"gei eurwstba sthn prosarmog twn AAM. Qwr bc
ton EM o taxinomht ¢ pou grhsimopoieb ta qarakthristik™ tou AAM apot ugq’nei

odhg, ntac se geiriterec epidiseic.

5.4.2 Elqista Annotated Dedomeéna

'Ena asiki eéma gia na katasteb h proséggis mac kat'llhlh gia t hn anbgneush
poll.n kI'sewn antikeiménwn ebPnai to mégejoc thc anjr,pinhc parémbash C pou
grei“zetai gia thn kataskeu twn montelwn. Gia ton ligo auti epidi k oume thn
kataskeu montelwn me ena el gisto pl joc api garakthristik™ shmeb a grhsimo-

poi.ntac we minh plhroforba to koutb pou periégei to antikeDmeno (dOo sh meba).
Gia thn k“twjen anBgneush grhsimopoioOme to sOsthma pou parousi“zetai s to

epimeno kef’laio, to opobo parak"mptei th geirwnaktik exagwg gara kthristi-
k,n shmebwn grhsimopoi,ntac telestec anbgneushc shmebwn endiaféron toc; ed, exe-
t"zoume thn ptuq tou probl matoc pou sqgetbzetai me thn automatopoihmenh kata-

skeu enic AAM.

Automatopoihménh Kataskeu AAM

Sthn anafor™ [226] grhsimopoiebtai énac algirijmoc tOpou bootstrapping ipou
enall"ssei metaxO thc prosarmog ¢ enic AAM sto sOnolo ekpabdeushc, t hn gr sh
algorBjmwn optik ¢ o ¢ gia thn kalOterh prosarmog thc sOnjeshc st ic parath-
seic, kai katipin thn ananéwsh tou montélou grhsimopoi ntac ta s unduasmeéna
apotelésmata api tic dOo paramorf,seic. Sthn perBptwsh pou exet’zoume emep C,
ipou den égoume prokatetmhmeénec eikinec en, up“rgoun kai epikalOyeic me | la
antikebmena, o upologismic thc optik ¢ o ¢ dbnei sugn” esfalména a potelésmata,
par” tic prohgménec mejidouc pou exet'sthkan [137]. Afetérou, aut h pr oseg-
gish sterebtai saf neiac, kaj,c den up’rgei K'poia ewrhtik egg Ohsh iti aut
h diadikasba elti,nei thn poiithta tou montélou, par” mino h empeiri k parat -
hsh iti ilec oi parathr seic k’pote montelopoioOntai epark,c.

Sthn anafor” [4] mPa xek’jarh diatOpwsh tou probl matoc kataskeu ¢ enic
AAM parousi“zetai, ekfr'zont"c to wc thn ektbmhsh mbac eéltisthc ~ shc emfni-
shc kai sgq matoc gia thn anapar”stash mbac kathgorbac antikeimé nwn, en, proteb-
netai énac epanalhptikic algirijmoc gia thn epBlus tou. Sto argik i makije

epan’lhyhc ektim ntai gia k'je eikina ta pedba emf nishc kai paramir fwshc
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grhsimopoi, ntac to prongoOmeno montélo AAM. Sth sunégeia anane,nontai ta stoi-
geba thc “shc tou montelou k'nontac mba probol PCA sta pedba paramirfwshc
kai tic eikinec, met” api thn antistobgis touc me thn templeta tou a ntikeimenou.

An kai gia thn "sh emf'nishc h PCA intwc paregei ta stoigeba gia ta opoba
elagistopoiebtai to sfima anakataskeu ¢ twn dedoménwn, den isqOe i to Bdio kai
me thn “sh sq matoc. Sugkekriména parathroOme iti sthn ektbmhsh thc “shc
sq matoc h wteinithta thc eikinac kai wc ek toOtou to krit rio pou e lagisto-
poiebtai den lamb”netai upiyh, par” mino emméswc, mesw thc epbdras ¢ touc s ta
memonwmena pedba paramirfwshc. EpBshc, aut h proseggish ebnai efarmisi mh
mino ston algirijmo sunduastik ¢ prosarmog c ( compositional tting ) pou qgrh-
simopoiebtai [157, 4], ipou sunduasmob api paramorf seic dbnoun paramorf ,seic
pou rbskontai ektic tou grammikoO g,rou pou orBzoun ta dianOsmata "~ shc. Sthn
perbptws mac imwec, ipou grhsimopoiebtai éna ajroistikic algirijmoc pr osar-
mog ¢, ilec oi paramorf,seic ekfr'zontai apeujeBac wc grammikob sundua smob
twn sunart sewn “shc; sunep.c h epanektbmhsh thc “shc mporeb na d,sei p~ -
li mino grammikoOc sunduasmoOc twn argik,n sunart sewn “shc, Kajist,nta c
tetrimménh thn ananéws thc.

Gia auti protebnoume thn apeujebac elagistopobhsh tou krithrbou pou grhsi-
mopoieDtai api touc [4] wc proc ta stoigePa thc “shc paramorf sewn sto pl absio
tou algorbjmou EM-PCA [195]. Qeirizimenoi tic sunist,sec tou anaptOgmatoc wc
kruféc metablhtéc kai ta stoigePa thc “shc wc paramétrouc, mporoOme plé on
na doOme thn diadikasPa prosarmog ¢ tou AAM wc to ma E pou akoloujebtai
api to ma M pou grhsimopoieb tic ektimhjebsec sunist,sec gia na anan e sei ta
stoigePa “shc (parameétrouc) elagistopoi,ntac to krit rio Kist ouc. H asik
diafor” me thn anafor” [195] égkeitai sto iti to krit rio pou el agistopoiebtai den
ePnai grammiki wc proc ta stoigePa “shc, opite grhsimopoioOme mba epana  Ihptik
diadikasba. Sugkekriména, met” to ma E to krit rio twn [4] grfe tai:

XX
(S se) T k(X)) (5.39)
k=1 x

ipou K ebnai to pljoc twn grhsimopoioOmenwn eikinwn, T, ePnai h - ewroOmenh

stajer - sOnjesh thc emfnishc sto sOsthma suntetagménwn thc templét ac kai s

ebnai h treqousa ektbmhsh twn parameétrwn pou grhsimopoiebtai gia thn &€  kfrash

fgc paramirfwshc the k-ost ¢ eikinac sOmfwna me th sgésh (2.30): S(X;s¢) =
INfl Ski Si(x). Pabrnontac thn par'gwgo thc parap™nw ekfrashc wc proc ta

orizintia kai k'jeta stoigeba tou i-stoO dianOsmatoc thc “shc paramirfwshc

Syi (X); Sy;i (x) sto shmebox dbnei th sqésh ananéwshc

0 X el

Sci(x) = Si(xX) ¢ s = [k(S(xisk) T «(X)] (5.40)
k=1 @XSk

0 Xl

Sji(x) = Syi(x) ¢ sk = [k(S(Xs0)) T k(X)] (5.41)
k=1 @ysk

Parap™nw me %L Se sumbolDzoume thn par°gwgo tou | met” api thn paramirfws

tou me to pedDoS(X; Sk) kai to ma ananewshc C ektim’tai se k“je epan’lhyh me
anaz thsh gramm c.
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Sg ma 5.11: Mésoi pbnakec akm,n gia éna auxanimeno pl joc epanal yewn t ou
algirijmou ekm’jhshc AAM: (a) Qwrbc antistobqish, () endi"'mesa a potelesmata
kai (g) montélo pou grhsimopoiebtai sta peirmata anbgneushc. O méso ¢ pbnakac
akm_n apokttai api to métro thc parag,gou twn eikinwn tou sunilou ekpabd eu-
shc, met” thn antistobgis touc me to montélo AAM. Xekin,ntac api ena a saf
meéso, stadiak™ prokOptoun xek’jarec, perbplokec domeéc ipwc to eswterik i twn

mati,n kai twn troq,n, akmeéc p"nw sth mOth kai ta parjura.

Met™ api kKje epan’lhyh ta néa dianOsmata S orjokanonikopoioOntai kai
oi suntelestéc twn anaptugm’twn epanektim ntai. Enallaktik® a mporoOs ame na
eis"goume ton periorismi ta dianOsmata na ePnai orjog, nia apeujeDac s to elagisto-
poioOmeno krit rio, all” auti a prokaloOse thn sOzeuxh twn sqésewn ana newshc
“shc, pou odhgeb se éna duskolitero priblhma.

Oi sgéseic ananéwshc (5.40),(5.41) mporoOn na ewrhjoOn iti ektel oOn mazik®
ton upologismi optik ¢ o ¢ pou grhsimopoiebtai sthn anafor” [226] : h metabol
thc paramirfwshc kajorDzetai api to ginimeno metaxO twn parag,gwn thc e ikinac
kai thc diafor"c thc me thn pribleyh tou montélou, ipwc kai ston upologi smi
optik ¢ oc, me th diafor” iti prokOptei ajrobzontac p'nw se ilo to sOnolo

ekpabdeushc. 'Etsi eis"getai apeujebac plhroforba sthn ektbmhsh thc “shc pa-
amirfwshc, elatt,nontac stajer” to sflma anakataskeu c.

Peiramatik™ parathr same iti k"poia api ta probl mata pou ebgame arqi K
entopbsei grhsimopoi, ntac apeujebac optik o den apofeuqj kan; sug kekrimé-
na, leptec paramorf,seic tou antikeiménou ipwc oi kin seic twn mati.n e rmhneQon-
tan wc allagéc sthn emf'nish kai antbstrofa. An kai h qr sh mbac pol udiakri-
tik ¢ mejidou kai h stadiak eisagwg idiodianusm’twn [226] apedws an k"poiec
elti,seic, shmantik™ probl mata parémenan.

Gia auti, asizimenoi sta epitughména apotelésmata thc anafor’c [2 36] epi-
legthke na grhsimopoihjeb h éntash akm n antb thc wteinithtac, ka jist,ntac etsi
eOrwsth thn ektbmhsh thc “shc sq matoc. 'Etsi, grhsimopoioOme to api luto tou

telest Laplacian-of-Gaussian  wc éntash akm n wc emf nish thc eikinac sth tupi-
k diatOpwsh twn AAM, en, péra api th “sh tou sq matoc, mino o mésoc pPnakac
akm_n anane netai se k’je epan’lhyh. Eis"gontac idiodianOsmata gi a tic akmec
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geirotereOoun ta apotelésmata, epitrépontac se tm mata akm_n na * exaf anbzontal',
kajist,ntac etsi thn prosarmog anektikiterh se sflmata. Télo c, se k'je epa-
n“lhyh, gia na epiteugjeb h eOrwsth ektbmhsh twn paramétrwn grhsimopoieD tai mba
proséggish coarse-to- ne sunelbssontac tic eikinec me Gaussian bBltra stadiak™
meioOmenhc diasporc.

Met" api th sOgklish aut ¢ thc diadikasPac, efarmizetai PCA stic paramor-
wmenec eikinec wteinithtac, pou rbskontai pleéon se antistoigba , dbnont”c mac
th “sh emf nishc pou grhsimopoiebtai met” ston algirijmo EM.

Peirmata Anbgneushc

Akolouj,ntac thn bdia diadikasba me ta pl rwc annotated dedomena, grhsimo-
poioOme kai sundu“zoume treic taxinomhtéc asizimenouc se K'twjen plhro forba
kat"tmhshc, tic paramétrouc tou AAM kai plhroforba perb thc "nwjen kat “tmh-
shc, kai exet"zoume thn epbdrash pou égei h gr sh algorbjmou EM kat " thn pro-
sarmog twn montelwn. 'Opwc aPnetai api tic kampOlec epidisewn sto Sq. 5.1 3,
kai idiabtera gia ta peir'mata anbgneushc autokin twn, h Bdia sumper ifor” para-

threbtai: tiso gia touc memonwmenouc “nwjen taxinomhtéc iso kai giat  a sundua-
sména apotelésmat™ touc, mPa kalOterh epBdosh epitugq netai sundu“zon tac thn
kat'tmhsh me th diadikasba prosarmog ¢ montélwn. Axbzei epbshc na sh meiwjeb

iti ta apotelésmata anBgneushc pros,pou ePnai kalOtera api aut™ tou pro hgoO-
menou peir'matoc, pou e,c éna ajmi ePnai anamenimeno, kaj,c prohgoumeénwc

to AAM ebqge kataskeuasteb grhsimopoi ntac eikinec api ena diaforet iki sOnolo
dedomenwn.

Ex"goume de ta Bdia sumper’smata sqgetik® me thn grhsimithta tou sundua-
smoO tou EM me thn anBgneush antikeiménwn, idiabtera gia to sOnolo d edoménwn twn
autokin twn, ipou “lla antikebmena ipwc pezodrimia, "mnoi, pezob, ko I,nec k.a.
epikalOptoun meéroc twn antikeiménwn pou prépei na anigneujoOn.

Shmei,noume ed, iti h gr sh pros,pwn stajer ¢ klbmakac mporeb na éqei
eis"gei mba mikr eltbwsh stic epidiseic, opite den isqurizimaste iti égoume upo-
grewtik” kai ta kalOtera apotelésmata. To ewroOme pio shmantiki iti pa rath-
oOme mba susthmatik eltbwsh stic epidiseic anBgneushc, sundu’zont  ac “nwjen
kai k“twjen plhroforba mesw tou algorbjmou EM.

Peiramatikéc ujmbseic.

Gia to pr,to sOnolo peiram™twn grhsimopoioOme to tOpou MRF sOsthma twn [58]

to opobo perigrfhke sto kef'laio 2, me tic ujmBbseic pou anaféront ai sto pa-
“rthma 5.B'. Gia thn kataskeu tou AAM grhsimopoi jhkan 100 priswpa a pi th
“sh [110], en, asist kame stic tegnikéc pou perigr-fontai st hn anafor” [40].

Gia to deOtero sOnolo peiram™twn gia thn kataskeu twn k“twjen montélwn
anbgneushc grhsimopoioOme tic ujmPseic tou epimenou kefalabou, en, t a AAM
kataskeu"zontai me 40 eikinec api k'je kathgorba.

Gia na sugkrbnoume ta apoteléesmat™ mac me aut™ “llwn ereunht,n, égoume

grhsimopoi sei tic ujmbseic thc anafor"c [62] gia priswpa kai thc | 3] gia au-
tokPbnhta. Epipléon twn ujmBsewn aut,n, megejOnoume tic eikinec pou periéq oun
autokbnhta megejOnontai kat™ 2.5, kaj.c grei"zetai gia to ktwje n sOsthma pou
parousi“zetai sto epimeno kef’laio. TropopoioOme an’loga to krit r io thc ana-

or’c [3] ewr ntac iti h proteinimenh ésh gia éna autokbnhto ebna i alhjc an
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Dedomeéna Ekpabdeushc Dedoména Ekpabdeushc

Debgmata AAM Debgmata AAM

Sq ma 5.12: Apotelésmata ekm’jhshc montélou AAM: An kai to sOnolo ekpaPd eu-
shc periégei meg'lh poikilba sto sq ma kai sthn emf'nish, perbplokh dom sto
into kai epikalOyeic twn antikeiménwn, oi sunjéseic ebnai kajaréc k ai sullamb™-
noun thn emf nish twn antikeiménwn thc kathgorbac.
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Sq ma 5.13: KampOlec AkrBbeiac-An’klishc gia anBgneush autokin twn kai pro-
s,pwn, grhsimopoi,ntac ta autimata kataskeuasména montéla. Kai stic dOo pe-
ipt,seic, h gr sh tou algorbjmou EM (st lec (a),(g) ) odhgeb se eltiwmeénec epi-
diseic, tiso ligw twn kajariterwn parametrwn AAM iso kai thc plhrofor bac
kat"tmhshc.

y .

‘__.

Object level Object ports
level

Pivel level ‘ Pikel level

@) ("
Sq ma 5.14: Kajolikéc (a) kai tmhmatikéc () argitektonikéc gi a to priblhma thc
sunérgeiac

rDsketai sto eswteriki mPac élleiyhc gOrw api to kéntro enic autok in tou me

orizintio, meg-lo kai mikri “xona m kouc 2 625kai 2 25pixels antbstoiga.
EpBshc, ta priswpa kanonikopoioOntai ste h apistash metaxO twn mati.n

na ebnai 50 pixels kai h proteinimenh topojesba ewrebtai wc éna priswpo e™n

rbsketai sto eswteriki mbac élleiyhc diast"sewn me orizintio ka i K'jeto "xona

mkouc 2 30kai 2 50 pixels, antbstoiga.

5.5 Episkiphsh ProngoOmenhc Ergasbac kai Suz -
thsh

'Eqontac parousisei thn dik mac suneisfor”, ed, pléon th sugkrbn oume me tic
up“rgousec ergasbec p’nw sto priblhma pou antimetwpBzoume, ste na mporoOme
pléon "'mesa na sqgoli"zoume tic sgéseic touc me thn ergasba mac.

5.5.1 ProhgoOmenec ergasbec sthn api koinoO anbgneush kai

kat"tmhsh
MporoOme na taxinom soume tic perissiterec api tic up“rqousec ergasbec sthn
api koinoO anbgneush kai kat'tmhsh antikeiménwn se mba api tic argit ektonikec
sto sqg ma Sg. 5.14, me “sh to kat” piso grhsimopoioOne mba kajolik mba
tmhmatik anapar”stash tou antikeiménou. Oi argitektonikéc pou asbzontai se
kajolikéc anaparast™seic [69, 218, 131] tupik™ ewroOn iti éna en iabo, monolijiki

montélo tou antikeiménou mporeb na anapar"gei thn poikilDa sto sq ma kai sthn
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emf'nish pou qarakthrbzei thn kathgorba kai na katal"bei étsi ilo to qwrbo tou
antikeiménou. Aut h proséggish éqgei ila ta proter mata all” kai ilo uc touc
periorismoQc twn anagennhtik,n montélwn pou anaférjhkan sto kef'la i0 2; an kai
h idea ebnai diaisjhtik™ elkustik kai majhmatik™ saf ¢, sugn” e Pnai dOskolh h
kataskeu enic tetoiou montélou. Epbshc se auti to plabsio o geiris mic arjrwt,n
kin sewn kai autoepikalOyewn gPnetai problhmatikic ligw twn aplousteut ik,n
upojese,n touc.

Api thn 7lIh, ta tmhmatik™ montéla twn antikeiménwn [19, 144, 238, 136 ] pa-
eqgoun mba anaparstash tou antikeiménou pou prosferetai gia ton upo logismi
thc kat"tmhshc kat™ énan ubridiki tripo, grhsimopoi ,ntac “nwjen plh roforba
ipou gPbnetai diajésimh api éna tm ma tou antikeiménou kai gamhloO epi pédou ga-
akthristik™ gia na en,soun to upiloipo tou antikeiménou [238, 136 ]. 'Etsi mpo-
oOn na katatmhjoOn apotelesmatik™ arjrwt™ antikePmena, en, sto “r jro [144]
anaférontai “rista apotelésmata sthn anbgneush autokin twn. Ark et” erwt ma-
ta imwc prokOptoun sgetik™ me thn orjithta aut,n twn proseggbsewn, idiabt era
kaj.c grhsimopoioOntai me polléc aplousteOseic, ipwc na agnooOntai oi sus ge-
tbseic metaxO twn tmhm’twn tou antikeiménou sthn diadikasPa sumperas matologbac
kai na qrhsimopoioOntai tautigrona pollapl” tm mata gia thn ermhneba twn Bdiwn
parathr sewn [144, 19], na grhsimopoioOntai apléc katanoméc gia n a montelo-
poi soun th wteinithta meésa se ilo to qwrbo tou antikeimenou [136]. Pera api
auti, ellebyei enic aptoO parametrikoO montélou tou antikeiménou g Pnetai dOsko-
loc 0 sunduasmic aut,n twn montélwn me probl mata ipwc h parakoloOjhsh thc
kBnhshc enic antikeiménou, h anagn,rish thc ekfrashc/kbnhs C tou.

Ergimenoi se éna pio sugkekriméno epbpedo, exet’zoume t,ra tic sqései ¢ thc
proseggis ¢ mac me tic asikiterec anaforéc sto pedbo. H proseggi sh twn [252,
218] ekteleD mba stogastik anaz thsh sto q,ro twn periog,n kai twn upojesewn,

epektebnontac thn proséggish tou Data-Driven MCMC [219] ,ste na eis"gei monte-
la gia ta antikeDmena sto sOnolo twn grhsimopoioOmenwn anagennhtik.n  montélwn.

Qrhsimopoi,ntac tic k“twjen prot“seic api kajierwmeénouc algorbjmouc | 227, 28],
kat” thn anaz thsh oi periogéc kai upojéseic twn montélwn genn ntai , en nontai
aporrbptontai en, ta sOnor” touc entopPzontai mésw tou Region Competition . O
asikic isqurismic thc om"dac aut ¢ ebnai iti h kat"tmhsh mbac eiki nac prepei
na parégetai api mba suneq diadikasPa anaz thshc ston g,ro IOsewn k ai iqgi api
mba memonwmeénh IOsh; sunep.c “sei tou algorbjmou DDMCMC par"gontai duna-
mik™ pollaplec ermhnebec thc eikinac, en, ta pijanitera antikebme na anameénetai
na ebnai parinta stic perissiterec api autéc. An h upijesh k" poiou ant ikeiménou
proswrin™ apokleisjeD api thn IOsh, met™ api k’poiec epanal yeic a epan em-
anisjeb, aux’nontac étsi thn pijanithta anbgneus c tou. Par” th n komyithta
kai to dunamiki aut c thc proséggishc, gia éna praktiki priblhma anb gneushc

antikeiménwn ePnai pijani na mhn grei"zontai dePgmata api thn Oster h katanom
p"nw se ermhnebec thc skhn ¢, kai na arkeb éna par’juro to opobo na pe riegei thn
upoy fia topojesba tou antikeiménou. H dr'sh thc sunergeiac sthn per Pptwsh
aut mporeb na sunoyisteD sthn ektbmhsh thc pijanithtac na ebnai pari n éna an-
tikebmeno, pou ipwc deBgnoume ed, mporeb na epiteugjeb apotelesmatik™ mes w tou
EM antb stoqastik ¢ anaz thshc.

Akolouj,ntac mba mh-anagennhtik proséggish, stic anaforéc [19, 18] kai

[144] anaparast’seic mésw  codebooks qrhsimopoioOntai gia thn api koinoO anb-
gneush kai kat'tmhsh antikeiménwn, ipwc abnetai sthn argitektoni k sto Sq.
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5.14 . Qrhsimopoi,ntac apojhkeuménouc pPnakec kat"tmhshc gia ta tm ma ta tou
antikeiménou, pou katadeiknOoun poio méroc thc eikinac tou an kei, h kat'tmhs
tou sghmatbzetai kat™ énan tripo san ena pazl, sundu“zontac thc ka tatm seic twn
epimérouc tmhm“twn tou. An kai aut h méjodoc éqei apod,sei praktik™ dbnon-

tac ikanopoihtik™ apotelésmata, tétoiec anaparast™seic ebnai tupik™ perbplokec,
grhsimopoi,ntac p.g. 500 Kkai perissitera tm mata gia to k'je antik ebmeno,
en, h kat'tmhsh exart'tai api th dunatithta na kalufieb mba meg'lh é ktash
tou antikeimenou me proapojhkeuména tm mat” tou. Se mba “llh proséggish pou
grhsimopoieb thn argitektonik tou Sq. 5.14, sthn anafor™ [2 38] eis"getai éna
métro pros neiac ( anity measure ) metaxO twnpixels thc eikinac pou mporeD na
enswmat,nei plhroforba sgetik ¢ me ta antikebmena, opite grhsimopoi .ntac te-
gnikéc duadik c omadopobhshc rbsketai éna el gisto tou kisto uc diamerismoO
dedoméenwn. To meétro pros neiac pou grhsimopoiebtai odhgeb se mba omadopobhsh
twn pixels grhsimopoi,ntac tiso gamhloQ epipédou plhroforba (apousba akmn,

omoiithta) iso kai uyhloO epipédou gn,sh. 'Omwec, h élleiyh mPac pijanoti kc
ermhnebac empodbzei thn sunergasba touc me “llec diergasbec, en, to sOsthm” touc
telik® den kajorbzei an up'rgei éna antikebmeno sthn eikina. H pr 0séggis mac
grhsimopoieD eéna gamhlodi“stato parametriki montélo tiso gia thn kat"tmhsh

iso kai gia thn anbgneush enic antikeiménou ebnai kat™ th gn,mh mac komyiterh
en, mporeb na epektajeDb se duskolitera probl mata, ipwc na up’rqoun polla -
pl” antikeDmena, na eisagjoOn kai “llec phgéc plhroforBac, ipwc h k Pnhsh to

joc.

Ergimenoi se ergasbec pou perieqoun ton algirijmo EM, shmei,noume arq i-

K™ iti h gr sh tou algorbjmou EM gia probl mata kat“tmhshc saf,c de n ebnai
prisfath; égei grhsimopoihjeD dh gia probl mata gamhloO epipédou, i pwc ka-
t"tmhsh eikinwn “sei qarakthristik,n p.q. [7, 17] ektbmhsh epipé dwn kbnhshc
[231]. Gia to priblhma thc api koinoO anBgneushc kai kattmhshc an tikeiménwn
0 EM eqgei protajeb anex'rthta sthn anafor” [136], ipou mba tmhmati k anapa-
“stash pou grhsimopoiebtai gia anbgneush antikeimenwn sundu“zeta i me ton algi-
ijmo tom ¢ grifwn [24] dbnontac akrib apotelésmata sthn kattmh sh arjrwt,n
antikeimenwn. Kai ekeb grhsimopoiebtai o algirijmoc EM, all” se & na plabsio
eltistopobhshc par” ektbmhshc paramétrwn: oi par'metroi tou sq mat oc anti-
metwpbzontai wc kruféc metablhtec, opite h deigmatolhyba thc katanom ¢ touc
diatup,netai wc to ma E. To ma M tite antistoigbzetai sthn megist opobhsh me-
sw tegnik,n tom ¢ gr'fwn enic irou pou posotikopoieb thn poiithta ka t"tmhshc,

0 opoboc enswmat, nei ta debgmata pou lamb™nontai kat"to ma E. Aut h pro seg-
gish parekklbnei api thn gr sh tou EM sto plabsio twn anagennhtik ,n montélwn,
ipou h ektbmhsh twn paramétrwn antistoigbzetai sto ma M, kai ta kruf " dedome-
na grhsimopoioOntai gia na sundésoun tic parathr seic me tic paramétr ouc. EbPnai
dOskolo na antasteb kaneBc p,c h proséggish aut a mporoOse na sunduast eb me
tic tegnikéc pou grhsimopoi jhkan sth dik mac ergasba, ipwc exéli xh kampul.n
kai AAM, me éena pio ekfrastiki anagennhtiki montélo, ipou h ektbmhs h twn pa-

ameétrwn mporeb na ebnai perbplokh kai h deigmatolhyba mporeb na mhn apodb dei
ligw thc meg’lhc di“stashc tou dianOsmatoc paramétrwn.

Téloc, stic ergasbec twn [69, 70, 236] o EM grhsimopoiebtai gia n  a katatm -
sei thn eikina “sei plhroforbac sgetik™ me ta antikebmena, me to montélo twn °
antikeimenwn kai epipédwn' ( sprites and layers ). Diaisjhtik”™ h proséggish aut
ebnai ef'millh thc dik ¢ mac, all” h allhlepPdrash metax® twn dQo di ergasi.n
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den ereun’tai: to montélo tou intou ektimtai api éna gnwsti sOnolo eikinwn,
eis"gontac priterh gn,sh pou sp“nia ePnai diajesimh genikitera, en, telik™ den
apofasbzetai an up’rgei éna antikebmeno sthn eikina. Epbshc, sti ¢ qwrikéc pa-
amorf seic pou grhsimopoioOntai den ekmetalleOontai thn priterh gn ,sh pou
up’rgei sgetik™ me thn poikilDa sto sq ma, kaj,c ebte ewroOn aploOc meta sgh-
matismoOc [69] grhsimopoioOn énan geniki iro poin ¢ tOpou MRF p'nw stic
timéc enic topik” stajeroO pedbou paramirfwshc [236]. Antijétwe, ta montela
tOpou AAM pou grhsimopoioOme sthn ergasPa mac apoteloOn mba isqur ki"sh
anagennhtik,n montelwn, pou sullamb™nei thn poikilba sto sq ma mbac k athgorbac
antikeimenwn grhsimopoi,ntac mba apl parametrik ékfrash.

5.5.2 ProhgoOmenec ergasPec sthn kat'tmhsh me plhroforba
sq matoc

Sumplhrwmatik™ me thn proséggish thc api koinoO antimet, pishc twn uyhloO ka i
gamhloO epipédou leitourgi,n thc irashc, oi genik ¢ Oshc priteroi i roi poin c
pou tupik™ grhsimopoioOntai gia to priblhma thc kat'tmhshc [248, 168] egoun
stadiak” epektajeD enswmat, nontac uyhloO epipédou gn_ sh; sugkekrimén a plh-
oforba sgetik®™ me to sq ma mbac kathgorbac antikeiménwn éqei sund uasteb me
thn exélixh kampul,n grhsimopoi ntac tegnikéc epipedosunilwn, p.g. sti ¢ anafo-
éc [145, 194, 46], dbnontac praktikoOc kai apodotikoOc algorbj mouc. Autéc oi
ergasbec diaféroun api thn tupik proseggish sto iti h montelopobhs h tou anti-
keiménou den eis"getai apeujebac sth diadikasba kattmhshc, al I” énac epipléon
iroc prostDjetai sto elagistopoioOmeno sunarthsiaki, pou ekfr'z ei thn gn,sh gia
to sq ma tou antikeiménou meésw thc sun’rthshc embQjishc thc elissi menhc kam-
pOlhc. Oi proseggPseic autéc upoféroun api di“forec ptugéc, pou mporoOn na
antimetwpistoOn grhsimopoi_ntac éna AAM gia na ekfr’sei th gn sh sgeti kK™ me to
sg ma.

Sthn anafor™ [145] mPa an’lush tOpou PCA grhsimopoiebtai kat™ th di“rkeia
thc ekm’jhshc p™nw stic sunart seic twn perigramm’twn pou apoteloOn to s Onolo
ekpabdeushc  ste na kwdikopoihjeb h metablhtithta sto sq ma grhsimo poi.ntac
mba gamhlodbastath “sh. H “sh aut sth sunegeia grhsimopoiebtai gia na odh-
g sei th sun’rthsh embQjishc proc pijaniterec topojesbec krat nta c to sq ma
thc plhsiéstero se auti twn sqghm’twn pou grhsimopoioOntai kat™ thn ekpa bdeush.
H katallhlithta thc PCA gia an’lush sghm™twn mésw sunart sewn apistashc
den ebnai imwc dedomeénh. Jewrhtik™, oi sunart seic apistashc den e Pnai melh enic
grammikoO g,rou sunart sewn, opite h PCA den mporeb na dikaiologhjeb kaj,c
sthn “sh aut ¢ thc mejidou rbsketai h gr sh diafor,n. Praktik ", ta montéla
pou kataskeu“zontai api thn proseggish mésw thc PCA den ebnai p™nta kat"llhla.
Gia par"deigma mporoOme na ewr soume éna sOnolo ekpabdeushc apoteloOmeno
api sq mata pou antistoiqoOn sta endi'mesa stdia thc paramirfwshc e nic kO-
klou se mba élleiyh. To montélo auti a greiasteD mba “sh thc Bdiac di"stashc me
to pl joc tou sunilou ekpabdeushc gia na anakataskeu’sei ila ta sq mat” tou,
kaj,c kamba api tic endi"'mesec sunart seic apistashc den mporeb na ek frasteb
wc grammikic sunduasmic twn upiloipwn. Gnwrbzoume imwc iti up“rgei mino mba
morf paramirfwshc, pou mporeb na ekfrasteb me akrbbeia qrhsimopoi,nta c éna
AAM me éna mino stoigebo “shc.

Enallaktik™, sthn ergasba [194] mba Gaussian katanom qgrhsimopoiebtai se
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K'je shmebo gia na ekfrsei thn pijanithta h parat rhsh na an ke i sto eswteriki
thc elissimenhc kampOlhc, pou ekfrzetai we h sun’rthsh Heavyside thc embOji-
shc thc kampOlhc. H priterh katanom aut epitrépei topikéc paramorf sei c,
kaj,c orbDzetai se epbpedo shmebwn, all” den mporeb na sull’bei me akrbb eia thn
katanom tou sunilou ekpabdeushc. Jewr ntac kai p’li to par"deigma th c éellei-
yhc, den a tan dunati na periorDsoume thn kampOlh api to na ePnai strog gul
api thn mba pleur” kai elleiptik api thn “llh. Auti to montélo esfalmena eis™-

gei N anex'rthtec metablhtéec, ipou N ebnai to pl joc twn shmebwn thc templétac,
en, up’rgei mino mbPa, dhlad o par"gontac paramirfwshc.

'‘Ena teleutabo éma afor” thn gr sh priterhc gn,shc sgetik™ me thn katanom
twn parameétrwn tou AAM; K'je algirijmoc o opoboc grhsimopoieb priterh gn ,sh
gia to sqg ma a d,sei esfalmena apoteléesmata kat"tmhshc apousba enic antikei-
ménou, enisqOontac ta -anOparkta- iri” tou. Me thn proséggis mac oi ye udebc
anigneOseic katarréoun tiso ligw thc anakriboOc montelopobhshc twn parathr -
sewn, iso kai exaitbac thc gamhl c pijanof°neiac twn paramétrwn tou montélou.

Se ena genikitero epbpedo, h “nwjen proséggish twn anagennhtik.n mo  ntélwn
sthn kattmhsh sunbstatai ston kajorismi twn anajésewn parathr s ewn thc ei-

kinac se montéla antikeiménwn. DQo sqetizimena ewrhtik® shmebPa gb nontai étsi
emfan :

Pr_ton, oi periorismoP sthn kattmhsh a éprepe na ePnai genik ¢ Osh c iroi,
montelopoi ntac ton tripo me ton opobo éna antikeDmeno mporeD na epikal Opte-
tai api “lla. Gia par"deigma to mikri m koc orbwn eggu’tai iti den eis “goume

thn upijesh thc epik’luyhc gia k’je memonwmeénh parat rhsh pou den montelo -
poiebtai ikanopoihtik™ api to montélo tou antikeimenou. Omobwc, h epi diwkimenh
sOmptwsh twn orBwn twn periog,n me tic akmeéc thc eikinac mporeD na dikaiolog  h-

eb api tic tupik” diaforetikéc timec wteinithtac twn antikeiménwn po u rbskontai
mprost™ pbsw api to antikebmeno pou katatmebtai.
DeOteron, ta iria enic antikeiménou kai thc periog ¢ pou tou anat Djetai den

prépei upoqgrewtik™ na sgetbzontai, an kai auti sumbabnei itan den rb sketai tb-
pota mprost™ sto antikeDmeno. Sunep.c plhroforDa uyhliterou epipédou, p.q

sqetik™ me thn plhroforba sq matoc a éprepe na ekfr"zetai api to mon télo tou
antikeiménou, kai igi api k“poion pritero iro kat'tmhshc, ipwc gbnet ai stic er-
gasbec pou akoloujoOn aut thn proséggish, ipou epanaefeurbsketai o troqic,

grhsimopoi_ ntac th sun“rthsh embQjishc gia thn montelopoPhsh sq mat oc.
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5.A' Sgesh Ananewshc Parametrwn AAM B"sei tou
EM

Gia enan pbnakaF pou ephre“zetai api tic parametrouc s ewroOme thn grammi-
kopobhs tou gOrw apito swcFg = Fg+ %is S ,ipouo F ebnaiN 1, o0
‘(’jis N pkaioi ppnakec skai sebnaip 1. H sun’rthsh kistouc proseggbzetai

tite krat ntac touc irouc pr thc kai deOterhc t"xhc, dbnontac mba &k frash thc
morfc C(s+ s)= C(S)+J s+ s'H s metonJ naebnaihl pJacobian thc
sun’rthshc kistouc kai h H h p pHessian. Gia to krit rio pou perilamb™nei thn
plhroforba kat"tmhshc C(s)=[H E E]T [E], mporoOme na gr'youme
2 0 1 3T 1
Cls+ 9 = §|{2} %{%} * —S § %I{ * —S %I{ * —S
ao bo _E‘{ —} Co % —} do E‘{ —}
= [ by ol d?+2[ao by col' di +[ao bo ¢’ dy
erase
+ [ao by ¢ do+2[a by ] ds + [ bl{zcl]T &
erase
ipou o upodebkthc dhl nei thn t"xh sto an"ptugma Taylor twn memonwmeénwn irwn,
en, oi iroi pou apalebfontai ebnai ebte stajerob megalOterhc t° xhc kai sunep,c
agnooOntai. En_nontac touc irouc pr,thc kai deOterhc t"xhc égqoume loi pin:
dE T dE dE T dE
H = H E — S —s +2 H —S E —s
ds ds ds ds
+ dE dE
J =2[H E E] —s + H —s E E (5.42)
ds ds

pou mac dbnei thn antbstoigh sgésh ananéwshc gia auti to krit rio

Gia na eis"goume thn orbzousa thc paramirfwshc grhsimopoioOme th sgésh
(2.30) kai thn ekfr"zoume sunart sei tou dianOsmatoc S kai twn orizintiwn kai
“jetwn parag,gwn twn stoigePwn thc “shc paramirfwshc:
I I | I
X o @& X @5 X o @8 X  @%
“ @x Y < @x @y

D(x;s) =
k

MporoOme tite na sghmatBsoume thn pr thc t"xhc proséggish:

D(s+ s )

[(s+ s)S] (s+s)S (s+s)S [(s+ s)S]
D+s S sS/+SY sSf+S s§+S sS +0(s ?

- p+ P
ds
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kai na thn eis"goume sto antbstoiqo krit rio:

dD dE dE T dE
C(s+ s)= H D+ —s E+—s E+ —s E+ —s
ds ds ds ds

Qrhsimopoi ntac mPa antbstoigh diadikasPa me thn prohgoOmenh, dhla d diath-
.ntac mino touc irouc pr,thc kai deOterhc t"™xhc katal goume stic parak “tw
ekfr'seic giathn  Jacobian kai Hessian thc sun’rthshc kistouc:

0 dE ' dE dE T dE
H = H D S — s —+2 H D s — E S —
ds ds ds ds
0 dD T dE
+ 2 H s — E —_—
ds ds
dE T
J =2[H° D E'"s —+ H D s — E
ds
, dD T
+ H —s E E (5.43)
ds
Shmei,noume ed, iti gia aplithta ewroOme tic paramorf,seic wc omaléc 1-1 s u-
nart seic (difeomorfismoOc) pou shmabnei iti h Jacobian den mporeb na all"xei
prishmo, kaj,c diaforetik”™ a eDgame anadbplwsh tou antikeiménou. ' Etsi dikaio-
logebPtai iti parap™nw grhsimopoioOme thn orBzousa antb thc apiluthc t im c.

5.B' Perigraf Montelou Anbgneushc

'Opwec sthn anafor” [58] grhsimopoioOme mbPa kateujOnsimh - diagwrDsimh ( steera-
ble - separable ) poluklimakwt sustoigba DBltrwn se tésseric klbmakec kai kateu-
Onseic gia na ex"goume apotelesmatik® mPa topik perigraf thc eiki nac; gia to
ligo auti grhsimopoioOme ton pur na diafor.n api Gaussians kai ta orjogwni-
k> eOgh Pltrwn thc anafor™c [68] pou wc éna ajmi mimoOntai th leitourg ba twn
neur,nwn sta pr.ta st'dia tou iologikoO sust matoc irashc. SOmfwna me t hn
anafor” [58], oi katanomeéc twn qarakthristik,n montelopoioOntai grhsimopoi,n-
tac Gaussian katanoméc kai eis’gontai se éna krit rio tOpou MRF wc dunamik™
parat rhshc ( In) = Pn(F),). H posithta aut ekfrzei thn pijanofneia twn
exidwn thc sustoigbac Pltrwn F,  sto shmeio |, upi thn katanom tou tm matoc n.
Eis"gontac ta dunamik® eOgouc nm (In; Im) metaxO twn topojesi,n twn tmh-
m“twn tou antikeiménou n; m mporoOme pléon na sundu“soume thn priterh gn,sh
sgetik™ me touc dunatoOc sunduasmoOc touc me thn pijanof'neia twn memonwmenwn

parathr sewn kai na ekfr'soume étsi thn Osterh katanom pijanithta c p'nw sto
di‘nusma ésewn: L =(lq; In):
. . Y Y
P(LjF)/ P(FjL)P(L) = n(ln) nm (Ins Im) (5.44)
n nm2Vv

ipou V ebnai to sOnolo twn akm,n tou MRF.

Oi endiaférousec topojesPec gia to antikePmeno mporoOn na exagjoOn api ta
meégista thc Osterhc katanom ¢, o upologismic twn opoPwn epispeQdetai api t hn
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diagwrisimithta twn ~ Gaussian sunart sewn pou ekfr"zoun ta dunamik™ eOgouc
kai ton algirijmo Belief Propagation o0 opoboc sundu“zetai me éna grafiki montélo

tOpou déntrou gia apotelesmatik sumperasmatologba. ApoklPnontac el afr” api
thn proseggish twn [58] epitugg™noume mba eltbwsh sthn epbdosh eis"g  ontac thn
pijanof°neia twn exidwn thc sustoigbac Bltrwn upi thn enallaktik upi jesh tou

intou B Pg(F,,) kai megistopoi,ntac wc proc L thn posithta:

P(F;LjO) _ P(FjL; O)P(LjO) _ Y
P(F;LjB)  P(FjL; B)P(LjB)

v Py (F1,)
0 . 0 — f Inl/.
n(In)n;mzv wm{nilm) - alln) = Po(F1,) "

(5.45)

Oiroc P(LjB) ewrebtai stajeric, kaj,c to montélo tou intou eqei mba omoiimor-

h katanom p nw sto sOnolo twn topojesi.n. H katanom Pu(F1,) kataskeu zetai
api tugabec eikinec, grhsimopoi ,ntac shmeba mégistou thc enérgeia ¢ garakthristi-
k.n tOpou akm.n “bdwn kai khiBdwn, pou parousi“zontai sto epimeno kef’la io.
H posithta E((EJ‘;)) anigneOei étsi me megalOterh akrDbeia thc domeéc thc eikinac pou
antistoiqoOn sta garakthristik™ shmeba tou antikeiménou, epitr epontac sugqrinwc
th gr sh apodotik,n diakritik,n tegnik,n gia thn ektbmhs thc. St hn perbptw-
s mac grhsimopoioOme thn probol twn dedoménwn sto diaqwristiki uperepPpe do

Fisher [55], pou mporeb na apotimhjeb apodotik”.




Kef'laio 6

Sunergetik Anbgneush Antikeimenwn mesw
Shmebwn Endiaferontoc kai Grafik n
DiktOwn

6.1 Eisagwg

Sto kef'laio auti protePnetai mPa méjodoc gia thn sunérgeia metaxO uyhloO Kai
gamhloO epipédou plhroforBac gia anBgneush antikeiménwn pou grhsimo poieb gra-
ik™ montéla kai shmeba endiaférontoc se eéna pijanotiki plabsio. O sunduasmic
twn dOo teqgnik,n epitugg netai me thn gr sh apl,n anagennhtik,n montel wn sto
epbpedo twn dunamik n parat rhshc tou grafikoO diktOou.

Oi suneisforéc mac sunoybzontai se trba shmeba

Exagwg shmePwn endiaférontoc tOpou “bdwn kai akm n grhsimopoi,ntac
tegnikéc api thn poluklimakwt an’lush eikinwn, kai gr sh touc gia th n
anapar’stash kai anbgneush antikeimenwn.

Sunduasmic "nwjen kai ktwjen plhroforbac mésw mbac apodotik ¢ mejido u
gia thn ektbmhsh pijanof’neiac upojésewn.

Ekm’jhsh grafik,n montelwn gia thn anapar”stash antikeimenwn.

6.2 Shmeba Endiaferontoc gia Anbgneush Antikeime-

nwn.
H gr sh shmebwn endiaférontoc gia probl mata irashc upologist.n an timetwpbzei
dOo api ta asik”™ probl mata thc irashc, to polO meg’lo pl joc parathr sewn

pou periégontai se mPa eikina kai thn sunOparxh antikeiménwn pou rbDsk ontai se
diaforetikéc klIbmakec.

Ex"gontac éna sOnolo garakthristik,n tOpou khibdac ( blob) [148, 149], dia-
staOrwshc ( junction ) gwnbac [148, 158, 198], apoktoOme éna sOnolo axiipistwn
garakthristik,n pou prosféretai gia leitourgbec ipwc antistobqi sh, ektbmhsh kb-
nhshc ktl.

Ta shmeba aut” entopbzoun tic endiaférousec periogéc thc eikinac, me thn énnoia
iti perieqoun mh-tetrimménh dom ; gia par"deigma api mba eikina pou perié gei
énan wteini kOklo se éna skoteini into, éna shmebo endiaféronto c ebnai to kéntro
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tou kOklou kai an grhsimopoiebtai €na anex’rthto kIPmakac krit rio, entopbzetai
sthn kiIbmaka tou kOklou. Sto akrabo auti par"deigma sunoybzetai me éna shmebo
h dom mbac eikinac pou mporeb na periéqei O(10%) parathr seic.

Xekin,ntac api tic ergasbec twn [233, 149, 198] mba shmantik efar mog au-
t.n twn mejidwn éqei prokOyei, h efarmog touc wc perigrafebc thc eikinac gia
th leitourgba thc anbgneushc antikeimenwn. Sugkekriména, api thn pe riogq thc
eikinac pou katadeiknOei o telest ¢ endiaférontoc ex"getai mb a gamhlodi“stath
perigraf mésw  PCA [62] , sugnitera pléon, me ton metasghmatismi SIFT - Sca-
le Invariant Feature Transform [149] h opoba perigrifei thn topik dom thc
eikinac. To sqgetik™ mikri pl joc shmebwn pou ex"gontai api mba eikin a kajist”
dunat thn exantlhtik anaz thsh p"nw se kIbmakec tiso gia ekm’j hsh iso kai gia
anbgneush, kai epitrepei thn eisagwg tegnik,n m“jhshc mhgan,n. Per a api auti,
h anex’rthth kibmakac anbgneush aut,n twn shmebwn mporeb na automatopoi  sei
thn ektbmhsh thc kibmakac tou antikeiménou [62], parak"mptontac t hn exantlhtik
anaz thsh pou a greiazitan diaforetik”.

'Oomwe, dOo problhmatikéc ptugéc thc gr shc mbac tétoiac proséggishc e Pnai:

Oi doméc tOpou khibdac kai diakl"dwshc stic opoPec apokrbnontai oi peris-
siterec méjodoi [198, 148, 149, 158] den ebnai kat’llhlec gia thn perigraf
epbmhkwn dom n, ipwc geblh, pidia ktl., pou parégqoun gr simh plhroforba

gia tic perissiterec kathgorbec antikeimenwn.

Polléc oréc k™poia qr sima shmeba den ewroOntai arket™ shmantik” , ligw
gamhl ¢ éntashc, merik ¢ parathrhsimithtac, orObou kok. Wc ek t oOtou
k"poia shmeba g nontai, me apotélesma thn problhmatik anbgneush twn an-
tikeiménwn.

Sto kef'laio auti gia to pr,to priblhma eis"goume mba méjodo pou anigneQe i

kai exgei perigrafeDc gia garakthristik™ tOpou akm,_n kai “bdwn. Gia to deOtero
priblnma grhsimopoioOme tic mejidouc twn grafik,n montélwn gia na kajodh g-
soume thn anaz thsh gia ta garakthristik® pou den anigneOjhkan, se sunduasmi
me mba apotelesmatik mejodo gia thn ektbmhsh thc pijanof'neiac twn pa ragime-
nwn upojésewn topojesbac twn shmebwn.

'Enac api touc kOriouc isqurismoOc mac ePnai iti h gewmetrik plhroforba kai
genik ¢ Oshc pritupa, ipwc khibdec, eujePec kai "bdoi eparkoOn gia mPa ikano-
poihtik epbdosh se anBgneush kathgori,n antikeiménwn  gwrbc thn gr sh peraitérw
plhroforBac gia thn emf'nish. E'n kai h plhroforba pou mporeb na parée goun

perigrafebc tOpou SIFT  oi suntelestéc enic anaptOgmatoc se  PCA mporeb na ePnai
gr simh gia na xeqwrbsoun dOo antikeDmena thc Pdiac kathgorbac, h anbgneush enic
antikeiménou mporeb na gbnei “sei anaparast’sewn genikiterhc Os hc.

Sto pr,to méroc perigrfoume th méjodo exagwg ¢ shmebwn tOpou primal-
sketch (akmeéc, “bdoi kai kOkloi) “sei twn teqnik,n tou T. Lindeberg . Sto deOtero
meéroc parousi’zoume afenic mPa meéjodo gia thn ekm’jhsh enic grafikoO diktOou
pou montelopoieP tic qwrikéc exart seic metaxO twn shmePwn tou antik eiménou, afe-
terou mba apotelesmatik méjodo gia thn sumpl rwsh twn shmebwn endiafer ontoc
pou mporeD na mhn anigneOjhkan api to arqiki sOsthma.
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6.3 Qarakthristik® TOpou Primal Sketch

H anapar’stash thc eikinac mésw plhroforbac pou ex’getai gOrw api t etoiec
doméc mporeb na dbnei kal” apoteléesmata, p.q. [233, 62], all” autic d en ebnai
upogrewtik® o minoc tripoc na exagjeb mba sporadik anaparstash thc eiki-
nac. Oi perigrafebc tOpou akm,n kai skelet.n égoun grhsimopoihjeb ekt en.c gia
thn montelopobhsh kai anagn, rish antikeiménwn [99, 203], en, end ebxeic api to
anjr,pino optiki sOsthma [143] upodeiknOoun iti diadikasPec anBgneus hc tétoiwn
garakthristik,n lamb”noun g,ra sta pr.ta st"dia epexergasbac thc o ptik ¢ plh-
oforbac.

'Ena praktiki priblhma pou prokOptei itan geirizimaste plhroforba tOpo u
akm c kai skelet,n ebnai iti den up“rgei mba profan ¢ perigraf mbac s uneqoOc
kampOlhc pou na prosféretai se tegnikéc m“jhshc mhgan,n; antijétwc ta gara-
kthristik™ tOpou khibdac mporoOn na perigrafoOn mino mésw thc éshc to uc, pou
ebnai diakrit. Epbshc, h exagwg tétoiwn garakthristik,n api sun egebc eikinec
apaiteb thn eisagwg enic katwflioO, pou mporeb na odhg sei ston kat akermatismi
twn kampul,n.

Sth sqetik ergasba twn [159] h eikina akm n perigrfetai grhsimo poi.ntac
shmeiak™ garakthristik™, pou epilégontai me eéna anex’rthto kIb makac krit rio;
aut h anapar“stash mporeb na par"gei éna uperbolik™ meg~lo pl joc api s h-
meba, en, den grhsimopoieb "mesa thn plhroforba pou sqetbzetai me to m koc thc
kampOlhc, pou ebnai genik™ gr simh gia anagn, rish. Sth anafor™ [63 ] oi akmec
ex"gontai grhsimopoi_ntac anBgneush akm,n tOpou Canny , enwsh akm_n, anbgneu-
sh shmePwn sta opoPa h kampulithta all"zei prishmo kai akoloOjwc probol se
mba “sh PCA. To gegonic iti h kibmaka ephre”zei thn diadikasba anbgneushc mpo -
eb na antimetwpisteb grhsimopoi, ntac thn proseggish tou [147] pou g rhsimopoioO-
me kai emeDc sth sunégeia; imwc h grhsimopoioOmenh akoloujba api leitourg bec
ePnai euabsjhth sto irubo, stic epikalOyeic, autoepikalOyeic kai par amorf seic
tou antikeiménou. Teloc sthn anafor” [156] periogec pou ebnai af inik™ sundiaku-
mainimenec @ ne covariant ) ex"gontai grhsimopoi.,ntac éna krit rio asizimeno
se periogec, to opobo imwc den prosféretai se mba saf anagennhtik ermhneba
ipwc ta garakthristik® “bdou pou grhsimopoioOntai ed..

Parak’tw, asizimenoi sto anex’rthto kiDmakac plabsio anBgneus hc garakth-
istik,ntou  D. Lindeberg [148, 147] parousi"’zoume mba méjodo pou ex"gei eujeba
tm mata akm_n kai "bdwn kat™ énan tripo pou den ephre“zetai api thn kID maka,
paréqgontac aploOc perigrafeDc thc Bdiac poluplokithtac me éna garak thristiki
tOpou khibdac. H suneisfor” mac ed, sunPstatai sthn exagwg api tic s unegebc
kampOlec twn anigneujéntwn garakthristik.n apl .n perigraféwn pou orbzo ntai se

memonwména shmeba, kaj.c kai h pritash thc gr shc touc se éna sOsthma anb -
gneushc antikeiménwn.

6.3.1 Qarakthristik™ Akm,n

To priblhma thc epilog ¢ kIbmakac sthn anBgneush akm,n prokOptei afeni c api
thn sunOparxh apitomwn kai stadiak,n metab”sewn sthn wteinithta, afet erou
sthn parousPa orObou “gnwsthc diaspor™c, api thn opoba kajorDzeta i h éltisth

klPmaka tou Bltrou anBgneushc akm n. MPa IOsh sto priblhma ebnai na q rhsimo-
poioOntai tautigrona Dltra se polléc kIbmakec kai na sundu”zontai o i apokrbseic
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(@) (y =4:1 () =87 (@) =134
Sgma 6.1: Gaussian scale space thc eikinac, pou prokOptei sunelPssontac thn
eikina me Gaussian pur nec auxanimenhc diaspor’c . Se megalOterec kibmakec
epikratoOn oi kuriiterec doméc thc eikinac, all” metakinoOntai ka i ol .noun ta
iri” touc.

@) () =41 (@) =87 d) =13:4
Sg ma 6.2: Poluklimakwt exagwg qarakthristik,n akm_n, grhsimopoi,n tac
ton telest G (6.1) gia diaforetikec timéc thc diaspor™c tou Gaussian pur na;
skoteinéc periogéc deBgnoun mba uyhl tim tou diaforikoQ telest . H kibmaka
sthn opoba megistopoiebtai h apikrish tou kanonikopoihménou tele st kajorbzetai
api to eOroc thc akm c.

touc; prokOptoun étsi imwec ta erwt mata se poiec kiPmakec a rbskontai t a Dltra
kai p,c a sundu“zontai oi apokrbseic touc. Tegnikéc m“jhshc mhgan,n mpo roOn
na grhsimopoihjoOn gia to stiqo auti ipwc gia par"deigma sto kef’laio 3 sthn
anafor” [154], imwc ousiastik™ etsi parak"mptetai to priblhma thc epi log c
kibmakac.

H proseggish pou eishg jhke o D. Lindeberg grhsimopoieb ton Gaussian q,ro
klPmakac (scale space) wc éna argiki sOsthma gia thn poluklimakwt an’lush,
pnw sto opoPo grhsimopoioOntai kanonikopoihménoi diaforikoD tel estéc, ipou h
kanonikopobhsh anaireb th mePwsh sthn éxodo tou telest pou prokOpt  ei api thn
omalopobhsh thc eikinac.

Sugkekriména gia anbgneush akm_n égei protajeb o anex'rthtoc kibma  kac tele-

st ¢ anbgneushc akm n
I

2 2
G =t @' + @' X = 1' (6.1)
@x @y 2

wc éna méso gia thn autimath epilog thc kiPmakac sthn opoba anigneOet  ai mba ak-
m . Sthn parap™nw sgésh L ePnaito apoté&§ma thc sunelixhc thc eikinac | me éna
Gaussian Dltro stajer ¢ apiklishc = tkaiopargontac t grhsimopoiebtai
gia na kanonikopoi sei wc proc thn kibmaka thn diaforik aut posit hta. Au-
ti kajist” tic apokrbseic se diaforetikéc kibmakec sugkrbsimec kai epitréepei thn

anbgneush meégistwn wc proc thn klPmaka tou kanonikopoihménou métrou i sqOoc
akm,n.
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H sugkekriménh tim tou prokOptei api analutik® montéla akm,n kai apai-
t,ntac to krit rio G na megistopoiebtai sthn garakthristik klbmaka thc akm c.
EpBshc, sthn anafor™ [148] h sunj kh gia to mégisto api koinoO sto g.ro kai sthn
klbmaka ekfr'zetai mésw enic sunduasmoQO api parag gouc thc omalopoihmén hc
eikinac, kajist,ntac thn anbgneus touc xek’jarh kai apotelesma tik .

O mhganismic epilog ¢ kibmakac kajorbzei etsi autimata an mba akm eb  nai
apitomh h stadiak™ metaballimenh, epilégontac thn kiIbmaka k'jeta sthn kateO-
unsh thc akm ¢ pou eltistopoieD ton entopismi thc. Sto Sg. 6.2 lé poume ta
apotelésmata tou kanonikopoihmeénou telest anbgneushc akm n se mba  eikina pou
periégei akmeéc se pollapléc kiDmakec; parathroOme iti gia apitomec meta b seic
sth wteinithta oi mikréc kiDmakec epikratoOn, ipwc ston laimi kai sta pidia, en,
omaléc metab“seic dbnoun meégista se megalOterec kiPmakec, ipwc sthn pl  “th kai
sta oun”.

6.3.2 Qarakthristik™ R"bdwn

Ta garakthristik™ “bdwn sumplhr ,noun ta garakthristik™ akm_n sthn anbgneu-
sh epPbmhkwn dom,n, idiabtera se periogéc me oléc akméc all” éntonec me tab"seic
meg’lhc kiPmakac sthn wteinithta. Diaisjhtik® mporoOme na ermhneOso ume thn

anbgneush kampul .n tOpou “bdwn we thn ektbmhsh enic skeletoO thc eikin ac grh-
simopoi, ntac tic sunegebc timéc thc wteinithtac ( gray-scale skeleton ) [147].

Gia to skopi auti o upologismic tou skeletoO h aploOstera h prosarmog
parallhlogrymmwn sthn eikina sun jwc ulopoiebtai mésw mbac akoloujbac anb-
gneushc akm n, anaz thshc axinwn summetrBac, kai sunduasmoO twn akm_n ipwc
p.g. sthn ergasba [105]. K’je eéna api aut” ta st"dia eis"gei sf’l mata kai irubo,
exaitbac thc Oshc twn leitourgi,n pou emplékontai, en, apait,ntac ane xarthsba
api thn klbmaka a periépleke perissitero to priblhma.

AntD na grhsimopoiebtai pr,ima éna sOsthma anBgneushc akm_n sthn proségg  ish
tou [147] grhsimopoioOntai oi kanonikopoihménec wc proc thn kiPmaka idiotimec thc
Hessian thc omalopoihménhc eikinac

q
Lo = 5 Lutly (e Ly)?+4(Ly)’
t f 2 ;

Lgg = 5 Lux + Lyy ¥ (Lax  Lyy) " +4(Lyy) (6.2)
gia na entopistoOn ta mégista thc éntashc twn qarakthristik,n tOpou “bdou. Sug-
kekriména, kaj,c h  Hessian thc omalopoihménhc eikinac grhsimopoiebtai gia thn
topik proséggis thc mésw enic anaptOgmatoc Taylor deOterhc t"xhc, oi idiotiméc
tou mporoOn na grhsimopoihjoOn gia na d,soun mPa sunoptik perigraf thc t opi-
k ¢ dom c thc eikinac; gia par"deigma dOo etikéc idiotiméc shmabn oun mba kurt
epif'neia, diaforetik™ prishma mba dom s“gmatoc en, Bsec idiotimé ¢ antistoiqoOn
se mPa dom tOpou khibdac.

Gia tic doméc pou endiaferimaste ta métra twn idiotim_ n prépei na ebnai shman-
tik™ diaforetik™ metaxO touc, ,ste h kampulithta sthn mPa kateOjunsh ( K'jeta
sth "bdo) na ebPnai pio éntonh api thn ipoia kampulithta sthn “llh (pa r’lih-
la sth "bdo). H apabthsh aut mporeb na diatupwjeb gia par"deigma mésw t ou

L 2 - .
krit riou Lgp Léq tou opobou ta megista wc proc thn kibmaka kai to g,ro en-
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Sqg ma 6.3: Poluklimakwt exagwg “bdwn, grhsimopoi,ntac ton telest A (6.3)

gia diaforetikec timéc thc diaspor™c tou Gaussian pur na. H kibmaka sthn opoba

megistopoiebtai h apikrish tou telest kajorbzetai api to p qoc t hc dom ¢ tOpou

"bdou.

topDzoun doméc tOpou “bdou; Enallaktik” krit ria parousizontai s thn anafor”

[147]. Sto sOsthma suntetagménwn X Yy h parap nw posithta gr-fetai:
I

A = t2 @Lt @Lt 2+4 @Lt . § (6 3)
@% @% @x@y’ 4 '
ipou p’li h kanonikopoBhsh me  t? kaijist™ th diadikasba anBgneushc garakthri-
stik,n anephréasth api thn klIbmaka. Api tic apokrbseic tou telest a utoO sto Sq.
6.3 lépoume thn sgésh thc kiIbmakac twn dom,n sthn eikina me thn apikris h tou
telest ; éqoume étsi meglec apokrbseic arqik™ sta pidia kai sth s ki” tou aligou,

pou ebnai leptec domec en, aux’nontac thn klbmaka entebnontai oi a pokrbseic se
domec ipwc o laimic kai o kormic tou.

Téloc, shmei ,noume iti to krit rio gia thn megistopobhsh thc isqgOoc thc "bdou
ekfr"zetai grhsimopoi ntac sunduasmoOc api telestéc paragwgbsewc api Gaus-
sian sunart seic, kajist,ntac étsi eOkolh thn exagwg kampul.n me meégisth i sqO
garakthristik, n.

6.3.3 Qarakthristik™ KhiBdwn

Sumplhr,.noume thn anapar'stas mac gia thn eikina grhsimopoi ntac doméc tO-
pou khibdwn pou anigneOontai sta mégista q,rou kai klPmakac tou kano nikopoih-
menou wc proc thn kibmaka telest  Laplacian thc Gaussian [148]:

2
H =1t @ + @ =1 (6.4)
@% @
O telest ¢ autic sundéetai me ton telest diafor’c api Gaussians pou grhsi-
mopoiePtai gia thn exagwg garakthristik,n shmebwn tOpou SIFT [149]. Teétoia
garakthristik™ apokrbnontai se doméc ipwc m’tia, idec, opléc kil . kai ebnai
idiabtera gr sima itan h kathgorba den eqgei k™poia “llh xek’ja rh dom .

6.3.4 Exagwg Qarakthristik,n Eujebwn Gramm,n

Api th Osh twn krit riwn pou grhsimopoioOntai ta mégista thc isqOoc twn gar a-
kthristik,n emfanbzontai kat™ m koc suneq,n kampul,n, parégontac éts i kat'l-
Ihlec eisidouc gia leitourgbec sOndeshc shmebwn. ApofeOgontac perbpl  okec teqni-
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Sg ma 6.4: Poluklimakwt exagwg khiBdwn, me ton telest H (6.3); skoteinec
periogéc debgnoun mPa uyhl tim tou diaforikoO telest . Ta mégista emfanbzontai

se shmeba ipou h eikina mporeb topik™ na proseggisteb mésw mbac kuklik cdomc

kec, ipwc autéc pou anaferontai sto kef'laio 3 grhsimopoi same mba kI assik
méjodo [173] gia na kataskeu"soume alusbdec api akméc kai “bdouc, oi opobec
katipin leitourgoOn wc anex’rthtec doméc dedoménwn. Kaj,c afenic h pa rousb-
ash thc mejidou aut a diekopte th sunegeia tou keiménou, afetérou h mejodoc
efarmisthke wc éqei, parapeémpoume sthn parap”nw anafor™ gia mba parousbas

thc. Merik™ apotelésmata abnontai sthn p"nw gramm tou sq matoc Sq . 6.5,
ipou parathroOme iti paBrnoume omaléc kampOlec pou genikitera tairi"zoun me
thn antblhyh mac gia tic akmeéc kai tic "bdouc thc eikinac.

Oi alusBdec akm n pou kataskeu“zontai sth sunégeia katatmoOntai se e ujeba
tm mata eikinac, grhsimopoi,ntac énan epauxhtiki algirijmo prosarmo gc eu-
ei.n [66]. B sei autoO tou algorbDjmou anatbjentai shmeba stadi ak™ se mba eujeba
gramm ewsitou éna krit rio gia thn poiithta thc anakataskeu c to uc api thn eu-
eba pései K'tw api éna irio. Tite eis"getai mba néa eujeba, h opoba analamb’nei
ta upiloipa shmeba k.o.k. ewsitou gia ilec tic parathr seic na up'rge i kai mba
eujePa pou na tic ermhneQei.

Gia na posotikopoihjeb h poiithta anakataskeu ¢ grhsimopoiebtai to krit rio
Olik,n El'gistwn Tetrag,nwn ( Total Least Squares-TLS ) to opobo upologbzei tic
apost’seic twn shmebwn api th eujeba pou ta proseggbzei qrhsimopoi,ntac kai tic

dOo suntetagménec touc, kai igi mino thn Y, ipwc to krit rio el"gistwn tetrag, nwn.

Ta shmePa pou antistoigDzontai se éna eujOgrammo tm ma ewrebtaiitii  kanopoioOn
proseggistik™ mba sqgésh thc morf ¢ axj + by + ¢c=0, ipou (X;y) oi suntetagmenec
tou shmebou kai a; b; coi parrmetroi thc eujebac, pou upikeintai ston periorismi

a’+ > = 1. H apistash tou shmebou X;;y; api thn eujeba aut isoOtai me  ax; +
by + c, opite h elagistopobhsh tou krithrDou ~ TLS upi thsunjkh a2+ I? = 1 dbnei
tic sgéseic

c= ax by
X2 X2 xy Xy a _ a
Xy Xy y* y? b~ b (65
Api ta dOo idiodianOsmata tou probl matoc autoQ epilégoume auti gia to opob o]
elaqgistopoiebtai to sf'lma anakataskeu c.
Prosarmizontac th mejodo aut sthn perbptwsh pou mac endiaférei, grh simo-
poioOme to parak’tw krit rio gia na stamat soume thn epéktash mpac gra mm c:
1? 1 X
. i\ 2 . Ny 2.
1N O MO0 My (6.6)

=1
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ipou N ePnai to pljoc twn shmePwn thc kampOlhc pou antistoigbBzontai sthn eu-
ePa gramm kai | to m koc thc kampOlhc. O deOteroc iroc tou ginimenou ektim”

thn diaspor” tou sfimatoc anakataskeu ¢ metaxO thc pribleyhc tou montélou
eujeDPac gramm ¢ (My; M) kai thc topojesPac tou garakthristikoO (Ix;1y), poso-
tikopoi,ntac thn akrbbeia tou montelou. H diabresh me to m koc | mac pareqgei
mba anex'rthth kibmakac posithta, kaj,c tiso to m koc thc gramm ¢ is o kai h
ektbmhsh tic diaspor’c ebPnai an"logec thc megejunshc/smbkrunshce thc eikinac.

Péra api thn kibmaka, topojesPa kai kateOjunsh, grhsimopoioOme kai to n
ajmi epim kunshc twn garakthristik,n (h ligo gia suntomba), pou ekti m’tai api
thn topik dom thc eikinac sthn kibmaka twn garakthristik,n. Sugk ekrimena,
o ligoc twn apilutwn twn idiotim.n tﬁ thc Hessian m trac thc omalopoihménhc
eikinac L ebnai mba posithta pou den exarttai thn antbjesh thc eikinac, k ai ek-
r"zei thn epim kunsh twn garakthristik,n. Pabrnontac to méso tou | igou autoO
kat™ m koc thc kampOlhc sthn opoba éqei tairiaqteP h eujePa gramm apok toOme
mPa ektbmhsh tou p"qouc twn “bdwn kai tou eOrouc twn akm,n.

EpBshc, oi posithtec stic sgéseic 6.1,6.3 mporoOn na grhsimopoihjo On gia na
posotikopoi soun thn éntash enic tm matoc akm_ n/r"bdou: pabrnonta ¢ ton meso

touc kat™ m koc thc exagjePsac kampOlhc apoktoOme mbPa posithta h opoPa mac
epitrépei na prosarmisoume thn euaisjhsba tou sust matic mac.

'Opwc aPnetai sto sq ma Sqg. 6.5 oi kampOlec kai oi eujeDec pou ex"gonta i se
meg’lo ajmi sunoybzoun thn kurbargh dom thc eikinac, pou kajorbzet ai tiso
api thn kibmaka iso kai api thn antbjesh twn garakthristik,.n. Para throOme

imwc iti se orisména shmeba h exagwg twn qarakthristik,.n den ebnai a krib c;
kOriec phgéc sfimatoc ePnai oi ex c:

H gamhl antbjesh thc eikinac prokaleb gamhl éntash twn qgarakth risti-
k.n, opite gia mPa sqgetik™ uyhl katwflbwsh agnooOntai.

Oi eujePec grammeéc den arkoOn gia na perigr'youn genikéc kampOlec.

O algirijmoc gia to sunduasmi shmePwn se kampOlec den mporeb na sumplh-
,sei gaména shmeba, odhg,ntac se alusbdec spasménec se tm mata.

H sqetik”™ arai deigmatolhyba twn klim"kwn pou grhsimopoiebtai mporeb na
odhg sei se anakrib megista kIDmakac kai sunep,c se anepitugq exag wg
omal n eujei,n

Ta emata aut” ta af noume gia mellontik ergasbPa, kaj,c den ebnai k ritik ¢
shmasbac gia th leitourgba tou upiloipou sust matoc.

6.4 K'twjen Anbgneush Antikeimenwn

'Opwec kai sto prohgoOmeno kef’laio, gia na energopoihjoOn ta montéla pou qgrh-
simopoioOn “nwjen plhroforba grhsimopoioOme éna apli kai apodotiki sOst hma
pou katadeiknOei periogéc thc eikinac ipou a mporoOse na rbsketai éna anti-
keBmeno. O iloc autoO tou tm matoc mésa sto ilo sOsthma mporeD na ewrhj eb

wc enac mhganismic prosoq ¢, o0 opoboc "mesa entopbzei ila ta antikeD mena, me to
kistoc enic meg’lou pl jouc yeud n anigneOsewn.
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Sg ma 6.5: Qarakthristik® “bdwn kai akm_ n gia tésseric kathgor bec antikeime-
nwn. Arister stlh: meégista sto g,ro kai sthn klIbmaka thc éntashc akm_n kai
“bdwn (prsino kai gal’zio gr,ma, antbstoiqa). Mesh kai dexi” s tlh: eujebec
"bdoi kai akméc exagimenec mésw tou anex’rthtou- kibmakac krith rbou prosar-
mog ¢ akm.n. To p"goc twn “bdwn kai h eurOthta twn akm_n ektim ntai api thn

topik dom thc eikinac kai kajorBzoun touc ligouc twn axinwn twn elle byewn kai

ta m kh twn K'jetwn gramm _n sta “kra twn akm_n, antbstoiqga.
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6.4.1 Kataskeu montelou
Anapar“stash mesw codebook

'Opwec stic anaforéc [3, 144] grhsimopoioOme mPa anapar”stash tOpou codebook
gia na sunoybsoume thn poikilba sthn emf nish tou antikeiméenou. Stic proseggbseic
autéc oi katagwr seictou  codebook (Codebook-Entries - CEs ) kataskeu“zontai mée-
sw thc omadopobhshc twn qarakthristik, n shmebwn pou ex"gontai api to sOnolo
ekpabdeushc “sei thc wteinithtac thc periog c gOrw api ta shmeba en diafe-
ontoc. AntbBjeta me tic proseggbseic autéc, den grhsimopoioOme th wte inithta
kajilou; ewroOme iti to megalOtero méroc thc plhroforbac the eikina ¢ perilam-
“netai sthn ésh kai ston tOpo tou garakthristikoO pou anigneOe tai. Auti mac
dbnei éna polO mikri codebook , me ligiterec api 70 katagwr seic se sgésh me p™-

nw api 500 se prohgoOmenec ergasPec, to opoPo mac epitrépei na m’joume sqé seic
metaxO twn kataqwr sewn tou codebook kai na m“joume th dom thc kathgorBac
antikeimenwn grhsimopoi,ntac IBgec eikinec gia ekpabdeush. An kai e ndegomenwc
aplodk , debgnoume iti mPa tétoia anapar’stash mporeD na petOgei ikan  opoihtik™
apotelésmata anbgneushc gia diaforetikec kathgorbec antikei meénwn.

Gia na m’joume éna montélo grhsimopoioOme eikinec ipou to antikeDmeno e mfa-
nbzetai se stajer topojesba kai kibmaka; gia k’je qarakthris tiki shmebo ex"gou-
me to di'nusma éshc tou K = (X;s;r; )T pou periégei thn topojesba X = (X;Y),
thn klbmaka s, to ajmi epim kunshc r kai th gwnba . Gia na efarmisoume
algirijmouc omadopobhshc pou grhsimopoioOn EuklePdiec apostseic met axO twn
perigraféwn ésewc touc metasghmatbzoume pabrnontac ton log’rijmo th ¢ kiIbma-
kac , grhsimopoi ntac thn embQjish ' (cos(2);sin(2 )) thc kateOjunshc ston
<2 kai katipin kanonikopoioOme ta dedoména diair ntac ta me thn diaspor “ touc.

Oi metasghmatisménoi perigrafebc ésewc omadopoioOntai xeqwrist™ g ia K'je
tOpo garakthristik,n, grhsimopoi, ntac argik” ton algirijmo k meanskai sth
sunégeia ton EM gia na ektimhjoOn ta kéntra kai oi diasporéc twn kat anom,n pou
antistoiqgoOn se klje CE. Empeirik® &same ton arijmi twn sust’dwn Bso me 60
gia ilec tic kathgorbec antikeimenwn, en, “llec timéc den edwsan shmantik™ dia-
oretik> apotelésmata. Gia na apofOgoume probl mata pou prokOptoun itan
ena mikri pl joc parathr sewn ebnai diajesimo (p.q. ektim_menoi pbnak ec sundia-
spor’c me polO mikr orbzousa) ewroOme iti ta stoigePa tou dianOsmatoc eshc
ebnai anex’rthta metaxO touc, opite h katanom Py pou antistoigeD sth sust’da Kk
grifetai:

P (K) = Pix (X)Pi;s(S)Pir (1) Pk, () (6.7)

kai k'je énac api touc irouc tou ginoménou montelopoiebtai wc mba Gaussian ka-
tanom .

Epilog uposunilou codebook

'Opwec sthn anafor™ [19] éna uposOnolo api tic katagwr seic tou codebook epi-
legontai “sei tic epbdos ¢ touc sthn anbgneush antikeiménwn ita n leitourgoOn
memonwmena. H leitourgba thc anbgneushc prosomoi,netai, ipou h topojes  Da tou
antikeiménou ebPnai “gnwsth kai to periorisméno di"nusma éshc KO = (si;ri; 1)
enic exagimenou garakthristikoO grhsimopoiebtai gia na apofas isteD an mporeb na
anatejeD se mba kataqg,rhsh.
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Sg ma 6.6: Epilog katagwr sewn codebook : api tic sust"dec pou prokOptoun
api thn omadopobhsh twn garakthristik,n shmebwn epilégetai to uposOnol 1 pou

ebnai grhsimitero gia thn anbgneush tou antikeiménou.

Mia katanom Pg kataskeu zetai gia na IhfioOn upiyh oi statistikéc idiithtec
genik,n usik,n eikinwn kai h sumperifor” tou sust matoc anbgneushc shme bwn
endiaférontoc. Gia par’deigma, an to sOsthm™ mac leitourgeD mésa se mba pilh
orizintiec kai k'jetec “bdoi, pou antistoiqoOn p.q. se pezodri mia, kt ria, pezoOc
kai drimouc emfanbzontai sugn”, den ePnai oi kalOterec gia thn anD gneush enic an-
tikeiménou ipwc mba motosukléta; antbjeta, mba kuklik dom ipwc h ida a pant®
sgetik™ spaniitera, opite ebnai kat’lihlh.

H katanom aut kataskeuzetai pabrnontac ta qarakthristik™ il wn twn shmeb-
wn endiaférontoc kai kataskeu“zontac mba katanom Ps (K9 = Pgs(S)Pg; (r)Ps: ()
grhsimopoi ,ntac mh parametrikec katanoméc me Gaussian pur nec [104], ipou to
eOroc ,nhc touc ektim*tai mésw  cross-validation . To qarakthristiki i mporeb
loipin na anatejeP sto CE k katwfli,nontac ton ligo L, = D (S)g;”(érp))P"‘ O hou
emfanbzetai ston nimo tou Bayes. O ligoc twn priterwn pijanot twn pou a éplrepe
na emfanDzetai parapnw enswmat_ netai sto grhsimopoioOmeno kat fli, t 0 opobo
metab’lletai gia na rejeb h éltisth tim tou.

Gia mba sugkekriménh tim tou katwflioO, k api ta garakthristik™ pou ana-
tbjentai se mbaCE proérgontai api eikinec pou den perieqoun antikebmena ebnai

sumpt, matik” k™pou alloQ p“nw sto antikeBPmeno, ipwc éna gePloc pou antis toigb-
etai se éna rOdi, en, ta upiloipa N proérgontai intwc api to antbstoiqo CE. Gia
na kajoristeb auti eis"getai ek twn ustérwn to pl rec di"'nusma éshc kai ta qa-

akthristik™ gia ta opoba Pi.x(X) > e 2 diathroOntai wc pragmatikéc anigneOseic.
MporoOme étsi na susgetbsoume se k'je CE mba tim akrbbeiac (precision ) kai

an’klhshc ( recall) P = = R = {, me to N na ePnai to pl joc twn antikeiménwn

sto sOnolo ekpabdeushc. Oi timec thc akrbbeiac kai an"klhshc sund u“zontai sthn

F-metrhsh: F = ﬁ; metabllontac to kat,fli h megisth tim thc posithtac

aut ¢ ektim™tai kai grhsimopoiebtai gia thn epilog twn kataqwr se wn pou ebnai
katallhliterec gia anbgneush, kajorbzontac sugqrinwc mba tim g ia to kat,fli

(I. Sg. 6.6).

Sto sq ma Sq. 6.7 abnontai oi kataqwr seic pou epilégjhkan “sei thc dia-
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Sgma 6.7: Anaparast’seic gia priswpa, “loga, autokbnhta kai agel dec pou
prokOptoun api th diadikasPa epilog ¢ katagwr sewn. Oi kikkinoi kOKI oi sum-
olbzoun garakthristik™ khiIBdwn, oi prisinec grammeéc akmeéc kai oi gal“ziec el-

lebyeic "bdouc.

dikasbac aut ¢ gia tésseric kathgorbec antikeiménwn. Blépoume it i 0i pio gara-
kthristikéc domeéc grhsimopoioOntai sthn anapar”stash, en, sugn” arketéc kata-
gwr seic antistoiqoOn se diaforetikéc éseic tou Ddiou tm mato ¢ tou antikeiménou,

ipwc ta pidia tou aligou.

6.4.2 Paragwg Upojésewn Antikeiménwn

Oi apof’seic twn memonwmeénwn katagwr sewn mporoOn na sunduastoOn grhsi-
mopoi.ntac &na pijanotiki montélo to opobo lamb™nei upiyh thn api koinoO ka-
tanom touc. To aploOstero tétoio montélo den ewreD kajilou tic met axO touc
allhlepidr”seic, opite sundéontai ilec oi kataqwr seic apeujeba ¢ me ton kimbo
pou anaparist™ thn topojesba tou antikeiménou O. Gia mba sugkekriménh upo-
y fia topojesba antikeimenou h anbgneush asbzetai ston ligo R = PS(‘I?QV)) twn
pijanot twn twn upojéswn h eikina | na proergetai api éna antikebmeno O sthn
topojesba (X;Yy) kai thn genik upijesh (  background ) B. Gia mba dedomenh an’je-
sh H twn qarakthristik,n se CEs to sugkekriméno montélo pou grhsimopoioOme
epitrépei thn paragontopobhsh tou irou pijanof’neiac pnw stic memo nwmenec

kataqwr seic opite mporoOme na gr'youme:

_ Y P(flrijhk;ox;y)Png 1 P2,

Ry = . :
i P(ffjh;B)PE 1 PE

(6.8)
k2H

Parap’nw H ePnai to uposOnolo twn katagwr sewn pou égoun rei mPa antistob-

gish, M ta upiloipa, flf ta di'nusma éshc gia to garakthristiki pou anatbjetai

sthn katag,rhsh Kk apito H kai Plz B9 epnai h priterh pijanithta h kataq,rhsh
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k na rei mba antistoDgish se eikinec pou perieqoun to antikeDmeno auti apou-
si"zei, antbstoiga. H efarmog mbac tétoiac ékfrashc praktik” empodbzetai api
thn an"gkh na upologisteb to “jroisma p"nw se ilec tic dunatéc anaj eseic H gia
na entopisjoOn oi periogéc uyhloO endiaférontoc. AntD gia auti, ant istrefoume
thn “nwjen dom thc ex’rthshc, kai grhsimopoioOme ta anigneujénta s hmeba gia na
proteBnoun periogéc thc eikinac pou a mporoOsan na periéqoun to antik ebmeno.

Gia mPa eikina ex"gontai ta shmePa endiaférontoc kai ta dianOsma ta éshc touc
antistoigbzontai stic katagwr seic tou montélou, ipwc perigr-fe tai sthn prohgoO-
menh par’grafo; gia K'je kataq,rhsh pou grhsimopoiebtai sthn anapa r"stash
tou antikeiménou apofasbzetai poia qarakthristik™ mporoOn na thc anatejoOn qrh-
simopoi,ntac thn tim katwflDou pou dBnei thn kalOterh meétrhsh F.

Sth sunégeia, gia k'je dunat antistobqish enic qarakthristi koOf se mPa kata-

g.,rhsh Kk, h pl rhc katanom P« (f ) grhsimopoieDtai gia na kajoristoOn oi topoje-
sbec thc eikinac (X;Y) gia tic opobec o ligoc P(%gprj;ﬁf;é;ggﬂt}%‘y) ePnai megalOteroc
thc mon“dac, dhlad na rejeb se poia shmeba thc eikinac mporoOme na ewr Sou-
me iti éna antikebDmeno sth esh (X;y) par gage to garakthristiki f.

H marturba upér enic antikeiménou sta shmeba aut™ pollaplasi“zetai me t on
par"gonta P(fpk(jfh kkj;l?k X_;VBEEEE}S;W) kai oi dunatéc topojesbec antikeiménwn proteBnontai
stic topik™ mégistec épokrE)seic pou entopBzontai susswreOontac tic suneisforéc
api ilec tic dunatéc antistoigbseic.

H meéjodoc anbgneushc aut ebnai parimoia me aut n thc anafor’c [144] , me
th diafor” iti oi Gaussian katanoméc pou grhsimopoioOme gia tic topojesbec twn
tmhm’twn mac apall’ssoun api ton algirijmo omadopoBPhshc tOpou Mean-Shift
pou grhsimopoiebtai ekeb, en, grhsimopoi ,ntac éna anagennhtiki mo  ntélo gia ta
garakthristik® mporoOme na kataskeu“soume ekfr'seic pijanof'neia c. Sugke-
krimena, kaj,c o periorismic iti éna garakthristiki antistoigb zetai se mba mino
kataqg,rhsh den ikanopoiebtai upogrewtik™ kat™ th di"rkeia thc an Bgneushc, mpo-
eb h bdia plhroforba na metrhjeb xan™ odhg,ntac se upobeéltistec a pofiseic. Aut

h proséggish exasfalbzei thn tagOthta me thn opoba ektelebtai aut 1 to st™dio, all®
mporeD eOkola na eltiwjeD milic to montélo tou antikeiménou energo  poihjeD sthn
proteinimenh topojesba. Antistoigbzontac to k’je garakthrist iki se mba mino ka-
taq,rish, aut n gia thn opoba epitugg netai h meégisth aOxhsh sto kri trio (6.8),
dbnei "mesa mba aOxhsh sthn apidosh, ipwc aPnetai argitera sthn par® grafo
twn peiramatik,n apotelesm’twn.

6.5 Eisagwg ‘Anwjen Plhroforbac

Oi upojéseic gia antikebmena pou par"gontai tupik™ asbzontai se en a mikri sOnolo
api anigneujebsec kataqwr seic tou codebook , me tic upiloipec na ewroOntai iti
g'jhkan. Auti ofebletai kurbwc stouc parak™tw par"gontec:

Ena codebook eggen,c parégei mba uperpl rh anaparstash.

H diadikasba anbgneushc qarakthristik. n emfanbzei api minh thc pr obl ma-
ta, ipwc analOjhke sthn enithta 6.3, me apotélesma orisména qarakth risti-
k™ na mhn anigneQontai.

Ta exagimena qarakthristik™ mporeb na mhn rbskoun k“poia katag,rh sh
sto codebook pou na ta montelopoieb epark,c.
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Ta dOo teleutaba probl mata mporoOn na antimetwpistoOn grhsimopoi ntac
“nwjen plhroforbBa gia na odhg soun thn anaz thsh gia ta gaména qa rakthristi-
k™: oi katagwr seic pou égoun anigneujeD mporoOn na proteBnoun dunatéc topo-
esbec gia autéc pou eqoun gajeb, oi opobec sth sunegeia apotim ntai me  “sh thn
up“rgousa plhroforba pou up’rgei sthn eikina.

H gr sh aut ¢ thc idéac egei arqik™ epidiwgjeb stic anaforéc [19 , 144], grh-
simopoi,ntac tm mata api dedoména ekpabdeushc ( exemplars ) antb enic anagennh-
tikoO montélou; diatup,nontac to priblhma sto plabsio twn anagennhti k,n monte-
Iwn elatt,nei to upologistiki kistoc kai thn poluplokithta anapar™s tashc thc
“nwjen plhroforbac, kaj,c den grei"zontai tm mata/perigrrmmata gi a mba sug-
kekriménh kathgorba antikeimenwn. Sthn anafor™ [91] mPa suntakt ik proseggish
grhsimopoiebtai se éna parimoio plabsio, all” ekeb grhsimopoiebta i éna statiki

sOnolo api perigrafebc tOpou  primal-sketch  [88], en, h ergasPa esti"zei sthn
ermhneba genik ¢ Oshc dom_n, par” sthn anBgneush antikeiménwn.

Ed, diatup,noume to priblhma sto plabsio twn grafik,n montélwn kai esti*-

oume sthn ékfrash kai apotbmhsh twn dunamik,n parat rhshc. Qrhsimopoi .ntac
th sgésh  {(P;) = P(IjP;) gia na sgetbsoume thn pijanof neia twn parathr sewn
| dedoménhc thc éshc tou Pj-sto® kimbou, h eéltisth di‘taxh P = (P :::5;Pn)
mporeb na rejeb wc to megisto thc posithtac:
Y Y
P(1jO) = i(Pi) ij (Pi;Pj) (6.9)
i (ij)2C
ipou o deQteroc iroc ePnai p'nw stic kiPkec thc katanom c tou grf ou kai gia
to dbktuo pou grhsimopoioOme ed, sundéei apeujePac th ésh tou tm matoc me th
esh tou antikeimenou: ij (Pi;Po) = P(PijPo) ipou Pg ebnai h ésh tou kimbou
pou antistoiqeD sto kéntro tou antikeimenou.
H apl proseggish sto priblhma ebnai h gr sh tou algirijmou Belief Propa-

gation : ta mhnOmata api ta gnwst™ shmeba endiaférontoc desmeOoun tic éseict wn
gaménwn kai se sunduasmi me tic parathr seic thc eikinac mporoOn na orbs oun

tic Osterec katanomeéc touc [58]. To praktiki empidio rDsketai sth n ektbmhsh twn
ajroism’twn
X Y
mi; (Py) = i(Pi) i (Pi; Py) Mi;i (Pk; Pi) (6.10)
Pi k2fN (i)njg
sta mhnOmata metaxO twn geitinwn. Me ligia h ékfrash aut ht'ei gia k “je tim

tou dianOsmatoc éshc P; tou "dekth' j na upologisteb to kat” piso eDnai sumbat me

th ésh tou €postoléa’ | (iroc i (Pi; P;)) kai thn pIhroforDaé)ou eqei autic api

thn eikina (iroc  {(P;)) kai touc upiloipouc kimbouc (iroc k2N (iynj g Mki (P Pi)
gia ilec tic dunatéc klbmakec, topojesbec, gwnbec kai ligouc. O q.r oc twn dunat,n
dianusm™twn éshc ebPnai tupik™ ter’stioc, kai akima kai itan apotel esmatikob
algirijmoi grhsimopoihjoOn gia thn epPspeush twn ajroism™wn o algiri jmoc
paramenei argic.

Mba proseggish pou ebnai k“pou sto endi"meso ebnai aut thc ergasb ac [135],
ipou éna sOnolo garakthristik.n ex"getai argik”, kai met™ ant® g ia exantlhtik
anaz thsh o algirijmoc belief propagation grhsimopoiebtai gia na protebnei tic pio
pijanéc topojesbec gia ta antikeBPmena. An kai mei ,nei to upologistik i irto, h
mejodoc aut den ebnai se ésh na anak’myei api tic ap,leiec thc diadi kasbac
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anbgneushc qarakthristik, n.

Sthn perbptws mac, afenic gnwrbzoume exarq ¢ ta garakthristik™ ek ebna pou
od ghsan sthn ésh tou antikeiménou pou exet zetai; auti odhge b se kleistéc ek-
r'seic gia ta mhnOmata pou stélnontai se geitonikoOc kimbouc, kaj,c q rhsi-
mopoioOntai Gaussian sunart seic duadikoO dunamikoO kai mPa katanom Dirac
grhsimopoiebtai gia to dunamiki parat rhshc stouc gnwstoOc kimbouc. Af etérou,
to “jroisma p"nw se ilec tic dunatéc topojesbec twn apolesjéntwn qgar akthristi-
k,n shmebwn ebnai upologistik™ apaithtiki, kaj,c apaiteb asik™ thn exagwg enic
irou pijanof’neiac gia K'je dunat tim thc topojesbac tou apoles jentoc shmeb
ou. MporoOme na epitagOnoume aut th diadikasPa parathr ntac iti h posith ta
pou ajrobzetai a prei timéc diaforetikéc api to mhdén mino se perio géc pou ta
eisergimena mhnOmata ePnai p"nw api to mhdén. Aut ePnai mPa perbptwsh pou ta i-
i"zei me thn efarmog tegnik,n tOpou Monte Carlo / particle ltering [169, 13],

pou apofeQgoun thn ektbmhsh thc sun’rthshc pijanof'neiac p"nw se ilo ton g,ro
topojesbac.

Antb gia mba proséggish pou asbzetai sto particle Iterigg se ilaa st°di” thc
[204, 106, 209], proseggbzoume posithtec thc morf ¢ p i(Pi) | M (Pj) wc
exc (l. Sqg. 6.8):

Upologbzoume analutik™ thn posithta Pin (Pi) = Qj m;; (Pi) grhsimopoi,n-

tac kleistéec ekfriseic.
Pabrnoume N debgmataS, api to Pi, (P;)

Sghmatbzoume thn proséggish Monte Carlo :

X Y X
i(Pi)  my; (Pi)° lh (P Sn) (6.11)
P j i=1
grhsimopoi,ntac sunart seic Dirac gOrw api ta deBgmata kai tic pijanof -

neiecl, = ( Sy) = P(1jSy) we “rh.

Proseggbzoume thn katanom mesw thc Gaussian pou elagistopoieb thn api-
klish Kullback Leibler api thn proséggish  Monte Carlo ,

X
I, log P(Sn)

(6.12)

I
n n

Auti apl” shmabnei iti grhsimopoioOme touc stajmisménouc mésouc kai dia-

sporec
P liS P li (S )(S )"
I:_p_i'l_'; j= — '.D'I_' : (6.13)
il it

EktimoOme analutik™ ta mhnOmata pou stélnontai stouc geBtonec
Péra api to trbto  ma, ilec oi llec leitourgbec mporoOn na ulopoihjo On apote-
lesmatik™. Sthn parak’tw par“grafo proteBnoume mba néa méjodo gia to n apote-
lesmatiki upologismi twn irwn pijanof neiac, pou epitrépei thn praktik efar-

mog thc proséggishc aut c.
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Sq ma 6.8: Mhganismic ektbmhshc tou p i(Pi) Qj mi; (P;) gia exi diafore-

tikoOc kimbouc: R™bdoi sto mprost™ kai pPsw pidi, akméc sthn pl'th kai s to
deOtero pidi kai khibdec se dOo diaklad,s%:). (2) Debgmata api to m numa pou
ergetai api to upiloipo grafiki dbktuo | M (Pi). O) Perye isquriteradenga—
ta, “seitou irou i(Pi) gia (9) DeDlgmata api th& katanom B i(Pi) — mij (Pi)
pou prokOptei proseggbzontac thn p i(Pi)  mi (Pi) iN=1 I, (P Sp) me
mbaGaussian . O upologismic tou ajroBsmatoc p'nw se ila ta P; apofeOgetai,
exet"zontac mino debgmata api thn upoperioq tou g,rou éshc pou “prot ebnei' to

grafiki dbktuo.

6.5.1 Apotelesmatik EktBmhsh thc pijanof'neiac

Gia thn ektbmhsh thc posithtac |, = P(1jS,) up“rgoun dOo epilogéc:

Na ex"goume kat™ énan euretiki tripo qarakthristik” F pou na upodeik-
nOoun mba upoperiog tou g.rou topojesbac wc pio pijan kai na grhsimo-

poi soume thn proséggish  P(1jS,) " P(FjS,). H epilog aut apaiteDb thn
exagwg diaforetik n garakthristik.n gia kje tOpo upijeshc, se pol la-
pléc kibmakec, kateujOnseic k.0.k. en, asbzetai sthn ekm’jhsh mb ac kata-
nom c P(FjS,) grhsimopoi,ntac dedoména ekpabdeushc.

Na orbsoume éna anagennhtiki montélo, na anakataskeu™soume thn ei  kina
mino sta shmeba pou protePnontai api tic upojeseic S, na ektim soume to

sf'lma anakataskeu ¢ kai na ex"goume mba antbstoigh ekfrash pijan of™-

neiac. To kOrio priblhma ed, ePnai afenic h ektbmhsh twn paramétrwn to u

anagennhtikoO montélou, afetérou o upologismic twn irwn pijanof'ne iac.
H suneisfor” mac égkeitai sto na katast soume dunat thn efarmog t hc deOterhc
epilog c. Sugkekriména, kataskeu"zoume tic ekfr'seic gia thn pija nof’neia twn
parathr sewn grhsimopoi_ntac éna apli pritupo (templéta) gia k'je tOpo ga ra-
kthristik_n, pou montelopoieD thn eikina gOrw api to tm ma tou garakt hristikoO

mésw dOo ( genikitera K) stajer.n tim n éntashc, ipwc aPnetai sto sq ma Sq.
6.9.

To anagennhtiki montélo pou grhsimopoioOme ewreD iti gia ta sOnolo s h-
mePwiTs, sto eswteriki thc templétac pou antistoigeP sthn upijesh Sh h eikina
prokOptei alloi nontac thn templéta me leuki Gaussian irubo. Dedoménwn twn

parametrwn tou montelou, F, dhlad tic stajeréc timec wteinithtac sto eswteriki
twn tmhm~™twn thc templétac kai th diaspor® thc diadikasbac orObou, mporoOme
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Sq ma 6.9: Templétec gia garakthristik® tOpou (a) akm.n () “bdwn ka i (9) kh-
IBdwn, kai efaptimena dianOsmata sta sOnora twn upotmhm’twn thc templétac.
Epifaneiak” oloklhr mata p™nw sta upotm mata mporoOn na antikatastajo On me
epikampOlia, elatt,nontac ton grino upologismoO api O(N?) se O(N),ipou N h
mba di"stash thc templétac. H puknithta twn dianusm™twn ebnai an”logh tou -
matoc olokl rwshc kai epitrépei ton élegqgo tou sumbibasmoO taqOthta c/akrbbeiac
na gryoume thn pijanofneia twn parathr sewn wc:
Y
P(IjSn) = P(IijF); P(ijF)=N(i ¢; ) (6.14)
i2Ts,
ipou ¢ ebnai h pribleyh tou montelou thc templétac gia to shmebo i. Pabrnontac
ton log’rijmo thc parap™nw ékfrashc kai étontac thn par"gwgi tou Bsh me mhdeén
mac dbnei tic ektim triec megisthc pijanof'neiac:
P I
G = J'ZS—S:' k=1:::K (6.15)
k
P K 2 P P K i -
2 — k=1 5 iZSk(Ii G)” _ [ |i2n k=1 GiiS] (6.16)
K .o - k.. .
ipou K ebnai to pljoc twn stajer,n upomontelwn, S, ebnai to sOnolo twn para-
thr sewn kaito | j dhl nei thn plhjikithta enic sunilou.

'Ola ta ajrobsmata stic parap nw ekfr"seic mporoOn na ewrhjoOn wc dia kri-
topoi seic epifaneiak,n oloklhrwm™twn twn sunart sewn L(X;y); 120X y); 1 (X y)
p'nw sta pedPa pou antistoiqoOn sta upotm mata thc templétac. H méjodic ma c
parak"mptei ta epifaneiak” oloklhr, mata grhsimopoi, ntac to e,rhma to u Sto-
ke:

77 Z Z,
f (x;y)dxdy = Pdx+ Qdy= (P;Q) Tds: (6.17)
s @s 0
T ebnai to monadiaPac nirmac efaptimeno di'nusma sthn kampOlh, | to m koc thc
kampOlhc, en, Q kai P ebnai éna eOgoc sunart sewn tétoio ste
P
QQ @ =f(xy) (6.18)

@x @y
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Sq ma 6.10: Shmeba tOpou “bdwn, akm n kai khiDdwn pou anigneQontai grh simo-
poi.ntac "nwjen gn,sh, katwfli nontac thn pijanithta parat rhshc t ou tm ma-
toc tou antikeiménou.

. 'Ena profanéc eOgoc ePnai oi * oloklhrwtikéc eikinec' [227]

Z, z,

Quiy)= 5 Toavd Poay)= 5 ooy 6.19)
Kaj,c ilec oi posithtec pou emplekontai sthc ekfr"seic pijanof'ne iac mporoOn
na antikatastajoOn api tic antDstoigec epikampOliec ekfr'seic, a uti mac epitre-
pei na upologbzoume tagOtata thn pijanof'neia kje paragjeDsac ésh ¢ grhsi-
mopoi.ntac ajroBsmata p"nw sta sOnora twn upotmhm’twn thc templétac antb gi a
p'nw sto qwrbo thc. Péra api auti, to di"sthma metaxO twn shmePwn p™nw sta
opoba gPnetai h “jroish gia na proseggisteb to epikampOlio olokl r wma mporeb na
ujmisteb kat~ oOlhsh, epitrépontac ton élegqo tou isozugbou meta xO taqOthtac
kai akrbbeiac.

Merik™ endeiktik™ apoteléesmata abnontai sto Sg. 6.10: grhsimo poi.ntac thn
“nwjen gn,sh pou mac parégei h katanom tou grafikoO diktOou plhrofor ba
mporoOme na anigneOsoume tm mata tou antikeiménou pou argik™ g’nontai a  pi to
k'twjen sOsthma ligw gamhl ¢ éntashc.

Praktik™ se periogéc qwrbc éntona garakthristik™ parathroOnta i gamhl” I’
h anakataskeu ¢ kai sunep,c meg’la “rh sth sqésh (6.11). H mba IOsh a tan
na grhsimopoihjeb k'poia priterh katanom p“nw stic parameétrouc twn mon te-
lwn thc templétac, ste na timwroOntai omaléc periogéc. Kaj,c imwc aut h
proséggish a apaitoOse thn euretik kataskeu mbac tétoiac katan omc, grh-
simopoioOme mba idéa antbstoigh aut ¢ pou asist kame sto keflaio t hc uf c.
Sugkekriména, ewroOme mba “mhdenik upijesh’ pou montelopoieb thn wtein ithta
mésw enic stajeroO s matoc, ,ste na elatt,nei to “roc twn garakth ristik.n se

omaléc periogéc. 'Etsi wc “roc antD tou P(1jS;) grhsimopoioOme thn posithta

pi = %, ipou P(1jC) ebnai h pijanof'neia twn parathr sewn upi to

sumplhrwmatiki montelo.
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6.6 Kataskeu Grafik,n Montelwn

B"sei tou aplodkoO grafikoO montélou pou grhsimopoioOme meéqri tra e wrebtai
itih ésh thc k7je kataq,rhshc exart™tai mino api thn ésh tou an tikeiménou; au-
ti mporeb na ebnai éna empidio gia thn kataskeu akribésterwn monteél wn, idiabtera
gia arjrwt” antikeDmena, ipou h tOpou déntrou dom twn allhlexart s ewn menei
anekmet’lleuth [105, 204, 58]. Kat™ th di"rkeia thc kataskeu c enic montélou
grhsimopoi,ntac mino thn k“twjen o plhroforbac h anaz thsh této iwn allhle-
xart sewn ebnai anéfikth, ektic e’n éna meg~lo pl joc dedomeénwn e Pnai diajésimo:
ta perissitera eOgh, tri"dec, k.0.k. katagwr sewn den a ePnai sugqgrinwc energ’,
kajist ntac thn kataskeu sunart sewn api koinoO katanom c problh matik .
Qrhsimopoi, ntac imwc thn “nwjen méjodo sumpl rwshc mporoOme na anakt -
soume ta perissitera api ta tm mata pou éqoun gajeb kai étsi na emploutbso ume
to argiki sOnolo parathr se,n mac. EpBshc, oi omaléc pijanithtec par at rh-
shc gia ta tm mata tou antikeiménou mporoOn na enswmatwjoOn sthn ektbmhs  h twn
dunamik,n eOgouc kai thn epilog twn klik .n kat™ thn ekm’jhsh dom c.

Gia katanoméc me dom déntrou ipou mino duadikéc sgéeseic lamb™nonta i upi-
yh, o algirijmoc el"gistou ekteinimenou dentrou Minimum Spanning Tree - MST
mporeb na grhsimopoihjeb gia na rei ton éltisto gr'fo pou sundéei ilouc touc
kimbouc, ipwc stic anaforéec [33, 58]. Sugkekriména, grhsimopoi, ntac Gaussian
sunart seic gia tic memonwmeénec kai api koinoO katanoméc, to kérdoc ston log™-
ijmo thc pijanof'neiac pou epitugq netai ewr,ntac thn api koinoO k atanom

twn kKimbwn i kai | ebnai:

jog —(PiiP1) =cNIogJ—.'”‘_.’] (6.20)

G = P(P)P(P,) Pl

(PiiPj)2Pj

ipou Pj ePnai to sOnolo twn parathroOmenwn eug.n kimbwn  (i;j ), N h plhjiki-
tht” tou, ij kai i, j oi ektim triec megisthc pijanof neiac twn api koinoO kai
memonomeénwn pin“kwn diaspor"c antbstoiga, kai ¢ mba stajer”.

Kaj,c den grhsimopoioOme dedoména pou na éqoun epilegeD geirwnaktik® d  Oo

émata pou prokOptoun ePnai iti, pr.ton oi pPnakec sundiaspor™c ektim nta i api
dedomeéna me diaforetik poiithta, exaitbac twn pijan,c anakrib,n t opojesi,n tmh-
m’twn kai deOteron h “nwjen anBgneush tmhm’twn parégei mino mba ektbmhsh t hc
pijanithtac na ebnai ekeb éna qarakthristiki kai iqi mba diakr it apifash. Para-

thr same iti apoktoOme kalOtera apotelésmata grhsimopoi,ntac tic pija nithtec
apeujebac stic ektim seic twn paramétrwn kai tou pl jouc eug,n, antb th ¢ katw-
[Bws c touc.

Sugkekriména, oi par'metroi twn katanom,n ektim ntai megistopoi ntac t on
stajmigméno log™rijmo thc pijanofneiac twn parathroOmenwn dianusm’t wn e-
shc, ; pilogP (P;i) pou mac dbnei:

PE P P P P T
= p|p|1 = ipl( i o) IF))( i I) (621)
i M i M

en, h posithta N sth sqesh (6.20) antikajbstatai api thn P i pi. Gia katanomec
eug,n h posithta  P; antistoigeD sto di"nusma garakthristik,n pou sghmatbzetai
en,nontac ta dianOsmata ésewc twn dOo tmhm’twn kai ipou li étoume to ginimeno
twn memonwmeénwn pijanot twn na parathrhjeD k’je méloc tou eOgouc. Shmei, -
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Sgma 6.11: Dom grafikoO montélou gia ta garakthristik® pou ex gage to “nwjen
sOsthma gia 40 kataqwr seic.

noume ed, iti ipwc kai gia thn paradoq pou k’name arqik’, iti ta stoiq eba tou
dianOsmatoc éshc ePnai anex’rthta, ewroOme kai ed, iti oi api Koi noO katanoméc
ekfr'zontai wc éna ginimeno katanom,n p“nw sthn gwnba, sthn topojes Pa kai thn
kibmaka twn garakthristik,n.

'Opwc aPnetai sto sq ma Sq. 6.11, h dom tou grafikoO montélou pou ex “getai
ebnai diaisjhtik™ ikanopoihtik , kaj,c oi perissiterec akmec e Pnai metaxO geito-
nik,n tmhm“twn, sullamb™nontac orj”~ thn allhlex"rthsh twn qarakth ristik,n
eshc touc.

Gia ton stigo thc anbgneushc, met™ api thn exagwg thc dom c tou gr fou
ektim_ntai oi par'metroi twn dunamik,n eOgouc gia dOo peript,seic: h pr,th
antistoiqeb stic topojesbec twn tmhm~™twn pou anakt,ntai se eikinec pou perieégoun
to antikeDmeno (ipwc prohgouménwc) kai h deQterh se eikinec ipou to ant  ikePmeno
apousi‘zei. 'Etsi mporoOme na exet’soume kat” piso ePnai alhj c mba upije sh
antikeimenou “sei thc pijanof°neiac thc di“taxhc twn tmhm™twn pou ex"gontai
api aut n.

Gia to genikitero plabsio tou sunduasmoO K'twjen kai “nwjen plhrofo rbac,
a mporoOsame na grhsimopoi soume auti to grafiki dbktuo antb tou prohgo O-
menou gia na anakthjoOn ta gaména tm mata tou antikeiménou. Anamenimen o ePnai
iti ekmetalleuimenoi thn akribésterh gn_sh thc api koinoO katano m ¢ twn tmh-
m’twn, eparkoOn ligiterec upojéseic gia thn leitourgba tou “nwjen sus t matoc,
kajist,ntac thn efarmog tou sust matoc oikonomikiterh.

6.7 Peiramatik”™ Apotelesmata

Gia na exet"soume thn eltbwsh pou eis"gei to k’je éna api ta protein imena st"dia
esti"zoume sthn anbgneush autokin twn api th “sh dedoménwn pou parousi “ze-
tai thn anafor” [3]. Kaj,c se ilec tic upiloipec ergasbec, p.q. [3, 144, 63, 9]

parégontai kampOlec akrbbeiac-an’klhshc ( Precision - Recall - PR ) gia th sug-
kekriménh “sh dedoménwn mporoOme na sugkrBnoume apeujePac ta apoteléesmat ~
mac me ta dik” touc; gia tic upiloipec kathgorbec antikeiménwn pabrnoume poiotik
parimoia apotelésmata, all” den mporoOme na ta sugkrbnoume me prohgoOmenec
ergasbec, kaj.c ekeb grhsimopoioOntai kampOlec ROC, pou ePnai anex’rthtec api
thn topojesba tou antikeiménou.

Gia ta apotelésmata pou parousi"zontai sto sq ma Sqg. 6.14 (a) aposund eoume
thn epbdosh tou sust matoc anbgneushc api th diadikasba katapbesh ¢ mh-mégistwn
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Sq ma 6.12: Mhganismic periorismoO etik,n apokrDsewn: To K'twjen s Osthma
anbgneushc protebnei dOo dunatéc topojesPec thc eikinac we pijanéc na periégoun
éna priswpo. Energopoi,ntac to "nwjen montélo to opobo anazhteb perio géc sthn
eikina pou na antistoiqoOn sth dom tou, gia thn yeud upijesh rBskon tai Ibgec
antistoigbec, kai autéec sumptwmatik™; antbjeta gia thn alhj upijes h oi peris-
siterec katagwr seic tou codebook égoun reb mba antbstoigh dom sthn ebkona.
'Etsi, exasjeneb h yeud c upijesh kai isquropoiebtai h alhj c.

(nonmaximum suppression ) [3] pou efarmizetai se éna Ostero st’dio grhsimo-
poi.ntac éna mikri parijuro diast"sewn 5 5; etsi pollec yeudebc anigneOseic
pou rbskontai se geitonikéc periogéc metr ntai wc anex’rthtec k ai dbnoun énan
ainomenik™ gamhli ajmi akrbbeiac. Sundu”zontac tic exidouc twn memo nwmenwn
taxinomht.n ipwc sto prohgoOmeno kef'laio, parathroOme iti k’je éna api ta
proteinimena st"dia eis"gei mba eltbwsh sthn epbdosh, me ta telik " apotelesma-
ta pou sundu“zoun tic "nwjen kai K'twjen mejidouc anbgneushc na ebnai a isjht”
kalOtera api aut” thc kajar™ K'twjen.

H eltbwsh sthn epPdosh pou epitugq netai eis"gontac éna megalOter o pl-

oc api upojéseic kai mei,nontac to ma olokl rwshc abnetai sto sq ma Sq.
6.14(); gia ta telik® mac apotelésmata grhsimopoioOme ta apotelésma ta thc me-
idou me thn megalOterh akrbbeia, pou kostbzei 40 deQtera an” upijes h se ena
upologist taqOthtac 1:4 Ghz. en, oi "llec dOo peript, seic grei"zontai perbpou 7

kai 15 deOtera. MPa "mesh eltbwsh a mporoOse na epiteugjeP grhsimopoi .ntac
mba akoloujba api elégqouc [227], exet"zontac arqik™ an réjhka n ta pio qara-
kthristik® shmeba (p.q. to métwpo gia éna priswpo, oi idec gia éna auto kbnhto)

kai katipin, an éqoun rejeb na suneqgbzetai o elegqgoc.
Sto sq ma Sq. 6.14(g) ipou sugkrbnoume ta apotelesmat™ mac me aut™ pri-

sfatwn ergasi .n, h méjodic mac katat"ssetai an"mesa stic kalOtere c, kai ebnai
susthmatik™ kat,terh mino api ta apotelésmata thc ergasbac [144], i pou plh-
oforba gia thn wteinithta, éna codebook megalOterhc di“stathc kai énac tele-

st ¢ endiaférontoc pou leitourgeb se prokajorisménh kibmaka grh simopoioOntai.
Shmei,noume ed, iti kaj,c peristrefoume ta antikebmena kat™ th di"rke ia thc
ekpabdeushc ste na éqoun thn Pdia kateOjunsh, mporeD na éqgei eisagje P k'poia
mikr eltbwsh sthn epbdosh, kaj,c stic upiloipec ergasbec den anaf eretai auti
to shmebo. H diafor” aut ebnai amelhtéa, kaj,c ta autokbnhta sthn “sh [3] kai

ta montéla pou majabnontai ebnai sqedin summetrik™. Auti to opobPo ewro Ome pio
shmantiki ePnai iti “rista apotelésmata anbgneushc éqoun epiteug) eb sundi“zontac

thn K'twjen me thn "nwjen plhroforba gwrbc perbplokouc perigrafebc emf nishc
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Sg ma 6.13: Apotelésmata sunergetik ¢ anBgneushc antikeiménwn: to K'twjen sO-
sthma protePnei éna sOnolo pijan,n topojesi,n gia antikeDmena, oi opo bec epalh-
eOontai api to “nwjen sOsthma, ipwc perigr-fetai sto keDmeno. Gia mbPa s ug-
kekrimeénh tim enic katwflioO, oi topojesPec me kikkinh diakekommen h gramm
aporrbptontai, en, me thn pr'sinh suneq egkrbnontai. Genikiter a etsi periorb-
ontai oi yeudebc anigneOseic, me to kistoc orisménwn gaménwn etik n (I dexi®
st Ih).
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Bottom-Up & Top-Down Car Detection Speed vs. Accuracy treadeoff Comparison with prior work
1 )

1
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Sqma 6.14: P'nw gramm : (a) Belti,seic sthn epbdosh pou eis"gonta i se dia-
oretik™ st"dia epexergasbac: BU: bottom-up, NB: naive Bayes, TD: Top-down,
GM: Graphical model, GMTD: Graphical model & Top-down. () Sumbibasmic
akrbbeiac / taqOthtac; h epPdosh tou “nwjen anigneut elti neta i aux"nontac to
pl joc twn upojésewn ( particles ) kai elatt_ nontac to ma olokl rwshc. (g) SOg-
krish me apotelésmata “llwn mejidwn, met” thn katapbesh mh-megbstwn. K" tw
gramm : Sugkritik™ apotelésmata gia tic “llec kathgorbec antike imenwn.
ipwc stic anaforéc [149, 63], grhsimopoi,ntac éna mikri lexiki kai apodotikoOc
algorbjmouc.
Sthn kK'tw gramm kampOlec P R parousi"zontai gia tic upiloipec kathgo-
ec, ipou p’li l1époume th eltbwsh pou epitugq netai sundu“zontac thn * nwjen
me thn k“twjen plhroforba. Gia priswpa epitugg netai “ristoc entopis mic twn
antikeiménwn, en, gia tic “llec dOo kathgorDec ta apotelésmata eD  nai k"pwc geiri-
tera, kurbwc ligw tou sunduasmoO enic mikroO sunilou ekpabdeushc kai t hc pio

dOskolhc dom ¢ twn antikeiménwn.

Peiramatikéc Rujmbseic

Gia autokPnhta grhsimopoioOme th “sh dedoménwn kai th me&jodo apotbmhs  hc thc

anafor™c [3], me tic Bdiec peiramatikec ujmBbseic pou perigr-fonta i sto prohgoO-
meno kef'laio. Kat™ th di"rkeia thc ekpabdeushc 100 eikinec grh simopoioOntai oi
opoPec an greiasteD antistréfontai ste ta autokPnhta na égount  hn Bdia kateOQjun-
sh. Gia “loga kai agel’dec grhsimopoioOme ta dedoména twn [19, 144] antbstoiqa
kai 50 eikinec gia ekpabdeush kai 50 gia exétash. Oi antDstoige ¢ elleDyeic kalO-
ptoun proseggistik™ to 1/2 thc epif'neiac tou kormoO twn wn; sugkekr iména oi
diast"seic twn orizintiwn/ K'jetwn axinwn ebnai 20 / 45 pixels gia agel"dec kai 35

/ 50 pixels gia “loga.
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6.A' Analutikec Sgéseic Mhnumtwn MetaxO Geiti-
nwn

Kat™ th di“rkeia thc ekpabdeushc, itan kataskeu“zontai oi sust” dec tou codebook
grhsimopoiebtai gia k'je sust’da i h katanom P;j(P); akribéstera, aut ebnai h
montelopobhshc thc katanom ¢ twn qarakthristik, n, dedomenhcthc éshc tou an-
tikeimenou: P;(PjO). Kat" th di"rkeia thc anBgneushc twn antikeimenwn h ésh tou
antikeimenou ebnai en génei “gnwsth; gia auti itan éloume na ekfr “soume to m nu-
ma pou stélnei o kimboc 1 sto kimbo | opite kai empléketai h katanom P(PijP;)
prépei na apalobyoume thn ésh tou antikeiménou mésw olokl rwshc. Jewr .n-
tac to didi"stato di"nusma éshc X, gia katanomec pou exasfalbzoun anexarthsba
api metatipish éqoume (ilec oi sgéseic gr-fontai antbstoiqa kai g ia ta upiloipa
garakthristik”)

Z Z
P(XijXo) = P (Xi; Xc)Xo) = P (XijXc; Xo0)P (XcjXo) (22)

X ¢ Xc
P (Xi; Xc; Xo) : P (Xi; XojXc)
— TP (X Xo) = — =
x. P(XciXo) (XcJxo) xo P(XqjXc)
x. P(XoJXc)

P (XcjXo) (23)
P (XojXc) (24)

ipou P (XgjXc) = P(X¢jXo) kaj,c montelopoioOme kai tic dOo katanoméc mésw twn
diafor,n twn  X¢; Xo. Sthn telik ékfrash iloi oi iroi ePnai diajésimoi kaj,c h

ésh tou antikeiménou ewrebtai gnwst , opite mporoOme na grhsimopoi soume tic
parameétrouc pou ektim, ntai kat™ thn ekpabdeush. Apoménei loipin o upologis mic
twn oloklhrwm™twn, o opoboc ebPnai analutik™ efiktic kaj,c oi sunart seic ebnai
Gaussian .

Oi iroi pou emplékontai sthn pr,th oloklhroOmenh posithta gr-fontai

_ 1
PiXeix) = r——med [0 X) o woltxe Xd ol (29)
0,0 |
L 1 (Xo X) o | 1 (o X o
P (Xo; XijXc) 27 4jt2 exp (Xi  Xo) o Xi  Xe) i
i = 0;0 i (26)

i;0 i;i

ipou gia thn montelopobhsh thc katanom c thc éshc twn shmebwn twn codebooks
Xo, X; afairoOme th ésh tou kéntrou tou antikeiménou X, me | sumbolbzoume
tic ektim triec tou mésou kai tou pbnaka diaspor’c twn antbstoiqwn diafor n.
MporoOme loipin na gr'youme

P(Xo; XiJXc) _ 1 _ T 1ry.
Poai) - 2] =P Ko )Tl )
? = it Xe+ ;l;—o o;(])- (XO ( o™t XC))

1 = ici i-l;-o o;é i;0 (27)
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Kaj,c to epimeno ma perilamb™nei thn olokl rwsh wc proc thn “gnwsth po-
sithta X, xanagr'foume th diafor” metaxO twn irwn mésa sto ekjetiki wec mba
ekfrash tou  X:

Xi 'O = X i Xe ;I;-o o;é (XO ( ot Xc))
— T 1 T 1
= | i;0 {%0 |} Xc | i 0 0;0&(0 0) Xi} (28)

Sunep,c mporoOme na griyoume thn parap™nw sgésh wc:

P (Xo; Xi]Xc) j o T 1
—_— = ——— eX X X
P (XoiXo) 2] g P e e e )
— T 1 1
2 - c 1 c
O “lloc iroc pou menei proc olokl rwsh ebnai o P (XojX¢) 0 opoboc dbnetai api thn
(25), opite péra api th stajer j—ﬂ egoume na upologbsoume to olokl rwma tou
ginoménou dOoGaussian sunart sewn:
Z
T A
1
s eXP (X Xc) o' 00[(Xo  Xc) ol (29)
2] ool

to opobo dbnei xan™ mb&aussian sun’rthsh me pbnaka diasporc:

1
3= 2 L+ o;é (30)
kai méso:
3= 32 ¢t 3 goXo o) (31)






Kef'laio 7

Sumper smata kai KateujOnseic
Mellontik ¢ 'Ereunac

Sta plabsia thc diatrib ¢ aut ¢ epizht jhke h epBlush problhm™twn th c irashc
grhsimopoi,ntac mPa pijanotik proséggish, me kOrio stigo thn enopob hsh Kai
api koinoO antimet,pish twn problhm“twn thc kat"tmhshc eikinwn kai anb gneushc
antikeiménwn. Api thn éreuna pou égine éqoun prokOyei suneisforéc tiso s to
geirismi thc sunérgeiac metaxO gamhloO kai uyhloO epipédou leitourgi n the
irashc, iso kai sta epimérouc probl mata.

Ta kOria kainotomik™ apotelésmata kai oi mellontikéc touc epekt’se ic mporoOn

na sunoyistoOn sta parak’tw shmeba:

An’lush kai Ekm’jhsh enic Biologik® Empneusménou Montélou QamhloO
kai Mesou Epipédou Leitourgi n 'Orashc

H ergasba aut apotélese ena pr,to ma gia thn olokl rwsh montélwn i olo-
gik ¢ kai upologistik ¢ irashc; xekin,ntac api éna aplopoihméno mon telo gia
leitourgPec tou iologikoO sust matoc irashc, h leitourgba tou diatup,jhke wc
h elagistopobhsh enic metabolikoO krithrBou, en, h metabolik pr 0séggish sth
sumperasmatologba epétreye thn pijanotik tou an’lush. 'Etsi katés th dunat
h ekmjhsh twn ar,n tou diktOou api dedoména ekpabdeushc, pou od ghse se
susthmatikéc elti_seic stic epidiseic tou diktOou

Blépontac aut n thn proséggish xan™ sto metaboliki plabsio, mporoOme na
poOme iti ekmaj jhke éna krit rio pou emplékei irouc antbstoigouc tou sunar-
thsiakou Mumford-Shah kai to opobo posotikopoieb thn poiithta mbac diadikasbac
anbgneushc akm n. Ja tan endiaféron na exetasteb kat™ piso aut h proséggish
mporeb na efarmosteb kai se “lla metabolik™ krit ria, p.q. gia ekt Bmhsh kbnhshc,
pou sun jwc orDzontai kat™ énan aujabreto tripo. H idéa thc ekm’jhs hc krithrBwn
gia probl mata irashc ePnai sgetik™ néa, p.q. [67] kai a mporoOse n a odhg sei se
eltiwvmeénouc algorbjmouc pou na ekmetalleOontai ta garakthristik™ tou optikoO

mac perib”llontoc.
An’lush kai Kat"tmhsh Eikinwn Uf c Mésw Qarakthristik,n Diamirfw-
shc, Anagennhtik,n Montélwn kai Stajmisménhc Exélixhc Kampul,n

Sta plabsia aut ¢ thc ereunhtik ¢ kateOQjunshc epidi gjhke h gr sh t wn mon-
telwn diamirfwshc gia ta probl mata thc an’lushc uf ¢ kai kat"tmhshc eiki-
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nwn. Eis"gontac ta topik™ anagennhtik® montéla ermhneOthke h dia dikasba exa-
gwg ¢ qarakthristik,n me Dltra Gabor wc h prosarmog enic montelou kai h
epilog kanalioO thc mejidou DCA wc mba diadikasba exetashc pollapl,n upoje-
sewn. Epektebnontac aut thn proseggish, h anbgneush akm_n diatup,jhk e sto bdio
plabsio twn topik,n anagennhtik,n montélwn, epitrépontac ton upologis mi Oste-
wn pijanot twn gia treic genikéc kl"seic topik ¢ dom ¢ (uf , akméc kai omalec
periogéc). Teloc, “sei mPac tegnik ¢ sunduasmoO taxinomht,n eis gjhke h mejo-
doc Stajmisménhc Exélixhc Kampul,n pou epitrepei ton sunduasmi diaforet ik,n
phg,n plhroforBac grhsimopoi ntac thc Osterec pijanithtec twn tri.n k ["sewn.
EpiteOgjhke étsi h kattmhsh mbac poikilDac usik,n eikinwn, dbnonta ¢ susthma-
tik™ kalOtera apotelésmata.

Se mellontik ergasPa a tan endiaféron na diatupwjeD mba sOndesh me thn
proseggish tou D. Lindeberg pou parousi“sthke sto teleutabo kef'laio. H asik
diafor” ebnai iti en, ed, asizimaste sthn poiithta anakatask eu c thc eikinac,
en, sthn ergasPa tou gqrhsimopoioOntai diaforikéc posithtec. H e pbteuxh mbac sOn-
deshc a mporoOse afenic na eis"gei garakthristik™ tOpou uf ¢ wc peri grafebc
gia anbgneush antikeiménwn, afeterou thn gr sh irwn pijanithtac gia ta qarakth-
istik®  primal sketch

Sunérgeia metaxO Anagn, rishc Antikeiménwn kai Kattmhshc Eikinwn meé Sw
tou Algirijmou Expectation Maximization

Se aut n thn ptuq thc éreunac thc diatrib ¢ antimetwpbsthke to pribl hma thc api
koinoO kat“tmhshc, an’lushc kai anBgneushc antikeiménwn, éton t"c to sto plabsio
tou algorbjmou EM. H saf neia kai h aplithta ebnai ta asik™ pleo nekt mata thc
proseggishc aut ¢, pou eqoun epitréyei thn enswm’twsh diaforetik n te gnik,n thc
irashc upologist,n kat™ énan xek’jaro tripo. Sugkekriména sundu”st hkan mon-
tela AAM me tegnikéc exelixhc kampul,n gia kat'tmhsh antikeiménwn, eis "gontac
plhroforBa kat"tmhshc gia ta pr.ta kai statistik plhroforBa sq matoc gia thn
exélixnc kampul.n. B"sei tou EM kataskeu’sthke éna sOsthma to opoDo mpo reb

na katatmeb eikinec antikeiménwn pou an koun se kathgorbec me meg’l h poikilba
sthn emf'nish, elti,nontac par’lihla tic epidiseic anbgneushc

MbPa kateOjunsh mellontik ¢ éreunac apoteleD h ekm’jhsh montélwn gia ge-
nik ¢ Oshc antikePmena; sqetik™ prisfatec ergasbec, p.q. [233, 19, 62] éqoun
d.sei to énausma gia mPa éntonh drasthriithta gOrw api thn automatopoi hmeénh
kataskeu tmhmatik n anaparast’sewn [3, 144, 63, 133] all” polO IDg ec ergasbec
asqgoloOntai me thn kataskeu kajolik,n anagennhtik,n montélwn [23 6]. Epbshc,
ena shmebo to opobo égei mino merik,c antimetwpisteb sthn up’rqousa ibl  iogra-
Pa [238, 136, 133] ePnai o sunduasmic garakthristik,n gamhloO epipé dou (p.q.
akmeéc) me tmhmatik™ /kai kajolik™ antikeBmena gia thn kat“tmhsh e ikinwn.
Sunergetik Anbgneush Antikeimenwn mésw Shmebwn Endiaférontoc kai Gra-
ik,n DiktOwn
Sta plabsia thc ergasbac aut ¢ apléec gewmetrikéc domec, ipwc eujePeca  kmeéc/r"bdoi
grhsimopoi jhkan gia thn anapar”stash kathgori,n antikeiménwn q rhsimopoi,n-
tac ena mikri codebook gia ta tm mata tou antikeimenou. H eisagwg mbac apote-
lesmatik ¢ mejidou gia thn apotBmhsh twn irwn pou emplekontai stic ekf r’seic

pijanof°neiac katésthse dunat thn eisagwg “nwjen gn shc sto pri blhma thc
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anbgneushc mésw teqnik,n grafik,n diktOwn, odhg, ntac se susthmatik™ kalOtera
apotelésmata.

EbPnai endiaféron na eisagjeb periplokiterh plhroforba gia thn emf’nish api
ta grhsimopoioOmena ed, topik™ stajer” montéla, diathr,ntac par’ll hla touc
upologismoOc aploOc kai apotelesmatikoOc. EpBshc, didi"stata garakt hristik”
ipwc gwnbec, diastaur,seic kai genikitera periplokitera garakthr istik™ tOpou
primal sketch mporoOn epBshc na enswmatwjoOn sto montélo mac kataskeu“zontac
apléc parametrikec templetec, epitrepontac th gr sh touc se “nwjen di adikasbec,

elti. nontac par’llhla thn epPdosh kai twn dOo mejidwn anbgneushc.

Katal gontac, gia ila ta probl mata pou antimetwpbsthkan, to méso g ia thn dia-

tOpwsh kai epBlush problhm™twn thc irashc apotélese h gr sh pijanotik n mon-
telwn. O kOrioc periorismic aut ¢ thc proséggishc ePnai h meg’lh poik ilba twn
optik,n antikeimenwn pou up“rgoun sto perib’llon: an kai gia sugkekrime nec pe-
ipt,seic, p.g. priswpa, pezoD autokPnhta mporoOn na kataskeuastoOn mont éla

entopbzontac geirwnaktik™ ta shmeba touc, a tan adOnato na gbne i to Bdio gia kje
antikebmeno pou antilambanimaste.

Gia to stiqo auti a mporoOsan na epektajoOn oi suneisforéc thc paroOsa c
ergasbac proc thn automatopoihménh kataskeu montélwn megalOterhc pol uplo-
kithtac, ta opoba na sundu”zoun ta proter mata twn grafik,n kai twn ana gennh-
tik,n montélwn. Gia par"deigma, mporeb kanebc na antasteb tic anapar  ast’seic
twn montélwn tou éktou kefalabou wc énan skeleti tou antikeiménou, pou sullam-
“nei sunoptik™ thn kurbargh dom tou antikeiménou kai ta AAMs tou pémptou wc
ena montélo uyhliterhc akrbbeiac, pou "gtbzetai' p"nw ston skele ti tou antikeime-
nou. Katal goume étsi sto genikitero priblhma tou sunduasmoO anagen nhtik, n
kai grafik,n montélwn.

Epbshc, mba proséggish pou eDge mebnei se adr'neia gia éna meg~lo gr oniki di*-

sthma kai eqgei prisfata epanerjei ebnai h gr sh suntaktik,n anapar ast’sewn.
Gia thn perbptws mac, h ekm’jhsh twn suntaktik,n kaninwn gia touc tripouc me
touc opoPouc mPa kampOlh par“gei eujeba tm mata a mporoOse na d,sei sumpa-
gebc anaparast™seic twn antikeiménwn, pou a perie"'mbanan gia par” deigma gia
thn kathgorba twn pros,pwn domeéc ipwc “metwpo’, “stima’, ‘'malli™ k.o.k. k aj,c
kai touc tripouc me touc opobouc autec sgetbzontai.

Péra api tic sgetik” ilidoxec parap™nw idéec, énac aptic stigoc e Pnai h perai-
terw ekmet’lleush thc ploOsiac majhmatik ¢ “shc kai diaisjhtik ¢ saf neiac
tou pijanotikoO plaisbou. Kaj.c h o ide,n api to q,ro thc mijhshc mhga -
n,n kai thc pijanotik c sumperasmatologbac éqgei argbsei na apodbde i karpoOc
p.q. [57, 61, 210], abnetai pleon efikt h kataskeu epitughmenwn sus thm™twn

irashc upologist,n gia praktikéc efarmogec.






167







Bibliografba

[1] D. Ackely, G. Hinton, and T. Sejnowski. A Learning Algorithm for Bolt zmann
Machines. Cognitive Science , 9:147-169, 1985.

[2] E. Adelson and J. Bergen. Spatiotemporal Energy Models for the Perc eption
of Motion. J. Opt. Soc. Amer. , 2(2):284-299, 1985.

[3] S. Agrawal and D. Roth. Learning a Sparse Representation for Object De -
tection. In Proc. Eur. Conf. on Comp. Vision , volume 4, pages 113-130,
2002.

[4] S. Baker, I. Matthews, and J. Schneider. Automatic Construction of Ac-
tive Appearance Models as an Image Coding Problem. IEEE Trans. PAMI ,
26:1380-1384, 2004.

[5] A. Barbu and S. Zhu. Graph partition by Swendsen-Wang cuts. In Proc.
Int.| Conf. on Comp. Vision , 2003.

[6] A. J. Bell and T. J. Sejnowski. The "Independent Components" of Natura
Scenes are Edge Filters. Vision Research , 37(23):3327-3338, 1997.

[7]1 S. Belongie, C. Carson, H. Greenspan, and J. Malik. Color- and texture-
based image segmentation using EM and its application to content-b ased
image retrieval. In  Proc. Int.I Conf. on Comp. Vision , 1998.

[8] A. Berger. The Improved lterative Scaling Algorithm: A Gentle Introduc -
tion, 1997. "http://citeseer.ist.psu.edu/berger97improved.
html"

[9] E. J. Bernstein and Y. Amit. Part-Based Statistical Models for Object C-
lassi cation and Detection. In Proc. IEEE Conf. on Comp. Vision and Pat.
Recogn., 2005.

[10] S. Beucher and F. Meyer. The Morphological Approach to Segmentation:

The Watershed Transformation. In E. R. Dougherty, editor, Mathematical
Morphology in Image Processing , pages 433—-481. Marcel Dekker, New York,
1993.

[11] I. Biederman. Human Image Understanding: Recent Research and a
Theory. Computer Vision, Graphics, and Image Processing , 32:29-73, 1985.

[12] M. Black, G. Sapiro, D. Marrimont, and D. Heeger. Robust Anisotropi C
Diusion. |IEEE Trans. Im. Proc. , 7(3):421-432, 1998.



170 Bibliografba

[13] A. Blake and M. Isard.  Active Contours . Springer Verlag, 1998.
[14] A. Blake and A. Yuille, editors. Active Vision . MIT Press, 1992.
[15] A. Blake and A. Zisserman.  Visual Reconstruction . MIT Press, 1987.

[16] V. Blanz, T., and Vetter. Face Recognition Based on Fitting a 3 D Morphable
Model. IEEE Trans. PAMI , 25(9):1063 — 1074, 2003.

[17] K. Blekas, A. Likas, N. P. Galatsanos, and |I. E. Lagaris. A Spa tially-
Constrained Mixture Model for Image Segmentation. IEEE Trans. Neur.
Netw. , 16(2):494-498.

[18] E. Borenstein, E. Sharon, and S. Ullman. Combining Top Down and
Bottom-Up Segmentation. In  Perceptual Organization Workshop, CVPR , vo-
lume 4, 2004.

[19] E. Borenstein and S. Ullman. Class-Speci c, Top-Down Segmentat ion. In
Proc. Eur. Conf. on Comp. Vision , 2002.

[20] D. Boukerroui, J. Noble, and M. Brady. On the Choice of Band-Pass Qua -

drature Filters. Journal of Mathematical Imaging and Vision , 21:53-80,
2004.
[21] A. Bovik, M. Clark, and W. Geisler. Multichannel Texture Analysis us ing

Localized Spatial Filters. IEEE Trans. PAMI , 12(1):55-73, 1990.

[22] A. C. Bovik, N. Gopal, T. Emmoth, and A. Restrepo. Localized Measurement
of Emergent Image Frequencies by Gabor Wavelets. IEEE Trans. Information
Theory, 38:691-712, 1992.

[23] Y. Boykov and V. Kolmogorov. Computing geodesics and minimal s urfaces
via graph cuts. In  Proc. Int.| Conf. on Comp. Vision , 2003.

[24] Y. Boykov, O. Veksler, and R. Zabih. Fast approximate energy mi nimization
via graph cuts. |EEE Trans. PAMI , 23(11):1222-1239, 2001.

[25] T. Brox and J. Weickert. A TV Flow based Local Scale Measure for T exture
Discrimination. In  Proc. Eur. Conf. on Comp. Vision , 2004.

[26] C. Burges. A Tutorial on Support Vector Machines. 1998.

[27] M. Burl, M. Weber, and P. Perona. A Probabilistic Approach to Obje ct
Recognition using Local Photometry and Global Geometry. In Proc. Eur.
Conf. on Comp. Vision , 1998.

[28] J. Canny. A Computational Approach to Edge Detection. IEEE Trans. PAMI ,
8(6):679-698, 1986.

[29] M. Carandini and D. Heeger. Summation and Division by Neurons in Visua
Cortex. Science, 264:1333-1336, 1994.

[30] M. Carandini, D. Heeger, and J. A. Movshon. Linearity and Normalizat ion of
Simple Cells of the Macaque Primary Visual Cortex. Journal of Neuroscience
17:8621-8644, 1997.



Bibliografba 171

[31] V. Caselles, R. Kimmel, and G. Sapiro. Geodesic Active Conto urs. Int.l. J.
of Comp. Vision , 22(1):61-79, 1997.

[32] T. Chan and L. Vese. Active Contours Without Edges. IEEE Trans. Im. Proc. ,
10(2):266-277, 2001.

[33] C. Chow and C. Liu. Approximating discrete probability distribut ions with
dependence trees. |EEE Trans. Information Theory , 14(3):462-467, 1968.

[34] L. Cohen. On Active Contour Models and Balloons. Computer Vision, Gra-
phics, and Image Processing: Image Understanding , 53(2):211-218, 1991.

[35] M. Cohen and S. Grossberg. Absolute Stability of Global Pattern F ormation
and Parallel Memory Storage by Competitive Neural Networks. IEEE Trans.
Systems, Man, and Cybernetics , 13(5):815-826, 1983.

[36] D. Comaniciu and P. Meer. Mean shift: A Robust Approach toward Fe ature
Space Analysis. |IEEE Trans. PAMI , 24(5):603—-619, 2002.

[37] T. Cootes, G. J. Edwards, and C. Taylor. Active Appearance Mod els. IEEE
Trans. PAMI , 23(6):681-685, 2001.

[38] T. Cootes and C. Taylor. Active Shape Models- Smart Snakes. In Proc. Brit.
Mach. Vis. Conf , 1992.

[39] T. Cootes and C. Taylor. Constrained Active Appearance Models. In Proc.
Int.I Conf. on Comp. Vision , 2001.

[40] T. F. Cootes. Statistical Models of Appearance for Computer Vision. Tech-
nical report, University of Manchester, 2000.

[41] T. F. Cootes, G.V.Wheeler, K.N.Walker, and C. J. Taylor. View -Based Active
Appearance Models. Image and Vision Computing , 20:657-664, 2002.

[42] R. Courant and D. Hilbert. Methods of Mathematical Physics , volume I.
Wiley Interscience, 1953.

[43] Cover and Thomas. Elements of Information Theory . Wiley, 1993.

[44] R. G. Cowell, A. P. Dawid, S. L. Lauritzen, and D. J. Spiegelhalte r. Probabi-
listic networks and expert systems . Springer Verlag, 1999.

[45] D. Crandall, P. Felzenszwalb, and D. Huttenlocher. Spatial Priors f or Part-
Based Recognition using Statistical Models. In Proc. IEEE Conf. on Comp.
Vision and Pat. Recogn. , 2005.

[46] D. Cremers, N. Sochen, and C. Schnorr. Towards Recognition Based Va-
riational Segmentation Using Shape Priors and Dynamic Labelling. In Proc.
Intl. Conf. Scale Space , 2003.

[47] G. C. Cross and A. K. Jain. Markov random eld texture models. IEEE
Trans. PAMI , 5(1):25-39, Jan. 1983.



172 Bibliografba

[48] D. P. Huttenlocher and S. Ullman. Recognizing Solid Objects by Ali gnment
with an Image. Int.l. J. of Comp. Vision , 5(2):195 — 212, 1990.

[49] J. Daugman. Uncertainty Relation for Resolution in Space, Spati al Freque-
ncy and Orientation Optimized by Two-Dimensional Visual Cortical Fi Iters.

J. Opt. Soc. Amer. (A) , 2(7):160-169, 1985.

[50] P. Dayan and L. Abbott.  Theoretical Neuroscience: Computational and Ma-
thematical Modeling of Neural Systems . MIT Press, 2001.

[51] P. Dayan, G. Hinton, R. Neal, and R. Zemel. The Helmholtz Machine. Neural
Computation , 7:889-904, 1995.

[52] A. Dempster, N. Laird, and D. Rudin. Maximum Likelihood from Incom plete
Data via the EM algorithm.  Journal of The Royal Statistical Society, SeriesB
1977.

[53] R. Deriche. Using Canny's Criteria to Derive a Recursively Implement ed

Optimal Edge Detector. Int.l. J. of Comp. Vision , 1(2):167-187, 1987.

[54] D. Dimitriadis and P. Maragos. Robust Energy Demodulation Base d on
Continuous Models with Application to Speech Recognition. In Eurospeech,
2003.

[55] R. Duda, P. Hart, and D. Stork. Pattern Classi cation . Wiley-Interscience,
New York, 2001.

[56] G. Evangelopoulos, I. Kokkinos, and P. Maragos. Advances in Va riational
Image Segmentation using AM-FM models: Regularized Demodulation a nd
Probabilistic Cue Integration. In Proc. 3rd. Int.l Workshop on Variational and
Level Set Methods (VLSM) , pages 121-136, 2005.

[57] L. Fei-Fei, R. Fergus, and P. Perona. One-Shot Learning of Object Cat ego-
ries. |EEE Trans. PAMI , 28(4):594-611, 2006.

[58] P. Felzenswalb and D. Huttenlocher. Pictorial Structures for Object Reco-
gnition. Int.l. J. of Comp. Vision , 2005.

[59] P. Felzenszwalb and D. Huttenlocher. E cient Graph Based Image Se g-
mentation. Int.l. J. of Comp. Vision , 59(2), 2004.

[60] R. Fergus. Visual Object Category Recognition . PhD thesis, 2005.

[61] R. Fergus, L. Fei-Fei, P. Perona, and A. Zisserman. Learning Object Ca-
tegories from Google's Image Search. In  Proc. Int.l Conf. on Comp. Vision ,
2005.

[62] R. Fergus, P. Perona, and A. Zisserman. Object Class Recognition by Unsu-
pervised Scale-Invariant Learning. In Proc. IEEE Conf. on Comp. Vision and
Pat. Recogn., 2003.

[63] R. Fergus, P. Perona, and A. Zisserman. A sparse object category mo del for
e cient learning and exhaustive recognition. In Proc. IEEE Conf. on Comp.
Vision and Pat. Recogn. , 2005.



Bibliografba 173

[64] D. Field, A. Hayes, and R. Hess. Contour Integration by the Human Visual
System: Evidence for a Local "Association Field'.  Vision Research , 33(2):173—
193, 1993.

[65] M. Fischler and R. Erschlanger. The Representation and Matching of Pi c-

torial Structures.  IEEE Trans. Computers , 22(1):67-92, 1973.

[66] D. Forsyth and J. Ponce. Computer Vision: A Modern Approach . Prentice
Hall, 2003.

[67] W. Freeman, E. Pasztor, and O. T. Carmichael. Learning Low-Level V ision.
Int.l. J. of Comp. Vision , 40(1):25-47, 2000.

[68] W. T. Freeman and E. H. Adelson. The Design and Use of Steerable Fi lters.
IEEE Trans. PAMI , 13(6):891-906, 1991.

[69] B. Frey and N. Jojic. Estimating Mixture Models of Images and Inf erring
Spatial Transformations Using the EM Algorithm. In Proc. IEEE Conf. on
Comp. Vision and Pat. Recogn. , 1999.

[70] B. Frey and N. Jojic. Transformation-Invariant Clustering Using the EM
Algorithm. IEEE Trans. PAMI , 25(1):1-17, 2003.

[71] B. Frey and N. Jojic. A Comparison of Algorithms for Inference and L earning
in Probabilistic Graphical Models. IEEE Trans. PAMI , 27(9), 2005.

[72] K. S. Fu. Syntactic Pattern Recognition . Prentice-Hall, 1974.

[73] D. Gabor. Theory of Communication. Journal of the IEE , 93(lll):429-457,
1946.

[74] M. Galun, E. Sharon, R. Basri, and A. Brandt. Texture Segmentation by
Multiscale Aggregation of Filter Responses and Shape Elements. In Proc.
Int.I Conf. on Comp. Vision , 2003.

[75] S. Geman and D. Geman. Stochastic Relaxation, Gibbs Distributio ns, and
the Bayesian Treatment of Images. |IEEE Trans. PAMI , 66(6):721-741, 1984.

[76] F. Girosi, M. Jones, and T. Poggio. Regularization Theory and Neura | Ne-
twork Architectures.  Neural Computation , 7:219-269, 1995.

[77] N. Graham and A. Sutter. Normalization: Contrast-Gain Control in Simp le
(Fourier) and Complex (non-Fourier) Pathways of Pattern Vision. Vision
Research, 40:2737-2761, 2000.

[78] U. Grenander. General Pattern Theory . Oxford University Press, 1993.

[79] U. Grenander and M. I. Miller. Representation of Knowledge in Com plex
Systems. Journal of The Royal Statistical Society, Series B, 56(4):549-603,
1994.

[80] W. E. L. Grimson. Object Recognition by Computer . MIT Press, 1991.



174 Bibliografba

[81] R. Gross, |. Matthews, and S. Baker. Constructing and Fitting Active Ap-
pearance Models With Occlusion. In IEEE Workshop on Face Processing in
Video, 2004.

[82] S. Grossberg. The Adaptive Brain I: Cognition, Learning, Reinforcement,a  nd
Rhythm . North-Holland, 1987.

[83] S. Grossberg. Neural Networks and Natural Intelligence . MIT Press, 1988.

[84] S. Grossherg. 3-D Vision and Figure-Ground Separation by Visual corte X.
Perception and Psychophysics , 55:48-121, 1994.

[85] S. Grossberg and E. Mingolla. Neural Dynamics of Surface Perception:
Boundary Webs, Illuminants, and Shape from Shading. Computer Vision,
Graphics, and Image Processing , 37:116-165, 1987.

[86] S. Grossberg, E. Mingolla, and J. Williamson. Synthetic Aperture Rad ar
Processing by a Multiple Scale Neural System for Boundary and Surface
Representation. Neural Networks , 8(7-8):1005-1028, 1995.

[87] E. Gumbel, A. Greenwood, and D. Durand. The Circular Normal Distribu-
tion: Theory and Tables.  Journal of the American Statistical Association
48(261):13i1-152, 1953.

[88] C. Guo, S. Zhu, and Y. Wu. A Mathematical Theory of Primal Sketch and
Sketchability. In  Proc. Int.I Conf. on Comp. Vision , 2003.

[89] G. Guy and G. Medioni. Inferring Global Perceptual Contours from Local
Features. Int.l. J. of Comp. Vision , 20(1):113-133, 1996.

[90] P. Hallinan, G. Gordon, A. Yuille, and D. Mumford. Two- and Three- Dimen-
sional Patterns of the Face . A. K. Peters, 1999.

[91] F. Han and S. C. Zhu. Bottom-Up/Top-Down Image Parsing by Attrib ute
Graph Grammar. In  Proc. Int.| Conf. on Comp. Vision , 2005.

[92] J. Havlicek and A. Bovik. Image Modulation Models. In A. Bo vik, editor,
Handbook of Image and Video Processing , pages 305-316. 2000.

[93] J. Havlicek, D. Harding, and A. Bovik. Multidimensional Quasi-
Eigenfunction Approximations and Multicomponent AM-FM Models. IEEE
Trans. Im. Proc. , 9(2):227-242, 2000.

[94] D. Heeger. Optical Flow Using Spatiotemporal Filters. Int.l. J. of Comp.
Vision, 1:279-302, 1988.

[95] B. Heisele, T. Serre, M. Pontil, T. Vetter, and T. Poggio. Categ orization by
Learning and Combining Object Parts. In Advances in Neural Information
Processing Systems , 2001.

[96] J. Hertz, A. Krogh, and R. G. Palmer. Introduction to the Theory of Neural
Computation . Addison-Wesley, 1989.



Bibliografba 175

[97] R. Heydt, E. Peterhans, and G. Baumgarthner. lllusory Contours and Cor-
tical Neuron Responses.  Science, 224(4654):1260-1262, 1984.

[98] G. Hinton and T. Sejnowski. Learning and Relearning in Boltzmann Machi -
nes. In Rumelhart and McClelland, editors, Parallel Distributed Processing
volume 1, chapter 7. MIT Press, 1986.

[99] D. Ho man and W. Richards. Parts of Recognition. Cognition , 18:65-96,
1985.

[100] J. Hop eld. Neurons with Graded Response have Collective Com putational
Properties like those of Two-State Neurons. Proc. Nat.| Academy of Sciences
of USA, 81:3088 — 3092, 1984.

[101] D. Hubel. Eye, Brain, and Vision . Scienti c American Library, 1988.
[102] P. J. Huber. Projection Pursuit. Ann. Statist. , 13:435-525, 1985.

[103] D. Huttenlocher, G. Klanderman, W., and Rucklidge. Comparing Imag es
Using the Hausdor Distance. IEEE Trans. PAMI , 15(9):850-863, 1993.

[104] A. Ihler, E. Sudderth, W. Freeman, and A. Willsky. E cient Sampling
of Multi-Scale Gaussian Distributions. In Advances in Neural Information
Processing Systems , 2004.

[105] S.loe and D. A. Forsyth. Probabilistic Methods for Finding Peo ple. Int.l. J.
of Comp. Vision , 43(1):45-68, 2001.

[106] M. Isard. Pampas: Real Valued Graphical Models for Computer Vision. In
Proc. IEEE Conf. on Comp. Vision and Pat. Recogn. , 2003.

[107] T. Jaakkola. Tutorial on Variational Approximation Methods . In Advanced
Mean Field Methods: Theory and Practice . MIT Press, 2000.

[108] R.Jacobs. Methods for Combining Experts' Probability Asse sements. Neural
Computation , 7:867-888, 1995.

[109] A. K. Jain and F. Farrokhnia. Unsupervised texture segmentation usi ng
Gabor lters. Pattern Recognition , 24(12):1167-1186, 1991.

[110] O. Jesorsky, K. Kirchberg, and R. Frischholz. Robust Face Detect ion Using
the Hausdor Distance. In AVBPA, 2001.

[111] E. Jones and S. Soatto. Layered Active Appearance Models. In Proc. Int.l
Conf. on Comp. Vision , 2005.

[112] M. Jones and T. Poggio. Multidimensional Morphable Models: A F ramework
for Representing and Matching Object Classes. Int.l. J. of Comp. Vision ,
29(2):107-131, 1998.

[113] M. Jordan. Learning in Graphical Models . MIT Press, 1998.

[114] M. Jordan. Graphical Models. Statistical Science , 19:140-155, 2004.



176 Bibliografba

[115] M. Jordan and R. Jacobs. Hierarchical Mixtures of Experts and the E M
Algorithm. Neural Computation , 6(2):181-214, 1994.

[116] B. Julesz. Textons, the Elements of Texture Perception and their Interac-
tions. Nature, 290:91-97, 1981.

[117] H. J. Kappen. Deterministic Learning Rules for Boltzmann Machine s. Neu-
ral Networks , 8:537-548, 1995.

[118] M. Kass, A. Witkin, and D. Terzopoulos. Snakes: Active Contour M odels.
In Proc. Int.I Conf. on Comp. Vision , 1987.

[119] S. M. Kay. Fundamentals of Statistical Signal Processing: Estimation &
Detection Theory , volume I&Il. Prentice Hall, 1993.

[120] S. Kichenassamy, A. Kumar, P. Olver, A. Tannenbaum, and A. Yezzi. Gra -
dient Flows and Geometric Active Contour Models. In Proc. Int.I Conf. on
Comp. Vision , 1995.

[121] M. Kirby and L. Sirovich. Applications of the Karhunen-Loeve Procedure

for the Characterization of Human Faces. IEEE Trans. PAMI , 12:103-108,
1990.

[122] H. Knutsson and C. F. Westin. Normalized Convolution and Di erent ial
Convolution: Methods for the Interpolation and Filtering of Incomplete and

Uncertain Data. In  Proc. IEEE Conf. on Comp. Vision and Pat. Recogn. , 1993.

[123] C. Koch. Biophysics of Computation: Information Processing in Single Neu-
rons. Oxford University Press, 1999.

[124] C. Koch, J. Marroquin, and A. Yuille. Analog Neuronal Networks in Earl y
Vision. Technical Report 751, MIT A.l. Lab, 1985. ftp://publications.
ai.mit.edu/ai-publications/pdf/AIM-751.pdf

[125] I. Kokkinos, R. Deriche, O. Faugeras, and P. Maragos. Computati onal
Analysis and Learning for a Biologically Motivated Model of Boundary De-
tection and Image Segmentation. Under preparation , 2006.

[126] I. Kokkinos, R. Deriche, P. Maragos, and O. Faugeras. A Biologi cally Mo-
tivated and Computationally Tractable Model of Low and Mid-Level Vision
Tasks. In Proc. Eur. Conf. on Comp. Vision , 2004.

[127] 1. Kokkinos, R. Deriche, T. Papadopoulo, O. Faugeras, and P. Ma ragos.
Towards Bridging the Gap Between Computational and Biological Segme n-
tation. Technical report, INRIA, 2006. Under preparation.

[128] I. Kokkinos, G. Evangelopoulos, and P. Maragos. Advances in T exture
Analysis: Energy Dominant Components and Multiple Hypothesis Testing.
In Proc. Int.I Conf. on Image Processing , 2004.

[129] I. Kokkinos, G. Evangelopoulos, and P. Maragos. Modulation-F eature based
Textured Image Segmenation Using Curve Evolution. In Proc. Int.I Conf. on
Image Processing , 2004.



Bibliografba 177

[130] I. Kokkinos, G. Evangelopoulos, and P. Maragos. Modulation F eatures,
Generative Models and Weighted Curve Evolution for Texture Analysis and
Segmentation. |EEE Trans. PAMI , 2006. Submitted for publication.

[131] I. Kokkinos and P. Maragos. An Expectation Maximization A pproach to the
Synergy between Object Categorization and Image Segmentation. In Proc.
Int.I Conf. on Comp. Vision , 2005.

[132] I. Kokkinos and P. Maragos. Nonlinear Speech Modeling Using Mod els for
Chaotic Systems. IEEE Trans. Speech and Audio Processing , 2005.

[133] I. Kokkinos, P. Maragos, and A. Yuille. Bottom-Up and Top-Do wn Object
Detection Using Primal Sketch Features and Graphical Models. In Proc.
IEEE Conf. on Comp. Vision and Pat. Recogn. , 2006.

[134] F. R. Kschischang, B. J. Frey, and H.-A. Loeliger. Factor Graphs and the
Sum-Product Algorithm. IEEE Trans. Information Theory , 47(2):498-519,
2001.

[135] M. P. Kumar, P. H. S. Torr, and A. Zisserman. Extending pictorial struc -
tures for object recognition. In Proceedings of the British Machine Vision
Conference, 2004.

[136] M. P. Kumar, P. H. S. Torr, and A. Zisserman. Obj cut. In Proc. IEEE Conf.
on Comp. Vision and Pat. Recogn. , 2005.

[137] J. S. L. Alvarez, J. Weickert. Reliable estimation of dense optical ow elds
with large displacements.  Int.l. J. of Comp. Vision , 39(1):41-56, 2000.

[138] X. Lan and D. Huttenlocher. Beyond Trees: Common-Factor Models for 2D
Human Pose Recovery. In  Proc. Int.l Conf. on Comp. Vision , 2005.

[139] Y. Leclerc. Constructing Simple Stable Descriptions for Image P artitioning.
Int.l. J. of Comp. Vision , 3(1):73-102, 1991.

[140] T. S. Lee. A Bayesian Framework for Understanding Texture Segmenta tion
in the Primary Visual Cortex. Vision Research , 35(18):2643-2657, 1995.

[141] T. S. Lee. Image Representation Using 2D Gabor Wavelets. IEEE Trans.
PAMI, 18(10):959-971, 1996.

[142] T. S. Lee and D. Mumford. Hierarchical Bayesian Inference in the Vis ual
Cortex. J. Opt. Soc. Amer. (A) , 20(7), 2003.

[143] T.S. Lee, D. Mumford, R. Romero, and V. A. Lamme. The Role of the P rimary
Visual Cortex in Higher Level Vision. Vision Research , 38:2429-2454, 1998.

[144] B. Leibe, A. Leonardis, and B. Schiele. Combined Object Categ orization and
Segmentation with an Implicit Shape Model. In Proc. Eur. Conf. on Comp.
Vision, 2004. SLCV workshop.

[145] M. Leventon, O. Faugeras, and E. Grimson. Statistical Shape In uence in
Geodesic Active Contours. In  Proc. IEEE Conf. on Comp. Vision and Pat.
Recogn., 2000.



178 Bibliografba

[146] Z. Li. Visual Segmentation by Contextual In uences via Intracorti cal Inte-
ractions in Primary Visual Cortex. Network: Computation in Neural Systems
10(2):187-212, 1999.

[147] T. Lindeberg. Edge Detection and Ridge Detection with Auto matic Scale
Selection. Int.l. J. of Comp. Vision , 30(2), 1998.

[148] T. Lindeberg. Feature Detection with Automatic Scale Selecti on. Int.l. J. of
Comp. Vision , 30(2), 1998.

[149] D. Lowe. Distinctive Image Features from Scale-Invariant Keyp oints. Int.l.
J. of Comp. Vision , 60(2), 2004.

[150] J. Malik, S. Belongie, T. Leung, and J. Shi. Contour and texture analys is
for image segmentation.  Int.l. J. of Comp. Vision , 43(1):7-27, 2001.

[151] D. Mallat and Z. Zhang. Matching Pursuit in a Time-Frequency Dictio nary.
IEEE Trans. Signal Processing , 41:3397-3415, 1993.

[152] P. Maragos and A. Bovik. Image Demodulation Using Multidime nsional
Energy Separation. J. Opt. Soc. Amer. (A) , 12(9):1867-1876, 1995.

[153] D. Marr. Vision. W.H. Freeman, 1982.

[154] D. Martin, C. Fowlkes, and J. Malik. Learning to Detect Natural | mage
Boundaries Using Local Brightness, Color, and Texture Cues. IEEE Trans.
PAMI, 26(5):530-549, 2004.

[155] D. Martin, C. Fowlkes, D. Tal, and J. Malik. A Database of Hum an Seg-
mented Natural Images and its Application to Evaluating Segmentatio n Al-
gorithms and Measuring Ecological Statistics. In Proc. Int.I Conf. on Comp.
Vision, 2001.

[156] J. Matas, O. Chum, M. Urban, and T. Pajdla. Robust Wide Baseline Stereo
from Maximally Stable Extremal Regions. In Proc. Brit. Mach. Vis. Conf
2002.

[157] I. Matthews and S. Baker. Active Appearance Models Revisited . Int.l. J. of

Comp. Vision , 60(2):135-164, 2004.

[158] K. Mikolajczyk and C. Schmid. Scale and A ne Invariant Interest Poi nt
Detectors. Int.l. J. of Comp. Vision , 60(1), 2004.

[159] K. Mikolajczyk, A. Zisserman, and C. Schmid". Shape recognition with
edge-based features. In  Proc. Brit. Mach. Vis. Conf , pages 779-788, 2003.

[160] B. Moghaddam and A. Pentland. Probabilistic Visual Learning for Object
Representation. |IEEE Trans. PAMI , 19(7):693-710, 1997.

[161] J.-M. Morel and S. Solimini. Variational Methods in Image Segmentation
Birkhauser, Boston, 1995.



Bibliografba 179

[162] G. Mori, X. Ren, A. Efros, and J. Malik. Recovering Human Body Co n gu-
rations: Combining Segmentation and Recoginiton. In Proc. IEEE Conf. on
Comp. Vision and Pat. Recogn. , 2004.

[163] C. Morrone and D. Burr. Feature Detection in Human Vision: a Phase-
Dependent Energy Model.  Proceedings of the Royal Society of London B
235:221-245, 1988.

[164] D. Mumford. Elastica and Computer Vision. In B. J., editor, Algebraic
Geometry and its applications , pages 507-518. Springer Verlag, 1993.

[165] D. Mumford. Neuronal Architectures for Pattern Theoretic Problems. In
Large Scale Theories of the Cortex . MIT Press, 1994.

[166] D. Mumford. Pattern Theory: A Unifying Approach. In Perception as Baye-
sian Inference . 1996.

[167] D. Mumford. The Statistical Description of Visual Signals. In Proc. ICIAM,
1996.

[168] D. Mumford and J. Shah. Optimal Approximations by Piecewise Smoo th
Functions and Associated Variational Problems. Communications on Pure

and Applied Mathematics , 42(5):577-685, 1989.

[169] R. Neal. Probabilistic Inference Using Markov Chain Monte Carlo Methods.
Technical report, Univ. of Toronto, 1993.

[170] R. Neal and G. Hinton. A View of the EM Algorithm that Justi es Incre men-
tal, Sparse and Other Variants. In M. Jordan, editor, Learning in Graphical
Models . 1998.

[171] A. Needham and R. Baillargeon. E ects of prior experience in 4. 5-month-
old infants object segregation.  Infant Behaviour and Development , 21:1-24,
1998.

[172] H. Neumann and W. Sepp. Recurrent V1-V2 Interaction in Early Visual
Boundary Processing. Biological Cybernetics , 91:425-444, 1999.

[173] R. Nevatia and K. Babu. Linear feature extraction and descripti on. Computer
Graphics and Image Processing , 13(3):257-269, July 1980.

[174] S. Osher and J. Sethian. Fronts Propagating with Curvature-Dependent
Speed: Algorithms Based on Hamilton-Jacobi Formulations. Journal of
Computational Physics , 79:12-49, 1988.

[175] C. Papageorgiou and T.Poggio. A Trainable System for Object Detection.
Int.l. J. of Comp. Vision , 38(1):15-33, 2000.

[176] G. Papandreou and P. Maragos. Multigrid Geometric Active Conto ur Models.
IEEE Trans. Im. Proc. , 2006. to appear.

[177] A. Papoulis. Probability, Random Variables and Stochastic Processes
McGraw-Hill, 1988.



180 Bibliografba

[178] N. Paragios and R. Deriche. Geodesic Active Regions: A new Para  digm to
Deal with Frame Partition Problems in Computer Vision. Journal of Visual
Communication and Image Representation , 3:249-268, 2002.

[179] N. Paragios and R. Deriche. Geodesic Active Regions and Level Set Methods
for Supervised Texture Segmentation. Int.l. J. of Comp. Vision , 46(3):223-
247, 2002.

[180] N. Paragios and S. Osher. Geometric Level Set Methods in Imaging, Vision &
Graphics . Springer, 2002.

[181] P. Parent and S. Zucker. Trace Inference, Curvature Consistency, And
Curve Detection. |EEE Trans. PAMI , 11(8):823—-839, 1989.

[182] J. Pearl. Probabilistic Reasoning in Intelligent Systems: Networks of Plausible
Inference. Morgan Kaufman Publishers, 1988.

[183] A. Pentland. Automatic Exctraction of Deformable Part Model s. Int.l. J. of
Comp. Vision , pages 107-126, 1990.

[184] P. Perona. Deformable Kernels for Early Vision. IEEE Trans. PAMI , 17(5),
1995.
[185] P. Perona and W. Freeman. A Factorization Approach to Grouping. In Proc.

Eur. Conf. on Comp. Vision , pages 655-670, 1998.

[186] P. Perona and J. Malik. Detecting and Localizing Edges Compos ed of Steps,
Peaks and Roofs. In Proc. Int.I Conf. on Comp. Vision , pages 52-57, 1990.

[187] P. Perona and J. Malik. Scale-Space and Edge Detection Using Ani sotropic
Diusion. |IEEE Trans. PAMI , 12(7):629-639, 1990.

[188] S. D. Pietra, V. D. Pietra, , and J. La erty. Inducing Features of Ra ndom
Fields. IEEE Trans. PAMI , 19(4), 1997.

[189] T. Poggio and S. Edelman. A Network That Learns to Recognize Three-
Dimensional Objects.  Nature , 343:263-266, 1990.

[190] R. P. Rao. An Optimal Estimation Approach to Visual Percep tion and Lear-
ning. Vision Research , 39:1963-1989, 1999.

[191] N. Ray, J. Havlicek, S. Acton, and M. Pattichis. Active Conto ur Segmen-
tation Guided by AM-FM DCA. In Proc. Int.I Conf. on Image Processing |,
2001.

[192] M. Riesenhuber and T. Poggio. Hierarchical Models of Object Re cognition
in Cortex. Nature Neuroscience , 2(11):1019-1025, 1999.

[193] M. Rousson, T. Brox, and R. Deriche. Active Unsupervised Texture Seg -
mentation on a Di usion Based Space. In Proc. IEEE Conf. on Comp. Vision
and Pat. Recogn. , 2003.

[194] M. Rousson and N. Paragios. Shape Priors for Level Set Representat ions.
In Proc. Eur. Conf. on Comp. Vision , 2002.



Bibliografba 181

[195] S. Roweis. EM Algorithms for PCA and SPCA. In Advances in Neural Infor-
mation Processing Systems , 1998.

[196] H. Rowley, S. Baluja, and T. Kanade. Neural Network-Based Face Detection.
IEEE Trans. PAMI , 20(1):23-38, 1998.

[197] B. Sandberg, T. Chan, and L. Vese. A Level-Set and Gabor-based Act ive
Contour Algorithm for Segmenting Textured Images. Technical Report 02-
39, UCLA CAM, 2002.

[198] C. Schmid and R. Mohr. Local Grayvalue Invariants for Object Retrie val.
IEEE Trans. PAMI , 19(5), 1997.

[199] H. Schneiderman and T. Kanade. Object Detection Using the Statis tics of
Parts. Int.l. J. of Comp. Vision , 56(3):151-177, 2004.

[200] J. Sethian. Level Set Methods . Cambridge University Press, 1996.

[201] J. Shah. Riemannian Drums, Curve Evolution and Segmentation. Journal
of Visual Communication and Image Representation , 11:142-153, 2000.
[202] J. Shiand J. Malik. Normalized Cuts and Image Segmentation. IEEE Trans.

PAMI, 22(8):888-905, 2001.

[203] K. Siddigi and B. Kimia. Parts of Visual Form: Computational As pects.
IEEE Trans. PAMI , 17:239-251, Mar. 1995.

[204] L. Sigal, M. Isard, R. Sigelman, and M. Black. Attractive peop le. In Advances
in Neural Information Processing Systems , 2003.

[205] E. P. Simoncelli and D. J. Heeger. A Model of Neuronal Responses i n Visual
Area MT. Vision Research , 38(5):743—-761, 1998.

[206] K. Sivakumar and J. Goutsias. Morphologically Constrained GRFs . Ap-
plications to Texture Synthesis and Analysis. IEEE Trans. PAMI , 21(2),
1999.

[207] J. Sivic, B. Russell, A. Efros, A. Zisserman, and W. Freeman. Dis covering
Object Categories in Image Collections. In Proc. Int.I Conf. on Comp. Vision
2005.

[208] L. Staib and J. Duncan. Boundary Finding with Parametrically Deforma ble

Models. IEEE Trans. PAMI , 14(11):1061-1075, 1992.

[209] E. Sudderth, A. Ihler, W. Freeman, and A. Willsky. Nonparametric bel ief
propagation. In Proc. IEEE Conf. on Comp. Vision and Pat. Recogn. , 2003.

[210] E. Sudderth, A. Torralba, W. Freeman, and A. Willsky. Learning Hiera-
rchical Models of Scenes, Objects, and Parts. In Proc. Int.| Conf. on Comp.
Vision, 2005.

[211] B. Sumengen and B. Manjunath. Graph Partitioning Active Contours for
Image Segmentation. |IEEE Trans. PAMI , 28(4):509-521, 2006.



182 Bibliografba

[212] K. K. Sung and T. Poggio. Example-Based Learning for View-Base d Human
Face Detection. IEEE Trans. PAMI , 20(1):39-51, 1998.

[213] B. t. H. Romeny, editor. Geometry Driven Diusion in Computer Vision
Kluwer Academic Publishers, 1994.

[214] T. Takagi and M. Sugeno. Fuzzy identi cation of systems and its applica-
tions to modelling and control. IEEE Trans. Systems, Man, and Cybernetics
15(1):116-132, 1985.

[215] A. Torralba, K. P. Murphy, and W. T. Freeman. Sharing Visual Features for
Multiclass and Multiview Object Detection. In Proc. IEEE Conf. on Comp.
Vision and Pat. Recogn. , 2004.

[216] H. V. Trees. Detection Estimation and Modulation Theory, Partl . Wiley, 1971.

[217] A. Tsai, A. Yezzi, and A. Willsky. Curve Evolution Implement ation of the
Mumford-Shah Functional for Image Segmentation, Denoising, Interpola-
tion, and Magni cation. IEEE Trans. Im. Proc. , 10(8):1169-1186, 2001.

[218] Z. Tu, X. Chen, A. Yuille, and S. Zhu. Image Parsing: Unifying Segmenta-

tion, Detection, and Recognition. Int.l. J. of Comp. Vision , 63(2):113-140,
2005.
[219] Z. Tu and S. Zhu. Image Segmentation by Data-Driven MCMC. IEEE Trans.

PAMI, 24(5):657—673, 2002.

[220] M. Turk and A. Pentland. Eigenfaces for Recognition. Journal of Cognitive
Neuroscience, 3(1):71-86, 1991.

[221] S. Ullman. High-Level Vision: Object Recognition and Visual Cognition . MIT
Press, 1996.

[222] S. Ullman and R. Basri. Recognition by Linear Combinations of M odels.
IEEE Trans. PAMI , 13:992-1005, 1991.

[223] S. Ullman, M. Vidal-Naquet, and E. Sali. Visual Features of Interm ediate
Complexity and their Use in Classi cation. Nature Neuroscience , pages
682—687, 2002.

[224] V. Vapnik. Statistical Learning Theory . Springer Verlag, 1995.

[225] L. Vese and S. J. Osher. Modeling Textures with Total Variation M inimi-
zation and Oscillating Patterns in Image Processing. Journal of Scientic
Computing , 19(1-3):553-572, 2003.

[226] T. Vetter, M. Jones, and T. Poggio. A Bootstrapping Algorithm f or Learning
Linear Models of Object Classes. In  Proc. IEEE Conf. on Comp. Vision and
Pat. Recogn., 1997.

[227] P. Viola and M. Jones. Rapid Object Detection using a Booste d Cascade
of Simple Features. In  Proc. IEEE Conf. on Comp. Vision and Pat. Recogn.
2001.



Bibliografba 183

[228] M. Wainwright and M. Jordan. Graphical Models, Exponential Famil ies and
Variational Inference. Technical report, UC Berkeley, 2003.

[229] J. Weickert, B. t. H. Romeny, and M. A. Viergever. E cient and Re liable
Schemes for Nonlinear Di usion Filtering. IEEE Trans. Im. Proc. , 7(3):398-
410, 1998.

[230] R. Weinstock. Calculus of Variations . Dover, 1974.

[231] Y. Weiss and E. Adelson. Perceptually Organized EM: a Framework for
Motion Estimation that Combines Information about Form and Motion. | n
Proc. Int.I Conf. on Comp. Vision , 1995.

[232] M. Welling and G. E. Hinton. A New Learning Algorithm for Mean Fiel d
Boltzmann Mahines. Technical Report 2001-002, Gatshy Computationa |
Neuroscience Unit, 2001.

[233] M. Welling, M. Weber, and P. Perona. Unsupervised Learning of Model s for
Recognition. In  Proc. Eur. Conf. on Comp. Vision , 2000.

[234] C. F. Westin, K. Nordberg, and H. Knutsson. On the Equivalence of No rma-
lized Convolution and Normalized Di erential Convolution. In Proc. IEEE

Conf. on Comp. Vision and Pat. Recogn. , 1994.

[235] L. Williams and D. Jacobs. Stochastic Completion Fields: A Neural Model
of lllusory Contour Shape and Salience. Neural Computation , 9(4):837-858,
1997.

[236] J. Winn and N. Jojic. LOCUS: Learning Object Classes with Unsupe rvised
Segmentation. In  Proc. Int.I Conf. on Comp. Vision , 2005.

[237] L. Wiskott and C. Malsburg. A Neural System for the Recognition o f Partially
Occluded Objects in Cluttered Scenes. Int.I Journal of Pattern Recognition

and Arti cial Intellingence , 7(4):934-948, 1993.

[238] S. Xu and J. Shi. Object Speci ¢ Figure-Ground Segregation. In Proc. IEEE
Conf. on Comp. Vision and Pat. Recogn. , 2003.

[239] M. Yang, D. Kriegman, and N. Ahuja. Detecting Faces in Images : A Survey.
IEEE Trans. PAMI , 24(1):34-58, 2002.

[240] J. Yedidia, W. Freeman, and Y. Weiss. Understanding Belief Prop aga-
tion and Its Generalizations. In Exploring Arti cial Intelligence in the New
Millenium , pages 239-263. Elsevier Science & Technology Books, 2003.
http://www.merl.com/reports/docs/TR2001-22.pdf

[241] A. Yezzi, A. Tsai, and A. Willsky. A Statistical Approach t 0 Snakes for
Bimodal and Trimodal Imagery. In Proc. Int.I Conf. on Comp. Vision , 1999.

[242] A. Yuille. Energy Functions for Early Vision and Analog Networks. Technical
Report 987, MIT A.l. Lab, 1987.  ftp://publications.ai.mit.edu/
ai-publications/500-999/AIM-987.ps



184 Bibliografba

[243] A. Yuille. Winner-Take-All Networks. In M. Arbib, editor, The Handbook of
Brain Theory and Neural Networks . MIT Press, 1995.

[244] A. Yuille. CCCP Algorithms to Minimize the Bethe and Kikuchi Free E ner-
gies: Convergent Alternatives to Belief Propagation. Neural Computation

14:1691-1772, 2001.

[245] A. Yuille and D. Geiger. A Common Framework for Image Segmentat ion.
Int.l. J. of Comp. Vision , 6:227-243, 1991.

[246] A. L. Yuille, J. M. Coughlan, and D. Kersten. Computational Vision:
Principles of Perceptual Inference . http://gandalf.psych.umn.edu/
kersten/kersten-lab/courses/Psy8970/psy8993.html . Book

under preparation.

[247] A. L. Yuille, P. W. Hallinan, and D. S. Cohen. Feature Extraction fro m Faces
Using Deformable Templates.  Int.l. J. of Comp. Vision , 8(2):99-111, 1992.

[248] S. Zhu and A. Yuille. Region Competition: Unifying Snakes, Regio n Growing
and Bayes/MDL for Multiband Image Segmentation. IEEE Trans. PAMI ,
18(9):884-900, 1996.

[249] S. C. Zhu. Statistical Modeling and Conceptualization of Visual Patterns.
IEEE Trans. PAMI , 25(6):1-22, 2003.

[250] S. C. Zhu, C. E. Guo, Y. Wang, and Z. Xu. What are Textons? Int.l. J. of
Comp. Vision , 62(1):121-143, 2005.

[251] S. C. Zhu, Y. N. Wu, and D. Mumford. Filters, Random Fields and Maxim um
Entropy (FRAME): Towards a Uni ed Theory for Texture Modeling. Int.l. J.
of Comp. Vision , 27(2):107-126, 1998.

[252] S. C. Zhu, R. Zhang, and Z. W. Tu. Integrating Top-Down/Bottom-Up fo r
Object Recognition by Data-Driven Markov Chain Monte Carlo. In Proc.

IEEE Conf. on Comp. Vision and Pat. Recogn. , 2000.



Biografiki Shmebwma

Spoudec

- Didaktoriki, Sqol Hlektroligwn Mhqganik,n kai Mhganik,n Upol ogist,n

Ejniki Metsibio Polutegnebo, 2006.

Epiblépwn: Kaj. Pétroc Maragkic.

Tbtloc Didaktorik ¢ Diatrib c: Sunérgeia metaxO Kat'tmhshc Eikinwn kai
Anagn rishc Antikeiménwn me Gewmetrikec kai Statistikéc T eqnikéc thc 'Orashc
Upologist,n.

DBbplwma MhganikoO, Sqol Hlektroligwn Mhganik .n kai Mhganik.n Upo -
logist.n

Ejniki Metsibio Polutegnebo, 2001.

Tbtloc Diplwmatik ¢ Ergasbac: Pribleyh kai An“lush Shm“toc Fwn c me
Mejidouc An“lushc Qaotik,n Qronoseir,n.

Ereunhtik™ Endiaféronta

'Orash Upologist,n kai Anagn,rish ProtOpwn:

Statistik™ Montéla gia Anbgneush kai Anagn,rish Antikeiménwn.

Pijanotik Sumperasmatologba kai Ekm“jhsh gia Grafik™ Montéla.

Exagwg Qarakthristik.n kai Anbgneush Shmebwn Endiaferontoc.

Biologik™ Montéla gia Probl mata 'Orashc QamhloO kai Mésou Epi pédou.

Epexergasba Eikinac kai Shm™twn:

Kattmhsh Eikinwn me Metabolikéc Mejidouc.

An’lush kai Kat"tmhsh Uf ¢ me Montela Diamirfwshc.

Mh Grammik™ Dunamik™ Montéla gia Epexergasba Fwn ¢ kai Shm™twn.
Jewrba Anbgneushc kai Ektbmhshc, Mh-parametrik Ignhl“thsh.

DiakrDseic-Brabeba

Brabebo Prh Kanell’kh gia uyhliterec epidiseic se maj mata kat eOjun-
shc plhroforik c.

Apeékthse se 4 éth to 5-etec Dbplwma thc Sqol c HMMU tou EMP, katata s-
simenoc 7°° metaxO 330. Bajmic Apofobthshc: 9.34/10.

UpotrofBa IdrOmatoc Mpodoss™kh wc metaptugiakic oitht c.

Upotrofba IKU wc proptugiakic “sei akadhmadk,n epidisewn.



Ereunhtik Empeirba

2001-2006 Metaptugiakic Ereunhtikic Bohjic, Sqol HMMU, EMP

Summetoq sto Prigramma Basik ¢ 'Ereunac HRAKLEITOS.

Summetoq sto Ereunhtiki DBktuo Aristebac MUSCLE .

Episkeyh sthn om™da  Odyssee, INRIA, Sophia Antipolis , gia sunergasba se
iologik™ montela gia probl mata irashc.

Epbskeyh sto Center for Image and Vision Sciences  tou UCLA gia sunergasba
se probl mata anagn,rishc.

Didaktik Empeirba

2004-2006 Metaptugiakic Bohjic Didaskalbac, 'S mata kai Sust mata'.

1999-2000 Bohjic Ergasthrbou, "Eisagwg ston Programmatismi'.

Epaggelmatikéc Drasthriithtec

Krit c Periodik,n:

- |IEEE Transactions on Image Processing

- |IEEE Transactions on Pattern Analysis and Machine Intelligence

Proswpik™

Hmeromhnba kai Tipoc Genn sewc: 8 lanouarbou 1980, Qolargic Attik c.

Ejnikithta: Ellhnik .

Oikogeneiak Kat'stash: ‘Agamoc.

Meloc the DiejnoOc 'Enwshc Hlektroligwn (IEEE) kai tou Tegnik 00 Epimelh-
t riou Ell"dac.

Xenec Gl ssec:

Agglik™:  Certi cate of Pro ciency in English
Gallik™:  Diplome Approfondi de Langue Francaise

Germanik™: Kleines Deutches Sprachdiplom



Kat"logoc DhmosieOsewn

Periodik™

1 I. Kokkinos and P. Maragos, "Nonlinear Speech Analysis Using Models for
Chaotic Systems.' , IEEE Trans. on Speech and Audio Processing , Vol.
13(6), pp. 1098-1109, 2005.

2 |. Kokkinos, G. Evangelopoulos and P. Maragos, “Texture Analysis and Seg-
mentation Using Modulation Features, Generative Models and Weighted Curve
Evolution." , IEEE Trans. on Pattern Analysis and Machine Intelligence ,
revised & resubmitted, 2006

3 I. Kokkinos and P. Maragos, Synergy Between Image Segmentation and Ob-
ject Recognition Using the Expectation Maximization Algorit ~ hm.", submitted.

4 |I. Kokkinos, R. Deriche, O. Faugeras and P. Maragos, “Computational Analy-
sis and Learning for a Biologically Motivated Model of Bound ary Detection.' ,
submitted.

KOria Sunédria 'Orashc Upologist,n.

5 1. Kokkinos, P. Maragos and A. Yuille, ‘Bottom-Up and Top-Down Object
Detection Using Primal Sketch Features and Graphical Models ., InProc. IEEE
Conf. on Computer Vision and Pattern Recognition (CVPR) , 2006.

6 |. Kokkinos and P. Maragos, “An Expectation Maximization Approach to the
Synergy Between Image Segmentation and Object Categorization ., In Proc.
IEEE Int'l. Conf. on Computer Vision (ICCV) , 2005.

7 . Kokkinos, R. Deriche, P. Maragos and O. Faugeras, "A Biologically Mo-
tivated and Computationally Tractable Model of Low- and Mid- L evel Vision
Tasks.' , In Proc. European Conference on Computer Vision (ECCV) , 2004.

Diejn Sunédria me kritéc

8 I. Kokkinos and P. Maragos, A Detection-Theoretic Approach to Texture and
Edge Discrimination." , In Proc. 4th Intl. Workshop on Texture Analysis
and Synthesis , in conjunction with ICCV 2005.

9 G. Evangelopoulos, I. Kokkinos and P. Maragos, "Advances in Variational
Image Segmentation using AM-FM models: Regularized Demodulati on and
Probabilistic Cue Integration." , In Proc. 3rd IEEE Variational and Level-Set
Methods (VLSM) Workshop , in conjunction with ICCV 05.



10

11

12

13

I. Kokkinos, G. Evangelopoulos and P. Maragos, "Advances in Texture Analy-
sis: Energy Dominant Component & Multiple Hypothesis Testing. ', In Proc.
IEEE Int'l. Conf. on Image Processing , 2004.

I. Kokkinos, G. Evangelopoulos and P. Maragos, "Modulation-Feature based
Textured Image Segmenation Using Curve Evolution." , In Proc. IEEE Intl.
Conf. on Image Processing , 2004.

V. Pitsikalis, 1. Kokkinos and P. Maragos, “Nonlinear Analysis of Speech
Signals: Generalized Dimensions and Lyapunov Exponents.' , In Proc. Eu-
ropean Conference on Speech Communication and Technology (EURO-
SPEECH), 2003.

P. Maragos, A. Dimakis and |. Kokkinos. "Some Advances in Nonlinear
Speech Modeling Using Modulations Fractals and Chaos.' In Proc. IEEE
Int'l. Conf. on Digital Signal Processing , 2002.



