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PerÐlhyh

H Upologistik  'Orash ( Computer Vision ) eÐnai ènac tomèac thc epist mhc

twn upologist¸n pou diereunˆ thn anˆptuxh optik¸n dunatìthtwn se mia mh-

qan . Perilambˆnei mejìdouc gia thn anˆkthsh, epexergasÐa, anˆ lush kai

katanìhsh eikìnwn apì ton pragmatikì kìsmo ¸ste na paraqjeÐ sumbolik  

plhroforÐa, katˆllhlh gia thn antÐstoiqh l yh apofˆsewn apì ton upo -

logist . EÐnai èna pedÐo pou gnwrÐzei ta teleutaÐa qrìnia terˆst ia ˆnjish,

kurÐwc lìgw thc suneq¸c auxanìmenhc upologistik c isqÔoc pou epitrèpei

thn anˆptuxh algorÐjmwn pou ˆllote �a  tan apagoreutikˆ qronobìroi .

Paramènei ìmwc èna sqetikˆ megˆlo qˆsma metaxÔ thc �ewrhtik c èreuna c

kai thc praktik c ulopoÐhshc kai qr shc susthmˆtwn pou �asÐzontai s tic

teleutaÐec autèc efeurèseic thc upologistik c ìrashc. H ergasÐa aut  eÐnai

mia apìpeira na kalufjeÐ èna mèroc autoÔ tou kenoÔ, me thn ulopoÐhsh enìc

pl rouc sust matoc anagn¸rishc logotÔpwn me epektˆsimh kai eÔkola kli-

makoÔmenh arqitektonik  kai me antÐstoiqh efarmog  se kinhtˆ �as ismèna

sthn eurèwc diadedomènh platfìrma Android thc Google. EÐnai gegonìc pwc

me thn terˆstia dieÐsdush twn èxupnwn kinht¸n suskeu¸n sthn kajhmerin 

w  mac, eÐnai idiaÐtera shmantik  h Ôparxh dunatìthtac qr shc miac uph-

�esÐac anˆ pˆsa stigm  mèsw tou kinhtoÔ. Kaj¸c h upologistik  isqÔc twn

kinht¸n suskeu¸n ìmwc paramènei saf¸c kat¸terh sugkritikˆ me aut n tou

nèfouc ( cloud ) kai oi algìrijmoi upologistk c ìrashc eÐnai idiaÐtera qro-

nobìroi, h efarmog  epikoinwneÐ me to cloud gia thn kˆluyh twn anagk¸n

thc anagn¸rishc tou logotÔpou. To sunolikì sÔsthma mac kajistˆ dunat 

thn anˆptuxh paignÐwn me th logik  tou kunhgioÔ �hsauroÔ, ìpou h eÔresh
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kai �wtogrˆfish sugkekrimènou logotÔpou se mia topojesÐa apoteleÐ to

stìqo tou paiqnidioÔ.

JEMATIKH PERIOQH: Efarmosmènh Upologistik  'Orash, Android ,

Software Engineering

LEXEIS KLEIDIA : SURF, SIFT, FLANN, Android development, OpenCV,

C/C++, Java, Python



EuqaristÐec

O kÔkloc spoud¸n �tˆnei sto tèloc tou kai shmatodoteÐ thn ènarxh nèwn

anazht sewn kai stìqwn. Sto makrÔ taxÐdi autì mèqri t¸ra ìmwc sunèbala n

ˆtoma pèran tou suggrafèa kai ofeÐlw na touc euqarist sw sto edˆfi o

autì.

Katˆrq n, �a  jela na euqarist sw ton kajhght  mou, k. Iwˆnnh Qa-

tzhgiannˆkh, gia thn polÔtimh �o jeia tou se ìlh thn poreÐa twn spoud ¸n

mou. H sunergasÐa mac eidikìtera sta maj mata Leitourgik¸n Susthmˆtwn

kai Katanemhmènwn Susthmˆtwn up rxe idiaÐtera karpofìra kaj¸c pèran

twn ekpaideutik¸n ergasi¸n pou proèkuyan, purodot jhkan endiafèrou-

sec episthmonikèc suzht seic kai antallagèc apìyewn.

'Ena terˆstio euqarist¸ ofeÐlw sto �Ðlo kai sunˆdelfo FoÐbo Kef allw-

nÐth, me ton opoÐo h ektenèstath kai eic �ˆjoc anˆlush tìso �emˆtw n thc

epist mhc twn upologist¸n ìso kai genikìtera thc w c pou kˆname ìla

autˆ ta qrìnia, èpaixe kajoristikì �ìlo sth diamìrfwsh apìyewn kai s to

ˆnoigma orizìntwn. H nootropÐa suneqoÔc anaz thshc thc gn¸shc, h a mfi-

sb thsh kˆje epibeblhmènou stereotÔpou kai komformismoÔ kai h qr s h

thc �antasÐac gia thn epÐlush problhmˆtwn  tan autˆ pou kajìrisan tic

suzht seic mac kai diamìrfwsan thn poreÐa mac.

Jermˆ euqarist¸ apì ta �ˆjh thc kardiˆc mou �èlw na d¸sw kai sto ˆto-

mo (N.T) pou purodìthse, enÐsquse kai enejˆrrune aisj mata sumpìnoia c,

ensunaÐsjhshc kai agˆphc proc ton kìsmo genikìtera. Ja  moun teleÐ wc

diaforetikìc an de se eÐqa gnwrÐsei.

KleÐnontac, �a  jela na d¸sw pollèc euqaristÐec stouc goneÐc mou G i-
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¸rgo kai MarÐa kai sthn aderf  mou Iwˆnna pou ìla autˆ ta qrìnia me

st rixan poikilotrìpwc kai mou èdwsan th dunatìthta na apokt sw èna i-

squrì upìbajro qr simo sthn epist mh pou diˆlexa na akolouj sw allˆ

kai kuriìtera sthn OdÔsseia thc w c.

F¸thc Qantz c

Pˆtra, 7 Maòou 2012



Afier¸netai sthn OdÔsseia tou kajenìc pou prospajeÐ gia èna sunolikì

kalÔtero aÔrio.
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Kefˆlaio 1
Eisagwg 

It had long since come to my attention that

people of accomplishment rarely sat back and

let things happen to them. They went out and

happened to things.

Leonardo da Vinci

1.1 Prìblhma kai ShmasÐa

Wc ˆnjrwpoi antilambanìmaste thn trisdiˆstath dom  tou kìsmou gÔrw mac

me �ainomenik  eukolÐa. MporoÔme polÔ eÔkola na diakrÐnoume ta prìsw-

pa apì ta antikeÐmena, ta antikeÐmena apì to �ìnto, na anagnwrÐsoume mo-

nadikˆ qarakthristikˆ tou ekˆstote pros¸pou   antikeimènou kai na ta

antistoiqÐsoume me �ˆsh thn proôpˆrqousa gn¸sh gia ton kìsmo gÔrw mac.

Se antÐjesh me mac, o upologist c den mporeÐ na epitelèsei tic parapˆnw

leitourgÐec me thn Ðdia euqèreia. H Upologistik  'Orash, wc antik eÐmeno

melèthc èqei thn anˆkthsh apì eikìnec kai �wtografÐec ekeÐnhc th c sumbo-

lik c plhroforÐac pou �a kajistˆ dunatì gia mia mhqan  na proseggÐs ei

tic dunatìthtec pou èqei o sunduasmìc tou anjr¸pinou optikì sust matoc

kai o nouc. QrhsimopoieÐ majhmatikèc teqnikèc kai statistikˆ mont èla gia

na analÔsei thn trisdiˆstath skhn  pou sun jwc anaparÐstatai se mi a dus-

diˆstath eikìna kai na exˆgei qr simh plhroforÐa me skopì na gÐne i ìso

1



2 Kefˆlaio 1. Eisagwg 

to dunatìn megalÔterh "katanìhsh" ek mèrouc thc mhqan c gia to anti ke-

Ðmeno pou parousiˆzetai. Merikèc apì tic efarmogèc thc epist mhc eÐn ai h

Anagn¸rish Antikeimènwn, h Optikh anagn¸rish qarakt rwn, h 3- D anaka-

taskeu  montèlwn apì eikìnec, h surraf  pollapl¸n eikìnwn, h anÐqneu-

sh kai anagn¸rish pros¸pwn kai pollèc akìma. GÐnetai antilhptì pwc o

klˆdoc autìc dieisdÔei ìlo kai perissìtero sthn kajhmerinìthta mac kai

sto eggÔc mèllon h shmasÐa kai epirro  tou �a eÐnai adiamfisb thth , an

den eÐnai  dh s mera. Epiplèon, h eukolÐa me thn opoÐa mporeÐ o kajènac

na yhfiopoi sei opoiad pote skhn  thc areskeÐac tou me to aplì pˆthma

enìc pl ktrou, �èrnei ton aplì kajhmerinì qr sth ìlo kai pio kontˆ s th

sfaÐra epirro c twn efarmog¸n thc Upologistik c 'Orashc.

Mia apì tic pio eurèwc qrhsimopoioÔmenec efarmogèc thc Upologistik c

'Orashc eÐnai h Anagn¸rish Antikeimènwn . O klˆdoc autìc asqoleÐtai me thn

anˆptuxh twn teqnik¸n ekeÐnwn pou epitrèpoun se miac mhqan  na aniqneÔsei

kai na anagnwrÐsei sugkekrimèna se mia eikìna   �Ðnteo. An h mhqan  è qei

arqikˆ "mˆjei" �ˆsh enìc montèlou anaparˆstashc, lìgou qˆrin pwc èna

�ˆzo pˆnw se èna trapèzi èqei èna sugkekrimèno sq ma kai èqei orismè na

monadikˆ qarakthristikˆ pou to diaqwrÐzoun apì thn upìloiph skhn , a n

argìtera xanaparousiasteÐ to Ðdio �ˆzo apì mia ˆllh �wtografÐa, �a mpo-

�èsei na xana-anagnwrÐsei ekeÐna ta qarakthristikˆ pou to kˆn oun monadikì

¸ste na to kataqwr sei wc to �ˆzo pou eÐde sthn arqik  eikìna ? H dusk o-

lÐa ègketai sto ìti h �wtografÐa tou antikeimènou mporeÐ na proèrqe tai apì

diaforetik  gwnÐa l yhc, upì diaforetikèc sunj kec �wtismoÔ, me parou-

sÐa �orÔbou kai gewmetrik¸n kai ˆllwn alloi¸sewn. Ta parapˆnw kˆnoun

idiaÐtera epÐponh th diadikasÐa exagwg c plhroforÐac pou mènei an aloÐw-

th kˆtw apì ìlec autèc tic sunj kec. H èreuna pou gÐnetai epikentr¸ne tai

afenìc sthn akrÐbeia tou algorÐjmou exagwg c aut c thc plhrofor Ðac a-

�etèrou ston ìso to dunatìn taqÔtero upologismoÔ thc. 'Opwc �a doÔme

parakˆtwn o SURF  Speeded Up Robust Features eÐnai ènac tètoioc al-

gìrijmoc pou sunduˆzei kai ta dÔo autˆ prosìnta. Katìpin, tÐjetai epÐs hc

to  thma thc gr gorhc antistoÐqishc twn eikìnwn apì mia trˆpeza ei kìnwn

�ˆsh thc prohgoÔmenhc exaqjeÐsac plhroforÐac.

Sth shmerin  epoq , katakluzìmaste kajhmerin¸c apì thn parousÐa

twn eikìnwn ekeÐnwn pou diaqwrÐzoun thn mia etaireÐa apì thn ˆllh kai po u
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Sq ma 1.1: Ta logìtupa apoteloÔn shmantikì shmeÐo gia thn pro¸jhsh kai dia-
� mish miac etaireÐac

kwdikopoioÔn thn anagnwrÐsimh tautìthta touc. Prìketai gia ta legì mena

logìtupa ( logos) pou apoteloÔn to pio shmantikì Ðswc shmeÐo anaforˆc gia

thn pro¸jhsh kai diaf mish miac etaireÐac ( 1.1 ). H anagn¸rish thc ekˆsto-

te "mˆrkac" gÐnetai ˆmesa apì ton anjr¸pino nou, afoÔ èqei sunduˆsei k ai

sun jwc tautÐsei to �asikì proðìn thc etaireÐac me to sq ma, to qr¸ma, ta

grˆmmata kai otid pote ˆllo kˆnei xeqwristì to logìtupo.

To logìtupo apì thn pleurˆ tou upologist  den eÐnai tÐpota parapˆnw

apì èna akìma antikeÐmeno. Dhlad , eÐnai mia eikìna pou dièpetai apì

sugkekrimèno prìtupo pattern katanom  plhroforÐac. Sunep¸c, oi Ðdioi

kanìnec kai teqnikèc pou efarmìzontai gia thn anagn¸rish antik eimènwn

mporoÔn praktikˆ na efarmostoÔn kai gia thn Anagn¸rish LogotÔpwn me

thn opoÐa asqoleÐtai h paroÔsa Diplwmatik  ErgasÐa.

EÐnai gegonìc pwc mèqri t¸ra den upˆrqei diajèsimo sto eurÔ koinì

kˆpoio oloklhrwmèno sÔsthma anagn¸rishc logotÔpwn. Fusikˆ, upˆr-

qoun etaireÐec pou endeqomènwc anaptÔssoun eswterikˆ gia dik  touc qr  sh

parìmoia sust mata. Paramènoun ìmwc sqedìn pˆnta logismikˆ kleistoÔ

k¸dika kai diajèsima mìno katˆ paraggelÐa apì ˆllec etaireÐec. H D iplw-

matik  ErgasÐa aut  �a apotelèsei mˆllon to pr¸to olokl rwmeno sÔsth-

ma anagn¸rishc logotÔpwn pou se sunduasmì me thn efarmog  gia kinhtˆ
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Android pou anaptÔxame, proetoimˆzoun to èdafoc gia akìma kai mia eureÐa

dÐajesh tou sto koinì.

1.2 Stìqoc Diplwmatik c ErgasÐac

O �asikìc stìqoc eÐnai h melèth thc praktikìthtac twn pio sÔgqronwn algo-

�Ðjmwn anagn¸rishc antikeimènwn kai epomènwc anagn¸rishc logotÔpwn me

thn efarmog  touc sto pl rec sÔsthma pou anaptÔxame. O kairìc eÐnai o

plèon katˆllhloc gia thn ˆmesh qr sh twn algorÐjmwn aut¸n, afoÔ plèon

h upologistik  isqÔc twn hmer¸n mac, mac epitrèpei diadrastikìthta sqe -

dìn pragmatikoÔ qrìnou akìma kai gia tìso apaithtikèc diadikasÐ ec ìpwc

h anagn¸rish antikeimènwn. Ja doume èmprakta thn katallhlìthta tou ne-

ìterou algorÐjmou tou klˆdou autoÔ kai tic dunatìthtec pou anoÐg ontai sto

q¸ro thc efarmosmènhc Upologistik c 'Orashc.

1.3 Skopìc kai Suneisforˆ thc Diplwmatik c

ErgasÐac

'Opwc anafèrjhke prohgoÔmenwc, to logismikì pou anaptÔxame prìkeitai

gia to pr¸to oloklhrwmèno sÔsthma anagn¸rishc logotÔpwn pou �a eÐnai

diajèsimo proc to eurÔ koinì. H suneisforˆ èggutai ìqi tìso sthn epi -

skìphsh tou �ewrhtikoÔ upobˆjrou pou kajistˆ dunat  th leitourgÐa e nìc

tètoiou sust matoc (to opoÐo profan¸c èqei th dik  tou �arÔthta kai exe-

tˆzetai xeqwristˆ parakˆtw), ìso prwtÐstwc sthn anˆlush thc qrhsti kìthtac

enìc progrˆmmatoc pou mìlic elˆqista qrìnia prin den �a mporoÔse na u-

pˆrqei �ˆsh twn tìte upologistik¸n dunatot twn kai thc tote upˆrqousac

èreunac. Exetˆzontai shmantikèc ènnoiec gia thn arqitektoni k  kai thn te-

qnologÐa tou logismikoÔ pou anaptÔxame, kˆti pou dokimˆzei ousiasti kˆ

to sunduasmì �asik¸n arq¸n software engineering me prwtopìra �ewrh-

tik  èreuna (�lèpe algìrijmo SURF) kai to dèsimo twn parapˆnw se èna

pl rec praktikì sÔsthma. Parousiˆzontai parˆllhla, sÔgqrona pakèt a

logismikoÔ ìpwc to OpenCV , pou perièqei �iblioj kec me algorÐjmouc U-

pologistik c 'Orashc kai to Android , h diˆshmh platfìrma thc Google gia
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èxupnec kinhtèc suskeuèc.

1.4 Orgˆnwsh Diplwmatik c ErgasÐac

H paroÔsa Diplwmatik  ErgasÐa domeÐtai wc ex c :

Sto Kefˆlaio 2: SpeededUp Robust Features parajètoume to �ewrh-

tikì upìbajro pÐsw apì thn efeÔresh tou �asikoÔ algorÐjmou ( SURF) pou

qrhsimopoieÐ to sÔsthma mac. To kefˆlaio autì den apaiteÐtai gia thn kata-

nìhsh thc upìloiphc anˆlushc afoÔ h ergasÐa mac estiˆzei sto pio prak ti-

kì mèroc thc anˆptuxhc tou sust matoc. Par'ìla autˆ, gia mia pio kajol ik 

episkìphsh tou antikeimènou, o anagn¸sthc kaleÐtai na to melet se i xeqwri-

stˆ. H suggraf  tou sugkekrimènou kefalaÐou daneÐzetai ekten¸c apì thn

epÐshmh dhmosÐeush touSURF [4].

Sth sunèqeia, sto Kefˆlaio 3: Byakugan - èna pl rec sÔsthma anagn¸rishc logotÔpwn

analÔetai h arqitektonik  tou sust matoc mac. Parousiˆzontai ka i mele-

t¸ntai leptomer¸c ta tm mata ekeÐna tou k¸dika pou qrÐzoun shmasÐac gia

thn katanìhsh thc leitourgÐac tou logismikoÔ.

To Kefˆlaio 4: Ektèlesh kai Apotelèsmata parousiˆzei thn èmprakth

leitourgÐa tou sust matoc, dÐnontac èmfash stouc qrìnouc diadras hc kai

allhlepÐdrashc kaj¸c kai ta apotelèsmata thc sunolik c qrhstikì thtac

kai katallhlìthtac tou gia eureÐa qr sh. Parousiˆzontai epÐsh c oi duna-

tìthtec qr shc se paÐgnia kai oi pijanèc epektˆseic tou.

To Kefˆlaio 5: UlopoÐhsh apoteleÐ thn parˆjesh tou sunolikoÔ k¸dika

tou sust matoc - tìso tou exuphretht  server ìso kai tou pelˆth client .
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Kefˆlaio 2
SpeededUp Robust Features

You don't understand anything until you learn

it more than one way.

Marvin Minsky

2.1 Eisagwg 

Sto kefˆlaio autì �a parousiˆsoume th dom  kai leitourgÐa tou algo-

�Ðjmou pou protim jhke gia to sÔsthma anagn¸rishc logotÔpwn pou dh-

miourg same. O algìrijmoc lègetai SURF apì ta arqikˆ SpeededUp Ro

bust Features kai efeurèjhke apo touc Herbert Bay, Andreas Ess, Tinne

Tuytelaars kai Luc Van Gool to 2006 [ 4]. Par'ìlh th sqetik  neìthta tou,

qrhsimopoieÐtai  dh eurèwc se poikÐlec efarmogèc tou tomèa thc upolog i-

stik c ìrashc ìpwc h anagn¸rish antikeimènwn kai h 3D -anakataskeu .

O �asikìc stìqoc tou algorÐjmou eÐnai h eÔresh diakrit¸n shmeÐwn a nti-

stoÐqishc metaxÔ eikìnwn. H diadikasÐa apartÐzetai apì trÐa �as ikˆ � ma-

ta.

1. 'ShmeÐa endiafèrontoc' epilègontai se sugkekrimènec topojes Ðec thc ei-

kìnac ìpwc gwnÐec, blobs , T-diastaur¸seic. H pio shmantik  idiìthta

enìc ˆniqneut ' shmeÐwn endiafèrontoc eÐnai h epanalhyimìthta. H

epanalhyimìthta ekfrˆzei thn axiopistÐa enìc aniqneut  sthn eÔre -

7
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sh twn Ðdiwn shmeÐwn endiafèrontoc kˆtw apì diaforetikèc sunj kec

probol c.

2. H perioq  kˆje shmeÐou endiafèrontoc ekproswpeÐtai apì èna qa-

�akthristikì diˆnusma. O 'perigrafeac' prèpei na eÐnai diakriti kìc

kai parˆllhla anjektikìc sto �ìrubo, se metatopÐseic anÐqneushc kai

gewmetrikèc kai �wtometrikèc paramorf¸seic.

3. Tèloc, ta qarakthristikˆ dianÔsmata antiparabˆllontai meta xÔ dia-

�oretik¸n eikìnwn. H antistoÐqish �asÐzetai se mia apìstash metax Ô

twn dianusmˆtwn ìpwc thn Mahalanobis   thn Eukleidian . H di-

ˆstash tou perigrafèa èqei ˆmesh epÐdrash sto qrìno kai mikrìter ec

diastˆseic eÐnai pio epijumhtèc gia gr gorh antistoÐqish twn shme Ðwn

endiafèrontoc. 'Omwc, ìpwc anamenìtan, ta mikrìterwn diastˆsewn

qarakthristikˆ dianÔsmata eÐnai genikˆ ligìtera xeqwristˆ se sÔg-

krish me autˆ pou èqoun parapˆnw diastˆseic.

O stìqoc eÐnai tìso o aniqneut c ìso kai o perigrafèac na eÐnai a rke-

tˆ gr goro na upologistoÔn qwrÐc na �usiˆzetai h akrÐbeia. H isorr opÐa

epitugqˆnetai me to na aplopoieÐtai o trìpoc anÐqneushc diathr¸ntac ton

akrib  kai mei¸nontac to mègejoc tou perigrafèa diathr¸ntac ton i kano-

poihtikˆ diakritikì.

O algìrijmoc SURF estiˆzei se aniqneutèc kai perigrafeÐc pou eÐnai a-

metˆblhtoi se sqèsh me thn klÐmaka kai thn peristrof  thc eikìnac . Auth h

idiìthta prosfèrei ènan kalì sumbibasmì metaxÔ thc sunjetìthtac t wn qa-

�akthristik¸n shmeÐwn kai thc anjektikìthtac stic pio suqnˆ emfan izìmenec

paramorf¸seic.

2.2 Sqetik  'Ereuna

2.2.1 AnÐqneush shmeÐwn endiafèrontoc

O pio eurèwc qrhsimopoioÔmenoc aniqneut c eÐnai o aniqneut c gwni¸n Har

ris pou protˆjhke to 1988 [ 3]. BasÐzetai stic idiotimèc tou mhtr¸ou �o-

p c deÔterhc tˆxhc. 'Omwc oi gwnÐec Harris den eÐnai ametˆblhtec wc proc
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thn klÐmaka. O Lindeberg [7] eis gage thn ènnoia thc autìmathc epilog c

klÐmakac. Autì epitrèpei thn anÐqneush shmeÐwn endiafèrontoc se mia e i-

kìna, to kajèna me th dik  tou qarakthristik  klÐmaka. Peiramat Ðsthke

tìso me thn orÐzousa enìc EssianoÔ mhtr¸ou ìso kai me to Laplasianì,

pou antistoiqeÐ me to Ðqnoc enìc EssianoÔ. Oi Mikolajczyk kai Schmid [10 ]

�eltÐwsan aut  th mèjodo dhmiourg¸ntac anjektikoÔc kai ametˆblhtouc wc

proc thn klÐmaka aniqneutèc me uyhl  epanaleiyimìthta. QrhsimopoÐhsan

èna mètro Harris   thn orÐzousa enìc EssianoÔ mhtr¸ou gia thn epilog 

topojesÐac kai th Laplasian  gia thn epilog  thc klÐmakac. Estiˆz ontac

sthn taqÔthta, o Lowe [8] prìteine thn prosèggish thc Laplasian c twn

Gkaousian¸n qrhsimopoi¸ntac èna �Ðltro Diaforˆc Gkaousian¸n.

Apì melèth twn uparkt¸n aniqneut¸n pou ègine apì touc Herbert Bay

et al , proèkuye pwc oi �asizìmenoi se Essianˆ mhtr¸a aniqneutèc eÐnai pio

stajeroÐ kai epanalhptoÐ se sÔgkrish me touc antÐstoiqouc �asizìm enouc

se Harris mhtr¸a. Epiplèon, qrhsimopoi¸ntac thn orÐzousa tou EssianoÔ

mhtr¸ou antÐ gia to Ðqnoc �aÐnetai epwfelèc. EpÐshc, oi proseggÐsei c ìpwc

oi Diaforèc Gkaousian¸n mporoÔ na epifèroun taqÔthta me mikrì kìstoc

wc proc thn akrÐbeia.

2.2.2 Perigraf  shmeÐwn endiafèrontoc

Mia akìma megalÔterh poikilÐa apì perigrafeÐc qarakthristik¸n èqe i pro-

tajeÐ. Oi perigrafeÐc pou ekproswpoÔn thn katanom  twn mikrìterhc klÐ ma-

kac qarakthristik¸n mèsa sth geitoniˆ twn shmeÐwn endiafèrontoc eis qjh-

kan apì ton Lowe [9] kai èqei deiqjeÐ ìti uperteroÔn ènanti twn upoloÐpwn

[11 ]. Autì mporeÐ na exhghjeÐ apì to gegonìc ìti sullambˆnoun èna megˆlo

posì plhroforÐac gia ta prìtupa thc qwrik c èntashc, en¸ parˆllhla ¸n -

tac anjektikˆ se mikrèc paramorf¸seic kai topikˆ lˆjh. O perigrafè ac

tou ˆllou gnwstoÔ algorÐjmou SIFT  Scale Invariant Feature Transform

[9] upologÐzei èna istìgramma twn topik¸n klÐsewn gÔrw apì ta shmeÐa en-

diafèrontoc kai apojhkeÔei ta apotelèsmata se 128-diˆstata dia nÔsmata.

O perigrafèac SIFT eÐnai akìma apì touc pio elkustikoÔc perigrafeÐc

gia praktik  qr sh kai ènac apì touc pio eurèwc qrhsimopoioÔmenouc prin

thn emfˆnish tou SURF. EÐnai diakritikìc kai sqetikˆ gr goroc, prˆgma
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krÐsimo gia efarmogèc pragmatikoÔ qrìnou. 'Omwc h uyhl  diastatikìth ta

tou sugkekrimènou perigrafèa eÐnai meionèkthma gia to � ma thc ant istoÐqi-

shc. Gia th �eltÐwsh thc taqÔthtac thc antistoÐqishc o SURF qrhsimopoieÐ

to Ðqnoc tou EssianoÔ mhtr¸ou.

2.3 AnÐqneush shmeÐwn endiafèrontoc

H prosèggish gia thn anÐqneush shmeÐwn endiafèrontoc qrhsimopoie Ð mia

poll  �asik  prosèggish EssianoÔ mhtr¸ou. Kˆnei qr sh twn èikìnwn

olokl rwma' ( integral images ) pou èginan gnwstèc apì touc Viola kai Jones

[14 ] pou mei¸nei dramatikˆ to qrìno upologismoÔ.

2.3.1 Eikìnec olokl rwma

Oi eikìnec olokl rwma qrhsimopoioÔntai gia to gr goro upologismì sun e-

liktik¸n �Ðltrwn. H eÐsodoc miac eikìnac olokl rwma I � (x) se mia topoje-

sÐax = ( �; y )T antiproswpeÔei to ˆjroisma ìlwn twn eikonokuttˆrwn sthn

eikìna eisìdou I mèsa se mia orjog¸nia perioq  sqhmatismènh apì thn arq 

kai to x.

I � (x) =
i � xX

i =0

j � yX

j =0

I (i; j ) (2.1)

'Otan h eikìna olokl rwma upologisteÐ, paÐrnei epiprìsjeta treÐc pr o-

sjèseic gia na upologisteÐ to ˆjroisma twn entˆsewn pˆnw se mia orjog ¸nia

perioq . (dec eikìna 2.1 ) 'Etsi o qrìnoc upologismoÔ eÐnai anexˆrthtoc apì

to mègejoc. Autì eÐnai idiaÐtera shmantikì kaj¸c sthn perÐptwsh tou SURF

qrhsimopoioÔntai �Ðltra megˆlou megèjouc.

2.3.2 ShmeÐa endiafèrontoc �asismèna se Essianˆ mh-

tr¸a

O aniqneut c tou SURF �asÐzetai sto Essianì mhtr¸o lìgw thc kal c a-

pìdoshc sthn akrÐbeia. AniqneÔei blobs se perioqèc ìpou h orÐzousa eÐnai

mègisth. Se sÔgkrish me ton Essianì-Laplasianì aniqneut  twn Mikolajczyk
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Sq ma 2.1: Qrhsimopoi¸ntac eikìnec olokl rwma, paÐrnei mìno 3 prosjè seic kai
4 prosbˆseic sth mn mh gia ton upologismì twn entˆsewn miac o rjog¸niac perioq c
opoioud pote megèjouc

kai Schmid [10 ], �asÐzetai sthn orÐzousa tou EssianoÔ kai gia thn epilog 

klÐmakac ìpwc h ergasÐa tou Lindeberg [7].

Dojèntoc enìc shmeÐou x = ( �; y ) se mia eikìna I , to Essianì mhtr¸o

H (x; � ) sthn klÐmaka � orÐzetai wc ex c :

H (x; � ) =

"
L �� (x; � ) L �y (x; � )

L �y (x; � ) L yy(x; � )

#

(2.2)

ìpou to L �� (x; � ) eÐnai h sunèlixh thc deÔterhc tˆxhc parag¸gou thc Gka-

ousian c @2

@(x)2 g(� ) me thn eikìna I sto shmeÐox kai omoÐwc gia ta L �y (x; � )

kai L yy(x; � ).

Oi Gkaousianèc eÐnai �èltistec gia anˆlush tou q¸rou klÐmakac [ 5] [6]

allˆ sthn prˆxh prèpei na diakritopoihjoÔn kai na perikopoÔn. Autì o-

dhgeÐ se ap¸leia sthn epanalhyimìthta se peristrofèc thc eikìnac k atˆ

perittˆ pollaplˆsia tou �
4 . Aut  h adunamÐa isqÔei genikˆ gia aniqneutèc

�asismènouc se Essianˆ mhtr¸a. H epanalhyimìthta �jˆnei sto mègisto s e

pollaplˆsia tou �
2 . Autì eÐnai lìgw tou tetrˆgwnou sq matoc tou �Ðltrou.

Par'ìla autˆ, oi aniqneutèc apodÐdoun kalˆ kai h mikr  meÐwsh thc epÐd o-

shc den episkiˆzei to pleonèkthma twn gr gorwn sunelÐxewn pou epifèro ntai

apì thn diakritopoÐhsh kai thn perikop . AfoÔ ta pragmatikˆ �Ðltra e-
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Sq ma 2.2: Aristerˆ proc dexiˆ : o diakritopoihmènec kai perikommènec deÔterhc
tˆxhc Gkaousianèc parˆgwgoi sthn y kai xy -kateÔjunsh antÐstoiqa; h prosèggish
me qr sh �Ðltrwn-koutiˆ gia tic Ðdiec kateujÔnseic.

Ðnai mh idanikˆ se kˆje perÐptwsh kai dedomènhc thc epituqÐac tou Lowe

me tic proseggÐseic twn Laplasian¸n twn Gkaousian¸n, h prosèggish gia t o

Essianì mhtr¸o pˆei èna � ma pio pèra me th qr sh �Ðltrwn-koutiˆ (dexÐ

mèroc thc 2.2 ). Autˆ proseggÐzoun deÔterhc tˆxhc Gkaousianèc parag¸gouc

kai mporoÔn na ektimhjoÔn me qamhlì upologistikì kìstoc qrhsimopoi¸n-

tac eikìnec-olokl rwma. 'Etsi, o qrìnoc upologismoÔ eÐnai anexˆ rthtoc tou

megèjouc �Ðltrou.

Ta 9� 9 �Ðltra koutiˆ sthn 2.2 eÐnai proseggÐseic miac Gkaousian c me

diasporˆ � = 1:2 kai anaparistoÔn th qamhlìterh klÐmaka gia ton upo-

logismì twn blob qart¸n. Onomˆzontai Dxx , Dyy kai Dxy . Ta �ˆrh pou

efarmìzontai stic orjog¸niec perioqèc diathroÔntai aplˆ gia lìg ouc upo-

logistik  epÐdoshc. Autì dÐnei :

det(Happrox ) = Dxx Dyy � (wDxy )2 (2.3)

To sqetikì �ˆroc w twn apokrÐsewn twn �Ðltrwn qrhsimopoieÐtai gia thn

exisorrìphsh thc èkfrashc gia thn Essian  orÐzousa. Autì qreiˆz etai gia

thn diat rhsh enèrgeiac metaxÔ twn Gkaousian¸n pur nwn kai twn proseg -

gismènwn Gkaousian¸n pur nwn,

w =
jL xy (1:2)jF jDyy(9)jF
jL yy(1:2)jF jDxy (9)jF

= 0:912::: ' 0:9 (2.4)

ìpou j� jF eÐnai h nìrma Frobenius . To �ˆroc mporeÐ na allˆxei anˆloga me

thn klÐmaka, ìmwc kai an diathrhjeÐ stajerì, praktikˆ den �a èqei megˆlh

epÐdrash.

Epiprìsjeta, oi apokrÐseic twn �Ðltrwn kanonikopoioÔntai se sqèsh me
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to mègejìc touc. Autì exasfalÐzei mia stajer  nìrma Frobenius gia kˆje

mègejoc �Ðltrou, kˆti shmantikì gia thn anˆlush sto q¸ro klÐmakac.

H proseggismènh Essian  orÐzousa ekproswpeÐ thn apìkrish blob thc

eikìnac sto shmeÐo � . Autèc oi apokrÐseic apojhkeÔontai se èna qˆrth

apìkrishc blob gia diaforetikèc klÐmakec kai aniqneÔontai topikˆ mègista

ìpwc exhgeÐtai parakˆtw.

2.3.3 Anaparˆstash q¸rou klÐmakac

ShmeÐa endiafèrontoc qreiˆzetai na �rejoÔn gia diaforetikèc klÐmakec, an

mh ti ˆllo diìti h anaz thsh antistoiqi¸n suqnˆ apaiteÐ th sÔgkris h se

eikìnec me diaforetikèc klÐmakec. Oi q¸roi klÐmakac sun jwc ulopoio Ôntai

wc eikìnec puramÐda. Oi eikìnec exomalÔnontai epanalambanìmena me mia

Gkaousian  kai metˆ upodeigmatoleiptoÔntai ¸ste na epiteuqjeÐ èna an¸ tero

epÐpedo thc puramÐdac. O Lowe sto [ 9] afaireÐ autˆ ta epÐpeda puramÐdac

¸ste na pˆrei tic eikìnec Diaforˆ twn Gkaousian¸n ìpou oi akmèc kai ta

blobs mporoÔn na �rejoÔn.

Lìgw thc qr shc twn �Ðltrwn koutiˆ kai twn eikìnwn-olokl rwma, de

qreiˆzetai na efarmosteÐ epanalhptikˆ to Ðdio �Ðltro sthn èxodo enìc proh-

goumènwc �iltrarismènou epipèdou, allˆ antÐ autoÔ mporeÐ na efarmostoÔn

�Ðltra koutiˆ opoioud pote megèjouc sthn akrib¸c Ðdia taqÔthta apèujeÐ ac

sthn arqik  eikìna. Epomènwc, o q¸roc klÐmakac analÔetai me to na au-

xˆnetai h klÐmaka tou megèjouc tou �Ðltrou antÐ na mei¸netai epanalh ptikˆ

to mègejoc thc eikìnac (dec eikìna 2.3 ). H èxodoc tou 9� 9 �Ðltrou, ìpwc

anafèrjhke prin, �ewreÐtai wc to arqikì epÐpedo klÐmakac to opoÐo �a a-

nafèretai wc klÐmaka s = 1:2 (proseggÐzontac Gkaousianèc parag¸gouc me

� = 1:2). Ta akìlouja epÐpeda apokt¸ntai me to na �iltrˆretai h eikìna me

stadiakˆ megalÔterec mˆskec, lambˆnontac upìyin th diakrit  �Ôsh twn

eikìnwn-olokl rwma kai thn sugekrimènh dom  twn �Ðltrwn.

To kÔrio kÐnhtro gia autì to eÐdoc thc deigmatolhyÐac eÐnai h upolo-

gistik  epÐdosh. Epiplèon, afoÔ de qreiˆzetai na upodeigmatolhpth jeÐ h

eikìna, den prokÔptei anadÐplwsh suqnot twn. To meionèkthma eÐnai ìt i ta

�Ðltra koutiˆ diathroÔn tic sunist¸sec uyhl¸n suqnot twn pou mporoÔn

na qajoÔn se paralaggèc thc Ðdiac skhn c pou èqoun uposteÐ smÐkrunsh,
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Sq ma 2.3: AntÐ gia epanalhptik  meÐwsh thc eikìnac (aristerˆ), h qr s h eikìnwn-
olokl rwma epitrèpei thn aÔxhsh thc klÐmakac tou �Ðltrou me stajerì kìstoc
(dexiˆ)

prˆgma pou mporeÐ endeqomènwc na periorÐsei thn ametablhtìthta wc proc

thn klÐmaka. Par'ìla autˆ autì den eÐnai idiaÐtera parathr simo.

O q¸roc klÐmakac diaireÐtai se oktˆbec. Mia oktˆba ekproswpeÐ mia s ei-

�ˆ apì qˆrtec apìkrishc �Ðltrwn pou èqoun apokthjeÐ apì th sunèlixh thc

Ðdiac eikìnac me èna �Ðltro auxanìmenou megèjouc. Sunolikˆ, mia oktˆ ba

perikleÐei ènan parˆgonta klÐmakac (pou uponnoeÐ p¸c kˆpoioc qreiˆze tai

kˆti perissìtero apì to na diplasiˆsei to mègejoc tou �Ðltrou). Kˆj e o-

ktˆba upodiaireÐtai se stajerì arijmì apì epÐpeda klÐmakac. Lìgw thc

diakrit c �Ôshc twn eikìnwn-olokl rwma, h mikrìterh diaforˆ klÐmak ac

metaxÔ dÔo diadoqik¸n klimˆkwn exartˆtaei apì to m koc l0 twn �etik¸n  

arnhtik¸n lob¸n thc merik c deÔterhc tˆxhc parag¸gou sthn kateÔjuns h

thc parag¸gishc ( x   y), pou tÐjetai sto 1
3 tou megèjouc tou m kouc tou

�Ðltrou. Gia to 9x9 �Ðltro, autì to m koc l0 eÐnai 3. Gia dÔo diadoqikˆ

epÐpeda, prèpei na auxhjeÐ to mègejoc katˆ elˆqisto 2 eikonostoiqe Ðwn (1

eikonostoiqeÐo se kˆje pleurˆ) wte na diathrhjeÐ to mègejoc ˆnis o kai ètsi

na exasfalÐsei thn parousÐa tou kentrikoÔ eikonostoiqeÐou. Autì sunepˆge-

tai se sunolik  aÔxhsh tou megèjouc thc mˆskac katˆ 6 eikonostoiqe Ða (dec

2.4 ). Gia diastˆseic diaforetikèc apì l0 (p.q to plˆtoc thc kentrik c ¸nhc

tou katakìrufou �Ðltrou sthn 2.4 ), an allˆxei h klÐmaka thc mˆskac �a

eisaqjoÔn sfˆlmata stroggulopoÐhshc. Par'ìla autˆ, afoÔ autˆ ta s fˆl-

mata eÐnai tupikˆ arketˆ mikrìtera apì to l0, eÐnai apodekt  prosèggish.

H kataskeu  tou q¸rou klÐmakac xekinˆei me to 9x9 �Ðltro, to opoÐo

upologÐzei thn apìkrish stagìna ( blob ) thc eikìnac sth mikrìterh klÐma-
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Sq ma 2.4: FÐltra Dyy (pˆnw) kai Dxy (kˆtw) gia dÔo diadoqÐka epÐpeda klÐma-
kac (9 x 9 kai 15 x 15 ). To m koc tou skoteinoÔ loboÔ mporeÐ na auxhjeÐ mìno
apì èna ˆrtio arijmì eikonostoiqeÐwn ¸ste na exssfalÐzei th n parousÐa kentrikoÔ
eikonostoiqeÐou (pˆnw).
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ka. Metˆ ta �Ðltra me megèjh 15x15, 21x21 kai 27x27 efarmìzontai, me

ta opoÐa akìma perissìtero apì mia allag  klÐmakac katˆ 2 èqei epiteu-

qjeÐ. Allˆ autì qreiˆzetai, afoÔ mia 3D mh-mègisth katˆpnixh efarmìzetai

tìso qwrikˆ ìso kai se geitonikèc klÐmakec. 'Etsi, oi pr¸toi kai t eleutaÐoi

qˆrtec apìkrishc Essian c sth stoÐba perièqoun tètoia mègista, afoÔ qrh-

simopoioÔntai gia lìgouc sÔgkrishc mìno. Sunep¸c, metˆ apì parembol ,

h mikrìterh dunat  klÐmaka eÐnai � = 1:6 = 1:212
9 pou antistoiqeÐ se èna

�Ðltro megèjouc 12x12 kai h uyhlìterh se � = 3:2 = 1:224
9 .

2.3.4 Entopismìc shmeÐwn endiafèrontoc

Prokeimènou na entopistoÔn shmeÐa endiafèrontoc sthn eikìna ka i se diˆfo-

�ec klÐmakec, efarmìzetai mia mh-mègisth katˆpnixh se mia 3x3 geitoniˆ.

Sugkekrimèna qrhsimopoieÐtai mia parallag  twn Neubeck kai Van Gool

[13 ]. Ta mègista thc orÐzousac tou EssianoÔ mhtr¸ou parembˆlontai metˆ

sto q¸ro klÐmakac kai eikìnac me th mèjodo pou prìteinan oi Brown et al

[1].

H parembol  sto q¸ro klÐmakac eÐnai idiaÐtera shmantik , afoÔ h di a-

�orˆ metaxÔ twn pr¸twn epipèdwn thc kˆje oktˆbac eÐnai sqetikˆ megˆlh.

2.4 Perigraf  shmeÐwn endiafèrontoc kai An-

tistoÐqish

O perigrafèac tou SURF perigrˆfei thn katanom  tou perieqomènou ènta-

shc mèsa sthn geitonÐa tou shmeÐou endiafèrontoc, parìmoia me thn plhro-

�orÐa klÐshc pou exˆgetai apì ton SIFT [9] kai tic parallagèc tou. Qrhsi-

mopoieÐ thn katanom  twn apokrÐsewn pr¸thc tˆxhc Haar kumatidÐwn sthn x

kai y dieÔjunsh antÐ gia thn klÐsh, ekmetalleÔetai tic eikìnec olokl  rwma

gia taqÔthta kai qrhsimopoieÐ mìno 64 diastˆseic. Autì mei¸nei to qrì no

gia ton upologismì qarakthristik¸n kai thn antistoÐqish kai èqe i apodei-

qteÐ pwc parˆllhla auxˆnei th stibarìthta. Epiplèon, kˆnei qr sh e nìc

nèou � matoc eurethrÐashc �asismèno sto prìshmo thc Laplasian c, po u

auxˆnei ìqi mìno th stibarìthta tou perigrafèa, allˆ kai thn taq Ôthta

antistoÐqishc (katˆ èna parˆgonta 2 sthn kalÔterh perÐptwsh).
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Sq ma 2.5: FÐltra kumatidÐwn Haar gia ton upologismì twn apokrÐsewn sthn x
kateÔjunsh (aristerˆ) kai sthn y kateÔjunsh (dexiˆ). Ta skoteinˆ shmeÐa èqoun
�ˆroc -1 kai ta �wteinˆ +1.

To pr¸to � ma apoteleÐtai apì ton kajorismì enìc anaparag¸gimou

prosanatolismoÔ �asismènou sthn plhroforÐa apì mia kuklik  perioq 

gÔrw apì to shmeÐo endiafèrontoc. 'Ustera, kataskeuˆzetai mia te trˆgwnh

perioq  stoiqismènh ston epilegmèno prosanatolismì kai exˆgetai o peri-

grafèac SURF apì aut . Tèloc, ta qarakthristikˆ antistoiqÐzontai metaxÔ

dÔo eikìnwn. Ta � mata autˆ exhgoÔntai parakˆtw.

2.4.1 Anˆjesh prosanatolismoÔ

Gia na eÐnai ametˆblhth h peristrof  thc eikìnac, anagnwrÐzeta i ènac a-

naparag¸gimoc prsanatolismìc gia ta shmeÐa endiafèrontoc. Gia aut ì ton

skopì, upologÐzontai pr¸ta oi apokrÐseic twn Haar kumatidÐwn sthn x kai

y kateÔjunsh mèsa se mia kuklik  perioq  aktÐnac 6s gÔrw apì to shmeÐo

endiafèrontoc, ìpou s eÐnai h klÐmaka sthn opoÐa to shmeÐo endiafèrontoc

aniqneÔthke. To � ma deigmatolhyÐac eÐnai exart¸meno apì thn klÐmak a

kai epilègetai na eÐnai s. To mègejoc twn kumatidÐwn eÐnai epÐshc exart¸me-

no apì thn klÐmaka kai tÐjetai wc 4s. 'Etsi, mporoÔn na qrhsimopoihjoÔn

pˆli oi eikìnec-olokl rwma gia gr goro �iltrˆrisma. Ta �Ðltra autˆ �a-

Ðnontai sthn eikìna 2.5 . Mìno 6 prˆxeic qreiˆzontai gia na upologisteÐ h

apìkrish sthn x   y dieÔjunsh se kˆje klÐmaka.

'Otan oi apokrÐseic kumatidÐwn upologistoÔn kai ugistoÔn me thn Gka-

ousian  ( � = 2s) epikentrwmèna sto shmeÐo endiafèrontoc, oi apokrÐseic

ekproswpoÔntai wc shmeÐa se èna q¸ro me orizìntia dÔnamh apìkrishc

katˆ m koc thc tetmhmènhc kai thn katakìrufh dÔnamh apìkrishc katˆ

m koc thc tetagmènhc. O kurÐarqoc prosanatolismìc upologÐzetai apì ton

upologismì tou ajroÐsmatoc ìlwn twn apokrÐsewn mèsa se èna olisjaÐnon
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Sq ma 2.6: Anˆjesh prosanatolismoÔ: èna olisjaÐnon parˆjuro prosana toli-
smoÔ me mègejoc�

3 aniqneÔei ton kurÐarqo prosanatolismì thc apìkrishc tou Gk a-
ousianoÔ ugismènou kumatidÐou se kˆje shmeÐo deigmatolhy Ðac mèsa se kuklik 
perioq  gÔrw apì to shmeÐo endiafèrontoc.

parˆjuro prosanatolismoÔ me mègejoc �
3 (dec 2.6 ). Oi orizìntiec kai kata-

kìrufec apokrÐseic mèsa sto parˆjuro ajroÐzontai ki autì dÐnei èna diˆnu-

sma topikoÔ prosanatolismoÔ. To megalÔtero tètoio diˆnusma pˆnw se ìl a

ta parˆjura kajorÐzei ton prosanatolismì tou shmeÐou endiafèron toc. To

mègejoc tou olisjaÐnontoc parajÔrou eÐnai mia parˆmetroc pou epilèg etai

prosektikˆ. Ta mikrˆ megèjh èqoun prìblhma me memonwmènec kurÐarqec

klÐseic, en¸ ta megˆla megèjh teÐnoun na dÐnoun mègista sto m koc di a-

nÔsmatoc ta opoÐa den eÐnai antiproswpeutikˆ. Kai ta dÔo katal goun se

lanjasmèno prosanatolismì tou shmeÐou endiafèrontoc.

2.4.2 Perigrafèac �asismènoc se ˆjroisma apokrÐsewn

Haar kumatidÐwn

Gia thn exagwg  tou perigrafèa, to pr¸to � ma apoteleÐtai apì thn ka-

taskeu  miac tetrˆgwnhc perioq c epikentrwmènhc gÔrw apì to shmeÐo en-

diafèrontoc kai prosanatolismènh katˆ m koc tou prosanatolismo Ô pou

epilèqjhke sto prohgoÔmeno � ma. To mègejoc tou parajÔrou eÐnai 20s.

ParadeÐgma apì tètoiec tetrˆgwnec perioqèc �aÐnontai sthn 2.7 .
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Sq ma 2.7: Diaforetikèc klÐmakec prosanatolismènwn parajÔrwn perig rafèwn
se mia eikìna.

H perioq  qwrÐzetai se mikrìterec 4x4 tetrˆgwnec upo-perioqèc. Au-

tì diathreÐ shmantik  qwrik  plhroforÐa. Gia kˆje upo-perioq , upol o-

gÐzontai oi apokrÐseic twn kumatidÐwn Haar se 5x5 katanemhmèna shmeÐa

deigmatolhyÐac. Gia lìgouc aplìthtac, onomˆzetai dx h apìkrish tou ku-

matidÐou Haar sthn orizìntia dieÔjunsh kai dy h antÐstoiqh apìkrish sthn

katakìrufh dieÔjunsh (mègejoc �Ðltrou 2s). To "orizìntio" kai "katakìru-

�o" ed¸ orÐzetai se sqèsh me ton epilegmèno prosanatolismì tou shmeÐ ou

endiafèrontoc (sq ma 2.8 ). Gia thn aÔxhsh thc stibarìthtac wc proc gew-

metrikèc paramorf¸seic kai sfˆlmata entopismoÔ, oi apokrÐseic dx kai dy

ugÐzontai pr¸ta me mia Gkaousian  ( � = 3:3s) epikentrwmènh sto shmeÐo

endiafèrontoc.

Katìpin, oi apokrÐseic kumatidÐwn dx kai dy ajroÐzontai pˆnw se kˆje

upo-perioq  kai sqhmatÐzoun to pr¸to sÔnolo kataqwr sewn sto diˆnusma

tou perigrafèa. Gia na upˆrqei plhroforÐa gia thn pìlwsh twn allag¸n

twn entˆsewn, afairoÔntai epÐshc oi apìlutec timèc twn apokrÐsewn, jdx j kai

jdy j. 'Etsi, kˆje upo-perioq  èqei èna tetradiˆstato diˆnusma perigra fèa v

gia thn dom  èntashc

v = (
X

dx ;
X

dy;
X

jdx j;
X

jdy j) (2.5)
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Sq ma 2.8: Gia na dhmiourghjeÐ o perigrafèac, ena prosanatolismèno te tragwni-
kì plègma me 4x4 tetrˆgwnec upo-perioqèc tÐjetai pˆnw sto shmeÐo endiafèro ntoc
(aristerˆ). Gia kˆje tetrˆgwno upologÐzontai oi apokrÐsei c kumatidÐwn. Oi 2x2
upodiairèseic kˆje tetrag¸nou antistoiqoÔn sta pragmatik ˆ pedÐa tou perigra-
�èa. Autˆ eÐnai ta ajroÐsmata dx; jdxj; dy kai jdyj, upologismèna se sqèsh me ton
prosanatolismì tou plègmatoc (dexiˆ).

En¸nontac autì gia ìlec tic 4x4 upo-perioqèc, prokÔptei èna diˆnusma pe-

�igrafèa me m koc 64. Oi apokrÐseic kumatidÐwn eÐnai ametˆblhtec wc proc

prokatˆlhyh sto �wtismì. Ametablhtìthta wc proc thn antÐjesh ( contrast )

epitugqˆnetai metatrèpontac ton perigrafèa se monadiaÐo diˆnusma .

To sq ma 2.9 deÐqnei tic idiìthtec tou perigrafèa gia trÐa diaforeti-

kˆ sq mata entˆsewn miac eikìnac mèsa se mia upo-perioq . SunduasmoÐ

tètoiwn topik¸n sqhmˆtwn entˆsewn odhgoÔn se diakritikì perigrafèa .

O SURF eÐnai mèqri kˆpoio �ajmì, koinìc sth genik  idèa me ton SIFT,

afoÔ kai oi dÔo estiˆzoun sth qwrik  katanom  thc plhroforÐac klÐs hc.

Par'ìla autˆ, o SURF upertereÐ tou SIFT se praktikˆ ìlec tic peript¸seic.

Autì gÐnetai kurÐwc giatÐ o SURF enswmat¸nei thn plhroforÐa klÐshc se

upì-omˆda, en¸c o SIFT exartˆtai se prosanatolismoÔc twn memonomènwn

klÐsewn. Autì kˆnei ton SURF ligìtero euaÐsjhto se �ìrubo, ìpwc �aÐnetai

sto sq ma 2.10 .
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Sq ma 2.9: Oi eggrafèc tou perigrafèa miac upo-perioq c antiproswpeÔ oun th
�Ôsh tou sq matoc twn entˆsewn. Aristerˆ : sthn perÐptwsh th c omogenoÔc perio-
q c, ìlec oi timèc eÐnai sqetikˆ mikrèc. Mèsh : sthn parousÐa suqnot twn sthn x
dieÔjunsh, h tim  tou

P
jdx j eÐnai uyhl , allˆ ìlec oi ˆllec paramènoun qamhlèc.

An h èntash auxˆnetai stadiakˆ sthn x dieÔjunsh, kai oi dÔo timèc |
P

jdx j kai
P

dx

�a eÐnai uyhlèc.

Sq ma 2.10: Lìgw thc kajolik c enswmˆtwshc tou perigrafèa tou SURF, eÐnai
pio anjektikìc se diˆforec diatarˆxeic thc eikìnac se sÔgkr ish me ton SIFT pou
dra pio topikˆ.
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Sq ma 2.11: An h antÐjesh metaxÔ dÔo shmeÐwn endiafèrontoc eÐnai diafor etik 
(skoteinì pˆnw se �wteinì upìbajro ènanti �wteinoÔ pˆnw se s koteinì upìbajro),
to upoy fio de �ewreÐtai shmantikì taÐriasma.

2.4.3 Gr gorh eurethrÐash gia antistoÐqish

Gia gr gorh eurethrÐash katˆ th diˆrkeia thc �ˆshc antistoÐqi shc, pe-

�ilambˆnetai to prìshmo thc Laplasian c (dhlad  to Ðqnoc ou Essia noÔ

mhtr¸ou) gia to exetazìmeno shmeÐo endiafèrontoc. Tupikˆ, ta shmeÐa endia-

�èrontoc �rÐskontai se domèc tÔpou stagìnac. To prìshmo thc Laplasia n c

diakrÐnei �wteinèc stagìnec pˆnw se skoteinˆ upìbajra. Autì to qara kth-

�istikì eÐnai diajèsimo qwrÐc epiplèon kìstoc, afoÔ eÐqe  dh upolo gisteÐ

katˆ th �ˆsh anÐqneushc. Sto stˆdio thc antistoÐqishc, sugkrÐn ontai mìno

ta qarakthristikˆ pou èqoun Ðdio tÔpo antÐjeshc (dec 2.11 ). 'Etsi, aut  h

elˆaqisth plhroforÐa epitrèpei gr gorh antistoÐqish, qwrÐc na mei¸nei thn

epÐdosh tou perigrafèa.

2.5 Epidìseic tou SURF

SÔmfwna me peiramatikèc metr seic pou èginan sto [ 2] kai [ 4] o algìrijmoc

SURF eÐnai perÐpou 3-5 �orèc grhgorìteroc apì ton SIFT, enw parˆllh-

la eÐnai pio anjektikìc wc proc ton �ìrubo kai prosarmìzetai pio eÔkol a

gia parˆllhlh epexergasÐa afoÔ kˆje Essian  eikìna mporeÐ na para qjeÐ

anexˆrthta (se antÐjesh me ton SIFT). To megˆlo kèrdoc sthn taqÔthta pro-

èrqetai apì th qr sh twn eikìnwn-olokl rwma, pou mei¸noun drastikˆ ti c

prˆxeic gia aplèc sunelÐxeic-koutiˆ anexart tou klÐmakac. H mega lÔterh

�eltÐwsh ìmwc eÐnai sthn taqÔthta tou perigrafèa. O SURF kajistˆ dunatì

ton upologismì se pragmatikì qrìno qwrÐc ap¸leiec se epidìseic, prˆgma
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pou apoteleÐ èna megˆlo pleonèkthma gia efarmogèc thc Upologistik  c 'O-

�ashc pou apaitoÔn ˆmesh diadrastikìthta.
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Kefˆlaio 3
Byakugan - èna pl rec sÔsthma

anagn¸rishc logotÔpwn

Life is a great big canvas, and you should

throw all the paint you can on it.

Danny Kaye

3.1 Eisagwg 

Sthn enìthta aut , �a parousiˆsoume to oloklhrwmèno sÔsthma anagn¸ri-

shc logotÔpwn pou anaptÔxame sta plaÐsia thc Diplwmatik c ErgasÐac

aut c. Ja gÐnei ekten c anˆlush thc arqitektonik c tou, sqolia smìc kai

melèth twn axioshmeÐwtwn kai pio shmantik¸n tmhmˆtwn k¸dika, perigra-

�  twn leitourgi¸n tou kai epis mansh twn teqnik¸n shmeÐwn ekeÐnwn pou

qr zoun shmasÐac.

To sÔsthma èqei onomasteÐByakugan , ìroc pou proèrqetai apì to dh-

mofilèc Iapwnikì anime Naruto parapèmpontac sth dunatìthta metatrop c

tou matioÔ se ìrgano isqur c enìrashc (sq ma 3.1 ) kai apodÐdetai sta di-

kˆ mac plaÐsia sthn ikanìthta thc upologistik c ìrashc na diakrÐnei ta

logìtupa.

25
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Sq ma 3.1: To ìnoma Byakugan proèrqetai apì th dhmofilèc Iapwnikì anime
Naruto kai parapèmpei sth dunatìthta metatrop c tou matioÔ se ìrga no isqur c
enìrashc.

3.2 Arqitektonik 

To Byakugan apoteleÐtai apì ton �asikì exuphretht  ( server ), pou epiteleÐ

th leitourgÐa thc anagn¸rishc twn logotÔpwn kaj¸c kai thc parˆllhlhc

exuphrèthshc pelat¸n istoÔ, kai tou pelˆth ( client ) pou eÐnai h efarmog 

sthn platfìrma Android kai epikoinwneÐ me ton exuphretht  stèlnontac tou

thn eikìna proc anˆlush.

3.2.1 Byakugan Server

O exuphretht c apoteleÐtai apì dÔo �asikˆ mèrh :

1. Ton pur na tou logismikoÔ ( Byakugan Core ) pou eÐnai grammènoc se

C/C++ kai ekteleÐ apokleistikˆ kai epikentrwmèna th diadikasÐa a-

nˆlushc kai anagn¸rishc twn logotÔpwn mèsa se eikìnec.

2. Ton exuphretht  istoÔ ( web server ) pou eÐnai grammènoc sePython

kai uposthrÐzei thn parˆllhlh, mèsw threads , exuphrèthsh pelat¸n
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lambˆnontac thn eikìna apì autoÔc wc mia aÐthsh HTTP POST kai

ektel¸ntac ton pur na tou Byakygan gia kˆje mÐa apì autèc.

3.2.2 Byakugan Client

O pelˆthc apoteleÐtai apì thn efarmog  pou proorÐzetai gia èxupnec ki -

nhtèc suskeuèc �asismènec sthn platfìrma Android kai eÐnai grammènh se

Java mazÐ me tic katˆllhlec ekeÐnec �iblioj kec pou qreiˆzontai gia thn

anˆptuxh se Android peribˆllon. H efarmog  aut  dÐnei th dunatìthta

sto qr sth na qrhsimopoi sei thn camera tou kinhtoÔ tou gia na trab xei

mia �wtografÐa, thn opoÐa meta �a steÐlei autìmata mèsa mia aÐthsh HTTP

POST ston Byakygan web server . San apˆnthsh, �a pˆrei to ìnoma thc

eikìnac/logotÔpou apì mÐa �ˆsh logotÔpwn pou taÐriaxe kalÔtera me thn

staljeÐsa �wtografÐa sÔmfwna me thn anˆlush pou �a gÐnei apì to Bya

kugan Core .

3.3 Byakugan Core

O pur nac tou sust matoc apoteleÐtai apì to logismikì ekeÐno pou èqei wc

skopì thn anagn¸rish twn logotÔpwn. Grˆfthke se èna meiktì eÐdoc C/C++

qrhsimopoi¸ntac th logik  twn klˆsewn kai tic eukolÐec pou parèqei h C++

(ìpwc gia parˆdeigma h �iblioj kh Boost ) qwrÐc ìmwc thn austhr  anti-

keimenostrèfeia pou th diakatèqei. To kommˆti pou aforˆ to algori jmikì

mèroc thc Upologistik c 'Orashc �asÐzetai sto OpenCV . To OpenCV  Open

Source Computer Vision Library apoteleÐ mia anoiqtoÔ k¸dika �iblioj kh

apì ètoimec sunart seic, epikentrwmènec ston tomèa thc EpexergasÐa c Ei-

kìnac kai thc Upologistik c 'Orashc.

3.3.1 Basikèc klˆseic tou pur na

Parakˆtw akoloujeÐ mia pr¸th episkìphsh twn �asik¸n klˆsewn tou su-

st matoc mac. H seirˆ pou dÐnontai akoloujeÐ prosèggish bottomup , dh-

lad  apì kˆtw proc ta pˆnw, anafèrontac pr¸tec tic ligìtero afairet ikèc

klˆseic.
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1. Image : H klˆsh aut  enswmat¸nei th logik  thc eikìnac wc mia dom 

2-diˆstatou pÐnaka, ìpwc autì orÐzetai kai sto Ðdio to OpenCV mèsw

thc dom c Mat (cv::Mat ) kai perièqei sunart seic gia th diaqeÐrish

thc : efarmog  �asik¸n �Ðltrwn ( canny, soebel, blur, dilate, graysca

le klp), anˆjesh tou path tou sust matoc arqeÐwn sto opoÐo �rÐsketai

h prwtìtuph eikìna sthn opoÐa �asÐzetai h klˆsh kaj¸c kai thc pe-

�ioq c endiafèrontoc RoI  Region of Interest pou apoteleÐ to tm ma

ekeÐno thc eikìnac pou perièqei to logìtupo. H klˆsh aut  �asÐzeta i

se k¸dika tou project Unlogo , par'ìlo pou praktikˆ h pleioyhfÐa twn

daneismènwn mejìdwn de qrhsimopoioÔntai poujenˆ sthn paroÔsa èk-

dosh tou Byakugan allˆ h qr sh touc epifulˆssetai gia endeqìmenh

mellontik  exèlixh.

2. TrainingImage : Prìkeitai gia uperklˆsh thc Image kai perièqei su-

nart seic pou aforoÔn sthn "ekpaÐdeush" tou sust matoc wc proc tic

eikìnec autèc. Ta pio shmantikˆ exart mata thc eÐnai :

(a') fs::path cnr�le : to monopˆti gia to arqeÐo ekeÐno to opoÐo perièqei

tic suntetagmènec gia to orjog¸nio/upo-perioq  pou perikleÐei

to logìtupo sthn eikìna, dhlad  autì pou orÐzei thn perioq 

endiafèrontoc ( Region of Interest )

(�') vector<Point> corners : diˆnusma ( vector - dunamik  dom  pÐnaka

thc �iblioj khc STL thc C++) pou perièqei tic suntetagmènec gia

thn upo-perioq  endiafèrontoc ìpwc autèc eis qjhsan apì to

arqeÐo cnr�le

(g') vector<KeyPoint> keypoints : to diˆnusma pou perièqei ta shme-

Ða endiafèrontoc ìpwc exˆgontai apì ton algìrijmo anÐqneushc

shmeÐwn - sthn prokeimènh perÐptwsh ton SURF (�lèpe kefˆlaio

2:SpeededUp Robust Features ).

(d') Mat descriptors : mhtr¸o pou perièqei ta shmeÐa ìpwc upolo-

gÐzontai apì ton perigrafèa (pˆli mèsw tou SURF) �ˆsh twn sh-

meÐwn endiafèrontoc pou ex qjhkan prohgoumènwc.

3. TrainingSet : h klˆsh aut  �rÐsketai pio yhlˆ sthn ierarqÐa kai peri-

èqei to diˆnusma me ìlec tic eikìnec, wc TrainingImages me tic opoÐec

http://opencv.willowgarage.com/documentation/cpp/basic_structures.html#mat
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�a sugkrijeÐ h eikìna-er¸thsh. To kˆje TrainingSet apoteleÐtai apì

to sÔnolo ekeÐno twn eikìnwn pou èqoun ˆmesh sqèsh metaxÔ touc. Me

ˆlla lìgia, sth sunhjèsterh perÐptwsh, perièqei diˆforec ekdoqè c

�wtografi¸n tou logotÔpou mia sugkekrimènhc etaireÐac.

4. Matcher : epiteleÐ th �asik  leitourgÐa thc antistoÐqishc - dhlad 

thc diadikasÐac ekeÐnhc pou aforˆ sth sÔgkrish twn eikìnwn ¸ste

na �rejeÐ ekeÐnh pou moiˆzei kai proseggÐzei perissìtero thn eik ìna-

er¸thsh. H kentrik  tou sunˆrthsh pou kˆnei thn pleioyhfÐa thc

ergasÐac aut c eÐnai h doQuery . O algìrijmoc pou qrhsimopoieÐtai

gia thn antistoÐqish eÐnai �asismènoc sto FLANN  Fast Library for

Approximate Nearest Neighbours [12 ], mia �iblioj kh gia gr gorh

proseggistik  anaz thsh �ˆsh tou kontinìterou geÐtona. Dhmi ourge-

Ðtai sunolikˆ èna mìno singleton antikeÐmeno aut c thc klˆshc.

5. ByakuganOps : eÐnai klˆsh pou perièqei tic epilogèc pou �ètei o

qr sthc katˆ thn kl sh tou Byakugan sth gramm  entol¸n ( command

line ). Oi epilogèc autèc �ujmÐzoun th sumperiforˆ tou Byakygan kai

kajorÐzoun ton �ermpalismì thc exìdou tou. H klˆsh aut  akoloujeÐ

to sqediastikì prìtupo singleton , dhlad  periorÐzetai sth dhmiourgÐa

enìc kai mìno antikeimènou thc. Autì gÐnetai, diìti oi epilogèc ka jo-

�Ðzontai apì to qr sth mÐa kai mìno �orˆ amèswc prin thn ektèlesh

tou progrˆmmatoc.

6. Byakugan : ¸ntac h �asik  klˆsh tou pur na, perièqei tic sunar-

t seic ekeÐnec pou �ètoun en energeÐa to sÔsthma kajolikˆ. Oi 2

�asikèc, pou diaqwrÐzoun th leitourgÐa tou Byakugan se 2 trìpouc

(modes ) leitourgÐac eÐnai :

(a') void scan(void) : h sunˆrthsh pou energopoieÐtai se scan mode

mèsw tou diakìpth s (user option) kai sar¸nei anadromikˆ touc

�akèlouc pou orÐzei o qr sthc, anazht¸ntac eikìnec mèsa se au-

toÔc. Gia kˆje �ˆkelo dhmiourgeÐ èna TrainingSet apì tic eikìnec

pou perièqontai se autìn (h kˆje mÐa antistoiqeÐ sth dhmiourgÐa

miac TrainingImage ) kai ekteleÐ ton algìrijmo SURF ¸ste na e-

xˆgei ta shmeÐa endiafèrontoc kai touc perigrafeÐc apì kˆje mÐa.
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Sth sunèqeia apojhkeÔei ta dedomèna autˆ gia kˆje set eikìnwn

se èna arqeÐoXML gia th gr gorh anˆkthsh argìtera.

(�') int process(void) : aforˆ sto deÔtero trìpo leitourgÐac ( process

mode - energopoÐhsh apì ton diakìpth p ) tou sust matoc pou

eÐnai h anˆlush kai sÔgkrish thc eikìnac-er¸thsh ( query ima

ge) ìpwc aut  dÐnetai apì to qr sth mèsw tou diakìpth q me

tic eikìnec pou �rÐskontai sth �ˆsh mac. Oi eikìnec autèc ana-

kt¸ntai me gr goro trìpo apì ta prohgoumènwc upologismèna

dedomèna tou scan mode pou èqoun apojhkeuteÐ sta XML arqe-

Ða. 'Etsi o qronobìroc upologismìc gia thn plhj¸ra eikìnwn sth

�ˆsh, mporeÐ na èqei gÐnei ek twn protèrwn, epitrèpontac ètsi th

gr gorh ektèlesh tou progrˆmmatoc se autì to mode , afoÔ o

qrìnoc pou �a katanalwjeÐ �a aforˆ sthn antistoÐqish kai ston

upologismì �ˆsh tou SURF twn shmeÐwn apì thn eikìna-er¸thsh

mìno.

H klˆsh aut  perièqei, ìpwc eÐnai anamenìmeno, to diˆnusma ( vector )

me ìla ta TrainingSets ìpwc autì �a dhmiourghjeÐ apì to process

mode diabˆzontac katˆllhla ta dedomèna apì ta arqeÐa XML . Akolou-

�eÐ kai aut , ìpwc h ByakuganOps , to sqediastikì prìtupo singleton

afoÔ de qreiˆzetai parˆ mìno mia ulopoÐhsh ( instance ) antikeimènou

thc sugkekrimènhc klˆshc na upˆrqei sunolikˆ.

Pèran twn parapˆnw �asik¸n klˆsewn, upˆrqoun kai orismènec �ohjh-

tikèc sunart seic pou �rÐskontai entìc twn arqeÐwn utils.h, utils.cc . MetaxÔ

ˆllwn �rÐskontai sunart seic pou apoteloÔn asfaleÐc ekdoqèc, me t hn èn-

noia twn epiplèon elègqwn, pr¸imwn sunart sewn ìpwc gia parˆdeigma oi

strncpy kai snprintf pou antikajiotìntai apì tic asfalèsterec Strncpy kai

Snprintf . H pio shmantik  ìmwc sunˆrthsh eÐnai h crossCheckMatching

pou efarmìzei thn antistoÐqish �ˆsh twn perigrafèwn kai tou algor Ðjmou

antistoÐqishc pou lambˆnei wc orÐsmata. Epiplèon, upˆrqoun mèjodoi gi a

thn stroggulopoÐhsh arijm¸n ( Round() ), th metatrop  apì arijmì kinht c

upodiastol c se string (FloatToString ) kai thn èxodo tou progrˆmmatoc se

perÐptwsh sfˆlmatoc ( fatal ).
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Epiplèon, h diaqeÐrish tou sunìlou twn XML arqeÐwn, pou apoteleÐ ou-

siastikˆ mia upotup¸dhc �ˆsh dedomènwn gia ta dedomèna pou exˆgontai

apì tic eikìnec, gÐnetai me th �iblioj kh anoiqtoÔ k¸dika TinyXML . Ta ar-

qeÐatinystr.cpp, tinystr.h, tinyxml.cpp, tinyxmlerror.cpp, ti nyxml.h, tinyxml

parser.cpp apoteloÔn to sÔnolo thc �iblioj khc aut c kai enswmat¸nontai

sto prìgramma mac gia thn katˆllhlh eggraf  kai anˆgnwsh ( parsing )

me gr goro kai eÔkolo trìpo kai me mhdaminì �ìrto, afoÔ prìkeitai gia

idiaÐtera "elafriˆ" library .

Tèloc, sto byakugan.cc �rÐsketai h main sunˆrthsh tou sust matoc h

opoÐa eÐnai upeÔjunh gia thn lektik  anˆlush twn epilog¸n pou kajorÐzei o

qr sthc katˆ thn ektèlesh tou progrˆmmatoc, kai katìpin thc katˆ llhlhc

kl shc tou Byakugan sÔmfwna me autèc.

3.3.2 Anˆlush k¸dika kai �o c ektèleshc

Sto parìn edˆfio, �a analÔsoume ta tm mata ekeÐna tou k¸dika tou pur na

pou qr zoun idiaÐterhc shmasÐac kai prosoq c. H taktik  anˆlushc pou

�a akolouj soume ed¸ �a eÐnai h antÐjeth me prohgoumènwc, dhlad  �a

eÐnaitopdown prosèggish.

H ektèlesh tou Byakugan xekinˆei, ìpwc anafèrame kai prin, apì to

arqeÐo byakugan.cc opou �rÐsketai h main sunˆrthsh. AfoÔ loipìn, o

qr sthc kajorÐsei tic epilogèc ektèleshc sth gramm  entol¸n, to sÔsthma

�a xekin sei na leitourgeÐ se ènan apì touc dÔo trìpouc leitourgÐac po u

anafèrjhkan prin : to scan mode   to process mode . Ja parakolouj sou-

me th �o  ektèleshc kai me touc 2 trìpouc, sqoliˆzontac ta krÐsima sh meÐa

tou k¸dika.

3.3.2.1 Scan Mode

H leitourgÐa thc sˆrwshc ( scan mode ) aposkopeÐ sthn anadromik  ana-

 thsh stouc �akèlouc, pou kajorÐzontai apì to qr sth, gia ìlec ek eÐnec

tic eikìnec pou �a apotelèsoun th "bˆsh eikìnwn" me tic opoÐec �a sug-

krÐnontai argìtera oi eikìnec-er¸thsh ( query images ) pou �a lambˆnei to

sÔsthma sth leitourgÐa epexergasÐac ( process mode ). Gia kˆje eikìna, e-

�armìzetai o algìrijmoc SURF kai ta dedomèna apojhkeÔontai wc XML
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arqeÐa gia mellontik  apèujeÐac anˆkthsh.

H diadikasÐa xekinˆei me thn kl sh thc sunˆrthshc scan tou singleton

antikeimènou Byakugan , h opoÐa kaleÐ anadromikˆ thn scan_internal tìsec

�orèc ìsec anafèrei o arijmìc twn �akèlwn pou orÐsthkan apì to qr sth

mèsw thc epilog c s   mèsw thc epilog c i <�le_with_list_of_directories>

(ìpou to sÔnolo twn �akèlwn orÐzetai wc lÐsta mèsa se èna arqeÐo). H

scan_internal dhmiourgeÐ antÐstoiqa gia kˆje �ˆkelo èna TrainingSet kai

kaleÐ dÔo �asikèc sunart seic thc klˆshc aut c : thn loadFromDirectory

kai thn save .

H loadFromDirectory(string _path) èqei wc stìqo thn �ìrtwsh ìlwn twn

eikìnwn apì ton ekˆstote �ˆkelo, tou opoÐou monopˆti sto sÔsthma arqe Ðwn

paÐrnei wc ìrisma, kai thn anaparˆstash touc wc TrainingImages . H me-

tatrop  aut  èqei dÔo �asikèc ptuqèc : th dhmiourgÐa/fìrtwsh tou cnr�le

(corner �le) kai thn efarmog  tou SURF pˆnw sthn eikìna.

1. Kataskeu /Fìrtwsh cnr�le : To cnr�le , ìpwc eÐpame kai prohgou-

mènwc, prìkeitai gia èna arqeÐo to opoÐo perièqei 4 eugˆria sunte-

tagmènwn (se morf  x y) pou orÐzoun to orjog¸nio/upo-perioq  pou

perikleÐei to logìtupo mèsa sthn eikìna. Se pollèc peript¸seic h

�wtografÐa mporeÐ na perièqei kai ˆllh ˆsqeth plhroforÐa, pèran

tou logotÔpou. 'Omwc sth �ˆsh eikìnwn qreiˆzontai "kajarèc" ek-

dìseic twn logotÔpwn afoÔ leitourgoÔn wc prìtupa anaforˆc gia tic

metèpeita sugkrÐseic pou �a gÐnoun me tic eikìnec-er¸thsh. 'Etsi, gia

na èqoume th mègisth dunat  akrÐbeia, dÐnetai h dunatìthta tou pros -

diorismoÔ thc perioq c endiafèrontoc ( Region of Interest ) mèsw twn

arqeÐwn aut¸n. Sto sq ma 3.2 �aÐnetai èna parˆdeigma s manshc pe-

�ioq c endiafèrontoc se èna logìtupo �ˆsh twn suntetagmènwn pou

�rÐskontai ston PÐnaka 3.1 . To cnrfile, eÐte eÐnai  dh dhmiourghmèno

kai �rÐsketai ston Ðdio �ˆkelo (me katˆlhxh .cnr ) me thn om¸numh ei-

kìna, thc opoÐac thn upo-perioq  prosdiorÐzei, opìte oi suntetagmèn ec

�ort¸nontai apeujeÐac sth mn mh diabˆzontac to arqeÐo, eÐte an den

upˆrqei, hteÐtai na kataskeuasteÐ qeirokÐnhta apì to qr sth ek eÐnh

th stigm . Sthn perÐptwsh aut , emfanÐzetai èna parˆjuro me thn

eikìna kai o qr sthc kaleÐtai na shmei¸sei me to pontÐki pˆnw thc ta



3.3. Byakugan Core 33

x y
116 111
91 425

654 74
656 421

PÐnakac 3.1: parˆdeigma suntetagmènwn cnr�le

4 shmeÐa pou prosdiorÐzoun tic suntetagmènec tou orjogwnÐou pou pe-

�ibˆllei thn Region of Interest . H sunˆrthsh, upeÔjunh gia aut  thn

ergasÐa eÐnai hgenerate_cnr�le thc TrainingImage . H �ohjhtik  su-

nˆrthsh create_outline , diabˆzei to proôpˆrqon   to neodhmioÔrghto

arqeÐo suntetagmènwn kai kataskeuˆzei me èxupno kai asfal  trìpo to

orjog¸nio pou perikleÐei thn upo-perioq  tou logotÔpou. Sugkekri-

mèna, pronoeÐ ¸ste sthn pio pijan  perÐptwsh pou oi suntetagmènec

den eÐnai eujugrammismènec (ˆllwste kˆti tètoio spˆnia mporeÐ na e-

piteuqjeÐ ìtan h s mansh gÐnetai qeirokÐnhta), na �ewreÐ wc ègkuro to

megalÔtero dunatì orjog¸nio pou orÐzoun autèc. 'Etsi, sto parˆdeig-

ma 3.2 h perioq  pou �a dhmiourg sei h create_outline �a eÐnai aut 

pou �aÐnetai sthn 3.3 . Autì gÐnetai ¸ste na mhn upˆrxei pijan  a-

p¸leia plhroforÐac wc proc to logìtupo se perÐptwsh "astoqeÐac"

tou qr sth.

2. Efarmog  SURF: H deÔterh �ˆsh dhmiourgÐac thc TrainingImage afo-

�ˆ sthn efarmog  tou algorÐjmou SURF ¸ste na exaqjoÔn ta shmeÐa

endiafèrontoc kai oi perigrafeÐc. Autì epitugqˆnetai qrhsimopoi¸ n-

tac tic �iblioj kec tou OpenCV opou o algìrijmoc eÐnai  dh ulopoi-

hmènoc. H kl sh twn sunart sewn detector>detect() kai extractor

>compute() eÐnai arket  gia na gÐnei efiktì to parapˆnw. Na sh-

meiwjeÐ pwc oi metablhtèc detector kai extractor prìkeitai gia generic

containers , opìte mporoÔn na qrhsimopoihjoÔn dunamikˆ kai ˆlloi

algìrijmoi ektìc tou SURF, ìpwc pq o SIFT , an eÐnai epijumhtì.

AfoÔ oloklhrwjoÔn autèc oi dÔo �ˆseic, tìte h TrainingImage eÐnai

ètoimh na eisèljei sto diˆnusma ( vector ) tou ekˆstote TrainingSet mazÐ me

touc exaqjèntec perigrafeÐc pou upologÐsthkan. AfoÔ autì gÐnei gia kˆje
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Sq ma 3.2: Me kìkkino qr¸ma �aÐnontai ta shmeÐa pou orÐzoun thn perioq  en-
diafèrontoc, sÔmfwna me tic suntetagmènec tou cnrfile pou � aÐnontai ston PÐnaka
3.1

Sq ma 3.3: ProtimeÐtai h asfalèsterh mèjodoc kataskeu c tou perigrˆm matoc
gia thn perioq  endiafèrontoc ¸ste na apofeuqjeÐ pijan  ap¸ leia plhroforÐac
wc proc to logìtupo.
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eikìna ston ekˆstote �ˆkelo, tìte to TrainingSet pou perièqei ìlec autèc tic

�ortwmènec "ekpaideumènec" eikìnec, eÐnai ètoimo na apojhkeuteÐ sto dÐsko

sth �ˆsh eikìnwn gia mellontik  qr sh. Autì mac �èrnei sth sunˆrthsh

save tou TrainingSet .

H sunˆrthsh save èqei wc skopì thn katˆllhlh apoj keush ìlwn twn

upologismènwn dedomènwn twn eikìnwn (dhlad  twn exaqjèntwn perigrafèwn

apì ton algìrijmo SURF) apì thn prohgoÔmenh �ˆsh. Kˆnei qr sh thc �i-

�lioj khc TinyXML gia na metatrèyei ta dedomèna autˆ se "euanˆgnwsta"

tìso apì upologist  ìso ki apì ˆnjrwpo, arqeÐa XML . Parakˆtw, �lèpou-

me th dom  twn XML arqeÐwn. Ta "..." parapèmpoun se epanˆlhyh thc Ðdiac

morf c XML odhgÐwn kai sumperil fjhsan mìno ed¸ skopÐmwc gia lìgouc

exoikonìmhshc q¸rou.

1

2 <?xml version =" 1.0 " ?>

3 < to ta l>6</ to ta l>

4 <objects>

5 <filename> image_0
6 <path>/ home/ ithilgore / byakugan / logos / Adidas / variant � 1/ mod2_small . jpg </path>

7 <ro i x= "37" y= "67" width= "712" height= "456" />

8 <keypoints>

9 <keypoint pt . x= "4.4376577758789062e+02" pt . y= "3.6947502136230469e+01" s ize= "  -
1.2000000000000000e+01" angle= "2.9698422241210938e+02" response= "  -
4.2199981689453125e+02" octave= "1" c lass_id= "� 1" /

10 <keypoint pt . x= "4.6738388061523438e+02" pt . y= "5.3597236633300781e+01" s ize= "  -
1.2000000000000000e+01" angle= "2.1169067382812500e+02" response= "  -
4.1786416625976562e+02" octave= "1" c lass_id= "� 1" />

11 . . .

12 </keypoints>

13 <descr iptors>

14 <rows>337</rows>

15 <cols>64</cols>

16 <dt> f </dt>

17 <descr iptor>2.00264534 e� 04</descr iptor>

18 <descr iptor>4.29603038 e� 04</descr iptor>

19 <descr iptor>4.70690982 e� 04</descr iptor>

20 . . .

21 </descr iptors>

22 </filename>

23 <filename> image_1
24 <path>/ home/ ithilgore / byakugan / logos / Adidas / variant � 1/ mod4_small . jpg </path>

25 <ro i x= "200" y= "270" width= "475" height= "258" />

26 <keypoints>

27 . . .
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28 </keypoints>

29 <descr iptors>

30 . . .

31 </descr iptors>

32 </filename>

33 . . .

34 </objects>

To total anafèretai sto sÔnolo twn eikìnwn gia autì to set. 'Opwc mporeÐ

na parathr sei kaneÐc, ta dedomèna pou apojhkeÔontai gia kˆje eik ìna

eÐnai ta ex c :

1. path : to monopˆti sto sÔsthma arqeÐwn gia thn eikìna sthn opoÐa

�asÐzontai ta dedomèna

2. roi : h perioq  endiafèrontoc, me th morf  twn suntetagmènwn x, y

thc pˆnw aristerˆ gwnÐac tou orjogwnÐou kai tou plˆtouc ( width ) kai

Ôyouc (height ) tou.

3. keypoints : ta shmeÐa endiafèrontoc ìpwc aniqneÔontai apì ton al-

gìrijmo SURF.

4. descriptors : oi perigrafeÐc ìpwc exˆgontai apì ton SURF.

Na shmei¸soume ed¸, pwc oi mèjodoi apèujeÐac apoj keushc twn dom¸n

tou OpenCV sto dÐsko gia thn trèqousa èkdosh tou (2.3.1)  tan ellipeÐc.

Epomènwc qreiˆsthke h qeirokÐnhth eggraf  touc, kˆti pou �aÐnetai sth

markoskel  sunˆrthsh save .

H diadikasÐa telei¸nei, ìtan to sÔsthma mac, gia lìgouc exoikonìmh -

shc q¸rou sto dÐsko, sumpièsei ta XML arqeÐa gia kˆje TrainingSet . H

sumpÐesh gÐnetai me qr sh thc ulopoÐhshc gzip twn iostreams thc gnwst c

�iblioj khc boost . To gzip qrhsimopoieÐ, wc gnwstìn, mia parallag  tou

algorÐjmou DEFLATE , pou eÐnai sunduasmìc twn LempelZiv kai Hu�man

coding kai eÐnai arketˆ apotelesmatikoÐ gia arqeÐa XML . Endeiktikˆ èna

arqeÐo XML megèjouc 3.2 MB katìpin sumpÐeshc pèftei sta 434 KB .

Ta parapˆnw, oloklhr¸noun thn perigraf  leitourgÐac tou scan mode .

Mènei na doÔme t¸ra to deÔtero allˆ shmantikìtero trìpo leitourgÐac tou

Byakugan .
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3.3.2.2 Process Mode

H leitourgÐa epexergasÐac ( process mode ) apoteleÐ thn kinht ria dÔnamh

tou sust matoc, afoÔ eÐnai aut  pou ousiastikˆ sugkrÐnei thn eikìn a-

er¸thsh pou �ètei o qr sthc me th �ˆsh eikìnwn pou èqei sqhmatisteÐ n w-

�Ðtera apì th leitourgÐa sˆrwshc ( scan mode ).

H energopoÐhsh tou parìntoc trìpou leitourgÐac gÐnetai me th qr s h tou

diakìpth p kai tou orismoÔ thc eikìnac-er¸thsh me to diakìpth q (apì to

query ). ApaiteÐtai epiplèon na kajoristeÐ to sÔnolo twn XML arqeÐwn pou

�a apotelèsoun th �ˆsh eikìnwn me tic opoÐec �a sugkrijeÐ h query image .

Autì gÐnetai diìti mporeÐ na upˆrqoun peript¸seic pou eÐnai protimhtèo

na gÐnei h sÔgkrish me èna uposÔnolo thc �ˆshc eikìnwn. O kajorismìc

twn onomˆtwn twn arqeÐwn XML gÐnetai eÐte apèujeÐac sth gramm  entol¸n

me to sqetikì   apìluto monopˆti touc eÐte me th qr sh tou diakìpth 

i <�le_with_list_of_XML_�les> me to ìnoma tou arqeÐou pou leitourgeÐ wc

lÐsta me ta monopˆtia twn XML arqeÐwn.

H arqik  kai �asik  sunˆrthsh pou kaleÐtai ed¸ eÐnai h process tou

antikeimènou Byakugan . Skopìc eÐnai na �ort¸sei apì to dÐsko ta arqe-

ÐaXML pou orÐsthkan prohgoumènwc, na anakataskeuˆsei to sÔnolo twn

TrainingSets kai twn TrainingImages kajenìc apì autˆ kai sth sunèqeia

na epitelèsei th leitourgÐa thc antistoÐqishc kai na �rei thn e ikìna apì th

�ˆsh eikìnwn pou moiˆzei perissìtero sthn eikìna-er¸thsh.

H diadikasÐa �ìrtwshc apì to dÐsko twn XML arqeÐwn gÐnetai me th

�o jeia thc loadFromArchive thc klˆshc TrainingSet . To pr¸to prˆgma

pou elègqei eÐnai an ta arqeÐa XML eÐnai sumpiesmèna, pou upì kanonikèc

sunj kec �a eÐnai. Katìpin, ta aposumpièzei an qreisteÐ, kai ta �ort ¸nei

sth mn mh ìpou pˆli me th �o jeia thc �iblioj khc TinyXML akoloujeÐ h

apokwdikopoÐhsh touc. Fusikˆ, ta shmeÐa endiafèrontoc kai perigra feÐc

pou exˆqjhkan apì ton SURF katˆ th diˆrkeia thc leitourgÐac thc sˆrwshc

pou èqei prohghjeÐ, eÐnai ètoima kai de qreiˆzetai na xana-upolog istoÔn. To

gegonìc autì epitaqÔnei se megˆlo �ajmì th sunolik  diadikasÐa.

Metˆ to pèrac thc loadFromArchive gia kˆje TrainingSet , to Byakugan

diajètei sth mn mh tou anakataskeuasmènec ìlec tic TrainingImages mazÐ

me ta upologismèna dedomèna touc. H �o  ektèleshc sthn process suneqÐzei
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kai seirˆ èqei h polupìjhth leitourgÐa thc antistoÐqishc. H eikì na-er¸thsh

pernˆei wc ìrisma sth sunˆrthsh match tou ekˆstote TrainingSet kai autì

me th seirˆ tou kaleÐ thn match apì kˆje enswmatwmènh TrainingImage .

H kˆje TrainingImage energopoieÐ to kajolikì antikeÐmeno Matcher , �or-

t¸nei se autì ta dedomèna thc, dhlad  ta shmeÐa endiafèrontoc kai touc

perigrafeÐc kai metˆ kaleÐ th �asik  sunˆrthsh antistoÐqishc doQuery .

H doQuery katˆrqˆc prèpei na upologÐsei, mèsw tou SURF ta shmeÐa en-

diafèrontoc kai touc perigrafeÐc apì thn eikìna-er¸thsh. Fusikˆ , gia thn

eikìna sÔgkrishc pou �rÐsketai sthn TrainingImage , kˆti tètoio de qreiˆze-

tai afoÔ ta stoiqeÐa  tan  dh upologismèna apì prin kai aplˆ �ort¸jhka n

ètoima sth mn mh apì to antÐstoiqo XML arqeÐo. EpÐshc, o upologismìc

twn dedomènwn gia thn eikìna-er¸thsh qreiˆzetai na gÐnei mÐa kai mì no �orˆ

afoÔ aut  den allˆzei kaj'ìlh th diˆrkeia ektèleshc tou progrˆ mmatoc.

Sth sunèqeia, upˆrqoun dÔo epilogèc wc proc ton trìpo thc sÔgkrishc

twn perigrafèwn : h mÐa aforˆ sthn antistoÐqish emprìc-pÐsw kai h ˆll h

sthn klassik  apl  antistoÐqish. To Byakugan qrhsimopoieÐ thn pr¸th

apì proepilog  gia lìgouc prostijèmenhc akrÐbeiac. To èrgo autì epit e-

leÐ h crossCheckMatching tou utils.cc . Se kˆje perÐptwsh, o algìrijmoc

antistoÐqishc eÐnai �asismènoc sthn ulopoÐhsh tou OpenCV gia to FLANN 

Fast Library for Approximate Nearest Neighbours [12 ]. H �iblioj kh aut 

epilègei ton kalÔtero dunatì algìrijmo eswterikˆ gia mia gr gorh pr oseg-

gistik  anaz thsh �ˆsh tou kontinìterou geÐtona.

Katìpin, upologÐzetai h omografÐa ( homography ) �ˆsh tou RANSAC 

RANdom SAmple Consensus , miac epanalhpthtik  mejìdou ¸ste na exa-

leifjoÔn ta shmeÐa outliers , dhlad  ta shmeÐa ekeÐna akraÐwn tim¸n pou

statistikˆ mˆllon den an koun sto set me ta upìloipa. To � ma autì exa-

�anÐzei èna pl joc lanjasmènwn antistoiqÐwn pou �rèjhkan sthn proh go-

Ômenh �ˆsh tou matching . Telikˆ to pl joc twn "pragmatik¸n" shmeÐwn

antistoÐqishc, epistrèfontai wc apotèlesma apì thn doQuery .

To apotèlesma autì to epistrèfei h TrainingImage sto antÐstoiqo Trai

ningSet sto opoÐo an kei. 'Etsi, h sunˆrthsh match tou TrainingSet a-

�oÔ sullèxei ta apotelèsmata autˆ gia kˆje enswmatwmènh TrainingImage

tou, xekinˆei th diadikasÐa taxinìmhshc touc. H diadikasÐa ed¸ eÐnai apl  :

�rÐsketai h eikìna pou èdwse ta kalÔtera apotelèsmata, dhlad  aut  me
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to mègisto pl joc shmeÐwn antistoÐqishc. To kˆje TrainingSet katˆutìn ton

trìpo �a epistrèyei sto antikeÐmeno Byakugan thn "kalÔterh" eikìna tou,

dhlad  aut  pou prosèggize perissìtero thn eikìna-er¸thsh.

To teleutaÐo stˆdio tou process mode eÐnai h sullog  twn "kalÔterwn"

eikìnwn aut¸n apì to singleton Byakugan kai h efarmog  miac epiplèon

taxinìmhshc, me thn Ðdia pˆli logik  ìpwc prin. AnazhteÐtai h "kalÔte rh"

twn "kalÔterwn" eikìnwn, dhlad  aut  pou èqei kajolikˆ ta perissìte ra

shmeÐa endiafèrontoc. H eikìna aut  dÐnetai wc h telik  apˆnthsh apì to

Byakugan proc to qr sth me th qarakthristik  gramm  exìdou :

Best match: <path_to_image>

Ed¸ telei¸nei h perigraf  kai tou mode epexergasÐac tou sust matoc

mac kai mazÐ me aut  kai h perigraf  tou pur na tou Byakugan . Pro-

qwroÔme t¸ra, sthn anˆlush twn ˆllwn dÔo shmantik¸n sustatik¸n mer¸n

tou.

3.4 Byakugan Web Server

O exuphretht c istoÔ ( web server ) tou sust matoc mac, èqei wc skopì

thn parˆllhlh exuphrèthsh diktuak¸n ait sewn gia th metaforˆ eikìn wn-

er¸thsh ( (query imagec) apì tic kinhtèc suskeuèc Android twn qrhst¸n sth

diˆjesh tou Byakugan Core ¸ste na gÐnei h anˆlush touc. H gl¸ssa pro-

grammatismoÔ Python mac èdwse ètoimamodules gia thn eÔkolh kai sÔnto-

mh suggraf  tou sugkekrimènou logismikoÔ.

O server mac, akoÔei apì proepilog  sto port 8000 gia HTTP POST

ait seic. 'Otan lˆbei kˆpoia aÐthsh, xekinˆei xeqwristì n ma e ktèleshc

(thread ) gia thn exuphrèthsh thc. Anazhtˆei to pedÐo up�le mèsa sthn

kefalÐda ( header ) tou HTTP pakètou kai antigrˆfei to perioqìmeno pou

akoloujeÐ, se èna proswrinì arqeÐo me monadikì ìnoma ston �ˆkelo /tmp

tou sust matoc. EÐnai prosumfwnhmèno sto prwtìkollo epikoinwnÐac me-

taxÔ tou server mac kai twn pelat¸n ( clients ) pou stèlnoun se autìn, pwc

to perieqìmeno thc eikìnac �a eÐnai kwdikopoihmèno me to gnwstì sq m a

Base64 . Autì eÐnai anagkaÐo gia thn katˆllhlh kai swst  metaforˆ duadi-

koÔ arqeÐou (binary �le ) mèsw tou HTTP, afoÔ to arqeÐo katˆutìn ton trìpo
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anaparÐstatai mèsw enìc megˆlou ASCII string . Epomènwc, prin grafteÐ sto

dÐsko to arqeÐo, gÐnetai pr¸ta h apokwdikopoÐhsh tou wc proc to Base64 .

Sth sunèqeia, o exuphretht c ekteleÐ sto Ðdio n ma èna stigmiìtupo t ou

Byakugan Core se process mode dÐnontac wc ìrisma gia thn eikìna-er¸thsh

to monopˆti tou arqeÐou pou mìlic apokwdikopoÐhse kai apoj keuse pro-

swrinˆ sto dÐsko. Parˆllhla, anoÐgei mèsw pipe , tou gnwstoÔ trìpou endo-

epikoinwnÐac twn diergasÐwn (IPC  Interprocess Communication ) se Unix

based sust mata, to �eÔma exìdou kai laj¸n ( output and error streams )

tou Byakugan Core . 'Etsi, �a mporèsei na diabˆsei thn apˆnthsh pou dÐnei

o pur nac tou Byakugan wc èxodo Ôstera apì thn anˆlush pou �a kˆnei

sthn eikìna-er¸thsh. Qrhsimopoi¸ntac aplèc teqnikèc lektik c a nˆlushc

(parsing ) kanonik¸n ekfrˆsewn ( regular expressions ), exˆgei apì th gramm 

Best match: <path_to_image> pou anafèrame prohgoumènwc, to monopˆti

thc "kalÔterhc" eikìnac pou antistoiqeÐ me thn eikìna-er¸thsh.

To ìnoma thc kalÔterhc eikìnac aut c, stèlnei wc apˆnthsh pÐsw ston

pelˆth pou èkane thn aÐthsh. 'Etsi, oloklhr¸netai h leitourgÐa t ou kˆje

n matoc pou ekteleÐtai parˆllhla ston exuphretht .

3.5 Byakugan Client

O pelˆthc apoteleÐtai apì thn Android efarmog , h opoÐa mporeÐ na trèxei

se opoiad pote "èxupnh" kinht  suskeu  diˆjetei logismikì Android èkdo-

shc 2.2 kai ˆnw. Skopìc thc eÐnai na d¸sei mia eÔkolh diepaf  sto qr s th

¸ste na mporeÐ na �gˆzei �wtografÐec mèsw thc kˆmerac tou kinhtoÔ, na

automatopoi sei th diadikasÐa apostol c touc proc ton Byakugan Server

kai katìpin na lˆbei thn apˆnthsh, pou �a eÐnai to ìnoma thc eikìn ac pou

tairˆzei kalÔtera sth �wtografÐa, apì autìn kai na thn parousiˆsei s to

qr sth.

H efarmog  mac eÐnai grammènh se Java qrhsimopoi¸ntac parˆllhla

tic �iblioj kec pou eÐnai aparaÐthtec gia th leitourgÐa thc sth n platfìrma

tou Android . To kurÐwc prìgramma �rÐsketai sqedìn ìlo sto arqeÐo Mai

nActivity.java pou perièqei kai th �asik  klˆsh ( MainActivity ). H ènnoia

tou Activity sto Android anafèretai praktikˆ se èna parˆjuro diepaf c

me to opoÐo mporeÐ na allhlepidrˆsei ˆmesa o qr sthc. H sugkekrimènh,
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¸ntac kai h kentrik , perièqei arketèc �ohjhtikèc sunart seic me tic opoÐec

epitugqˆnei tic htoÔmenec automatopoi seic pou proanafèrjhkan. Sug ke-

krimèna :

1. onCreate : h �asikìterh sunˆrthsh, pou kaleÐtai me to pou dhmiour-

ghjeÐ to ekˆstote Activity sto opoÐo anafèretai. To grafikì peri-

�ˆllon tou parajÔrou prokÔptei apì thn kl sh thc setContentVie

w(R.layout.main) h opoÐa anasÔrei to perieqìmeno tou arqeÐou res/la

yout/main.xml kai �tiˆqnei to parˆjuro sÔmfwna me tic XML odhgÐec.

1 <?xml version =" 1.0 " encoding= " utf � 8" ?>

2 <LinearLayout xmlns:android= " ht tp: //schemas . android .com/apk/res/android "

3 android:or ientat ion= " ve r t i ca l "

4 android:layout_width= " f i l l _ p a r e n t "

5 android:layout_height= " f i l l _ p a r e n t " android:background= "@drawable/byakugan"

6 >

7

8 <Button

9 android: id= "@+id/camera_button "

10 android:layout_width= " f i l l _ p a r e n t "

11 android:layout_height= " wrap_content "

12 android:text= " @string/camera_button_text " />

13

14 <ImageView android:layout_weight= "2"

15 android:contentDescription= " @string/descr ipt ion "

16 android: id= "@+id/imageview "

17 android:layout_width= " f i l l _ p a r e n t "

18 android:layout_height= "0dp" />

19

20 <ProgressBar

21 android: id= "@+id/pbDefault "

22 android:layout_width= " f i l l _ p a r e n t "

23 android:layout_height= " wrap_content "

24 s ty le= " @android:style/Widget . ProgressBar . Horizontal "

25 and ro i d : v i s i b i l i t y= " i nv i s i b l e "

26 />

27 </LinearLayout>

SÔmfwna me ta parapˆnw, dhmiourgeÐtai èna parˆjuro, me back

ground eikìna pou proèrqetai apì to arqeÐo drawable/byakugan ,

èna koumpÐ (button ) pat¸ntac to opoÐo o qr sthc ekkineÐ thn kˆmera

tou kinhtoÔ kai mÐa mpˆra proìdou ( progress bar ) h opoÐa �a deÐqnei

proseggistikˆ to qrìno pou apaiteÐtai mèqri na lˆboume apˆnthsh a-

pì ton exuphretht . Sthn eikìna 3.4 �aÐnontai ìla ta parapˆnw plhn
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thc mpˆrac, afoÔ aut  emfanÐzetai afoÔ o qr sthc trab xei th �wto-

grafÐa kai h efarmog  arqÐsei thn epikoinwnÐa me ton web server .

Oi epìmenec grammèc k¸dika thc paroÔsac sunˆrthshc dhmiourgoÔn

ènanOnClickListener , dhlad  orÐzoun thn callback function (onClick)

pou �a klhjeÐ sthn perÐptwsh event triggering pou sthn prokeimènh

perÐptwsh aforˆ sto pˆthma tou koumpioÔ "Take Picture" .

2. onCreateOptionsMenu : sunˆrthsh pou dhmiourgeÐ to menoÔ me tic dia-

�èsimec epilogèc, ìtan o qr sthc pat sei to ( hardware ) koumpÐmenu

pou upˆrqei se kˆje suskeu  Android . To menoÔ to anasÔrei apì

to res/menu/menu.xml kai sth dik  mac perÐptwsh aforˆ stic pro-

tim seic ( Preferences ) pou mporeÐ na �èsei o qr sthc. H mình dia-

�èsimh epilog  sthn paroÔsa èkdosh èqei na kˆnei me th �Ôjmish thc

dieÔjunshc IP kai tou port tou Byakugan web server me ton opoÐo �a

epikoinwn sei h efarmog  mac.

1 <?xml version =" 1.0 " encoding= " utf � 8" ?>

2 <menu xmlns:android= " ht tp: //schemas . android .com/apk/res/android " >

3 <item android: id= "@+id/prefs " andro id : t i t l e= " @string/p re f sT i t l e " ></item>

4

5

6 </menu>

3. onOptionsItemSelected : h sunˆrthsh aut  èqei ˆmesh sqèsh me thn

prohgoÔmenh pou perigrˆyame, afoÔ prospelˆunei tic diajèsimec

epilogèc tou menoÔ kai kaleÐ antistoÐqwc ton katˆllhlo handler . Sthn

perÐptwsh twn Preferences aplˆ kaleÐ thn PrefsActivity , mia diepaf 

pou parousiˆzei tic protim seic pou mporeÐ na �èsei o qr sthc. Oi

epilogèc autèc anasÔrontai apì to arqeÐo res/xml/prefs.xml ìpwc

�aÐnetai apì to PrefsActivity.java . Autì eÐnai mia akìma eukolÐa pou

mac parèqei h platfìrma tou Android wc proc thn automatopoÐhsh

tetrimmènwn diadikasi¸n ìpwc aut .
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Sq ma 3.4: H �asik  diepaf  me thn opoÐa allhlepidrˆ o qr sthc sthn Android
efarmog .
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1 <?xml version =" 1.0 " encoding= " utf � 8" ?>

2 <PreferenceScreen xmlns:android= " ht tp: //schemas . android .com/apk/res/android " >

3 <EditTextPreference andro id : t i t l e= " @string/server_ip_addr " android:key= "  -
server_ip " android:summary= " @string/ip_summary" />

4

5

6 </PreferenceScreen>

4. createHttpClient : �ohjhtik  sunˆrthsh pou arqikopoieÐ katall lwc

paramètrouc kai metablhtèc gia thn klˆsh HttpClient pou qrhsimo-

poioÔme apì to pakèto tou Apache  org.apache.http gia to tm ma thc

efarmog c pou prèpei na steÐlei thn HTTP POST aÐthsh.

5. convertResponseToString : �ohjhtik  sunˆrthsh pou metatrèpei thn

apˆnthsh pou �a lˆbei h efarmog  apì ton exuperhtht  istoÔ se

morf  katˆllhlh gia emfˆnish se parˆjuro thc diepaf c.

6. onActivityResult : ed¸ epistrèfei h �o  ektèleshc, katìpin thc epitu-

qoÔc l yhc thc �wtografÐac apì to qr sth. To arqeÐo pou perièqei

th �wtografÐa �ort¸netai, h eikìna allˆzei klÐmaka kai sumpièzetai

�ˆsh tou protÔpou JPEG ¸ste to mègejoc na eÐnai arketˆ mikrì kai

tèloc kwdikopoieÐtai se ASCII string mèsw tou gnwstoÔ sq matoc Ba

se64. Sth sunèqeia, to �eÔma ( stream ) autì apì bytes analambˆnei na

to diaqeiristeÐ h enswmatwmènh klˆsh PostToServer pou perigrˆfou-

me akrib¸c apì kˆtw.

H enswmatwmènh klˆsh PostToServer , ìpwc marturˆei kai to Ðdio to ìno-

ma thc, èqei wc skopì thn apostol  thc �wtografÐac, pou sto stˆdio autì

èqei metatrapeÐ se èna sÔnolo apì diadoqikˆ bytes katˆllhla gia diadi-

ktuak  metaforˆ, ston Byakugan web server . Mia axioshmeÐwth idiìthtˆ

thc eÐnai ìti leitourgeÐ asÔgqrona, dhlad  anexˆrthta kai parˆ llhla me

thn upìloiph efarmog . Autì gÐnetai efiktì mèsw thc leitourgÐac Asy

ncTask pou parèqei to Android kai prìkeitai gia mia aplousteumènh mor-

�  threading . H diadikasÐa ed¸ xekinˆei me thn dhmiourgÐa enìc HttpClient

me qr sth thc createHttpClient pou perigrˆyame prohgoumènwc. Sth su-

nèqeia, �ort¸nontai h IP address kai to port tou exuphretht  apì tic proti-

m seic ( Preferences ) tou qr sth   an autèc den èqoun allˆxei, qrhsimopoio-

Ôntai oi "ergostasiakèc" �ujmÐseic. Katìpin, dhmiourgeÐtai to pak èto thc
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HTTP POST aÐthshc, sto opoÐo enswmat¸netai h Base64 -kwdikopoihmènh

�wtografÐa sto pedÐo up�le . H gramm  "HttpResponse response = htt

pclient.execute(httppost);" kˆnei dipl  ergasÐa afoÔ stèlnei thn aÐthsh au-

t  kai perimènei thn apˆnthsh tou exuphretht  thn opoÐa ìtan lˆbei � a

apojhkeÔsei sth metablht  "response" . EntwmetaxÔ, kaj'ìlh th diˆrkeia

ektèleshc twn parapˆnw, o qr sthc eÐnai eleÔjeroc na �gˆlei ki ˆll ec �w-

tografÐec, afoÔ oi ergasÐec autèc gÐnontai ìpwc eÐpame asÔgqrona, dhlad 

sto parask nio parˆllhla. To shmeÐo autì thc anamon c thc apˆnthsh c

eÐnai kai to pio qronobìro, afoÔ pèran tou qrìnou metaforˆc tou a rqeÐou

diktuakˆ kai sth sunèqeia thc metaforˆc thc apˆnthshc pÐsw ston pel ˆth,

qreiˆzetai kai kˆpoio qrìno kai to Ðdio to Byakugan Core pou �a analÔsei

thn eikìna kai �a thn sugkrÐnei me th �ˆsh eikìnwn. Par'ìla autˆ, ì pwc �a

doÔme kai sto epìmeno kefˆlaio o qrìnoc metaforˆc thc eikìnac apote leÐ

sun jwc to megalÔtero bottleneck . En¸ gÐnontai ta parapˆnw, emfanÐzetai

h mpˆra proìdou pou deÐqnei ton anamenìmeno qrìno mèqri th l yh thc

telik c apˆnthshc. H leitourgÐa thc ulopoieÐtai sthn epÐshc enswma twmènh

kai asÔgqronh klˆsh ProgressBarAsyncTask . En tèlei, h convertRespon

seToString �a metatrèyei, ìpwc eÐpame kai prin, thn HTTP apˆnthsh tou

exuphretht  se katˆllhlh morf  pou �a emfanisteÐ se plaÐsio dialìg ou

sthn kentrik  diepaf .
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Kefˆlaio 4
Ektèlesh kai Apotelèsmata

Action is the foundational key to all success.

Pablo Picasso

4.1 Eisagwg 

Sto parìn kefˆlaio, �a parousiˆsoume thn èmprakth leitourgÐa tou su-

st matoc mac kai �a analÔsoume ta apotelèsmata thc ektèleshc tou. Ja

doÔme pwc allhlepidroÔme me to Byakugan tìso se topikì epÐpedo, mèsw

tou pur na tou, ìso kai sunolikˆ, dhlad  apomakrusmèna mèsw thc ki-

nht c suskeu c kai thc efarmog c Android pou anaptÔxame. Tèloc, �a

sqoliˆsoume tic endeqìmenec proektˆseic tou kai tic dunatìthtec pou èqei

gia qr sh se poikilÐa paignÐwn.

4.2 Topik  ektèlesh tou Byakugan Core

Arqikˆ, �a doÔme ton pur na tou Byakugan en leitourgÐa topikˆ, prˆgma

pou shmaÐnei pwc �a ektelesteÐ anexˆrthta apì ton exuperhtht  istoÔ kai

thn efarmog  tou pelˆth. H topik  ektèlesh �a mac deÐxei ti pragmati kˆ

gÐnetai sto parask nio thc anˆlushc kai sÔgkrishc twn eikìnwn, ti epilogèc

èqei o diaqeirist c tou sust matoc wc proc th dhmiourgÐa thc �ˆshc e ikìnwn

47
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Sq ma 4.1: Oi diajèsimec epilogèc pou èqei o diaqeirist c tou sust mat oc Byaku
gan katˆ thn topik  ektèlesh

kai ton èlegqo thc orj c leitourgÐac tou sust matoc kaj¸c kai th g rafik 

apeikìnish thc antistoÐqishc.

4.2.1 Epilogèc leitourgÐac

'Opwc èqei analujeÐ ekten¸c sto prohgoÔmeno kefˆlaio, o pur nac tou su-

st matoc èqei dÔo �asikoÔc trìpouc leitourgÐac : to scan mode kai process

mode . Sthn eikìna 4.1 �aÐnontai to sÔnolo twn diajèsimwn epilog¸n, ìpwc

autˆ ektup¸nontai sthn ojình apì to Ðdio to prìgramma.

Ac doÔme analutikˆ ti epiteleÐ to kˆjena :

1. s: energopoÐhsh tou scan mode . H dhmiourgÐa thc �ˆshc eikìnwn

gÐnetai me autì ton trìpo.

2. p: energopoÐhsh tou process mode . H anˆlush kai sÔgkrish thc

eikìnac-er¸thsh me th �ˆsh eikìnwn gÐnetai me autì ton trìpo.

3. q <query_image> : h eikìna-er¸thsh pou �a analujeÐ katˆ to process

mode .

4. i <input_�lename : o diakìpthc autìc mac epitrèpei na orÐsoume èna

arqeÐo to opoÐo �a leitourg sei wc lÐsta kai �a perièqei se kˆje gr am-

m  to monopˆti twn �akèlwn   arqeÐwn pou �a qrhsimopoihjoÔn eÐte
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me to scan mode eÐte me toprocess mode . Sthn perÐptwsh tou scan

mode anafèretai sto sÔnolo twn �akèlwn ta opoÐa �a anazht sei to

sÔsthma gia na �rei eikìnec kai na dhmiourg sei th �ˆsh eikìnwn,

en¸ sthn perÐptwsh process mode anafèretai sta XML arqeÐa pou

perièqoun ta pro-upologismèna dedomèna thc �ˆshc eikìnwn.

5. g: energopoÐhsh thc grafik c apeikìnishc tou process mode . Se

kˆje sÔgkrish pou �a gÐnetai, �a anaparÐstantai se koinì parˆjuro

to sÔnolo twn koin¸n shmeÐwn thc eikìnac-er¸thsh me thn ekˆstote

eikìna apì th �ˆsh eikìnwn.

6. v: diakìpthc pou kajorÐzei to pìso analutik  �a eÐnai h èxodoc tou

sust matoc. AÔxhsh tou verbosity shmaÐnei pwc �a ektup¸netai para-

pˆnw plhroforÐa wc proc tic eswterikèc leitourgÐec tou sust matoc.

7. d[level] : epilog  pou kajorÐzei to epÐpedo thc plhroforÐac aposfal-

mˆtwshc, dhlad  plhroforÐec pou aposkopoÔn se kajarˆ program-

matistkˆ �èmata kai èqoun skopì na �ohj soun ston entopismì kai

epÐlush enìc endeqìmenou probl matoc leitourgÐac.

8. h : ektÔpwsh tou menoÔ ìpwc �aÐnetai sthn eikìna 4.1

9. V : ektÔpwsh thc èkdoshc tou sust matoc. H trèqousa èkdosh eÐnai

h byakugan version 1.0alpha .

4.2.2 Scan mode kai dhmiourgÐa �ˆshc eikìnwn

Ja dhmiourg soume arqikˆ mia mikr  �ˆsh eikìnwn gia na doÔme analu-

tikˆ th diadikasÐa tou scan mode . Ston �ˆkelo byakugan_server/logos

�rÐskontai eikìnec logotÔpwn apì poikÐlec mˆrkec. Ja asqolhjoÔme ar -

qikˆ me ta logos thc Adidas kai thc CocaCola . Ston �ˆkelo logos/Adi

das èqoume topojet sei dÔo parallagèc tou logotÔpou thc mˆrkac. Sto

logos/Adidas/variant1/ èqoume tic ex c eikìnec : 4.2 , 4.3 , 4.4 , 4.5 , 4.6 ,

4.7

Sto logos/Adidas/variant2/ èqoume thn eikìna 4.8

AntÐstoiqa, to logìtupo thc CocaCola me to opoÐo �a asqolhjoÔme �a-

Ðnetai sthn eikìna 4.9
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Sq ma 4.2: To �asikì logìtupo Adidas

Sq ma 4.3: FwtografÐa tou �asikoÔ logotÔpou Adidas upì kanonik  gwnÐa l yhc
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Sq ma 4.4: FwtografÐa tou �asikoÔ logotÔpou Adidas apì pio kontin  l yh

Sq ma 4.5: FwtografÐa tou �asikoÔ logotÔpou Adidas upì plˆgia gwnÐa l yhc
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Sq ma 4.6: FwtografÐa tou �asikoÔ logotÔpou Adidas apì pˆnw

Sq ma 4.7: FwtografÐa tou �asikoÔ logotÔpou Adidas apì kˆtw
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Sq ma 4.8: Mia ˆllh èkdosh tou epÐshmou logotÔpou thc Adidas

Sq ma 4.9: To epÐshmo logìtupo thc CocaCola
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Ta antÐstoiqa cnr�les pou èqoun prokataskeuasteÐ �rÐskontai ston pÐna-

ka 4.1 . Na shmei¸soume ed¸, pwc se merikèc peript¸seic, shmei¸same sko-

pÐmwc ta plaÐsia twn logotÔpwn na eÐnai tètoia ¸ste na perikleÐoun mìno

èna mèroc touc. Autì ègine gia na doÔme pwc sumperifèretai to sÔsthma

mac se aut  thn perÐptwsh kai pìsa koinˆ shmeÐa eÐnai ikanì na �rei tìt e.

Autì �a �aneÐ kai pio kˆtw ìtan �a doÔme dÐpla-dÐpla thn eikìna-er¸thsh

kai tic eikìnec me tic opoÐec sugkrÐnetai aut  mèsw tou diakìpth g pou

perigrˆyame pio pˆnw. Tìte �a gÐnei aisjhtì to ìti mèsw twn cnr�les gÐne-

tai na qrhsimopoihjeÐ èna uposÔnolo twn shmeÐwn tou logotÔpou thc kˆje

eikìnac kai epafÐetai sto diaqeirist  pou ta dhmiourgeÐ na epilèx ei poiì �a

eÐnai autì.

Ja doÔme t¸ra thn ektèlesh tou sust matoc se topikì epÐpedo se scan

mode . EnergopoioÔme thn epilog  gia na �lèpoume debugging output se

epÐpedo 4 (d4 ), pou eÐnai arketˆ katatopistikì gia na doÔme ti gÐnetai sto

parask nio thc ektèleshc. San orÐsmata dÐnoume ta sqetikˆ monopˆt ia twn

�akèlwn kaj¸c kai ton diakìpth s pou energpoieÐ to scan mode .

1 [ ithilgore@fitz byakugan_server ]$ . / byakugan � s logos / Adidas logos / Coca� Cola / � d4
2 [ + ] Scan mode .

3 Opening logos / Adidas
4 encountered a file : logos / Adidas / variant � 2

5 encountered a file : logos / Adidas / variant � 1

6 Opening logos / Adidas / variant � 2

7 encountered a file : logos / Adidas / variant � 2/. directory
8 encountered a file : logos / Adidas / variant � 2/ adidas_logo_black .cnr
9 encountered a file : logos / Adidas / variant � 2/ adidas_logo_black . jpg

10 found an image logos / Adidas / variant � 2/ adidas_logo_black . jpg
11 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 2/  -

adidas_logo_black . jpg
12 ���� corners ����
13 x : 105 y : 56

14 x : 109 y : 240

15 x : 412 y : 45

16 x : 412 y : 234

17 Identifying keypoints
18 Extracting descriptors
19 saving data to logos / Adidas / variant � 2.xml
20 Opening logos / Adidas / variant � 1

21 encountered a file : logos / Adidas / variant � 1/. directory
22 encountered a file : logos / Adidas / variant � 1/ mod2_small . jpg
23 found an image logos / Adidas / variant � 1/ mod2_small . jpg
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Adidas  4.2

x y
116 111
91 425

654 74
656 421

Adidas  4.3

x y
313 239
328 365
505 209
493 364

Adidas  4.4

x y
37 67
39 520

748 84
749 523

Adidas  4.5

x y
523 204
540 337
594 205
592 341

Adidas  4.6

x y
200 270
218 528
675 271
612 510

Adidas  4.7

x y
388 193
384 357
480 188
495 347

Adidas  4.8

x y
105 56
109 240
412 45
412 234

CocaCola  4.9

x y
42 28
25 291

838 14
814 290

PÐnakac 4.1: Suntetagmènec �ˆsh twn cnr�les
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24 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -
mod2_small . jpg

25 ���� corners ����
26 x : 37 y : 67

27 x : 39 y : 520

28 x : 748 y : 84

29 x : 749 y : 523

30 Identifying keypoints
31 Extracting descriptors
32 encountered a file : logos / Adidas / variant � 1/ mod4_small . jpg
33 found an image logos / Adidas / variant � 1/ mod4_small . jpg
34 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -

mod4_small . jpg
35 ���� corners ����
36 x : 200 y : 270

37 x : 218 y : 528

38 x : 675 y : 271

39 x : 612 y : 510

40 Identifying keypoints
41 Extracting descriptors
42 encountered a file : logos / Adidas / variant � 1/ logo2 . jpg
43 found an image logos / Adidas / variant � 1/ logo2 . jpg
44 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ logo2 .  -

jpg
45 ���� corners ����
46 x : 116 y : 111

47 x : 91 y : 425

48 x : 635 y : 87

49 x : 675 y : 436

50 Identifying keypoints
51 Extracting descriptors
52 encountered a file : logos / Adidas / variant � 1/ logo2 .cnr
53 encountered a file : logos / Adidas / variant � 1/ mod4_small .cnr
54 encountered a file : logos / Adidas / variant � 1/ mod5_small . jpg
55 found an image logos / Adidas / variant � 1/ mod5_small . jpg
56 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -

mod5_small . jpg
57 ���� corners ����
58 x : 388 y : 193

59 x : 384 y : 357

60 x : 480 y : 188

61 x : 495 y : 347

62 Identifying keypoints
63 Extracting descriptors
64 encountered a file : logos / Adidas / variant � 1/ mod1_small . jpg
65 found an image logos / Adidas / variant � 1/ mod1_small . jpg
66 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -

mod1_small . jpg
67 ���� corners ����
68 x : 313 y : 239

69 x : 328 y : 365
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70 x : 505 y : 229

71 x : 493 y : 364

72 Identifying keypoints
73 Extracting descriptors
74 encountered a file : logos / Adidas / variant � 1/ mod2_small .cnr
75 encountered a file : logos / Adidas / variant � 1/ mod3_small . jpg
76 found an image logos / Adidas / variant � 1/ mod3_small . jpg
77 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -

mod3_small . jpg
78 ���� corners ����
79 x : 523 y : 204

80 x : 540 y : 337

81 x : 594 y : 205

82 x : 592 y : 341

83 Identifying keypoints
84 Extracting descriptors
85 encountered a file : logos / Adidas / variant � 1/ mod1_small .cnr
86 encountered a file : logos / Adidas / variant � 1/ mod3_small .cnr
87 encountered a file : logos / Adidas / variant � 1/ mod5_small .cnr
88 saving data to logos / Adidas / variant � 1.xml
89 Opening logos / Coca� Cola /

90 encountered a file : logos / Coca� Cola / coca� cola . jpg
91 found an image logos / Coca� Cola / coca� cola . jpg
92 full path : / home/ ithilgore / byakugan / code / byakugan_server / logos / Coca� Cola / coca� cola . jpg
93 ���� corners ����
94 x : 42 y : 28

95 x : 25 y : 291

96 x : 838 y : 14

97 x : 814 y : 290

98 Identifying keypoints
99 Extracting descriptors

100 encountered a file : logos / Coca� Cola / coca� cola .cnr
101 saving data to logos / Coca� Cola / . xml
102 Scanning done .

ParathroÔme pwc gÐnetai anadromik  anaz thsh gia eikìnec stouc �a-

kèlouc pou d¸same. Gia kˆje mÐa apì autèc diabˆzetai to antÐstoiqo cnr

�le , en¸ �lèpoume kai thn èxodo tou kajenìc kˆtw apì thn kefalÐda "cor

ners" . Metˆ ton upologismì twn perigrafèwn, ta apotelèsmata apojhke-

Ôontai sta antÐstoiqa XML arqeÐa, ta opoÐa katìpin sumpièzontai opìte to

telikˆ onìmata twn dhmiourghjèntwn arqeÐwn eÐnai : logos/Adidas/variant

1.xml.gz , logos/Adidas/variant2.xml.gz , logos/CocaCola/.xml.gz . Se pe-

�Ðptwsh pou den proôp rqe to antÐstoiqo cnr�le , tìte �a kaloÔmastan emeÐc

pou trèxame gia pr¸th �orˆ to prìgramma na shmei¸soume ta 4 shmeÐa tou

bounding box mèsw miac ètoimhc diepaf c parajÔrou pou �a emfanizìtan

se kˆje mÐa eikìna. O qrìnoc pou p re h ektèlesh tou parapˆnw se ènan
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Intel(R) Pentium(R) M processor 2.00GHz me1 GB RAM eÐnai mìlic :

real 0m4.722s

user 0m2.626s

sys 0m0.123s

4.2.3 Ektèlesh process mode

'Eqontac dhmiourg sei mia arqik  �ˆsh eikìnwn, �a proqwr soume sthn

topik  ektèlesh tou sust matoc se process mode �lèpontac th grafik 

apeikìnish thc antistoÐqishc gia kˆje sunduasmì eikìnwn. Gia euko lÐa dh-

miourgoÔme èna arqeÐo-lÐsta pou perièqei ta sqetikˆ monopˆtia twn XML

arqeÐwn pou �a qrhsimopoi soume sa �ˆsh eikìnwn. To arqeÐo input.txt

dhlad  perièqei ta kˆtwji :

logos/Adidas/variant1.xml.gz

logos/Adidas/variant2.xml.gz

logos/CocaCola/.xml.gz

San ìrisma gia thn eikìna-er¸thsh �a d¸soume arqikˆ mia eikìna pano-

moiìtuph me thn eikìna 4.2 . EkteloÔme, ètsi, ton pur na me thn ex c entol  :

byakugan g p i input.txt q adidas.jpg

Ta apotelèsmata èqoun wc ex c :

1 [ ithilgore@fitz byakugan_server ]$ . / byakugan � p � g � i input . txt � q adidas . jpg
2 [ + ] Process mode .

3 / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ mod2_small . jpg  -
real_matches :143

4 / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ mod4_small . jpg  -
real_matches :60

5 / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ logo2 . jpg  -
real_matches :235

6 / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ mod5_small . jpg  -
real_matches :11

7 / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ mod1_small . jpg  -
real_matches :27

8 / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ mod3_small . jpg  -
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Sq ma 4.10: AntistoÐqish me th �wtografÐa 4.4 , koinˆ shmeÐa: 143

Sq ma 4.11: AntistoÐqish me th �wtografÐa 4.6 , koinˆ shmeÐa: 60

real_matches :12

9 / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 2/ adidas_logo_black .  -
jpg real_matches :71

10 / home/ ithilgore / byakugan / code / byakugan_server / logos / Coca� Cola / coca� cola . jpg real_matches  -
:5

11 Best match : / home/ ithilgore / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ logo2 .  -
jpg

12 Processing done .

ParathroÔme pwc h kalÔterh antistoÐqish ègine, ìpwc  tan anamenìme-

no, me thn prwtìtuph eikìna 4.2 . To axioshmeÐwto eÐnai to gegonìc ìti sth

sÔgkrish me thn eikìna 4.8 �rèjhke ikanopoihtikìc arijmìc koin¸n shme-

Ðwn par'ìlo pou prìkeitai gia diaforetik  ousiastikˆ eikìna kai ì qi gia

parallag  thc arqik c me alloi¸seic pou ofeÐlontai sth gwnÐa l yhc kai

to �ìrubo thc �wtografÐac ìpwc ègine stic upìloipec eikìnec. Autì eÐnai

genikˆ �etikì gegonìc kaj¸c �lèpoume ìti to sÔsthma eÐnai anjektik ì kai

se �asikèc parallagèc thc eikìnac proc sÔgkrish. (ShmeÐwsh : Ta "s kou-

pÐdia" pou �aÐnontai kˆtw apì tic eikìnec sta dexiˆ den lambˆnonta i up'ìyin
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Sq ma 4.12: AntistoÐqish me to epÐshmo logìtupo 4.2 , koinˆ shmeÐa: 235 (to
kalÔtero)

Sq ma 4.13: AntistoÐqish me th �wtografÐa 4.7 , koinˆ shmeÐa: 11 - prosoq  sto
gegonìc ìti lìgw tou periorismènou boungind box ìpwc kajorÐsthke apì to cnr�le
thc eikìnac, �rÐskontai saf¸c ligìtera shmeÐa
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Sq ma 4.14: AntistoÐqish me th �wtografÐa 4.3 , koinˆ shmeÐa: 27 - isqÔei ìti kai
sthn prohgoÔmenh sÔgkrish gia to periorismèno boungind box

Sq ma 4.15: AntistoÐqish me th �wtografÐa 4.5 , koinˆ shmeÐa: 12 - akìma pio
mikro boungind box
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Sq ma 4.16: AntistoÐqish me to logìtupo 4.8 , koinˆ shmeÐa: 71 - ikanopoihtikˆ
arketˆ koinˆ shmeÐa par'ìlo pou prìkeitai gia diaforetik  o usiastikˆ eikìna kai
ìqi gia parallag  thc arqik c me alloi¸seic pou ofeÐlontai s th gwnÐa l yhc
kai to �ìrubo thc �wtografÐac ìpwc ègine stic prohgoÔmenec e ikìnec - autì eÐnai
genikˆ �etikì gegonìc kaj¸c �lèpoume ìti to sÔsthma eÐnai an jektikì kai se �asikèc
parallagèc thc eikìnac

Sq ma 4.17: AntistoÐqish me to logìtupo 4.9 , koinˆ shmeÐa: 5 - profan¸c ta
ligìtera koinˆ shmeÐa afoÔ prìkeitai gia teleÐwc diaforeti k  eikìna
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kai den èqoun kamÐa sqèsh me thn antistoÐqish.)

O qrìnoc ektèleshc paramènei idiaÐtera qamhlìc, kai autì se èna mh -

qˆnhma ( Intel(R) Pentium(R) M processor 2.00GHz me1 GB RAM ) pou eÐnai

saf¸c palaiìterhc epoq c :

real 0m2.532s

user 0m2.117s

sys 0m0.077s

4.3 Oloklhrwmènh ektèlesh tou sust matoc Bya

kugan

Sto parìn edˆfio, �a parousiˆsoume mia oloklhrwmènh episkìphsh thc

sunolik c leitourgÐac tou sust matìc mac. Ja doÔme th diadikasÐa apì

thn arq  ìpou o qr sthc �ètei thn Android efarmog  sto kinhtì tou se lei-

tourgÐa, mèqri thn telik  l yh thc apˆnthshc apì ton exuphretht  ist oÔ

me ton opoÐo epikoinwneÐ. Gia thn paroÔsa anˆlush qrhsimopoi jhkan ta

ex c :

HTC Wild�re mobile device  Android 2.2.1

Laptop: Intel(R) Pentium(R) M processor 2.00GHz, 1 GB RAM

Stic eikìnec 4.18 kai 4.19 �lèpoume antÐstoiqa thn efarmog  Logo Hun

ter egkatesthmènh sthn proanaferjeÐsa kinht  suskeu  kai to arqikì pa-

�ˆjuro diepaf c afoÔ thn ektelèsoume.

Prin proqwr soume parapèra ìmwc, prèpei na ektelèsoume ton exuph-

�etht  istoÔ tou Byakugan ston upologist  mac kai na �ujmÐsoume thn

efarmog  na epikoinwneÐ me thn IP address pou autìc katèqei sto topikì

dÐktuo.

1

2 # i f c o n f i g j grep � w inet j cut � d" " � f10

3 192.168.1.4
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Sq ma 4.18: H efarmog  mac Logo Hunter egkatesthmènh sth kinht  suskeu 
HTC Wild�re pou qrhsimopoi same



4.3. Oloklhrwmènh ektèlesh tou sust matoc Byakugan 65

Sq ma 4.19: To arqikì parˆjuro diepaf c thc efarmog c Logo Hunter
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4

5

6 [ ithilgore@fitz byakugan_server ]$ python2 server .py
7 started httpserver . . .

Epomènwc, �ujmÐzoume thn efarmog  mac na epikoinwneÐ me thn para-

pˆnw dieÔjunsh. To port pou akoÔei o python web server ìpwc èqoume

anafèrei eÐnai to 8000 apì proepilog . H �Ôjmish gÐnetai pat¸ntac to

(hardware ) koumpÐ "menu" thc suskeu c kai epilègontac to Settings (ei-

kìnec 4.20 , 4.21 , 4.22 ).

Plèon eÐmaste ètoimoi na pat soume sto koumpÐ "Take Picture" h energo-

poÐhsh tou opoÐou �a mac metafèrei sth diepaf  thc kˆmerac tou kinht oÔ.

Apì ekeÐ �a trab xoume �wtografÐa to logìtupo thc Adidas apì plˆgia

gwnÐa l yhc gia na prostejeÐ skopÐmwc ètsi sqetik  alloÐwsh sthn eik ìna.

Sthn eikìna 4.23 �lèpoume th �wtografÐa pou trab xame me to kinhtì. 'O-

tan pat soume "Done" , tìte h efarmog  xekinˆei na stèlnei autìmata th

�wtografÐa ston web server , en¸ mporoÔme na doÔme thn prìodo sto kˆtw

mèroc thc diepaf c (eikìna 4.24 ).

O exuphretht c istoÔ mac eidoopoieÐ ektup¸nontac sqetikì m numa sthn

èxodo tou ìtan lˆbei th �wtografÐa kaj¸c kai me poiì ìnoma thn apojhk eÔei

proswrinˆ sto sÔsthma arqeÐwn. Amèswc metˆ ekteleÐ to byakugan core sta

parask nia kai ìtan èqei ètoimh thn apˆnthsh, thn ektup¸nei sthn èx odo

kai th stèlnei diktuakˆ pÐsw sthn efarmog  Android .

1

2 File received . Saved as / tmp / tmpBpq9hv
3 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -

mod2_small . jpg
4 192.168.1.2 � � [31/ May/2012 19:08:48] "POST / HTTP/1.1 " 200 �

H efarmog  lambˆnei to apotèlesma kai to emfanÐzei se parˆjuro dia-

lìgou (eikìna 4.25 ). SkopÐmwc, gia thn ¸ra èqoume af sei na emfanÐzetai

to pl rec monopˆti thc eikìnac pou �rèjhke wc h kalÔterh antistoÐqi sh gia

na mporoÔme na elègxoume kai na diapist¸soume eÔkola thn akrÐbeia tou

sust matoc mac. Autì �usikˆ mporeÐ na gÐnei pio "filikì proc to qr sth"

anˆ pˆsa stigm  me lÐgec grammèc k¸dika.

Ac dokimˆsoume t¸ra na trèxoume topikˆ to byakugan core gia na do-

Ôme analutikˆ ta apotelèsmata pou prohgoumènwc "krÔfthkan" lìgw thc
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Sq ma 4.20: To menoÔ pou emfanÐzetai pat¸ntac to om¸numo koumpÐ thc susk eu c
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Sq ma 4.21: To menoÔ protim sewn/rujmÐsewn ìpou kajorÐzoume th diktua k 
dieÔjunsh tou exuphretht  me ton opoÐon �a epikoinwn soume

paraskhniak c ektèleshc tou apì ton exuphretht  istoÔ.

1 [ ithilgore@fitz byakugan_server ]$ . / byakugan � p � i input . txt � q / tmp / tmpBpq9hv
2 [ + ] Process mode .

3 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -
mod2_small . jpg real_matches :33

4 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -
mod4_small . jpg real_matches :15

5 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 1/ logo2  -
. jpg real_matches :33

6 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -
mod5_small . jpg real_matches :7

7 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -
mod1_small . jpg real_matches :9

8 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 1/  -
mod3_small . jpg real_matches :7

9 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas / variant � 2/  -
adidas_logo_black . jpg real_matches :33

10 / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Coca� Cola / coca� cola .  -
jpg real_matches :6

11 Best match : / home/ ithilgore / thesis_papers / byakugan / code / byakugan_server / logos / Adidas /  -
variant � 1/ mod2_small . jpg

12 Processing done .
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Sq ma 4.22: Kajorismìc thc IP address kai port sÔmfwna me ta prohgoÔmena
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Sq ma 4.23: H �wtografÐa pou �gˆlame me thn kˆmera tou kinhtoÔ �a perièqe i
arket  alloÐwsh, tìso wc proc th gwnÐa l yhc ìso kai apì to �wt ismì kai ˆllec
paramorf¸seic �orÔbou.
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Sq ma 4.24: H mpˆra proìdou mac deÐqnei pìsoc qrìnoc apomènei proseggis tikˆ
mèqri th l yh thc telik c apˆnthshc.
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Sq ma 4.25: To apotèlesma emfanÐzetai se xeqwristì parˆjuro dialìgou t h stigm 
pou paralambˆnetai apì thn efarmog 
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ParathroÔme pwc up rqe ÐsopalÐa' metaxÔ twn eikìnwn 4.4 (mod2_small.jpg ),

4.2 (logo2.jpg ) kai 4.8 (adidas_logo_black.jpg ) me 33 koinˆ shmeÐa sthn kˆje

mÐa. Autì den prèpei na mac kˆnei entÔpwsh, afoÔ h eikìna 4.4 eÐnai arketˆ

poiotik  �wtografÐa tou arqikoÔ logìtupou, h 4.2 eÐnai to arqikì logìtu-

po kai h 4.8 eÐnai epÐshc epÐshmo logìtupo pou moiˆzei polÔ me to arqikì.

EpÐshc èqoume 15 koinˆ shmeÐa me thn4.6 (mod4_small.jpg ) h opoÐa eÐnai

�wtografÐa tou arqikoÔ logotÔpou allˆ me gwnÐa l yhc apì pˆnw. Gia tic

upìloipec �wtografÐec èqoume monoy fio arijmì koin¸n shmeÐwn kai autì

diìti eÐte èqoun polÔ periorismèno bounding box (skopÐmwc epilegmèno apì

mac gia kajarˆ lìgouc testing ) eÐte eÐnai teleÐwc ˆsqetec me to perieqìmeno

(p.q to logìtupo thc CocaCola me ta 6 koinˆ shmeÐa, ta pio lÐga sunolikˆ).

Ed¸ na shmei¸soume pwc h �wtografÐa pou trab xame me to kinhtì eÐnai

diastˆsewn 585 � 777 pixels kai megèjouc mìlic 82 KB lìgw sumpÐeshc, e-

pomènwc eÐnai epìmeno na èqoume akìma perissìterh ap¸leia plhroforÐac

kai ligìtera epÐ mèrouc koinˆ shmeÐa me th �ˆsh eikìnwn.

O sunolikìc qrìnoc gia ìlh thn ektèlesh di rkhse ligìtero apì 3 2 deu-

terìlepta, en¸ to megalÔtero kommˆti tou (20 perÐpou seconds ) to kata-

nˆlwse h metaforˆ thc �wtografÐac apì to kinhtì proc ton exuphretht 

istoÔ mèsw tou asÔrmatou topikoÔ diktÔou. O qrìnoc metaforˆc paramène i

èna shmantikì bottleneck kai autì kurÐwc lìgw thc �Ôshc twn asurmˆtwn

diktÔwn pou epidèqontai arketì �ìrubo kai sunep¸c sfˆlmata sta pakèta.

Par'ìla autˆ, h parallhlopoÐhsh thc efarmog c mac, pou epitrèpei sto

qr sth na pˆrei ki ˆllec �wtografÐec   na kˆnei otid pote ˆllo epij umeÐ,

en¸ metafèretai h arqik  eikìna, exoudeter¸nei en mèrei to sqeti kˆ megˆlo

qrìno anamon c.

4.4 PaÐgnia kai proektˆseic

H epoq  tou gaming layer pou kˆjetai pˆnw apì to social networking

layer pou èqtisan to Facebook kai oi paremfereÐc uphresÐec koinwni-

k c diktÔwshc, èqei �tˆsei. O idrut c tou scvngr , thc diˆshmhc social

locationbased gaming platfìrmac, Seth Priebatsch , sthn omilÐa tou sto

TED (gaming layer TED talk ) kaj¸c kai o Jesse Schell , pr¸hn Creative Di

rector tou Disney Imagineering Virtual Reality Studio me thn omilÐa tou gia
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thn auxanìmenh dieÐsdush twn paignÐwn sthn pragmatik  w  ( games invade real life )

eÐnai proˆggeloi thc anerqìmenhc epoq c aut c. H �agdaÐa exelis sìmenh

diktÔwsh me aisjht rec kai mikrèc èxupnec suskeuèc me epÐkentro Ðswc thn

isqur  kinht  suskeu  pou sqedìn ìloi plèon diajètoun, epitrèpei th me -

tatrop  twn kajhmerin¸n drasthriot twn se paÐgnia. H sullog  pìntwn

mèsw ekpl rwshc sugkekrimènwn prˆxewn (pq anakÔklwsh ìpou oi kˆdoi

skoupidi¸n �a diajètoun aisjht rec) kai h dunatìthta exargÔrwshc t ouc

sthn pragmatik  w  (pq mèsw epistrof c �ìrou) apoteloÔn eperqìmenec

drasthriìthtec thc epoq c aut c. To Byakugan mporeÐ  dh sth morf  pou

eÐnai allˆ akìma perissìtero me peraitèrw �eltÐwsh, na apotelèsei èna

kommˆti tou kìsmou autoÔ.

To sÔsthma mac, ¸ntac mia oloklhrwmènh platfìrma logismikoÔ, mpo-

�eÐ eÔkola na metatrapeÐ se paÐgnio thc logik c "kun gi �hsauroÔ" ( treasure

hunting ). O qr sthc �a kaleÐtai na perihghjeÐ se mia topojesÐa, sta pla-

Ðsia pq miac pìlhc, enìc panepisthmiakoÔ campus   miac kafetèriac, na

aniqneÔsei ta krummèna   mh logìtupa pou èqoun st sei oi etaireÐec, na

ta �wtografÐsei kai na ta steÐlei mèsw enìc topikoÔ asÔrmatou diktÔo u  

mèsw 3G klp. H ìlh diadikasÐa mporeÐ na gÐnetai pl rwc automatopoih-

mèna qˆrh sthn èxupnh anagn¸rish logotÔpwn tou Byakugan . Autì èqei

saf¸c kai epiqeirhmatikèc proektˆseic, kaj¸c parˆllhla gÐnetai d iaf mi-

sh twn en lìgw brands twn opoÐwn ta logìtupa kaleÐtai na �wtografÐsei o

qr sthc.

H mÐa ekdoq  tou paiqnidioÔ ìpou h diafhmistik  etaireÐa eÐnai apì mia

sugkekrimènh mˆrka apaiteÐ diˆforec ekdìseic tou logotÔpou thc et aire-

Ðac kai mìno, odhg¸ntac se mia sqetikˆ mikr  �ˆsh-eikìnwn. AntÐsto iqa, se

mia ˆllh ekdoq  tou paiqnidioÔ ìpou o qr sthc kaleÐtai na �wtograf Ðsei

ìsa perissìtera logìtupa (diaforetik¸n etairei¸n) mporeÐ mèsa sthn topo-

�esÐa pou orÐzetai, oi apait seic eÐnai kurÐwc wc proc th megˆlh poiki lÐa

twn eikìnwn. Par'ìla autˆ, se kˆje perÐptwsh, afoÔ oi etaireÐec   oi dia-

qeiristèc pou �a st soun ta logìtupa sthn topojesÐa (pq mèsw billboards

se mia pìlh   mèsw thc etikètac thc �iˆlhc tou anayuktikoÔ/potoÔ sthn

kafetèria) gnwrÐzoun ek twn protèrwn tic diˆforec pijanèc ekdoqèc twn �a-

sik¸n logotÔpwn, gÐnetai arketˆ eÔkolo na sumperilhfjoÔn autèc mèsa sth

�ˆsh-eikìnwn kai to mègejoc thc kai epomènwc oi endeqìmenec sugkrÐs eic na
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diathrhjoÔn sqetikˆ mikrˆ.

Oi programmatistikèc proektˆseic pou mporeÐ na lˆbei to prìgramma

mac eÐnai arketèc. Anafèroume ed¸ merikèc sunoptikˆ :

1. BeltÐwsh thc efarmog c Android me dunatìthta epilog c na stèlnetai

wc apˆnthsh kalÔterou match olìklhrh h eikìna antÐ gia to ìnoma

thc mìno.

2. Metaforˆ thc efarmog c gia kinhtèc suskeuèc kai se iOS gia iPhone

kai iPad.

3. Metaforˆ tou pur na kai se Windows .

4. BeltÐwsh tou server me dunatìthta epèktashc sto Cloud kai thn pl rh

parallhlopoÐhsh tou mèsw twn dunatot twn pou prosfèrontai apì to

"nèfoc".

5. Dunamik  enallag  ˆllwn algorÐjmwn epexergasÐac eikìnac (ìpwc

SIFT) an to sÔsthma krÐnei ìti qreiˆzetai perissìterh akrÐbeia en¸

mporeÐ na �usiˆsei mèroc thc taqÔthtac.

6. Dunatìthta qr shc ˆllwn diktÔwn pèran twn topik¸n asurmˆtwn gia

thn epikoinwnÐa me ton exuphretht  (pq 3G, apostol  eikìnac mèsw

MMS klp)
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Kefˆlaio 5
UlopoÐhsh

The person who gets the farthest is generally

the one who is willing to do and dare. The

surething boat never gets far from shore.

Dale Carnegie

5.1 Eisagwg 

Sto kefˆlaio autì, paratÐjetai o pl rhc k¸dikac thc ulopoÐhshc tou su-

st matoc mac. ParaleÐpontai ta kommˆtia twn �ibliojhk¸n (pq TinyXML,

OpenCV, Boost ) pou qrhsimopoi jhkan ètoima. To exwterikì logismikì to

opoÐo qrhsimopoi jhke gia th metˆfrash tou pur na kai den perilambˆn e-

tai mèsa sto pakèto, eÐnai :

OpenCV2.3.1

Boost C++ library 1.49

Gia ton web server qreiˆzetai :

Python 2.7.2

Gia thn efarmog  Android qrhsimopoi jhkan ta :

Android SDK 2.2

Eclipse 3.7.2

77
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5.2 Byakugan Core

5.2.1 byakugan.cc

1 #include <stdio .h>

2 #include <s td l ib .h>

3 #include <stdarg .h>

4 #include <getopt .h>

5 #include <unistd .h>

6 #include "Byakugan.h"

7 #include "ByakuganOps.h"

8

9 using namespace cv ;

10

11 s ta t i c void print_usage ( void ) ;

12 s ta t i c char *grab_next_file (FILE *inputfd , in t argc , char ** argv ) ;

13

14

15 s ta t i c void

16 print_usage ( void )

17 {

18 printf ( "byakugan \n"

19 "Usage : two modes of operation :\n"

20 " [ + ] SCAN mode\n"

21 " � scan given d i rec to r ies fo r images and compute the needed\n"

22 " � keypoints which w i l l be saved in XML format\n"

23 " ./byakugan � s <directory_1 > <directory_2 > . . . \n"

24 " ./byakugan � s � i < f i l e _ w i t h _ l i s t _ o f _ d i r e c t o r i e s >\n"

25 " [ + ] PROCESS mode\n"

26 " � compare <query_image> against a l l images which have been\n "

27 " � previously been decomposed and saved into XML � encoded format\n"

28 " ./byakugan � g � p <XML_file_1> <XML_file_2 > . . . � q <query_image>\n"

29 " ./byakugan � g � p � i < f i l e_wi th_ l i s t_o f_XML_f i les > � q <query_image>\n"

30 "OPTIONS:\n"

31 " � s : scan mode\n"

32 " � p : process mode\n"

33 " � q <query_image >: image to compare against\n"

34 " � i <input_filename : get l i s t of d i rec to r ies / f i l e s from this f i l e \n"

35 " � g : Show correspondence graph with matching keypoints\n"

36 " � v : Increase verbosi ty l e v e l ( use twice or more for greater e f f e c t ) \n"

37 " � d [ l e v e l ] : Set or increase debugging l e v e l (Up to 10 is meanin gful ) \n"

38 " � h: Pr int th is help summary page.\n"

39 " � V: Print version number\n"

40 ) ;

41

42 exit (EXIT_FAILURE ) ;

43

44 }
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45

46

47 s ta t i c char *
48 grab_next_file (FILE *inputfd , in t argc , char ** argv )

49 {

50 s ta t i c char file [1024];

51 unsigned in t file_index ;

52 in t ch ;

53

54 i f ( ! inputfd ) {

55 return ( (optind < argc ) ? argv [optind ++] : NULL) ;

56 } e lse {

57 file_index = 0;

58 while ( (ch = getc (inputfd ) ) != EOF) {

59 i f (ch == ' ' jj ch == ' \r ' jj ch == ' \n ' jj ch == ' \ t ' jj ch == ' \0 ' ) {

60 i f (file_index == 0)

61 continue ;

62 file [ file_index ] = ' \0 ' ;

63 return file ;

64 } e lse i f (file_index < s izeo f (file ) / s i zeo f ( char ) � 1) {

65 file [ file_index ++] = ( char ) ch ;

66 } e lse fatal ( "One of the f i l e i f i c a t i o n s from your input f i l e "

67 " i s too long ( > %d chars ) " , ( in t ) s i zeo f (file ) ) ;

68 }

69 file [ file_index ] = ' \0 ' ;

70 }

71 i f ( ! * file )

72 return NULL;

73 return file ;

74 }

75

76

77

78

79

80 in t

81 main ( in t argc , char ** argv ) {

82

83 FILE *inputfd = NULL;

84 char *file = NULL;

85 char *file_copy = NULL;

86 in t arg ;

87 in t option_index ;

88 extern char *optarg ;

89 extern in t optind ;

90 struct option long_options [ ] =

91 {

92 { "scan " , no_argument , 0 , ' s ' } ,

93 { " process " , no_argument , 0 , ' p ' } ,

94 { " version " , no_argument , 0 , ' V ' } ,

95 { " verbose " , no_argument , 0 , ' v ' } ,
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96 { "debug" , optional_argument , 0 , ' d ' } ,

97 { " help " , no_argument , 0 , ' h ' } ,

98 {0 , 0 , 0 , 0}

99 } ;

100

101 i f (argc < 2)

102 print_usage ( ) ;

103

104 / * Argument parsing * /

105 optind = 1;

106 while ( (arg = getopt_long_only (argc , argv , "d : hi : gpq : sv : : V" ,

107 long_options , &option_index ) ) != EOF) {

108 switch (arg ) {

109

110 case 0:

111 break ;

112 case ' d ' : / * debugging output l e v e l * /

113 i f (optarg && isdigit (optarg [ 0 ] ) ) {

114 o� >debugging = o� >verbose = atoi (optarg ) ;

115 } e lse {

116 const char *p ;

117 o� >debugging ++;

118 o� >verbose ++;

119 for (p = optarg != NULL ? optarg : " " ; *p == ' d ' ; p++) {

120 o� >debugging ++;

121 o� >verbose ++;

122 }

123 i f (* p != ' \0 ' )

124 fatal ( " Inva l id argument to � d : \"%s \ " . " , optarg ) ;

125 }

126 break ;

127 case ' h ' : / * help * /

128 print_usage ( ) ;

129 break ;

130 case ' i ' :

131 i f (inputfd ) {

132 fatal ( "Only one input filename allowed " ) ;

133 }

134 i f ( !strcmp (optarg , "� " ) ) {

135 inputfd = stdin ;

136 } e lse {

137 inputfd = fopen (optarg , " r " ) ;

138 i f ( ! inputfd ) {

139 fatal ( " Fai led to open input f i l e %s for reading " , optarg ) ;

140 }

141 }

142 break ;

143 case ' g ' : / * show correspondence img with matching keypoints * /

144 o� >show_graph = true ;

145 break ;

146 case ' p ' : / * process mode * /
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147 o� >process = true ;

148 break ;

149 case ' q ' : / * query image for process mode * /

150 o� >query = strndup (optarg , strlen (optarg ) ) ;

151 break ;

152 case ' s ' : / * scan mode * /

153 o� >scan = true ;

154 break ;

155 case ' V ' : / * show version * /

156 printf ( " \nbyakugan version 1.0alpha\n" ) ;

157 exit (EXIT_SUCCESS) ;

158 break ;

159 case ' v ' : / * verbosi ty l e v e l * /

160 i f (optarg && isdigit (optarg [ 0 ] ) ) {

161 o� >verbose = atoi (optarg ) ;

162 } e lse {

163 const char *p ;

164 o� >verbose ++;

165 for (p = optarg != NULL ? optarg : " " ; *p == ' v ' ; p++)

166 o� >verbose ++;

167 i f (* p != ' \0 ' )

168 fatal ( " Inva l id argument to � v : \"%s \ " . " , optarg ) ;

169 }

170 break ;

171 case ' ? ' : / * error * /

172 print_usage ( ) ;

173 }

174 }

175

176 i f (o� >scan && o� >process )

177 fatal ( "You can speci fy e i ther only ' process ' (� p ) mode or ' scan ' (� s ) mode!\n" ) ;

178

179 i f (o� >query && ! o� >process )

180 fatal ( "You have spec i f ied a query image without speci fy ing ' process ' (� p ) mode!\n" ) ;

181

182 i f (o� >process && ! o� >query )

183 fatal ( "You have spec i f ied ' process ' (� p ) mode spec i f ied and NO query ( � q ) image!\n" )  -
;

184

185 while ( (file = grab_next_file (inputfd , argc , argv ) ) ) {

186

187 file_copy = strndup (file , strlen (file ) ) ;

188 Byakugan : : byakugan ( )� >files .push_back (file_copy ) ;

189

190 }

191

192 i f (o� >scan && Byakugan : : byakugan ( )� >files .empty ( ) )

193 fatal ( "You have spec i f ied scan mode and zero d i rec to r ies to scan !\ n" ) ;

194

195 i f (o� >process && Byakugan : : byakugan ( )� >files .empty ( ) )

196 fatal ( "You have spec i f ied process mode and zero f i l e s to process !\ n" ) ;
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197

198 i f (o� >scan ) {

199 Byakugan : : byakugan ( )� >scan ( ) ;

200 exit (EXIT_SUCCESS) ;

201 }

202

203 Byakugan : : byakugan ( )� >process ( ) ;

204

205

206 exit (EXIT_SUCCESS) ;

207 }

5.2.2 Byakugan.h

1 #pragma once

2 #include " Image .h"

3 #include " TrainingSet .h"

4 #include "ByakuganOps.h"

5 #include <boost/ f i lesystem .hpp>

6

7 using namespace std ;

8 using namespace cv ;

9

10 / * Byakugan is the main class and a singleton * /

11 class Byakugan {

12

13 public :

14

15 s ta t i c Byakugan *byakugan ( ) ; / * get instance * /

16

17 / *
18 * Process mode:

19 * Loads saved and decomposed images from XML f i l e s as created b y the

20 * scan ( ) function and then compares them against the query ima ge as

21 * spec i f ied by user input ( � q ) .

22 * /

23 in t process ( void ) ;

24

25 / *
26 * Recursively scans a l l d i rec to r ies as previously spec i f ied by user

27 * input and saved into " f i l e s " and then searches for images . Fo r each

28 * directory i t makes a TrainingSet out of the images and then cr eates an

29 * XML f i l e with computed keypoints and descr iptors fo r each se t .

30 * /

31 void scan ( void ) ;

32

33 vector <char * >files ; / * d i rec to r ies / f i l e s to scan/process images * /

34
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35 pr ivate :

36

37 Byakugan ( ) ;

38 Byakugan (Byakugan const &) { } ;

39 Byakugan & operator =(Byakugan const &) { } ;

40 ˜ Byakugan ( ) ;

41 s ta t i c Byakugan *instance ; / * instance * /

42

43 / *
44 * recursive use by scan function

45 * /

46 void scan_internal (fs : : path dir , in t level ) ;

47

48 SurfFeatureDetector * detector ;

49 SurfDescriptorExtractor * extractor ;

50 in t max_levels ; / * maximum leve l s of recursive di rectory scanning * /

51 Image query ; / * query image * /

52 Image gray ;

53 vector <TrainingSet * > trainingSets ;

54

55 } ;

5.2.3 Byakugan.cc

1 #include "Byakugan.h"

2

3 / * singleton * /

4 Byakugan *Byakugan : : instance = NULL;

5

6

7 Byakugan *Byakugan : :

8 byakugan ( )

9 {

10

11 i f ( ! instance )

12 instance = new Byakugan ( ) ;

13

14 return instance ;

15 }

16

17

18 Byakugan : :

19 Byakugan ( )

20 {

21

22 double hessianThreshold = 400;

23 in t octaves = 3;

24 in t octaveLayers = 4;
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25 detector = new SurfFeatureDetector (hessianThreshold , octaves , octaveLayers ) ;

26 extractor = new SurfDescriptorExtractor ( ) ;

27 max_levels = 10;

28

29 }

30

31

32

33 Byakugan : :

34 ˜ Byakugan ( )

35 {

36 for ( in t i = 0; i < trainingSets .size ( ) ; i ++) {

37 delete trainingSets [ i ] ;

38 }

39

40 }

41

42

43 / *
44 * Scan mode:

45 * Recursively scans a l l d i rec to r ies as previously spec i f ied by user

46 * input and saved into " f i l e s " and then searches for images . Fo r each

47 * directory i t makes a TrainingSet out of the images and then cr eates an

48 * XML f i l e with computed keypoints and descr iptors fo r each se t .

49 * /

50 void Byakugan : :

51 scan ( void )

52 {

53 printf ( " [ + ] Scan mode.\n" ) ;

54

55 for ( in t i = 0; i < files .size ( ) ; i ++) {

56 scan_internal (fs : : path (files [ i ] ) , 0) ;

57 }

58

59 printf ( "Scanning done.\n" ) ;

60

61 }

62

63

64 / *
65 * recursive use by scan function

66 * /

67 void Byakugan : :

68 scan_internal (fs : : path dir , in t level )

69 {

70

71 i f (level > max_levels )

72 return ;

73

74 / * make a TrainingSet out of the images in th is d i rectory * /

75 TrainingSet set ;
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76 set .setFeatureDetector (detector ) ;

77 set .setDescriptorExtractor (extractor ) ;

78

79 set . loadFromDirectory (dir .string ( ) ) ;

80 set .save ( ) ;

81

82 fs : : directory_iterator end_iter ;

83 for (fs : : directory_iterator dir_itr (dir ) ; dir_itr != end_iter ; ++dir_itr ) {

84 i f (fs : : is_directory (dir_itr � >path ( ) ) ) {

85 scan_internal (dir_itr � >path ( ) , level + 1) ;

86 }

87 }

88

89 }

90

91

92 / *
93 * Process mode:

94 * Loads saved and decomposed images from XML f i l e s as created b y the

95 * scan ( ) function and then compares them against the query ima ge as

96 * spec i f ied by user input ( � q ) .

97 * /

98 in t Byakugan : :

99 process ( void )

100 {

101 Mat input_image ;

102

103 printf ( " [ + ] Process mode.\n" ) ;

104

105 / * read in input image to compare against * /

106 input_image = imread (o� >query , 0) ;

107 query .useMat (input_image ) ;

108

109 for ( in t i = 0; i < files .size ( ) ; i ++) {

110 TrainingSet * set = new TrainingSet ( ) ;

111

112 set � >setFeatureDetector (cv : : FeatureDetector : : create ( "SURF" ) ) ;

113 set � >setDescriptorExtractor (cv : : DescriptorExtractor : : create ( "SURF" ) ) ;

114

115 set � >loadFromArchive (files [ i ] ) ;

116 trainingSets .push_back (set ) ;

117 }

118

119 vector <TrainingSet * >:: iterator it ;

120 in t i = 0;

121 for (it = trainingSets .begin ( ) ; it != trainingSets .end ( ) ; it ++) {

122

123 i f (o� >verbose )

124 printf ( " i : %d, images_count : %d\n" , i , (* it )� >images .size ( ) ) ;

125

126 i ++;
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127 }

128

129

130 / * vector holding the best matches from each Training Set � each index

131 * and value re fers to the index of the image of each TrainingSet that best

132 * matches the query image

133 * /

134 vector <bm>matches ;

135

136 / * process * /

137 for ( in t i = 0; i < trainingSets .size ( ) ; i ++) {

138 matches .push_back (trainingSets [ i ]� >match (query ) ) ;

139 }

140

141 vector <bm> : : iterator bm_it ;

142

143 # i f 0

144 for (bm_it = matches .begin ( ) ; bm_it != matches .end ( ) ; bm_it ++)

145 printf ( "%d %d \n" , bm_it � >index , bm_it � >matches ) ;

146 #endif

147

148 / * f ind the index of the image with the highest matching value fr om a l l

149 * images * /

150 in t max = matches [ 0 ] . matches ;

151 in t set_index = 0;

152 vector <int > : : size_type image_index = matches [ 0 ] . index ;

153

154 for ( i = 0 , bm_it = matches .begin ( ) ; bm_it != matches .end ( ) ; bm_it ++, i ++) {

155 i f (bm_it � >matches > max) {

156 max = bm_it � >matches ;

157 image_index = bm_it � >index ;

158 set_index = i ;

159 }

160 }

161

162 i f (o� >debugging )

163 printf ( " set:%d image:%d matches:%d path:%s\n" ,

164 set_index , image_index , max,

165 trainingSets [set_index ]� >images [ image_index ] . imgfile .c_str ( ) ) ;

166

167 printf ( " Best match : %s\n" , trainingSets [set_index ]� >images [ image_index ] . imgfile .c_str  -
( ) ) ;

168

169 printf ( " Processing done.\n" ) ;

170 }

5.2.4 ByakuganOps.h
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1 #pragma once

2

3 / * User� provided options are saved into th is singleton class * /

4 class ByakuganOps {

5 public :

6

7 s ta t i c ByakuganOps * get_instance ( ) ;

8

9 in t verbose ; / * verbosi ty l e v e l * /

10 in t debugging ; / * debugging l e v e l * /

11 bool scan ; / * scan mode * /

12 bool process ; / * process mode * /

13 char *query ; / * query image filename * /

14 bool show_graph ; / * show correspondence img with matching keypoints * /

15

16 pr ivate :

17 ByakuganOps ( ) ;

18 ByakuganOps (ByakuganOps const &) { } ;

19 ByakuganOps & operator =(ByakuganOps const &) { } ;

20 ˜ ByakuganOps ( ) ;

21 s ta t i c ByakuganOps *ops_instance ; / * instance * /

22

23 } ;

24

25 extern ByakuganOps * o ;

5.2.5 ByakuganOps.cc

1 #include "ByakuganOps.h"

2 #include <stddef .h>

3

4 / * singleton * /

5 ByakuganOps *ByakuganOps : : ops_instance = NULL;

6

7 ByakuganOps : :

8 ByakuganOps ( )

9 {

10 verbose = 0;

11 debugging = 0;

12 scan = fa lse ;

13 process = fa lse ;

14 query = NULL;

15 show_graph = fa lse ;

16 }

17

18 ByakuganOps *ByakuganOps : :

19 get_instance ( )
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20 {

21 i f ( !ops_instance )

22 ops_instance = new ByakuganOps ( ) ;

23

24 return ops_instance ;

25

26 }

27

28 ByakuganOps * o = ByakuganOps : : get_instance ( ) ;

5.2.6 Image.h

1 #pragma once

2 #include <opencv2/opencv .hpp>

3 #include <boost/ f i lesystem .hpp>

4

5 using namespace cv ;

6 using namespace std ;

7 namespace fs = boost : : filesystem ;

8

9 class Image {

10 public :

11

12 // Constructors

13 Image ( ) { }

14 Image (Mat m) { m.copyTo (cvImg ) ; }

15 Image (Size size , in t type ) { cvImg .create (size , type ) ; }

16 Image (Size size ) { cvImg .create (size , CV_8UC3) ; }

17 Image ( in t width , in t height , in t type ) { cvImg .create (height , width , type ) ; }

18 Image ( in t width , in t height ) { cvImg .create (height , width , CV_8UC3) ; }

19

20 // Operator overloading

21 Image& operator =( const Image &other ) ;

22 Image clone ( ) { return * (new Image (cvImg .clone ( ) ) ) ; }

23

24

25 // Convenience methods

26 Size size ( ) { return cvImg .size ( ) ; }

27 in t width ( ) { return cvImg .size ( ) .width ; }

28 in t height ( ) { return cvImg .size ( ) .height ; }

29 in t channels ( ) { return cvImg .channels ( ) ; } ;

30 void convert ( in t code ) { cvtColor (cvImg , cvImg , code ) ; }

31 void add (Image &img ) { cv : : add (img .cvImg , cvImg , cvImg ) ; }

32 void dilate ( in t amt ) { cv : : dilate (cvImg , cvImg , Mat ( ) , Point (� 1, � 1) , amt ) ; }

33 void erode ( in t amt ) { cv : : erode (cvImg , cvImg , Mat ( ) , Point (� 1, � 1) , amt ) ; }

34 void blur ( in t amt ) { cv : : blur (cvImg , cvImg , Size (amt ,amt ) ) ; }

35 void invert ( ) { cv : : bitwise_not (cvImg , cvImg ) ; }

36 void equalize ( ) { equalizeHist (cvImg , cvImg ) ; }
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37 void show (string wn ) { cv : : imshow (wn, cvImg ) ; }

38 bool empty ( ) { return cvImg .empty ( ) ; }

39

40

41 // Find edges on an image

42 void canny ( double thresh1 =5, double thresh2 =50, in t aperatureSize =3, bool moreAccurate  -
= fa lse ) ;

43 void soebel ( bool xfirst =true , in t ksize =3) ;

44

45 // Apply a threshold to an image

46 void threshold ( in t t , bool inverse = fa lse ) ;

47 void adaptiveThreshold ( bool inverse =fa lse , bool gaussian =true ) ;

48

49 // Point th is image to the data in m

50 void useMat ( cv : : Mat m ) ;

51

52 // Open an image from disk

53 bool open (string filename , bool forceGrayscale = fa lse ) ;

54

55 // Write some text into the image

56 void text ( const string txt , in t x , in t y , f l o a t scale =1) ;

57

58 // Get a sect ion from another image

59 void copySectionFrom (Image src , Rect src_rect ) ;

60 void copySectionFrom (Image src , Rect src_rect , Rect dst_rect ) ;

61

62 // Copy th is image into another at a part icu lar locat ion

63 void copyInto (Image background , in t x , in t y , Image mask ) ;

64 void copyInto (Image background , in t x , in t y ) ;

65

66 // Show this image using HighGUI

67 void show (string windowname , in t x , in t y ) ;

68

69 // Get an image for each channel in th is image

70 vector <Image > split ( ) ;

71

72 // Get a matrix of the image as a l i s t of p ixe ls ( ie : 1 column, w *h rows )

73 Mat asList ( ) ;

74

75 // Set the depth of values eg . CV_8U, CV_32F

76 void setDepth ( in t newType ) ;

77

78 // Get a part icu lar number of kmeans clusters of colors

79 f l o a t * getClusters ( in t clusterCount ) ;

80

81 // Get some copies of th is image

82 vector <Image > copies ( in t num) ;

83

84 // Get a grayscale version of th is image .

85 Image getGrayscale ( ) ;

86
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87 // Get a reference to the cv : : Mat

88 Mat* getCvImg ( ) { return &cvImg ; }

89

90 //protected :

91 cv : : Mat cvImg ;

92 Rect roi ;

93 fs : : path imgfile ; // path to the image f i l e

94 } ;

5.2.7 Image.cc

1 #include " Image .h"

2

3

4 // ������������������������������������������
5 void Image : : useMat ( cv : : Mat m )

6 {

7 cvImg = m;

8 }

9

10

11 // ������������������������������������������
12 Image& Image : : operator =( const Image &other )

13 {

14 i f ( th is == &other ) // Same object?

15 return * th is ; // Yes , so skip assignment , and just return * th is .

16 other .cvImg .copyTo ( cvImg ) ;

17 return * th is ;

18 }

19

20 // ������������������������������������������
21 bool Image : : open (string filename , bool forceGrayscale )

22 {

23 in t gray = (forceGrayscale ) ? 0 : 1;

24 cvImg = cv : : imread (filename , gray ) ;

25 return !cvImg .empty ( ) ;

26 }

27

28

29 // ��������������������������������������������������� ���
30 void Image : : threshold ( in t t , bool inverse )

31 {

32 in t thresholdType = inverse ? THRESH_BINARY_INV : THRESH_BINARY;
33 cv : : threshold (cvImg , cvImg , t , 255, thresholdType ) ;

34 }

35

36 // ��������������������������������������������������� ���
37 void Image : : adaptiveThreshold ( bool inverse , bool gaussian )
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38 {

39 in t adaptiveMethod = gaussian ? ADAPTIVE_THRESH_GAUSSIAN_C: ADAPTIVE_THRESH_MEAN_C;
40 in t thresholdType = inverse ? THRESH_BINARY_INV : THRESH_BINARY;
41 cv : : adaptiveThreshold (cvImg , cvImg , 255, adaptiveMethod , thresholdType , 5 , 5) ;

42 }

43

44 // ��������������������������������������������������� ���
45 void Image : : soebel ( bool xfirst , in t ksize )

46 {

47 Sobel (cvImg , cvImg , CV_8U, (xfirst ) ?1:0 , ( xfirst ) ?0:1 , ksize ) ;

48 }

49

50 // ��������������������������������������������������� ���
51 void Image : : canny ( double thresh1 , double thresh2 , in t aperatureSize , bool moreAccurate )

52 {

53 Canny (cvImg , cvImg , thresh1 , thresh2 , aperatureSize , moreAccurate ) ;

54 }

55

56

57 // ��������������������������������������������������� ���
58 void Image : : text ( const string txt , in t x , in t y , f l o a t scale )

59 {

60 putText (cvImg , txt , Point (x , y ) , FONT_HERSHEY_PLAIN, 1 , Scalar (255 ,255 ,255) ) ;

61 }

62

63 // ��������������������������������������������������� ���
64 void Image : : copySectionFrom (Image src , Rect src_rect )

65 {

66 copySectionFrom (src , src_rect , src_rect ) ;

67 }

68

69 // ��������������������������������������������������� ���
70 Image Image : : getGrayscale ( )

71 {

72 in t code ;

73 switch (channels ( ) )

74 {

75 case 1: return this � >clone ( ) ;

76 case 3: code =CV_RGB2GRAY; break ;

77 case 4: code =CV_RGBA2GRAY; break ;

78 }

79

80 Mat gray ;

81 cvtColor (cvImg , gray , code ) ;

82 Image * grayscale = new Image (gray ) ;

83 return *grayscale ;

84 }

85

86 // ��������������������������������������������������� ���
87 void Image : : copySectionFrom (Image src , Rect src_rect , Rect dst_rect )

88 {
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89 Mat src_roi = src .cvImg (src_rect ) ;

90 Mat dst_roi = cvImg (dst_rect ) ;

91 src_roi .copyTo (dst_roi ) ;

92 }

93

94 // ��������������������������������������������������� ���
95 void Image : : copyInto (Image background , in t x , in t y , Image mask )

96 {

97 Rect bg = Rect (0 , 0 , background .width ( ) , background .height ( ) ) ;

98 Rect fg = Rect (x , y , width ( ) , height ( ) ) ;

99 Rect intersect = fg & bg ;

100

101 Mat foreground_roi = cvImg ( Rect (0 , 0 , intersect .width , intersect .height ) ) ;

102 Mat mask_roi = mask .cvImg ( Rect (0 , 0 , intersect .width , intersect .height ) ) ;

103 Mat background_roi = background .cvImg (Rect (x , y , intersect .width , intersect .height ) ) ;

104

105

106 foreground_roi .copyTo (background_roi , mask_roi ) ;

107 }

108

109

110 // ��������������������������������������������������� ���
111 void Image : : copyInto (Image background , in t x , in t y )

112 {

113 copyInto (background , x , y , Image (Mat : : ones (size ( ) , CV_8UC1) ) ) ;

114 }

115

116

117 // ��������������������������������������������������� ���
118 void Image : : show (string windowname , in t x , in t y )

119 {

120 namedWindow(windowname ) ;

121 cvMoveWindow (windowname .c_str ( ) , x , y ) ;

122 imshow (windowname , cvImg ) ;

123 }

124

125

126 // ��������������������������������������������������� ���
127 vector <Image > Image : : split ( )

128 {

129 vector <Mat> cvPlanes ;

130 vector <Image > planes ;

131 cv : : split (cvImg , cvPlanes ) ;

132 for ( in t i =0; i <cvPlanes .size ( ) ; i ++)

133 {

134 Image img (cvPlanes [ i ] ) ;

135 planes .push_back ( img ) ;

136 }

137 return planes ;

138 }

139
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140 // ��������������������������������������������������� ���
141 // TO DO: There must be a bet ter way to do th is . Maybe post on ope ncv l i s t

142 // Maybe we can elongate i t to make an extremely wide image and then rotate i t .

143 // NOTE: Not sure th is works with >1 channel images

144 Mat Image : : asList ( )

145 {

146 in t rows = cvImg . total ( ) ;

147 in t cols = 1;

148 Mat list (rows , cols , cvImg . type ( ) ) ;

149 uchar * src ;

150 uchar * dest = list .ptr ( 0 ) ;

151 for ( in t i =0; i <cvImg .size ( ) .height ; i ++) {

152 src = cvImg .ptr ( i ) ;

153 memcpy(dest , src , cvImg .step ) ;

154 dest += cvImg .step ;

155 }

156 return list ;

157 }

158

159

160 // ��������������������������������������������������� ���
161 void Image : : setDepth ( in t newType )

162 {

163 cvImg .convertTo (cvImg , newType ) ;

164 }

165

166

167 // ��������������������������������������������������� ���
168 f l o a t * Image : : getClusters ( in t clusterCount )

169 {

170 Mat list = asList ( ) ;

171 list .convertTo (list , CV_32F) ;

172

173 Mat labels (list .size ( ) , CV_8UC1) ;

174 Mat centers (clusterCount , 1 , list . type ( ) ) ;

175 TermCriteria termcrit (CV_TERMCRIT_EPS+CV_TERMCRIT_ITER, 10, 1.0) ;

176 kmeans (list , clusterCount , labels , termcrit , 3 , KMEANS_PP_CENTERS, centers ) ;

177 f l o a t * c = new f l o a t [clusterCount ] ;

178 memcpy(c , centers .ptr < f loa t >(0) , s i zeo f ( f l o a t )*clusterCount ) ;

179 return c ;

180 }

181

182 // ��������������������������������������������������� ���
183 vector <Image > Image : : copies ( in t num)

184 {

185 vector <Image > clones ;

186 for ( in t i =0; i <num; i ++) {

187 Image aCopy ( cvImg ) ;

188 clones .push_back ( aCopy ) ;

189 }

190 return clones ;
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191 }

5.2.8 TrainingImage.h

1 #pragma once

2 #define MARGIN 50

3

4 #include "Matcher .h"

5 #include " Image .h"

6 #include "ByakuganOps.h"

7 #include <boost/ f i lesystem .hpp>

8 #include <boost/algorithm/st r ing .hpp>

9 #include <fstream>

10 #include <iostream>

11

12 using namespace std ;

13 using namespace cv ;

14 namespace fs = boost : : filesystem ;

15

16 class Matcher ;

17

18

19 class TrainingImage : public Image {

20 public :

21

22 TrainingImage ( ) ;

23

24 / *
25 * Computes the ROI ( region of in te res t ) by i n t e l l i g e n t l y gath ering the

26 * user � generated data from the cnr f i l e s .

27 * I t gets the " corners " residing inside the . cnr f i l e s and comp rehends

28 * which of the coordinates correspond to which corner from

29 * top � l e f t to bottom r ight .

30 * Returns a rectangle which defines the ROI .

31 * /

32 Rect create_outline ( ) ;

33

34 / *
35 * Loads in the " corners " from the cnr f i l e , or i f i t doesn ' t ex ist , pops open

36 * a window that allows the user to mark the corners

37 * /

38 void generate_cnrfile ( ) ;

39

40 / *
41 * I f an image has a name l i ke myimage. jpg?fooblah=boo , rename i t myimage. jpg

42 * /

43 void remove_query_string ( ) ;

44
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45 / *
46 * We need to keep track of the image filename , so we overr ide the open

47 * method from Image

48 * /

49 void open (string _imgfile ) ;

50

51 / *
52 * OpenCV mouse l i s tener

53 * /

54 s ta t i c void on_mouse ( in t event , in t x , in t y , in t flags , void * param ) ;

55

56 / *
57 * loads the TrainingImage data into the Matcher and then perfo rms the

58 * query against " image"

59 * /

60 in t match (Image image ) ;

61

62 //protected :

63 fs : : path cnrfile ; // path to the corners f i l e

64 vector <KeyPoint > keypoints ;

65 Mat descriptors ;

66

67

68 Mat image_w_margin ;

69 vector <Point > corners ;

70 } ;

5.2.9 TrainingImage.cc

1 #include " TrainingImage .h"

2 #include "Matcher .h"

3

4 TrainingImage : :

5 TrainingImage ( ) {

6

7

8 }

9

10

11 / *
12 * Computes the ROI ( region of in te res t ) by i n t e l l i g e n t l y gath ering the

13 * user � generated data from the cnr f i l e s .

14 * I t gets the " corners " residing inside the . cnr f i l e s and comp rehends

15 * which of the coordinates correspond to which corner from

16 * top � l e f t to bottom r ight .

17 * Returns a rectangle which defines the ROI .

18 * /

19 Rect TrainingImage : :
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20 create_outline ( )

21 {

22

23 vector <Point > : : iterator it ;

24 in t small_x , small_y , pos_x , pos_y , big_x , big_y ;

25 in t i ;

26 Point top_left ;

27 Point bottom_right ;

28 in t width , height ;

29 Rect ret ;

30

31

32 / * f ind smallest x coordinate * /

33 small_x = corners [ 0 ] . x ;

34 for ( i = 0 , pos_x = 0 , it = corners .begin ( ) ; it != corners .end ( ) ; it ++, i ++) {

35 i f ( it � >x < small_x ) {

36 small_x = it � >x ;

37 pos_x = i ;

38 }

39 }

40

41 / * f ind smallest y coordinate * /

42 small_y = corners [ 0 ] . y ;

43 for ( i = 0 , pos_y =0, it = corners .begin ( ) ; it != corners .end ( ) ; it ++, i ++) {

44 i f ( it � >y < small_y ) {

45 small_y = it � >y ;

46 pos_y = i ;

47 }

48 }

49

50 / * top l e f t corner w i l l be a point which honors the constraint of having

51 * the smallest x and smallest y coordinates :

52 * in the example below the in tersect ing l ines of the 2 d i f f e ren t points

53 * create the top l e f t corner of our out l ine to be . C has the small est y

54 * while B has the smallest x .

55 *
56 * 0

57 * ������������������������������������� > X

58 * j

59 * j x����������������� B

60 * j j A

61 * j j

62 * j j

63 * j j

64 * j j D

65 * j C

66 * j

67 * v

68 * Y

69 * /

70 top_left . x = small_x ;
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71 top_left . y = small_y ;

72

73 i f (o� >debugging > 5) {

74 printf ( " small_x %d, pos : %d \n" , small_x , pos_x ) ;

75 printf ( " small_y %d, pos : %d \n" , small_y , pos_y ) ;

76 }

77

78 / * Now to form the rest of the rectangle , we need the biggest x and y

79 * avai lable , because in cases l i ke the above , i f point D define d the

80 * bottom r ight corner of our rectangle we would be probably los ing mportant

81 * information of the object

82 * /

83

84 / * f ind biggest x coordinate * /

85 big_x = corners [ 0 ] . x ;

86 for (it = corners .begin ( ) ; it != corners .end ( ) ; it ++) {

87 i f ( it � >x > big_x )

88 big_x = it � >x ;

89 }

90

91 / * f ind biggest y coordinate * /

92 big_y = corners [ 0 ] . y ;

93 for (it = corners .begin ( ) ; it != corners .end ( ) ; it ++) {

94 i f ( it � >y > big_y )

95 big_y = it � >y ;

96 }

97

98 bottom_right . x = big_x ;

99 bottom_right . y = big_y ;

100

101 / * calculate width and height of our rectangle * /

102 width = bottom_right . x � corners [pos_x ] . x ;

103 height = bottom_right . y � corners [pos_y ] . y ;

104

105 i f (o� >debugging > 5) {

106 printf ( " big_x %d, big_y %d\n" , big_x , big_y ) ;

107 printf ( " width : %d height : %d\n" , width , height ) ;

108 }

109

110 ret = Rect (top_left . x , top_left . y , width , height ) ;

111 return ret ;

112

113 }

114

115

116

117 / *
118 * Loads in the " corners " from the cnr f i l e , or i f i t doesn ' t ex ist , pops open

119 * a window that allows the user to mark the corners

120 * /

121 void TrainingImage : :
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122 generate_cnrfile ( )

123 {

124 corners .clear ( ) ;

125 cnrfile = imgfile ;

126 cnrfile . replace_extension ( " . cnr " ) ;

127

128 ifstream myfile ( cnrfile .string ( ) .c_str ( ) ) ;

129 i f (myfile . is_open ( ) ) {

130 string line ;

131 while (myfile .good ( ) ) {

132

133 getline (myfile , line ) ;

134

135 i f ( ! line .empty ( ) ) {

136 Point p ;

137 stringstream ss (line ) ;

138 ss >> p . x >> p . y ;

139 corners .push_back ( p ) ;

140 }

141 }

142

143 vector <Point > : : iterator it ;

144

145 i f (o� >debugging ) {

146 printf ( "���� corners ���� \n" ) ;

147 for (it = corners .begin ( ) ; it != corners .end ( ) ; it ++) {

148 printf ( " x : %d y : %d\n" , it � >x , it � >y ) ;

149 }

150 }

151

152 myfile .close ( ) ;

153 return ;

154 }

155

156 printf ( "No corners f i l e found . Lets create one.\n" ) ;

157

158

159 / * We need to construct an image with a margin around i t

160 * This i s because the bounds of the " plane " on which the object e x is ts might

161 * extend outside of the image .

162 * /

163 image_w_margin = Mat (Size (cvImg .size ( ) .width +(MARGIN* 2) ,

164 cvImg .size ( ) .height +(MARGIN* 2) ) , cvImg . type ( ) ) ;

165 image_w_margin = Scalar (255 ,255 ,255) ;

166

167 / * Copy the image from the f i l e into the one with the margin * /

168 Mat roi = image_w_margin (Rect (50 , 50, cvImg .size ( ) .width , cvImg .size ( ) .height ) ) ;

169 cvImg .copyTo (roi ) ;

170

171 / * Show the image * /

172 imshow ( " image" , image_w_margin ) ;
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173 setMouseCallback ( " image" , on_mouse , th is ) ;

174

175 bool done= fa lse ;

176 do {

177

178 in t key = waitKey (100) ;

179

180 i f (key == 27 jj corners .size ( ) > 3)

181 done = true ;

182 i f (key == ' c ' )

183 generate_cnrfile ( ) ;

184

185 imshow ( " image" , image_w_margin ) ;

186 } while ( !done ) ;

187

188 i f (corners .size ( ) == 4) {

189

190 ofstream myfile ;

191 myfile .open (cnrfile .string ( ) .c_str ( ) , ios : : trunc ) ;

192 i f (myfile . is_open ( ) ) {

193 for ( in t i = 0; i < corners .size ( ) ; i ++) {

194 myfile << corners [ i ] . x << " " << corners [ i ] . y << endl ;

195 }

196 myfile .close ( ) ;

197 }

198 }

199

200 }

201

202

203 / *
204 * I f an image has a name l i ke myimage. jpg?fooblah=boo , rename i t myimage. jpg

205 * /

206 void TrainingImage : :

207 remove_query_string ( )

208 {

209 // I f there is a query st r ing a f te r the extension , take i t o f f !

210 string old_name = imgfile .string ( ) ;

211 size_t found = old_name . find ( "&" ) ;

212 i f (found != string : : npos ) {

213 string new_name = old_name .substr (0 , found ) ;

214 fs : : rename (old_name , new_name) ;

215 imgfile = fs : : path (new_name) ;

216 }

217 }

218

219

220

221

222 / *
223 * We need to keep track of the image filename , so we overr ide the open method from  -
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Image

224 * /

225 void TrainingImage : :

226 open (string _imgfile )

227 {

228 imgfile = fs : : path (_imgfile ) ;

229 Image : : open (_imgfile ) ;

230 }

231

232

233 / *
234 * OpenCV mouse l i s tener

235 * /

236 void TrainingImage : :

237 on_mouse ( in t event , in t x , in t y , in t flags , void * param )

238 {

239 TrainingImage * img = (TrainingImage * )param ;

240 i f (event == CV_EVENT_LBUTTONUP) {

241 circle ( img� >image_w_margin , Point (x , y ) , 2 , Scalar (0 ,0 ,255) , 2) ;

242 img� >corners .push_back (Point (x� MARGIN, y� MARGIN) ) ;

243 }

244 }

245

246

247 / *
248 * loads the TrainingImage data into the "matcher " and then per forms the

249 * query against " image"

250 * /

251 in t TrainingImage : :

252 match (Image image )

253 {

254

255

256 Matcher : : matcher ( )� >loadTrainingImageData ( th is ) ;

257 return Matcher : : matcher ( )� >doQuery (image ) ;

258

259 }

5.2.10 TrainingSet.h

1 #include <boost/ f i lesystem .hpp>

2 #include <boost/algorithm/st r ing .hpp>

3 #include " TrainingImage .h"

4 #include "ByakuganOps.h"

5 #include " u t i l s .h"

6

7

8 using namespace std ;
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9 using namespace cv ;

10 namespace fs = boost : : filesystem ;

11

12

13 class TrainingSet {

14 public :

15

16 TrainingSet ( ) { }

17

18 / *
19 * Loads TrainingImages from a previously saved archive in an X ML f i l e as

20 * created by the Byakugan scan ( ) function

21 * /

22 void loadFromArchive (string path ) ;

23

24 / *
25 * Used by Byakugan ' s scan ( ) function , i t loads any images from

26 * the di rectory saved into " _path " and makes TrainingImages

27 * out of them

28 * /

29 bool loadFromDirectory (string _path ) ;

30

31 / *
32 * Saves the TrainingSet into a propery formatted XML f i l e .

33 * The at t r ibutes which are saved are :

34 * the filename , the f u l l path , the computed keypoints and desc r iptors fo r

35 * each image

36 * /

37 void save ( ) ;

38

39 / *
40 * Match a l l images of th is TrainingSet against the query image which is

41 * provided in " img " . Returns struct which holds the index and t he value

42 * ( matches_count ) fo r the best matching image

43 * /

44 bm match (Image img ) ;

45

46 / *
47 * Sets the Feature Detector

48 * /

49 void setFeatureDetector (FeatureDetector * _detector ) ;

50

51 / *
52 * Sets Descriptor Extractor

53 * /

54 void setDescriptorExtractor (DescriptorExtractor * _extractor ) ;

55

56 vector <TrainingImage > images ;

57

58 protected :

59
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60 s ta t i c bool is_image (fs : : path p )

61 {

62 i f ( ! is_regular_file (p ) ) {

63 return fa lse ;

64 }

65 string ext = extension (p ) ;

66 boost : : to_lower (ext ) ;

67 const char * image_exts [ ] = { " . jpg " , " . jpeg " , " . png" , " . t i f f " , " . t i f " } ;

68 for ( in t i = 0; i < 5; i ++) {

69 i f (boost : : starts_with (ext , image_exts [ i ] ) ) {

70 return true ;

71 }

72 }

73 return fa lse ;

74 }

75

76 / * directory path to load images from * /

77 fs : : path dir ;

78

79 / * Use generic container fo r detector so we can use d i f f e ren t ty pes * /

80 Ptr <FeatureDetector > detector ;

81 / * Same for extractor * /

82 Ptr <DescriptorExtractor > extractor ;

83 } ;

5.2.11 TrainingSet.cc

1 #include " TrainingSet .h"

2 #include " tinyxml .h"

3 #include " t inys t r .h"

4 #include <fstream>

5 #include <iostream>

6 #include <boost/iostreams/ f i l ter ing_streambuf .hpp>

7 #include <boost/iostreams/copy .hpp>

8 #include <boost/iostreams/ f i l t e r /gzip .hpp>

9 #include <boost/iostreams/device/ f i l e_desc r i p to r .hpp>

10 #include <boost/iostreams/ f i l te r ing_st ream .hpp>

11 #include <boost/iostreams/device/ f i l e .hpp>

12

13 using namespace std ;

14 using namespace boost : : iostreams ;

15

16 / *
17 * Loads TrainingImages from a previously saved archive in an X ML f i l e as

18 * created by the Byakugan scan ( ) function

19 * /

20 void TrainingSet : :

21 loadFromArchive (string path )
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22 {

23 const char *name;

24 const char *value ;

25 in t total ;

26 string new_name ;

27 bool compressed = fa lse ;

28

29 TiXmlNode *node ;

30 TiXmlElement *elem , *filename , *keypoints , *filepath ;

31

32 new_name = path ;

33

34 / * f i r s t check i f the f i l e s are compressed * /

35 size_t found = path . find ( " . gz " ) ;

36 i f (found != string : : npos ) {

37

38 compressed = true ;

39

40 / * Fi rs t uncompress the . gz f i l e * /

41 ifstream file (path .c_str ( ) ) ;

42 filtering_streambuf <input > in ;

43 in .push (gzip_decompressor ( ) ) ;

44 in .push (file ) ;

45

46 //TODO: f ind a more e f f i c i e n t way to do th is instead of having to wri te

47 // i t to the disk each time

48

49 / * remove . gz extension * /

50 new_name = path .substr (0 , path .size ( ) � 3) ;

51 ofstream out (new_name.c_str ( ) ) ;

52

53 boost : : iostreams : : copy ( in , out ) ;

54

55 }

56

57

58 / * now open the uncompressed . xml f i l e * /

59

60 TiXmlDocument doc (new_name.c_str ( ) ) ;

61

62 TiXmlHandle hDoc (&doc ) ;

63 TiXmlHandle root ( 0 ) ;

64

65 i f ( !doc .LoadFile ( ) ) {

66 printf ( " cannot load archive f i l e %s \n" , path .c_str ( ) ) ;

67 return ;

68 }

69

70 images .clear ( ) ;

71 i f (o� >verbose )

72 printf ( " Start loading archive . . . \ n" ) ;
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73

74 node = doc .FirstChild ( " t o ta l " ) ;

75 elem = node� >ToElement ( ) ;

76

77 / * get <to ta l > number of f i l e s * /

78 name = elem� >Value ( ) ;

79 value = elem� >GetText ( ) ;

80 total = Strtol (value ) ;

81

82 / * navigate to <objects > * /

83 elem = elem� >NextSiblingElement ( ) ;

84

85

86 / * Start of f i l e :

87 <?xml version ="1.0" ?>

88 <tota l >7</ to ta l >

89 <objects >

90 <filename>image_0

91 <path>

92 <keypoints>

93 * /

94

95 / * keep <filename> reference for la te r * /

96 node = elem� >FirstChildElement ( ) ;

97 filename = node� >ToElement ( ) ;

98

99 string full_p ;

100

101 / * loop through images ( < filename >) * /

102 for ( in t i = 0; i < total ; i ++) {

103

104 TrainingImage img ;

105

106 i f ( i != 0) {

107 / * t raverse through the next <filename

108 * and update the current filename node * /

109 node = filename � >NextSiblingElement ( ) ;

110 filename = node� >ToElement ( ) ;

111 }

112

113 / * get the f u l l f i l e path * /

114 node = filename � >FirstChildElement ( ) ;

115 filepath = node� >ToElement ( ) ;

116 value = filepath � >GetText ( ) ;

117

118 i f (o� >debugging )

119 printf ( " path : %s\n" , value ) ;

120

121 full_p = value ;

122 / * read in the image * /

123 img .open (full_p ) ;
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124

125 / * t raverse through <roi > and get values * /

126 node = filepath � >NextSiblingElement ( ) ;

127 elem = node� >ToElement ( ) ;

128 elem� >QueryIntAttribute ( " x " , &img . roi . x ) ;

129 elem� >QueryIntAttribute ( " y " , &img . roi . y ) ;

130 elem� >QueryIntAttribute ( " width " , &img . roi .width ) ;

131 elem� >QueryIntAttribute ( " height " , &img . roi .height ) ;

132

133 i f (o� >debugging )

134 printf ( "������� ro i : %d %d %d %d \n" ,

135 img . roi . x , img . roi . y , img . roi .width , img . roi .height ) ;

136

137

138 / * keep <keypoints> for future reference * /

139 node = elem� >NextSiblingElement ( ) ;

140 keypoints = node� >ToElement ( ) ;

141

142 / * navigate to f i r s t <keypoint> * /

143 node = keypoints � >FirstChildElement ( ) ;

144 elem = node� >ToElement ( ) ;

145

146 KeyPoint *k ;

147 double x , y , size , angle , response ;

148

149 / * loop through each <keypoint> fo r th is image * /

150 for (elem ; elem ; elem =elem� >NextSiblingElement ( ) ) {

151

152 k = new KeyPoint ( ) ;

153

154 elem� >QueryDoubleAttribute ( " pt . x " , &x ) ;

155 elem� >QueryDoubleAttribute ( " pt . y " , &y ) ;

156 elem� >QueryDoubleAttribute ( " s ize " , &size ) ;

157 elem� >QueryDoubleAttribute ( " angle " , &angle ) ;

158 elem� >QueryDoubleAttribute ( " response " , &response ) ;

159 elem� >QueryIntAttribute ( " octave " , &k� >octave ) ;

160 elem� >QueryIntAttribute ( " c lass_id " , &k� >class_id ) ;

161

162 k� >pt . x = x ;

163 k� >pt . y = y ;

164 k� >size = size ;

165 k� >angle = angle ;

166 k� >response = response ;

167

168 //p r in t f ( " val : %.16e %.16e %.16e %.16e %.16e\n" ,

169 // k � >pt . x , k � >pt . y , k � >size , k � >angle , k � >response ) ;

170

171 img .keypoints .push_back (* k ) ;

172 }

173

174 / * node w i l l now point to <rows> which is chi ld of <descriptors > * /
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175 node = keypoints � >NextSiblingElement ( )� >FirstChildElement ( ) ;

176 elem = node� >ToElement ( ) ;

177

178 in t rows , cols ;

179

180 rows = Strtol (elem� >GetText ( ) ) ;

181 / * navigate to <cols > * /

182 elem = elem� >NextSiblingElement ( ) ;

183 cols = Strtol (elem� >GetText ( ) ) ;

184

185 i f (o� >debugging )

186 printf ( "xml descr iptor : rows:%d cols:%d \n" , rows , cols ) ;

187

188 / * see opencv/modules/features2d/src/descr iptors . cpp:19 0 * /

189 img .descriptors .create (rows , cols , CV_32FC1) ;

190

191 / * now point to f i r s t descr iptor * /

192 elem = elem� >NextSiblingElement ( )� >NextSiblingElement ( ) ;

193

194 MatIterator_ < f loa t > it = img .descriptors .begin < f loa t > ( ) ;

195 MatIterator_ < f loa t > it_end = img .descriptors .end< f loa t > ( ) ;

196 f l o a t d_val ;

197

198 / * WARNING: CV_32FC1 means 32b i t f l oa t i ng point values

199 * so ensure f l o a t i s always 32b i t * /

200

201 / * Get each <descriptor > value , convert i t to f l o a t and wri te i t

202 * to the Mat img . descr iptors sequent ia l ly * /

203 for (elem ; elem ; elem =elem� >NextSiblingElement ( ) ) {

204

205 value = elem� >GetText ( ) ;

206 sscanf (value , "%f " , &d_val ) ;

207

208 //p r in t f ("%.16e \n" , d_val ) ;

209

210 * it = d_val ;

211 it ++;

212 }

213

214 # i f 0

215 it = img .descriptors .begin < f loa t > ( ) ;

216 printf ( "=============== MAT ================== \n" ) ;

217 for ( ; it != it_end ; it ++) {

218 printf ( "%.16e\n" , * it ) ;

219 }

220 printf ( "============ END ============= \n" ) ;

221 #endif

222

223 images .push_back (img ) ;

224

225 }
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226

227 / * i f the f i l e was compressed , remove the uncompressed f i l e now * /

228 i f (compressed )

229 i f (remove (new_name.c_str ( ) ) )

230 printf ( " Error delet ing %s\n" , new_name.c_str ( ) ) ;

231 }

232

233

234

235 / *
236 * Used by Byakugan ' s scan ( ) function , i t loads any images from

237 * the di rectory saved into " _path " and makes TrainingImages

238 * out of them

239 * /

240 bool TrainingSet : :

241 loadFromDirectory (string _path )

242 {

243

244 images .clear ( ) ;

245

246 dir = fs : : path (_path ) ;

247 fs : : path full_p ;

248 Mat image_roi ;

249 Image gray ;

250

251 i f ( ! fs : : exists (dir ) jj ! fs : : is_directory (dir ) ) {

252 printf ( "%s is not a di rectory .\n" , dir .c_str ( ) ) ;

253 return fa lse ;

254 }

255

256 / * Loop through the contents of the di rectory and assemble

257 * SURF points of any images found * /

258 i f (o� >debugging )

259 printf ( "Opening %s \n" , dir .c_str ( ) ) ;

260

261 fs : : directory_iterator end_iter ;

262 for (fs : : directory_iterator dir_itr (dir ) ; dir_itr != end_iter ; ++dir_itr ) {

263

264 i f (o� >debugging )

265 printf ( " encountered a f i l e : %s \n" , dir_itr � >path ( ) .c_str ( ) ) ;

266

267 i f (is_image (dir_itr � >path ( ) ) ) {

268

269 i f (o� >debugging )

270 printf ( " found an image %s \n" , dir_itr � >path ( ) .c_str ( ) ) ;

271

272 full_p = boost : : filesystem3 : : complete (dir_itr � >path ( ) .c_str ( ) ) ;

273 i f (o� >debugging )

274 printf ( " f u l l path : %s\n" , full_p .c_str ( ) ) ;

275

276 TrainingImage img ;



108 Kefˆlaio 5. UlopoÐhsh

277 img .open (full_p .string ( ) ) ;

278 img .generate_cnrfile ( ) ;

279

280 i f (fs : : exists (img .cnrfile ) ) {

281

282 vector <Point > : : iterator it ;

283

284 / * use the region of in te res t as defined by the cnr f i l e s * /

285 img . roi = img .create_outline ( ) ;

286 //p r in t f ( " ro i : x : %d y : %d width : %d height : %d \n" ,

287 // ro i . x , ro i . y , ro i . width , ro i . height ) ;

288

289 / * convert to grayscale * /

290 gray = img .getGrayscale ( ) ;

291 image_roi = gray .cvImg (img . roi ) ;

292

293 i f (o� >debugging )

294 printf ( " Ident i fy ing keypoints \n" ) ;

295 detector � >detect (image_roi , img .keypoints ) ;

296

297 i f (o� >debugging )

298 printf ( " Extracting descr iptors \n" ) ;

299 extractor � >compute (image_roi , img .keypoints , img .descriptors ) ;

300

301 i f (o� >debugging > 5)

302 printf ( " descr iptors cols : %d rows : %d\n" ,

303 img .descriptors .cols , img .descriptors . rows ) ;

304

305 images .push_back (img ) ;

306 }

307 }

308 }

309

310 return true ;

311 }

312

313

314

315 / *
316 * Saves the TrainingSet into a propery formatted XML f i l e .

317 * The at t r ibutes which are saved are :

318 * the filename , the f u l l path , the computed keypoints and desc r iptors fo r

319 * each image

320 * /

321 void TrainingSet : :

322 save ( )

323 {

324 TiXmlDocument doc ;

325 char total [16 ] , filenamebuf [16 ] , rows_buf [16 ] , cols_buf [16 ] , type_buf [ 2 ] ;

326 in t rows , cols , width , height ;

327 fs : : path compressed_file (dir .string ( ) +" . xml . gz " ) ;
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328

329 / * I f we found any images , make a da ta f i l e . * /

330 i f (images .size ( ) <= 0)

331 return ;

332

333 / * Construct the path to where the data w i l l be stored * /

334 fs : : path datafile (dir .string ( ) +" . xml" ) ;

335

336 i f (o� >debugging )

337 printf ( " saving data to %s \n" , datafile .c_str ( ) ) ;

338

339

340 / * write "<?xml version ="1.0" ?>" to f i l e beginning * /

341 TiXmlDeclaration *decl = new TiXmlDeclaration ( " 1.0 " , " " , " " ) ;

342 doc .LinkEndChild (decl ) ;

343

344 / * write <to ta l >images . s ize ( ) </ to ta l > element * /

345 TiXmlElement *element = new TiXmlElement ( " t o ta l " ) ;

346 Snprintf (total , s i zeo f (total ) , "%d" , images .size ( ) ) ;

347 TiXmlText *text = new TiXmlText (total ) ;

348 element � >LinkEndChild (text ) ;

349 doc .LinkEndChild (element ) ;

350

351 / * write <objects > to root * /

352 TiXmlElement *objects = new TiXmlElement ( " objects " ) ;

353 doc .LinkEndChild (objects ) ;

354

355 / * <keypoints> * /

356 TiXmlElement *keypoints ;

357

358 / * <path> * /

359 TiXmlElement *path ;

360

361 / * <roi > at t r ibutes : x , y , width , height * /

362 TiXmlElement *roi ;

363

364 for ( in t i = 0; i < images .size ( ) ; i ++) {

365

366 TiXmlElement *filename = new TiXmlElement ( " filename " ) ;

367 Snprintf (filenamebuf , s i zeo f (filenamebuf ) , " image_%d" , i ) ;

368 TiXmlText *text = new TiXmlText (filenamebuf ) ;

369 filename � >LinkEndChild (text ) ;

370 objects � >LinkEndChild (filename ) ;

371

372 path = new TiXmlElement ( " path " ) ;

373 text = new TiXmlText (images [ i ] . imgfile .c_str ( ) ) ;

374 path � >LinkEndChild (text ) ;

375 filename � >LinkEndChild (path ) ;

376

377 roi = new TiXmlElement ( " ro i " ) ;

378 roi � >SetAttribute ( " x " , images [ i ] . roi . x ) ;
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379 roi � >SetAttribute ( " y " , images [ i ] . roi . y ) ;

380 roi � >SetAttribute ( " width " , images [ i ] . roi .width ) ;

381 roi � >SetAttribute ( " height " , images [ i ] . roi .height ) ;

382 filename � >LinkEndChild (roi ) ;

383

384 keypoints = new TiXmlElement ( " keypoints " ) ;

385 filename � >LinkEndChild (keypoints ) ;

386

387 KeyPoint *k ;

388 TiXmlElement *keypoint ;

389

390 for ( in t j = 0; j < images [ i ] . keypoints .size ( ) ; j ++) {

391

392 k = &( images [ i ] . keypoints [ j ] ) ;

393

394 keypoint = new TiXmlElement ( " keypoint " ) ;

395 keypoints � >LinkEndChild (keypoint ) ;

396

397 / *
398 * CV_PROP_RW Point2f pt ; //!< coordinates of the keypoints

399 * CV_PROP_RW f l o a t s ize ; //!< diameter of the meaningful keyp oint neighborhood

400 * CV_PROP_RW f l o a t angle ; //!< computed or ientat ion of the ke ypoint ( � 1 i f not  -
appl icable )

401 * CV_PROP_RW f l o a t response ; //!< the response by which the mo st strong keypoints  -
have been selected .

402 * CV_PROP_RW int octave ; //!< octave ( pyramid layer ) from whi ch the keypoint has  -
been extracted

403 * CV_PROP_RW int c lass_id ; //!< object class

404 * /

405 keypoint � >SetDoubleAttribute ( " pt . x " , k� >pt . x ) ;

406 keypoint � >SetDoubleAttribute ( " pt . y " , k� >pt . y ) ;

407 keypoint � >SetDoubleAttribute ( " s ize " , k� >size ) ;

408 keypoint � >SetDoubleAttribute ( " angle " , k� >angle ) ;

409 keypoint � >SetDoubleAttribute ( " response " , k� >response ) ;

410 keypoint � >SetAttribute ( " octave " , k� >octave ) ;

411 keypoint � >SetAttribute ( " c lass_id " , k� >class_id ) ;

412

413 }

414

415 / * descr iptors * /

416 TiXmlElement *descriptors = new TiXmlElement ( " descr iptors " ) ;

417

418 Mat *d = &images [ i ] . descriptors ;

419

420 rows = images [ i ] . descriptors . rows ;

421 cols = images [ i ] . descriptors .cols ;

422

423 / * rows * /

424 TiXmlElement *xml_rows = new TiXmlElement ( " rows" ) ;

425 Snprintf (rows_buf , s i zeo f (rows_buf ) , "%d" , rows ) ;

426 TiXmlText * r = new TiXmlText (rows_buf ) ;
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427 xml_rows � >LinkEndChild (r ) ;

428 descriptors � >LinkEndChild (xml_rows ) ;

429

430 / * cols * /

431 TiXmlElement *xml_cols = new TiXmlElement ( " cols " ) ;

432 Snprintf (cols_buf , s i zeo f (cols_buf ) , "%d" , cols ) ;

433 TiXmlText *c = new TiXmlText (cols_buf ) ;

434 xml_cols � >LinkEndChild (c ) ;

435 descriptors � >LinkEndChild (xml_cols ) ;

436

437 / * data type ( dt ) * /

438 TiXmlElement *dt = new TiXmlElement ( " dt " ) ;

439 TiXmlText * t = new TiXmlText ( " f " ) ; / * hard � coded data type : f fo r f l o a t * /

440 dt � >LinkEndChild (t ) ;

441 descriptors � >LinkEndChild (dt ) ;

442

443 / * raw data * /

444

445 / * we assume Mat i s CONT � see

446 * opencv/modules/core/src/persistence . cpp:3440 * /

447 in t count = rows * cols ;

448

449 const char *data = ( const char * ) (d� >data ) ;

450 const char *ptr ;

451 char buf [256] = " " ;

452 in t buf_len ;

453 char *d_value ; / * descr iptor value * /

454

455 / * see persistence . cpp:2991 � > cvWriteRawData ( ) * /

456

457 for ( in t j = 0; j < count ; j ++) {

458

459 ptr = FloatToString (buf , * ( f l o a t * )data ) ;

460 data += s izeo f ( f l o a t ) ;

461 buf_len = ( in t )strlen (ptr ) ;

462

463 TiXmlElement *xml_desc = new TiXmlElement ( " descr iptor " ) ;

464 d_value = strndup (ptr , buf_len ) ;

465 TiXmlText * t = new TiXmlText (d_value ) ;

466 xml_desc � >LinkEndChild (t ) ;

467 descriptors � >LinkEndChild (xml_desc ) ;

468

469 }

470

471 filename � >LinkEndChild (descriptors ) ;

472

473 }

474

475 doc .SaveFile (datafile .string ( ) .c_str ( ) ) ;

476

477 / * Compress f i l e with gzip * /
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478 ifstream file (datafile .string ( ) .c_str ( ) ) ;

479 char a [256] ;

480

481 filtering_ostream out ;

482 out .push (gzip_compressor ( ) ) ;

483 out .push (file_sink (compressed_file .string ( ) .c_str ( ) ) ) ;

484

485 while ( ! file .eof ( ) ) {

486 file .getline (a , s i zeo f (a ) ) ;

487 out << a << endl ;

488 }

489

490 / * Remove the plain xml f i l e * /

491 i f (remove (datafile .string ( ) .c_str ( ) ) )

492 printf ( " Error delet ing %s\n" , datafile .string ( ) .c_str ( ) ) ;

493

494 }

495

496

497 / *
498 * Match a l l images of th is TrainingSet against the query image which is

499 * provided in " img " . Returns struct which holds the index and t he value

500 * ( matches_count ) fo r the best matching image

501 * /

502 bm TrainingSet : :

503 match (Image img )

504 {

505 / * best matching index � the index of the image inside the Training Set

506 * that best matches the query image

507 * /

508 vector <int > : : size_type bmi ;

509

510 / * struct holding index and matches_count of best matching ima ge * /

511 bm b;

512

513 / * vector holding the matches count fo r each image * /

514 vector <int > matches ;

515

516 for ( in t i = 0; i < images .size ( ) ; i ++) {

517

518 / * perform the matching function and push the resul t � the matches

519 * count � inside the vector fo r further processing la te r * /

520 matches .push_back (images [ i ] . match (img ) ) ;

521 }

522

523 vector <int > : : iterator result = std : : max_element (matches .begin ( ) , matches .end ( ) ) ;

524

525 b .matches = *result ;

526 b . index = result � matches .begin ( ) ;

527

528 i f (o� >debugging )
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529 printf ( "bmi : %d %s\n" , b . index , images [b . index ] . imgfile .c_str ( ) ) ;

530

531 return b ;

532 }

533

534 / *
535 * Sets the Feature Detector

536 * /

537 void TrainingSet : :

538 setFeatureDetector (FeatureDetector * _detector )

539 {

540 detector = _detector ;

541 detector .addref ( ) ;

542 }

543

544 / *
545 * Sets Descriptor Extractor

546 * /

547 void TrainingSet : :

548 setDescriptorExtractor (DescriptorExtractor * _extractor )

549 {

550 extractor = _extractor ;

551 extractor .addref ( ) ;

552 }

5.2.12 Matcher.h

1 #pragma once

2 #include <opencv2/opencv .hpp>

3 #include " Image .h"

4 #include " TrainingImage .h"

5 #include " u t i l s .h"

6

7 class TrainingImage ;

8

9

10 class Matcher {

11 public :

12

13 s ta t i c Matcher * matcher ( ) ;

14

15

16 bool train (Image& train , string datapath ) ;

17 in t doQuery (Image& query ) ;

18

19 bool saveTrainingData (string basepath ) ;

20 bool loadTrainingData (string basepath ) ;

21 bool loadTrainingImageData (TrainingImage *img ) ;
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22

23 void drawTrainKeypointsIntoImage (Image& img ) ;

24

25 pr ivate :

26

27 Matcher ( ) ;

28 Matcher (Matcher &) { } ;

29 Matcher & operator =(Matcher const &) { } ;

30 ˜ Matcher ( ) ;

31 s ta t i c Matcher *matcher_instance ; / * instance * /

32

33 bool init (string _detector_alg ="SURF" , string _extractor_alg ="SURF" ,

34 string _matcher_alg ="FlannBased" , f l o a t _ransacReprojThreshold =3.0) ;

35

36

37 Image trainImg ;

38

39 f l o a t ransacReprojThreshold ;

40

41 bool bTrainAnalyzed ;

42 bool bInited ;

43 bool bDoCrossCheckFilter ;

44

45 Mat train_descriptors , H12;

46 vector <Point2f > train_pts ;

47 vector <KeyPoint > train_kpts ;

48 vector <DMatch> matches ;

49 vector <int > queryIdxs , trainIdxs ;

50

51 string detector_alg ; // Fast , Star , S i f t , Surf , Mser , Gftt , Harris , GridAdapted ,  -
PyramidAdapted

52 string extractor_alg ; // S i f t , Surf , Br ief , OpponentColor

53 string matcher_alg ; // BruteForce , FlannBased

54

55 cv : : Ptr <cv : : FeatureDetector > detector ;

56 cv : : Ptr <cv : : DescriptorExtractor > extractor ;

57 cv : : Ptr <cv : : DescriptorMatcher > desc_matcher ;

58

59 cv : : Mat query_descriptors ;

60 vector <cv : : KeyPoint > query_kpts ;

61

62 bool computed_query ; / * true a f te r keypoints and descr iptors fo r query image are  -
computed for f i r s t time * /

63

64 Mat correspondenceImg ;

65 } ;

66

67 extern Matcher *matcher ;
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5.2.13 Matcher.cc

1 #include "Matcher .h"

2 #include " TrainingImage .h"

3 #include "ByakuganOps.h"

4

5 / * singleton * /

6 Matcher *Matcher : : matcher_instance = NULL;

7

8 Matcher : :

9 Matcher ( )

10 {

11

12 init ( ) ;

13

14 }

15

16 Matcher *Matcher : :

17 matcher ( )

18 {

19 i f ( !matcher_instance )

20 matcher_instance = new Matcher ( ) ;

21

22 return matcher_instance ;

23 }

24

25

26

27

28 bool Matcher : :

29 init (string _detector_alg , string _extractor_alg , string _matcher_alg , f l o a t  -
_ransacReprojThreshold )

30 {

31 ransacReprojThreshold = _ransacReprojThreshold ;

32

33 detector_alg = _detector_alg ;

34 extractor_alg = _extractor_alg ;

35 matcher_alg = _matcher_alg ;

36

37 detector = cv : : FeatureDetector : : create (detector_alg ) ;

38 extractor = cv : : DescriptorExtractor : : create (extractor_alg ) ;

39 desc_matcher = cv : : DescriptorMatcher : : create (_matcher_alg ) ;

40

41 i f (detector .empty ( ) ) {

42 printf ( "%s is not a known detector algorithm \n" , _detector_alg .c_str ( ) ) ;

43 return fa lse ;

44 }

45

46 i f (extractor .empty ( ) ) {
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47 printf ( "%s is not a known extractor algorithm \n" , _extractor_alg .c_str ( ) ) ;

48 return fa lse ;

49 }

50

51 i f (desc_matcher .empty ( ) ) {

52 printf ( "%s is not a known matching algorithm \n" , _matcher_alg .c_str ( ) ) ;

53 return fa lse ;

54 }

55

56 bInited = true ;

57 computed_query = fa lse ;

58

59 return true ;

60 }

61

62

63 bool Matcher : :

64 train (Image& _trainImg , string datapath )

65 {

66 assert (_trainImg .channels ( ) ==1) ;

67

68 trainImg = _trainImg ;

69

70 i f (loadTrainingData (datapath ) ) {

71 bTrainAnalyzed = true ;

72 } e lse {

73 //loadTrainingImageData ( trainImg ) ;

74 bTrainAnalyzed = true ;

75 }

76

77 return bTrainAnalyzed ;

78 }

79

80

81 void Matcher : :

82 drawTrainKeypointsIntoImage (Image& img )

83 {

84 i f (bTrainAnalyzed && train_kpts .size ( ) > 0) {

85 drawKeypoints (img .cvImg , train_kpts , img .cvImg ,

86 Scalar (255 , 0 , 0) , DrawMatchesFlags : : DRAW_RICH_KEYPOINTS) ;

87 }

88 }

89

90

91

92 in t Matcher : :

93 doQuery (Image& queryImg )

94 {

95 i f ( !bInited ) {

96 printf ( "WARNING: Not in i ted . Using defaul t values . Please c a l l i n i t before match.\n"  -
) ;
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97 init ( ) ;

98 }

99

100 i f ( !bTrainAnalyzed ) {

101 printf ( "WARNING: Train image was not set . \n" ) ;

102 return � 1;

103 }

104

105 i f (o� >debugging )

106 printf ( " t ra in img cols %d rows %d \n" , trainImg .cvImg .cols , trainImg .cvImg . rows ) ;

107

108 bDoCrossCheckFilter = true ;

109

110 i f (computed_query == fa lse ) {

111 detector � >detect (queryImg .cvImg , query_kpts ) ;

112 extractor � >compute (queryImg .cvImg , query_kpts , query_descriptors ) ;

113

114 computed_query = true ;

115 }

116

117 i f (o� >debugging ) {

118 printf ( " Keypoints query image : %d\n" , query_kpts .size ( ) ) ;

119 printf ( " Keypoints t ra in ing image : %d\n" , train_kpts .size ( ) ) ;

120 printf ( " query descs cols : %d rows : %d\n" , query_descriptors .cols , query_descriptors  -
. rows ) ;

121 printf ( " t ra in descs cols : %d rows : %d\n" , train_descriptors .cols , train_descriptors  -
. rows ) ;

122 }

123

124

125 / * Match the keypoints * /

126 i f (bDoCrossCheckFilter ) {

127 i f (o� >debugging )

128 printf ( " cross matching\n" ) ;

129 crossCheckMatching (desc_matcher , query_descriptors , train_descriptors , matches , 1 ) ;

130 } e lse {

131 i f (o� >debugging )

132 printf ( " simple matching\n" ) ;

133 desc_matcher � >match (query_descriptors , train_descriptors , matches ) ;

134 }

135

136 printf ( "%s " , trainImg . imgfile .string ( ) .c_str ( ) ) ;

137

138 i f (o� >verbose )

139 printf ( "matches : %d\n" , matches .size ( ) ) ;

140

141 vector <int > queryIdxs (matches .size ( ) ) ;

142 vector <int > trainIdxs (matches .size ( ) ) ;

143 for (size_t i = 0; i < matches .size ( ) ; i ++) {

144 queryIdxs [ i ] = matches [ i ] . queryIdx ;

145 trainIdxs [ i ] = matches [ i ] . trainIdx ;
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146 }

147

148

149 / * Calculate the homography * /

150 i f (ransacReprojThreshold >= 0)

151 {

152 vector <Point2f > points1 ; KeyPoint : : convert (query_kpts , points1 , queryIdxs ) ;

153 vector <Point2f > points2 ; KeyPoint : : convert (train_kpts , points2 , trainIdxs ) ;

154

155 i f (o� >debugging > 5) {

156

157 printf ( "��������� TRAIN KEYPOINTS �������� \n" ) ;

158 for ( in t i = 0; i < train_kpts .size ( ) ; i ++)

159 printf ( " x : %f y : %f s ize : %f \n" ,

160 train_kpts [ i ] . pt . x , train_kpts [ i ] . pt . y , train_kpts [ i ] . size ) ;

161

162 printf ( "��������� TRAIN POINTS ������������ \n" ) ;

163 for ( in t i = 0; i < trainIdxs .size ( ) ; i ++)

164 printf ( "%d \n" , trainIdxs [ i ] ) ;

165

166 printf ( "��������� QUERY KEYPOINTS �������� \n" ) ;

167 for ( in t i = 0; i < query_kpts .size ( ) ; i ++)

168 printf ( " x : %f y : %f s ize : %f \n" ,

169 query_kpts [ i ] . pt . x , query_kpts [ i ] . pt . y , query_kpts [ i ] . size ) ;

170

171 printf ( "��������� QUERY POINTS ������������ \n" ) ;

172 for ( in t i = 0; i < queryIdxs .size ( ) ; i ++)

173 printf ( "%d \n" , queryIdxs [ i ] ) ;

174

175 printf ( "��������� POINTS 1 ������������ \n" ) ;

176 for ( in t i = 0; i < points1 .size ( ) ; i ++)

177 printf ( "%f %f \n" , points1 [ i ] . x , points1 [ i ] . y ) ;

178

179 printf ( "��������� POINTS 2 ������������ \n" ) ;

180 for ( in t i = 0; i < points2 .size ( ) ; i ++)

181 printf ( "%f %f \n" , points2 [ i ] . x , points2 [ i ] . y ) ;

182

183 }

184

185 H12 = findHomography (Mat (points1 ) , Mat (points2 ) , CV_RANSAC, 3 .0) ;

186 }

187

188 i f (o� >debugging > 5) {

189

190 printf ( "���������� MATCHES������������ \n" ) ;

191 for ( in t i = 0; i < matches .size ( ) ; i ++) {

192 printf ( " queryIdx %d trainIdx %d imgIdx %d dis t %f \n" ,

193 matches [ i ] . queryIdx , matches [ i ] . trainIdx , matches [ i ] . imgIdx , matches [ i ] .  -
distance ) ;

194 }

195 printf ( "��������� END MATCHES������������ \n" ) ;



5.2. Byakugan Core 119

196

197 printf ( "H12: cols %d rows : %d \n" , H12. rows , H12.cols ) ;

198

199 for ( in t i = 0; i < H12. rows ; i ++)

200 for ( in t j = 0; j < H12.cols ; j ++)

201 printf ( "%d %d : % f \n" , i , j , H12. at < f loa t >(i , j ) ) ;

202 }

203

204 / * Make a mask of the points in the query image that survive the pe rspect ive transform

205 * of the homography

206 * /

207 vector <char > matchesMask (matches .size ( ) , 0) ;

208

209 / * rea l matches * /

210 in t matches_count = 0;

211

212 i f ( !H12.empty ( ) ) {

213

214 vector <Point2f > points1 ; KeyPoint : : convert (query_kpts , points1 , queryIdxs ) ;

215 vector <Point2f > points2 ; KeyPoint : : convert (train_kpts , points2 , trainIdxs ) ;

216 Mat query_points_transformed ;

217 perspectiveTransform (Mat (points1 ) , query_points_transformed , H12) ;

218

219 double maxInlierDist = ransacReprojThreshold < 0 ? 3 : ransacReprojThreshold ;

220 for (size_t i1 = 0; i1 < points2 .size ( ) ; i1 ++) {

221 i f (norm (points2 [ i1 ] � query_points_transformed . at <Point2f > ( ( in t ) i1 , 0 ) ) <=  -
maxInlierDist ) { // i n l i e r

222 matchesMask [ i1 ] = 1;

223 matches_count ++;

224 }

225 }

226 }

227

228 i f (o� >debugging > 5) {

229 printf ( "������������ MASK ���������� \n" ) ;

230 for ( in t i = 0; i < matchesMask .size ( ) ; i ++)

231 printf ( "%d " , matchesMask [ i ] ) ;

232 printf ( " \n ����������� END MASK ����������� \n" ) ;

233 }

234

235

236 printf ( " real_matches:%d\n" , matches_count ) ;

237

238 i f (o� >show_graph ) {

239

240 Mat correspondenceImg ;

241

242 i f (o� >debugging )

243 printf ( "%d %d %d %d \n" , trainImg . roi . x , trainImg . roi . y , trainImg . roi .width ,  -
trainImg . roi .height ) ;

244
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245 Rect l_roi = trainImg . roi ;

246 Mat image_roi = trainImg .cvImg (l_roi ) ;

247

248 drawMatches (queryImg .cvImg , query_kpts , image_roi , train_kpts , matches ,

249 correspondenceImg , CV_RGB(0 , 255, 0) , CV_RGB(0 , 0 , 255) , matchesMask ) ;

250 imshow ( " correspondence " , correspondenceImg ) ;

251

252 cvWaitKey ( ) ;

253 }

254

255 i f (o� >debugging )

256 printf ( "������������ END QUERY ���������� " ) ;

257

258 return matches_count ;

259 }

260

261

262

263 bool Matcher : :

264 loadTrainingImageData (TrainingImage *img )

265 {

266 bTrainAnalyzed = true ;

267

268 // kanonika den theloume na kanoyme copy ena ena ta s to ixe ia a po to

269 // Training img sta data a l l a na exoyme ena pointer se auta

270

271 trainImg = img� >cvImg ;

272 trainImg . roi = img� >roi ;

273 trainImg . imgfile = img� >imgfile ;

274 train_kpts = img� >keypoints ;

275 train_descriptors = img� >descriptors ;

276

277 }

278

279

280

281 bool Matcher : :

282 loadTrainingData (string base )

283 {

284 i f ( !bInited ) {

285 printf ( "WARNING: Train not in i ted . Using defaul t values . Please c a l l i n i t before  -
load .\n" ) ;

286 init ( ) ;

287 }

288

289 char filename [255] ;

290 char nodename [255] ;

291

292 // Open Keypoints f i l e

293 sprintf (filename , "%s_keypoints . xml" , base .c_str ( ) ) ;

294 FileStorage keypoints_fs ;
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295 keypoints_fs .open (filename , FileStorage : : READ) ;

296 i f ( !keypoints_fs . isOpened ( ) )

297 return fa lse ;

298

299 // Load keypoints fo r set keypoint detect ion method

300 sprintf (nodename , "%s_keypoints " , detector_alg .c_str ( ) ) ;

301 i f (keypoints_fs [nodename ] . empty ( ) )

302 return fa lse ;

303 cv : : read (keypoints_fs [nodename ] , train_kpts ) ;

304 keypoints_fs . release ( ) ;

305

306

307 // Open descr iptor f i l e

308 sprintf (filename , "%s_descriptors . xml" , base .c_str ( ) ) ;

309 FileStorage descriptors_fs ;

310 descriptors_fs .open (filename , FileStorage : : READ) ;

311 i f ( !descriptors_fs . isOpened ( ) )

312 return fa lse ;

313

314 // Load descr iptors fo r given extractor method

315 sprintf (nodename , "%s_descriptors " , extractor_alg .c_str ( ) ) ;

316 i f (descriptors_fs [nodename ] . empty ( ) )

317 return fa lse ;

318 descriptors_fs [nodename ] >> train_descriptors ;

319 descriptors_fs . release ( ) ;

320

321

322 bTrainAnalyzed =true ;

323 return true ;

324 }

325

326

327 bool Matcher : :

328 saveTrainingData (string base )

329 {

330 char filename [255] ;

331 char nodename [255] ;

332

333 / * Save Keypoints * /

334 sprintf (filename , "%s_keypoints . xml" , base .c_str ( ) ) ;

335 FileStorage keypoints_fs ;

336 keypoints_fs .open (filename , FileStorage : : APPEND) ;

337

338 i f ( !keypoints_fs . isOpened ( ) ) {

339 printf ( "Could not open keypoints f i l e fo r wr i t ing .\n" ) ;

340 return fa lse ;

341 }

342

343 sprintf (nodename , "%s_keypoints " , detector_alg .c_str ( ) ) ;

344 cv : : write (keypoints_fs , nodename , train_kpts ) ;

345 keypoints_fs . release ( ) ;
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346

347 / * Save Descriptors * /

348 char descriptors_filename [255] ;

349 sprintf (descriptors_filename , "%s_descriptors . xml" , base .c_str ( ) ) ;

350 FileStorage descriptors_fs ;

351 descriptors_fs .open (descriptors_filename , FileStorage : : APPEND) ;

352

353 i f ( !descriptors_fs . isOpened ( ) ) {

354 printf ( "Could not open descr iptors f i l e fo r wr i t ing .\n" ) ;

355 return fa lse ;

356 }

357

358 sprintf (nodename , "%s_descriptors " , extractor_alg .c_str ( ) ) ;

359 descriptors_fs << string (nodename ) << train_descriptors ;

360 descriptors_fs . release ( ) ;

361

362 return true ;

363 }

5.2.14 utils.h

1 #include <opencv2/opencv .hpp>

2 #include <str ing .h>

3 #include <stdarg .h>

4 #include <stdio .h>

5 #include <errno .h>

6

7 #pragma once

8

9 using namespace cv ;

10

11 //Takes a descr iptor and turns i t into an xy point

12 void keypoints2points ( const vector <KeyPoint >& in , vector <Point2f >& out ) ;

13

14 //Takes an xy point and appends that to a keypoint structure

15 void points2keypoints ( const vector <Point2f >& in , vector <KeyPoint >& out ) ;

16

17 // f i l t e r s keypoints

18 void crossCheckMatching (cv : : Ptr <DescriptorMatcher >& descriptorMatcher ,

19 const Mat& descriptors1 , const Mat& descriptors2 ,

20 vector <DMatch>& filteredMatches12 , in t knn ) ;

21

22 // Uses a homography to warp points

23 vector <Point > warpCorners ( double * h , vector <Point > src ) ;

24

25

26 in t Snprintf ( char *s , size_t n , const char * fmt , . . . ) ;

27 in t Vsnprintf ( char *s , size_t n , const char * fmt , va_list ap ) ;
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28 in t Strncpy ( char *dest , const char *src , size_t n ) ;

29 void error ( const char * fmt , . . . ) __attribute__ ( (format (printf , 1 , 2) ) ) ;

30 void fatal ( char * fmt , . . . ) __attribute__ ( (format (printf , 1 , 2) ) ) ;

31

32 typedef union suf
33 {

34 in t i ;

35 unsigned u ;

36 f l o a t f ;

37 } suf ;

38

39 / * best match * /

40 typedef struct bm
41 {

42 vector <int > : : size_type index ;

43 in t matches ;

44 } bm;

45

46

47 char *FloatToString ( char * buf , f l o a t value ) ;

48 in l ine bool cv_isdigit ( char c ) ;

49 in t Round ( f l o a t value ) ;

50 unsigned long in t Strtoul ( const char *nptr , in t fatality = 1) ;

51 unsigned long in t Strtol ( const char *nptr , in t fatality = 1) ;

5.2.15 utils.cc

1 #include " u t i l s .h"

2

3

4 //Takes a descr iptor and turns i t into an xy point

5 void keypoints2points ( const vector <KeyPoint >& in , vector <Point2f >& out )

6 {

7 out .clear ( ) ;

8 out . reserve (in .size ( ) ) ;

9 fo r (size_t i = 0; i < in .size ( ) ; ++i )

10 {

11 out .push_back (in [ i ] . pt ) ;

12 }

13 }

14

15 //Takes an xy point and appends that to a keypoint structure

16 void points2keypoints ( const vector <Point2f >& in , vector <KeyPoint >& out )

17 {

18 out .clear ( ) ;

19 out . reserve (in .size ( ) ) ;

20 for (size_t i = 0; i < in .size ( ) ; ++i ) {

21 out .push_back (KeyPoint (in [ i ] , 1) ) ;
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22 }

23 }

24

25

26 void crossCheckMatching ( cv : : Ptr <DescriptorMatcher >& descriptorMatcher ,

27 const Mat& descriptors1 , const Mat& descriptors2 ,

28 vector <DMatch>& filteredMatches12 , in t knn )

29 {

30 filteredMatches12 .clear ( ) ;

31 vector <vector <DMatch> > matches12 , matches21 ;

32 descriptorMatcher � >knnMatch (descriptors1 , descriptors2 , matches12 , knn ) ;

33 descriptorMatcher � >knnMatch (descriptors2 , descriptors1 , matches21 , knn ) ;

34

35 for (size_t m = 0; m < matches12 .size ( ) ; m++) {

36

37 bool findCrossCheck = fa lse ;

38 for (size_t fk = 0; fk < matches12 [m] . size ( ) ; fk ++) {

39 DMatch forward = matches12 [m] [ fk ] ;

40

41 for (size_t bk = 0; bk < matches21 [ forward . trainIdx ] . size ( ) ; bk ++) {

42 DMatch backward = matches21 [ forward . trainIdx ] [ bk ] ;

43 i f (backward . trainIdx == forward .queryIdx ) {

44 filteredMatches12 .push_back (forward ) ;

45 findCrossCheck = true ;

46 break ;

47 }

48 }

49 i f (findCrossCheck )

50 break ;

51 }

52 }

53 }

54

55

56 // ��������������������������������������������������� �����������
57 vector <Point > warpCorners ( double * h , vector <Point > src )

58 {

59 vector <Point > dst ( 4 ) ;

60 // from f ind_object . cpp There is probably a " bet ter " way to d o th is .

61 for ( in t i = 0; i < 4; i ++ )

62 {

63 double x = src [ i ] . x , y = src [ i ] . y ;

64 double Z = 1. / ( h [6 ] * x + h [7 ] * y + h [ 8 ] ) ;

65 double X = (h [0 ] * x + h [1 ] * y + h [ 2 ] ) *Z ;

66 double Y = (h [3 ] * x + h [4 ] * y + h [ 5 ] ) *Z ;

67 dst [ i ] = Point (cvRound (X) , cvRound (Y) ) ;

68 }

69 return dst ;

70 }

71

72 void error ( const char * fmt , . . . ) {
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73 va_list ap ;

74

75 va_start (ap , fmt ) ;

76 fflush (stdout ) ;

77 vfprintf (stderr , fmt , ap ) ;

78 va_end (ap ) ;

79

80 return ;

81 }

82

83

84 void fatal ( char * fmt , . . . )

85 {

86 va_list ap ;

87

88 va_start (ap , fmt ) ;

89 fflush (stdout ) ;

90 vfprintf (stderr , fmt , ap ) ;

91 fprintf (stderr , " \nQUITTING!\n" ) ;

92 va_end (ap ) ;

93

94 exit ( 1 ) ;

95 }

96

97 in t Strncpy ( char *dest , const char *src , size_t n ) {

98 strncpy (dest , src , n ) ;

99 i f (dest [ n� 1] == ' \0 ' )

100 return 0;

101 dest [ n� 1] = ' \0 ' ;

102 return � 1;

103 }

104

105 in t Vsnprintf ( char *s , size_t n , const char * fmt , va_list ap )

106 {

107 in t ret ;

108

109 ret = vsnprintf (s , n , fmt , ap ) ;

110

111 i f (ret < 0 jj ( unsigned ) ret >= n )

112 s [n � 1] = ' \0 ' ;

113

114 return ret ;

115 }

116

117 in t Snprintf ( char *s , size_t n , const char * fmt , . . . )

118 {

119 va_list ap ;

120 in t ret ;

121

122 va_start (ap , fmt ) ;

123 ret = Vsnprintf (s , n , fmt , ap ) ;
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124 va_end (ap ) ;

125

126 return ret ;

127 }

128

129

130

131 in t Round ( f l o a t value )

132 {

133 # i f defined HAVE_LRINT jj defined CV_ICC jj defined __GNUC__

134 return ( in t )lrint (value ) ;

135 #else

136 // while th is i s not IEEE754 � compliant rounding , i t ' s usually a good enough  -
approximation

137 return ( in t ) (value + (value &gt ;= 0 ? 0.5 f : � 0.5 f ) ) ;

138 #endif

139 }

140

141 in l ine bool cv_isdigit ( char c )

142 {

143 return ' 0 ' <= c && c <= ' 9 ' ;

144 }

145

146 char *
147 FloatToString ( char * buf , f l o a t value )

148 {

149 suf val ;

150 unsigned ieee754 ;

151 val . f = value ;

152 ieee754 = val . u ;

153

154 i f ( (ieee754 & 0x7f800000 ) != 0x7f800000 )

155 {

156 in t ivalue = Round (value ) ;

157 i f ( ivalue == value )

158 sprintf ( buf , "%d . " , ivalue ) ;

159 else

160 {

161 s ta t i c const char * fmt = "%.8e " ;

162 char * ptr = buf ;

163 sprintf ( buf , fmt , value ) ;

164 i f ( *ptr == ' + ' jj *ptr == '� ' )

165 ptr ++;

166 for ( ; cv_isdigit (* ptr ) ; ptr ++ )

167 ;

168 i f ( *ptr == ' , ' )

169 *ptr = ' . ' ;

170 }

171 }

172 else

173 {
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174 i f ( (ieee754 & 0x7fffffff ) != 0x7f800000 )

175 strcpy ( buf , " .Nan" ) ;

176 else

177 strcpy ( buf , ( in t )ieee754 < 0 ? " � . In f " : " . In f " ) ;

178 }

179

180 return buf ;

181 }

182

183 / * s t r tou l with error checking :

184 * f a t a l i t y should be 0 i f error w i l l be handled by ca l le r , or e ls e Str toul

185 * w i l l ex i t

186 * /

187 unsigned long in t

188 Strtoul ( const char *nptr , in t fatality )

189 {

190 unsigned long value ;

191 char *endp = NULL;

192

193 errno = 0;

194 value = strtoul (nptr , &endp , 0) ;

195 i f (errno != 0 jj *endp != ' \0 ' ) {

196 i f (fatality )

197 fatal ( " Inva l id value for number: %s " , nptr ) ;

198 else {

199 error ( " Inva l id value for number: %s " , nptr ) ;

200 }

201 }

202

203 return value ;

204 }

205

206 / * s t r t o l with error checking :

207 * f a t a l i t y should be 0 i f error w i l l be handled by ca l le r , or e ls e Str toul

208 * w i l l ex i t

209 * /

210 unsigned long in t

211 Strtol ( const char *nptr , in t fatality )

212 {

213 unsigned long value ;

214 char *endp = NULL;

215

216 errno = 0;

217 value = strtol (nptr , &endp , 0) ;

218 i f (errno != 0 jj *endp != ' \0 ' ) {

219 i f (fatality )

220 fatal ( " Inva l id value for number: %s " , nptr ) ;

221 else {

222 error ( " Inva l id value for number: %s " , nptr ) ;

223 }

224 }
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225

226 return value ;

227 }

5.2.16 Make�le

1 # GNU Make project makefile autogenerated by Premake

2 CC = gcc
3 CXX = g++

4

5 TARGETDIR = .

6 TARGET = $ (TARGETDIR) / byakugan
7 DEFINES += � DDEBUG
8 INCLUDES += � I . � I . / tinyxml � I / opt / local / include � I / usr / local / include � I / usr / include
9 CPPFLAGS += $ (DEFINES) $ (INCLUDES)

10 CFLAGS += $ (CPPFLAGS) � g � Wno� write � strings
11 CXXFLAGS += $ (CFLAGS)
12 LDFLAGS += � L/ opt / local / lib � L/ usr / local / lib � L/ usr / lib
13 LIBS += � lopencv_core � lopencv_highgui � lopencv_imgproc � lopencv_objdetect � -

lopencv_ml \

14 � lopencv_video � lopencv_features2d � lopencv_calib3d � lopencv_contrib \

15 � lopencv_legacy � lopencv_flann � lboost_program_options � lboost_system � -
lboost_filesystem \

16 � lboost_iostreams
17

18

19 OBJS := TrainingImage . o utils . o Byakugan . o ByakuganOps . o byakugan . o TrainingSet . o Image .  -
o Matcher . o \

20 tinyxml . o tinyxmlerror . o tinyxmlparser . o tinystr . o \

21

22 export SRCS = byakugan .cc Byakugan .cc ByakuganOps .cc utils .cc TrainingSet .cc Matcher .cc  -
\

23 Image .cc TrainingImage .cc . / tinyxml / tinystr .cpp . / tinyxml / tinyxmlerror .cpp \

24 ./ tinyxml / tinyxmlparser .cpp . / tinyxml / tinyxml .cpp
25

26 SHELLTYPE := msdos
27 ifeq ( ,$ (ComSpec)$ (COMSPEC) )

28 SHELLTYPE := posix
29 endif
30 ifeq ( / bin , $ (findstring / bin , $ (SHELL ) ) )

31 SHELLTYPE := posix
32 endif
33

34 . PHONY: clean
35

36

37 all : $ (TARGETDIR) $ (TARGET)
38 @:
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39

40 $ (TARGET) : $ (OBJS)

41 @echo Linking byakugan
42 rm � f $@

43 $ (CXX) $ (LDFLAGS) � o $@ $ (OBJS) $ (LIBS )

44

45

46 $ (TARGETDIR) :

47 @echo Creating $ (TARGETDIR)

48 ifeq (posix , $ (SHELLTYPE) )

49 $ (SILENT ) mkdir � p $ (TARGETDIR)

50 else
51 $ (SILENT ) mkdir $ (subst / ,\\ , $ (TARGETDIR) )

52 endif
53

54

55 clean :

56 @echo Cleaning byakugan
57 rm � f dependencies .mk makefile .dep
58 rm � f $ (OBJS)

59 ifeq (posix , $ (SHELLTYPE) )

60 $ (SILENT ) rm � f $ (TARGET)
61 else
62 $ (SILENT ) if exist $ (subst / ,\\ , $ (TARGET) ) del $ (subst / ,\\ , $ (TARGET) )

63 endif
64

65

66 . cc . o :

67 $ (CXX) � c $ (CXXFLAGS) $< � o $@

68

69 tinystr . o : . / tinyxml / tinystr .cpp
70 @echo $(notdir $ <)

71 $ (CXX) $ (CXXFLAGS) � o "$@" � c "$<"

72 tinyxmlerror . o : . / tinyxml / tinyxmlerror .cpp
73 @echo $(notdir $ <)

74 $ (CXX) $ (CXXFLAGS) � o "$@" � c "$<"

75 tinyxmlparser . o : . / tinyxml / tinyxmlparser .cpp
76 @echo $(notdir $ <)

77 $ (CXX) $ (CXXFLAGS) � o "$@" � c "$<"

78 tinyxml . o : . / tinyxml / tinyxml .cpp
79 @echo $(notdir $ <)

80 $ (CXX) $ (CXXFLAGS) � o "$@" � c "$<"

81

82

83 makefile .dep :

84 $ (CXX) � MM $(CXXFLAGS) $ (SRCS) > $@

85 include makefile .dep
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5.3 Byakugan Server

5.3.1 server.py

1 #!/ usr/bin/env python

2

3

4 import sys
5 from subprocess import PIPE , Popen
6 from threading import Thread
7 import shlex
8

9 import cgi
10 from BaseHTTPServer import BaseHTTPRequestHandler , HTTPServer
11 from SocketServer import ThreadingMixIn
12 import threading
13 import time
14 import tempfile
15

16 import re
17

18 class MyHandler (BaseHTTPRequestHandler ) :

19

20 def do_GET(self ) :

21 pr int "Somebody made a POST request . "

22 return

23

24 def do_POST(self ) :

25 global rootnode
26 try :

27 ctype , pdict = cgi .parse_header (self .headers .getheader ( ' content � type ' ) )

28 #pr int ctype

29 #pr int pdict

30 i f ctype == ' multipart/form � data ' :

31 query = cgi .parse_multipart (self . rfile , pdict )

32 e l i f ctype == ' appl icat ion/x � www� form � urlencoded ' :

33 length = int (self .headers .getheader ( ' content � length ' ) )

34 query = cgi .parse_qs (self . rfile . read (length ) , keep_blank_values = 1)

35

36 message = threading .currentThread ( ) .getName ( )

37 # s e l f . w f i l e . wri te ( message )

38 # s e l f . w f i l e . wri te ( ' \n ' )

39

40 # s e l f . send_response (301)

41 # s e l f . send_header ( " Location " , " / " )

42 # s e l f . end_headers ( )

43

44
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45 upfilecontent = query .get ( ' upf i le ' )

46

47 # Store uploaded f i l e as a temporary f i l e in /tmp

48 # Warning : these f i l e s won ' t be deleted a f te r they are closed

49 f = tempfile .NamedTemporaryFile ( "wb" , delete = False )

50 f .write (upfilecontent [ 0 ] . decode ( ' base64 ' ) )

51 f .close ( )

52 pr int ( " F i l e received . Saved as " + f .name)

53

54 # Now c a l l byakugan

55 cmd = ' . /byakugan � p � i input . tx t � q ' + f .name
56 args = shlex .split (cmd)

57

58 p = Popen (args , stdout = PIPE )

59 out , err = p .communicate ( )

60

61 # parse byakugan ' s output by searching for the Best match l ine

62 # and sending the best matching image ' s f i l epa th as a reply

63 # to the http c l i en t

64 for line in iter (out .splitlines ( ) ) :

65 m = re .search ( " Best match : " , line )

66 i f m:

67 reply = line [ : m.start ( ) ] + line [m.end ( ) : ]

68

69 pr int reply
70

71 self .send_response (200)

72 self .send_header ( ' Content � type ' , ' tex t /html ' )

73 self .send_header ( ' Content � length ' , len (reply ) ) ;

74 self .end_headers ( )

75

76 self .wfile .write (reply ) ;

77

78

79 return

80

81 except Exception , err :

82 pr int Exception , err
83 return

84

85 pass

86

87

88

89 class ThreadedHTTPServer (ThreadingMixIn , HTTPServer ) :

90 pass

91

92

93

94 def main ( ) :

95 t ry :
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96 server = ThreadedHTTPServer ( ( ' ' , 8000) , MyHandler )

97 pr int ' started httpserver . . . '
98 server .serve_forever ( )

99 except KeyboardInterrupt :

100 pr int ' ^C received , shutting down server '
101 server .socket .close ( )

102

103 i f __name__ == ' __main__ ' :

104 main ( )

5.4 Byakugan Client

5.4.1 MainActivity.java

1 package org . ithilgore .byakugan ;

2

3

4 import java . io .ByteArrayOutputStream ;

5 import java . io .File ;

6 import java . io . IOException ;

7 import java . io . InputStream ;

8 import java .util .ArrayList ;

9

10

11 import org .apache .http .protocol .HTTP;

12 import org .apache .http .HttpResponse ;

13 import org .apache .http .HttpVersion ;

14 import org .apache .http .params . * ;

15 import org .apache .http .client .HttpClient ;

16 import org .apache .http .client .entity .UrlEncodedFormEntity ;

17 import org .apache .http .client .methods .HttpPost ;

18 import org .apache .http .conn .ClientConnectionManager ;

19 import org .apache .http .conn .scheme .PlainSocketFactory ;

20 import org .apache .http .conn .scheme .Scheme;

21 import org .apache .http .conn .scheme .SchemeRegistry ;

22 import org .apache .http .conn .ssl .SSLSocketFactory ;

23 import org .apache .http . impl .client .DefaultHttpClient ;

24 import org .apache .http . impl .conn . tsccm .ThreadSafeClientConnManager ;

25 import org .apache .http .message .BasicNameValuePair ;

26

27

28 import android .app .Activity ;

29 import android .app .AlertDialog ;

30 import android .content .DialogInterface ;

31 import android .content . Intent ;

32 import android .content .SharedPreferences ;
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33 import android .content .SharedPreferences .OnSharedPreferenceChangeListener ;

34 import android .graphics .Bitmap ;

35 import android .graphics .BitmapFactory ;

36 import android .net .Uri ;

37 import android .os .Bundle ;

38 import android .os .Environment ;

39 import android .preference .PreferenceManager ;

40 import android .provider .MediaStore ;

41 import android .view .Menu;

42 import android .view .MenuInflater ;

43 import android .view .MenuItem ;

44 import android .view .View ;

45 import android .view .View .OnClickListener ;

46 import android .widget .Button ;

47 import android .widget .Toast ;

48 import android .os .AsyncTask ;

49 import android .widget .ProgressBar ;

50 import android .util .Log ;

51

52

53

54 public class MainActivity extends Activity implements OnSharedPreferenceChangeListener
55 {

56 pr ivate Uri outputFileUri ;

57 pr ivate InputStream inputStream ;

58 public s ta t i c f i n a l in t PICTURE_ACTIVITY = 35434;

59 pr ivate ProgressBar pbDefaultM ;

60 pr ivate AlertDialog alertDialog ;

61 public String ip_addr ;

62 pr ivate SharedPreferences prefs ;

63

64 // Part of being OnSharedPreferenceChangeListener

65 public synchronized void onSharedPreferenceChanged (SharedPreferences sharedPreferences  -
, String key ) {

66 th is . ip_addr = null ;

67 }

68

69

70 // Called f i r s t time user c l icks on the menu button

71 @Override
72 public boolean onCreateOptionsMenu (Menu menu) {

73 MenuInflater inflater = getMenuInflater ( ) ;

74 inflater . inflate (R.menu.menu, menu) ;

75 return true ;

76 }

77

78 // Called when an options item is cl icked

79 @Override
80 public boolean onOptionsItemSelected (MenuItem item ) {

81 switch (item .getItemId ( ) ) {

82
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83 case R. id .prefs :

84 startActivity (new Intent ( this , PrefsActivity . c lass ) ) ;

85 break ;

86 }

87

88 return true ;

89 }

90

91

92 / * Override the onCreate method * /

93 @Override
94 public void onCreate (Bundle savedInstanceState )

95 {

96 super .onCreate (savedInstanceState ) ;

97

98 th is .prefs = PreferenceManager .getDefaultSharedPreferences ( th is ) ;

99 th is .prefs . registerOnSharedPreferenceChangeListener ( th is ) ;

100

101 setContentView (R. layout .main ) ;

102 f i n a l Button cameraButton = (Button )findViewById (R. id .camera_button ) ;

103

104 pbDefaultM = (ProgressBar ) findViewById (R. id .pbDefault ) ;

105

106 alertDialog = new AlertDialog .Builder ( th is ) .create ( ) ;

107

108 cameraButton .setOnClickListener (new OnClickListener ( ) {

109

110 public void onClick (View v ) {

111 // Check i f there ' s external storage avai lab le and that i t ' s wri teable .

112 boolean mExternalStorageAvailable = fa lse ;

113 boolean mExternalStorageWriteable = fa lse ;

114 String state = Environment .getExternalStorageState ( ) ;

115

116 i f (Environment .MEDIA_MOUNTED.equals (state ) ) {

117 // We can read and wri te the media

118 mExternalStorageAvailable = mExternalStorageWriteable = true ;

119 } else i f (Environment .MEDIA_MOUNTED_READ_ONLY.equals (state ) ) {

120 // We can only read the media

121 mExternalStorageAvailable = true ;

122 mExternalStorageWriteable = fa lse ;

123 } else {

124 // Something else is wrong . I t may be one of many other states , but a l l we  -
need

125 // to know is we can neither read nor wri te

126 mExternalStorageAvailable = mExternalStorageWriteable = fa lse ;

127 }

128

129 i f (mExternalStorageAvailable && mExternalStorageWriteable ) {

130 Intent cameraIntent = new Intent (MediaStore .ACTION_IMAGE_CAPTURE) ; // Normally  -
you would populate th is with your custom intent .

131 File file = new File (Environment .getExternalStorageDirectory ( ) , " imagef i le . jpg "  -
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) ;

132 outputFileUri = Uri . fromFile (file ) ;

133 cameraIntent .putExtra (MediaStore .EXTRA_OUTPUT, outputFileUri ) ;

134 startActivityForResult (cameraIntent , PICTURE_ACTIVITY ) ;

135 }

136 }

137 } ) ;

138 }

139

140 pr ivate HttpClient createHttpClient ( )

141 {

142 HttpParams params = new BasicHttpParams ( ) ;

143 HttpProtocolParams .setVersion (params , HttpVersion .HTTP_1_1) ;

144 HttpProtocolParams .setContentCharset (params , HTTP.DEFAULT_CONTENT_CHARSET) ;

145 HttpProtocolParams .setUseExpectContinue (params , true ) ;

146

147 SchemeRegistry schReg = new SchemeRegistry ( ) ;

148 schReg . register (new Scheme( " http " , PlainSocketFactory .getSocketFactory ( ) , 80) ) ;

149 schReg . register (new Scheme( " https " , SSLSocketFactory .getSocketFactory ( ) , 443) ) ;

150 ClientConnectionManager conMgr = new ThreadSafeClientConnManager (params , schReg ) ;

151

152 return new DefaultHttpClient (conMgr , params ) ;

153 }

154

155

156 class PostToServer extends AsyncTask <String , Integer , String > {

157

158 @Override
159 protected String doInBackground (String . . . image_str ) {

160

161 String the_string_response = " " ;

162

163 try {

164

165 ArrayList <BasicNameValuePair > nameValuePairs = new ArrayList <BasicNameValuePair  -
> ( ) ;

166

167 nameValuePairs .add (new BasicNameValuePair ( " up f i le " , image_str [ 0 ] ) ) ;

168

169 HttpClient httpclient = createHttpClient ( ) ;

170

171 / * get address from user sett ings , or e lse place a defaul t value * /

172 String URL = prefs .getString ( " server_ip " , " http ://192.168.1.3:80 " ) ;

173 // f i n a l Str ing URL = " http ://192.168.1.3:80";

174

175

176 HttpPost httppost = new HttpPost (URL) ;

177

178 httpclient .getParams ( ) .setParameter ( " http . protocol .unambiguous � statusl ine " ,  -
f a l se ) ;

179
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180 httppost .addHeader ( "User� Agent " , "byakugan c l i en t " ) ;

181

182 httppost .setEntity (new UrlEncodedFormEntity (nameValuePairs ) ) ;

183 HttpResponse response = httpclient .execute (httppost ) ;

184 the_string_response = convertResponseToString (response ) ;

185

186 } catch (Exception e ) {

187 Toast .makeText (MainActivity . this , "ERROR " + e .getMessage ( ) , Toast .LENGTH_LONG) .  -
show ( ) ;

188 System .out .println ( " Error in http connection " + e . toString ( ) ) ;

189 e .printStackTrace ( ) ;

190 }

191

192 return the_string_response ;

193 }

194

195

196 @Override
197 protected void onProgressUpdate (Integer . . . values ) {

198

199 super .onProgressUpdate ( ) ;

200 }

201

202

203 @Override
204 protected void onPostExecute (String result ) {

205

206

207 alertDialog .setTitle ( "Byakugan Result : " ) ;

208 alertDialog .setMessage (result ) ;

209 alertDialog .setButton ( "OK" , new DialogInterface .OnClickListener ( ) {

210 public void onClick (DialogInterface dialog , in t which ) {

211 // here you can add functions

212 }

213 } ) ;

214 alertDialog .show ( ) ;

215

216 //Toast . makeText ( MainActivity . this , "Response " + resul t , Toast .LENGTH_LONG) .show  -
( ) ;

217 }

218 }

219

220

221 public class ProgressBarAsyncTask extends AsyncTask <Integer , Integer , Boolean > {

222

223 pr ivate s ta t i c f i n a l String LOG_TAG = "PB_ASYNC_TASK" ;

224 pr ivate ProgressBar pbM ;

225 in t teSecondsProgressedM ;

226

227 / **
228 * The parameters in the constructor of the class are the control s from the
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229 * main a c t i v i t y that we w i l l update as the background work is pr ogressing .

230 *
231 * @param pb: the progress bar control .

232 * @param secondProgressed : an edi t text with the percentage o f seconds

233 * progressed .

234 * /

235 public ProgressBarAsyncTask (ProgressBar pb , in t secondProgressed ) {

236 Log . d (LOG_TAG, " Constructor " ) ;

237

238 pbM = pb ;

239 teSecondsProgressedM = secondProgressed ;

240 }

241

242 / **
243 * This method w i l l be cal led before the execution of the task . H ere we

244 * are act ivat ing the v i s i b i l i t y of the progress controls of th e main

245 * a c t i v i t y .

246 * /

247 @Override
248 protected void onPreExecute ( ) {

249 Log . d (LOG_TAG, " Pre� Execute " ) ;

250

251 super .onPreExecute ( ) ;

252 pbM.setVisibility ( View .VISIBLE ) ;

253 //teSecondsProgressedM . s e t V i s i b i l i t y ( View . VISIBLE ) ;

254 }

255

256 / **
257 * This method w i l l be cal led a f te r the invocation of the

258 * publishProgress ( progress ) method in the background task . Here is where

259 * we update the progress controls .

260 *
261 * @param progress : the amount of progress of the background ta sk

262 * /

263 @Override
264 protected void onProgressUpdate (Integer . . . progress ) {

265 Log . d (LOG_TAG, " Progress Update : " + progress [ 0 ] . toString ( ) ) ;

266

267 super .onProgressUpdate ( progress [ 0 ] ) ;

268 pbM.setProgress ( progress [ 0 ] ) ;

269 //teSecondsProgressedM . setText ( progress [ 0 ] . toStr ing ( ) ) ;

270 }

271

272 / **
273 * This method is cal led a f te r the execution of the background t ask . Here

274 * we reset the progress controls and set the i r v i s i b l e propert y to

275 * i n v i s i b l e again , to hide them.

276 *
277 * @param resul t : i s the resul t of the background task , and i t i s passed to

278 * th is method with the resul t returned in the

279 * doInBackGroundMethod ( )
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280 * /

281 @Override
282 protected void onPostExecute (Boolean result ) {

283 Log . d (LOG_TAG, " Post� Execute : " + result ) ;

284

285 super .onPostExecute (result ) ;

286 pbM.setVisibility (View . INVISIBLE ) ;

287 //teSecondsProgressedM . s e t V i s i b i l i t y ( View . INVISIBLE ) ;

288 //teSecondsProgressedM . setText ( " " ) ;

289 pbM.setProgress ( 0 ) ;

290 }

291

292 / **
293 * This method is cal led for executing the background task in th e AsyncTask .

294 * For th is tu to r i a l we are only sleeping the thread for the numb er of

295 * seconds passed as parameter of the function .

296 *
297 * @param numSeconds: l i f e of the task

298 * @return the resul t of the background task

299 * /

300 @Override
301 protected Boolean doInBackground (Integer . . . numSeconds ) {

302 Log . d (LOG_TAG, "doInBackground : " + numSeconds [ 0 ] ) ;

303

304 try {

305 in t totalSecs = numSeconds [ 0 ] . intValue ( ) ;

306 Log . d (LOG_TAG, " Total SECS: " + totalSecs ) ;

307

308 for ( in t i = 1; i <= totalSecs ; i ++) {

309 Log . d (LOG_TAG, " Sleeping " + i ) ;

310 Thread .sleep (1000) ;

311

312 f l o a t percentage = ( ( f l o a t ) i / ( f l o a t )totalSecs ) * 100;

313 Log . d (LOG_TAG, " Percentage of progress : " + percentage ) ;

314

315 publishProgress ( new Float ( percentage ) . intValue ( ) ) ;

316 }

317 } catch (InterruptedException e ) {

318 e .printStackTrace ( ) ;

319 return fa lse ;

320 }

321

322 return true ;

323 }

324 }

325

326

327 @Override
328 protected void onActivityResult ( in t requestCode , in t resultCode , Intent intent ) {

329 super .onActivityResult (requestCode , resultCode , intent ) ;

330
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331 i f (requestCode == PICTURE_ACTIVITY && resultCode == Activity .RESULT_OK) {

332

333 File file = new File (Environment .getExternalStorageDirectory ( ) , " imagef i le . jpg " ) ;

334 i f (file .exists ( ) ) {

335 ByteArrayOutputStream stream = new ByteArrayOutputStream ( ) ;

336

337 // Enclose th is in a scope so that when i t ' s over we can c a l l the garbage  -
co l l ec to r ( the phone doesn ' t have a l o t of memory ! )

338 {

339 Bitmap image = BitmapFactory .decodeFile (file .getPath ( ) ) ;

340 Bitmap scaled = Bitmap .createScaledBitmap (image , ( in t ) (image .getWidth ( ) * 0.3)  -
, ( in t ) (image .getHeight ( ) * 0.3) , fa l se ) ;

341 scaled .compress (Bitmap .CompressFormat .JPEG, 90, stream ) ;

342 image . recycle ( ) ;

343 scaled . recycle ( ) ;

344 }

345 System .gc ( ) ;

346

347 byte [ ] byte_arr = stream . toByteArray ( ) ;

348 String image_str = Base64 .encodeBytes (byte_arr ) ;

349

350 in t seconds = 35;

351 ProgressBarAsyncTask pbTask = new ProgressBarAsyncTask (pbDefaultM , seconds ) ;

352 pbTask .execute (seconds ) ;

353

354 new PostToServer ( ) .execute (image_str ) ;

355

356 }

357 }

358 }

359

360

361

362 public String convertResponseToString (HttpResponse response ) throws  -
IllegalStateException , IOException {

363

364 String res = " " ;

365 StringBuffer buffer = new StringBuffer ( ) ;

366 inputStream = response .getEntity ( ) .getContent ( ) ;

367 in t contentLength = ( in t ) response .getEntity ( ) .getContentLength ( ) ; //get t ing content  -
length . . .

368 //Toast . makeText ( MainActivity . this , " contentLength : " + contentLength , Toast .  -
LENGTH_LONG) .show ( ) ;

369

370

371 i f (contentLength < 0) {

372

373 } else {

374 byte [ ] data = new byte [512] ;

375 in t len = 0;

376 try {
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377 while (� 1 != ( len = inputStream . read (data ) ) ) {

378 buffer .append (new String (data , 0 , len ) ) ; //converting to st r ing and appending  -
to s t r ingbuf fer

379 }

380 } catch (IOException e ) {

381 e .printStackTrace ( ) ;

382 }

383

384 try {

385 inputStream .close ( ) ; // c losing the stream

386 } catch (IOException e ) {

387 e .printStackTrace ( ) ;

388 }

389

390 res = buffer . toString ( ) ; // converting st r ingbuf fer to st r ing . . .

391 //Toast . makeText ( MainActivity . this , " Result : " + res , To ast .LENGTH_LONG) .show ( ) ;

392 //System . out . pr int ln ( " Response => " + Ent i tyUt i ls . toStr ing ( response . getEnt i ty ( ) ) ) ;

393

394 }

395

396 return res ;

397 }

398

399 }

5.4.2 PrefsActivity.java

1 package org . ithilgore .byakugan ;

2

3 import android .os .Bundle ;

4 import android .preference .PreferenceActivity ;

5

6 public class PrefsActivity extends PreferenceActivity {

7

8 @Override
9 protected void onCreate (Bundle savedInstanceState ) {

10 super .onCreate (savedInstanceState ) ;

11 addPreferencesFromResource (R.xml .prefs ) ;

12 }

13

14 }
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