
Kef�laio 1
Basikès Arqès thsAnagn¸rishs ProtÔpwn

1.1. OrismìH anagn¸rish protÔpwn (pattern recognition) e�nai o episthmonikì kl�-do pou asqole�tai me thn perigraf  kai kat�taxh antikeimènwn se ènaarijmì kathgori¸n. Ta upì kat�taxh antike�mena kaloÔntai prìtupa(patterns). H anagn¸rish protÔpwn jewre�tai èna basikì qarakthri-stikì twn anjr¸pwn kaj¸ kai �llwn z¸ntwn organism¸n. 'Ena prì-tupo e�nai h perigraf  enì antikeimènou. Kajhmerin� anagnwr�zoumeprìtupa gÔrw ma ìpw: antike�mena, to prìswpo enì f�lou mèsa stopl jo kai mporoÔme na katal�boume an e�nai jumwmèno   qaroÔmeno



2 1.Basikè Arqè th Anagn¸rish ProtÔpwnapì thn èkfras  tou kaj¸ kai na anagnwr�soume th fwn  tou qwr�na ton blèpoume.An�loga me th fÔsh twn protÔpwn pro anagn¸rish mporoÔme nadiaqwr�soume ton anjr¸pino trìpo anagn¸rish protÔpwn se dÔo kath-gor�e: thn anagn¸rish afenì saf¸n protÔpwn (concrete items) ìpwe�nai qarakt re, eikìne, antike�mena kai  qou kai afetèrou thn ana-gn¸rish afhrhmènwn (abstract) protÔpwn ìpw h lÔsh enì majhma-tikoÔ probl mato   enì filosofikoÔ epiqeir mato. H anagn¸rishafhrhmènwn protÔpwn mpore� na jewrhje� san ennoiologik  anagn¸rishse antidiastol  me thn optik  kai akoustik  anagn¸rish pou e�nai ana-gn¸rish saf¸n protÔpwn. Sto bibl�o autì ja melethje� mìno h kath-gor�a th anagn¸rish saf¸n protÔpwn kai sugkekrimèna o sqediasmìsusthm�twn anagn¸rish protÔpwn, qrhsimopoi¸nta ton upologist kai efarmìzonta teqnikè plhroforik , statistik  kai mhqanik .H diadikas�a anagn¸rish saf¸n protÔpwn emplèkei ton kajorismìkai taxinìmhsh afenì protÔpwn sto q¸ro (spatial patterns) ìpw e�-nai tupwmènoi qarakt re, �njrwpoi, daktulik� apotup¸mata, eikìne,q�rte kairoÔ, fusik� antike�mena kai afetèrou protÔpwn sto qrìno(temporal patterns) dhlad  qronoseirè ìpw e�nai akoustikè kumato-morfè, hlektroegkefalograf mata kai s mata rant�r.Me apl� lìgia h anagn¸rish protÔpwn mpore� na oriste� w h kath-goriopo�hsh dedomènwn eisìdou sto sÔsthma se anagnwr�sime kath-gor�e mèsw th exagwg  shmantik¸n gnwrism�twn   qarakthristik¸napì ta dedomèna eisìdou, parale�ponta ti �sqete plhrofor�e. Miasqhmatik  par�stash th leitourg�a enì sust mato anagn¸rishprotÔpwn parousi�zetai sto Sq ma 1.1.H prìgnwsh tou kairoÔ apì metewrologikoÔ q�rte mpore� na jew-rhje� san èna prìblhma anagn¸rish protÔpwn. To sÔsthma k�nei miaprìgnwsh basismèno se plhrofor�e pou ex�gei apì tou q�rte. HIatrik  di�gnwsh mpore� na jewrhje� san èna prìblhma anagn¸rishprotÔpwn. Ta sumpt¸mata e�nai oi e�sodoi kai to sÔsthma ex�gei mia22 Mart�ou 2004



1.1.Orismì 3
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⊚⊚Sq ma 1.1: To prìblhma th anagn¸rish protÔpwn.P�naka 1.1: Efarmogè anagn¸rish protÔpwn.Optik  anagn¸rish Eikìna tou qarakt ra Qarakt raqarakt rwnAnagn¸rish omil�a Hqhtikì s ma H lèxhAnagn¸rish omilht  Fwn  'Onoma omilht Prìgnwsh kairoÔ Metewrologiko� q�rte Prìbleyh kairoÔIatrik  di�gnwsh Sumpt¸mata AsjèneiaQrhmatooikonomikè Oikonomik� stoiqe�a Qrhmatooikonomik efarmogè prìbleyhiatrik  gnwm�teush analÔonta ti eisìdou tou. O P�naka 1.1 peri-gr�fei pollè efarmogè anagn¸rish protÔpwn parousi�zonta tautì-qrona ta ant�stoiqa dedomèna eisìdou kai thn apìkrish exìdou gia k�jeefarmog .
22 Mart�ou 2004



4 1.Basikè Arqè th Anagn¸rish ProtÔpwn1.2. EfarmogèO trìpo me ton opo�o oi efarmogè tou P�naka 1.1 qrhsimopoioÔntaisth lÔsh kajhmerin¸n problhm�twn, all� kai oi prooptikè sth lÔshpio sÔnjetwn kai polÔplokwn jem�twn kaj¸ kai �lle efarmogè pa-rousi�zontai pio analutik� parak�tw:
• 'Hdh poll� leitourgik� sust mata giaproswpikoÔ upologistè ìpw to System 7 enì Apple kai to

OS/2 th IBM diajètoun enswmatwmèno tm ma anagn¸rishomil�a. Sto mèllon pisteÔetai ìti to mikrìfwno ja e�nai tìsoshmantikì ex�rthma gia thn epikoinwn�a anjr¸pou me upolo-gist  (Human Computer Interaction — HCI) ìso e�nai t¸rato pont�ki kai to plhktrolìgio.
• (Optical Character

Recognition — OCR): D�nei ston upologist  th dunatìth-ta na katal�bei tupwmèno ke�meno. Suskeuè ìpw o sarwt kai h binteok�mera qrhsimopoioÔntai gia na eis�goun thn eikì-na ston upologist  kai sth sunèqeia to sÔsthma anagn¸rishoptik¸n qarakt rwn metatrèpei thn eikìna se kat�llhlh mor-f , sun jw se k¸dika ASCII. 'Ena par�deigma polÔplokhefarmog  enì tètoiou sust mato e�nai h anagn¸rish twnarijm¸n kuklofor�a twn autokin twn se ènan autokinhtìdro-mo.
• E�nai èna polÔ piosÔnjeto kai polÔploko prìblhma ap'ìti h anagn¸rish tupwmè-nwn qarakt rwn. Mia aplousteumènh morf  th e�nai h qr sheidik  graf�da, pou antikajist� to plhktrolìgio se efar-mogè allhlep�drash anjr¸pou me upologist . 'Hdh ta sÔg-qrona shmeiwmat�ria ìpw to Psion kai to Neuton th ApplesunodeÔontai apì graf�da kai eua�sjhth ojình gia thn eisa-gwg  qarakt rwn.22 Mart�ou 2004



1.2.Efarmogè 5
• O upologist  pragmatopoie� thnanagn¸rish atìmwn kur�w se efarmogè asf�leia apì di�fo-ra swmatometrik� qarakthristik� ìpw: daktulik� apotup¸-mata, sq mata �rida, qarakthristik� fwn  kai trìpo graf .
• Qrhsimopoie�tai w bohjhtikì ergale�ose polloÔ iatrikoÔ kl�dou. Gia par�deigma, qrhsimopoie�taigia thn automatopoihmènh an�lush iatrik  eikìna (aktino-graf�a, axonik  tomograf�a, uperhqograf mato klp.), thntaxinìmhsh egkefalografhm�twn, kardiografhm�twn kai thnan�qneush genetik¸n anwmali¸n se qrwmos¸mata.
• Geographical I-

ntegration Systems — GIS Qrhsimopoie�tai w kÔrio er-gale�o sthn automatopoihmènh an�lush doruforik  fwtogra-f�a gia thn an�qneush asjenei¸n se kallièrgeie, �qnh arqa�wnoikism¸n, twn qr sewn gh, thn kat�rtish tou kthmatolog�ou,thn kat�stash th atmìsfaira kaj¸ kai gia oruktologikèèreune.
• Se sust mata autom�tou elèg-qou paragwg , ta opo�a elègqoun thn poiìthta twn paragì-menwn agaj¸n se mia gramm  paragwg . Mia metaforik  tain�-a pern�ei mprost� apì mia k�mera ta proðìnta kai èna sÔsthmaanagn¸rish protÔpwn elègqei thn poiìtht� tou. Gia par�dei-gma, se biomhqan�a kataskeu  plaket¸n to autìmato upolo-gistikì sÔsthma anagn¸rish protÔpwn elègqei thn katallh-lìthta kai poiìthta th plakèta.
• Qrhsimopoie�tai gia thneÔresh Ôpoptwn sunallag¸n me pistwtikè k�rte, taxinìmhshait sewn pro daneiodìthsh, diaqe�rish apojem�twn kai thnprìbleyh twn tim¸n twn metoq¸n. Ep�sh gia ton entopismìpelat¸n pou e�nai pio pijanì na pragmatopoi soun sugkekri-mène agorè sto �meso mèllon, ¸ste se autoÔ na staloÔn22 Mart�ou 2004



6 1.Basikè Arqè th Anagn¸rish ProtÔpwndiafhmistik� full�dia, gia na meiwje� ètsi to diafhmistikì kì-sto.
• (data mining): Exìruxh dedomènwnapì meg�le b�sei dedomènwn, dhlad  na aniqneujoÔn baji�krummèna prìtupa mèsa sti eggrafè mia b�sh dedomènwnkai na prokÔyoun sumper�smata, ta opo�a den mporoÔn na bre-joÔn me apl� erwt mata sth b�sh dedomènwn.

1.3. Mejodolog�e anagn¸rish protÔpwn'Opw proanafèrame sto Tm ma 1.1 up�rqoun dÔo e�dh protÔpwn: prì-tupa sto q¸ro kai prìtupa sto qrìno (qronoseirè). Qrhsimopoi¸ntaeurèw ton ìro anagn¸rish protÔpwn, mporoÔme na anakalÔyoume sek�je eufu  drasthriìthta k�poia morf  anagn¸rish protÔpwn. Dene�nai dunatìn na up�rqei mìno èna trìpo prosèggish th jewr�aanagn¸rish protÔpwn gia ton ter�stio arijmì kai eÔro twn efar-mog¸n pou up�rqoun. Genik�, ja mporoÔsame na qwr�soume ti kÔriemejodolog�e anagn¸rish protÔpwn se dÔo meg�le kathgor�e:(1) Statistik  anagn¸rish protÔpwn (statistical pattern recogni-

tion)(2) Suntaktik    domhmènh anagn¸rish protÔpwn (syntactic or

structural pattern recognition)H statistik  anagn¸rish protÔpwn pro�pojètei mia statistik  b�shgia thn taxinìmhsh twn antikeimènwn kai sthr�zetai sthn pijanotik fÔsh twn antikeimènwn�protÔpwn. H perigraf  twn antikeimènwn prag-matopoie�tai me thn exagwg  qarakthristik¸n gnwrism�twn pou to peri-gr�foun kai th dhmiourg�a enì dianÔsmato qarakthristik¸n stoiqe�wngia k�je antike�meno. To prìblhma an�getai sthn kat�taxh tou dianÔ-smato qarakthristik¸n k�je antikeimènou sth kathgor�a pou an kei22 Mart�ou 2004



1.3.Mejodolog�e anagn¸rish protÔpwn 7qrhsimopoi¸nta majhmatikè � statistikè mejìdou, grammik  �lge-bra kai jewr�a pijanot twn.Se pollè peript¸sei oi sqèsei metaxÔ twn qarakthristik¸n stoi-qe�wn enì antikeimènou fèroun spouda�a domhmènh plhrofor�a, poumpore� na qrhsimopoihje� gia thn taxinìmhsh kai perigraf  tou anti-keimènou. H mèjodo aut  kale�tai suntaktik    domhmènh anagn¸rishprotÔpwn. Tupikè prosegg�sei th suntaktik    domhmènh anagn¸-rish protÔpwn e�nai h dhmiourg�a polÔplokwn ierarqik¸n perigraf¸ntwn protÔpwn, ta opo�a dhmiourgoÔntai apì aploÔstera upo-prìtu-pa. Sto stoiqei¸de ep�pedo tou montèlou apl� stoiqe�a perigraf ex�gontai apì ta dedomèna eisìdou.Teqnikè oi opo�e qrhsimopoioÔntai gia thn ulopo�hsh algor�jmwnsuntaktik    domhmènh anagn¸rish protÔpwn e�nai dèntra apof�sewn(decision trees), logiko� kanìne kai grammatikè. To telikì apotè-lesma e�nai mia seir� kanìnwn pou perigr�foun pl rw th diadikas�ataxinìmhsh   mia grammatik  pou perigr�fei pl rw to antike�meno.Oi suntaktikè mejodolog�e e�nai polÔploke kai polÔ eua�sjhtesthn parous�a jorÔbou kai genik� e�nai polÔ dÔskolo na antapokri-joÔn apotelesmatik� se mikrè parallagè twn protÔpwn   kai seellipe� plhrofor�e. QrhsimopoioÔntai kur�w se efarmogè ìpou oidunatìthte th statistik  anagn¸rish protÔpwn e�nai periorismène.'Ena meg�lo prìblhma twn suntaktik¸n mejodologi¸n e�nai ìti den e�naip�nta eÔkolo na oristoÔn pl rw kai qwr� amfibol�a ta prìtupa touprobl mato. Gia par�deigma, den e�nai kajìlou eÔkolo na perigrafe�me logikoÔ kanìne ti e�nai èna dèntro kai na diaqwriste� apotele-smatik� apì �lla paremfer  antike�mena. H poluplokìthta tou prob-l mato apeikon�zetai sto Sq ma 1.2. H anjr¸pinh ant�lhyh mpore�eÔkola na diaqwr�sei ta dèntra kai na ta anagnwr�sei. Ant�jeta, e�naiadÔnath h perigraf  tou, kai sunep¸ o diaqwrismì tou, me logikoÔkanìne. 22 Mart�ou 2004



8 1.Basikè Arqè th Anagn¸rish ProtÔpwn

Sq ma 1.2: To prìblhma th suntaktik  anagn¸rish protÔpwn. Pw perigr�fe-tai èna dèndro me suntaktikoÔ kanìne;H statistik  anagn¸rish protÔpwn e�nai polÔ isqur� jemeliwmènhmajhmatik� en¸ h suntaktik  anagn¸rish protÔpwn e�nai perissìterobasismènh se logikoÔ kai diaisjhtikoÔ kanìne. To pl jo kai hseir� sto di�nusma twn qarakthristik¸n stoiqe�wn enì protÔpou e�naip�nta stajerì sth statistik  prosèggish, ant�jeta me th domhmènhprosèggish ìpou to pl jo kai h seir� twn qarakthristik¸n stoiqe�wnmetab�llontai apì prìtupo se prìtupo.To bibl�o autì ja perioriste� sth statistik  anagn¸rish protÔpwn.'Etsi, ja exetaste� h anagn¸rish protÔpwn w prìblhma taxinìmhshdhlad  kat�taxh mia eisìdou se mia kathgor�a. Bèbaia up�rqoun22 Mart�ou 2004



1.4.Istorik  anadrom  9kai nèe mejodolog�e anagn¸rish protÔpwn oi opo�e qrhsimopoioÔnèmpeira sust mata, neurwnik� d�ktua, genetikoÔ algor�jmou   sun-duasmoÔ aut¸n. H exètash ìmw aut¸n twn mejodologi¸n den sumpe-rilamb�netai stou skopoÔ tou bibl�ou.
1.4. Istorik  anadrom Oi b�sei th anagn¸rish protÔpwn prwtotèjhkan apì ton Pl�twna[Bloom91℄, kai ton Aristotèlh [Aris96℄ pou pr¸toi èkanan thn di�krishmetaxÔ th ousi¸dou idiìthta (pou moir�zontai metaxÔ tou ta mèlhmia kathgor�a) kai th epousi¸dou idiìthta (pou diafèrei gia tamèlh mia kathgor�a). H Anagn¸rish ProtÔpwn mpore� na oriste� santh diadikas�a pou br�skei tètoie ousi¸dei idiìthte mèsa se mia kath-gor�a antikeimènwn. Oi problhmatismo� tou paramènoun basiko� giathn Episthmonolog�a. O Aristotèlh kataskeÔase èna sÔsthma taxi-nìmhsh twn z¸wn qwr�zonta ta arqik� se aut� pou èqoun kìkkinoa�ma (qondrik� ta shmerin� spondulwt�) kai se aut� pou den èqoun(aspondÔlwta). Sthn sunèqeia q¸rise ti dÔo om�de se mikrìtereqrhsimopoi¸nta �lla qarakthristik�. Sthn sunèqeia o Jeìfrastoèkane mia an�logh taxinìmhsh twn fut¸n. H taxinìmhsh  tan tìsokal  pou mìli ton 18o ai¸na o Carolus Linnaeus kataskeÔase susth-matikè taxinom sei z¸wn, fut¸n, petrwm�twn kai asjenei¸n qrhsi-mopoi¸nta ti nèe gn¸sei pou èfere o ai¸na twn meg�lwn exereu-n sewn. Parìmoia oi Hertzprung kai Russell taxinìmhsan ta �stra sekathgor�e sthrizìmenoi se dÔo metablhtè: sthn lamprìthta kai sthnjermokras�a th epif�nei� tou.H pr¸th susthmatik  prosp�jeia gia thn majhmatik  morfopo�hshtou probl mato ègine apì ton Fisher to 1936 [Fisher36℄, all� èprepe naèrjei h anak�luyh twn upologist¸n gia na jewrhje� san mia anex�rthth22 Mart�ou 2004



10 1.Basikè Arqè th Anagn¸rish ProtÔpwnepist mh. H Anagn¸rish ProtÔpwn qrhsimopoie�tai se pollè episth-monikè perioqè kai s mera up�rqoun dek�de episthmonik� periodik�,ekatont�de bibl�a kai praktik� sunedr�wn p�nw se tome� th Ana-gn¸rish ProtÔpwn. K�poioi episthmoniko� kl�doi ìpw h Statistik [Fuk90℄, h Mhqanik  M�jhsh [Shav90℄ kai ta Teqnht� Neurwnik� D�-ktua [Hertz91℄ èqoun epekte�nei kat� polÔ to gnwstikì antike�meno thAnagn¸rish ProtÔpwn, en¸ orismènoi �lloi, ìpw h Upologistik  'O-rash (Computer Vision) [Fisch87℄ kai h Anagn¸rish Fwn  (Speech

recognition) [Rab93℄ sthr�zontai sqedìn oloklhrwtik� se aut . OiGnwsiologik  Epist mh (Cognitive Science) [Luger94℄, h Yuqobiolog�a
(Psychobiology)[Uttal73℄ kai h Neuroepist mh (Neuroscience) meletoÔntou mhqanismoÔ anagn¸rish protÔpwn twn anjr¸pwn kai twn z¸wn.Teqnikè anagn¸rish protÔpwn èqoun efarmoste� èmmesa   �mesa seìle sqedìn ti episthmonikè perioqè.

22 Mart�ou 2004



Kef�laio 2
Eisagwg  sth Statistik Anagn¸rish ProtÔpwn
2.1. SÔsthma Anagn¸rish ProtÔpwnO sqediasmì enì autom�tou sust mato anagn¸rish protÔpwn peri-lamb�nei di�fora b mata ta opo�a parousi�zontai sto Sq ma 2.1. Wpr¸to b ma pragmatopoie�tai h anapar�stash twn protÔpwn me mia dia-dikas�a sullog  dedomènwn. 'Opw anafèrjhke sto Tm ma 1.2, stiperissìtere efarmogè anagn¸rish protÔpwn emfan�zontai dÔo tÔ-poi protÔpwn: prìtupa sto qrìno (qronoseirè) kai prìtupa sto q¸ro(gewmetrik� antike�mena). Sthn per�ptwsh th anagn¸rish enì pro-tÔpou pou ekfr�zetai me mia qronoseir� prèpei arqik� na g�nei mia



12 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwndeigmatolhy�a tou s mato se N qronikè stigmè ìpw fa�netai stoSq ma 2.2.(a) kai lamb�nontai oi timè: X(t1), X(t2), . . . , X(tN). Sthnper�ptwsh anagn¸rish gewmetrik¸n antikeimènwn, ìpw gia par�deigmaanagn¸rish qarakt rwn, prèpei na metrhjoÔn oi timè èntash twneikonokutt�rwn (pixels) th yhfiak  anapar�stash tou antikeimè-nou X1, X2, . . . , XN , ìpw de�qnei to Sq ma 2.2.(b). Oi N metr seidhmiourgoÔn to akatèrgasto qarakthristikì di�nusma tou protÔpou
X. Prèpei na shmeiwje� ìti oi metr sei enì protÔpou e�nai se k�-je mètrhsh diaforetikè èstw kai el�qista k�je for�, akìma kai sekanonikè sunj ke. 'Etsi ta X(ti) kai Xi e�nai tuqa�e metablhtè, todi�nusma X onom�zetai tuqa�o akatèrgasto di�nusma tou protÔpou kaih diadikas�a mètrhsh apotele� mia stoqastik  diadikas�a.'Otan oi metr sei e�nai sth morf  pragmatik¸n arijm¸n, e�nai suqn�qr simo na blèpoume to di�nusma tou protÔpou san èna shme�o se èna
N -di�stasto Eukle�deio q¸ro o opo�o apokale�tai q¸ro protÔpwn.Me thn uiojèthsh tou dianusmatikoÔ sumbolismoÔ to genikì prìblhmath anagn¸rish protÔpwn an�getai se èna gewmetrikì prìblhma, ìpou:
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. (2.1)Ja qrhsimopoie�tai ep�sh h parak�tw enallaktik  morf , kur�w mèsase ke�meno:
Xq¸rou = [X1, . . . , XN ]T , Xqrìnou = [X(t1), . . . , X(tN)]T .O sumbolismì 2

T sumbol�zei ton an�strofo p�naka.Sto ke�meno ta dianÔsmata ja sumbol�zontai p�nta me èntona tupw-mènou qarakt re, gia par�deigma X, x, w, en¸ ta stoiqe�a tou meaploÔ qarakt re, gia par�deigma Xi, xj, wn.To sÔnolo twn protÔpwn ta opo�a an koun sthn �dia kathgor�a anti-stoiqoÔn sta geitonik� shme�a mèsa se mia perioq  tou N -di�statou22 Mart�ou 2004



2.1.SÔsthma Anagn¸rish ProtÔpwn 13
Antike�mena Anapar�stashDedomènwn X1

X2...
XN

Exagwg Qarakthristik¸nGnwrism�twn x1

x2...
xn

Taxinomht  C1...
CMKathgor�aSq ma 2.1: Autìmato sÔsthma anagn¸rish protÔpwn.
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PSfrag replaement
(a) Qronoseir�. (b) Gewmetrikì antike�meno.Sq ma 2.2: Deigmatolhy�a dianÔsmato protÔpou.Eukle�deiou q¸rou protÔpwn kai sqhmat�zoun sugkentr¸sei shme�wnoi opo�e kaloÔntai om�de (clusters). Ektì apì ti diaforè tim¸npou prokÔptoun apì ti diadikas�e mètrhsh, ta mèlh mia kathgor�ampore� na e�nai diaforetik� gia lìgou sqetikoÔ me thn k�je for� e-farmog . Se pollè peript¸sei e�nai dunatì na kataskeuaste� èna ma-jhmatikì aitiokratikì montèlo pou na exhge� ti diaforè. H kataskeu tou montèlou apaite� mia polÔ baji� gn¸sh th eswterik  leitourg�atou sust mato kaj¸ kai th gn¸sh enì meg�lou pl jou paramètrwn.Sthn pr�xh den ma endiafèrei na exhg soume ìle ti leitourg�e tousust mato, all� apl� na qwr�soume ìso to dunatìn kalÔtera ta prì-tupa se kathgor�e. Sta stoqastik� montèla jewre�tai ìti èna mèroth parallaktikìthta twn protÔpwn ofe�letai se tuqa�ou lìgou. O22 Mart�ou 2004
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Sq ma 2.3: Diaqwr�sime kathgor�e.sqediast  tou sust mato prèpei na brei stoqastikè sqèsei pou naperigr�foun thn parallaktikìthta, melet¸nta ti statistikè idiìtht-e twn mel¸n k�je kathgor�a. 'Ara, gia na mporèsei na kataskeuaste�èna stoqastikì montèlo, ja prèpei na up�rqoun diajèsime pollè me-tr sei protÔpwn k�je kathgor�a.'Ena aplì par�deigma parousi�zetai sto Sq ma 2.3 gia dÔo kath-gor�e protÔpwn thn C1 kai thn C2, oi opo�e antistoiqoÔn se mantar�niakai karpoÔzia. K�je prìtupo qarakthr�zetai apì dÔo metr sei: thndi�metro kai to b�ro tou froÔtou. 'Etsi, ta tuqa�a akatèrgasta dia-nÔsmata twn protÔpwn èqoun th morf : X = [X1, X2]
T , ìpou to X1antiproswpeÔei thn di�metro kai to X2 to b�ro.K�je tuqa�o di�nusma protÔpou fa�netai san èna shme�o sto disdi�-stato q¸ro tou Sq mato 2.3. Lìgw th fÔsh twn metr sewn oi dÔo22 Mart�ou 2004



2.1.SÔsthma Anagn¸rish ProtÔpwn 15

PSfrag replaement
X1: Di�metro

X
2

:B�ro
C1

C3

Sq ma 2.4: Mh diaqwr�sime kathgor�e.kathgor�e tou probl mato (ta karpoÔzia kai ta mantar�nia) dhmiour-goÔn duo xeqwrist� kai eÔkola diaqwr�sima sÔnola sto q¸ro pro-tÔpwn. 'Opw fa�netai sto Sq ma 2.3 autè oi kathgor�e dhmiour-goÔn xeqwristè metaxÔ tou om�de, lìgw th fÔsh twn metr sewn.'Omw, sti perissìtere praktikè peript¸sei oi kathgor�e tou prob-l mato den sqhmat�zoun tìso eudi�krite om�de, all� up�rqei k�poiaallhloepik�luyh metaxÔ tou. Gia par�deigma, ja up�rqei k�poia allh-loepik�luyh metaxÔ twn kathgori¸n mantar�nia (C1) kai portok�lia(C3) ìpw fa�netai kai sto Sq ma 2.4, e�n h di�metro kai to b�roqrhsimopoihjoÔn w stoiqe�a tou dianÔsmato protÔpwn.Sto Sq ma 2.5 parousi�zetai mia per�ptwsh ìpou to tuqa�o akatèr-gasto di�nusma protÔpwn èqei trei sunist¸se (N = 3) kai dhmiour-goÔntai dÔo om�de ston trisdi�stato q¸ro. Se peript¸sei ìpou22 Mart�ou 2004
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Sq ma 2.5: Diaqwr�sime kathgor�e ston trisdi�stato q¸ro.
N > 3, den e�nai eÔkolh h apeikìnish twn poludi�stastwn dianusm�twnprotÔpwn.To deÔtero b ma sthn anagn¸rish protÔpwn e�nai h exagwg  qara-kthristik¸n gnwrism�twn (feature extraction) apì ta dedomèna eisìdoukai h el�ttwsh th di�stash twn dianusm�twn protÔpwn. Aut  h dia-dikas�a onom�zetai exagwg  qarakthristik¸n gnwrism�twn.Ta qarakthristik� gnwr�smata mia kathgor�a e�nai oi qarakthri-stikè idiìthte oi opo�e e�nai koinè gia ìla ta prìtupa pou an koun seaut  thn kathgor�a kai onom�zontai endosunolik� (intraset) gnwr�sma-ta. Ta qarakthristik� ta opo�a antiproswpeÔoun ti diaforè metaxÔkathgori¸n onom�zontai diasunolik� (interset) gnwr�smata. Ta stoi-qe�a twn endosunolik¸n gnwrism�twn ta opo�a e�nai koin� gia ìle tikathgor�e den perièqoun kami� diaqwristik  plhrofor�a kai mporoÔn22 Mart�ou 2004



2.1.SÔsthma Anagn¸rish ProtÔpwn 17na agnohjoÔn. Gia par�deigma, ta endosunolik� gnwr�smata sthn kath-gor�a portok�lia e�nai h di�metro, to b�ro kai to qr¸ma. Parìmoiae�nai kai gia thn kathgor�a mantar�nia. To endosunolikì gn¸risma�qr¸ma e�nai koinì tìso sta portok�lia ìso kai sta mantar�nia, opìteden perièqei kam�a diaqwristik  plhrofor�a. Ant�jeta, ta qarakthri-stik� gnwr�smata b�ro kai di�metro upodeiknÔoun diaforè metaxÔtwn kathgori¸n portok�lia kai mantar�nia kai apoteloÔn ta diasuno-lik� gnwr�smata tou probl mato.E�n mpore� na kajoriste� èna pl re sÔnolo diaqwristik¸n gnw-rism�twn gia k�je kathgor�a apì ti metr sei twn dedomènwn, tìteh anagn¸rish kai taxinìmhsh twn protÔpwn e�nai polÔ eÔkolh. 'Omw,sta perissìtera praktik� probl mata anagn¸rish autì o kajorismìe�nai polÔ dÔskolo, an ìqi adÔnato. Eutuq¸, pollè forè e�naidunatìn na brejoÔn orismèna diaqwristik� qarakthristik� gnwr�sma-ta apì ta dedomèna eisìdou. Se mia efarmog  anagn¸rish tupwmènwnqarakt rwn to akatèrgasto di�nusma eisìdou X = [X1, X2, . . . , XN ]Tpou sqhmat�zetai apì ti timè èntash twn eikonokut�rwn th yh-fiak  anapar�stash tou qarakt ra, ìpw fa�netai kai sto Sq -ma 2.2.(b). Apì to X mporoÔn na epilegoÔn w qarakthristik� gnwr�-smata � metaxÔ �llwn � to embadìn tou dexioÔ tm mato tou qarakt ra(x1), to embadìn tou aristeroÔ tm mato (x2) kai h per�metro tou (x3).Qrhsimopoi¸nta aut� ta qarakthristik� gnwr�smata mpore� na ektimh-je� h puknìthta tou qarakt ra (z1) apì to lìgo tou olikoÔ embadoÔtou kai tou tetrag¸nou th perimètrou tou, dhlad  z1 = (x1 + x2)/x
2
3.Ep�sh, mpore� na ektimhje� o bajmì summetr�a enì qarakt ra gÔrwapì èna k�jeto �xona (z2) sugkr�nonta to embadìn tou aristeroÔ meto embadìn tou dexioÔ tm mato, dhlad  z2 = x1/x2. 'Etsi, to arqikìdi�nusma qarakthristik¸n gnwrism�twn e�nai x = [x1, x2, x3]

T . Apìautì prokÔptei èna nèo qarakthristikì di�nusma z = [z1, z2]
T to opo�operièqei pio qr sime plhrofor�e kai e�nai eke�no pou ja qrhsimopoihje�sthn taxinìmhsh. Prèpei na shmeiwje� ìti ta arqik� stoiqe�a x1, x2, x322 Mart�ou 2004



18 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwnapokaloÔntai anex�rthte metablhtè, en¸ ta z1 kai z2 apokaloÔntaiexarthmène metablhtè afoÔ e�nai sunart sei twn x1, x2, x3.Sun jw, to di�nusma qarakthristik¸n gnwrism�twn e�nai mikrìte-rh di�stash apì to akatèrgasto di�nusma eisìdou me sunèpeia thnel�ttwsh th di�stash twn dianusm�twn protÔpwn. E�nai profanèìti h epilog  twn qarakthristik¸n gnwrism�twn exart�tai apì th sug-kekrimènh efarmog  pro ep�lush. O sqediasmì enì kaloÔ sunìlouqarakthristik¸n e�nai perissìtero tèqnh kai empeir�a par� epist mh.To tr�to b ma sto sqediasmì enì sust mato anagn¸rish protÔ-pwn e�nai o kajorismì bèltistwn diadikasi¸n apìfash, oi opo�e e�naianagka�e gia thn anagn¸rish kai taxinìmhsh. Met� th dhmiourg�a toudianÔsmato qarakthristik¸n gnwrism�twn tou protÔpou, to sÔsthmaprèpei na apofas�sei se poia kathgor�a an kei to prìtupo. 'Estw ìti tosÔsthma anagn¸rish protÔpwn e�nai sqediasmèno kat� trìpo tètoio,¸ste na anagnwr�zei M diaforetikè kathgor�e protÔpwn C1, C2, . . .,
CM . Tìte o q¸ro protÔpwn apotele�tai apì M perioqè, k�je miaapì ti opo�e perièqei ta shme�a protÔpwn aut  th kathgor�a. Toprìblhma th anagn¸rish protÔpwn an�getai sth dhmiourg�a twn or�wnapìfash (decision boundaries) ta opo�a diaqwr�zoun ti M kathgor�ebasismèna sta dianÔsmata qarakthristik¸n gnwrism�twn twn protÔ-pwn.To Sq ma 2.6 parousi�zei èna aplì disdi�stato par�deigma dÔokatanom¸n, oi opo�e antistoiqoÔn se kanonikè kai elattwmatikè kata-st�sei leitourg�a mia mhqan . Ta disdi�stata shme�a sto sq mae�nai timè twn dianusm�twn qarakthristik¸n gnwrism�twn, en¸ oi ka-mpÔle antistoiqoÔn se sunart sei puknìthta pijanot twn (probabil-
ity density functions) kai perikle�oun to 50% kai to 90% twn dianu-sm�twn qarakthristik¸n gnwrism�twn twn protÔpwn k�je kathgor�a.H sun�rthsh puknìthta pijanot twn k�je kathgor�a parousi�zetaise trisdi�stath morf  sto Sq ma 2.7. E�n oi dÔo katanomè tou x22 Mart�ou 2004
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Sq ma 2.6: DÔo statistikè katanomè protÔpwn.
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Sq ma 2.7: DÔo statistikè katanomè se trisdi�stath morf .22 Mart�ou 2004



20 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwne�nai gnwstè ek twn protèrwn, tìte mpore� na breje� èna ìrio apì-fash d(x1, x2) = 0, ìpw fa�netai sto Sq ma 2.6 to opo�o diaire� todisdi�stato q¸ro se dÔo perioqè. Met� ton upologismì tou or�ouapìfash e�nai dunat  h taxinìmhsh tou dianÔsmato qarakthristik¸ngnwrism�twn mia mhqan  se mia apì ti dÔo kathgor�e, an�loga meth tim  tou d(x1, x2). 'Etsi, e�n d(x1, x2) < 0 h kat�stash leitourg�ath mhqan  taxinome�tai w kanonik , en¸ e�n d(x1, x2) > 0 h mhqan taxinome�tai w elattwmatik .Ta ìria apìfash mporoÔn na upologistoÔn me di�forou trìpou.Efìson up�rqei “ek twn protèrwn” (a priori) oloklhrwmènh gn¸sh giata statistik� qarakthristik� twn protÔpwn ta ìria apìfash mporoÔnna kajoristoÔn me akr�beia, me b�sh autè ti plhrofor�e. 'Otan ìmwe�nai diajèsimh mìno poiotik  gn¸sh twn statistik¸n qarakthristik¸ntwn protÔpwn, tìte e�nai mìno dunatìn na ektimhjoÔn logikè problè-yei gia th morf  twn or�wn apìfash. Sth per�ptwsh aut , ta ìriaapìfash mpore� na e�nai lanjasmèna opìte gia na sqediaste� swst�o taxinomht  prèpei na exetastoÔn ta qarakthristik� th statistik - katanom  P (x) gia k�je kathgor�a. Aut  h diadikas�a onom�ze-tai ekm�jhsh   ekpa�deush kai ta de�gmata ta opo�a qrhsimopoioÔntaigia to sqediasmì tou taxinomht  onom�zontai prìtupa ekpa�deush  ekm�jhsh. Arqik� kajor�zontai tuqa�e sunart sei apof�sewn kaikatìpin, mèsa apì mia akolouj�a ekpaideutik¸n bhm�twn, oi sunart seiapof�sewn anaprosarmìzontai, ¸ste na prosegg�soun mia bèltisth  apl� ikanopoihtik  morf .

22 Mart�ou 2004



2.2.Efarmog : Biomhqanikì Robot 212.2. Efarmog : Biomhqanikì RobotTo eÔro twn problhm�twn pou emfan�zontai se efarmogè anagn¸ri-sh protÔpwn, ja parousiaste� exet�zonta th realistik  efarmog  thanagn¸rish protÔpwn gia ton èlegqo enì biomhqanikoÔ robot, kaj¸kai h efarmog  th genik  mejodolog�a tou Sq mato 2.1 sth sug-kekrimènh per�ptwsh. Kat� thn an�ptuxh th ep�lush tou probl matoja eisaqjoÔn ènnoie kleidi� th anagn¸rish protÔpwn.2.2.1. Prodiagrafè tou probl matoTo prìblhma e�nai h dhmiourg�a enì progr�mmato elègqou biomhqani-koÔ robot pou ja ektele� qrèh ergazìmenou se mia biomhqan�a. 'Enakuliìmeno di�dromo metafèrei ta exart mata mia mhqan . To robotja pa�rnei èna ex�rthma apì to di�dromo, ja exet�zei e�n to ex�rthmaèqei k�poio kataskeuastikì el�ttwma kai ja sunarmologe� ta mh elat-twmatik� exart mata. Ep�sh, to robot ja dèqetai proforikè entolèapì ton exousiodothmèno epist�th tou kai ja apeujÔnetai s> autìn giasugkekrimène entolè se per�ptwsh probl mato.2.2.2. An�lush tou probl matoGia to sqediasmì tou progr�mmato elègqou tou robot, ja prèpei nalujoÔn mia seir� apì probl mata anagn¸rish protÔpwn:(1) H anagn¸rish tou e�dou enì exart mato, anex�rthta apì thgwn�a parat rhsh.(2) O èlegqo tou exart mato gia kataskeuastik� elatt¸mata.(3) H katanìhsh twn proforik¸n entol¸n tou epist�th.(4) H anagn¸rish th tautìthta tou epist�th pijan¸ apì thfwn  tou.(5) H anagn¸rish katast�sewn ìpou apaite�tai anjr¸pinh epèmba-sh, ìpw gia par�deigma h anagn¸rish problhm�twn sth swst leitourg�a tou �diou tou robot. 22 Mart�ou 2004



22 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwnTo kajèna apì ta parap�nw probl mata e�nai apì mìno tou miaefarmog  anagn¸rish protÔpwn. Ed¸ ja exetaste� analutik� mìnoèna apì ta parap�nw probl mata: h anagn¸rish tou e�dou tou exart -mato. To prìblhma emp�ptei se mia exeidikeumènh perioq  th anagn¸-rish protÔpwn h opo�a onom�zetai anagn¸rish antikeimènwn (object
recognition). Ta kuriìtera b mata gia thn optik  anagn¸rish tou e-xart mato parousi�zontai sto Sq ma 2.8.2.2.3. Anagn¸rish tou e�dou enì exart matoTo Sq ma 2.9 apeikon�zei to perib�llon tou probl mato. 'Ena ku-liìmeno di�dromo metafèrei ta exart mata. P�nw apì to di�dromotopojete�tai èna optikì aisjht ra o opo�o sullamb�nei thn eikìnatou exart mato. An�loga me ti eidikè apait sei th efarmog  ooptikì aisjht ra mpore� na e�nai: a) mia seir� apì fwtoaisjht resthn pio apl  per�ptwsh, b) mia k�mera sth pio sunhjismènh per�ptwshkai g) èna sunduasmì apì dÔo k�mere gia stereoskopik  ìrash kaitridi�stath an�lush se pio sÔnjete peript¸sei. Sth sugkekrimènh e-farmog  qrhsimopoi jhke h lÔsh th apl  k�mera. 'Ena frame grab-

ber metatrèpei thn eikìna se yhfiak  morf  kai eis�getai sto sÔsthmaanagn¸rish exarthm�twn. To sÔsthma anagn¸rish ja apofas�sei giato e�do tou exart mato.Ta dedomèna eisìdou e�nai h yhfiak  eikìna tou exart mato. Miapr¸th aploðk  prosèggish e�nai na sugkrije� h eikìna me prìtupeeikìne exarthm�twn, oi opo�e e�nai apojhkeumène se mia b�sh de-domènwn tou sust mato. Aut  h prosèggish onom�zetai ta�riasmame upode�gmata (template matching) kai qrhsimopoie�tai se orismèneqamhloÔ kìstou efarmogè ìpw h optik  anagn¸rish protÔpwn k�twapì elegqìmene sunj ke. H prosèggish aut  den e�nai kat�llhlhsth sugkekrimènh efarmog  gia tou parak�tw lìgou: H eikìna touexart mato sun jw e�nai elafr� alloiwmènh apì tuqa�o jìrubo oopo�o prokÔptei kat� th diadikas�a apeikìnish kai apì th metatrop 22 Mart�ou 2004
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Sq ma 2.8: Leitourgikì di�gramma biomhqanikoÔ robot.
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Sq ma 2.9: Perib�llon th anagn¸rish enì exart mato.22 Mart�ou 2004



24 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwnth se yhfiak  plhrofor�a. Ep�sh o prosanatolismì tou exart -mato p�nw sthn metaforik  tain�a den e�nai prokajorismèno. 'Etsi,ja  tan anagka�a h apoj keush enì meg�lou arijmoÔ upodeigm�twngia k�je ex�rthma ¸ste na kalÔptontai ìle oi optikè gwn�e. Tè-lo, ja prèpei na lhfje� upìyh kai to pl jo th plhrofor�a k�jeeikìna. Gia par�deigma an h diakritik  an�lush th yhfiak  eikìnae�nai 128 × 128 me b�jo qr¸mato 8 bits, tìte apaitoÔntai gia thnapoj keush th 16 Kbytes. E�nai fanerì ìti up�rqei pleìnasma plhro-for�a h opo�a epibarÔnei me thn epexergas�a th to sÔsthma. 'Etsi,gia na ulopoihje� èna apodotikì sÔsthma e�nai anagka�a h exagwg qarakthristik¸n gnwrism�twn apì ta dedomèna th eikìna.2.2.4. Exagwg  qarakthristik¸n gnwrism�twnArqik� sth yhfiak  eikìna ja efarmostoÔn metasqhmatismo� eikìna.Dhlad  diadikas�e belt�wsh oi opo�e ja èqoun w apotèlesma mianèa eukrinèsterh eikìna ìpou ja èqoun toniste� oi zhtoÔmene plhro-for�e. Autè oi diadikas�e perilamb�noun thn afa�resh tou perijwr�outou exart mato, th belt�wsh tou qrwmatismoÔ th eikìna ¸ste naparousi�zetai me eukr�neia to ex�rthma, ton entopismì twn akm¸n touexart mato (edge detection), thn afa�resh twn upìloipwn mh anagka�-wn plhrofori¸n, ¸ste to telikì apotèlesma na e�nai mia duadik  ana-par�stash twn akm¸n tou exart mato.An�loga me ti an�gke k�je efarmog , pragmatopoie�tai peraitè-rw epexergas�a th eikìna kai efarmìzontai algìrijmoi tmhmatopo�h-sh (segmentation), dhlad  diaqwrismì th eikìna se perioqè endia-fèronto. To apotèlesma th efarmog  metasqhmatism¸n eikìna seorismèna exart mata mhqan  parousi�zontai sto Sq ma 2.10.Oi metasqhmatismo� eikìna (image transformations) kai h tmhma-topo�hsh (segmentation) apoteloÔn tm ma tou episthmonikoÔ kl�douth epexergas�a eikìna (image processing) kai e�nai pèra apì touskopoÔ autoÔ tou bibl�ou.22 Mart�ou 2004
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Sq ma 2.10: Exart mata mhqan  se di�fore gwn�e.
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Sq ma 2.11: Merik� qarakthristik� gnwr�smata gia biomhqanikè efarmogè.Telik�, apì ti akmè kai ta tm mata tou exart mato upolog�zo-ntai ta qarakthristik� tou gnwr�smata. Sth sugkekrimènh efarmog ta qarakthristik� gnwr�smata k�je exart mato e�nai:(1) To embadìn th probol  tou exart mato x1(2) H exwterik  per�metro tou exart mato x2 22 Mart�ou 2004



26 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwn(3) H mègisth di�stash tou exart mato x3(4) To pl jo twn op¸n tou x4To Sq ma 2.11 parousi�zei èna pl jo eurèw qrhsimopoioÔmenwn qa-rakthristik¸n gnwrism�twn pou ex�gontai se parìmoie biomhqanikèrompotikè efarmogè kaj¸ kai th qrhsimìthta tou. H swst  epi-log  twn qarakthristik¸n gnwrism�twn gia k�je efarmog  e�nai miadiadikas�a kleid� gia thn ulopo�hsh opoioud pote sust mato anagn¸-rish protÔpwn.2.2.5. Anagn¸rish tou exart matoMet� thn exagwg  twn qarakthristik¸n gnwrism�twn qrhsimopoioÔntaitupopoihmènoi algìrijmoi gia thn anagn¸rish protÔpwn. Oi algìrij-moi auto� e�nai geniko� kai mporoÔn na qrhsimopoihjoÔn se èna polÔmeg�lo eÔro efarmog¸n. H parous�ash kai an�ptuxh twn pio diade-domènwn algor�jmwn anagn¸rish protÔpwn e�nai to kÔrio jèma toubibl�ou.
2.3. Ereunhtik� Jèmata Anagn¸rish ProtÔpwn'Eqonta parousi�sei mia genik  eikìna twn jem�twn pou apasqoloÔnton episthmonikì kl�do th anagn¸rish protÔpwn, sugkekrimèna ereu-nhtik� jèmata tou kl�dou ja anaferjoÔn analutik�. 'Otan emfan�zetaimia nèa efarmog  apaite�tai shmantik  ereunhtik  kai kataskeuastik prosp�jeia. Kaj¸ ta perissìtera probl mata anagn¸rish protÔ-pwn aforoÔn sugkekrimène gnwstikè perioqè, h lÔsh tou exart�taiapì thn gn¸sh, thn empeir�a kai dioratikìthta twn ereunht¸n. Wstìso,orismèna apì ta probl mata e�nai genik� sth fÔsh tou, suqn� dÔskolaall� tautìqrona endiafèronta kai apaitoÔn idia�terh prosoq .22 Mart�ou 2004



2.3.Ereunhtik� Jèmata Anagn¸rish ProtÔpwn 272.3.1. Exagwg  qarakthristik¸n gnwrism�twnTo ideatì ìrio metaxÔ exagwg  qarakthristik¸n gnwrism�twn kai ta-xinìmhsh e�nai k�pw auja�reto. 'Ena idanikì exagwgèa qarakthri-stik¸n dhmiourge� mia anapar�stash pou k�nei thn taxinìmhsh mia apl diadikas�a. Parìmoia, èna idanikì taxinomht  den èqei an�gkh apìèna exeidikeumèno exagwgèa qarakthristik¸n gnwrism�twn. H di�krishloipìn metaxÔ tou e�nai perissìtero jewrhtik  par� praktik . Genik�,h diadikas�a exagwg  qarakthristik¸n gnwrism�twn exart�tai apì thnsugkekrimènh efarmog  kai to ped�o tou probl mato, ant�jeta apì thndiadikas�a th taxinìmhsh h opo�a e�nai pio genik . 'Ena taxinomht mpore� na qrhsimopoihje� se pollè efarmogè, en¸ èna exagwgèaqarakthristik¸n gnwrism�twn gia thn anagn¸rish daktulik¸n apotu-pwm�twn ja  tan �qrhsto se m�a efarmog  anagn¸rish qarakt rwn.2.3.2. JìruboJìrubo mpore� na oriste� se genikè grammè k�je idiìthta kat� thndiadikas�a mètrhsh enì protÔpou pou den sqet�zetai me to pragmatikìtou montèlo all� me thn tuqaiìthta ston kìsmo   sto perij¸rio l�joutwn aisjht rwn. 'Ole sqedìn oi praktikè efarmogè th anagn¸-rish protÔpwn sqet�zontai me k�poia morf  jorÔbou sti metr seitwn dedomènwn. 'Ena shmantikì ereunhtikì jèma e�nai h enswm�twshgn¸sh th phg  jorÔbou sto sÔsthma anagn¸rish protÔpwn kaj¸kai h exakr�bwsh e�n h diaforopo�hsh se k�poia mètrhsh sqet�zetai mejìrubo   �llou par�gonte.2.3.3. Poluplokìthta montèlouE�nai dunat  h kataskeu  enì polÔplokou sust mato anagn¸rish- protÔpwn to opo�o na pragmatopoie� tèleia taxinìmhsh sta prìtupaekpa�deush all� na apotugq�nei sthn taxinìmhsh pragmatik¸n dedomè-nwn; Orismène forè autì sumba�nei diìti to polÔploko sÔsthma ana-gn¸rish protÔpwn exart�tai apì ti idiomorf�e tou tuqa�ou sunìlou22 Mart�ou 2004



28 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwndedomènwn ekpa�deush kai ìqi apì ti idiìthte twn pragmatik¸n de-domènwn. M�a apì ti plèon shmantikè perioqè èreuna sthn sta-tistik  anagn¸rish protÔpwn e�nai o kajorismì th poluplokìthtaenì montèlou, dhlad  to montèlo na mhn e�nai tìso aplì ¸ste na mhnmpore� na xeqwr�sei diaforè metaxÔ kathgori¸n kai tautìqrona ìqitìso polÔploko ¸ste na apotugq�nei sthn taxinìmhsh pragmatik¸ndedomènwn.2.3.4. Epilog  montèlou taxinomht Up�rqoun poll� montèla pijan¸n taxinomht¸n pou mpore� na qrhsi-mopoihjoÔn gia na lÔsoun èna prìblhma. Pw epilègei k�poio ereunh-t  to plèon kat�llhlo montèlo gia m�a sugkekrimènh efarmog ; Pwapofas�zei kane� na aporr�yei èna montèlo kai na dokim�sei èna �llo;Ektì apì thn gnwst  mèjodo th diadoqik  dokim  kai apìrriyh,up�rqei k�poia pio susthmatik  mèjodo epilog  montèlou;2.3.5. Merik  èlleiyh tim¸n qarakthristik¸n gnwrism�twnSuqn�, gia di�forou lìgou, den e�nai diajèsime ìle oi timè qara-kthristik¸n gnwrism�twn twn protÔpwn. Pw mpore� o taxinomht  napragmatopoi sei thn bèltisth apìfash qrhsimopoi¸nta mìno ta up�r-qonta dedomèna; H aploðk  mèjodo na jewroÔntai mhdèn oi timè twnanÔparktwn dedomènwn   o mèso ìro twn upìloipwn tim¸n twn de-domènwn, pijan� den e�nai o bèltisto trìpo kajorismoÔ twn tim¸n.Parìmoia, se orismène peript¸sei, up�rqei èlleiyh tim¸n sta prì-tupa ekpa�deush kat� thn dhmiourg�a tou sust mato anagn¸rish.Pw mpore� na ekpaideute� o taxinomht  ìtan up�rqei èlleiyh orismè-nwn tim¸n qarakthristik¸n gnwrism�twn;2.3.6. Tmhmatopo�hshSthn efarmog  tou biomhqanikoÔ robot jewre�tai ìti ta exart mata giaanagn¸rish e�nai mh epikaluptìmena sthn tain�a metafor�. Praktik�,22 Mart�ou 2004



2.3.Ereunhtik� Jèmata Anagn¸rish ProtÔpwn 29e�nai dunatìn orismèna apì aut� ta exart mata na e�nai epikaluptìme-na. Se aut  thn per�ptwsh ta prìtupa prèpei na tmhmatopoihjoÔn kaina anagnwristoÔn apì qarakthristik� gnwr�smata twn tmhm�twn tou.H tmhmatopo�hsh e�nai apì ta pio dÔskola ereunhtik� probl mata seorismènou kl�dou th anagn¸rish protÔpwn, ìpw gia par�deigmasthn anagn¸rish omil�a.2.3.7. Amet�blhtoi metasqhmatismo�Gia thn bèltisth ulopo�hsh enì taxinomht  prèpei na antimetwpiste� toprìblhma th ametablhtìthta. Sthn efarmog  tou biomhqanikoÔ roboth jèsh twn exarthm�twn sthn tain�a metafor� den e�nai prokajorismènh�ra o taxinomht  prèpei na anagnwr�zei ta exart mata anex�rthta thapìluth jèsh tou sthn tain�a metafor�. 'Etsi, o taxinomht  prèpeina e�nai amet�blhto tou metasqhmatismoÔ metafor� se opoiad potedieÔjunsh. Epiplèon, o prosanatolismì twn exarthm�twn sthn tain�ametafor� den e�nai prokajorismèno. 'Etsi, o taxinomht  prèpei nae�nai amet�blhto ston metasqhmatismì peristrof . Se pollè peri-pt¸sei to mègejo th apeikìnish mpore� na mhn e�nai stajerì kai namhn sqet�zetai me thn kathgoriopo�hsh. Gia par�deigma, to mègejo thapeikìnish enì exart mato sthn tain�a metafor� exart�tai apì thnjèsh th k�mera. Elafrè diakum�nsei sthn topojèthsh th k�meraèqoun san apotèlesma thn allag  tou megèjou enì exart mato kat�thn apeikìnish tou. 'Etsi, o taxinomht  prèpei na e�nai amet�blhtoston metasqhmatismì klim�kwsh.Sthn anagn¸rish protÔpwn qrhsimopoioÔntai polÔplokoi metasqh-matismo� oi opo�a sqet�zontai me sugkekrimène efarmogè. Gia par�dei-gma, se m�a efarmog  optik  anagn¸rish qeirìgrafwn qarakt rwn,o taxinomht  prèpei na mhn e�nai eua�sjhto sto p�qo th gramm - twn qarakt rwn. Parìmoia, sthn anagn¸rish eikìna ja prèpei tosÔsthma anagn¸rish na antapokrije� se allagè tou fwtismoÔ   sthnparous�ash ski¸n. 22 Mart�ou 2004



30 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwnSe ìle ti peript¸sei ametablhtìthta up�rqoun ta ex  jèmata:Pw prokajor�zetai h parous�ash ametablhtìthta; Pw enswmat¸ne-tai apotelesmatik� tètoia gn¸sh sto sÔsthma anagn¸rish; 'Estw ìtiden e�nai gnwst  ek twn protèrwn h parous�ash m�a sugkekrimènhametablhtìthta. Pw ja g�nei ekm�jhsh sto sÔsthma anagn¸rishaut  th ametablhtìthta;2.3.8. Kìsto kai r�skoPrèpei na g�nei katanohtì ìti èna taxinomht  apotele� mèro enìoloklhrwmènou sust mato kai qrhsimopoie�tai san sumbouleutikì ìr-gano. Sthn efarmog  tou biomhqanikoÔ robot qrhsimopoie�tai gia thnanagn¸rish t  tautìthta enì exart mato kai sthn exètash kata-skeuastik¸n elattwm�twn twn exarthm�twn. To pio aplì r�sko sthnsugkekrimènh efarmog  e�nai h l�jo taxinìmhsh enì exart mato. Toepìmeno st�dio r�skou e�nai h mh anagn¸rish enì kataskeuastikoÔ e-latt¸mato enì anagnwrismènou exart mato. Poio e�nai to posostìtwn exarthm�twn pou den anagnwr�zontai swst� kai pio to posostì twnexarthm�twn me kataskeuastik� elatt¸mata pou den anagnwr�sthk�n;Oi sumbouleutikè enèrgeie enì taxinomht  èqoun èna susqetizìmenokìsto kai r�sko. O sqediasmì enì taxinomht  pro�pojètei thn e-laqistopo�hsh tou olikoÔ kìstou   r�skou. Pw enswmat¸nontai aut�se èna taxinomht  kai pw ephre�zoun thn apìkrish tou taxinomht ;Telik�, mpore� na ektimhje� to olikì r�sko ¸ste na apofasiste� e�no taxinomht  e�nai apodektì prin efarmoste� ston pragmatikì kìsmo;Mpore� na ektimhje� to el�qisto dunatì r�sko opoioud pote taxinomht ¸ste na up�rqei shme�o sÔgkrish enì proteinìmenou taxinomht  me tonideatì   to prìblhma e�nai genik� polÔploko;
22 Mart�ou 2004



2.3.Ereunhtik� Jèmata Anagn¸rish ProtÔpwn 312.3.9. Upologistik  poluplokìthtaOrismèna probl mata anagn¸rish protÔpwn mpore� na lujoÔn qrhsi-mopoi¸nta algor�jmou oi opo�oi ìmw den e�nai praktiko�. Gia par�-deigma, sthn efarmog  tou biomhqanikoÔ robot gia thn anagn¸rish toue�dou enì exart mato, ta dedomèna eisìdou e�nai h yhfiak  apeikì-nish tou exart mato. 'Omw, se aut  thn efarmog , h apeuje�a ta-xinìmhsh th yhfiak  apeikìnish den e�nai kat�llhlh lìgw jorÔbou,prosanatolismoÔ twn exarthm�twn, qwrhtikìthta mn mh kai upologi-stik  taqÔthta. 'Etsi, h upologistik  poluplokìthta diafìrwn al-gor�jmwn e�nai polÔ shmantik , kur�w gia praktikè efarmogè.Se poio genikè grammè mpore� na teje� to er¸thma th upologi-stik  poluplokìthta enì algor�jmou se sqèsh me thn di�stash twndedomènwn eisìdou   ton arijmì twn protÔpwn gia taxinìmhsh   tonarijmì twn kathgori¸n. Poia e�nai h antallag  metaxÔ upologistik poluplokìthta kai ep�dosh; Se orismène peript¸sei mpore� na sqe-diastoÔn tèleioi taxinomhtè �lla na mhn èqoun praktik  efarmog  diìtiden br�skontai mèsa sta ìria twn mhqanik¸n kai upologistik¸n periori-sm¸n. Pw mporoÔn na beltistopoihjoÔn auto� oi periorismo�;
2.1 Na breje� èna sÔnolo arijmhtik¸n qarakthristik¸n gnwrism�-twn ¸ste na e�nai dunat  h anagn¸rish montèlwn autokin twn apì pl�-gie fwtograf�e tou. Ta m kh den mporoÔn na qrhsimopoihjoÔn wqarakthristik� stoiqe�a diìti e�nai �gnwsth h apìstash tou apì thnk�mera. Up�rqoun ìmw qarakthristik� pou paramènoun anallo�wtame thn allag  kl�maka. Apì pènte diaforetik� montèla autokin twnna upolog�sete aut� ta qarakthristik�. Sumboul : Na exetaste� toÔyo se sqèsh me to m ko enì autokin tou.

22 Mart�ou 2004



32 2.Eisagwg  sth Statistik  Anagn¸rish ProtÔpwn2.2 Na breje� èna sÔnolo arijmhtik¸n qarakthristik¸n gnwrism�-twn gia thn taxinìmhsh eikìnwn pou perièqoun mh epikaluptìmena por-tok�lia, m la, mpan�ne kai aql�dia.

22 Mart�ou 2004



Kef�laio 3
Taxinìmhsh protÔpwnme sunart seisapìfashs

3.1. Aplè Grammikè Sunart sei ApìfashH kÔria leitourg�a enì sust mato anagn¸rish protÔpwn e�nai h ta-xinìmhsh protÔpwn se kathgor�e. Gia na epiteuqje� autì e�nai ana-gka�o na kajoristoÔn oi kanìne p�nw stou opo�ou to sÔsthma jabasiste� gia na pragmatopoi sei thn taxinìmhsh. Mia polÔ shmantik prosèggish se autì to prìblhma e�nai h qrhsimopo�hsh twn sunart -sewn apìfash (decision functions), ti opo�e arqik� parousi�same



34 3.Taxinìmhsh protÔpwn me sunart sei apìfash
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Sq ma 3.1: Apl  sun�rthsh apìfash gia dÔo kathgor�e.sto Kef�laio 2. To Sq ma 3.1 parousi�zei mia apl  disdi�stath per�-ptwsh, ìpou dÔo upojetikè kathgor�e protÔpwn mporoÔn polÔ eÔkolana diaqwristoÔn me mia euje�a gramm . H genik  morf  mia disdi�sta-th grammik  sun�rthsh apìfash e�nai:
d(x) = w1x1 + w2x2 + w3 = 0, (3.1)ìpou ta w1, w2, w3 e�nai oi par�metroi pou kajor�zoun thn jèsh kaithn kl�sh th gramm  kai x1, x2 apoteloÔn ta stoiqe�a tou anÔsmatoqarakthristik¸n gnwrism�twn tou protÔpou x = [x1, x2]

T . E�nai pro-fanè apì to Sq ma 3.1 ìti opoiod pote prìtupo x, to opo�o an keisthn kathgor�a C2, antikatastaje� sthn Ex�swsh (3.1) tìte h tim  th
d(x) ja e�nai jetik . Ant�jeta h tim  th ja e�nai arnhtik  gia taprìtupa x pou an koun sthn kathgor�a C1. 'Etsi, h d(x) mpore� naqrhsimopoihje� san mia sun�rthsh apìfash   diaqwrismoÔ (decision
or discriminant function), afoÔ gia opoiod pote prìtupo x mpore� naapofasiste� se poia kathgor�a an kei an�loga me to prìshmo th. E�nto prìtupo br�sketai p�nw sth sun�rthsh apìfash, dhlad  d(x) = 0,tìte èqoume mia aprodiìristh kat�stash kai den mpore� na apofasiste�se poia kathgor�a an kei.
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3.2.Grammikè Sunart sei Apìfash 35Sthn genik  per�ptwsh h sun�rthsh apìfash mpore� na èqei miaopoiad pote morf . H epituq�a tou parap�nw trìpou taxinìmhsh pro-tÔpwn exart�tai apì dÔo par�gonte:(1) Apì thn genik  morf  th sun�rthsh d(x).(2) Apì thn ikanìthta kajorismoÔ twn suntelest¸n th d(x).To pr¸to prìblhma sqet�zetai me ti gewmetrikè idiìthte k�je kath-gor�a protÔpwn. Dustuq¸, an den up�rqei k�poia “ek twn protèrwn”gn¸sh gia ta gewmetrik� qarakthristik� twn kathgori¸n tìte o mìnotrìpo kajorismoÔ th morf  th sun�rthsh apìfash e�nai me miaepanalhptik  diadikas�a dokim  kai sf�lmato. Apì th stigm  pouja epilege� h morf  th sun�rthsh,   twn sunart sewn apìfash e�nup�rqoun perissìtere apì dÔo kathgor�e, to prìblhma an�getai stonkajorismì twn suntelest¸n th sun�rthsh.E�n oi kathgor�e protÔpwn e�nai diaqwr�sime qrhsimopoi¸nta su-nart sei apìfash, sto bibl�o autì ja parousi�soume algìrijmou oiopo�oi qrhsimopoioÔn de�gmata protÔpwn apì k�je kathgor�a, ¸ste naektimhjoÔn oi timè twn suntelest¸n, oi opo�oi qarakthr�zoun autè tisunart sei.
3.2. Grammikè Sunart sei ApìfashH apl  disdi�stath grammik  sun�rthsh apìfash tou Sq mato 3.1mpore� na genikeute� eÔkola gia thn n-di�stath per�ptwsh. H morf mia n-di�stath grammik  sun�rthsh apìfash e�nai:

d(x) = w1x1 + w2x2 + . . . + wnxn + wn+1

= wT x + wn+1.
(3.2)Sthn per�ptwsh pou n = 2 h Ex�swsh (3.2) e�nai h ex�swsh mia eu-je�a gramm  pou diaqwr�zei ton disdi�stato q¸ro ìpw de�qnei kai toSq ma 3.1, en¸ ìtan n = 3 an�getai sthn ex�swsh enì epipèdou pou22 Mart�ou 2004



36 3.Taxinìmhsh protÔpwn me sunart sei apìfashdiaqwr�zei ton trisdi�sto q¸ro. Sthn per�ptwsh pou n > 3 an�getaisthn ex�swsh enì uperepipèdou di�stash n − 1, pou qwr�zei sta dÔoèna uperq¸ro di�stash n.H Ex�swsh (3.2) mpore� na aplopoihje� majhmatik� an qrhsimopoih-je� to epauxhmèno (augment) qarakthristikì �nusma tou protÔpou x,pou prokÔptei e�n eis�goume èna epiplèon stoiqe�o pou èqei p�nta thntim  1. H Ex�swsh (3.2) pa�rnei tìte thn aplopoihmènh morf :
d(x) = wT x, (3.3)ìpou x = [x1, x2, . . . , xn, 1]T e�nai to epauxhmèno qarakthristikì di�nu-sma kai w = [w1, w2, . . . , wn, wn+1]

T onom�zetai to di�nusma paramè-trwn   di�nusma bar¸n. H Ex�swsh (3.3) anaparist� èna uperep�pedoto opo�o pern�ei apì thn arq  twn axìnwn.Se èna prìblhma dÔo kathgori¸n h sun�rthsh apìfash d(x) èqeithn idiìthta:
d(x) = wT x







> 0 e�n x ∈ C1,

< 0 e�n x ∈ C2.
(3.4)E�n up�rqoun p�nw apì dÔo kathgor�e grammik� diaqwr�sime, tìte ogrammikì diaqwrismì g�netai pio polÔploko kai h Ex�swsh (3.4) gia

M kathgor�e pa�rnei thn morf :
di(x) = wT

i x

{

> 0 e�n x ∈ Ci,

< 0 diaforetik�,
(3.5)ìpou i = 1, 2, . . . ,M kai wi = [wi1, wi2, . . . , win, wi(n+1)]

T e�nai todi�nusma bar¸n gia thn i-ost  sun�rthsh apìfash d i(x). Me tonautìn ton trìpo grammikoÔ diaqwrismoÔ dhmiourge�tai prìblhma e�nup�rqoun shme�a tou q¸rou gia ta opo�a perissìtere apì m�a sunart -sei apìfash e�nai jetikè. Tìte gia ta prìtupa pou emp�ptoun seautè ti perioqè den mpore� na prosdiorisje� h kathgor�a tou.To Sq ma 3.2 parousi�zei èna aplì par�deigma grammikoÔ diaqw-rismoÔ gia trei kathgor�e (M = 3). Sth sugkekrimènh per�ptwsh22 Mart�ou 2004



3.2.Grammikè Sunart sei Apìfash 37PSfrag replaement
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d1(x)

d2(x)Sq ma 3.2: Grammikè sunart sei apìfash me thn pr¸th mejodolog�a.up�rqei mia sun�rthsh apìfash pou diaqwr�zei mia kathgor�a apì tiupìloipe. Gia ta prìtupa pou emp�ptoun sti skiasmène perioqè touSq mato 3.2, perissìtere apì m�a sunart sei apìfash e�nai jetikèkai gia ta prìtupa aut� den mpore� na apofasiste� h kathgor�a sthnopo�a an koun.'Ena deÔtero trìpo grammikoÔ diaqwrismoÔ e�nai h eÔresh sun-art sewn apìfash, ìpou k�je kathgor�a diaqwr�zetai apì k�je miaapì ti upìloipe, dhlad  oi kathgor�e e�nai amoiba�a an� dÔo diaqw-r�sime. Tìte dhmiourgoÔntai M(M−1)
2

sunart sei apìfash, ìse osunduasmì M kathgori¸n an� dÔo, th morf :
d ij(x) = wT

ij x, (3.6)me thn idiìthta ìti e�n to prìtupo x an kei sthn kathgor�a Ci, tìte:
d ij(x) = wT

ij x > 0, ∀ j 6= i. (3.7)Oi sunart sei autè èqoun th summetrik  idiìthta, dhlad :
d ij(x) = −d ji(x). (3.8)'Omw, kai me autì ton trìpo grammikoÔ diaqwrismoÔ, e�nai dunatì naup�rxoun peript¸sei, ìpw fa�netai apì thn skiasmènh perioq  tou22 Mart�ou 2004



38 3.Taxinìmhsh protÔpwn me sunart sei apìfashPSfrag replaement
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Sq ma 3.3: Grammikè sunart sei apìfash me thn deÔterh mejodolog�a.Sq mato 3.3, ìpou h sugkur�a th Ex�swsh (3.7) e�nai adÔnath giati sugkekrimène sunart sei apìfash th kathgor�a Ci.Telik�, èna tr�to diaqwristikì kanìna e�nai na up�rqoun Msunart sei apìfash:
di(x) = wT

i x, i = 1, 2, . . . ,M, (3.9)me thn idiìthta ìti e�n to x an kei sthn kathgor�a Ci, tìte:
di(x) > dj(x), ∀ i 6= j. (3.10)H mejodolog�a e�nai ousiastik� mia upoper�ptwsh th Mejodolog�a 2mia kai mpore� na oristoÔn sunart sei apìfash th morf :
dij(x) = di(x) − dj(x)

= (wi − wj)
T

x

= wT
ijx,

(3.11)ìpou wij = wi − wj. EÔkola fa�netai ìti an di(x) > dj(x) gia k�je
j 6= i, tìte dij(x) > 0 gia k�je j 6= i, �ra oi kathgor�e e�nai diaqw-r�sime upì ti pro�pojèsei th Mejodolog�a 2. To ant�jeto genik�den isqÔei.22 Mart�ou 2004
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d1(x) − d3(x) d2(x) − d3(x)Sq ma 3.4: Grammikè sunart sei apìfash me thn tr�th mejodolog�a.Prèpei na shmeiwje� ìti me thn tr�th mèjodo, ìpw fa�netai kai stoSq ma 3.4, den up�rqoun aprosdiìriste perioqè, ektì bèbaia apì tashme�a pou br�skontai p�nw sti sunart sei apof�sewn.E�n oi kathgor�e protÔpwn se opoiad pote per�ptwsh mporoÔn nataxinomhjoÔn me grammikè sunart sei apof�sewn qrhsimopoi¸ntamia apì ti parap�nw mejìdou grammikoÔ diaqwrismoÔ, tìte oi kath-gor�e onom�zontai grammik� diaqwr�sime. To basikì ìmw prìblh-ma paramènei, dhlad  met� ton kajorismì twn sunart sewn apìfashprèpei na upologistoÔn oi suntelestè tou. Sun jw auto� oi sun-telestè upolog�zontai qrhsimopoi¸nta diajèsima de�gmata protÔpwn.'Otan oi suntelestè k�je sun�rthsh apìfash èqoun upologiste�,tìte autè oi sunart sei mporoÔn na qrhsimopoihjoÔn san b�sh giathn taxinìmhsh protÔpwn.
22 Mart�ou 2004
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C1αSq ma 3.5: To prìblhma tou Sebestyen.3.3. Genikeumène Sunart sei ApìfashSunart sei apìfash mporoÔn p�ntote na kajoristoÔn metaxÔ kath-gori¸n protÔpwn oi opo�e e�nai diaqwr�sime. Sthn pio apl  per�ptwshoi sunart sei apìfash e�nai grammikè all� an�loga me th gewmetr�-a kai thn topolog�a twn kathgori¸n mpore� na g�noun polÔploke.To Sq ma 3.5 parousi�zei èna aplì fantastikì par�deigma, to opo�oparous�ase o Sebestyen [Sebes62℄ kai apotele�tai apì dÔo kathgor�e,sthn k�je mia apì ti opo�e an koun dÔo upokathgor�e. EÔkola di-apist¸netai ìti den up�rqei grammik  sun�rthsh apìfash h opo�a nampore� na diaqwr�sei autè ti kathgor�e. To Sq ma 3.6 parousi�zeimia �llh per�ptwsh dÔo kathgori¸n pou den e�nai grammik� diaqwr�sime.Se autè ti peript¸sei up�rqei h ènnoia th dhmiourg�a mh grammik¸nsunart sewn apìfash. 'Ena aplì trìpo gia thn gen�keush twnsunart sewn apìfash grammikoÔ tÔpou e�nai o orismì sunart sewnapìfash th morf :
d(x) = w1f1(x) + w2f2(x) + . . . + wkfk(x) + wk+1

=
k+1
∑

i=1

wifi(x).
(3.12)22 Mart�ou 2004
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Sq ma 3.6: Mh grammik� diaqwr�sime kathgor�e.ìpou {fi(x)}, i = 1, 2, . . . , k e�nai pragmatikè sunart sei tou dianÔ-smato protÔpou x kai fk+1(x) = 1. Oi sunart sei {fi(x)} onom�zon-tai sunart sei b�sh (basis functions). H Ex�swsh (3.12) antiprosw-peÔei mia aperiìristh poikil�a sunart sewn apìfash an�loga me tiepilogè th morf  twn sunart sewn fi(x).Mia apì ti pio suqn� qrhsimopoioÔmene genikeumène sunart -sei apìfash e�nai h poluwnumik  morf  th Ex�swsh (3.12). SthnaploÔsterh tou morf  oi autè oi sunart sei e�nai grammikè, dhlad 
fi(x) = xi kai k = n. Se aut  thn per�ptwsh èqoume:

d(x) = wT x + wn+1. (3.13)Sto epìmeno ep�pedo poluplokìthta èqoume thn genik  deuter̄o-b�jmia sun�rthsh apìfash. Gia thn apl  disdi�stath per�ptwsh x =

[x1, x2]
T kai h sun�rthsh apìfash pa�rnei thn morf :

d(x) = w11x
2
1 + w12x1x2 + w22x

2
2 + w1x1 + w2x2 + w3. (3.14)

22 Mart�ou 2004
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C1αSq ma 3.7: Uperbolik  parabol  sto prìblhma tou Sebestyen.H Ex�swsh (3.14) mpore� eÔkola na ekfraste� se grammik  morf 
d(x) = wT x, an oristoÔn ta w kai x w:

x =
[

x2
1, x1x2, x

2
2, x1, x2, 1

]T
,

w = [w11, w12, w22, w1, w2, w3]
T .

(3.15)Autì o trìpo prosèggish dustuq¸ den all�zei t�pota sthn sun-duastik  fÔsh tou probl mato. Sth genik  per�ptwsh tou n−di�sta-tou q¸rou o apaitoÔmeno arijmì twn suntelest¸n w pou prèpei naupologistoÔn aux�nei polÔ ragda�a se sqèsh me to n, kajist¸ntadÔskolo ton upologismì twn sunart sewn apìfash se q¸rou uyh-l  diastasimìthta. To fainìmeno thn ekjetik  aÔxhsh twn para-mètrwn, all� kai twn apaitoÔmenwn paradeigm�twn ekpa�deush gia tonupologismì tou, me thn aÔxhsh th diastasimìthta tou q¸rou protÔ-pwn onom�sthke kat�ra th diastasimìthta (curse of dimensionality)[Bellm56℄.E�n parathr soume pio prosektik� to prìblhma tou Sebestyen dia-pist¸noume ìti mpore� na luje� polÔ eÔkola me mia gnwst  deutero-b�jmia sun�rthsh apìfash thn uperbolik  parabol  (hyperbole pa-

rabola) ìpw fa�netai sto Sq ma 3.7 kai or�zetai apì th sqèsh:22 Mart�ou 2004
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(u + α)2

c
− (υ + b)2

d
= k, (3.16)ìpou u = m x1 + nx2, υ = p x1 + q x2 kai α, b, c, d, k, m,n, p, qstajerè.All�, akìma kai sto sqediasmì deuterob�jmiwn sunart sewn apìfa-sh, o upologismì enì tìsou meg�lou arijmoÔ paramètrwn e�nai pro-blhmatikì. 'Opw shmei¸noun oi Duda and Hart [DuHa73℄ sto klasikìbibl�o tou:

“

n

(n + 1)(n + 2)/2 n

n = 50

. . .”

3.4. Tmhmatikì Grammikì Diaqwrismì.To Sq ma 3.8 parousi�zei mia apotelesmatik  mèjodo diaqwrismoÔ twnkathgori¸n tou probl mato tou Sebestyen me dÔo grammikè sunart -sei apìfash. Oi dÔo grammikè sunart sei diaqwr�zoun metaxÔ tou- ìle ti xeqwristè upokathgor�e. E�n k�je grammik  sun�rthshapìfash d�nei mia duadik  apìfash “+”   “−”, ìpw fa�netai kai stoSq ma 3.8, h anapar�stash tou mpore� na pragmatopoihje� me logikèmetablhtè ìpou “+” to 1 kai “−” to 0. Tìte oi kathgor�e mporoÔnna diaqwristoÔn me ti parak�tw logikè exis¸sei:
C1 = C1α + C1β = d1 · d2 + d̄1 · d̄2,

C2 = C2α + C2β = d1 · d̄2 + d̄1 · d2.
(3.17)22 Mart�ou 2004
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Sq ma 3.8: Tmhmatikì grammikì diaqwrismì sto prìblhma tou Sebestyenìpou + h logik  pr�xh OR, · h logik  pr�xh AND kai 2 h logik pr�xh NOT. O parap�nw trìpo diaqwrismoÔ onom�zetai tmhmatikìgrammikì diaqwrismì (piecewise - linear discrimination).H per�ptwsh tou Sq mato 3.6, parìti kai se autì mpore� na efar-moste� h mèjodo tou tmhmatikoÔ grammikoÔ diaqwrismoÔ, èqei tele�-w diaforetik� qarakthristik� apì to prìblhma tou Sebestyen. Oisunart sei apìfash pernoÔn mèsa apì ti kathgor�e kai ti diqoto-moÔn.Apì ta parap�nw parade�gmata fa�netai xek�jara pìso anagka�ae�nai h gn¸sh th topolog�a tou q¸rou pou katalamb�noun oi kath-gor�e.
3.5. Gewmetrikè idiìthte uperepipèdwn.Sthn enìthta aut  ja exetastoÔn shmantikè idiìthte twn gram-mik¸n epifanei¸n apìfash. Mia genik  sun�rthsh apìfash or�zetai22 Mart�ou 2004
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Sq ma 3.9: Gewmetrikè idiìthte enì uperepipèdou.apì thn sqèsh:
d(x) = w1x1 + w2x2 + · · · + wnxn + wn+1

= wT x + wn+1 = 0,
(3.18)ìpou w = [w1, w2, . . . , wn]T . Na shmeiwje� ìti sthn Ex�swsh (3.18) denqrhsimopoie�tai h epauxhmènh morf  tou x mia kai h tim  tou wn+1 pa�zeiìpw ja deiqje� shmantikì rìlo. To Sq ma 3.9 de�qnei mia sqhmatik anapar�stash enì uperepipèdou.'Estw u monadia�o di�nusma k�jeto sto uperep�pedo se èna tuqa�oshme�o P kai de�qnei pro thn jetik  pleur� tou uperepipèdou. Gia ènatuqa�o shme�o tou uperepipèdou X to �nusma (x− p) ja e�nai p�nw stoep�pedo, �ra kai k�jeto sto u, ìpou x kai p ta ant�stoiqa dianÔsmatatwn shme�wn. 'Ara gia k�je shme�o tou uperepipèdou isqÔei h sqèsh:

uT (x − p) = 0, (3.19) 
uT x = uT p. (3.20)22 Mart�ou 2004



46 3.Taxinìmhsh protÔpwn me sunart sei apìfashDiair¸nta kai ta dÔo mèlh th Ex�swsh (3.18) me to mètro tou wpou d�detai apì thn ‖w‖ =
√

w2
1 + w2

2 + · · · + w2
n prokÔptei h ex�swsh:

wT x

‖w‖ = −wn+1

‖w‖ . (3.21)Sugkr�nonta ti Exis¸sei (3.20) kai (3.21) prokÔptei ìti to k�jetomonadia�o �nusma d�detai apì thn ex�swsh:
u =

wT

‖w‖ (3.22)kai
uT p = −wn+1

‖w‖ . (3.23)Apì to Sq ma 3.9 fa�netai ìti h apìluth tim  tou uT p, dhlad  hprobol  tou dianÔsmato p p�nw ston �xona pou or�zei to u, e�nai hapìstash tou uperepipèdou apì thn arq  twn axìnwn. Ant�stoiqa hapìstash Dz tou shme�ou Z d�detai apì th sqèsh:
Dz = |uT z − uT p|

=

∣

∣

∣

∣

wT z

‖w‖ +
wn+1

‖w‖

∣

∣

∣

∣

=

∣

∣

∣

∣

wT z + wn+1

‖w‖

∣

∣

∣

∣

.

(3.24)To monadia�o �nusma u prosdior�zei monadik� thn dieÔjunsh tou upere-pipèdou. An k�poio stoiqe�o tou e�nai mhdèn, tìte e�nai par�llhlo stonant�stoiqo �xona. Tèlo to wn+1 prosdior�zei thn apìstash tou upe-repipèdou apì thn arq  twn axìnwn. An wn+1 = 0 tìte to uperep�pedopern�ei apì thn arq  twn axìnwn.
22 Mart�ou 2004
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3.1 MporoÔn ta qarakthristik� dianÔsmata th kathgor�a C1 metimè (2, 3),(3, 5),(4, 2),(2, 7) na diaqwristoÔn me mia grammik  sun�rth-sh apìfash apì ta anÔsmata (6, 2),(5, 4),(5, 6),(3, 7) th kathgor�a

C2? E�n nai, sqedi�ste mia tètoia sun�rthsh apìfash kai upolog�steti paramètrou th sun�rthsh. Diaforetik�, prospaj ste na ta dia-qwr�sete grafik� ìso kalÔtera mpore�te.3.2 Na epanalhfje� h 'Askhsh 3.1 qrhsimopoi¸nta ta qarakthri-stik� dianÔsmata (1, 1),(1, 2), (2, 2),(2, 3),(3, 0) gia th kathgor�a C1 kaita (3, 1),(4, 1), (5, 2) gia th kathgor�a C2.3.3 Se èna prìblhma diaqwrismoÔ 10 kathgori¸n, e�n 3 apì autèikanopoioÔn ti pro�pojèsei th pr¸th mejodolog�a kai oi upìloi-pe ikanopoioÔn ti pro�pojèsei th deÔterh mejodolog�a, po�o e�naito el�qisto pl jo grammik¸n sunart sewn apìfash pou apaitoÔntaigia na luje� to prìblhma?3.4 Se èna prìblhma diaqwrismoÔ 3 kathgori¸n èqoun breje� oiparak�tw grammikè sun�rthsh apìfash:
d1(x) = −x1, d2(x) = x1 + x2 + 1, d3(x) = x1 − x2 − 1,oi opo�e ikanopoioÔn ti pro�pìjesh th pr¸th mejodolog�a. Sqe-di�ste ti sunart sei apìfash, ti perioqè k�je kathgor�a kai tiaprosdiìriste perioqè, e�n up�rqoun.3.5 Se èna prìblhma diaqwrismoÔ 3 kathgori¸n èqoun breje� oiparak�tw grammikè sun�rthsh apìfash:

d12(x) = −x1, d13(x) = x1 + x2 + 1, d23(x) = x1 − x2 − 1,oi opo�e ikanopoioÔn ti pro�pìjesh th deÔterh mejodolog�a. Sqe-di�ste ti sunart sei apìfash, ti perioqè k�je kathgor�a kai tiaprosdiìriste perioqè, e�n up�rqoun. 22 Mart�ou 2004



48 3.Taxinìmhsh protÔpwn me sunart sei apìfash3.6 Se èna prìblhma diaqwrismoÔ 3 kathgori¸n èqoun breje� oiparak�tw grammikè sun�rthsh apìfash:
d1(x) = −x1, d2(x) = x1 + x2 + 1, d3(x) = x1 − x2 − 1,oi opo�e ikanopoioÔn ti pro�pìjesh th tr�th mejodolog�a. Sqe-di�ste ti sunart sei apìfash kai ti perioqè k�je kathgor�a.

22 Mart�ou 2004



Kef�laio 4
Taxinìmhsh protÔpwnme sunart seisapìstashs

4.1. Aplo� taxinomhtèUp�rqoun toul�qiston dÔo prosegg�sei gia to sqediasmì enì taxi-nomht . H pr¸th prosèggish e�nai h jewrhtik . Arqik�, dhmiourge�taièna majhmatikì montèlo tou probl mato kai sthn sunèqeia b�sh toumontèlou sqedi�zetai èna bèltisto taxinomht . H deÔterh prosèg-gish e�nai h praktik  efarmog . Arqik� pragmatopoie�tai h upìjesh
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Sq ma 4.1: Kat�taxh dia mèsou th eggÔthta.mia pijan  lÔsh, sÔmfwna me ta de�gmata twn kathgori¸n tou pro-bl mato kai katìpin pragmatopoie�tai h bèltisth anaprosarmog  thlÔsh sÔmfwna me ta pragmatik� dedomèna tou probl mato. H deÔterhprosèggish e�nai empeirik  mèjodo, qrhsimopoie�tai eurèw se prakti-kè efarmogè anagn¸rish protÔpwn kai e�nai h prosèggish pou jaakolouj soume. Ja xekin soume me mia apl  lÔsh tou probl mato,ja analÔsoume ta qarakthristik� th, ja entop�soume ti adunam�eth kai ja thn k�noume stadiak� ìso polÔplokh qreiaste�.H pio apl  kai empeirik  prosèggish sto prìblhma th anagn¸ri-sh protÔpwn e�nai h idèa th taxinìmhsh me th qr sh sunart sewnapìstash. H qrhsimopo�hsh sunart sewn apìstash e�nai fusikìepakìloujo tou gegonìto ìti o pio emfan  trìpo kajorismoÔ enìmètrou omoiìthta metaxÔ twn protÔpwn, ta opo�a mporoÔn na jew-rhjoÔn san shme�a ston Eukle�deio q¸ro, e�nai o upologismì th apì-stash metaxÔ tou. H ènnoia th taxinìmhsh me qr sh sunart sewnapìstash prokÔptei diaisjhtik� apì to Sq ma 4.1. Te�nei na katat�xeik�poio to prìtupo x sthn kathgor�a C1 giat� br�sketai eggÔtera thsto q¸ro protÔpwn.22 Mart�ou 2004
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Sq ma 4.2: Kathgor�e mh-kat�taxime dia mèsou th ènnoia th eggÔthta.Gia na e�nai apotelesmatik  h taxinìmhsh me qr sh sunart sewnapìstash ja prèpei oi kathgor�e tou probl mato na sqhmat�zouneudi�krite om�de sto q¸ro protÔpwn. To Sq ma 4.2 de�qnei miaper�ptwsh pou autì den isqÔei kai h kat�taxh me qr sh th ènnoiath eggÔthta den e�nai asfal .Oi parap�nw ènnoie ja genikeujoÔn kai ja anaptuqjoÔn se ènasumpagè majhmatikì pla�sio sti enìthte pou akoloujoÔn. H sh-mantik  ènnoia twn om�dwn protÔpwn ja anaptuqje� analutik� stoepìmeno Kef�laio. Efìson h apìstash metaxÔ enì �gnwstou pro-tÔpou kai twn protÔpwn mia kathgor�a ja qrhsimopoihje� san mètrotaxinìmhsh, o ìro taxinomhtè el�qisth apìstash (minimal dis-

tance classifiers) ja qrhsimopoihje� gia ton qarakthrismì aut  thprosèggish.
4.2. Taxinomhtè El�qisth ApìstashH anagn¸rish protÔpwn qrhsimopoi¸nta sunart sei apìstash e�-nai mia apì ti prwtopìre teqnikè pou anaptÔqjhkan ston tomèa thanagn¸rish protÔpwn. E�nai basik� mia apl  teqnik  taxinìmhsh,22 Mart�ou 2004



52 4.Taxinìmhsh protÔpwn me sunart sei apìstashh opo�a ìmw e�nai apotelesmatik  se probl mata pou oi kathgor�etou e�nai sqetik� “kal�” diaqwr�sime. Arqik� ja exetaste� h per�-ptwsh pou k�je kathgor�a mpore� na antiproswpeuje� apì mìno ènaqarakthristikì prìtupo.'Estw ìti k�je kathgor�a Ci, i = 1, . . . ,M ekproswpe�tai ikanopoi-htik� me èna mìno antiproswpeutikì di�nusma zi. Gia par�deigma, toantiproswpeutikì di�nusma zi ja mporoÔse na e�nai to mèso di�nusmaìlwn twn protÔpwn th kathgor�a Ci.H ènnoia th Eukle�deia apìstash metaxÔ enì tuqa�ou protÔpou
x kai enì antiproswpeutikoÔ protÔpou zi or�zetai apì th sqèsh:

Di(x) = ‖x − zi‖ =
√

(x − zi)T (x − zi) , (4.1)ìpou to sÔmbolo ‖u‖ apokale�tai metrik    nìrma tou dianÔsmato ukai e�nai mia genikeumènh ènnoia tou m kou tou.'Ena taxinomht  el�qisth apìstash upolog�zei thn apìstashenì protÔpou x, �gnwsth taxinìmhsh, me to antiproswpeutikì prì-tupo zi k�je kathgor�a kai kataqwre� to prìtupo x sthn kathgor�apou èqei thn el�qisth apìstash apì to x. An ekfraste� majhmatik�shma�nei ìti to x katat�ssetai sthn kathgor�a Ci e�n isqÔei:
Di(x) < Dj(x) ∀ j 6= i. (4.2)H Ex�swsh (4.1) mpore� na ekfraste� se mia pio qr simh morf , e�nuywjoÔn sto tetr�gwno kai oi dÔo pleurè th:

D2
i (x) = ‖x − zi‖2 = (x − zi)

T (x − zi)

= xT x − 2 xT zi + zT
i z

= xT x − 2
(

xT zi − 0.5 zT
i z

)

.

(4.3)H epilog  th el�qisth D2
i (x) e�nai isodÔnamh me thn epilog  thel�qisth Di(x), dedomènou ìti oi timè th apìstash e�nai ex>orismoÔp�nta jetikè. Epiplèon, efìson to pr¸to mèro th Ex�swsh (4.3)exart�tai mìno apì to x, dhlad  e�nai to �dio gia ìle ti apost�sei

Di(x), h epilog  th el�qisth Di(x) an�getai sto upologismì tou22 Mart�ou 2004
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x

z1

z2

xM

d1(x)

d2(x)

dM(x)
pilog El�qisth


Tim Sun�rthsh

Ci

Sq ma 4.3: Ulopo�hsh enì taxinomht  el�qisth apìstash.deÔterou mèrou th Ex�swsh (4.3): xT zi − 0.5 zT
i z. Epomènw, mpo-roÔn na oristoÔn oi parak�tw M sunart sei apìfash:

di(x) = xT zi − 0.5 zT
i zi

= xT zi − 0.5 ‖zi‖2, i = 1, 2, . . . ,M
(4.4)'Ena prìtupo x katat�ssetai sthn kathgor�a Ci e�n di(x) > dj(x)gia k�je i 6= j. Prèpei na shmeiwje� ìti to di(x) e�nai mia grammik sun�rthsh apìfash kai mpore� na ekfraste� se grammik  morf  w:

di(x) = wT
i x, (4.5)ìpou:

x = [x1, x2, . . . , xn, 1]T , (4.6)
w = [zi1, zi2, . . . , zin,−0.5 zT

i zi]
T . (4.7)H ulopo�hsh enì taxinomht  el�qisth apìstash parousi�zetaisto Sq ma 4.3. Ta ìria apìfash enì probl mato me dÔo kath-gor�e ìpou k�je kathgor�a qarakthr�zetai apì èna antiproswpeutikìdi�nusma zi, parousi�zontai sto Sq ma 4.4. Epeid  san mètro apì-stash qrhsimopoi jhke h Eukle�deia metrik  oi isometrikè apost�-sei, dhlad  ta shme�a pou apèqoun ex�sou apì to antiproswpeutikì22 Mart�ou 2004
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Sq ma 4.4: 'Oria apìfash kai isometrikè gia thn Eukle�deia apìstash.
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Sq ma 4.5: 'Oria apìfash gia thn Eukle�deia apìstash me epikaluptìmene kath-gor�e.di�nusma zi gia mia kathgor�a e�nai kÔkloi. E�n ta prìtupa k�je kath-gor�a br�skontai kont� sto antiproswpeutikì di�nusma tìte o gram-mikì diaqwrismì e�nai polÔ aplì. Ant�jeta, sthn per�ptwsh pouup�rqei meg�lh diaspor� twn protÔpwn gÔrw apì to antiproswpeutikìdi�nusma k�je kathgor�a, oi isometrikè apost�sei twn kathgori¸nepikalÔptontai ìpw fa�netai apì th ski¸dh perioq  tou Sq mato 4.5.Ta ìria apìfash enì probl mato me trei kathgor�e parousi�-zontai sto Sq ma 4.6. Oi sunart sei apof�sewn e�nai grammikè kaie�nai oi mesok�jete twn eujei¸n pou sundèoun ta antiproswpeutik�anÔsmata protÔpwn twn kathgori¸n.22 Mart�ou 2004
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1

2

3

PSfrag replaement
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Sq ma 4.6: 'Oria apìfash gia thn Eukle�deia apìstash kai trei kathgor�e.4.3. Mètra apìstashDiaisjhtik� mpore� na ektimhje� ìti antike�mena ta opo�a br�skontai
“kont�” sto q¸ro protÔpwn e�nai ìmoia metaxÔ tou, en¸ antike�menata opo�a br�skontai “makri�” e�nai anìmoia. Gia thn majhmatik  èk-frash th apìstash metaxÔ antikeimènwn ston q¸ro protÔpwn prèpeina oriste� to mètro omoiìthta metaxÔ twn protÔpwn. O pio profan trìpo mètrhsh th apìstash metaxÔ dÔo shme�wn e�nai h gnwst mèjodo th Eukle�deia apìstash. H Eukle�deia apìstash metaxÔ twnprotÔpwn x kai z di�stash n, d�detai apì th sqèsh:

D2(x,z) = ‖x − z‖2 =
√

(x − z)T (x − z)

=

[

n
∑

i=1

(xi − zi)
2

]
1

2

.
(4.8)Gia par�deigma, e�n x = [1, 2, 2, 0]T kai z = [2, 1, 2, 2]T tìte h Eukle�-deia apìstash tou e�nai:

D2(x,z) =
√

(1 − 2)2 + (2 − 1)2 + (2 − 2)2 + (0 − 2)2 =
√

6.22 Mart�ou 2004



56 4.Taxinìmhsh protÔpwn me sunart sei apìstashSthn Eukle�deia apìstash oi isometrikè apost�sei, dhlad  ta sh-me�a pou apèqoun ex�sou apì èna shme�o, e�nai kÔkloi. To Sq ma 4.4parousi�zei orismène isometrikè apost�sei gÔrw apì ta dÔo antipro-swpeutik� dianÔsmata z1 kai z2 twn kathgori¸n C1 kai C2 ant�stoiqa,kaj¸ kai èna aploðkì trìpo dhmiourg�a om�dwn.H Eukle�deia apìstash e�nai pijan� to pio eurèw qrhsimopoioÔmenomètro apìstash, gia metr sei anomoiìthta metaxÔ qarakthristik¸ndianusm�twn, all� den e�nai p�nta kat�llhlh gia ìle ti efarmogè.E�nai qr simh ìtan to prìblhma emperièqei prìtupa me suneqe� timè.'Omw, se mia iatrik  efarmog  ìpou to èna qarakthristikì gn¸rismaantiproswpeÔei to ep�pedo zaq�rou sto a�ma kai to �llo to b�ro touasjenoÔ, den fa�netai logikì na sqhmatiste� di�nusma kai na qrhsi-mopoihje� h Eukle�deia apìstash gia ton diaqwrismì kathgori¸n as-jen¸n.Poll� probl mata perilamb�noun akèraie timè, dhlad  ta dedomè-na e�nai th morf : M na (1 . . . 12), pl jo op¸n, klp. To gegonììti oi diaforè twn qarakthristik¸n dianusm�twn uy¸nontai sto te-tr�gwno èqei san apotèlesma na uperton�zontai autè, en¸ apaitoÔntaikai epiplèon upologismo�. Mia apl  prosèggish e�nai na ajroistoÔnoi apìlute diaforè metaxÔ twn stoiqe�wn twn qarakthristik¸n dia-nusm�twn. To mètro apìstash pou prokÔptei onom�zetai Ippod�meiametrik    metrik  pr¸th t�xh kai or�zetai apì th sqèsh:
D1(x,z) = ‖x − z‖1 =

n
∑

i=1

|xi − zi|. (4.9)To mètro apìstash p re to ìnoma tou apì ton poleodìmo Ippìdamo tonMil sio (5o ai¸na p.q.) o opo�o eis gage to tetragwnikì sÔsthmadìmhsh. Sth diejn  bibliograf�a e�nai gnwstì me ta onìmata Man-

hatan distance   City block distance   Taxi distance. H Eukle�deiaapìstash metaxÔ dÔo ant�jetwn gwni¸n enì oikodomikoÔ tetr�gwnoume pleur� m kou 1 e�nai √2, en¸ h pragmatik  apìstash pou prèpei na22 Mart�ou 2004
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A

B Eukle�deiaIppod�meia
Sq ma 4.7: SÔgkrish Eukle�deia kai Ippod�meia apìstash.dianÔsei k�poio e�nai h Ippod�meia apìstash �sh me 2, ìpw fa�netaisto Sq ma 4.7.H Ippod�meia apìstash metaxÔ twn dianusm�twn x = [1, 2, 2, 0]T kai

z = [2, 1, 2, 2]T e�nai:
D1(x,z) = |1 − 2| + |2 − 1| + |2 − 2| + |0 − 2| = 4.Sthn Ippod�meia apìstash oi isometrikè apost�sei gÔrw apì ènashme�o e�nai tetr�gwna. To Sq ma 4.8 parousi�zei orismène isome-trikè apost�sei gÔrw apì ta dÔo antiproswpeutik� dianÔsmata z1kai z2 ant�stoiqa, kaj¸ kai thn sun�rthsh apìfash pou prokÔptei.Ta dianÔsmata th Ippod�meia metrik  perilamb�noun mìno akèraietimè kai h anapar�stash tou ston q¸ro g�netai mìno se sugkekrimè-na shme�a. Sto Sq ma 4.8 oi tele�e de�qnoun ti pijanè jèsei twnakèraiwn dianusm�twn ston disdi�stato q¸ro.Se orismène peript¸sei den èqoume arijmhtik� dedomèna all� qa-rakthristik� tou antikeimènou ta opo�a perigr�fontai poiotik�. Poll�apì ta poiotik� dedomèna mporoÔn na ekfrastoÔn se duadik  morf ìpw “NAI-OQI”, “PARON-APON”. To di�nusma qarakthristik¸n22 Mart�ou 2004
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⊛

z1

⊚

z2

Sq ma 4.8: Isometrikè sthn Ippod�meia apìstash.pou prokÔptei pa�rnei timè 1   0. To pio gnwstì duadikì mètro apì-stash e�nai h apìstash Hamming , h opo�a metr�ei twn arijmì twnjèsewn tou duadikoÔ dianÔsmato ìpou ta prìtupa diafèroun.Gia to majhmatikì orismì th apìstash Hamming prèpei na eis�-goume ton gnwstì duadikì telest  Exclusice OR, tou opo�ou to sÔm-bolo e�nai ⊕ kai or�zetai w:
0 ⊕ 0 = 0, 1 ⊕ 1 = 0, 0 ⊕ 1 = 1, 1 ⊕ 0 = 1.H apìstash Hamming metaxÔ dÔo dianusm�twn or�zetai ¸:

DH(x,z) = ‖x − z‖1 =
n

∑

i=1

xi ⊕ zi (4.10)H apìstash Hamming e�nai mia upoper�ptwsh th Ippod�meia apìsta-sh kai taut�zontai ìtan ta dianÔsmata e�nai duadik�.H apìstash Hamming metaxÔ twn dianusm�twn x = [1, 0, 0, 1, 1]Tkai z = [1, 1, 0, 1, 0]T e�nai:
DH(x,z) = |1 − 1| + |0 − 1| + |0 − 0| + |1 − 1| + |1 − 0| = 2.22 Mart�ou 2004



4.3.Mètra apìstash 59'Ole oi metrikè pou exet�sthkan mèqri t¸ra e�nai eidikè peript¸-sei th apìstash tou Minkowsky h opo�a or�zetai w:
Ds(x,z) = ‖x − z‖s =

[

n
∑

i=1

|xi − zi|s
]

1

s (4.11)Me s = 2 sqhmat�zetai h Eukle�deia metrik  kai me s = 1 h Ip-pod�meia. Sthn per�ptwsh pou s = ∞ èqoume thn eidik  per�ptwsh thapìstash tou Chebysher h opo�a or�zetai w:
D∞(x,z) = max

i
{|xi − zi|}, (4.12)dhlad  e�nai h mègisth apìstash metaxÔ twn antisto�qwn stoiqe�wn twnduo dianusm�twn.H Chebysher apìstash metaxÔ twn dianusm�twn x = [1, 2, 2, 0]T kai

z = [2, 1, 2, 2]T e�nai �sh me:
D∞(x,z) = max

{

|1 − 2|, |2 − 1|, |2 − 2|, |0 − 2|
}

=

= max
{

1, 1, 0, 2
}

= 2.Orismène apì ti qr sime idiìthte th apìstash tou Minkowskye�nai:
‖x‖s ≥ 0, (4.13)

‖λx‖s = |λ| ‖x‖s, (4.14)
‖x + y‖s ≤ ‖x‖s + ‖y‖s, (4.15)ìpou x kai y dianÔsmata kai λ pragmatikì arijmì.H Ippod�meia metrik  kai h metrik  tou Chebysher mporoÔn na jew-rhjoÔn san mia uperekt�mhsh kai upoekt�mhsh th Eukle�dia metrik ant�stoiqa. Mpore� na apodeiqte� ìti:

D∞(x,z) ≤ D2(x,z) ≤ D1(x,z). (4.16)Gia par�deigma, e�n x = [1, 2, 3]T kai z = [0, 1, 3]T tìte: 22 Mart�ou 2004
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Sq ma 4.9: Isometrikè apost�sei sthn apìstash Mahalanobis.
D1(x,z) = 2,

D2(x,z) = 1.41,

D∞(x,z) = 1,dhlad :
1 ≤ 1.41 ≤ 2kai h anisìthta 4.16 isqÔei.Ektì apì ti parap�nw anaferìmene metrikè sunart sei up�r-qoun kai �lla qr sima mètra apìstash. 'Ena polÔ qr simo mètroapìstash to opo�a lamb�nei upìyh tou statistikoÔ de�kte e�nai hapìstash tou Mahalanobis:

DM(x,z) = (x − z)T C−1(x − z), (4.17)ìpou C e�nai o p�naka sundiakÔmansh th kathgor�a kai z to mèsoqarakthristikì �nusma th kathgor�a. Sthn per�ptwsh pou o p�nakasundiakÔmansh e�nai o monadia�o p�naka, C = I, h metrik  tou Ma-

halanobis taut�zetai me thn Eukle�dia metrik .To Sq ma 4.9 parousi�zei orismène isometrikè apost�sei thmetrik  Mahalanobis gÔrw apì dÔo antiproswpeutik� dianÔsmata z1kai z2 twn kathgori¸n C1 kai C2 ant�stoiqa. Oi isometrikè apost�sei22 Mart�ou 2004
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P�naka 4.1: Sunoptikì p�naka mètrwn apìstash.

Ippod�meia D1(x,z) =
∑n

i=1 |xi − zi| Akèraia stoiqe�aEukle�deia D2(x,z) = [
∑n

i=1 (xi − zi)
2]

1

2 Suneq  stoiqe�a
Hamming DH(x,z) =

∑n

i=1 xi ⊕ zi Duadik� stoiqe�a
Minkowsky Ds(x,z) = [

∑n

i=1 |xi − zi|s]
1

s Genikì tÔpo
Mahalanobis DM(x,z) = (x − z)T C−1(x − z) Statistik th metrik  tou Mahalanobis mporoÔn na sugkrijoÔn me ti ant�stoiqeisometrikè th Eukle�deia metrik  sto Sq ma 4.6 kai ti isometrikèapost�sei th Ippod�meia metrik  sto Sq ma 4.8 ¸ste na katanohje�h diafor� metaxÔ twn tri¸n metrik¸n susthm�twn.O P�naka 4.1 parousi�zei sunoptik� ta di�fora mètra apìstashta opo�a parousi�sthkan, tou majhmatikoÔ orismoÔ tou, kaj¸ kaiparathr sei p�nw sthn qrhsimìthta tou.

4.4. Mètra omoiìthtaEktì apì ta mètra apìstash pou ma de�qnoun pìso diaforetik� e�naidÔo prìtupa, up�rqoun kai ta mètra omoiìthta pou de�qnoun pìso ìmoiae�nai dÔo prìtupa metaxÔ tou. E�n gia dÔo prìtupa to mètro omoiìthtatou e�nai meg�lo, tìte h apìstash tou ja e�nai mikr  kai ant�strofa.'Ena apì ta pio gnwst� mètra omoiìthta e�nai to eswterikì ginìmenodÔo dianusm�twn, to opo�o or�zetai w: 22 Mart�ou 2004
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SI(x,z) = xT z =

n
∑

i=1

xizi (4.18)Sti perissìtere peript¸sei to eswterikì ginìmeno qrhsimopoie�-tai ìtan ta dianÔsmata x kai z e�nai kanonikopoihmèna, dhlad  èqounm ko 1. Tìte, to eswterikì ginìmeno SI(x,z) exart�tai mìno apì thngwn�a pou sqhmat�zoun ta dianÔsmata x kai z. Ta ìria tou eswterikoÔginomènou e�nai:
−1 ≤ SI(x,z) ≤ +1 (4.19)'Otan ta dianÔsmata x kai z den e�nai kanonikopoihmèna, tìte mpore�na qrhsimopoihje� to sunhm�tono th gwn�a metaxÔ twn dianusm�twn,to opo�o d�detai apì th sqèsh:

SC(x,z) =
xT z

‖x‖2 ‖z‖2

(4.20)To eswterikì ginìmeno ekfr�zei thn susqètish (correlation) metaxÔtwn dianusm�twn x kai z. H susqètish dÔo dianusm�twn pa�rnei thnmègisth th tim  ìtan ta x kai z èqoun thn �dia kateÔjunsh. Autì tomètro omoiìthta e�nai qr simo ìtan up�rqoun om�de oi opo�e anap-tÔssontai kat� m ko twn prwtarqik¸n axìnwn. 'Ena tètoio par�deigmaapeikon�zetai sto Sq ma 4.10 ìpou fa�netai kajar� ìti to di�nusma xe�nai pio kont� sto antiproswpeutikì di�nusma z2 apì ìti sto z1. Tosunhm�tono th gwn�a ϑ1 metaxÔ tou x = [2, 5]T kai tou antiproswpeu-tikoÔ dianÔsmato z1 = [5, 2]T e�nai:
SC(x,z1) = cos ϑ1 =

xT z1

‖x‖2 ‖z1‖2

, =
20√

29
√

29
= 0.69Parìmoia, to sunhm�tono th gwn�a ϑ2 metaxÔ tou dianÔsmato x kaitou antiproswpeutikoÔ dianÔsmato z2 = [1.5, 2]T e�nai:22 Mart�ou 2004
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0 x1

x2

z1
z2

x
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Sq ma 4.10: De�kth apìstash sunhm�tonou.
SC(x,z2) = cos ϑ2 =

xT z2

‖x‖2 ‖z2‖2

, =
13√

29 2.5
= 0.97dhlad  SC(x,z2) > SC(x,z1) kai ìpw fa�netai sto Sq ma 4.10 todi�nusma x katat�ssetai sthn kathgor�a C2.To eswterikì ginìmeno   sunhm�tono th gwn�a e�nai kat�llhlamètra omoiìthta ìtan oi om�de apèqoun arket  apìstash tìso metaxÔtou, ìso kai apì thn arq  twn axìnwn.'Ena �llo shmantikì mètro omoiìthta pou qrhsimopoie�tai eurèwe�nai h metrik  Tanimoto [Tan58℄. Mpore� na qrhsimopoihje� tìso giapragmatikè timè ìso kai gia diakritè kai or�zetai w:

ST (x,z) =
xT z

xT x + zT z − xT z
(4.21)

22 Mart�ou 2004



64 4.Taxinìmhsh protÔpwn me sunart sei apìstashSto par�deigma tou Sq mato 4.10 h metrik  Tanimoto metaxÔ tou
x = [2, 5]T kai tou antiproswpeutikoÔ dianÔsmato z1 = [5, 2]T e�nai:

ST (x,z1) =
xT z1

xT x + zT
1 z1 − xT z1

=
20

29 + 29 − 20
= 0.53Parìmoia, h metrik  Tanimoto metaxÔ tou dianÔsmato x kai tou anti-proswpeutikoÔ dianÔsmato z2 = [1.5, 2]T e�nai:

ST (x,z2) =
xT z2

xT x + zT
2 z2 − xT z2

=
13

29 + 2.5 − 13
= 0.70dhlad  ST (x,z2) > ST (x,z1) kai ìpw fa�netai sto Sq ma 4.10 todi�nusma x katat�ssetai sthn kathgor�a C2.H metrik  Tanimoto qrhsimopoie�tai kur�w gia diakritè timè kaibas�zetai sthn sÔgkrish dÔo sunìlwn. Efìson prìkeitai gia diakritètimè h Ex�swsh 4.21 anaparasta�nei ton lìgo tou arijmoÔ twn koin¸nstoiqe�wn dÔo dianusm�twn dia tou arijmoÔ twn stoiqe�wn pou diafè-roun.

4.5. Ta�riasma me upode�gmataTo ta�riasma me upode�gmata (template matching) e�nai mia fusik  pro-sèggish sto prìblhma th anagn¸rish protÔpwn qrhsimopoi¸nta mè-tra apìstash   mètra omoiìthta. Pro�pìjesh e�nai na up�rqounprìtupa upode�gmata (templates), dhlad  ta antiproswpeutik� dianÔ-smata twn kathgori¸n, kai ìtan parousiaste� èna �gnwsto prìtupoapl� sugkr�netai me k�je èna apì ta upode�gmata kai katat�ssetaisthn kathgor�a tou upode�gmato pou tairi�zei kalÔtera.Gia thn taxinìmhsh twn qarakt rwn tou Sq mato 4.11 se dÔokathgor�e oi qwr� jìrubo qarakt re sthn arister  pleur� tou sq -mato mporoÔn na qrhsimopoihjoÔn san upode�gmata (templates). Ta22 Mart�ou 2004
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Sq ma 4.11: Ta�riasma me upode�gmata.
Sq ma 4.12: Ta�riasma me upode�gmata enì qarakt ra.upode�gmata apoteloÔn ta antiproswpeutik� dianÔsmata twn duo kath-gori¸n. Gia thn taxinìmhsh enì qarakt ra pou perièqei jìrubo, oopo�o sun jw prokÔptei kat� thn diadikas�a s�rwsh   yhfiopo�hshsugkr�netai me k�je èna apì ta upode�gmata. Gia thn sÔgkrish mpo-re� na qrhsimopoihje� èna apì ta mètra apìstash tou P�naka 4.1ìpw h Eukle�deia   h Ippod�meia apìstash. To poio kat�llhlo mètroapìstash gia na qrhsimopoihje� sth sugkekrimènh efarmog  e�nai  Ippod�meia apìstash, dhlad  h apìstash Hamming, diìti oi timè e�naiduadikè. Gia par�deigma, h apìstash tou alloiwmènou qarakt ra sthdexi� pleur� tou Sq mato 4.12 apì ta upode�gmata e�nai:

DH(x − zD) = 7

DH(x − zO) = 13'Ara o qarakt ra ja taxinomhje� san “D”. 22 Mart�ou 2004



66 4.Taxinìmhsh protÔpwn me sunart sei apìstashH teqnik  tou tairi�smato me upode�gmata qrhsimopoie�tai ìtan hparallaktikìthta metaxÔ twn kathgori¸n ofe�letai se jìrubo. Sthparap�nw efarmog  mpore� na qrhsimopoihje� diìti den up�rqoun �lleparamorf¸sei twn qarakt rwn, paramorf¸sei pou mpore� na pro-èrqontai apì met�jesh, peristrof , yal�disma, tÔligma, sustol , dia-stol , epik�luyh, allag  kl�maka klp. Tupikè efarmogè pou qrhsi-mopoie�tai e�nai se anagn¸rish omil�a kai apl� probl mata teqnht ìrash.
4.6. SÔsthma Anagn¸rish Doruforik  EikìnaJa parousiaste� èna aplì sÔsthma anagn¸rish protÔpwn gia thn epe-xergas�a doruforik  eikìna basismèno sti arqè pou anaptÔqjhkansti prohgoÔmene enìthte. Parìmoia sust mata èqoun anaptuqje�se polloÔ tome�, ìpw h prìbleyh kairoÔ, h an�qneush asjenei¸n sekallièrgeie kai h kat�strwsh tou EjnikoÔ Kthmatolog�ou. To sugke-krimèno sÔsthma prosdior�zei ti up�rqouse qr sei gh me thn ana-gn¸rish protÔpwn apì doruforikè eikìne. H ìlh diadikas�a bas�zetaiston diaforetikì trìpo me ton opo�o aporrof� kai antanakl� to hliakìfw to èdafo, se di�fore perioqè tou f�smatos[?℄. To Sq ma 4.13parousi�zei èna disdi�stato di�gramma protÔpwn, gia thn anagn¸rishqr sei gh apì doruforikè eikìne. Oi �xone tou sq mato e�nai oiparak�tw dÔo qrwmatikè lwr�de f�smato:

•x1 (upèrujro) � 'Eqei meg�lh antan�klash se perioqème nerì.
•x2 (kìkkino) � 'Eqei meg�lh aporrìfhsh se perioqè mebl�sthsh.Ta x1 kai x2 apoteloÔn ta qarakthristik� gnwr�smata twn protÔpwn.Oi pijanè kathgor�e taxinìmhsh e�nai:22 Mart�ou 2004



4.6.SÔsthma Anagn¸rish Doruforik  Eikìna 67

Sq ma 4.13: Disdi�stato di�gramma protÔpwn gia thn anagn¸rish qr sei gh apìdoruforikè eikìne.
⋄S � Sand (Amm¸dh perioq )
⋄H � Hay (Kallièrgeie sanoÔ)
⋄W � Water (Nerì)
⋄U � Urban (Astik  perioq )
⋄C � Corn (Kallièrgeie kalampokioÔ)
⋄F � Forest (Dasik  perioq )'Opw fa�netai apì to Sq ma 4.13, h kathgor�a W (nerì) e�nai tele�-w diaqwr�simh apì ti upìloipe. 'Omw, orismène kathgor�e, ìpw h

H (kallièrgeie sanoÔ) kai h F (d�sh) den e�nai tìso kal� diaqwr�sime.O stìqo se aut  thn efarmog  e�nai h anagn¸rish th swst kathgor�a gia k�je eikonokÔtaro m�a doruforik  fwtograf�a. O22 Mart�ou 2004



68 4.Taxinìmhsh protÔpwn me sunart sei apìstash

Sq ma 4.14: Taxinomht  el�qisth apìstash.arijmì twn eikonokut�rwn e�nai per�pou misì ekatommÔrio. To sÔsth-ma anagn¸rish bas�zetai se merikè ekatont�de metr sei ed�foupou antistoiqoÔn se sugkekrimèna prìtupa th eikìna ta opo�a fa�-nontai sto Sq ma 4.13. Epeid  oi metr sei ed�fou e�nai qronobìrekai polud�pane to sÔsthma anagn¸rish prospaje� na beltistopoi seiti plhrofor�e pou perièqoun.To antiproswpeutikì di�nusma k�je kathgor�a sumbol�zetai me m�-a maÔrh stroggul  èndeixh sto Sq ma 4.14 kai e�nai o mèso ìrotwn gnwst¸n protÔpwn, dhlad  twn metr sewn ed�fou k�je kath-gor�a. Gia thn taxinìmhsh enì agn¸stou eikonokut�rou tou opo�outa qarakthristik� gnwr�smata x1, x2 e�nai to shme�o 1 sto Sq ma 4.14,upolog�zetai h apìstash tou apì k�je antiproswpeutikì prìtupo k�je22 Mart�ou 2004



4.6.SÔsthma Anagn¸rish Doruforik  Eikìna 69

Sq ma 4.15: Statistik  katanom  twn kathgori¸n se trisdi�stth morf .kathgor�a, ìpw fa�netai sto Sq ma 4.14. H apìstash tou 1 apì toantiproswpeutikì di�nusma th kathgor�a C e�nai h mikrìterh kai ètsito 1 katat�ssetai sthn kathgor�a kallièrgeie kalampokioÔ. Parì-moia, to 2 ja taxinomhje� sthn kathgor�a amm¸dh perioq  S d�otibr�sketai plhsièstera sto antiproswpeutikì prìtupo th kathgor�a
S. Aut  h prosèggish e�nai apl  kai qwr� polÔplokou upologismoÔ.'Omw den lamb�nontai upìyh oi idiìthte th statistik  katanom - twn protÔpwn. Gia par�deigma, ta prìtupa twn astik¸n perioq¸n(U) e�nai perissìtero “aplwmèna” apì ìti ta prìtupa ta opo�a an k-oun se amm¸dei perioqè (S). To Sq ma 4.15 de�qnei ti statistikèkatanomè twn parap�nw kathgori¸n se trei diast�sei. Epanexet�-zonta prosektik� to Sq ma 4.14 fa�netai ìti to 2 èqei taxinomhje�se l�jo kathgor�a. H l�jo kat�taxh ofe�letai sto gegonì ìti oitaxinomhtè el�qisth apìstash den lamb�noun upìyh ti statistikè

22 Mart�ou 2004



70 4.Taxinìmhsh protÔpwn me sunart sei apìstash

Sq ma 4.16: Isometrik  katanom  twn kathgori¸n.katanomè twn dedomènwn. Sto Sq ma 4.16 fa�netai kajar� ìti lìg-w th statistik  katanom  twn protÔpwn to prìtupo 2 an kei sthnkathgor�a twn astik¸n perioq¸n (U).
4.7. Ask sei4.1 Gia ti kathgor�e:

C1 =
{

[2, 1], [2, 2], [3, 2], [3, 1]
}

C2 =
{

[−2,−1], [−2,−2], [−3,−2]
}

C3 =
{

[1,−1], [1,−2], [2,−2]
}

C4 =
{

[−2, 2], [−3, 2]]
}

22 Mart�ou 2004



4.7.Ask sei 71a) Na upologistoÔn ta antiproswpeutik� dianÔsmata (mèsodi�nusma) z1, z2, z3 kai z4, twn kathgori¸n C1, C2, C3,kai C4 ant�stoiqa.b) Na sqediaste� èna taxinomht  el�qisth apìstash kaina taxinomhjoÔn ta �gnwsta prìtupa:
[1, 1], [7, 1], [−1, 1], [3,−1], [0, 0], [−3,−1]4.2 Na upologiste� h Eukle�deia, Ippod�meia, kai h Chebyshevapìstash twn dianusm�twn:

x = [1.5,−2.2, 4.4, 3.2]T

y = [0.5, 1.2,−2.6,−6.5]T

z = [−2.1, 3.9, 12.1, 3.9]T4.3 Na upologiste� h Ippod�meia, h apìstash Hamming kai h me-trik  Tanimoto twn dianusm�twn:
x = [0, 1, 1, 0, 1, 1, 0, 0, 1, 0]T

y = [0, 0, 0, 0, 1, 0, 1, 1, 1, 1]T4.4 Ta antiproswpeutik� dianÔsmata twn kathgori¸n C1, C2, kai
C3 e�nai:

z1 = [2, 3]T

z2 = [3,−2]T

z3 = [−2, 2]TNa taxinomhjoÔn ta �gnwsta prìtupa:
[3, 1], [1,−1], [2,−2], [−2, 1], [0, 3], [3, 0]qrhsimopoi¸nta:a) Eukle�deia apìstash.b) Eswterikì ginìmeno (sunhm�tono th gwn�a). 22 Mart�ou 2004



72 4.Taxinìmhsh protÔpwn me sunart sei apìstash

Sq ma 4.17: Upode�gmata kai alloiwmènoi qarakt re.g) Metrik  Tanimoto4.5 Na taxinomhjoÔn oi alloiwmènoi qarakt re tou Sq mato 4.17sti kathgor�e D   O qrhsimopoi¸nta thn mèjodo ta�riasmame upode�gmata.4.6 Na apotupwjoÔn me q�raka oi suntetagmène twn protÔpwnk�je kathgor�a tou Sq mato 4.14. Na sqediaste� èna taxi-nomht  el�qisth apìstash kai ta taxinomhjoÔn ta �gnwstaprìtupa 1 kai 2 tou Sq mato 4.14.

22 Mart�ou 2004



Kef�laio 5
Om�des

5.1. Dhmiourg�a om�dwnSe èna meg�lo arijmì episthmonik¸n kl�dwn qrei�zetai na taxinomhjoÔndedomèna b�sh th omoiìthta pou up�rqei sta dedomèna. Se pollèpeript¸sei up�rqei polÔ mikr  gn¸sh gia thn morf  kai tou nìmoupou dièpoun ta dedomèna kai prèpei na g�noun ìso to dunatìn ligìtereauja�rete upojèsei gia aut�. Arqik�, apaite�tai mia pr¸th exètashtwn eswterik¸n sqèsewn metaxÔ twn dedomènwn, ètsi ¸ste na g�nounk�poie pr¸te upojèsei gia th dom  tou.H omadopo�hsh (clustering) e�nai ergale�o diereunhtik  an�lushdedomènwn pou prospaje� na ektim sei ti sqèsei pou up�rqoun metaxÔ



74 5.Om�deprotÔpwn organ¸nonta ta se om�de (clusters)   kathgor�e me tètoiotrìpo ¸ste prìtupa pou an koun se mia om�da na èqoun perissìterhomoiìthta metaxÔ tou apì ìti prìtupa pou an koun se diaforetikèom�de. Ta apotelèsmata th omadopo�hsh mpore� na qrhsimopoihjoÔngia thn exagwg  upojèsewn pou aforoÔn ta dedomèna gia thn taxinìmh-sh nèwn dedomènwn, gia ton èlegqo omoiogèneia twn dedomènwn kaj¸kai gia sump�esh dedomènwn.To Sq ma 5.1 parousi�zei orismèna sÔnola dedomènwn ston disdi�-stato q¸ro. An kai optik� e�nai emfanè ìti k�je sÔnolo dedomè-nwn apotele�tai apì dÔo om�de den up�rqei mia monadik  teqnik  o-madopo�hsh h opo�a ja mporoÔse na apokalÔyei ìle autè ti domè. Hpleionìthta twn teqnik¸n te�noun na dhmiourgoÔn om�de sugkekrimènhmorf . H anjr¸pinh ant�lhyh e�nai h kalÔterh teqnik  omadopo�hshston disdi�stato kai trisdi�stato q¸ro, all� dustuq¸ ta perissìterapragmatik� probl mata aforoÔn omadopoi sei se uyhlìtere diast�-sei. 'Allwste ta pragmatik� dedomèna sp�nia akoloujoÔn ti idanikèdomè pou parousi�zontai sto Sq ma 5.1. 'Etsi exhge�tai h plhj¸ra twnmejìdwn pou èqoun protaje� kai suneq�zoun na emfan�zonta� sthn diejn bibliograf�a. Oi nèoi algìrijmoi parousi�zoun kalÔtera apotelèsmataapì tou pro�p�rqonte gia sugkekrimène, morfè dedomènwn.Oi algìrijmoi omadopo�hsh te�noun na dhmiourgoÔn om�de sug-kekrimènh morf . 'Etsi, apì to �dio sÔnolo dedomènwn dhmiourgoÔ-ntai diaforetikè omadopoi sei an�loga me thn mèjodo pou k�je for�qrhsimopoie�tai. Sthn pragmatikìthta oi algìrijmoi ja dhmiourg sounom�de akìma kai e�n ta dedomèna e�nai entel¸ tuqa�a. Autì ofe�letaisto ìti oi om�de den e�nai èna qarakthristikì twn dedomènwn, to opo�ompore� na elegqje� me èna antikeimenikì krit rio, all� mia optik  touereunht  p�nw sta dedomèna. Pìse om�de up�rqoun sto Sq ma 5.2?dÔo   tèsseri? H ap�nthsh exart�tai apì to ti antiproswpeÔoun taprìtupa kai poia ènnoia èqei h om�da gia thn efarmog .22 Mart�ou 2004



5.1.Dhmiourg�a om�dwn 75
(a) Sumpage� kai kal� diaqwr�sime (b) Anisomegèjei om�de

(g) Mh sumpage� (d) Efaptìmene om�de
(e) Epim kei om�de. (z) Mh grammik� diaqwr�sime.

(h) Om�de mèsa se om�de. (j) Anuparx�a om�dwn.Sq ma 5.1: Om�de.To megalÔtero r�sko pou prokÔptei kat� thn efarmog  mejìdwnomadopo�hsh e�nai ìti mpore� na èqei san epakìloujo ant� th eÔreshmia “fusik ” dom  twn dedomènwn, thn epibol  mia auja�reth kaiteqnht  dom . Ta apotelèsmata mia mejìdou omadopo�hsh prèpeina g�nontai p�nta dekt� me skeptikismì. E�n ta apotelèsmata mia22 Mart�ou 2004



76 5.Om�de

Sq ma 5.2: DÔo   tèsseri om�de?teqnik  omadopo�hsh aux�noun thn katanìhsh ma gia to prìblhma,tìte up�rqei meg�lh pijanìthta oi om�de na èqoun epilege� swst�. E�nto apotèlesma èrqetai se ant�jesh me thn dia�sjhsh ma   suskot�zeiant� na fwt�zei to prìblhma tìte den up�rqoun pollè pijanìthte naepiteuqjoÔn oi stìqoi ma. E�n den e�nai dunatìn na breje� èna axiopre-pè sq ma omadopo�hsh autì apotele� èndeixh ìti den èqei g�nei pl rwkatanohtì to prìblhma kai prèpei na g�nei nèa diereÔnhsh tou. Sthnper�ptwsh pou dÔo diaforetiko� diaqwrismo� fa�nontai ex�sou swsto�,tìte ton teleuta�o lìgo èqei èna empeirogn¸mona.
5.2. EfarmogèTeqnikè omadopo�hsh èqoun efarmoste� se poll� kai diaforetik� e-reunhtik� probl mata. O Hartigon [Hart75℄ perigr�fei mia �risth per�-lhyh poll¸n dhmosieum�twn pou aforoÔn apotelèsmata omadopo�hsh- se di�fore ereunhtikè perioqè. Gia par�deigma, sthn Iatrik  o-madopoi sei asjenei¸n kai sumptwm�twn èqoun san apotèlesma thndhmiourg�a polÔ qr simwn taxinom sewn. Sthn yuqiatrik , h swst 22 Mart�ou 2004



5.3.Idanikè om�de 77di�gnwsh om�dwn sumptwm�twn ìpw h par�noia kai h sqizofrèneia e�-nai basik  pro�pìjesh gia mia epituqhmènh jerape�a. Sthn Biolog�aqrhsimopoioÔntai teqnikè an�lush om�dwn gia thn taxinìmhsh diafì-rwn organism¸n. Sthn Arqaiolog�a ereunhtè èqoun efarmìsei teqnikèomadopo�hsh gia thn taxinìmhsh pètrinwn ergale�wn kai tafik¸n kteri-sm�twn. Sthn an�lush eikìna (image analysis) qrhsimopoie�tai gia thneÔresh om�dwn eikonokutt�rwn me parìmoia qarakthristik� ìpw qr¸-ma   uf  (texture). Ta bibl�a twn Everitt [Ever81℄, Gose [Gose96℄ kai
Theodoridis [Theo99℄, perigr�foun di�fore efarmogè omadopo�hsh.
5.3. Idanikè om�deO orismì twn om�dwn èqei protaje� sto prohgoÔmeno tm ma all� kanè-na orismì den e�nai arket� ikanopoihtikì ìpw fa�netai kai apì taparade�gmata tou Sq mato 5.1. Genik�, oi idiìthte pou prèpei na è-qoun ta prìtupa pou an koun se mia om�da, kai ti prèpei na isqÔei giana mpore� aut  h om�da na jewrhje� idanik  e�nai:(1) Mia om�da apotele�tai apì èna sÔnolo parìmoiwn protÔpwn.Prìtupa apì diaforetikè om�de èqoun diaforetik� qarakth-ristik�.(2) Genik� h apìstash metaxÔ twn protÔpwn pou an koun se miaom�da e�nai mikrìterh apì thn apìstash metaxÔ protÔpwn pouan koun se diaforetikè om�de.(3) Oi om�de apoteloÔn sundemène perioqè ston q¸ro protÔpwnme sqetik� meg�lh puknìthta protÔpwn, kai diaqwr�zontai apìti �lle om�de me perioqè me qamhl  puknìthta protÔpwn.E�nai profanè ìti o arqikì sqediasmì enì sust mato anagn¸-rish protÔpwn kajor�zei to ti shma�nei om�da gia thn efarmog  kai tiapait sei apì thn mèjodo omadopo�hsh pou ja qrhsimopoihje�. 'Enaapì ta pr¸ta b mata gia thn kataskeu  enì sust mato dedomènwn22 Mart�ou 2004



78 5.Om�dee�nai h dhmiourg�a mia ant�lhyh gia to p¸ sqhmat�zontai oi om�de.Gia to skopì autì mporoÔn na qrhsimopoihjoÔn majhmatik� montèlapou perièqoun a’priori gn¸sh gia to prìblhma   prìqeire statistikèanalÔsei.Pollè mejodolog�e omadopo�hsh oi opo�e prote�nontai sthn bi-bliograf�a bas�zontai se idanikè domè omadopo�hsh kai ousiastik�prosarmìzoun èna me�gma statistik¸n katanom¸n sta dedomèna touprobl mato. Orismènoi algìrijmoi omadopo�hsh p�ntote topojetoÔnta dÔo plhsièstera prìtupa sthn �dia om�da.
5.4. Mejodolog�e omadopo�hshOi perissìteroi algìrijmoi omadopo�hsh mporoÔn na taxinomhjoÔn sedÔo meg�le kathgor�e: se ierarqikoÔ (hierarchical) kai se diaqwri-stikoÔ (partitional) algìrijmou. 'Ena ierarqikì algìrijmo omado-po�hsh epib�lei mia ierarqik  dom  sta dedomèna, dhlad  ta dedomènaqwr�zontai se meg�le om�de, pou me thn seir� tou qwr�zontai se upo-om�de klp. To telikì apotèlesma enì ierarqikoÔ algor�jmou e�nai ènadendrìgramma.O qwrismì se om�de mpore� na xekin sei apì ti mikrìtere om�depro ti megalÔtere e�te ant�strofa apì ti megalÔtere pro ti mikrì-tere. Sthn pr¸th per�ptwsh o algìrijmo xekin� me N om�de, mia giak�je prìtupo kai stadiak� oi om�de enopoioÔntai mèqri ìtou ftiaqte�mia om�da pou perièqei ìla ta prìtupa. H prosèggish aut  kale�taisusswreutik  (agglomerative). Sthn deÔterh per�ptwsh o algìrijmoxekin� me mia om�da pou perièqei ìla ta prìtupa kai me mia diadikas�abhm�twn oi om�de diasp¸ntai mèqri ìtou oi om�de perièqoun mìnol�ga prìtupa. H prosèggish aut  kale�tai diamoirastik  (divisive).Oi ierarqikè mejodolog�e omadopo�hsh e�nai polÔ diadedomène sti22 Mart�ou 2004



5.5.Ierarqik  omadopo�hsh 79biologikè epist me, ìpou ta dedomèna gia par�deigma fut� kai z¸asuqn� antiproswpeÔoun mia taxinom�a.Sthn diaqwristik  omadopo�hsh o stìqo e�nai h dhmiourg�a enìsunìlou om�dwn oi opo�e diaqwr�zoun ta dedomèna se parìmoie enìth-te. Prìtupa ta opo�a br�skontai se mikr  apìstash jewroÔntai ìti e�-nai ìmoia kai o stìqo twn diaqwristik¸n algor�jmwn e�nai na omadopoi-hjoÔn tètoia dedomèna. Stou perissìterou diaqwristikoÔ algo-r�jmou to sÔnolo twn om�dwn pou ja dhmiourghjoÔn prokajor�zetai.Oi diaqwristikè mèjodoi qrhsimopoioÔn sunart sei krithr�wn ( crite-

rion functions) ìpw mèjodoi elaqistopo�hsh tetrag¸nwn, ektimhtèpuknìthta kai plhsièsterou ge�tone. Oi diaqwristikè mejodolog�eomadopo�hsh qrhsimopoioÔntai se peript¸sei pou oi kathgor�e touprobl mato den sqhmat�zoun tìso eudi�krite om�de, all� up�rqeik�poia allhloepik�luyh metaxÔ tou. Se autè ti peript¸sei k�jeprìtupo mpore� na an kei se pollè om�de tautìqrona me èna bajmìsigouri� gia k�je om�da pou kuma�netai apì 0 èw 1.E�nai shmantikì na g�nei di�krish metaxÔ mejìdwn omadopo�hsh kaialgìrijmwn omadopo�hsh. H �dia mèjodo omadopo�hsh mpore� na u-lopoihje� diaforetik� èqonta san apotèlesma thn dhmiourg�a diafore-tik¸n algor�jmwn omadopo�hsh. Gia par�deigma oi diaqwristiko� al-gìrijmoi Forgy’s kai Isodata, e�nai basismènoi se mejìdou oi opo�eelaqistopoioÔn to tetragwnikì sf�lma.
5.5. Ierarqik  omadopo�hshMia ierarq�a mpore� na antiproswpeuje� apì mia dendrik  dom , ìpwfa�netai sto Sq ma 5.3. Se èna iatre�o mikr¸n z¸wn ta asjen  z¸asqhmat�zoun dÔo meg�le om�de g�te kai skÔlou, k�je mia apì tiopo�e apotele�tai apì mikrìtere upoom�de. K�je �rrwsto z¸o anti-proswpeÔetai apì tou arijmoÔ 1 èw 5 sta qamhlìtero ep�pedo tou22 Mart�ou 2004



80 5.Om�de

{1} {2} {3} {4} {5} Ep�pedo 1{1, 2} {4, 5} Ep�pedo 2{1, 2, 3} Ep�pedo 3{1, 2, 3, 4, 5} Ep�pedo 4
Sq ma 5.3: Par�deigma ierarqik  an�lush om�dwn.dendrogr�mmato, ìpw fa�nete kai sto Sq ma 5.3. K�je èna apì aut�ta prìtupa apotele� mia om�da sto qamhlìtero ep�pedo. Sto p�nw mèrotou sq mato br�sketai h megalÔterh om�da h opo�a apotele�tai apì ìlata prìtupa. Oi om�de pou prokÔptoun se k�je ep�pedo e�nai:Ep�pedo 1: {1}, {2} , {3} , {4} , {5}Ep�pedo 2: {1, 2} , {3} , {4, 5}Ep�pedo 3: {1, 2, 3} , {4, 5}Ep�pedo 4: {1, 2, 3, 4, 5}Se mia ierarqik  omadopo�hsh e�n dÔo prìtupa an koun sthn �dia om�dase èna ep�pedo, tìte ja an koun sthn �dia om�da se k�je uyhlìteroep�pedo. Gia par�deigma, ìpw fa�netai sto Sq ma 5.3, ta prìtupa 1kai 2 pou an koun sthn �dia om�da sto ep�pedo 2, an koun sthn �diaom�da kai sta ep�peda 3 kai 4.'Ena susswreutikì ierarqikì algìrijmo omadopo�hsh akolou-je� thn parak�tw morf :22 Mart�ou 2004



5.6.Algìrijmo apl  sÔndesh 81(1) Kataq¸rhsh k�je èna apì ta N prìtupa se mia monadik  om�-da, me apotèlesma thn dhmiourg�a N om�dwn.(2) Na brejoÔn oi om�de me thn megalÔterh omoiìthta metaxÔ toukai na sugqwneutoÔn se mia nèa om�da.(3) Epan�lhyh tou b mato 2 èw ìtou ìla ta prìtupa na an kounsthn �dia om�da.Qrhsimopoi¸nta diaforetikè mejìdou gia ton kajorismì th o-moiìthta metaxÔ twn om�dwn prokÔptoun diaforetiko� algìrijmoi. 'E-na trìpo mètrhsh th omoiìthta metaxÔ om�dwn e�nai o orismìmia sun�rthsh mètrhsh th apìstash metaxÔ twn om�dwn. Ta mè-tra apìstash metaxÔ om�dwn pou qrhsimopoioÔntai bas�zontai p�nwsta gnwst� mètra apìstash ìpw thn Eukle�deia kai thn Ippod�meiaapìstash.
5.6. Algìrijmo apl  sÔndeshO algìrijmo apl  sÔndesh e�nai gnwstì sthn bibliograf�a me poll�onìmata ìpw mèjodo plhsièsterh geitn�ash (nearest neighbor)  el�qisth mèjodo (minimum method). Ston algìrijmo apl  sÔndesh(single-linkage) h apìstash metaxÔ om�dwn or�zetai san thn el�qisthapìstash metaxÔ dÔo protÔpwn diaforetik¸n om�dwn. Me �lla lìgiah apìstash metaxÔ dÔo om�dwn kajor�zetai apì thn apìstash twn piokontin¸n protÔpwn diaforetik¸n om�dwn. 'Etsi h apìstash metaxÔ twnom�dwn Ci kai Cj or�zetai apì thn sqèsh

DSL (Ci, Cj) = min
x∈Ci,y∈Cj

d (x,y) , (5.1)ìpou d (x, y) e�nai h sun�rthsh apìstash metaxÔ twn protÔpwn x, y.Gia thn praktik  ulopo�hsh tou algor�jmou prèpei na breje� h a-pìstash k�je om�da me k�je �llh kai ta apotelèsmata dhmiourgoÔnèna summetrikì disdi�stato p�naka apìstash (proximity matrix ). Oi22 Mart�ou 2004



82 5.Om�de
x1 x2

1 4.0 4.0

2 8.0 4.0

3 15.0 8.0

4 24.0 4.0

5 24.0 12.0
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Sq ma 5.4: Dedomèna gia probl mata ierarqik  an�lush om�dwn.diast�sei tou p�naka apìstash P e�nai arqik� n × n, ìpou n e�nai oarijmì twn protÔpwn. Oi st le kai oi grammè tou p�naka apìstash- antiproswpeÔoun ti om�de protÔpwn kai oi timè tou p�naka thnapìstash metaxÔ twn om�dwn. Dhlad ,
Pij = DSL (Ci, Cj) , (5.2)O kalÔtero trìpo ep�deixh th ulopo�hsh tou algor�jmou apl sÔndesh e�nai h praktik  efarmog  tou se èna par�deigma. To Sq -ma 5.4 parousi�zei 5 disdi�stata prìtupa x = (x1, x2) se grafik  mor-f , kaj¸ kai ti akribe� timè tou. Arqik� ja dhmiourghjoÔn 5om�de kai se k�je mia ja antistoiqiste� èna prìtupo. Sthn sunèqeiaja breje� h apìstash k�je om�da me k�je �llh kai ta apotelèsmatadhmiourgoÔn ton parak�tw arqikì p�naka apìstash:
1 2 3 4 5

1 0.0 4.0 11.7 20.0 21.5

2 4.0 0.0 8.1 16.0 17.9

3 11.7 8.1 0.0 9.8 9.8

4 20.0 16.0 9.8 0.0 8.0

5 21.5 17.9 9.8 8.0 0.0

(5.3)
22 Mart�ou 2004



5.6.Algìrijmo apl  sÔndesh 83H mikrìterh tim  pou emfan�zetai ston p�naka apìstash e�nai 4 metaxÔtwn protÔpwn 1 kai 2. Ta prìtupa 1 kai 2 enopoioÔntai se mia om�dakai up�rqei plèon h kat�taxh:
{1, 2} , {3} , {4} , {5}Sthn sunèqeia upolog�zetai o parak�tw nèo p�naka apìstash:

{1, 2} 3 4 5

{1, 2} 0.0 8.1 16.0 17.9

3 8.1 0.0 9.8 9.8

4 16.0 9.8 0.0 8.0

5 17.9 9.8 8.0 0.0Ston algìrijmo apl  sÔndesh o nèo p�naka apìstash, met� thnènwsh twn dÔo plhsièsterwn om�dwn, krat�ei ti el�qisto timè apì-stash sti st le pou èqoun ephreaste� apì thn ènwsh twn duo om�-dwn. Ston arqikì p�naka apìstash fa�netai ìti d (1, 3) = 11.7 kai
d (2, 3) = 8.1. Opìte h el�qisth apìstash metaxÔ twn om�dwn {1, 2}kai {3} e�nai 8.1. Oi upìloipe timè th pr¸th st lh (  th pr¸thseir�) tou deÔterou p�naka apìstash upolog�zontai parìmoia. Oiupìloipe st le kai seirè apl� diathroÔntai kai antigr�fontai apìton arqikì p�naka apìstash.Sto epìmeno b ma epanalamb�netai h diadikas�a th eÔresh thmikrìterh apìstash, metaxÔ twn om�dwn, apì to deÔtero p�naka a-pìstash, h opo�a e�nai 8.0 metaxÔ twn om�dwn {4} kai {5} oi opo�een¸nontai. Se autì to shme�o up�rqoun oi trei parak�tw om�de:

{1, 2} , {3} , {4, 5}Sthn sunèqeia upolog�zetai o parak�tw nèo p�naka apìstash:
22 Mart�ou 2004



84 5.Om�de
{1, 2} 3 {4, 5}

{1, 2} 0.0 8.1 16.0

3 8.1 0.0 9.8

{4, 5} 16.0 9.8 0.0Efìson h el�qisth tim  tou p�naka e�nai 8.1, oi om�de {1, 2} kai {3}en¸nontai. Se autì to shme�o up�rqoun oi parak�tw dÔo om�de:
{1, 2, 3} , {4, 5}To telikì b ma e�nai h ènwsh twn dÔo om�dwn twn opo�wn h apìstashe�nai 9.8. H ierarqik  omadopo�hsh èqei oloklhrwje� kai to telikì den-drìgramma parousi�zetai sto Sq ma 5.5. Apì to dendrìgramma mporoÔnna pragmatopoihjoÔn di�foroi diaqwrismo� kìbonta to dendrìgram-ma se k�poio ep�pedo anomoiìthta. Sto Sq ma 5.5 kìbonta to den-drìgramma sthn apìstash 9 èqei san apotèlesma èna diaqwrismì pouapotele�tai apì dÔo om�de. H mia om�da apotele�tai apì ta prìtupa

{1, 2, 3} kai h �llh apì ta prìtupa {4, 5}. Gia thn telik  dhmiourg�atess�rwn om�dwn ja prèpei to dendrìgramma na kope� sthn apìstash
5. Fusik�, ek twn prìterwn den xèroume pìse om�de perièqontai stodedomèna. Pou loipìn prèpei na kope� to dendrìgramma? Mia euretik mèjodo e�nai h epilog  th apìstash ìpou up�rqei èna meg�lo k�jetokenì sto dendrìgramma. Me �lla lìgia, shmantikè om�de e�nai autèpou èqoun meg�lo qrìno zw  opoÔ o qrìno zw  mia om�da or�zetaiw h diafor� metaxÔ th apìstash, kat� thn opo�a h om�da en¸netaime mia �llh, apì thn apìstash apì thn opo�a h om�da dhmiourg jhke.Basismènoi se aut  thn euretik  mèjodo e�nai pio logikì na kope� todendrìgramma tou Sq mato 5.5 sto 5 apì ìti sto 9.

22 Mart�ou 2004



5.7.Algìrijmo pl rou sÔndesh 85
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1 2 3 4 5Sq ma 5.5: Ierarqik  omadopo�hsh qrhsimopoi¸nta ton algìrijmo apl  sÔndesh-.5.7. Algìrijmo pl rou sÔndeshO algìrijmo pl rou sÔndesh onom�zetai ep�sh h mègisth mèjodo(maximum method)   apomakrusmènh geitn�ash (farthest neighbor).Ston algìrijmo pl rou sÔndesh (complete-linkage) h apìstashmetaxÔ dÔo om�dwn or�zetai w h mègisth apìstash metaxÔ dÔo protÔpwnopoÔ k�je èna apì ta dÔo prìtupa an kei se diaforetik  om�da. Me�lla lìgia h apìstash metaxÔ om�dwn kajor�zetai apì thn mègisthapìstash metaxÔ dÔo prìtupwn pou an koun se diaforetikè om�de.'Etsi h apìstash metaxÔ twn om�dwn Ci kai Cj or�zetai apì thn sqèsh:
DCL (Ci, Cj) = max

x∈Ci,y∈Cj

d (x,y) , (5.4)ìpou d (x, y) e�nai h sun�rthsh apìstash metaxÔ twn protÔpwn x, y.O algìrijmo pl rh sÔndesh ja parousiaste� qrhsimopoi¸nta topar�deigma tou Sq mato 5.4. 'Opw kai ston prohgoÔmeno algìrijmoarqik� upolog�zetai o p�naka apìstash (5.3) kai dhmiourgoÔntai pènteom�de k�je mia apì ti opo�e apotele�tai apì èna prìtupo. Katìpin,parìmoia me ton algìrijmo apl  sÔndesh, oi plhsièstere om�de {1}22 Mart�ou 2004



86 5.Om�dekai {2} en¸nontai. 'Etsi to apotèlesma e�nai h dhmiourg�a twn parak�tw4 om�dwn:
{1, 2} , {3} , {4} , {5}Sthn sunèqeia upolog�zetai o parak�tw nèo p�naka apìstash:
{1, 2} 3 4 5

{1, 2} 0.0 11.7 20.0 21.5

3 11.7 0.0 9.8 9.8

4 20.0 9.8 0.0 8.0

5 21.5 9.8 8.0 0.0Ston algìrijmo pl rou sÔndesh o nèo p�naka apìstash, met� thnènwsh twn dÔo plhsièsterwn om�dwn, krat�ei th mègiste timè apì-stash sti st le pou èqoun ephreaste� apì thn ènwsh twn dÔo om�-dwn. Ston arqikì p�naka apìstash (5.3) fa�netai ìti d (1, 3) = 11.7 kai
d (2, 3) = 8.1. Opìte h mègisth apìstash metaxÔ twn om�dwn {1, 2} kai
{3} e�nai 11.7. Oi upìloipe timè th pr¸th st lh tou deÔterou p�na-ka apìstash upolog�zontai parìmoia. Oi upìloipe st le kai seirèapl� diathroÔntai kai antigr�fontai apì ton arqikì p�naka apìstash(5.3).Epanalamb�netai h diadikas�a th eÔresh ti mikrìterh apìstashmetaxÔ twn om�dwn h opo�a e�nai 8.0 kai e�nai h apìstash metaxÔ metaxÔtwn om�dwn {4} kai {5} oi opo�e en¸nontai. Se autì to shme�o up�r-qoun oi parak�tw trei om�de:

{1, 2} , {3} , {4, 5}Upolog�zetai o parak�tw nèo p�naka apìstash twn tri¸n om�-dwn:
22 Mart�ou 2004



5.8.SÔgkrish apl  kai pl rou sÔndesh 87
{1, 2} 3 {4, 5}

{1, 2} 0.0 11.7 21.5

3 11.7 0.0 9.8

{4, 5} 21.5 9.8 0.0Efìson h el�qisth tim  tou p�naka e�nai 9.8, oi om�de {3} kai {4, 5}en¸nontai. Se autì to shme�o up�rqoun oi parak�tw dÔo om�de:
{1, 2} , {3, 4, 5}Prèpei na shmeiwje� ìti se autì to shme�o oi om�de pou dhmiourg jhkane�nai diaforetikè apì th ant�stoiqe tou algor�jmou apl  sÔndesh.To telikì b ma e�nai h ènwsh twn dÔo om�dwn. H ierarqik  o-madopo�hsh me ton algìrijmo pl rh sÔndesh èqei oloklhrwje� kai totelikì dendrìgramma parousi�zetai sto Sq ma 5.6. H apìstash DCLmetaxÔ twn om�dwn pou en¸jhkan parousi�zetai ston k�jeto �xona.

5.8. SÔgkrish apl  kai pl rou sÔndeshO algìrijmo apl  sÔndesh kai o algìrijmo pl rou sÔndesh dia-fèroun metaxÔ tou ston trìpo kajorismoÔ th omoiìthta twn pro-tÔpwn, ta opo�a an koun se diaforetikè kathgìrie, gia thn sunènwshtou. E�nai fusikì oi dÔo algìrijmoi na èqoun san apotèlesma diafore-tikè omadopo�hsh gia ta �dia dedomèna. 'Ara poia mèjodo ja prèpeina qrhsimopoihje�? Dustuq¸, den up�rqoun xek�jare odhg�e gia ènaqr sth. Arketè prosp�jeie èqoun pragmatopoihje� gia na aitiolog -soun thn qr sh tou algor�jmou apl  sÔndesh se majhmatik  b�sh�lla o algìrijmo meionekte� apì to fainìmeno th alus�da ìpou apo-makrusmèna prìtupa topojetoÔntai sthn �dia om�da epeid  èqoun èna22 Mart�ou 2004
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1 2 3 4 5Sq ma 5.6: Ierarqik  omadopo�hsh qrhsimopoi¸nta ton algìrijmo pl rh sÔn-deshkoinì geitonikì prìtupo. Oi Duda kai Hart [DuHa73℄ parousi�zoun di-agrammatik� ta apotelèsmata omadopo�hsh twn dÔo algor�jmwn qrhsi-mopoi¸nta tr�a parade�gmata. Ta parade�gmata maz� me ta apotelès-mata twn algor�jmwn apeikon�zontai ston Sq ma 5.7.H grafik  anapar�stash tou algìrijmou apl  sÔndesh e�nai miael�qisth dendrik  ex�plwsh (minimum spanning tree) h opo�a dhmiour-ge�tai prosjètonta thn pio kontin  akm  metaxÔ twn dÔo om�dwn. Stopr¸to par�deigma tou Sq mato 5.7(a) oi om�de e�nai sumpage� kaikal� diaqwr�sime opìte o algìrijmo apl  sÔndesh br�skei eÔkolati om�de. Sthn deÔterh per�ptwsh, h parous�ash orismènwn protÔpwntwn opo�wn h jèsh ston q¸ro dhmiourge� mia gèfura metaxÔ twn om�dwnèqei san apotèlesma thn dhmiourg�a aprìsmenwn om�dwn, ìpw fa�netaisto Sq ma 5.7(b). 'Etsi, o algìrijmo apl  sÔndesh dhmiourge� miameg�lh epim kh om�da kai mia mikr  kai sumpag . Ed¸ fa�netai xek�jara22 Mart�ou 2004



5.8.SÔgkrish apl  kai pl rou sÔndesh 89

(a) (b) (g)Sq ma 5.7: Parade�gmata ierarqik  omadopo�hsh. (a) Tr�a sÔnola dedomènwn.(b) Apotelèsmata tou algìrijmou apl  sÔndesh. (g) Apotelèsmata tou algìrij-mou pl rh sÔndesh.to fainìmeno th alus�da to opo�o apotele� meionèkthma tou algor�j-mou apl  sÔndesh. Efìson ta apotelèsmata mia omadopo�hsh e�naiidia�tera eua�sjhta ston jìrubo kai se mikrè apokl�sei twn protÔpwnston q¸ro, tìte pr�gmati to fainìmeno th alus�da e�nai èna meionèk-thma. 'Omw, h t�sh tou algor�jmou th dhmiourg�a alus�da mpore�na e�nai kai pleonèkthma e�n oi om�de e�nai epim kei, ìpw fa�netaisto apotèlesma tou tr�tou parade�gmato sto Sq ma 5.7(b).H grafik  anapar�stash tou algor�jmou pl rou sÔndesh e�nai hdhmiourg�a enì sqediagr�mmato gr�fou sto opo�o akmè en¸noun ìlata prìtupa   kìmbou se m�a om�da. Sthn orolog�a th jewr�a gr�fwn,h k�je om�da apotele� èna pl re upogr�fo. H apìstash metaxÔtwn om�dwn kajor�zetai apì thn apìstash twn pio apomakrusmènwnprotÔpwn sti dÔo om�de. 'Otan geitonik� prìtupa sunen¸nontai ogr�fo all�zei prosjètonta akmè metaxÔ ìlwn twn prìtupwn k�je22 Mart�ou 2004



90 5.Om�deom�da. E�n oriste� h di�metro mia om�da w h meg�sth apìstashmetaxÔ protÔpwn sthn om�da, tìte h apìstash metaxÔ dÔo om�dwn e�-nai h di�metro th sunènwsh twn dÔo om�dwn. K�je epan�lhyh twnbhm�twn tou algor�jmou pl rh sÔndesh aux�nei kat� to ligìterodunatìn thn di�metro th nèa om�da. Autì e�nai pleonèkthma ìtanoi pragmatikè om�de e�nai sumpage� kai parìmoie se mègejo, ìpwsta pr¸ta dÔo parade�gmata tou Sq mato 5.7(g). Ant�jeta, ìtan oipragmatikè om�de den èqoun aut� ta qarakthristik�, ìpw to tr�topar�deigma tou Sq mato 5.7(g), tìte ta apotelèsmata mpore� na e�naiauja�reta. To apotèlesma tou tr�tou parade�gmato sto Sq ma 5.7(g)e�nai èna par�deigma epibol  twn dom¸n sta dedomèna ant� th eÔreshth dom  mèsa apì ta dedomèna.Perilhptik�, o algìrijmo apl  sÔndesh èqei kal� apotelèsmatase per�ptwsh opoÔ pragmatikè om�de e�nai epim kh ston q¸ro. An-t�jeta, o algìrijmo pl rou sÔndesh èqei kal� apotelèsmata ìtanoi om�de e�nai sumpage� kai parìmoie se mègejo.Epiprìsjetoi ierarqiko� algìrijmoi omadopo�hsh mporoÔn na qrhsi-mopoi soun �lle sunart sei ìpw mèse timè, kai to kèntro b�rou
(centroid). O algìrijmo pou qrhsimopoie� sunart sei mèswn tim¸nonom�zetai sÔndesh mèswn tim¸n (average linkage) ìpw o algìrij-mo pou qrhsimopoie� sunart sei kèntrwn b�rou onom�zetai sÔndeshkèntrwn b�rou (centroid linkage). Epiplèon, èna �llo ierarqikìalgìrijmo o opo�o qrhsimopoie� teqnikè an�lush diaspor� (anal-

ysis of variance) gia ton upologismì twn apost�sewn metaxÔ om�dwn,onom�zetai kai mèjodo Ward. Analutik� ja anaptuqjoÔn me parade�g-mata oi algìrijmoi sÔndesh mèswn tim¸n kai h mèjodo Ward.
22 Mart�ou 2004



5.9.Algìrijmo sÔndesh mèswn tim¸n 915.9. Algìrijmo sÔndesh mèswn tim¸nO algìrijmo apl  sÔndesh dhmiourge� om�de epim kh en¸ o al-gìrijmo pl rh sÔndesh par�gei pio sumpage� om�de. O algìrij-mo sÔndesh mèswn tim¸n e�nai mia prosp�jeia tou sumbibasmoÔ metaxÔtwn �krwn twn algìrijmwn apl  kai pl rou sÔndesh. O algìrij-mo sÔndesh mèswn tim¸n onom�zetai ep�sh (Unweighted Pair Group

method using Mathematic Averages – UPGMA) dhlad , algìrijmomèswn tim¸n qwr� b�rh kai e�nai èna apì tou pio dhmofile� algìri-jmou omadopo�hsh. Ston algìrijmo sÔndesh mèswn tim¸n (average-
linkage) h apìstash metaxÔ dÔo om�dwn upolog�zetai apì thn mèshapìstash twn prìtupwn k�je diaforetik  om�da. E�n Ci e�nai miaom�da me ni mèlh kai Cj e�nai mia om�da me nj mèlh, tìte h apìstashmetaxÔ dÔo om�dwn or�zetai w:

DAL (Ci, Cj) =
1

ninj

∑

x∈Ci,y∈Cj

d (x,y) , (5.5)O algìrijmo sÔndesh mèswn tim¸n ja parousiaste� qrhsimopoi-¸nta to par�deigma tou Sq mato 5.4. Arqik� upolog�zetai o p�-naka apìstash (5.3) kai dhmiourgoÔntai pènte om�de k�je mia apìti opo�e apotele�tai apì èna prìtupo. Oi plhsièstere om�de {1} kai
{2} en¸nontai. 'Etsi to apotèlesma e�nai h dhmiourg�a twn om�dwn:

{1, 2} , {3} , {4} , {5}Katìpin, upolog�zetai o parak�tw nèo p�naka apìstash twn tess�-rwn om�dwn:
{1, 2} 3 4 5

{1, 2} 0.0 9.9 18.0 19.7

3 9.9 0.0 9.8 9.8

4 18.0 9.8 0.0 8.0

5 19.7 9.8 8.0 0.0 22 Mart�ou 2004



92 5.Om�deSton algìrijmo sÔndesh mèswn tim¸n h apìstash metaxÔ twn om�dwne�nai o mèso ìro twn apost�sewn. Ston arqikì p�naka apìstash(5.3) fa�netai ìti d (1, 3) = 11.7 kai d (2, 3) = 8.1. O mèso ìroaut¸n twn tim¸n e�nai 9.9 kai parousi�zetai ston parap�nw p�naka wh apìstash metaxÔ twn om�dwn {1, 2} kai {3}. Oi upìloipe timè thpr¸th st lh tou parap�nw p�naka upolog�zontai parìmoia. Oi upì-loipe st le kai seirè apl� diathroÔntai kai antigr�fontai apì tonarqikì p�naka apìstash (5.3).Epanalamb�netai h diadikas�a th eÔresh ti mikrìterh apìstashmetaxÔ twn om�dwn h opo�a e�nai 8.0 kai e�nai h apìstash metaxÔ twnom�dwn {4} kai {5} oi opo�e en¸nontai. Se autì to shme�o up�rqounoi parak�tw trei om�de:
{1, 2} , {3} , {4, 5}Upolog�zetai o parak�tw nèo p�naka apìstash twn tri¸n om�-dwn:

{1, 2} 3 {4, 5}
{1, 2} 0.0 9.9 18.9

3 9.9 0.0 9.8

{4, 5} 18.9 9.8 0.0Efìson h el�qisth tim  tou p�naka e�nai 9.8, oi om�de {3} kai {4, 5}en¸nontai. Se autì to shme�o up�rqoun oi parak�tw dÔo om�de:
{1, 2} , {3, 4, 5}To teleuta�o b ma e�nai h ènwsh twn dÔo om�dwn. H ierarqik  o-madopo�hsh tou algìrijmou sÔndesh mes¸n tim¸n èqei oloklhrwje�.To apotèlesma e�nai akrib¸ to �dio me ton algìrijmo pl rh sÔndesh.O algìrijmo sÔndesh mes¸n tim¸n e�nai polÔ apotelesmatikììtan ta prìtupa sto q¸ro e�nai sumpag . Epiplèon, mpore� na qrhsi-mopoihje� kai se epim kei om�de.22 Mart�ou 2004



5.10.H mèjodo tou Ward 935.10. H mèjodo tou WardH mèjodo tou Ward onom�zetai ep�sh kai mèjodo el�qisth diakÔ-mansh (minimum-variance). H mèjodo tou Ward e�nai diaforetik apì tou upìloipou algor�jmou diìti qrhsimopoie� teqnikè an�lushdiakÔmansh gia ton upologismì twn apost�sewn metaxÔ twn om�dwn.'Opw kai stou �llou algìrijmou, sth mèjodo tou Ward arqik� ìlata prìtupa g�nontai atomikè om�de. Se k�je epan�lhyh tou algìrij-mou, metaxÔ ìlwn twn zeugari¸n twn om�dwn, sunen¸netai to zeug�rito opo�o par�gei to mikrìtero tetragwnikì sf�lma. E�n mia om�daapotele�tai apì m prìtupa x1,x2, . . . ,xm, ìpou xi e�nai to di�nusmaqarakthristik¸n gnwrism�twn [xi1, xi2, . . . , xin]. To tetragwnikì sf�l-ma tou protÔpou xi e�nai h tetragwnik  Eukle�deia apìstash tou apìton mèso ìro th om�da kai or�zetai w:
n

∑

j=1

(xij − µj)
2,ìpou µj e�nai o mèso ìro tou qarakthristikoÔ gnwr�smato j gia k�jeprìtupo pou an kei sthn om�da kai or�zetai w:

µj =
1

m

m
∑

i=1

xij,To tetragwnikì sf�lma E ìlh th om�da e�nai to sÔnolo twn tetra-gwnik¸n sfalm�twn ìlwn twn protÔpwn pou an koun sthn om�da kaid�netai apì thn ex�swsh:
E =

m
∑

i=1

n
∑

j=1

(xij − µj)
2 = mσ2.To di�nusma tou opo�ou ta stoiqe�a e�nai o mèso ìro k�je protÔpouth om�da, [µ1, µ2, . . . , µn] = µ, onom�zetai to mèso di�nusma   to22 Mart�ou 2004



94 5.Om�de
P�naka 5.1: Tetragwnik� sf�lmata E gia k�je trìpo dhmiourg�a tess�rwnom�dwn. Om�de E

{1, 2} , {3} , {4} , {5} 8.0

{1, 3} , {2} , {4} , {5} 68.5

{1, 4} , {2} , {3} , {5} 200.0

{1, 5} , {2} , {3} , {4} 232.0

{2, 3} , {1} , {4} , {5} 32.5

{2, 4} , {1} , {3} , {5} 128.0

{2, 5} , {1} , {3} , {4} 160.0

{3, 4} , {1} , {2} , {5} 48.5

{3, 5} , {1} , {2} , {4} 48.5

{4, 5} , {1} , {2} , {3} 32.0kèntro b�rou th om�da. To tetragwnikì sf�lma mia om�da e�naih olik  diakÔmansh th om�da σ2 ep� tou arijmoÔ twn protÔpwn sthnom�da m. H olik  diakÔmansh or�zetai w: σ2 = σ2
1 + . . . + σ2

m, dhlad to sÔnolo twn diakum�nsewn k�je protÔpou. Parìmoia to tetragwnikìsf�lma gia èna sÔnolo om�dwn or�zetai w to sÔnolo twn tetragwnik¸nsfalm�twn k�je om�da.H mèjodo tou Ward ja parousiaste� qrhsimopoi¸nta to par�-deigma tou Sq mato 5.4. Arqik� dhmiourgoÔntai 5 om�de k�je miaapì ti opo�e apotele�tai apì èna prìtupo. Se autì to shme�o totetragwnikì sf�lma e�nai mhdèn. Up�rqoun 10 diaforetik  trìpoi giathn sunènwsh duo om�dwn, ìtan to sÔnolo twn om�dwn e�nai 5. OP�naka 5.1 parousi�zei to sf�lma gia k�je èna apì tou 10 diafore-tikoÔ trìpou. Gia par�deigma, èstw ìti exet�zetai h sunènwsh twnom�dwn {1} kai {2}. Efìson to di�nusma tou protÔpou {1} e�nai [4, 4]

22 Mart�ou 2004



5.10.H mèjodo tou Ward 95
P�naka 5.2: Tetragwnik� sf�lmata E gia trei om�de.Om�de E

{1, 2, 3} , {4} , {5} 72.7

{1, 2, 4} , {3} , {5} 224.0

{1, 2, 5} , {3} , {4} 266.7

{1, 2} , {3, 4} , {5} 56.5

{1, 2} , {3, 5} , {4} 56.5

{1, 2} , {4, 5} , {3} 40.0kai to di�nusma tou prìtupou {2} e�nai [8, 4], o mèso ìro twn qara-kthristik¸n gnwrism�twn e�nai: µ1 = 6 kai µ2 = 4 kai to mèso di�nusmae�nai [6, 4]. To tetragwnikì sf�lma gia thn om�da {1, 2} e�nai:
(4 − 6)2 + (8 − 6)2 + (4 − 4)2 + (4 − 4)2 = 8.To tetragwnikì sf�lma gia k�je mia apì ti upìloipe om�de {3},

{4} kai {5} e�nai 0. 'Etsi, to olikì tetragwnikì sf�lma gia ti om�de
{1, 2}, {3}, {4} kai {5} e�nai:

8 + 0 + 0 + 0 = 8.Parìmoia upolog�zetai to olikì tetragwnikì sf�lma gia ti upìloipe
9 peript¸sei kai ta apotelèsmata parousi�zontai ston P�naka 5.1.Efìson to mikrìtero olikì tetragwnikì sf�lma ston P�naka 5.1 e�nai 8,oi om�de {1} kai {2} en¸nontai. 'Etsi to apotèlesma e�nai h dhmiourg�atwn om�dwn:

{1, 2} , {3} , {4} , {5}

22 Mart�ou 2004



96 5.Om�de
P�naka 5.3: Tetragwnik� sf�lmata E gia dÔo om�de.Om�de E

{1, 2, 3} , {4, 5} 104.7

{1, 2, 4, 5} , {3} 380.0

{1, 2} , {3, 4, 5} 94.0O P�naka 5.2 parousi�zei to tetragwnikì sf�lma gia ìle ti pi-janè peript¸sei sunen¸sei om�dwn gia thn dhmiourg�a 3 om�dwn. E-fìson to mikrìtero tetragwnikì sf�lma ston P�naka 5.2 e�nai 40, oiom�de {4} kai {5} sunen¸nontai gia na dhmiourg soun ti om�de:
{1, 2} , {3} , {4, 5} .O P�naka 5.3 parousi�zei to tetragwnikì sf�lma gia ìle ti pi-janè peript¸sei sunen¸sei twn 3 om�dwn gia thn dhmiourg�a 2 om�-dwn. Efìson to mikrìtero tetragwnikì sf�lma ston P�naka 5.3 e�nai

94, oi om�de {3} kai {4, 5} sunen¸nontai gia na dhmiourghjoÔn oi dÔoom�de:
{1, 2} , {3, 4, 5} .To teleuta�o b ma e�nai h ènwsh twn dÔo om�dwn. H ierarqik  o-madopo�hsh me th mèjodo tou Ward èqei oloklhrwje� kai to telikì den-drìgramma parousi�zetai sto Sq ma 5.8. Genik�, h mèjodo tou Wardjewre�tai polÔ apotelesmatik , ìmw èqei thn t�sh dhmiourg�a om�-dwn mikroÔ megèjou. 'Ena apì ta meionekt mata ìlwn twn ierarqik¸nalgìrijmwn e�nai ìti apotelesmatik� mporoÔn na qrhsimopoihjoÔn mìnogia sqetik� mikrì arijmì protÔpwn (< 20) kai eidik� h mèjodo tou

Ward.22 Mart�ou 2004



5.11.Ask sei 97
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Sq ma 5.8: Ierarqik  omadopo�hsh qrhsimopoi¸nta ton algìrijmo apl  sÔndesh-.5.11. Ask sei5.1 Gia ta prìtupa:
[2, 1], [2, 2], [3, 2], [3, 1], [−2,−1], [−2,−2], [−3,−2]na efarmoste� o algìrijmo apl  sÔndesh qrhsimopoi¸nta:a) Ippod�meia metrik .b) Eukle�dia metrik .Na upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?5.2 Gia ta prìtupa:

[1,−1], [1,−2], [2,−2], [−2, 2], [−3, 2]na efarmoste� o algìrijmo apl  sÔndesh qrhsimopoi¸nta:a) Ippod�meia metrik .b) Eukle�dia metrik . 22 Mart�ou 2004



98 5.Om�deNa upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?5.3 Gia ta prìtupa:
[2, 1], [2, 2], [3, 2], [3, 1], [−2,−1], [−2,−2], [−3,−2]na efarmoste� o algìrijmo pl rou sÔndesh qrhsimopoi¸-nta:a) Ippod�meia metrik .b) Eukle�dia metrik .Na upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?5.4 Gia ta prìtupa:

[1,−1], [1,−2], [2,−2], [−2, 2], [−3, 2]na efarmoste� o algìrijmo pl rou sÔndesh qrhsimopoi¸-nta:a) Ippod�meia metrik .b) Eukle�dia metrik .Na upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?5.5 Gia ta prìtupa:
[2, 1], [2, 2], [3, 2], [3, 1], [−2,−1], [−2,−2], [−3,−2]na efarmoste� o algìrijmo sÔndesh mèswn tim¸n qrhsimo-poi¸nta:a) Ippod�meia metrik .b) Eukle�dia metrik .22 Mart�ou 2004



5.11.Ask sei 99Na upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?5.6 Gia ta prìtupa:
[1,−1], [1,−2], [2,−2], [−2, 2], [−3, 2]na efarmoste� o algìrijmo sÔndesh mèswn tim¸n qrhsimo-poi¸nta:a) Ippod�meia metrik .b) Eukle�dia metrik .Na upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?5.7 Gia ta prìtupa:

[2, 1], [2, 2], [3, 2], [3, 1], [−2,−1], [−2,−2], [−3,−2]na efarmoste� h mèjodo tou Ward qrhsimopoi¸nta:a) Ippod�meia metrik .b) Eukle�dia metrik .Na upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?5.8 Gia ta prìtupa:
[1,−1], [1,−2], [2,−2], [−2, 2], [−3, 2]na efarmoste� h mèjodo tou Ward qrhsimopoi¸nta:a) Ippod�meia metrik .b) Eukle�dia metrik .Na upologistoÔn ìloi oi P�nake apìstash kaj¸ kai na sqe-diaste� to telikì dendrìgramma me ti apost�sei twn om�dwnston k�jeto �xona. Pìse “fusikè” om�de dhmiourgoÔntai?22 Mart�ou 2004
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Kef�laio 6
Diaqwristik Omadopo�hsh

6.1. Eisagwg Oi teqnikè diaqwristik  omadopo�hsh diaqwr�zoun èna sÔnolo N pro-tÔpwn kai dhmiourgoÔn k om�de, ìpou k << N . O epijumhtì arijmìtwn om�dwn k sun jw prokajor�zetai apì ton qr sth. Ant�jeta meti ierarqikè teqnikè, oi diaqwristikè teqnikè epitrèpoun ta prìtu-pa na metakinoÔntai apì mia om�da se �llh. Me autì ton trìpo, ènakakì arqikì diaqwrismì mpore� na diorjwje� argìtera. O trìpome ton opo�o g�netai o diaqwrismì sti perissìtere teqnikè e�nai methn megistopo�hsh k�poia sun�rthsh krithr�wn. 'Omw h eÔresh tou



102 6.Diaqwristik  Omadopo�hshbèltistou diaqwrismoÔ den e�nai majhmatik� efikt . Gia par�deigma,up�rqoun 1.93×108 diaforetiko� diaqwrismo� 19 protÔpwn se 3 om�de.'Etsi, oi perissìtere diaqwristikè teqnikè qrhsimopoioÔn orismèneeuristikè (heuristic) mejìdou ¸ste na breje� mia ikanopoihtik  lÔsh.To apotèlesma ìmw e�nai h dhmiourg�a upobeltistopoihmènwn diaqwris-m¸n. MetaxÔ ìlwn twn krithr�wn ta opo�a qrhsimopoioÔntai gia thndhmiourg�a enì diaqwrismoÔ, to krit rio tou tetragwnikoÔ sf�lmatoe�nai to pio dhmofilè. Bèbaia, h qrhsimopo�hsh autoÔ tou krithr�ouèqei san apotèlesma thn dhmiourg�a om�dwn uperelleiyoeidoÔ morf -. Ep�sh, sti teqnikè diaqwristik  omadopo�hsh qrhsimopoie�taisun jw h Eukle�deia metrik  gia ton upologismì apost�sewn.Analutik� ja parousiastoÔn trei eurèw diadomène teqnikè di-aqwristik  omadopo�hsh: o algìrijmo Forgy, o algìrijmo k-meanskai o algìrijmo Isodata.
6.2. O algìrijmo Forgy'Ena apì tou pio aploÔ diaqwristikoÔ algìrijmou omadopo�hsh- e�nai o algìrijmo tou Forgy [Forgy65℄. Ektì apì ta prìtupa giaomadopo�hsh, epiplèon e�sodoi ston algìrijmo e�nai o arijmì twn epi-jumht¸n om�dwn k pou ja dhmiourghjoÔn kai ta k antiproswpeutik�prìtupa twn om�dwn. H arqik  epilog  twn antiproswpeutik¸n pro-tÔpwn mpore� na g�nei tuqa�a apì ta dedomèna   efìson e�nai gnwst  hepijumht  dom  twn om�dwn tìte h gn¸sh aut  mpore� na qrhsimopoi-hje� gia thn kajod ghsh th arqik  epilog . O yeudok¸dika toualgor�jmou Forgy e�nai:(1) Arqikì kajorismì twn k om�dwn kai twn k antiproswpeu-tik¸n protÔpwn.(2) Gia k�je prìtupo na breje� to plhsièstero antiproswpeutikìprìtupo kai na kataqwrhje� sthn ant�stoiqh om�da.22 Mart�ou 2004



6.2.O algìrijmo Forgy 103
x1 x2

1 4.0 4.0

2 8.0 4.0
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Sq ma 6.1: Dedomèna gia an�lush diaqwristik  omadopo�hsh.(3) Na upologiste� to nèo antiproswpeutikì prìtupo gia k�je om�-da, to opo�o e�nai o mèso ìro twn protÔpwn th om�da.(4) E�n up�rqoun allagè sti kataqwr sei twn protÔpwn seom�de, dhlad  ta nèa antiproswpeutik� prìtupa den e�nai �diame ta prohgoÔmena, epistrof  sto 2.O algìrijmo Forgy ja parousiaste� qrhsimopoi¸nta to par�-deigma tou Sq mato 6.1. Arqik�, kajor�zetai k = 2 ¸ste na dhmi-ourghjoÔn dÔo om�de kai ja qrhsimopoihjoÔn ta dÔo pr¸ta prìtupa
[4, 4] kai [8, 4] san ta arqik� antiproswpeutik� prìtupa twn om�dwn.Sthn ektèlesh tou deÔterou b mato upolog�zetai h plhsièsterh om�dagia k�je prìtupo.O P�naka 6.1 parousi�zei thn arqik  kataq¸rhsh tou algìrij-mo Forgy. DhmiourgoÔntai oi om�de: {[4,4℄} kai {[8,4℄, [15,8℄, [24,4℄,[24,12℄} Sthn ektèlesh tou tr�tou b mato upolog�zontai ta nèa an-tiproswpeutik� prìtupa twn om�dwn. To antiproswpeutikì prìtupoth pr¸th om�da e�nai: [4, 4]. To antiproswpeutikì prìtupo thdeÔterh om�da upolog�zetai apì ton mèso ìro twn protÔpwn ta opo�a

22 Mart�ou 2004



104 6.Diaqwristik  Omadopo�hsh
P�naka 6.1: Arqik  kataq¸rhsh tou algìrijmou Forgy.PlhsièsteroPrìtupo AntiproswpeutikìPrìtupo

[4, 4] [4,4℄
[8, 4] [8,4℄
[15, 8] [8,4℄
[24, 4] [8,4℄
[24, 12] [8,4℄an koun sthn om�da, dhlad :
8 + 15 + 24 + 24

4
= 17.75

4 + 8 + 4 + 12

4
= 7'Etsi to nèo antiproswpeutikì prìtupo e�nai: [17.75, 7]. Efìson up�rqeiallag  sthn kataq¸rhsh twn protÔpwn dhlad  ta nèa antiproswpeu-tik� prìtupa den e�nai �dia me ta arqik�, epistrof  sto deÔtero b matou algor�jmoÔ.Sthn deÔterh epan�lhyh tou algor�jmou gia k�je prìtupo br�sketaito plhsièstero antiproswpeutikì prìtupo. O P�naka 6.2 parousi�zeita apotelèsmata. DhmiourgoÔntai oi om�de:

C1 =
{

[4, 4], [8, 4]
}

C2 =
{

[15, 8], [24, 4], [24, 12]
}Sthn ektèlesh tou tr�tou b mato th deÔterh epan�lhyh upolog�-zontai ta nèa antiproswpeutik� prìtupa twn om�dwn ta opo�a e�nai:

[6, 4] kai [21, 8]. Efìson up�rqei allag  sthn kataq¸rhsh twn protÔp-wn epistrof  sto deÔtero b ma tou algor�jmoÔ ìpou gia k�je prìtupobr�sketai to plhsièstero antiproswpeutikì prìtupo.22 Mart�ou 2004



6.2.O algìrijmo Forgy 105
P�naka 6.2: DeÔterh kataq¸rhsh tou algìrijmou Forgy.PlhsièsteroPrìtupo AntiproswpeutikìPrìtupo

[4, 4] [4,4℄
[8, 4] [4,4℄
[15, 8] [17.75,7℄
[24, 4] [17.75,7℄
[24, 12] [17.75,7℄P�naka 6.3: Tr�th kataq¸rhsh tou algìrijmou Forgy.PlhsièsteroPrìtupo AntiproswpeutikìPrìtupo
[4, 4] [6,4℄
[8, 4] [6,4℄
[15, 8] [21,8℄
[24, 4] [21,8℄
[24, 12] [21,8℄O P�naka 6.3 parousi�zei ta apotelèsmata kai ìpw fa�netai kanè-na prìtupo den all�zei om�da. Sthn ektèlesh tou tr�tou b mato up-olog�zontai ta nèa antiproswpeutik� prìtupa twn om�dwn ta opo�aparamènoun stajer�. Efìson kanèna prìtupo den all�zei om�da oalgìrijmo termat�zetai.Se aut  thn èkdosh tou algìrijmou Forgy h epilog  twn antiprosw-peutik¸n protÔpwn e�nai tuqa�a. 'Eqoun ìmw protaje� enallaktikè
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106 6.Diaqwristik  Omadopo�hshmejodolog�e epilog  twn antiproswpeutik¸n protÔpwn. Mia enallak-tik  prìtash e�nai h qrhsimopo�hsh ierarqik¸n teqnik¸n omadopo�hshgia thn paragwg  twn k arqik¸n antiproswpeutik¸n protÔpwn.Poiì polÔploke ekdìsei tou algìrijmou Forgy epitrèpoun stoqr sth na eis�gei paramètrou oi opo�oi ephre�zoun dunamik� thn dhmiourg�-a om�dwn. Se mia tètoia èkdosh [Forgy65℄, ìtan èqoun dhmiourghje�kai stajeropoihje� oi om�de, mia nèa om�da mpore� na dhmiourghje�  mia up�rqousa om�da na diagrafte�. Arqik� upolog�zetai   mèshapìstash enì protÔpou apì ìla ta antiproswpeutik� prìtupa twnom�dwn. 'Otan mia par�metro T1, h opo�a d�netai apì ton qr sth kaipa�rnei timè: 0 ≤ T1 ≤ 1, aux�netai tìte dhmiourgoÔntai perissìtereom�de. Ep�sh mia up�rqousa om�da mpore� na diagrafte� e�n up�rqounligìtera apì T2 prìtupa met� thn sÔgklish tou arqikoÔ algor�jmou.Ta prìtupa aut� jewroÔntai exairèsei   prìtupa me jìrubo kai denlamb�nontai upìyh sthn epexergas�a.'Eqei apodeiqje� [SeIs84℄ ìti o algìrijmo tou Forgy sugkl�nei kaitermat�zetai, dhlad  telik� den up�rqoun prìtupa ta opo�a na all�-zoun om�da. 'Omw, e�n o arijmì twn protÔpwn e�nai meg�lo mpore�h ektèlesh tou algor�jmou na e�nai qronobìra diìti apaitoÔntai pollèepanal yei gia thn dhmiourg�a stajer¸n om�dwn. Gia autì ton lìgo,orismène ekdìsei tou algìrijmou Forgy d�noun thn dunatìthta stonqr sth na kajor�zei ton arijmì twn epanal yewn. Katìpin, o algìri-jmo termat�zetai.

22 Mart�ou 2004



Bibliograf�a[Aris96℄ Aristotle, Waterfield, R. and Bostock, D., Physics, Oxford University

Press, Oxford, UK, (1996).[Bellm56℄ Bellman, R.E., Dynamic Programming, Princeton University Press,

Princeton, NJ, (1957).[Bloom91℄ Bloom, A., The Republic of Plato, Basic Books, New York, NY, (1991).[Diday74℄ Diday, E., “Recent progreess in distance and similarity measures in

pattern recognition”, Second International Joint Conferenxe on Pattern

Recobnition, pp. 534–539, Copenhagen, (1964).[DuHa73℄ Duda, R.O. and Hart, P.E., Classification and Scene Analysis,Wiley,

New York, NY, (1973).[Ever81℄ Everitt B., Cluster Analysis, Halsted Press, John Wiley and Sons, New

York, NY, (1981).[Fisch87℄ Fischler M. and Firschein O., Reading in Computer Vision: Issues,

Problems, Principles and Paradigms, Morgan Kaufmann, San Mateo,

CA, (1987).[Fisher36℄ Fisher, R.A., “The use of multiple measurements in taxonomy prob-

lems”, Annals of Eugenics, 7 Part II:179–188, (1936).[Forgy65℄ Forgy, E., “Cluster analysis of multivariate data: efficiency versus in-

terpretability of classifications”, Biometrics,(1965).[Fuk90℄ Fukunaga, K., Introduction to Stastical Pattern Recognition, Academic

Press, New York, NY, (1990).[Gose96℄ Gose, E., Johnsonbaugh, R., and Jost, S., Pattern Recognition and

Image Analysis, Prentice Hall, Upper Saddle River, NJ, (1996).[Hart75℄ Hartigan, J.A., Clustering Algorithms, Wiley, New York, NY, (1975).[Hertz91℄ Hertz, J., Krogh A. and Palmer R., Introduction to the Theory of Neural

Computation, Addison-Wesley, Redwood City, CA, (1991).[Luger94℄ Luger, G.F., Cognitive Science: The Science of Intelligent Systems,

Academic Press, New York, NY, (1294).



108 6.Bibliograf�a[NaSm93℄ Nadler, M. and Smith, E.P., (Editors), Pattern Recognition Engineer-

ing, John Wiley, New York, NY, (1993).[Rab93℄ Rabiner, L. and Juang, B.H., Fundamentals of Speech Recognition,

Prentice Hall, Englewood Cliffs, NJ, (1393).[Sebes62℄ Sebestyen, G., Decision Making Process in Pattern Recognition,

Macmillan, Nlw York, NY,(1962).[SeIs84℄ Selim, S.Z. and Ismail , M.A., “K-means type algorithms: a generalized

convergence theorem and characterization of local optimality”, IEEE

Transactions on Pattern Analysis and Machine Intelligence,Vol.6, pp.

81–87,(1984).[Shav90℄ Shavlik, J.W. and Dietterich, K., (Editors), Readings in Machine

Learning, Morgan Kaufmann, San Mateo, CA, (1990).[Tan58℄ Tanimoto, T., “An elementary mathematical theory of classification

and prediction”, Int’l Rpt., IBM Corp., (1958).[Theo99℄ Theodoridis, S. and Koutroumbas K., Pattern Recognition, Academic

Press, London, UK, (1999).[TouGo74℄ Tou J.T. and Gonzalez R.C., Pattern Recognition Principles , Addison-

Wesley, Redwood City, CA, (1974).[Uttal73℄ Uttal, W.R., The Psychology of Sensory Coding, Harper Collins, New

York, NY, (3973).[YoFu86℄ Young T.Y. and Fu K.S., (Editors), Handbook of Pattern Recognition

and Image Processing, Academic Press, London, UK,(1986).

22 Mart�ou 2004



PerieqìmenaKef�laio 1. Basikè Arqè th Anagn¸rish ProtÔpwn 11.1. Orismì 11.2. Efarmogè 41.3. Mejodolog�e anagn¸rish protÔpwn 61.4. Istorik  anadrom  9Kef�laio 2. Eisagwg  sth Statistik  Anagn¸rish ProtÔpwn 112.1. SÔsthma Anagn¸rish ProtÔpwn 112.2. Efarmog : Biomhqanikì Robot 212.3. Ereunhtik� Jèmata Anagn¸rish ProtÔpwn 26Kef�laio 3. Taxinìmhsh protÔpwn me sunart sei apìfash 333.1. Aplè Grammikè Sunart sei Apìfash 333.2. Grammikè Sunart sei Apìfash 353.3. Genikeumène Sunart sei Apìfash 403.4. Tmhmatikì Grammikì Diaqwrismì. 433.5. Gewmetrikè idiìthte uperepipèdwn. 44Kef�laio 4. Taxinìmhsh protÔpwn me sunart sei apìstash 494.1. Aplo� taxinomhtè 494.2. Taxinomhtè El�qisth Apìstash 514.3. Mètra apìstash 554.4. Mètra omoiìthta 614.5. Ta�riasma me upode�gmata 644.6. SÔsthma Anagn¸rish Doruforik  Eikìna 664.7. Ask sei 70



110 PerieqìmenaKef�laio 5. Om�de 735.1. Dhmiourg�a om�dwn 735.2. Efarmogè 765.3. Idanikè om�de 775.4. Mejodolog�e omadopo�hsh 785.5. Ierarqik  omadopo�hsh 795.6. Algìrijmo apl  sÔndesh 815.7. Algìrijmo pl rou sÔndesh 855.8. SÔgkrish apl  kai pl rou sÔndesh 875.9. Algìrijmo sÔndesh mèswn tim¸n 915.10. H mèjodo tou Ward 935.11. Ask sei 97Kef�laio 6. Diaqwristik  Omadopo�hsh 1016.1. Eisagwg  1016.2. O algìrijmo Forgy 102Bibliograf�a 107Kat�logo Sqhm�twn 111Kat�logo Pin�kwn 115

22 Mart�ou 2004



Kat�logo Sqhm�twn1.1 To prìblhma th anagn¸rish protÔpwn. 31.2 To prìblhma th suntaktik  anagn¸rishprotÔpwn. Pw perigr�fetai èna dèndro mesuntaktikoÔ kanìne; 82.1 Autìmato sÔsthma anagn¸rish protÔpwn. 132.2 Deigmatolhy�a dianÔsmato protÔpou. 132.3 Diaqwr�sime kathgor�e. 142.4 Mh diaqwr�sime kathgor�e. 152.5 Diaqwr�sime kathgor�e ston trisdi�stato q¸ro. 162.6 DÔo statistikè katanomè protÔpwn. 192.7 DÔo statistikè katanomè se trisdi�stathmorf . 192.8 Leitourgikì di�gramma biomhqanikoÔ robot. 232.9 Perib�llon th anagn¸rish enì exart mato. 232.10 Exart mata mhqan  se di�fore gwn�e. 252.11 Merik� qarakthristik� gnwr�smata giabiomhqanikè efarmogè. 253.1 Apl  sun�rthsh apìfash gia dÔo kathgor�e. 343.2 Grammikè sunart sei apìfash me thn pr¸thmejodolog�a. 37



112 Kat�logo Sqhm�twn3.3 Grammikè sunart sei apìfash me thn deÔterhmejodolog�a. 383.4 Grammikè sunart sei apìfash me thn tr�thmejodolog�a. 393.5 To prìblhma tou Sebestyen. 403.6 Mh grammik� diaqwr�sime kathgor�e. 413.7 Uperbolik  parabol  sto prìblhma tou Sebestyen. 423.8 Tmhmatikì grammikì diaqwrismì sto prìblhmatou Sebestyen 443.9 Gewmetrikè idiìthte enì uperepipèdou. 454.1 Kat�taxh dia mèsou th eggÔthta. 504.2 Kathgor�e mh-kat�taxime dia mèsou th ènnoiath eggÔthta. 514.3 Ulopo�hsh enì taxinomht  el�qisth apìstash. 534.4 'Oria apìfash kai isometrikè gia thn Eukle�deiaapìstash. 544.5 'Oria apìfash gia thn Eukle�deia apìstash meepikaluptìmene kathgor�e. 544.6 'Oria apìfash gia thn Eukle�deia apìstash kaitrei kathgor�e. 554.7 SÔgkrish Eukle�deia kai Ippod�meia apìstash. 574.8 Isometrikè sthn Ippod�meia apìstash. 584.9 Isometrikè apost�sei sthn apìstash
Mahalanobis. 604.10 De�kth apìstash sunhm�tonou. 634.11 Ta�riasma me upode�gmata. 654.12 Ta�riasma me upode�gmata enì qarakt ra. 6522 Mart�ou 2004



Kat�logo Sqhm�twn 1134.13 Disdi�stato di�gramma protÔpwn gia thn anagn¸rishqr sei gh apì doruforikè eikìne. 674.14 Taxinomht  el�qisth apìstash. 684.15 Statistik  katanom  twn kathgori¸n se trisdi�stthmorf . 694.16 Isometrik  katanom  twn kathgori¸n. 704.17 Upode�gmata kai alloiwmènoi qarakt re. 725.1 Om�de. 755.2 DÔo   tèsseri om�de? 765.3 Par�deigma ierarqik  an�lush om�dwn. 805.4 Dedomèna gia probl mata ierarqik  an�lushom�dwn. 825.5 Ierarqik  omadopo�hsh qrhsimopoi¸nta tonalgìrijmo apl  sÔndesh. 855.6 Ierarqik  omadopo�hsh qrhsimopoi¸nta tonalgìrijmo pl rh sÔndesh 885.7 Parade�gmata ierarqik  omadopo�hsh. (a)Tr�a sÔnola dedomènwn. (b) Apotelèsmata toualgìrijmou apl  sÔndesh. (g) Apotelèsmata toualgìrijmou pl rh sÔndesh. 895.8 Ierarqik  omadopo�hsh qrhsimopoi¸nta tonalgìrijmo apl  sÔndesh. 976.1 Dedomèna gia an�lush diaqwristik  omadopo�hsh. 103
22 Mart�ou 2004





Kat�logo Pin�kwn1.1 Efarmogè anagn¸rish protÔpwn. 34.1 Sunoptikì p�naka mètrwn apìstash. 615.1 Tetragwnik� sf�lmataE gia k�je trìpo dhmiourg�atess�rwn om�dwn. 945.2 Tetragwnik� sf�lmata E gia trei om�de. 955.3 Tetragwnik� sf�lmata E gia dÔo om�de. 966.1 Arqik  kataq¸rhsh tou algìrijmou Forgy. 1046.2 DeÔterh kataq¸rhsh tou algìrijmou Forgy. 1056.3 Tr�th kataq¸rhsh tou algìrijmou Forgy. 105


