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Perblhyh

H Upologistik '‘Orash ( Computer Vision ) ePnai énac toméac thc epist mhc
twn upologist,n pou diereun” thn an”ptuxh optik, n dunatithtwn se mia mh-

gan . Perilamb”nei mejidouc gia thn an“kthsh, epexergasba, an” lush kai
katanihsh eikinwn api ton pragmatiki kismo ,ste na paragjeD sumbolik
plhroforba, kat'llhlh gia thn antbstoigh | yh apof’sewn api ton upo -
logist . EPnai éna pedbo pou gnwrbzei ta teleutaba grinia terst ia "njish,
kurbwec ligw the suneq,c auxanimenhc upologistik ¢ isqgOoc pou epitrépei

thn an“ptuxh algorbjmwn pou “llote a tan apagoreutik™ gronobiroi

Paraménei imwc éna sgetik® meg’lo q"sma metaxO thc ewrhtik ¢ éreuna c
kai thc praktik ¢ ulopobhshc kai gr shc susthm™wn pou asbzontai s tic
teleutabec autéc efeuréseic thc upologistik ¢ irashc. H ergasba aut ebnai

mia apipeira na kalufieD éna méroc autoO tou kenoO, me thn ulopobhsh enic

pl rouc sust matoc anagn, rishc logotOpwn me epekt’simh kai eOkola kli-
makoOmenh argitektonik kai me antDstoigh efarmog se kinht™ as isména
sthn euréewc diadedomenh platfirma  Android thc Google. EPnai gegonic pwc
me thn ter’stia dieDsdush twn éxupnwn kinht,n suskeu,n sthn kajhmerin

w mac, ePnai idiabtera shmantik h Oparxh dunatithtac qr shc miac uph-
esPac an” psa stigm meésw tou kinhtoO. Kaj,c h upologistik isqOc twn

kinht,n suskeu,n imwc paramenei saf,c kat,terh sugkritik® me aut n tou

néfouc ( cloud ) kai oi algirijmoi upologistk ¢ irashc ebnai idiabtera gro-

nobiroi, h efarmog epikoinwneb me to  cloud gia thn k'luyh twn anagk,n

thc anagn rishc tou logotOpou. To sunoliki sOsthma mac kajist™ dunat

thn an”ptuxh paignBwn me th logik tou kunhgioO hsauroQ, ipou h eOresh



kai wtogr-fish sugkekriménou logotOpou se mia topojesPa apoteleb to
stiqo tou paignidioO.

JEMATIKH PERIOQH: Efarmosménh Upologistik 'Orash, Android ,
Software Engineering

LEXEIS KLEIDIA: SURF, SIFT, FLANN, Android development, OpenCV,
C/C++, Java, Python



Euqgaristbec

O kOkloc spoud,n t'nei sto téloc tou kai shmatodoteP thn énarxh néwn

anazht sewn kai stigwn. Sto makrQ taxDdi auti méqri t,ra imwc sunébala n
“toma péran tou suggrafea kai ofeblw na touc eugarist sw sto edfi o]
auti.

Kat’rqgn, a jela na euqarist sw ton kajhght mou, k. lw"nnh Qa-
tzhgiannkh, gia thn polOtimh o jeia tou se ilh thn porePa twn spoud .n
mou. H sunergasba mac eidikitera sta maj mata Leitourgik,n Susthm™twn
kai Katanemhménwn Susthm™twn up rxe idiabtera karpofira kaj,c péran
twn ekpaideutik,n ergasi,n pou proékuyan, purodot jhkan endiaférou-
sec episthmonikec suzht seic kai antallagéc apiyewn.

'Ena ter“stio euqarist, ofeblw sto Blo kai sun"delfo Fobbo Kef allw-
nbth, me ton opobo h ektenéstath kai eic “joc an’lush tiso em’tw n thc
epist mhc twn upologist,n iso kai genikitera thc w ¢ pou k"name ila
aut” ta grinia, epaixe kajoristiki ilo sth diamirfwsh apiyewn kai s to
“noigma orizintwn. H nootropPa suneqoOc anaz thshc thc gn,shc, h a mfi-
sb thsh k’je epibeblhménou stereotOpou kai komformismoO kai h gr s h
thc antasbac gia thn epblush problhm™wn tan aut™ pou kajirisan tic
suzht seic mac kai diamirfwsan thn poreba mac.

Jerm” euqarist, api ta “jh thc kardi"c mou élw na d,sw kai sto "to-
mo (N.T) pou purodithse, enbBsquse kai enejrrune aisj mata sumpinoia c,
ensunabsjhshc kai ag'phc proc ton kismo genikitera. Ja moun teleb wc
diaforetikic an de se ebga gnwrbsei.

Klebnontac, a jela na d,sw polléc euqaristbec stouc gonebc mou G i-



Vi

.rgo kai Marba kai sthn aderf mou Iw"nna pou ila aut™ ta grinia me

st rixan poikilotripwc kai mou edwsan th dunatithta na apokt sw éna i-
squri upibajro gr simo sthn epist mh pou di“lexa na akolouj sw all”

kai kuriitera sthn OdOsseia thc w c.

F.thc Qantz c

P“tra, 7 Maoou 2012



Afier, netai sthn OdOsseia tou kajenic pou prospajeb gia éna sunoliki
kalOtero aOrio.
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Kef'laio

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 Priblhma kai Shmasba

Wc “njrwpoi antilambanimaste thn trisdi“stath dom tou kismou gOrw mac
me ainomenik eukolba. MporoOme polO eOkola na diakrBnoume ta prisw-

pa api ta antikebmena, ta antikebmena api to into, ha anagnwrbsoume mo-
nadik™ qarakthristik™ tou ek"stote pros,pou antikeiménou kai na ta
antistoigbsoume me “sh thn prodp-rqousa gn,sh gia ton kismo gOrw mac.

Se antbjesh me mac, o upologist ¢ den mporeb na epitelései tic parap™nw

leitourgbec me thn Ddia eugéreia. H Upologistik 'Orash, wc antik ebmeno
meléthc égei thn an"kthsh api eikinec kai wtografbec ekebnhc th ¢ sumbo-
lik ¢ plhroforbac pou a kajist” dunati gia mia mhgan na proseggbs ei
tic dunatithtec pou éqei 0 sunduasmic tou anjr,pinou optiki sust matoc

kai 0 nouc. Qrhsimopoieb majhmatikéc tegnikéc kai statistik™ mont ela gia
na analOsei thn trisdi"stath skhn pou sun jwc anaparBPstatai se mi a dus-
di"stath eikina kai na ex"gei gr simh plhroforba me skopi na gbne i iso
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to dunatin megalOterh "katanihsh" ek mérouc thc mhgan c gia to anti ke-
Pmeno pou parousi“zetai. Merikec api tic efarmogec thc epist mhc ebn aih
Anagn,rish Antikeiménwn, h Optikh anagn rish garakt rwn, h 3- D anaka-

taskeu montélwn api eikinec, h surraf pollapl,n eikinwn, h anbgneu-

sh kai anagn,rish pros,pwn kai polléc akima. Gbnetai antilhpti pwc o

kI"doc autic dieisdOei ilo kai perissitero sthn kajhmerinithta mac kai
sto eggOc mellon h shmasPa kai epirro tou a ePnai adiamfisb thth , an
den ebnai dh s mera. Epipléon, h eukolba me thn opoba mporeb o kajénac
na yhfiopoi sei opoiad pote skhn thc areskebac tou me to apli p"thma

enic pl ktrou, érnei ton apli kajhmerini gr sth ilo kai pio kont™ s th
sfabra epirro ¢ twn efarmog,n thc Upologistik ¢ 'Orashc.

Mia api tic pio euréwc grhsimopoioOmenec efarmogéc thc Upologistik ¢
'‘Orashc ebnai h Anagn,rish Antikeiménwn . O kl"doc autic asqolebtai me thn
an”ptuxh twn teqnik_n ekeBnwn pou epitrépoun se miac mhgan na anigneOsei
kai na anagnwrbsei sugkekrimena se mia eikina Dnteo. An h mhgan ¢ qei

argik™ "m’"jei" “sh enic montélou anapar”stashc, ligou q°rin pwc éna

"zo p'nw se éna trapézi egei ena sugkekriméno sq ma kai égei orismé na

monadik™ garakthristik®™ pou to diagwrbzoun api thn upiloiph skhn, a n
argitera xanaparousiasteb to Bdio “zo api mia “llh wtografba, a mpo-
ései na xana-anagnwrbsei ekebna ta garakthristik™ pou to kn oun monadiki
,ste na to katagwr sei wc to “zo pou ebde sthn argik eikina? H dusk o-
IDa égketai sto iti h wtografba tou antikeiménou mporeb na proerge tai api

diaforetik gwnba | yhc, upi diaforetikéc sunj kec wtismoO, me parou-

sba orObou kai gewmetrik.n kai “llwn alloi sewn. Ta parap™nw k™noun

idiabtera epbponh th diadikasba exagwg ¢ plhroforbac pou ménei an  alobw-
th k“tw api ilec autéc tic sunj kec. H éreuna pou gbnetai epikentr,ne tai
afenic sthn akrbbeia tou algorBjmou exagwg ¢ aut ¢ thc plhrofor Pac a-
etérou ston iso to dunatin taqOtero upologismoO thc. 'Opwc a doOme
parak’twn o SURF - Speeded Up Robust Features ebnai énac tétoioc al-
girijmoc pou sundu’zei kai ta dOo aut™ prosinta. Katipin, tDjetai epDs hc
to thma thc gr gorhc antistobgishc twn eikinwn api mia tr'peza ei kinwn
“sh thc prohgoOmenhc exagjebsac plhroforDac.

Sth shmerin epoq, katakluzimaste kajhmerin,c api thn parousba
twn eikinwn ekebnwn pou diagwrbzoun thn mia etaireba api thn “lih kai po u
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Sgma 1.1: Ta logitupa apoteloOn shmantiki shmebo gia thn pro,jhsh kai dia-
mish miac etairebac

kwdikopoioOn thn anagnwrBsimh tautithta touc. Priketai gia ta legi mena
logitupa ( logos) pou apoteloOn to pio shmantiki Dswc shmebo anaforc gia

thn pro,jhsh kai diaf mish miac etairebac ( 1.1). Hanagn,rish thc ek’sto-
te "m’rkac" gbnetai "mesa api ton anjr pino nou, afoQ égei sundu’sei k ai
sun jwc tautbsei to asiki prodin thc etairebac me to sq ma, to gqr,ma, ta

grrmmata kai otid pote “llo k"'nei xegwristi to logitupo.

To logitupo api thn pleur” tou upologist den ebnai tbpota parap nw
api éna akima antikebmeno. Dhlad, ePnai mia eikina pou diépetai api
sugkekriméno pritupo  pattern katanom plhroforBac. Sunep,c, oi Bdioi
kaninec kai tegnikéc pou efarmizontai gia thn anagn,rish antik eiméenwn
mporoOn praktik™ na efarmostoOn kai gia thn Anagn rish LogotOpwn me
thn opoba asqolebtai h paroOsa Diplwmatik Ergasba.

EPnai gegonic pwc mégri t.ra den uprgei diajésimo sto eur® koini
k’poio oloklhrwméno sOsthma anagn rishc logotOpwn. Fusik”, up’r-
goun etaireDec pou endeqoménwc anaptOssoun eswterik™ gia dik touc gr sh
parimoia sust mata. Paraménoun imwc sgedin p nta logismik™ kleistoO
k.dika kai diajesima mino kat™ paraggelba api “llec etairebec. H D iplw-
matik ErgasPa aut a apotelései m’llon to pr. to olokl rwmeno sOsth-
ma anagn,rishc logotOpwn pou se sunduasmi me thn efarmog gia kinht
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Android pou anaptOxame, proetoim™zoun to édafoc gia akima kai mia eureDa
dbajesh tou sto koini.

1.2 Stigoc Diplwmatik ¢ Ergasbac

O asikic stigoc ePnai h meléth the praktikithtac twn pio sOggronwn algo-
DPjmwn anagn,rishc antikeiménwn kai epoménwc anagn, rishc logotOpwn me
thn efarmog touc sto pl rec sOsthma pou anaptOxame. O kairic ePnai o

pléon katllhloc gia thn "mesh gr sh twn algorBjmwn aut,n, afoO pléon

h upologistik isqOc twn hmer,n mac, mac epitrépei diadrastikithta sge -

din pragmatikoO grinou akima kai gia tiso apaithtikéc diadikasD ec ipwc
h anagn,rish antikeimenwn. Ja doume émprakta thn katallhlithta tou ne-
iterou algorbjmou tou kI"dou autoO Kai tic dunatithtec pou anobg ontai sto

g.ro thc efarmosmenhc Upologistik ¢ 'Orashc.

1.3 Skopic kai Suneisfor” thc Diplwmatik ¢
Ergasbac

'Opwc anaférjhke prohgoOmenwc, to logismiki pou anaptOxame prikeitai
giato pr,to  oloklhrwméno sOsthma anagn,rishc logotOpwn pou a ebnai
diajésimo proc to eurO koini. H suneisfor” éggutai igi tiso sthn epi -

skiphsh tou ewrhtikoO upob’jrou pou kajist™ dunat th leitourgba e nic
tétoiou sust matoc (to opoPo profan.c éqei th dik tou arOthta kai exe-
t"zetai xeqwrist™ parak’tw), iso prwtbstwc sthn an”lush thc grhsti kithtac

enic progrrmmatoc pou milic el’gista grinia prin den a mporoOse na u-

p'rgei “sh twn tite upologistik,n dunatot twn kai thc tote up“rqousac

ereunac. Exetzontai shmantikec énnoiec gia thn arqgitektoni  k kai thn te-
gnologba tou logismikoO pou anaptOxame, k'ti pou dokim’zei ousiasti kK
to sunduasmi asik,n arg,n software engineering me prwtopira ewrh-
tik ereuna (lepe algirijmo SURF) kai to désimo twn parap™nw se éna
pl rec praktiki sOsthma. Parousi"zontai parillhla, sOggrona pakét a
logismikoO ipwc to  OpenCV, pou periégei iblioj kec me algorBjmouc U-
pologistik ¢ 'Orashc kai to Android , h di"shmh platfirma thc Google gia
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exupnec kinhtéc suskeuéc.

1.4 Org'nwsh Diplwmatik c Ergasbac

H paroOsa Diplwmatik Ergasba domebtai wc ex c:
Sto Kef'laio 2: Speeded-Up Robust Features parajéetoume to ewrh-

tiki upibajro pPsw api thn efeOresh tou asikoO algorbjmou ( SURF) pou
grhsimopoieD to sOsthma mac. To kef'laio auti den apaiteBtai gia thn kata-

nihsh thc upiloiphc an’lushc afoO h ergasBa mac esti"zei sto pio prak ti-

ki meroc thc an”ptuxhc tou sust matoc. Par'ila aut”, gia mia pio kajol ik

episkiphsh tou antikeimenou, o anagn,sthc kalebtai na to melet se i xeqwri-

st”. H suggraf tou sugkekriménou kefalabou danebzetai ekten,c api thn

epbshmh dhmosbeush touSURF [4].

Sth sunégeia, sto Kef’laio 3: Byakugan - éna pl rec sOsthma anagn rishc logotOpwn

analOetai h argitektonik tou sust matoc mac. Parousi"zontai ka i mele-

t,ntai leptomer,c ta tm mata ekebna tou k,dika pou grbzoun shmasbac gia
thn katanihsh thc leitourgbac tou logismikoO.
To Keflaio 4: Ektélesh kai Apotelesmata  parousizei thn émprakth

leitourgba tou sust matoc, dbnontac émfash stouc grinouc diadras hc kai
allhlepbdrashc kaj,c kai ta apotelésmata thc sunolik ¢ grhstiki thtac
kai katallhlithtac tou gia eureba gr sh. Parousi"zontai epbsh c oi duna-

tithtec gr shc se pabgnia kai oi pijanéc epektseic tou.
To Keflaio 5:  UlopoBPhsh apoteleb thn parjesh tou sunolikoO k_ dika
tou sust matoc - tiso tou exuphretht server iso kai tou pel’th client .
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Kef'laio

Speeded-Up Robust Features

You don't understand anything until you learn
it more than one way.

Marvin Minsky

2.1 Eisagwg

Sto kef'laio auti a parousi"soume th dom kai leitourgba tou algo-
DBjmou pou protim jhke gia to sOsthma anagn, rishc logotOpwn pou dh-
miourg same. O algirijmoc legetai SURF api ta arqik” Speeded-Up Ro-
bust Features kai efeuréjhke apo touc Herbert Bay, Andreas Ess, Tinne
Tuytelaars kai Luc Van Gool to 2006 [ 4]. Par'ilh th sgetik neithta tou,
grhsimopoiebtai dh euréwc se poikblec efarmogéc tou toméa thc upolog i-
stik ¢ irashc ipwc h anagn,rish antikeiménwn kai h 3D -anakataskeu .

O asikic stigoc tou algorbjmou ePnai h eOresh diakrit,n shmebBwn a nti-
stobgishc metaxO eikinwn. H diadikasPa apartDzetai api trba as k> ma-
ta.

1. 'Shmeba endiaférontoc’ epilégontai se sugkekriménec topojes  Dec thc ei-
kinac ipwc gwnbec, blobs, T-diastaur,seic. H pio shmantik idiithta
enic “nigneut' shmebwn endiaférontoc ebnai h epanalhyimithta. H
epanalhyimithta ekfr'zei thn axiopistDa enic anigneut sthn eOre -
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sh twn Bdiwn shmebwn endiaférontoc k“tw api diaforetikéc sunj kec
probol c.

2. H periog K’je shmebou endiaferontoc ekproswpebtai api éna ga-
akthristiki di"'nusma. O 'perigrafeac' prepei na ebnai diakriti kic
kai par“llhla anjektikic sto irubo, se metatopbseic anbgneushc kai
gewmetrikéc kai wtometrikéc paramorf, seic.

3. Teéloc, ta garakthristik™ dianOsmata antiparab’llontai meta xO dia-
oretik,n eikinwn. H antistobgish asbzetai se mia apistash metax 0
twn dianusm™twn ipwc thn  Mahalanobis thn Eukleidian. H di-
“stash tou perigraféa éqei "mesh epbdrash sto grino kai mikriter ec
diast”seic ebnai pio epijumhtéc gia gr gorh antistobgish twn shme bwn
endiaférontoc. 'Omwc, ipwc anamenitan, ta mikriterwn diast"sewn
garakthristik® dianOsmata ePnai genik™ ligitera xeqwrist” se sOg-
krish me aut™ pou éqoun parap™nw diast’seic.

O stigoc ebnai tiso 0 anigneut ¢ iso kai o perigraféac na ebnai a rke-
" gr goro na upologistoOn qwrBc na usizetai h akrBbeia. H isorr opba
epitugq netai me to na aplopoiebtai o tripoc anbgneushc diathr ntac ton
akrib kai mei,nontac to megejoc tou perigraféa diathr,ntac ton i kano-

poihtik™ diakritiki.

O algirijmoc  SURF esti"zei se anigneutéc kai perigrafebc pou ebnai a-

met"blhtoi se sgésh me thn kiIbmaka kai thn peristrof thc eikinac . Auth h
idiithta prosférei énan kali sumbibasmi metaxO thc sunjetithtac t wn ga-
akthristik,n shmebwn kai thc anjektikithtac stic pio sugn™ emfan izimenec

paramorf seic.

2.2 Sqetik 'Ereuna

2.2.1  Anbgneush shmebwn endiaférontoc

O pio euréwc grhsimopoioOmenoc anigneut ¢ ebnai o anigneut ¢ gwni.n  Har-
ris pou prot’jhke to 1988 [ 3]. Basbzetai stic idiotimec tou mhtr.ou o-
p ¢ deOterhc t"xhc. 'Omwc oi gwnbPec Harris den ePnai amet’blhtec wc proc
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thn kibmaka. O Lindeberg [7] eis gage thn énnoia thc autimathc epilog ¢
klbmakac. Auti epitrépei thn anbgneush shmebwn endiaférontoc se mia e -
kina, to kajena me th dik tou garakthristik klbmaka. Peiramat Psthke
tiso me thn orbzousa enic EssianoO mhtr,ou iso kai me to Laplasiani,

pou antistoige® me to Bgnoc enic EssianoO. Oi Mikolajczyk kai Schmid [10]
eltbwsan aut th méjodo dhmiourg, ntac anjektikoOc kai amet blhtouc wc
proc thn kibmaka anigneutéc me uyhl epanaleiyimithta. Qrhsimopobhsan

éna meétro Harris  thn orbzousa enic EssianoO mhtr,ou gia thn epilog
topojesbac kai th Laplasian gia thn epilog thc kIbmakac. Esti"z ontac
sthn taqOthta, o Lowe [8] priteine thn proséggish thc Laplasian ¢ twn
Gkaousian,n grhsimopoi ntac éna Dbltro Diafor’c Gkaousian,n.

Api meléth twn uparkt,n anigneut,n pou égine api touc Herbert Bay
et al, proékuye pwc oi asizimenoi se Essian™ mhtr,a anigneutéc ebnai pio
stajeroD kai epanalhptoD se sOgkrish me touc antDstoiqouc asizim enouc
se Harris mhtr,a. Epipléon, grhsimopoi ntac thn orBzousa tou EssianoO
mhtr,ou antb gia to Bgnoc abnetai epwfeléc. Epbshc, oi proseggbsei ¢ ipwc
oi Diaforéc Gkaousian.n mporoO na epiféroun taqOthta me mikri kistoc
wc proc thn akrBbeia.

2.2.2 Perigraf shmebwn endiaférontoc

Mia akima megalOterh poikilDa api perigrafeDc qarakthristik .n éqge i pro-
tajeD. Oi perigrafeDc pou ekproswpoOn thn katanom twn mikriterhc kP ma-
kac garakthristik,n mésa sth geitoni” twn shmebwn endiaférontoc eis gjh-

kan api ton Lowe [9] kai égei deigjeP iti uperteroOn énanti twn upoloBpwn

[11]. Auti mporeb na exhghjeb api to gegonic iti sullamb™noun ena meg’lo

posi plhroforbac gia ta pritupa thc qwrik ¢ eéntashc, en, par’llhla |n -

tac anjektik” se mikréc paramorf seic kai topik™ I'jh. O perigrafe ac

tou “llou gnwstoO algorbjmou SIFT - Scale Invariant Feature Transform

[9] upologbzei éna istigramma twn topik .n kiDsewn gOrw api ta shmeba en-

diaférontoc kai apojhkeQei ta apotelésmata se 128-di"stata dia nOsmata.
O perigraféac ~ SIFT ePnai akima api touc pio elkustikoOc perigrafebc

gia praktik gr sh kai €nac api touc pio euréwc grhsimopoioOmenouc prin

thn emf'nish tou SURF. EPnai diakritikic kai sqetik™ gr goroc, prigma
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krDsimo gia efarmogéc pragmatikoO grinou. 'Omwec h uyhl diastatikith ta
tou sugkekrimeénou perigraféa ebnai meionekthma giato ma thc ant istobqi-
shc. Gia th eltbwsh thc tagOthtac thc antistobgishc o SURF grhsimopoieb
to Bgnoc tou EssianoO mhtr,ou.

2.3 Anbgneush shmebwn endiaferontoc

H proseggish gia thn anbgneush shmebwn endiaférontoc grhsimopoie B mia
poll asik proséggish EssianoO mhtr,ou. K'nei grsh twn éikinwn

olokl rwma' ( integral images ) pou éginan gnwstéc api touc Viola kai Jones
[14] pou mei nei dramatik” to qrino upologismoO.

2.3.1 Eikinec olokl rvma

Oi eikinec olokl rwma grhsimopoioOntai gia to gr goro upologismi sun e-
liktik,n Bltrwn. H eDsodoc miac eikinac olokl rwma I (X) se mia topoje-
sbax = ( ;y )" antiproswpeQei to “jroisma ilwn twn eikonokutt"rwn sthn

eikina eisidou | mésa se mia orjog,nia perioq sghmatismenh api thn arq

kai to x.
XXXV
I (x)= (i) (2.1)
i=0 j=0
'‘Otan h eikina olokl rwma upologisteb, pabrnei epiprisjeta trebc pr o-
sjéseic gia ha upologisteb to “jroisma twn ent"sewn p"nw se mia orjog .hia

perioq . (dec eikina  2.1) 'Etsi o grinoc upologismoO ePnai anex’rthtoc api
to mégejoc. Auti ebnai idiabtera shmantiki kaj,c sthn perbptwsh tou SURF
grhsimopoioOntai Bltra meg’lou megeéjouc.

2.3.2 Shmeba endiaferontoc asismeéna se Essian™ mh-
tr.a
O anigneut c tou SURF asbzetai sto Essiani mhtr,o ligw thc kal ¢ a-

pidoshc sthn akrbbeia. AnigneOei blobs se periogéc ipou h orbzousa ePnai
meégisth. Se sOgkrish me ton Essiani-Laplasiani anigneut twn Mikolajczyk
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0
D B
b3
C A
T=A-B-C+D
Sgma 2.1: Qrhsimopoi, ntac eikinec olokl rwma, pabrnei mino 3 prosjé seic kai
4 prosb”seic sth mn mh gia ton upologismi twn ent"sewn miac o rjog,niac perioq ¢

opoioud pote megéjouc

kai Schmid [10], asPzetai sthn orBzousa tou EssianoO kai gia thn epilog
kibmakac ipwc h ergasba tou Lindeberg [7].
Dojentoc enic shmebou X = ( ;y ) se mia eikina |, to Essiani mhtr,0
H(Xx; ) sthn kibmaka orbzetai wc ex c:
" #
L (%) Ly(x )

e )= Ly (X ) Ly(x )

(2.2)
ipouto L (x; ) ePnaih sunelixh thc deOterhc t'xhc parag,gou thc Gka-

ousian c %;g( ) me thn eikina | sto shmebox kai omobwc giata Ly (X; )
kai Lyy(X; ).

Oi Gkaousianéc ebnai éltistec gia an’lush tou g,rou kibmakac [ 5] [6]
all” sthn pr'xh prépei na diakritopoihjoOn kai na perikopoOn. Auti o-
dhgeb se ap,leia sthn epanalhyimithta se peristrofec thc eikinac k at”
peritt” pollapl’sia tou 7- Aut h adunamba isqOei genik” gia anigneutéc
asisménouc se Essian”™ mhtr,a. H epanalhyimithta j"nei sto meégisto s e
pollapl”sia tou 5. Auti ebnai ligw tou tetr’gwnou sq matoc tou Dltrou.
Par'ila aut”, oi anigneutéc apodbdoun kal” kai h mikr mebwsh thc epbd o-
shc den episki“zei to pleonékthma twn gr gorwn sunelbxewn pou epiféro ntai

api thn diakritopoPhsh kai thn perikop . AfoO ta pragmatik™ Bltra e-
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Sg ma 2.2: Arister” proc dexi”: o diakritopoihménec kai perikomménec deOterhc
t"xhc Gkaousianéc par"gwgoi sthn y kai xy-kateOjunsh antDstoiga; h proséggish
me gr sh Bltrwn-kouti~ gia tic Bdiec kateujOnseic.

Pnai mh idanik™ se k'je perbptwsh kai dedoménhc thc epitugbac tou Lowe
me tic proseggbseic twn Laplasian,n twn Gkaousian,n, h proséggish gia t o]
Essiani mhtr,o p"ei ena ma pio pera me th gr sh Bltrwn-kouti” (dexb

meéroc thc 2.2). Aut” proseggbzoun deOterhc t"xhc Gkaousianéc parag,gouc

kai mporoOn na ektimhjoOn me gamhli upologistiki kistoc grhsimopoi,n-

tac eikinec-olokl rwma. 'Etsi, o grinoc upologismoO ePnai anex” rthtoc tou
megejouc Dltrou.

Ta 9 9 Dbltra kouti” sthn 2.2 ebnai proseggbseic miac Gkaousian ¢ me
diaspor® = 1:2 kai anaparistoOn th gamhliterh kIDmaka gia ton upo-
logismi twn blob gart,n. Onom“zontai Dyy, Dyy kai Dyy. Ta “rh pou
efarmizontai stic orjog,niec periogéc diathroOntai apl” gia lig ouc upo-
logistik epbdoshc. Auti dbnei:

det(Happrox) = DDy (WDyy)? (2.3)

To sqetiki “roc W twn apokrbsewn twn Bltrwn grhsimopoiebtai gia thn
exisorriphsh thc ékfrashc gia thn Essian orbzousa. Auti grei“z etai gia
thn diat rhsh enérgeiac metaxO twn Gkaousian n pur nwn kai twn proseg -
gisménwn Gkaousian n pur nwn,

_ JLxy (1:2)j¢ 1Dy (9)i¢
JLyy(1:2)j- IDxy (9

=0:912::"' 09 (2.4)

ipou | jr ePnai h nirma Frobenius . To “roc mporeb na all"xei an"loga me
thn kibmaka, imwc kai an diathrhjeb stajeri, praktik® den a éqei meg’lh
epbdrash.

Epiprisjeta, oi apokrDseic twn Bltrwn kanonikopoioOntai se sqésh me
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to megejic touc. Auti exasfalbzei mia stajer nirma Frobenius gia k'je
megejoc DPltrou, K'ti shmantiki gia thn an"lush sto g,ro kiIbmakac.

H proseggisménh Essian orbzousa ekproswpeb thn apikrish blob thc
eikinac sto shmebo . Autéc oi apokrDseic apojhkeQontai se éna q'rth
apikrishc  blob gia diaforetikéc kiPmakec kai anigneOontai topik™ mégista
ipwc exhgebtai parak’tw.

2.3.3 Anapar’stash g,rou klbmakac

Shmeba endiaférontoc grei“zetai na rejoOn gia diaforetikéc kibmakec, an
mh ti Jllo diiti h anaz thsh antistoigi_n sugn” apaiteD th sOgkris h se
eikinec me diaforetikec kibmakec. Oi g,roi klbmakac sun jwc ulopoio Ontai

wc eikinec purambPda. Oi eikinec exomalOnontai epanalambanimena me mia
Gkaousian kai met” upodeigmatoleiptoOntai ,ste na epiteuqjeD éna an, tero
epbpedo thc purambdac. O Lowe sto [ 9] afaireb aut” ta epbpeda purambdac
,ste na pTrei tic eikinec Diafor” twn Gkaousian,n ipou oi akméc kai ta

blobs mporoOn na rejoOn.

Ligw thc gr shc twn Bltrwn kouti” kai twn eikinwn-olokl rwma, de
grei“zetai na efarmosteb epanalhptik™ to Bdio Dltro sthn éxodo enic proh-
goumeénwc iltrarisménou epipédou, all” antb autoO mporeb na efarmostoOn
Pltra kouti” opoioud pote megéjouc sthn akrib,c Pdia taqOthta apéujeD ac
sthn argik eikina. Epomeénwc, o g,roc kilbmakac analOetai me to na au-
Xx"netai h kibmaka tou megéjouc tou Pltrou antb na mei,netai epanalh ptik
to megejoc thc eikinac (dec eikina 2.3). H exodoc tou 9 9 bltrou, ipwc
anaferjhke prin, ewrebtai wc to arqiki epPpedo klbmakac to opobo a a-
naféretai wc kibmaka s = 1:2 (proseggbzontac Gkaousianéc parag,gouc me

= 1:2). Ta akilouja epbpeda apokt,ntai me to na iltr"retai h eikina me
stadiak™ megalOterec m“skec, lamb™nontac upiyin th diakrit Osh twn
eikinwn-olokl rwma kai thn sugekriménh dom twn Bltrwn.

To kOrio kBnhtro gia auti to eDdoc thc deigmatolhybac ePnai h upolo-
gistik epbdosh. Epipléon, afoO de grei"zetai na upodeigmatolhpth jeb h
eikina, den prokOptei anadbplwsh sugnot twn. To meionékthma ePnai it i ta
Pltra kouti® diathroOn tic sunist sec uyhl .n sugnot twn pou mporoOn
na gajoOn se paralaggéc thc Pdiac skhn ¢ pou égoun uposteD smbkrunsh,
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o wa
Sg ma 2.3: Antb gia epanalhptik mebwsh thc eikinac (arister’), h gr s h eikinwn-
olokl rwma epitrépei thn aOxhsh thc kiDmakac tou Bltrou me stajeri Kistoc

(dexi?)

prgma pou mporeb endeqomenwc na periorbsei thn ametablhtithta wc proc
thn kibmaka. Par'ila aut™ auti den ePnai idiabtera parathr simo.

O g,roc kIbmakac diairebtai se okt"bec. Mia okt"ba ekproswpeb mia s ei-
" api q’rtec apikrishc Bltrwn pou egoun apokthjeb api th sunélixh thc
bdiac eikinac me éna DPltro auxanimenou megejouc. Sunolik”, mia okt ba
periklebei énan par"gonta klIbmakac (pou uponnoeb p,c k“poioc grei“ze tai
K'ti perissitero api to na diplasi"sei to mégejoc tou Pltrou). Kj e o-
kt"ba upodiairebtai se stajeri arijmi api epbpeda klbmakac. Ligw thc
diakrit ¢ Oshc twn eikinwn-olokl rwma, h mikriterh diafor™ kiDmak ac
metaxO dOo diadogik,n klim“kwn exart'taei api to m koc lo twn etik,n
arnhtik_n lob n thc merik ¢ deOterhc t"xhc parag,gou sthn kateOjuns h

thc parag,gishc ( X V), pou tbjetai sto % tou megejouc tou m kouc tou
Pltrou. Gia to 9x9 Pltro, auti to m koc lo ePnai 3. Gia dOo diadoqik
epbpeda, prépei na auxhjeb to mégejoc kat™ el"gisto 2 eikonostoige bwn (1
eikonostoigebo se K'je pleur’) wte na diathrhjeb to mégejoc “nis o kai étsi
na exasfalDsei thn parousba tou kentrikoO eikonostoigePou. Auti sunep’ge-
tai se sunolik aOxhsh tou megéjouc thc m’skac kat™ 6 eikonostoige ba (dec
2.4). Gia diast’seic diaforetikéc api lo (p.q to pl'toc thc kentrik ¢ .nhc

tou katakirufou Bltrou sthn 2.4), an all’xei h kibmaka thc m"skac a
eisagjoOn sf'lmata stroggulopoPhshc. Par'ila aut”, afoO aut” ta s fl-
mata ebnai tupik™ arket™ mikritera api to lo, ePnai apodekt proséggish.

H kataskeu tou q,rou klbmakac xekin"ei me to 9x9 Dltro, to opobo
upologbzei thn apikrish stagina (  blob) thc eikinac sth mikriterh kibma-



2.3. Anbgneush shmebwn endiaférontoc 15

i

S

Sqma 2.4: Fbltra Dyy (p'nw) kai Dyy (Ktw) gia dOo diadogbka epPpeda kibma-
kac (9 x 9 kai 15 x 15). To mkoc tou skoteinoO loboO mporeb na auxhjeD mino
api ena “rtio arijmi eikonostoigebwn ,ste na exssfalbzei th n parousBa kentrikoQ
eikonostoigebou (p nw).

T
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ka. Met" ta Dltra me megejh 15x15, 21x21 kai 27x27 efarmizontai, me
ta opoba akima perissitero api mia allag klbmakac kat™ 2 éqei epiteu-

gjeb. All" auti grei“zetai, afoO mia 3D mh-megisth kat"pnixh efarmizetai
tiso qwrik™ iso kai se geitonikéc klbmakec. 'Etsi, oi pr,toi kai t eleutaboi
q’rtec apikrishc Essian ¢ sth stobba periéqoun tétoia megista, afoO grh-
simopoioOntai gia ligouc sOgkrishc mino. Sunep,c, met™ api parembol ,

h mikriterh dunat kibmaka ebnai =16= 1:2% pou antistoigeD se ena
bltro megéjouc 12x12 kai h uyhliterh se =3:2= 1:2%4.

2.3.4 Entopismic shmebwn endiaférontoc

Prokeiménou na entopistoOn shmeba endiaférontoc sthn eikinaka i se di*fo-
ec klbmakec, efarmizetai mia mh-megisth kat"pnixh se mia 3x3 geitoni”.
Sugkekriména grhsimopoiebtai mia parallag twn Neubeck kai Van Gool
[13]. Ta mégista thc orbzousac tou EssianoO mhtr,ou paremb’lontai met
sto q,ro kIbmakac kai eikinac me th méjodo pou priteinan oi Brown et al
[1].

H parembol sto g.ro kibmakac ePnai idiabtera shmantik , afoO h di a-
or” metaxO twn pr,twn epipédwn thc k'je okt"bac ePnai sqgetik™ meg’lh.

2.4 Perigraf shmebwn endiaférontoc kai An-
tistobqish

O perigraféac tou  SURF perigr-fei thn katanom tou perieqomenou énta-

shc mesa sthn geitonba tou shmebou endiaférontoc, parimoia me thn  plhro-
orba klbshc pou ex"getai api ton SIFT [9] kai tic parallagéc tou. Qrhsi-
mopoieb thn katanom twn apokrbsewn pr.thc t"xhc Haar kumatidbwn sthn x

kai y dieOjunsh antb gia thn kibsh, ekmetalleQetai tic eikinec olokl rwma
gia taqOthta kai grhsimopoieD mino 64 diastseic. Auti mei nei to gri no
gia ton upologismi garakthristik,n kai thn antistobgish kai ége i apodei-
gteb pwc par’llhla aux’nei th stibarithta. Epipléon, k'nei gr sh e nic
néou matoc eurethrbashc asismeno sto prishmo thc Laplasian ¢, po u
aux'nei igi mino th stibarithta tou perigrafea, all® kai thn taq Othta

antistobgishc (kat™ éna par"gonta 2 sthn kalOterh perbptwsh).
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Sgma 2.5: Fbltra kumatidbwn Haar gia ton upologismi twn apokrBsewn sthn  x
kateOjunsh (arister”) kai sthn y kateOjunsh (dexi’). Ta skotein™ shmeba égoun
“roc -1 kai ta wtein” +1.

To pr,to ma apotelebtai api ton kajorismi enic anaparag,gimou
prosanatolismoO asisménou sthn plhroforba api mia kuklik perioq
gOrw api to shmebo endiaférontoc. 'Ustera, kataskeu zetai mia te tr'gwnh
periog stoigisménh ston epilegméno prosanatolismi kai ex"getai 0 peri-
graféac SURF api aut. Teloc, ta garakthristik™ antistoigbzontai metaxQ
dOo eikinwn. Ta mata aut™ exhgoOntai parak’tw.

2.4.1 An’jesh prosanatolismoO

Gia na ebnai amet’blhth h peristrof thc eikinac, anagnwrbzeta i énac a-
naparag,gimoc prsanatolismic gia ta shmeba endiaférontoc. Gia aut i ton
skopi, upologbzontai pr ta oi apokrbseic twn Haar kumatidbwn sthn x kai
y kateOjunsh mésa se mia kuklik perioq aktbnac 6s gOrw api to shmebo
endiaferontoc, ipou S ePnai h kibmaka sthn opoba to shmebo endiaférontoc
anigneOthke. To ma deigmatolhybac ePnai exart meno api thn kIPmak a
kai epilégetai na ebnai S. To megejoc twn kumatidbwn ebnai epbshc exart, me-
no api thn kibmaka kai tBjetai wec  4s. 'Etsi, mporoOn na grhsimopoihjoOn
p’li oi eikinec-olokl rvma gia gr goro iltrrisma. Ta Bltra aut” a-
Pnontai sthn eikina 2.5. Mino 6 prixeic grei"zontai gia na upologisteb h
apikrish sthn ~ x y dieOjunsh se k’je kiDmaka.

'Otan oi apokrbseic kumatidbwn upologistoOn kai ugistoOn me thn Gka-
ousian ( = 2s) epikentrwména sto shmebo endiaférontoc, oi apokrbseic
ekproswpoOntai wc shmePa se éna g,ro me orizintia dOnamh apikrishc
kat™ m koc thc tetmhmeénhc kai thn katakirufh dOnamh apikrishc kat®
m koc thc tetagménhc. O kurbargoc prosanatolismic upologbzetai api ton
upologismi tou ajroBsmatoc ilwn twn apokrbsewn mésa se éna olisjabnon
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iy

Sqgma 2.6: An’jesh prosanatolismoQ: éna olisjaPnon par’juro prosana toli-
smoO me megejocs anigneOei ton kurbarqo prosanatolismi thc apikrishc tou Gk a-
ousianoO ugisménou kumatidbou se k’je shmebo deigmatolhy Dac meésa se kuklik
periog gOrw api to shmebo endiaférontoc.

par’juro prosanatolismoO me mégejoc 3 (dec2.6). Oi orizintiec kai kata-
kirufec apokrbseic mésa sto par’juro ajrobzontai ki auti dbnei eéna di"nu-
sma topikoO prosanatolismoO. To megalOtero tétoio di"'nusma p nw se il a
ta parijura kajorbzei ton prosanatolismi tou shmebou endiaféron toc. To
meégejoc tou olisjabnontoc parajOrou ePnai mia par"metroc pou epilég etai
prosektik™. Ta mikr" megéjh éqoun priblhma me memonwmeénec kurbargec
kibseic, en, ta meg’la megejh teBnoun na dbnoun meégista sto m koc di a-
nOsmatoc ta opoPa den ePnai antiproswpeutik”. Kai ta dOo katal goun se
lanjasméeno prosanatolismi tou shmebou endiaférontoc.

2.4.2 Perigrafeac asismenoc se “jroisma apokrbsewn
Haar kumatidBwn

Gia thn exagwg tou perigrafea, to pr,to ma apotelebtai api thn ka-

taskeu miac tetr"gwnhc perioq ¢ epikentrwménhc gOrw api to shmebo en-
diaferontoc kai prosanatolismenh kat”™ m koc tou prosanatolismo O pou
epilegjhke sto prongoOmeno ma. To meégejoc tou parajOrou ePnai 20s.
Paradebgma api tétoiec tetr"gwnec periogéc abnontai sthn 2.7.
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Sqma 2.7: Diaforetikéc kilPmakec prosanatolisménwn parajOrwn perig rafewn
se mia eikina.

H perioq qwrbzetai se mikriterec 4x4 tetr"gwnec upo-periogec. Au-
ti diathreb shmantik gwrik plhroforba. Gia K'je upo-perioq , upol o-
gbzontai oi apokrbseic twn kumatidbwn Haar se 5x5 katanemhména shmeba
deigmatolhybac. Gia ligouc aplithtac, onom”zetai dy h apikrish tou ku-
matidbou Haar sthn orizintia dieOjunsh kai dy h antbstoigh apikrish sthn
katakirufh dieOjunsh (mégejoc Bltrou 2s). To "orizintio" kai "katakiru-
0" ed, orbzetai se sqésh me ton epilegméno prosanatolismi tou shmeb  ou
endiaférontoc (sqma 2.8). Gia thn aOxhsh thc stibarithtac wc proc gew-
metrikéc paramorf, seic kai sflmata entopismoQ, oi apokrDseic dy kai dy
ugbzontai pr,ta me mia Gkaousian ( = 3:3s) epikentrwménh sto shmebo
endiaferontoc.

Katipin, oi apokrbseic kumatidbwn dy kai d, ajrobzontai p'nw se k'je
upo-perioq kai sghmatbzoun to pr to sOnolo katagwr sewn sto di"nusma
tou perigraféa. Gia na uprgei plhroforba gia thn pilwsh twn allag,n
twn ent’sewn, afairoOntai epPshc oi apilutec timéc twn apokrDsewn, j0yj kai
jdyj. 'Etsi, k'je upo-perioq éqei €na tetradi’stato di"nusma perigra fea v
gia thn dom eéntashc

X X X X
v=( Ox; dyi joyj; deJ) (2.5)
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E dx
2 ldx|
> dy
D |dyl

Sqg ma 2.8: Gia na dhmiourghjeb o perigraféac, ena prosanatolismeno te tragwni-
ki plegma me 4x4 tetr"gwnec upo-periogéc tbjetai p"nw sto shmebo endiafero ntoc
(arister”). Gia k’je tetr"gwno upologbzontai oi apokrbsei ¢ kumatidbwn. Oi 2x2
upodiairéseic k'je tetrag,nou antistoiqoOn sta pragmatik ~ pedba tou perigra-
éa. Aut” eDnai ta ajrobsmata  dx; jdxj; dy kai jdyj, upologisména se sgésh me ton
prosanatolismi tou plégmatoc (dexi”).

En,nontac auti gia ilec tic 4x4 upo-periogéc, prokOptei éna di"nusma pe-
igraféa me m koc  64. Oi apokrDseic kumatidbwn ePnai amet blhtec wc proc
prokat’lhyh sto wtismi. Ametablhtithta wc proc thn antbjesh ( contrast )
epitugqnetai metatrepontac ton perigraféa se monadiabo di"nusma

To sgma 2.9 debqnei tic idiithtec tou perigrafea gia trba diaforeti-
k™ sq mata ent"sewn miac eikinac mésa se mia upo-perioq . Sunduasmob
tétoiwn topik_n sghm’twn ent’sewn odhgoOn se diakritiki perigraféa

O SURF ebnai méqri kK’poio ajmi, koinic sth genik idea me ton SIFT,
afoO kai oi dOo esti"zoun sth qwrik katanom thc plhroforBac kiDs hc.
Par'ila aut”, o SURF upertereb tou SIFT se praktik™ ilec tic peript,seic.

Auti gbnetai kurbwc giatb o SURF enswmat,nei thn plhroforba kibshc se
upi-om™da, en.c o SIFT exarttai se prosanatolismoOc twn memonoménwn
kibsewn. Auti kK'nei ton SURF ligitero euabsjhto se irubo, ipwc abnetai
stosgma 2.10.
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Sqma 2.9: Oi eggraféc tou perigraféa miac upo-perioq ¢ antiproswpeO oun th
Osh tou sg matoc twn ent’sewn. Arister™: sthn perBptwsh th ¢ omogenoOc perio-
gc, ilec oi timéc eDnai|§qetikA mikréc. Mésh: sthn parousba sugnot twn sthn  x
dieQjunsh, h tim tou jdxj ePnai uyhl, all” ilec oi “llec paraménoun E,amhléc.
An h éntash auxnetai stadiak” sthn ~ x dieOjunsh, kai oi dOo timéc |  jdyj kai ~ dy

a ebnai uyhléc.

Image sub-region SIFT gradients SURF sums

Zeir
2 lex]

clean

noisy

Sqma 2.10: Ligw thc kajolik c enswm™twshc tou perigraféa tou SURF, ebnai
pio anjektikic se di*forec diatar"xeic thc eikinac se sOgkr ish me ton SIFT pou

dra pio topik”.
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* no match +

Sqgma 2.11:  An h antbjesh metaxO dOo shmebwn endiaférontoc ebnai diafor etik
(skoteini p'nw se wteini upibajro énanti wteinoO pnw se s koteini upibajro),
to upoy fio de ewrebtai shmantiki tabriasma.

2.4.3 Gr gorh eurethrbash gia antistobqgish

Gia gr gorh eurethrbash kat™ th di‘rkeia thc “shc antistobqi shc, pe-
ilamb™netai to prishmo thc Laplasian ¢ (dhlad to Bgnoc ou Essia noO
mhtr ou) gia to exetazimeno shmebo endiaferontoc. Tupik’, ta shmeba  endia-
érontoc rPBskontai se domeéc tOpou staginac. To prishmo thc Laplasia nc
diakrbnei wteinéc staginec p"nw se skotein™ upibajra. Auti to gara kth-
istiki ePnai diajésimo qwrbc epipléon kistoc, afoO ePge dh upolo gisteb
kat” th "sh anbgneushc. Sto st"dio thc antistobgishc, sugkrbn ontai mino

ta garakthristik® pou éqoun Pdio tOpo antbjeshc (dec 2.11). 'Etsi, aut h
el"aqisth plhroforba epitrépei gr gorh antistobgish, qwrbc na mei,nei thn
epbdosh tou perigraféa.

2.5 Epidiseic tou SURF

SOmfwna me peiramatikéc metr seic pou éginan sto [ 2] kai [ 4] o algirijmoc
SURF ebnai perbpou 3-5 orec grhgoriteroc api ton SIFT, enw par’lih-

la ePnai pio anjektikic wc proc ton irubo kai prosarmizetai pio eOkol a
gia par’lihlh epexergasba afoO k’je Essian eikina mporeb na para gjeb
anex’rthta (se antbDjesh me ton SIFT). To meg’lo kérdoc sthn tagOthta pro-
ergetai api th gr sh twn eikinwn-olokl rwma, pou mei noun drastik” ti c
pr'xeic gia aplec sunelbxeic-kouti® anexart tou kibmakac. H mega |Oterh
eltbwsh imwc ePnai sthn taqOthta tou perigraféa. O SURF kajist™ dunati

ton upologismi se pragmatiki gqrino gwrbc ap,leiec se epidiseic, prigma
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pou apoteleb éna meglo pleonékthma gia efarmogéc thc Upologistik c 'O-
ashc pou apaitoOn "mesh diadrastikithta.
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Kef'laio

Byakugan - éna pl rec sOsthma
anagn_rishc logotOpwn

Life is a great big canvas, and you should
throw all the paint you can on it.

Danny Kaye

3.1 Eisagwg

Sthn enithta aut , a parousi"soume to oloklhrwméno sOsthma anagn, ri-
shc logotOpwn pou anaptOxame sta plabsia thc Diplwmatik ¢ ErgasPac
autc. Ja gbnei ekten ¢ an’lush thc argitektonik ¢ tou, sgolia smic kai
meléth twn axioshmebwtwn kai pio shmantik,n tmhm™twn k dika, perigra-

twn leitourgi,n tou kai epis mansh twn tegnik,n shmebwn ekebnwn pou
gr zoun shmasbac.

To sOsthma éqgei onomastePByakugan , iroc pou proérgetai api to dh-

mofilec lapwniki  anime Naruto parapémpontac sth dunatithta metatrop c

tou matioO se irgano isqur ¢ enirashc (sq ma 3.1) kai apodbdetai sta di-
kK™ mac plabsia sthn ikanithta thc upologistik ¢ irashc na diakrbnei ta
logitupa.

25
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Sgma 3.1: To inoma Byakugan proérgetai api th dhmofileéc lapwniki anime
Naruto kai parapémpei sth dunatithta metatrop ¢ tou matioO se irga no isqur ¢
enirashc.

3.2 Arqitektonik

To Byakugan apotelebtai api ton asiki exuphretht ( server), pou epiteleb
th leitourgba thc anagn rishc twn logotOpwn kaj,c kai thc parilihlhc
exuphréthshc pelat n istoO, kai tou pel“th ( client ) pou ebnai h efarmog
sthn platfirma Android kai epikoinwneb me ton exuphretht stélnontac tou
thn eikina proc an”lush.

3.2.1 Byakugan Server

O exuphretht ¢ apotelebtai api dOo asik™ meérh:

1. Ton pur na tou logismikoO (  Byakugan Core ) pou ePnai gramménoc se
C/C++ kai ekteleb apokleistik™ kai epikentrwména th diadikasba a-
nlushc kai anagn,rishc twn logotOpwn mésa se eikinec.

2. Ton exuphretht istoO ( web server) pou ePnai gramménoc sePython
kai uposthrbzei thn par’llhlh, mésw threads , exuphréthsh pelat,n
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lamb™nontac thn eikina api autoOc wc mia abthsh HTTP POST Kkai
ektel ntac ton pur na tou Byakygan gia K'je mba api autéc.

3.2.2 Byakugan Client

O pel‘thc apotelebtai api thn efarmog pou proorbzetai gia éxupnec ki -
nhtéc suskeuec asisménec sthn platfirma Android kai ebnai grammeénh se
Java mazb me tic kat'llhlec ekebnec iblioj kec pou grei“zontai gia thn
an"ptuxh se Android perib’llon. H efarmog aut dbnei th dunatithta

sto gr sth na grhsimopoi sei thn camera tou kinhtoO tou gia na trab xei
mia wtografba, thn opoba meta a steblei autimata mésa mia abthsh HTTP
POST ston Byakygan web server . San ap'nthsh, a p’rei to inoma thc
eikinac/logotOpou api mPa “sh logotOpwn pou tabPriaxe kalOtera me thn
staliePsa wtografba sOmfwna me thn an’lush pou a gbnei api to Bya-
kugan Core .

3.3 Byakugan Core

O pur nac tou sust matoc apotelebtai api to logismiki ekebno pou éqgei wc
skopi thn anagn,rish twn logotOpwn. Gr'fthke se éna meikti eDdoc C/C++
grhsimopoi,ntac th logik twn klI"sewn kai tic eukolBec pou paregei h C++
(ipwc gia par"deigma h iblioj kh Boost) qwrbc imwc thn austhr anti-
keimenostrefeia pou th diakatéqgei. To komm™i pou afor™ to algori jmiki

méroc thc Upologistik ¢ 'Orashc asbzetai sto OpenCV. To OpenCV - Open
Source Computer Vision Library  apoteleD mia anoigtoO k,dika iblioj kh

api etoimec sunart seic, epikentrwménec ston toméa thc Epexergasba ¢ Ei-
kinac kai thc Upologistik ¢ 'Orashc.

3.3.1 Basikec kl'seic tou pur na

Parak’tw akoloujeb mia pr,th episkiphsh twn asik,n ki"sewn tou su-

st matoc mac. H seir” pou dbnontai akoloujeb proseggish bottom-up , dh-
lad api K'tw proc ta p"nw, anaférontac pr tec tic ligitero afairet ikéc
kI"seic.
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1.

3.

Image : H kI"sh aut enswmat,nei th logik thc eikinac wc mia dom
2-di"statou pbnaka, ipwc auti orbzetai kai sto Bdio to OpenCV meésw
thc domc Mat (cv::Mat) kai periegei sunart seic gia th diagebrish
thc: efarmog asik,n Pltrwn ( canny, soebel, blur, dilate, graysca-

le klp), an“jeshtou  path tou sust matoc argebwn sto opobo rbsketai

h prwtituph eikina sthn opoba asbzetai h kl"sh kaj,c kai thc pe-

iog ¢ endiaférontoc Rol - Region of Interest pou apoteleb to tm ma
ekebno thc eikinac pou periégei to logitupo. H kl'sh aut asbzeta i
se k,dikatou project Unlogo , par'ilo pou praktik™ h pleioyhfba twn
daneisménwn mejidwn de grhsimopoioOntai poujen” sthn paroOsa &k-
dosh tou Byakugan all” h gr sh touc epiful’ssetai gia endegimenh
mellontik exélixh.

Traininglmage : Prikeitai gia uperkl“sh thc Image kai periégei su-
nart seic pou aforoOn sthn "ekpaPdeush" tou sust matoc wc proc tic
eikinec autéc. Ta pio shmantik™ exart mata thc ebnai:

(@) fs:pathcnrle : to monop™ti giato argebo ekebno to opobo periegei
tic suntetagmenec gia to orjog,nio/upo-perioq pou periklebei
to logitupo sthn eikina, dhlad auti pou orbzei thn perioq
endiaférontoc ( Region of Interest )

(") vector<Point> corners : di'nusma ( vector - dunamik dom pbnaka
thc iblioj khc STL thc C++) pou periégei tic suntetagmeéenec gia
thn upo-periog endiaférontoc ipwc autéc eis gjhsan api to
argebocnr le

(g") vector<KeyPoint> keypoints : to di"nusma pou periégei ta shme-
Pa endiaférontoc ipwc ex"gontai api ton algirijmo anbgneushc
shmebwn - sthn prokeiménh perbptwsh ton SURF (lepe kef'laio
2:Speeded-Up Robust Features ).

(d) Mat descriptors : mhtr,o pou periégei ta shmeba ipwc upolo-
gbzontai api ton perigraféa (p”li mésw tou SURF) “sh twn sh-
mebwn endiaférontoc pou ex gjhkan prohgoumenwec.

TrainingSet : h kI'sh aut rbsketai pio yhl” sthn ierargba kai peri-
egei to di'nusma me ilec tic eikinec, wc  Traininglmage-s me tic opobec


http://opencv.willowgarage.com/documentation/cpp/basic_structures.html#mat
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a sugkrijeb h eikina-er thsh. To k'je TrainingSet apotelebtai api
to sOnolo ekePno twn eikinwn pou égqoun “mesh sqgésh metaxO touc. Me
“lla ligia, sth sunhjésterh perbptwsh, perieqei di“forec ekdogée c
wtografi_n tou logotOpou mia sugkekriménhc etairePac.

Matcher : epiteleD th asik leitourgba thc antistobgishc - dhlad

thc diadikasPac ekebnhc pou afor™ sth sOgkrish twn eikinwn ste

na rejeb ekebnh pou moi“zei kai proseggbzei perissitero thn eik  ina-
er,thsh. H kentrik tou sun’rthsh pou k'nei thn pleioyhfba thc
ergasbac aut ¢ ebnai h doQuery . O algirijmoc pou grhsimopoiebtai
gia thn antistobgish ebnai asisménoc sto FLANN - Fast Library for
Approximate Nearest Neighbours  [12], mia iblioj kh gia gr gorh
proseggistik anaz thsh “sh tou kontiniterou gebtona. Dhmi ourge-
btai sunolik™ éna mino singleton antikeBbmeno aut c thc kI"shc.

ByakuganOps : ebnai ki'sh pou periégei tic epilogéc pou étei o

gr sthc kat™ thn ki sh tou Byakugan sth gramm entol.n( command
line). Oi epilogéc autéc ujmbzoun th sumperifor” tou Byakygan Kkai
kajorbzoun ton ermpalismi thc exidou tou. H ki"sh aut akoloujeb

to sgediastiki pritupo singleton , dhlad periorbzetai sth dhmiourgba
enic kai mino antikeimenou thc. Auti gbnetai, diiti oi epilogec ka jo-
Dzontai api to qr sth mba kai mino or” améswc prin thn ektélesh

tou progr'mmatoc.

Byakugan : ntac h asik kl"sh tou pur na, periégei tic sunar-

t seic ekebnec pou étoun en energePa to sOsthma kajolik™. Oi 2
asikéc, pou diaqwrbzoun th leitourgba tou Byakugan se 2 tripouc
(modes) leitourgbac ebnai:

(@) void scan(void) : h sun’rthsh pou energopoiebtai se = scan mode
mésw tou diakipth -s (user option) kai sar,nei anadromik™ touc
akélouc pou orbzei o gr sthc, anazht ntac eikinec mésa se au-
toOc. Giak’je “kelo dhmiourgeD éna  TrainingSet api tic eikinec
pou periegontai se autin (h K'je mba antistoigeb sth dhmiourgba
miac Traininglmage ) kai ekteleb ton algirijmo SURF  ste na e-
x"gei ta shmeba endiaférontoc kai touc perigrafebc api k'je mba.
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Sth sunégeia apojhkeOei ta dedoména aut” gia k'je set eikinwn
se ena argeDoXML gia th gr gorh an"kthsh argitera.

(") int process(void) : afor” sto deOtero tripo leitourgbac ( process
mode - energopobhsh api ton diakipth -p) tou sust matoc pou
ePnai h an’lush kai sOgkrish thc eikinac-er thsh ( query ima-
ge) ipwc aut dbnetai api to gr sth mésw tou diakipth -q me
tic eikinec pou rbskontai sth "sh mac. Oi eikinec autec ana-
kt.ntai me gr goro tripo api ta prohgouménwc upologisména
dedomeéna tou scan mode pou égoun apojhkeuteb sta XML arge-
Pa. 'Etsi o gronobiroc upologismic gia thn plhj,ra eikinwn sth
“sh, mporeb na éqgei gbnei ek twn protérwn, epitrépontac étsi th
gr gorh ektelesh tou progr'mmatoc se auti to mode, afoO o
grinoc pou a katanalwjeb a afor” sthn antistobqish kai ston
upologismi “sh tou SURF twn shmebwn api thn eikina-er,thsh
mino.

H klI"sh aut periégei, ipwc ebnai anamenimeno, to di"nusma ( vector )
me ila ta TrainingSet-s ipwc auti a dhmiourghjeb api to process
mode diab"zontac kat’lihla ta dedoména api ta argeba XML . Akolou-
eb kai aut, ipwc h  ByakuganOps , to sqediastiki pritupo singleton
afoO de grei“zetai par” mino mia ulopobhsh ( instance ) antikeiménou
thc sugkekriménhc kl"shc na up“rgei sunolik”.

Péran twn parap™nw asik n klI"sewn, up“rqoun kai orismenec ohjh-
tikéc sunart seic pou rbskontai entic twn arqgebwn utils.h, utils.cc . MetaxO
“llwn rDskontai sunart seic pou apoteloOn asfalebc ekdogéc, me t hn én-
noia twn epipléon eléggwn, pr,imwn sunart sewn ipwc gia pardeigma oi
strncpy kai snprintf  pou antikajiotintai api tic asfalésterec Strncpy kai
Snprintf . H pio shmantik imwc sun’rthsh ebnai h crossCheckMatching
pou efarmizei thn antistobgish “sh twn perigraféwn kai tou algor Bjmou
antistobgishc pou lamb“nei wc orbsmata. Epipléon, up“rgoun méjodoi gi a
thn stroggulopobhsh arijm.n ( Round() ), th metatrop api arijmi kinht ¢
upodiastol c se  string (FloatToString ) kai thn éxodo tou progr'mmatoc se
perbptwsh sfllmatoc ( fatal ).
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Epipléon, h diagebrish tou sunilou twn XML argebwn, pou apoteleb ou-
siastik™ mia upotup,dhc “sh dedomeénwn gia ta dedoména pou ex"gontai
api tic eikinec, gbnetai me th iblioj kh anoigtoO k dika TinyXML . Ta ar-
gebatinystr.cpp, tinystr.h, tinyxml.cpp, tinyxmlerror.cpp, i nyxml.h, tinyxml-
parser.cpp apoteloOn to sOnolo thc iblioj khe aut ¢ kai enswmat,nontai
sto prigramma mac gia thn kat’llhlh eggraf kai an"gnwsh ( parsing )
me gr goro kai eOkolo tripo kai me mhdamini irto, afoQ prikeitai gia

Al

idiabtera "elafri library .

Téloc, sto byakugan.cc rbsketai h main sun’rthsh tou sust matoc h
opoba ebnai upeOjunh gia thn lektik anlush twn epilog,n pou kajorDzei 0
gr sthc kat™ thn ektélesh tou progr'mmatoc, kai katipin thc kat” llhlhc

kl shc tou Byakugan sOmfwna me autéc.

3.3.2 An’lush k,dika kai o c ekteleshc

Sto parin ed*fio, a analOsoume ta tm mata ekePna tou k, dika tou pur na
pou gr zoun idiabterhc shmasbac kai prosoq c. H taktik an’lushc pou
a akolouj soume ed, a ebnai h antbjeth me prohgouménwc, dhlad a
ebnaitop-down proseggish.

H ektélesh tou Byakugan xekin“ei, ipwc anaférame kai prin, api to
argebo byakugan.cc opou rbsketai h  main sun’rthsh. AfoO loipin, 0
gr sthc kajorbsei tic epilogéc ektéleshc sth gramm entol n, to sOsthma
a xekin sei na leitourgeD se énan api touc dOo tripouc leitourgbac po u
anaférjhkan prin: to scan mode to process mode . Ja parakolouj sou-
me th o ektéleshc kai me touc 2 tripouc, sqoli"zontac ta krbsima sh meba
tou k. dika.

3.3.2.1 Scan Mode

H leitourgba thc s"rwshc ( scan mode ) aposkopeb sthn anadromik ana-
thsh stouc akélouc, pou kajorbzontai api to gr sth, gia ilec ek ebnec
tic eikinec pou a apoteléesoun th "b"sh eikinwn" me tic opobec a sug-
krbnontai argitera oi eikinec-er,thsh ( query images ) pou a lamb™nei to
sOsthma sth leitourgba epexergasPac ( process mode ). Gia k’je eikina, e-
armizetai o algirijmoc SURF kai ta dedoména apojhkeOontai we XML
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argeba gia mellontik apéujebac an“kthsh.

H diadikasba xekin"ei me thn kl sh thc sun’rthshc scan tou singleton
antikeimenou Byakugan , h opoba kaleb anadromik™ thn scan_internal tisec
oréc isec anaférei o arijmic twn akélwn pou orbBsthkan api to gr sth
mésw thc epilogc -s meésw thc epilogc  -i <le_with_list_of_directories>
(ipou to sOnolo twn akélwn orbzetai wc IDsta mésa se éna arqeDo). H
scan_internal dhmiourgeb antbstoiga gia k'je “kelo éna TrainingSet kai
kaleD dOo asikéc sunart seic thc kI'shc autc: thn loadFromDirectory
kai thn save.

H loadFromDirectory(string _path) éqgei wc stiqo thn irtwsh ilwn twn

eikinwn api ton ek’stote “kelo, tou opoDou monop™ti sto sOsthma arge Pwn
pabrnei wc irisma, kai thn anapar”stash touc wc Traininglmage-s . H me-
tatrop aut eqei dOo asikéc ptugéc: th dhmiourgba/firtwsh tou cnrle

(corner le) kaithn efarmog tou SURF p"nw sthn eikina.

1. Kataskeu /Firtwsh cnrle : To cnrle , ipwc ebpame kai prohgou-
meénwc, prikeitai gia éna argebo to opobo periegei 4 eug’ria sunte-
tagmeénwn (se morf X y) pou orBzoun to orjog,nio/upo-perioq pou
perikleDei to logitupo mesa sthn eikina. Se pollec peript,seic h
wtografba mporeb na periégei kai “llh “sgeth plhroforba, peran
tou logotOpou. 'Omwc sth “sh eikinwn grei"zontai "kajaréc" ek-
diseic twn logotOpwn afoO leitourgoOn wc pritupa anafor™c gia tic
metépeita sugkrbseic pou a gbnoun me tic eikinec-er thsh. 'Etsi, gia
na eégoume th meégisth dunat akrbbeia, dbnetai h dunatithta tou pros -
diorismoQ thc perioq ¢ endiaférontoc ( Region of Interest ) mésw twn
argebwn aut,n. Sto sqgma 3.2 abnetai éna par"deigma s manshc pe-
iog ¢ endiaférontoc se éna logitupo “sh twn suntetagménwn pou
rbskontai ston Pbnaka 3.1. To cnrfile, eDte ebnai dh dhmiourghmeéno
kai rbsketai ston Bdio “kelo (me kat’lhxh .cnr) me thn om_numh ei-
kina, thc opobac thn upo-perioq prosdiorbzei, opite oi suntetagmén ec
ort,nontai apeujebac sth mn mh diab“zontac to argebo, ebte an den
up’rgei, htebtai na kataskeuasteb geirokbnhta api to gr sth ek ebnh
th stigm. Sthn perbptwsh aut, emfanbzetai éna par’juro me thn
eikina kai o gr sthc kalebtai na shmei,sei me to pontbki p“nw thc ta
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x |y
116 | 111
91 | 425
654 | 74
656 | 421

Pbnakac 3.1: par"deigma suntetagménwn cnrle

4 shmeba pou prosdiorbzoun tic suntetagménec tou orjogwnbou pou pe-
ib"llei thn Region of Interest . H sun’rthsh, upeQjunh gia aut thn
ergasba ebnai hgenerate_cnrle thc Trainingimage . H ohjhtik su-
n“rthsh create_outline , diab"zei to prodp’rqon to neodhmioOrghto
arqebo suntetagménwn kai kataskeu”zei me éxupno kai asfal tripo to
orjog,nio pou periklePei thn upo-perioq tou logotOpou. Sugkekri-
meéna, pronoeb  ste sthn pio pijan perbptwsh pou oi suntetagménec
den ebnai eujugrammismenec (Cllwste k'ti tétoio sp™nia mporeb na e-
piteugjeb itan h s mansh gbnetai geirokbnhta), na ewreb wc égkuro  to
megalOtero dunati orjog, nio pou orBzoun autéc. 'Etsi, sto par“deig-

ma 3.2 h periog pou a dhmiourg sei h create_outline a ebnai aut
pou abnetai sthn 3.3. Auti gbnetai ,ste ha mhn up’rxei pijan a-
p,leia plhroforbac wc proc to logitupo se perbptwsh "astogebac"

tou gr sth.

2. Efarmog SURF: H deOterh “sh dhmiourgbacthc  Traininglmage afo-

"~ sthn efarmog tou algorbjmou SURF _ste na exagjoOn ta shmeba
endiaférontoc kai oi perigrafebc. Auti epitugq netai grhsimopoi, n-
tac tic iblioj kec tou OpenCV opou o algirijmoc ebnai dh ulopoi-

hmenoc. H kl sh twn sunart sewn detector->detect() kai extractor-
>compute() ebnai arket gia na gbnei efikti to parap'nw. Na sh-
meiwjeb pwc oi metablhtec detector kai extractor prikeitai gia  generic
containers , opite mporoOn na grhsimopoihjoOn dunamik™ kai “lloi
algirijmoi ektic tou SURF, ipwc pg o SIFT, an ebnai epijumhti.

AfoO oloklhrwjoOn autéc oi dOo “seic, tite h Traininglmage ePnai
etoimh na eiséljei sto di'nusma ( vector) tou ek’stote TrainingSet mazb me
touc exagjéntec perigrafeDc pou upologBsthkan. AfoO auti gbnei gia K'je
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Sgma 3.2: Me kikkino gr,ma abnontai ta shmeba pou orbzoun thn perioq en-
diaférontoc, sOmfwna me tic suntetagménec tou cnrfile pou abnontai ston Pbnaka
3.1

R\ §

aaiaas

Sgma 3.3: Protimebtai h asfalésterh méjodoc kataskeu c tou perigrrm matoc
gia thn perioq endiaférontoc  ste na apofeugjeb pijan ap, leia plhroforbac
wc proc to logitupo.
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eikina ston ek"stote “kelo, tite to TrainingSet pou periegei ilec autéc tic
ortwmenec "ekpaideuménec" eikinec, ebnai étoimo na apojhkeuteb sto  dbsko
sth “sh eikinwn gia mellontik qgr sh. Auti mac érnei sth sun’rthsh

save tou TrainingSet .

H sun’rthsh  save éqei wc skopi thn kat'llhlh apoj keush ilwn twn
upologisménwn dedomeénwn twn eikinwn (dhlad twn exagjéntwn perigraféwn
api ton algirijmo SURF) api thn prohgoOmenh “sh. K™nei gr sh thc i-
lioj khc TinyXML gia na metatréyei ta dedoména aut™ se "euan"gnwsta"
tiso api upologist iso ki api “njrwpo, argeba XML . Parak™tw, lépou-
me th dom twn XML argePwn. Ta "..." parapempoun se epan’lhyh thc Bdiac
morfc XML odhgbwn kai sumperil finsan mino ed, skopPbmwc gia ligouc
exoikonimhshc q,rou.

<?xml version ="1.0" ?>
<total>6</total>
<objects>
<filename> image_O
<path>/ homé ithilgore / byakugan /logos /Adidas /variant 1/ mod2_small .jpg </path>
<roi x="37" y="67" width= "712" height= "456" />
<keypoints>
<keypoint pt.x= "4.4376577758789062e+02" pt.y= "3.6947502136230469e+01" size="
1.2000000000000000e+01 " angle="2.9698422241210938e+02" response=" -
4.2199981689453125e+02" octave="1" class_id=" 1" /
<keypoint pt.x= "4.6738388061523438e+02" pt.y= "5.3597236633300781e+01" size="
1.2000000000000000e+01 " angle="2.1169067382812500e+02" response=" -
4.1786416625976562e+02" octave="1" class_id=" 1" />

</keypoints>

<descriptors>
<rows>337</rows>
<cols>64</cols>
<dt> f </dt>
<descriptor>2.00264534 e 04</descriptor>
<descriptor>4.29603038 e 04</descriptor>
<descriptor>4.70690982 e 04</descriptor>

</descriptors>
</filename>
<filename> image_1
<path>/ home ithilgore / byakugan /logos /Adidas /variant 1/ mod4_small .jpg </path>
<roi x= "200" y="270" width= "475" height= "258" />
<keypoints>
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</keypoints>
<descriptors>

</descriptors>
</filename>

</objects>

To total anaféretai sto sOnolo twn eikinwn gia auti to set. 'Opwc mporeb
na parathr sei kanebc, ta dedoména pou apojhkeOontai gia k’je eik ina
ebnai ta ex c:

1. path: to monop’ti sto sOsthma argePwn gia thn eikina sthn opoba
asbzontai ta dedoména

2. roi: h periog endiaferontoc, me th morf twn suntetagménwn X, Y
thc p“nw arister” gwnbac tou orjogwnbou kai tou pl'touc ( width ) kai
Oyouc (height ) tou.

3. keypoints : ta shmeba endiaférontoc ipwc anigneOontai api ton al-
girjmo  SURF.

4. descriptors : oi perigrafebc ipwc ex"gontai api ton SURF.

Na shmei,soume ed,, pwc oi méjodoi apéujebac apoj keushc twn dom,n
tou OpenCV sto dbsko gia thn tréqousa ekdosh tou (2.3.1) tan ellipebc.
Epomenwc grei"sthke h geirokbnhth eggraf touc, kti pou abnetai sth
markoskel sun’rthsh save.

H diadikasPa telei,nei, itan to sOsthma mac, gia ligouc exoikonimh -
shc g,rou sto dbsko, sumpiései ta XML argeba gia k’je TrainingSet . H
sumpbesh gbnetai me gr sh thc ulopobhshc gzip twn iostreams thc gnwst c
iblioj khc boost. To gzip grhsimopoieb, wc gnwstin, mia parallag tou
algorbjmou DEFLATE, pou ebnai sunduasmic twn Lempel-Ziv kai Hu man
coding kai ePbnai arket™ apotelesmatikob gia argeba XML. Endeiktik™ éna
argebo XML megeéjouc 3.2 MB katipin sumpbeshc péftei sta 434 KB .

Ta parap”nw, oloklhr,noun thn perigraf leitourgbac tou scan mode .
Ménei na doOme t ra to deOtero all” shmantikitero tripo leitourgbac tou
Byakugan .
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3.3.2.2 Process Mode

H leitourgba epexergasbac ( process mode ) apoteleD thn kinht ria dOnamh
tou sust matoc, afoO ePnai aut pou ousiastik® sugkrbnei thn eikin a-
er,thsh pou étei o gr sthc me th “sh eikinwn pou éqei sqghmatisteb n w-
btera api th leitourgba s“rwshc ( scan mode ).

H energopobhsh tou parintoc tripou leitourgbac gbnetai me th gr s h tou
diakipth -p kai tou orismoO thc eikinac-er thsh me to diakipth -q (api to
query ). ApaiteDtai epipléon na kajoristeD to sOnolo twn XML argebwn pou
a apotelésoun th “sh eikinwn me tic opobec a sugkrijeb h query image .
Auti gbnetai diiti mporeD na up“rqoun peript,seic pou ePnai protimhtéo
na gbnei h sOgkrish me éna uposOnolo thc “shc eikinwn. O kajorismic
twn onom™twn twn argebwn XML gbnetai ebte apéujebac sth gramm entol n
me to sqetiki apiluto monop’ti touc ebte me th qr sh tou diakipth -
i <le_with_list_of XML_ les> me to inoma tou arqebou pou leitourgeb wc
IDsta me ta monop~tia twn XML argebwn.

H argik kai asik sun’rthsh pou kalebtai ed, ebnai h process tou
antikeiménou Byakugan . Skopic ePnai na ort,sei api to dbsko ta arge-
PaXML pou orbsthkan prohgouménwc, na anakataskeu’sei to sOnolo twn
TrainingSet-s kai twn Traininglmage-s kajenic api aut” kai sth sunégeia
na epitelései th leitourgba thc antistobqgishc kai na rei thn e ikina api th
“sh eikinwn pou moi“zei perissitero sthn eikina-er thsh.

H diadikasba irtwshc api to dbsko twn XML argebwn gbnetai me th
o jeia thc  loadFromArchive thc kI"'shc  TrainingSet . To pr,to prrgma
pou eléggei ebnai an ta argebPa XML ebnai sumpiesména, pou upi kanonikéc

sunj kec a ebnai. Katipin, ta aposumpiézei an greisteb, kai ta ort .nei
sth mn mh ipou p’li me th o jeia thc iblioj khc TinyXML akoloujeb h
apokwdikopobhsh touc. Fusik”, ta shmeba endiaférontoc kai perigra febc

pou ex"gjhkan apiton ~ SURF kat" th di"rkeia thc leitourgbac thc s"rwshc
pou égei prohghjeD, ePnai étoima kai de grei"zetai na xana-upolog  istoOn. To
gegonic auti epitagOnei se meg’lo ajmi th sunolik diadikasPa.

Met” to pérac thc loadFromArchive gia k’je TrainingSet , to Byakugan
diajétei sth mn mh tou anakataskeuasménec ilec tic Traininglmage-s mazb
me ta upologisména dedoména touc. H o ekteleshc sthn process sunegbzei
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kai seir” égei h polupijhth leitourgba thc antistobqishc. H eiki na-er,thsh
pern”ei wc irisma sth sun’rthsh match tou ek’stote TrainingSet kai auti
me th seir” tou kaleb thn match api k“je enswmatwménh Traininglmage .
H K'je Traininglmage energopoieb to kajoliki antikebmeno Matcher , or-
t,nei se auti ta dedoména thc, dhlad ta shmeba endiaférontoc kai touc
perigrafebc kai met” kaleb th asik sun’rthsh antistobgishc doQuery .

H doQuery kat'rq"c prépei na upologbsei, mésw tou SURF ta shmeba en-
diaférontoc kai touc perigrafebc api thn eikina-er, thsh. Fusik® , gia thn
eikina sOgkrishc pou rbsketai sthn Traininglmage , K'ti tétoio de grei“ze-
tai afoO ta stoigePa tan dh upologisména api prin kai apl” ort jhka n
etoima sth mn mh api to antbstoigo XML argebo. Epbshc, o upologismic
twn dedoménwn gia thn eikina-er thsh grei“zetai na gbnei mba kaimi  no or”
afoO aut den all"zei kaj'ilh th dirkeia ektéleshc tou progr® mmatoc.

Sth sunégeia, up’rqoun dOo epilogéc wc proc ton tripo thc sOgkrishc

twn perigraféewn: h mba afor” sthn antistobgish empric-pPBsw kai h “lI h
sthn klassik apl antistobqgish. To Byakugan grhsimopoieb thn pr th
api proepilog gia ligouc prostijemenhc akrbbeiac. To érgo auti epit e-

leb h crossCheckMatching tou utils.cc. Se k'je perbptwsh, o algirijmoc
antistobgishc ebnai asisménoc sthn ulopobhsh tou OpenCV giato FLANN -
Fast Library for Approximate Nearest Neighbours [12]. H iblioj kh aut
epilégei ton kalOtero dunati algirijmo eswterik” gia mia gr gorh pr 0seg-
gistik anaz thsh “sh tou kontiniterou gebtona.

Katipin, upologbzetai h omografba ( homography ) “sh tou RANSAC -
RANdom SAmple Consensus , miac epanalhpthtik mejidou  ste na exa-
leifioOn ta shmeba outliers , dhlad ta shmeba ekebna akraBwn tim n pou
statistik® m“llon den an koun sto set me ta upiloipa. To ma auti exa-
anbzei ena pl joc lanjasméenwn antistoigbwn pou réjhkan sthn proh go-
Omenh “sh tou matching . Telik™ to pl joc twn "pragmatik,n" shmebwn
antistobqishc, epistréfontai wc apotélesma api thn doQuery .

To apotélesma auti to epistréfei h Traininglmage sto antbstoiqo Trai-
ningSet sto opobo an kei. 'Etsi, h sunrthsh match tou TrainingSet a-
00 sulléxei ta apotelésmata aut™ gia kje enswmatwmeénh Traininglmage
tou, xekin’ei th diadikasba taxinimhshc touc. H diadikasba ed, ebnai apl :
rDsketai h eikina pou édwse ta kalOtera apotelésmata, dhlad aut me
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to megisto pl joc shmebwn antistobgishc. To k'je TrainingSet kat"utin ton
tripo a epistréyei sto antikebmeno Byakugan thn "kalOterh" eikina tou,
dhlad aut pou proséggize perissitero thn eikina-er, thsh.

To teleutabo st’dio tou process mode ePnai h sullog twn "kalOterwn"
eikinwn aut.n api to singleton Byakugan kai h efarmog miac epipléon

taxinimhshc, me thn Bdia pli logik ipwc prin. Anazhtebtai h "kalOte rh"
twn "kalOterwn" eikinwn, dhlad aut pou éqgei kajolik™ ta perissite ra
shmeba endiaférontoc. H eikina aut dbnetai wc h telik ap™nthsh api to

Byakugan proc to gr sth me th garakthristik gramm exidou:
Best match: <path_to_image>

Ed, telei nei h perigraf kai tou mode epexergasbac tou sust matoc
mac kai mazb me aut kai h perigraf tou pur na tou Byakugan . Pro-
gwroOme t,ra, sthn an’lush twn “llwn dOo shmantik,n sustatik,n mer,n
tou.

3.4 Byakugan Web Server

O exuphretht ¢ istoO ( web server) tou sust matoc mac, éqgei wc skopi
thn parlihih exuphréthsh diktuak n ait sewn gia th metafor™ eikin wn-
er,thsh ( (query imagec) api tic kinhtec suskeuéc  Android twn grhst,n sth
di"jesh tou Byakugan Core ste na gbnei h an’lush touc. H gl ssa pro-
grammatismoO Python mac édwse étoimamodules gia thn eOkolh kai sOnto-
mh suggraf tou sugkekriménou logismikoO.

O server mac, akoOei api proepilog sto port 8000 gia HTTP POST
ait seic. 'Otan I'bei k™poia abthsh, xekin“ei xeqwristi n ma e ktéleshc
(thread ) gia thn exuphréthsh thc. Anazht’ei to pedbo uple mésa sthn
kefalbda ( header) tou HTTP pakéetou kai antigr'fei to periogimeno pou
akoloujeb, se éna proswrini argebo me monadiki inoma ston “kelo tmp
tou sust matoc. EPnai prosumfwnhmeno sto prwtikollo epikoinwnbac me-
taxO tou server mac kai twn pelat,n ( clients ) pou stélnoun se autin, pwc
to periegimeno thc eikinac a ebnai kwdikopoihméno me to gnwsti sq m a
Base64 . Auti ebnai anagkabo gia thn kat’llhlh kai swst metafor”™ duadi-
koO argePou pinary le ) mésw tou HTTP, afoO to argePo katutin ton tripo
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anaparbstatai mesw enic meg’lou ASCII string . Epoménwc, prin grafteb sto
dbsko to argebo, gbnetai pr,ta h apokwdikopobhsh tou wc proc to Base64 .
Sth sunéqgeia, o exuphretht c ekteleb sto Bdio n ma éna stigmiitupo t ou
Byakugan Core se process mode dbnontac wc irisma gia thn eikina-er,thsh
to monop™ti tou argebou pou milic apokwdikopobhse kai apoj keuse pro-
swrin” sto dbsko. Par’llhla, anobgei mésw pipe, tou gnwstoO tripou endo-
epikoinwnbac twn diergasbwn (PC - Inter-process Communication ) se Unix-
based sust mata, to eOma exidou kai laj,n ( output and error streams )
tou Byakugan Core . 'Etsi, a mporései na diab"sei thn ap™nthsh pou dbnei
0 purnac tou Byakugan wc éxodo Ostera api thn an’lush pou a k'nei
sthn eikina-er thsh. Qrhsimopoi,ntac apléc tegnikec lektik ¢ a n"lushc
(parsing ) kanonik,n ekfr'sewn ( regular expressions ), ex"gei api th gramm
Best match: <path_to_image> pou anaferame prohgouménwc, to monopti
thc "kalOterhc" eikinac pou antistoigeD me thn eikina-er thsh.
To inoma thc kalOterhc eikinac aut ¢, stélnei wc ap™nthsh pPsw ston
pel'th pou ekane thn abthsh. 'Etsi, oloklhr netai h leitourgba t ou Kje
n matoc pou ektelebtai par’lihla ston exuphretht .

3.5 Byakugan Client

O pel'thc apotelebtai api thn Android efarmog , h opoba mporeb na tréexei

se opoiad pote "éxupnh" kinht suskeu di"jetei logismiki Android ekdo-
shc 2.2 kai “nw. Skopic thc ePnai na d,sei mia eOkolh diepaf sto qrs th
.ste na mporeD na g'zei wtografbec mésw thc k“'merac tou kinhtoO, na
automatopoi sei th diadikasba apostol ¢ touc proc ton Byakugan Server
kai katipin na I'bei thn ap™nthsh, pou a ebnai to inoma thc eikin ac pou
tair'zei kalOtera sth wtografba, api autin kai na thn parousi'sei s to
gr sth.

H efarmog mac ebnai gramménh se Java grhsimopoi,ntac par’llihla
tic iblioj kec pou ePnai aparabthtec gia th leitourgba thc sth n platfirma
tou Android . To kurbwc prigramma rbsketai sgedin ilo sto argebo Mai-
nActivity.java pou periegei kai th asik kI"sh ( MainActivity ). H énnoia

tou Activity sto Android anaféeretai praktik™ se éna par’juro diepafc
me to opobo mporeb na allhlepidr'sei "mesa o qr sthc. H sugkekrimenh,
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.ntac kai h kentrik , periéqgei arketéc ohjhtikéc sunart seic me tic opobec

epituggnei tic htoOmenec automatopoi seic pou proanaférjhkan. Sug ke-

kriména:

1.
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onCreate : h asikiterh sun“rthsh, pou kalebtai me to pou dhmiour-

ghjeb to ek'stote Activity sto opobo anaféretai. To grafiki peri-

“llon tou parajOrou prokOptei api thn kI sh thc setContentVie-
w(R.layout.main) h opoba anasOrei to periegimeno tou arqgeDou  res/la-
yout/main.xml  kai ti°gqnei to par’juro sOmfwna me tic XML odhgbec.

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

<LinearLayout xmlins:android=  "http://schemas.android.com/apk/res/android”
android:orientation= "vertical”

android:layout_width=" "fill_parent”

android:layout_height= "fill_parent” android:background= "@drawable/byakugan"
>

<Button
android:id= "@+id/camera_button”
android:layout_width= " "fill_parent"
android:layout_height= "wrap_content"
android:text= "@string/camera_button_text" />

<ImageView android:layout_weight=  "2"
android:contentDescription=  "@string/description”
android:id= "@+id/imageview"
android:layout_width=" "fill_parent"
android:layout_height= "0dp" />

<ProgressBar
android:id= "@+id/pbDefault”
android:layout_width=" "fill_parent"”
android:layout_height= "wrap_content"
style= "@android:style/Widget. ProgressBar. Horizontal "
android:visibility= "invisible"

/>

</LinearLayout>

SOmfwna me ta parap™nw, dhmiourgePtai éna par’juro, me back-

ground eikina pou proérgetai api to argebo drawable/byakugan
ena koumpb button ) pat,ntac to opobo o gr sthc ekkineb thn k“mera

tou kinhtoO kai mPa mp~ra proidou (  progress bar ) h opoba a debgnei
proseggistik™ to grino pou apaitebtai meéqgri na I"'boume ap“nthsh a-

pi ton exuphretht . Sthn eikina 3.4 abnontai ila ta parap™nw plhn



42 Kef'laio 3. Byakugan - éna pl rec sOsthma anagn rishc logotOpwn

o U A W N P

thc mp’rac, afoO aut emfanbzetai afoO o gr sthc trab xei th wto-
grafba kai h efarmog argbsei thn epikoinwnba me ton  web server .

Oi epimenec gramméc k dika thc paroOsac sun’rthshc dhmiourgoOn
enanOnClickListener , dhlad orbzounthn call-back function (onClick)
pou a klhjeb sthn perbptwsh  event triggering pou sthn prokeimenh
perbptwsh afor™ sto p“thma tou koumpioO "Take Picture" .

onCreateOptionsMenu : sun’rthsh pou dhmiourgeD to menoO me tic dia-
esimec epilogec, itan o gr sthc pat sei to ( hardware ) koumpbmenu
pou up’rgei se k'je suskeu Android . To menoO to anasOrei api
to res/menu/menu.xml kai sth dik mac perbptwsh afor” stic pro-

tim seic ( Preferences) pou mporeb na ései o gr sthc. H minh dia-
ésimh epilog sthn paroOsa ékdosh égei na k’nei me th Ojmish thc
dieOjunshc IP kai tou port tou Byakugan web server me ton opobo a
epikoinwn sei h efarmog mac.

<?xml version ="1.0" encoding= "utf 8"?>
<menu xmins:android= "http://schemas.android.com/apk/res/android" >
<item android:id= "@+id/prefs" android:title= "@string/prefsTitle" ></item>

</menu>

onOptionsitemSelected : h sun’rthsh aut egei "mesh sgésh me thn
prohgoOmenh pou perigr'yame, afoQ prospel’unei tic diajésimec
epilogéc tou menoO kai kaleb antistobgwc ton kat’llhlo handler . Sthn
perbptwsh twn Preferences apl” kaleb thn  PrefsActivity , mia diepaf
pou parousi“zei tic protim seic pou mporeb na ései o gr sthc. Oi
epilogéc autéc anasOrontai api to argePo res/xml/prefs.xml ipwc
abnetai api to PrefsActivity.java . Auti ebnai mia akima eukolba pou
mac paregei h platfirma tou Android wc proc thn automatopobhsh
tetrimmenwn diadikasi n ipwc aut .
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Sqma 3.4: H asik diepaf me thn opoba allhlepidr” o gr sthc sthn
efarmog .

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

2 |<PreferenceScreen xmlins:android= "http://schemas.android.com/apk/res/android"” >
3 <EditTextPreference android:title= "@string/server_ip_addr" android:key= "
server_ip" android:summary= " @string/ip_summary" />

6 |</PreferenceScreen>

4. createHttpClient : ohjhtik sun’rthsh pou argikopoieb katall lwc
parametrouc kai metablhtéc gia thn kl"sh HttpClient pou grhsimo-
poioOme api to pakéto tou Apache - org.apache.http  gia to tm ma thc
efarmog ¢ pou préepei na steblei thn HTTP POST abthsh.

5. convertResponseToString : ohjhtik sun’rthsh pou metatrépei thn
ap™nthsh pou a I'bei h efarmog api ton exuperhtht istoO se
morf kat'llhlh gia emf nish se parjuro thc diepaf c.

6. onActivityResult : ed, epistréfei h o ekteleshc, katipin thc epitu-
qoOc | yhc thc wtografbac api to gr sth. To arqeDo pou periégei
th wtografba ort netai, h eikina all"zei kibmaka kai sumpiézetai
“sh tou protOpou JPEG ,ste to megejoc na ebnai arket™ mikri kai
teloc kwdikopoiebtai se ASCII string mésw tou gnwstoO sq matoc Ba-
se64. Sth sunégeia, to eOma ( stream ) auti api  bytes analamb™nei na
to diageiristeb h enswmatwmenh kl'sh  PostToServer pou perigr-fou-
me akrib,c api K'tw.

H enswmatwmenh kI'sh PostToServer, ipwc marturei kai to Bdio to ino-
ma thc, eégei wc skopi thn apostol thc wtografbac, pou sto st'dio auti
éqgei metatrapeD se éna sOnolo api diadogik™ bytes kat'llhla gia diadi-

ktuak metafor”, ston Byakugan web server . Mia axioshmebwth idiitht”
thc ePnai iti leitourgeD asOggrona, dhlad anex’rthta kai par” llhla me
thn upiloiph efarmog . Auti gbnetai efikti mésw thc leitourgbac Asy-

ncTask pou paregei to Android kai prikeitai gia mia aplousteuménh mor-
threading . H diadikasba ed, xekin"ei me thn dhmiourgba enic  HttpClient

me qr sth thc createHttpClient pou perigryame prohgouménwc. Sth su-

négeia, ort,nontaih  IP address kaito port tou exuphretht api tic proti-

m seic ( Preferences) tou gr sth an autéc den eqoun all’xei, qrhsimopoio-

Ontai oi "ergostasiakéc" ujmBseic. Katipin, dhmiourgebtai to pak eto thc
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HTTP POST abthshc, sto opobo enswmat,netai h Base64 -kwdikopoihmenh
wtografba sto pedbo uple . H gramm "HttpResponse response = htt-
pclient.execute(httppost);" k'nei dipl ergasba afoO stélnei thn abthsh au-

t kai periménei thn ap™nthsh tou exuphretht thn opoba itan I"bei a
apojhkeOsei sth metablht "response” . EntwmetaxQ, kaj'ilh th di‘rkeia
ektéleshc twn parap™nw, o gr sthc ePnai eleQjeroc na g’lei ki "l ec w-
tografbec, afoO oi ergasPec autéc gbnontai ipwc eDpame asOggrona, dhlad
sto parask nio par’llhla. To shmebo auti thc anamon c thc ap™nthsh c
ePnai kai to pio gronobiro, afoQ péran tou grinou metafor™c tou a rgebou
diktuak™ kai sth sunégeia thc metafor’c thc ap™nthshc pbsw ston pel “th,
grei“zetai kai k™poio grino kai to bdio to Byakugan Core pou a analOsei
thn eikina kai a thn sugkrbnei me th “sh eikinwn. Par'ila aut”, i pwc a
doOme kai sto epimeno kef’laio o grinoc metafor’c thc eikinac apote leb

sun jwc to megalOtero  bottleneck . En, gbnontai ta parap™nw, emfanbzetai

h mp“ra proidou pou debgnei ton anamenimeno grino meéqri th | yh thc

telik ¢ ap”nthshc. H leitourgba thc ulopoiebtai sthn epbshc enswma twmenh
kai asOggronh ki"sh ProgressBarAsyncTask . En télei, h convertRespon-
seToString a metatréyei, ipwc ebpame kai prin, thn HTTP apnthsh tou
exuphretht se kat'llhlh morf pou a emfanisteb se plabsio dialig ou
sthn kentrik diepaf .
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Kef'laio

Ektelesh kai Apotelesmata

Action is the foundational key to all success.

Pablo Picasso

4.1 Eisagwg

Sto parin kef'laio, a parousi"soume thn émprakth leitourgba tou su-

st matoc mac kai a analOsoume ta apotelésmata thc ektéleshc tou. Ja
doOme pwec allhlepidroOme me to Byakugan tiso se topiki epPpedo, mésw
tou pur na tou, iso kai sunolik”, dhlad apomakrusména mesw thc ki-

nht ¢ suskeu ¢ kai thc efarmog c Android pou anaptOxame. Téloc, a
sqoli"soume tic endeqgimenec proekt’seic tou kai tic dunatithtec pou éqgei
gia gr sh se poikilba paignbwn.

4.2 Topik ektelesh tou Byakugan Core

Argik®, a doOme ton pur na tou Byakugan en leitourgba topik”, prigma
pou shmabnei pwc a ektelesteb anex’rthta api ton exuperhtht istoO kai
thn efarmog tou pel'th. H topik ektélesh a mac debxei ti pragmati kK
gbnetai sto parask nio thc an’lushc kai sOgkrishc twn eikinwn, ti epilogéc
egei o diageirist c tou sust matoc wc proc th dhmiourgba thc “shc e ikinwn

47
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Sgma 4.1: Qi diajésimec epilogéc pou egei o diageirist ¢ tou sust mat oc Byaku-
gan kat” thn topik ektélesh

kai ton élegqo thc orj ¢ leitourgbac tou sust matoc kaj,c kai th g rafik
apeikinish thc antistobgishc.

4.2.1 Epilogéc leitourgbac

'Opwc éqgei analujeb ekten,c sto prongoOmeno keflaio, o pur nac tou su-
st matoc égei dOo asikoOc tripouc leitourgbac: to scan mode kai process
mode. Sthn eikina 4.1 aPnontai to sOnolo twn diajésimwn epilog.n, ipwc
aut” ektup nontai sthn ojinh api to bdio to prigramma.

Ac doOme analutik™ ti epiteleD to k'jena:

1. -s: energopobhsh tou scan mode . H dhmiourgba thc “shc eikinwn
gbnetai me auti ton tripo.

2. -p: energopobhsh tou process mode . H an’lush kai sOgkrish thc
eikinac-er ,thsh me th “sh eikinwn gbnetai me auti ton tripo.

3. -g<query_image> : h eikina-er thsh pou a analujeb kat" to process
mode.

4. -i <input_lename : o diakipthc autic mac epitrepei na orbsoume ena
argebo to opobo a leitourg sei wc IDsta kai a periéqei se K'je gr am-
m to monop’ti twn akélwn argeBwn pou a grhsimopoihjoOn ebte
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me to scan mode ebte me tgorocess mode . Sthn perPptwsh tou scan
mode anaféretai sto sOnolo twn akélwn ta opoPa a anazht sei to
sOsthma gia na rei eikinec kai na dhmiourg sei th “sh eikinwn,

en, sthn perbptwsh process mode anaféretai sta XML argeba pou
periégoun ta pro-upologisména dedomeéna thc “shc eikinwn.

5. -g: energopobhsh thc grafik ¢ apeikinishc tou process mode . Se
kje sOgkrish pou a gPnetai, a anaparbstantai se koini parjuro
to sOnolo twn koin,n shmePwn thc eikinac-er,thsh me thn ek’stote
eikina api th “sh eikinwn.

6. -v: diakipthc pou kajorbzei to piso analutik a ebnai h éxodoc tou
sust matoc. AOxhshtou verbosity shmaPnei pwc a ektup,netai para-
p nw plhroforba wc proc tic eswterikéc leitourgbec tou sust matoc.

7. -d[level]: epilog pou kajorbzei to epbpedo thc plhroforbac aposfal-
m’twshc, dhlad plhroforDec pou aposkopoOn se kajar™ program-
matistk®™ émata kai éqoun skopi na ohj soun ston entopismi kai
epPlush enic endeqimenou probl matoc leitourgbac.

8. -h: ektOpwsh tou menoO ipwc aPnetai sthn eikina 4.1

9. -V: ektOpwsh thc ékdoshc tou sust matoc. H tréqousa ékdosh ebnai
h byakugan version 1.0alpha

4.2.2 Scan mode kai dhmiourgba “shc eikinwn

Ja dhmiourg soume argik™ mia mikr “sh eikinwn gia na doOme analu-
tik” th diadikasba tou scan mode . Ston “kelo  byakugan_server/logos
rbskontai eikinec logotOpwn api poikblec m’rkec. Ja asqolhjoOme ar -
gik® me ta logos thc Adidas kai thc Coca-Cola. Ston “kelo  logos/Adi-
das éqgoume topojet sei dOo parallagéc tou logotOpou thc m™rkac. Sto
logos/Adidas/variant-1/ eqoume tic ex c eikinec: 4.2, 43, 44, 45, 46,
4.7

Sto logos/Adidas/variant-2/ egoume thn eikina 4.8

AntDbstoiga, to logitupo thc  Coca-Cola me to opoPo a asgolhjoOme a-
Pnetai sthn eikina 4.9



50 Kef'laio 4. Ektélesh kai Apotelésmata

Sgma 4.2: To asiki logitupo Adidas

Sqma 4.3: Fwtografba tou asikoO logotOpou  Adidas upi kanonik gwnba | yhc
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Sqma 4.4:

Sg ma 4.5:

Fwtografba tou asikoO logotOpou

Fwtografba tou asikoO logotOpou

Adidas api pio kontin |yh

Adidas upi pl"gia gwnba | yhc
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Kef'laio 4. Ektélesh kai Apotelésmata

Sq ma 4.6:

Sqma 4.7:

Fwtografba tou asikoO logotOpou Adidas api p'nw

Fwtografba tou asikoO logotOpou Adidas api Ktw
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Sqma 4.8: Mia "llh ékdosh tou epPshmou logotOpou thc

Sqma 4.9:

To epbshmo logitupo thc Coca-Cola

Adidas
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Ta antbstoiqa cnrles pou éqoun prokataskeuasteb rbskontai ston pPna-
ka 4.1. Na shmei,soume ed,, pwc se merikec peript,seic, shmei,same sko-
pPmwc ta plaPsia twn logotOpwn na ePnai tétoia ste na perikleDoun mino
éna meéroc touc. Auti égine gia na doOme pwc sumperiféretai to sOsthma

mac se aut thn perbptwsh kai pisa koin™ shmeba ebnai ikani na rei tit e.
Auti a aneb kai pio k'tw itan a doOme dbpla-dbpla thn eikina-er thsh
kai tic eikinec me tic opobec sugkrbnetai aut meésw tou diakipth -g pou
perigryame pio p'nw. Tite a gbnei aisjhti to iti mésw twn cnrles gbne-
tai na grhsimopoihje® éna uposOnolo twn shmePwn tou logotOpou the K’je
eikinac kai epafbetai sto diageirist pou ta dhmiourgeb na epiléx ei poii a
ebnai auti.

Ja doOme t ra thn ektélesh tou sust matoc se topiki epPpedo se scan

mode. EnergopoioOme thn epilog gia na Iépoume debugging output se
epPpedo 4 (d4), pou ePnai arket” katatopistiki gia na doOme ti gbnetai sto
parask nio thc ekteleshc. San orbsmata dbnoume ta sqgetik™ monop™t ia twn
akélwn kaj,c kai ton diakipth -S pou energpoieb to scan mode .

[ithilgore@fitz byakugan_server 1$ ./ byakugan s logos /Adidas logos /Coca Cola/ d4
[+] Scan mode.
Opening logos / Adidas

encountered a file : logos / Adidas / variant

encountered a file : logos /Adidas /variant 1

Opening logos /Adidas /variant 2

encountered a file : logos / Adidas / variant 2/. directory

encountered a file : logos /Adidas /variant 2/ adidas_logo_black .cnr
encountered a file : logos /Adidas /variant 2/ adidas_logo_black .Jpg
found an image logos /Adidas /variant 2/ adidas_logo_black .jpg

full path  : / home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant 2/ -
adidas_logo_black .Jpg

corners

105 y: 56

109 y: 240

412 y: 45

X: 412 y: 234

Identifying keypoints

Extracting descriptors

saving data to logos / Adidas / variant 2.xml

Opening logos /Adidas /variant 1

encountered a file : logos / Adidas / variant 1/. directory

encountered a file : logos /Adidas /variant 1/ mod2_small .jpg

found an image logos /Adidas /variant 1/ mod2_small .jpg

xX X X
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Pbnakac 4.1: Suntetagménec “sh twn cnrles

X y
116 | 111
Adidas - 4.2 91 | 425
654 | 74
656 | 421
X y
313 | 239
Adidas - 4.3 | 328 | 365
505 | 209
493 | 364
X y
37 67
Adidas - 4.4 39 | 520
748 | 84
749 | 523
X y
523 | 204
Adidas - 4.5 | 540 | 337
594 | 205
592 | 341
X y
200 | 270
Adidas - 4.6 | 218 | 528
675 | 271
612 | 510
X y
388 | 193
Adidas - 4.7 | 384 | 357
480 | 188
495 | 347
X y
105 | 56
Adidas - 4.8 | 109 | 240
412 | 45
412 | 234
X y
42 28
CocaCola - 4.9 25 | 291
838 | 14
814 | 290
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full path  : / home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant U -
mod2_small .jpg

corners

37 y: 67

39 y: 520

748 y: 84

X: 749 y: 523

Identifying keypoints

Extracting descriptors

encountered a file : logos /Adidas /variant ¥/ mod4_small .jpg

found an image logos /Adidas /variant 1/ mod4_small .jpg

full path  : / home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant U -
mod4_small .jpg

corners

200 y: 270

218 y: 528

675 y: 271

X: 612 y: 510

Identifying keypoints

Extracting descriptors

encountered a file : logos /Adidas /variant  1/logo2 .jpg

found an image logos /Adidas /variant  1/logo2 .jpg

full path  : / home ithilgore / byakugan / code / byakugan_server /logos / Adidas /variant 1/ logo2 .
ipg

corners

116 y: 111

91 y: 425

635 y: 87

X: 675 y: 436

Identifying keypoints

Extracting descriptors

xX X X

xX X X

X X X

encountered a file : logos /Adidas /variant  1/logo2 .cnr
encountered a file : logos /Adidas /variant 1/ mod4_small .cnr
encountered a file : logos /Adidas /variant 1/ mod5_small .jpg

found an image logos /Adidas /variant 1/ mod5_small .jpg

full path  : / home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant U -

mod5_small .jpg

corners

388 y: 193

384 y: 357

480 y: 188

X: 495 y: 347

Identifying keypoints

Extracting descriptors

encountered a file : logos /Adidas /variant 1/ modl_small .jpg

found an image logos /Adidas /variant 1/ modl_small .jpg

full path  : / home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant U -
modl_small .jpg
corners

X: 313 y: 239

X: 328 y: 365

xX X X
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X: 505 y: 229

X: 493 y: 364

Identifying keypoints

Extracting descriptors

encountered a file : logos /Adidas /variant 1/ mod2_small .cnr

encountered a file : logos /Adidas /variant 1/ mod3_small .jpg

found an image logos /Adidas /variant 1/ mod3_small .jpg

full path  : / home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant U -
mod3_small .jpg

corners

523 y: 204

540 y: 337

504 y: 205

X: 592 y: 341

Identifying keypoints

Extracting descriptors

X X X

encountered a file : logos /Adidas /variant 1/ modl_small .cnr
encountered a file : logos /Adidas /variant 1/ mod3_small .cnr
encountered a file . logos /Adidas /variant 2/ mod5_small .cnr

saving data to logos / Adidas / variant 1.xml

Opening logos / Coca Cola /

encountered a file : logos / Coca Cola / coca cola .jpg

found an image logos /Coca Cola /coca cola .jpg

full path  : / home ithilgore / byakugan / code / byakugan_server /logos / Coca Cola / coca cola .jpg
corners

42 y: 28

25 y: 201

838 y: 14

X: 814 y: 290

Identifying keypoints

Extracting descriptors

encountered a file : logos / Coca Cola/coca cola .cnr

saving data to logos / Coca Cola /. xml

Scanning done

X X X

ParathroOme pwc gPnetai anadromik anaz thsh gia eikinec stouc a-
kélouc pou d,same. Gia K'je mba api autéc diab"zetai to antbstoiqo cnr-

le , en, lépoume kai thn exodo tou kajenic k“tw api thn kefalbda cor-
ners". Met" ton upologismi twn perigraféwn, ta apotelésmata apojhke-

Oontai sta antbstoiga XML argePa, ta opoPa katipin sumpiézontai opite to
telik”™ onimata twn dhmiourghjéntwn arqgePwn ebnai:  logos/Adidas/variant-
1.xml.gz , logos/Adidas/variant-2.xml.gz , logos/Coca-Cola/.xml.gz . Se pe-
Pptwsh pou den prodp rge to antDstoiqo  cnrle |, tite a kaloOmastan emebc
pou tréxame gia pr,th or” to prigramma na shmei,soume ta 4 shmeba tou
bounding box mésw miac étoimhc diepaf ¢ parajOrou pou a emfanizitan

se k'je mba eikina. O grinoc pou p re h ektélesh tou parap™nw se enan
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Intel(R) Pentium(R) M processor 2.00GHz mel GB RAM ebnai milic:

real 0Om4.722s
user 0Om2.626s
sys 0m0.123s

4.2.3 Ektelesh process mode

'Egontac dhmiourg sei mia argik “sh eikinwn, a progwr soume sthn

topik ektélesh tou sust matoc se process mode lépontac th grafik
apeikinish thc antistobqishc gia k“je sunduasmi eikinwn. Gia euko Iba dh-
miourgoOme éna argePo-IDsta pou periégei ta sqgetik® monop™tia twn XML
argePwn pou a grhsimopoi soume sa “sh eikinwn. To arqgebo input.txt
dhlad periéqei ta Ktwiji:

logos/Adidas/variant-1.xml.gz

logos/Adidas/variant-2.xml.gz

logos/Coca-Cola/.xml.gz

San irisma gia thn eikina-er,thsh a d,soume arqik” mia eikina pano-
moiituph me thn eikina  4.2. EkteloOme, étsi, ton pur na me thn ex c entol :

byakugan -g -p -i input.txt -q adidas.jpg
Ta apotelésmata eqoun wc ex c:

[ithilgore@fitz byakugan_server 1$ ./byakugan p g iinput .txt q adidas .jpg

[+] Process mode .

/ home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant 1/ mod2_small .jpg -
real_matches :143

/ home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant 1/ mod4_small .jpg -
real matches :60

/ home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant  1/logo2 .jpg -
real_maiches :235

/ home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant 1/ mod5_small .jpg -
real matches :11

/ home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant 1/ modl_small .jpg -
real_matches :27

/ home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant 1/ mod3_small .jpg -
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Sq ma 4.10: Antistobgish me th wtografba 4.4, koin” shmeba: 143

Sgma 4.11: Antistobgish me th wtografba 4.6, koin™ shmeba: 60

real_matches :12

/ home ithilgore / byakugan / code / byakugan server /logos /Adidas /variant 2/ adidas_logo_black .-
jpg real_matches  :71

/ home ithilgore / byakugan / code / byakugan_server /logos / Coca Cola /coca cola .jpg real_matches -
5

Best match : /home ithilgore / byakugan / code / byakugan_server /logos /Adidas /variant ~ 1/logo2 . -
ipg

Processing done

ParathroOme pwc h kalOterh antistoPgish égine, ipwc tan anamenime-
no, me thn prwtituph eikina  4.2. To axioshmebwto ebnai to gegonic iti sth
sOgkrish me thn eikina 4.8 réjhke ikanopoihtikic arijmic koin.n shme-

bwn par'ilo pou prikeitai gia diaforetik ousiastik™ eikina kai i gi gia
parallag thc argik ¢ me alloi,seic pou ofeblontai sth gwnba | yhc kai
to irubo thc wtografbac ipwc egine stic upiloipec eikinec. Auti ebnai

genik™ etiki gegonic kaj.c 1époume iti to sOsthma ePnai anjektik 1 kai
se asikéc parallagéc thc eikinac proc sOgkrish. (ShmePwsh: Ta "s kou-

pbdia" pou abnontai Ktw api tic eikinec sta dexi” den lamb”nonta i up'iyin
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Sqgma 4.12:  Antistobgish me to epbshmo logitupo 4.2, koin™ shmeba: 235 (to
kalOtero)

Sgma 4.13: Antistobgish me th wtografba 4.7, koin” shmeba: 11 - prosoq sto
gegonic iti ligw tou periorismeénou boungind box ipwc kajorbsthke api to cnrle
thc eikinac, rbskontai saf,c ligitera shmeba
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Sg ma 4.14: Antistobgish me th wtografba

4.3, koin” shmeba: 27 - isqQei iti kai

sthn prohgoOmenh sOgkrish gia to periorisméno boungind box

Sqg ma 4.15:  Antistobgish me th wtografba
mikro boungind box

4.5, koin” shmeba: 12 - akima pio
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Sqg ma 4.16: Antistobgish me to logitupo 4.8, koin™ shmeba: 71 - ikanopoihtik™

arket™ koin™ shmeba par'ilo pou prikeitai gia diaforetik o usiastik™ eikina kai
igi gia parallag thc argik ¢ me alloi,seic pou ofePlontai s th gwnba | yhc
kai to irubo thc wtografBac ipwc égine stic prongoOmenec e ikinec - auti ebnai
genik™ etiki gegonic kaj,c lIépoume iti to sOsthma eBnai an jektiki kai se asikec

parallagéc thc eikinac

Sqgma 4.17:  Antistobgish me to logitupo 4.9, koin” shmeba: 5 - profan,c ta
ligitera koin~ shmeba afoO prikeitai gia telePwc diaforeti k eikina
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kai den éqoun kamba sqgesh me thn antistobqish.)

O grinoc ektéleshc parameénei idiabtera gamhlic, kai auti se éna mh -
g"nhma (Intel(R) Pentium(R) M processor 2.00GHz mel GB RAM) pou ebnai
saf,c palaiiterhc epoq c:
real 0Om2.532s
user 0Om2.117s
sys OmO0.077s

4.3 Oloklhrwmenh ektelesh tou sust matoc Bya-

kugan

Sto parin ed™fio, a parousi"soume mia oloklhrwménh episkiphsh thc

sunolik ¢ leitourgbac tou sust matic mac. Ja doOme th diadikasba api

thn arg ipou o gr sthc étei thn Android efarmog sto kinhti tou se lei-
tourgba, meqri thn telik | yh thc ap™nthshc api ton exuphretht ist 00
me ton opobo epikoinwneD. Gia thn paroOsa an’lush grhsimopoi jhkan ta
exc:

HTC Wild re mobile device - Android 2.2.1

Laptop: Intel(R) Pentium(R) M processor 2.00GHz, 1 GB RAM

Stic eikinec 4.18 kai 4.19 l|époume antbstoiga thn efarmog Logo Hun-
ter egkatesthménh sthn proanaferjebsa kinht suskeu kai to arqiki pa-
“juro diepaf ¢ afoO thn ektelésoume.

Prin progwr soume parapéra imwc, prépei na ekteléesoume ton exuph-
etht istoO tou Byakugan ston upologist mac kai na ujmbsoume thn
efarmog na epikoinwneb me thn [P address pou autic katégei sto topiki
dbktuo.

# ifconfig j grep winet j cut d" " f10
192.168.1.4
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Sgma 4.18: H efarmog mac Logo Hunter egkatesthménh sth kinht suskeu
HTC Wildre pou grhsimopoi same
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Sq ma 4.19:

To argiki parjuro diepaf ¢ thc efarmog ¢

Logo Hunter
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[ithilgore@fitz byakugan_server 1$ python2 server  .py
started httpserver

Epoménwc, ujmbzoume thn efarmog mac na epikoinwneb me thn para-
p'nw dieOjunsh. To port pou akoOei 0 python web server ipwc égoume
anaférei ePbnai to 8000 api proepilog. H Ojmish gbnetai pat ntac to
(hardware ) koumpb "menu" thc suskeu c kai epilegontac to Settings (ei-
kinec 4.20, 4.21, 4.22).

Pleon eDmaste étoimoi na pat soume sto koumpb "Take Picture" h energo-

pobhsh tou opobou a mac metaférei sth diepaf thc k"merac tou kinht 0.
Api ekeb a trab xoume wtografba to logitupo thc Adidas api pl'gia
gwnba | yhc gia na prostejeb skopbmwec étsi sgetik allobwsh sthn eik ina.

Sthn eikina 4.23 lépoume th wtografba pou trab xame me to kinhti. 'O-
tan pat soume "Done", tite h efarmog xekin“ei na stélnei autimata th
wtografba ston  web server , en, mporoOme na doOme thn priodo sto Ktw
meroc thc diepaf ¢ (eikina  4.24).

O exuphretht ¢ istoO mac eidoopoieD ektup,nontac sgetiki m numa sthn

exodo tou itan I"bei th wtografba kaj,c kai me poii inoma thn apojhk eQei
proswrin” sto sOsthma argePwn. Améswc met” ekteleb to  byakugan core sta
parask nia kai itan egei etoimh thn ap“nthsh, thn ektup,nei sthn éx odo
kai th stélnei diktuak™ pPsw sthn efarmog Android .
File received . Saved as /tmp/tmpBpg9hv
/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos / Adidas /variant 1
mod2_small .jpg
192.168.1.2 [31/ Mayl2012 19:08:48] "POST / HTTP/1.1" 200
H efarmog lamb™nei to apotélesma kai to emfanbzei se par’juro dia-
ligou (eikina 4.25). Skopbmwc, gia thn ra egoume af sei ha emfanbzetai
to pl rec monop’ti the eikinac pou réjhke we h kalOterh antistoPqi sh gia

na mporoOme na elégxoume kai na diapist,soume eOkola thn akrBbeia tou
sust matoc mac. Auti usik™ mporeb na gbnei pio "filiki proc to gr sth"
an” p“sa stigm me IDgec grammec k dika.

Ac dokim“soume t.ra na tréexoume topik™ to byakugan core gia na do-
Ome analutik” ta apotelésmata pou prohgouménwc "krOfthkan” ligw thc
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Sq ma 4.20:

To menoO pou emfanbzetai pat,ntac to om_ numo koumpb thc susk eu ¢
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Sgma 4.21: To menoO protim sewn/rujmBsewn ipou kajorDzoume th diktua  k
dieOjunsh tou exuphretht me ton opobon a epikoinwn soume

paraskhniak ¢ ektéleshc tou api ton exuphretht istoO.

[ithilgore@fitz byakugan_server 1$ ./byakugan p iinput .txt q /tmp/tmpBpgShv

[+] Process mode .

/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos /Adidas /variant 1 -
mod2_small .jpg real matches  :33

/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos /Adidas /variant 1 -
mod4_small .jpg real matches  :15

/ home ithilgore  /thesis_papers  / byakugan / code / byakugan_server /logos /Adidas /variant 1/ logo2
.Jpg real_matches  :33

/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos /Adidas /variant 1 -
mod5_small .jpg real_matches  :7

/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos /Adidas /variant 1 -
modl_small .jpg real matches :9

/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos /Adidas /variant 1 -
mod3_small .jpg real matches  :7

/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos /Adidas /variant 2/ -
adidas_logo_black .jpg real_matches  :33

/ home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos / Coca Cola/coca cola . -
jpg real_matches  :6

Best match : /home ithilgore / thesis_papers  / byakugan / code / byakugan_server /logos /Adidas / -
variant 2/ mod2_small .jpg

Processing done
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Sq ma 4.22:

Kajorismic thc

IP address kai port sOmfwna me ta prongoOmena
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Sqma 4.23: H wtografba pou g’lame me thn kmera tou kinhto® a periége
arket allobwsh, tiso wc proc th gwnba | yhc iso kai api to wt ismi kai “llec
paramorf seic orObou.
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Sqma 4.24: H mpra proidou mac debqgnei pisoc grinoc apoménei proseggis
meqri th | yh the telik ¢ ap™nthshc.

tik”
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Sqgma4.25: To apotélesma emfanbzetai se xeqwristi par’juro dialigou t h stigm
pou paralamb”netai api thn efarmog
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ParathroOme pwc up rge Bsopalba’ metaxO twn eikinwn 4.4 (mod2_small.jpg ),
4.2 (logo2.jpg ) kai 4.8 (adidas_logo_black.jpg ) me 33 koin™ shmeba sthn k'je
mba. Auti den prépei na mac k'nei entOpwsh, afoO h eikina 4.4 ePnai arket®
poiotik wtografba tou argikoO logitupou, h 4.2 ebnai to arqiki logitu-
po kai h 4.8 ePnai epPshc epPshmo logitupo pou moi“zei polO me to arqiki.
Epbshc eqoume 15 koin™ shmeba me thn4.6 (mod4_small.jpg ) h opoba ebnai
wtografba tou argikoO logotOpou all” me gwnba | yhc api p'nw. Gia tic
upiloipec wtografbec éqoume monoy fio arijmi koin,n shmebwn kai auti
diiti eDte égoun polO periorisméno  bounding box (skopPmwc epilegméno api
mac gia kajar” ligouc testing ) ebte ebnai telebwc “sgetec me to periegimeno
(p.q to logitupo thc  Coca-Cola me ta 6 koin” shmeba, ta pio [Dga sunolik™).

Ed, na shmei,soume pwc h wtografba pou trab xame me to kinhti ebnai
diast’'sewn 585 777 pixels kai megejouc milic 82 KB ligw sumpbeshc, e-
poméenwc ebnai epimeno na éqoume akima perissiterh ap,leia plhroforbac

kai ligitera epb merouc koin™ shmeba me th “sh eikinwn.

O sunolikic grinoc gia ilh thn ektelesh di rkhse ligitero api 3 2 deu-
terilepta, en, to megalOtero komm’ti tou (20 perBpou seconds) to kata-
n“lwse h metafor” thc wtografbac api to kinhti proc ton exuphretht
istoO meésw tou asOrmatou topikoO diktOou. O grinoc metafor’c paraméne i
éna shmantiki bottleneck kai auti kurBwc ligw thc Oshc twn asurm™twn
diktOwn pou epidéqontai arketi irubo kai sunep,c sfimata sta pakéta.

Par'ila aut”, h parallhlopobhsh thc efarmog ¢ mac, pou epitrépei sto

gr sth na p'rei ki “llec wtografbec na k'nei otid pote “llo epij umeb,
en, metaferetai h argik eikina, exoudeter,nei en meérei to sqeti k™ meg-lo
grino anamon c.

4.4 Pabgnia kai proekt'seic

H epog tou gaming layer pou K'jetai p'nw api to social networking
layer pou egtisan to Facebook kai oi paremferebc uphresbec koinwni-
k ¢ diktOwshc, éqei t'sei. O idrutc tou scvngr, thc di"'shmhc  social
location-based gaming platfirmac, Seth Priebatsch , sthn omilba 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 omilba tou gia
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thn auxanimenh dieBsdush twn paignBbwn sthn pragmatik w (  games invade real life )
ebnai pro~ggeloi thc anergimenhc epoq ¢ autc. H agdaba exelis simenh
diktOwsh me aisjht rec kai mikréc éxupnec suskeuéc me epbkentro Dswc thn
isqur kinht suskeu pou sqgedin iloi pléon diajétoun, epitrépei th me -
tatrop twn kajhmerin,n drasthriot twn se pabgnia. H sullog pintwn

mésw ekpl rwshc sugkekriménwn prxewn (pg anakOklwsh ipou oi k*doi
skoupidi,n a diajétoun aisjht rec) kai h dunatithta exargOrwshc t ouc
sthn pragmatik w (pg meésw epistrof ¢ irou) apoteloOn epergimenec
drasthriithtec thc epoq c aut c. To Byakugan mporeb dh sth morf pou
ebnai all” akima perissitero me peraiterw eltbwsh, na apotelései ena
komm’ti tou kismou autoO.

To sOsthma mac, ,ntac mia oloklhrwménh platfirma logismikoO, mpo-
eb eOkola na metatrapeD se pabgnio thc logik ¢ "kun gi hsauroQ" ( treasure
hunting ). O gr sthc a kalebtai na perihghjeD se mia topojesba, sta pla-
Psia pg miac pilhc, enic panepisthmiakoQ  campus miac kafetériac, na
anigneOsei ta krummeéna mh logitupa pou égoun st sei oi etairePec, na
ta wtografDsei kai na ta stePlei mésw enic topikoO asOrmatou diktOo u
mesw 3G klp. H ilh diadikasba mporeb na gbPnetai pl rwc automatopoih-
ména qrh sthn éxupnh anagn rish logotOpwn tou Byakugan . Auti éqgei
saf c kai epigeirhmatikéc proekt™seic, kaj,c par’llhla gbnetai d iaf mi-
sh twn en ligw brands twn opobPwn ta logitupa kalebtai ha wtografbsei o

gr sthc.

H mba ekdoq tou paignidioO ipou h diafhmistik etaireDa ePnai api mia
sugkekriménh m’rka apaiteD di*forec ekdiseic tou logotOpou thc et aire-
bac kai mino, odhg,ntac se mia sqgetik™ mikr “sh-eikinwn. Antbsto iga, se
mia “llh ekdoq tou paignidioO ipou o gr sthc kaleBtai na wtograf Psei
isa perissitera logitupa (diaforetik,n etairei,n) mporeb mesa sthn topo-
esba pou orbzetai, oi apait seic ebnai kurbwc wc proc th meg’lh poiki IPa
twn eikinwn. Par'ila aut”, se k'je perbptwsh, afoO oi etairePec oi dia-
geiristéc pou a st soun ta logitupa sthn topojesba (pq mésw billboards

se mia pilh mésw thc etikétac thc i'lhc tou anayuktikoO/potoO sthn
kafeteria) gnwrbzoun ek twn proterwn tic di“forec pijanec ekdogéc twn a-
sik,n logotOpwn, gPnetai arket™ eOkolo na sumperilhfjoOn autéc mésa sth
“sh-eikinwn kai to mégejoc thc kai epoménwc oi endegimenec sugkrbs  eic na
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diathrhjoOn sgetik™ mikr".
Oi programmatistikéc proekt’seic pou mporeb na I"bei to prigramma
mac ebnai arketéc. Anaferoume ed, merikéc sunoptik”:

1. Beltbwsh thc efarmog ¢ Android me dunatithta epilog ¢ na stélnetai
wc ap'nthsh kalOterou  match oliklhrh h eikina antD gia to inoma

thc mino.

2. Metafor™ thc efarmog c¢ gia kinhtéc suskeuéc kai se iOS gia iPhone
kai iPad.

3. Metafor” tou pur na kai se Windows .

4. Beltbwsh tou server me dunatithta epektashc sto  Cloud kai thn pl rh
parallhlopobhsh tou mésw twn dunatot twn pou prosférontai api to
"néfoc".

5. Dunamik enallag “llwn algorbjmwn epexergasbac eikinac (ipwc
SIFT) an to sOsthma krbnei iti grei“zetai perissiterh akrbbeia en,
mporeD na usi“sei méroc thc tagOthtac.

6. Dunatithta gr shc “llwn diktOwn péran twn topik,n asurm™twn gia
thn epikoinwnba me ton exuphretht (pg 3G, apostol eikinac mésw
MMS Kip)
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Kef'laio

Ulopobhsh

The person who gets the farthest is generally
the one who is willing to do and dare. The
sure-thing boat never gets far from shore.

Dale Carnegie

5.1 Eisagwg
Sto kef'laio auti, paratbjetai o pl rhc k,dikac thc ulopobhshc tou Su-
st matoc mac. Paralebpontai ta komm“tia twn ibliojhk,n (pq TinyXML,

OpenCV, Boost ) pou grhsimopoi jhkan étoima. To exwteriki logismiki to
opobo grhsimopoi jhke gia th met™frash tou pur na kai den perilamb™n e-
tai mésa sto pakéto, ebnai:

OpenCV-2.3.1

Boost C++ library 1.49

Gia ton web server qreizetai:

Python 2.7.2

Gia thn efarmog Android grhsimopoi jhkan ta:

Android SDK 2.2

Eclipse 3.7.2
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5.2

Byakugan Core

5.2.1 byakugan.cc

#include <stdio.h>
#include <stdlib.h>
#include <stdarg.h>

#include <getopt.h>

#include <unistd.h>

#include "Byakugan.h"

#include "ByakuganOps.h"

using namespace CV;

static
static

static

void print usage (void);
char *grab_next file (FILE *inputfd , int argc , char **argv );

void

print_usage  (void )

{
printf

exit

("byakugan \n"
"Usage: two modes of operation:\n"
[+] SCAN mode\n”
" scan given directories for images and compute the needed\n”
" keypoints which will be saved in XML format\n"
./byakugan s <directory_1> <directory_2>...\n"
./byakugan s i <file_with_list_of_directories>\n"
" [+] PROCESS mode\n"
" compare <query_image> against all images which have been\n
" previously been decomposed and saved into XML encoded format\n"
./byakugan g p <XML_file_1> <XML_file_2>... q <query_image>\n"
./byakugan g p i <file_with_list_of_XML_files> g <query_image>\n"
"OPTIONS:\n"
" s: scan mode\n"
p: process mode\n"
" q <query_image>: image to compare against\n"
" i <input_filename: get list of directories/files from this file\n"
g: Show correspondence graph with matching keypoints\n”
v: Increase verbosity level (use twice or more for greater ef fect)\n"
" d[level]: Set or increase debugging level (Up to 10 is meanin gful)\n"
h: Print this help summary page.\n"
V: Print version numbenn"

IE

(EXIT_FAILURE ) ;
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"\t

)

i

1 {

static char *
grab_next_file (FILE *inputfd , int argc , char **argv )
{
static char file [1024];
unsigned int file_index ;
int ch;
if (linputid ) {
return ((optind < argc ) ? argv [optind ++] : NULL);
} else {
file_index = 0;
while ((ch = getc (inputid )) != EOF ({
if (¢ch==""14 ch=="\r"j ch=="n"j ch==
if (file_index == 0)
continue ;
file [file_index 1="0";
return file ;
} else if (file_index < sizeof (fle ) / sizeof (char)
file [file_index ++] = (char) ch;
} else fatal ("One of the fileifications from your input file
"is too long (> %d chars)" , (int) sizeof (file
}
file [file_index ] ="'0";
}
if (1*file )
return NULL;
return file ;
}
int
main (int argc , char **argv ) {

FILE *inputid = NULL;
char *fle = NULL;

char *file_copy = NULL;
int arg ;

int option_index
extern char *optarg ;
extern int optind ;

struct option long_options [1 =

{
{"scan" , no_argument , 0, 's'},
{"process" , no_argument , 0, 'p'},
{"version" , no_argument , 0, 'V'},
{"verbose" , no_argument , 0, 'v'},

ch == "0 ") {
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96 {"debug" , optional_argument , 0, 'd'},

97 {"help" , no_argument , 0, 'h'},

98 {0, 0, 0, O}

99 h

100

101 if (argc < 2)

102 print_usage () ;

103

104 /* Argument parsing */

105 optind = 1;

106 while ((arg = getopt_long_only (argc , argv , "d:hi:gpg:sv::V" ,
107 long_options  , &option_index )) != EOR {
108 switch (arg ) {

109

110 case O:

111 break ;

112 case 'd': /* debugging output level */

113 if (optarg && isdigit (optarg [0])) {

114 0 >debugging = o >verbose = atoi (optarg );
115 } else {

116 const char *p;

117 0 >debugging ++;

118 0 >verbose ++;

119 for (p = optarg !'= NULL ? optarg : ""; *p == 'd'; p++) {
120 0 >debugging ++;

121 0 >verbose ++;

122 }

123 if (*p!= "0")

124 fatal ("Invalid argument to d: \"%s\"." , optarg );
125 }

126 break ;

127 case 'h': /* help */

128 print usage () ;

129 break ;

130 case 'i':

131 if (inputfd ) {

132 fatal ("Only one input filename allowed" );
133 }

134 if (Istcmp (optarg , " ")) {

135 inputid = stdin ;

136 } else {

137 inputid = fopen (optarg , "r");

138 if (linputfd ) {

139 fatal ("Failed to open input file %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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0 >process = true ;

break ;

case 'q':
o >query
break ;

case 's': /* scan mode */
0 >scan
break ;

case 'V': /|*
printf
exit (EXIT_SUCCESS;
break ;

= true ;

show version */

case 'v':
if (optarg && isdigit
o0 >verbose = atoi

} else {
const char

/* verbosity level */

(optarg ) ;

*p;
0 >verbose ++;
for (p = optarg
0 >verbose ++;
if *p!= "0")

fatal ("Invalid argument to

}
break ;
2 /* error */

0

case
print_usage

if (o
fatal

>scan & O >process )
("You can specify either only

if (o
fatal

>query && ! 0 >process )

if (o
fatal

>process & ! 0 >query )
("You have specified

while ((fle = grab_next file (inputfd

file_copy
Byakugan

= stmdup (file , strlen
::byakugan () >files

if (0 >scan & Byakugan ::byakugan () >files

fatal

("\nbyakugan version 1.0alpha\n"

1= NULL 7 optarg

(file
.push_back (file_copy

/* query image for process mode
= stmdup (optarg , strlen

(optarg [0])) {

v: \"%s\"."

'process

)i

*
(optarg ) ) ;

, optarg );

( p) mode or

("You have specified a query image without specifying

"process ' ( p) mode specified and NO query (

., argc , argv ))) {

));

if (0 >process && Byakugan ::byakugan () >files

fatal

)

-empty ())

("You have specified scan mode and zero directories to scan!\

-empty ())

("You have specified process mode and zero files to process!\

"y *p == 'v'; pt+)

'scan' ( s) mode!\n" );

"process ' ( p) mode\n" );

q) image!\n" )

n");

n");
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if (o >scan) {
Byakugan ::byakugan () >scan () ;
exit (EXIT_SUCCESS;

Byakugan ::byakugan () >process ();

exit (EXIT_SUCCESS;

5.2.2 Byakugan.h

#pragma once

#include "Image.h"

#include "TrainingSet.h"
#include "ByakuganOps.h"
#include <boost/filesystem .hpp>

using namespace std ;
using namespace CV ;

/* Byakugan is the main class and a singleton */
class Byakugan {

public :
static Byakugan *byakugan (); /* get instance */

/*

* Process mode:

* Loads saved and decomposed images from XML files as created b y the
* scan() function and then compares them against the query ima ge as
* specified by user input ( q) .

*/

int process (void);

/*

* Recursively scans all directories as previously specified by user

* input and saved into "files" and then searches for images. Fo r each

* directory it makes a TrainingSet out of the images and then cr eates an
* XML file with computed keypoints and descriptors for each se t.

*/
void scan (void ) ;

vector <char *>fles ; /* directories/files to scan/process images */
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private :
Byakugan () ;
Byakugan (Byakugan const&) {};
Byakugan & operator =(Byakugan const &){};
" Byakugan () ;
static Byakugan *instance ; /* instance */
/*
* recursive use by scan function
*/
void scan_internal (fs ::path dir , int level );
SurfFeatureDetector * detector
SurfDescriptorExtractor * extractor
int max_levels ; /* mexmum levels of recursive directory scanning */
Image query ; /* query image */
Image gray ;
vector <TrainingSet  *> trainingSets ;
it
5.2.3 Byakugan.cc
#include "Byakugan.h"
/* singleton */
Byakugan *Byakugan ::instance = NULL;
Byakugan *Byakugan ::
byakugan ()
{
if (linstance )
instance = new Byakugan () ;
return instance
}
Byakugan ::
Byakugan ()
{
double hessianThreshold = 400;
int octaves = 3;
int octavelayers = 4;
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detector = new SurfFeatureDetector (hessianThreshold ~ , octaves , octavelayers );
extractor = new SurfDescriptorExtractor 0
max_levels = 10;
}
Byakugan ::
~ Byakugan ()
{
for (int i = 0; i < trainingSets .size (); i++) {

delete trainingSets [

* Scan mode:
* Recursively scans all

* input and saved into "files" and then searches for images.

* directory

il

directories as previously specified

Fo

it makes a TrainingSet out of the images and then cr

* XML file with computed keypoints and descriptors for each se

*/
void Byakugan ::
scan (void )
{
printf  ("[+] Scan mode.\n" );
for (int i = 0; i < files .size (); i++) {
scan_internal (fs ::path (fles [i]), 0);
}
printf  ("Scanning done.\n" );
}
/*
* recursive use by scan function
*/
void Byakugan ::
scan_internal (fs ::path dir , int level )
{
if (level > max levels )

return ;

/* make a TrainingSet out of the images in this directory

TrainingSet set ;

by user

r each

eates an

i

*/
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set . setFeatureDetector (detector ) ;
set . setDescriptorExtractor (extractor ) ;

set . loadFromDirectory (dir .sting ());
set .save () ;

fs ::directory_iterator end_iter ;

for (fs ::directory_iterator dir_itr (dir ); dir_itr 1= end_iter ; ++dir_itr

if (fs ::is_directory (dir_itr >path ())) {
scan_internal (dir_itr >path (), level + 1);

* Process mode:

* Loads saved and decomposed images from XML files as created b y the

* scan() function and then compares them against the query ima ge as
* specified by user input ( q) .
*/

int Byakugan ::

process (void )

{

Mat input_image ;

printf  ("[+] Process mode.\n" );

/* read in input image to compare against */
input_image = imread (0 >query , 0);

query .useMat (input_image );

for (int i = 0; i < files .size (); i++) {
TrainingSet * set = new TrainingSet () ;

set >setFeatureDetector (cv : : FeatureDetector c:create  ("SURF"));

set >setDescriptorExtractor (cv : : DescriptorExtractor .:create ("SURF"));

set >loadFromArchive  (fles [i ]);
trainingSets .push_back (set );

vector <TrainingSet * > jterator it ;
int i =0;
for (it = trainingSets .begin (); it != trainingSets .end (); it ++) {

if (o >verbose )
printf ("i: %d, images_count: %d\n" , i, (*it ) >mages .size ());

i ++;

)

{
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/* vector holding the best matches from each Training Set each index

* and value refers to the index of the image of each TrainingSet that best
* matches the query image

*/

vector  <bmpmatches ;

/* process */

for (int i = 0; i < trainingSets .size () i++) {
matches .push_back (trainingSets [i] >match (query ));

vector <bne::iterator bm_it ;

#if 0
for (bm_it = matches .begin (); bm_it != matches .end (); bm_it ++)
printf ("%d %d \n" , bm_it >index , bm_it >matches );
#endif
/* find the index of the image with the highest matching value fr om all

* images */
int max = matches [0]. matches ;

int setindex = 0;
vector <int >::size type image_index = matches [0]. index ;
for (i = 0, bm_it = matches .begin (); bm_it != matches .end (); bm_it ++, i ++) {

if (bm_it >matches > max) {
max = bm_it >matches ;
image_index = bm_it >index ;
set index =i ;

if (o >debugging )
printf  ("set:%d image:%d matches:%d path:%s\n" ,
set_index , image_index , max,
trainingSets [set index ] >images [image_index ].imdfle .c_str ());

printf  ("Best match: %s\n" , trainingSets [set_index ] >images [image_index ].imgfle .c_str
0);

printf  ("Processing done.\n" );

5.2.4 ByakuganOps.h
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#pragma once

/* User provided options are saved into this singleton class */
class ByakuganOps {
public :

static ByakuganOps * get_instance () ;

int verbose ; /* verbosity level */

int debugging ;/* debugging level */

bool scan ; /* scan mode */

bool process ; /* process mode */

char *query ; /* query image filename */

bool show_graph ; /* show correspondence img with matching keypoints

private :
ByakuganOps () ;
ByakuganOps (ByakuganOps const &) {};
ByakuganOps & operator =(ByakuganOps const &){};
~ ByakuganOps () ;
static ByakuganOps *ops_instance ; /* instance */

IE

extern ByakuganOps * 0;

5.2.5 ByakuganOps.cc

*/

#include "ByakuganOps.h"
#include <stddef.h>

/* singleton */
ByakuganOps *ByakuganOps ::ops_instance = NULL;

ByakuganOps ::

ByakuganOps ()

{
verbose = 0;
debugging = O;
scan = false ;
process = false ;
query = NULL;
show_graph = false ;

ByakuganOps *ByakuganOps ::
get instance ()
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if (lops_instance )
ops_instance = new ByakuganOps () ;

return Ops_instance

ByakuganOps * o = ByakuganOps ::get instance () ;

5.2.6 Image.h

#pragma once
#include <opencv2/opencyv.hpp>
#include <boost/filesystem .hpp>

using namespace CV ;
using namespace std ;

namespace fs = boost ::filesystem

class Image {
public :

/I Constructors

Image () {}

Image (Mat m) { m.copyTo (cvimg ) ; }

Image (Size size , int type ) { cvimg .create (size , type ); }
Image (Size size ) { cvimg .create (size , CV_8UC3; }

Image (int width , int height , int type ) { cvimg .create (height , width , type )

Image (int width , int height ) { cvimg .create (height , width , CV_8UC3; }

/I Operator overloading
Imageé& operator =(const Image &other );

Image clone () { return *(new Image (cvimg .clone ())); }

/I Convenience methods

Size size () { return cvimg .size (); }

int width () { return cvimg .size ().width ; }

int height () { return cvimg .size () .height ; }

int channels () { return cvimg .channels (); };

void convert (int code) { cviColor (cvimg, cvimg, code); }
void add (Image &mg) { cv::add(img.cvimg, cvimg, cvimg ); }

void dilate (int amt) { cv::dilate (cvimg, cvimg, Mat(), Point ( 1, 1), amt);
void erode (int amt) { cv::erode (cvimg, cvimg, Mat(), Point ( 1, 1), amt);
void blur (int amt) { cv::blur (cvimg, cvimg, Size (amt,amt)); }

void invert () { cv ::bitwise not (cvimg, cvimg );

void equalize () { equalizeHist (cvimg , cvimg ) ;

}
}

}
}

}
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void show(string wn ) { cv ::imshow (wn, cvimg ); }
bool empty () { return cvimg .empty () ; }

/I Find edges on an image

void canny (double threshl =5, double thresh2 =50, int aperatureSize =3, bool moreAccurate

=false);
void soebel (bool xfirst =true , int ksize =3);

/I Apply a threshold to an image
void threshold (int t, bool inverse =false);
void adaptiveThreshold (bool inverse =false , bool gaussian =true );

/I Point this image to the data in m
void useMat ( cv::Mat m );

/I Open an image from disk
bool open (string filename , bool forceGrayscale =false);

/I Write some text into the image
void text (const string txt , int x, int y, float scale =1);

/I Get a section from another image
void copySectionFrom (Image src , Rect src_rect );
void copySectionFrom (Image src , Rect src rect , Rect dst rect );

/Il Copy this image into another at a particular location
void copylnto (Image background , int X, int y, Image mask);
void copylnto (Image background , int x, int y);

/I Show this image using HighGUI
void show (string windowname , int X, int y);

/I Get an image for each channel in this image
vector <Ilmage> split () ;

/I Get a matrix of the image as a list of pixels (ie: 1 column, w *h rows)

Mat asList () ;

/I Set the depth of values eg. CV_8U, CV_32F
void setDepth (int newType);

/I Get a particular number of kmeans clusters of colors
float * getClusters  (int clusterCount );

/I Get some copies of this image
vector <lmage> copies (int num);

/I Get a grayscale version of this image.
Image getGrayscale () ;
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/I Get a reference to the cv::Mat
Mat* getCvimg () { return &cvimg ; }

/lprotected:

cv ::Mat cvimg ;

Rect roi ;

fs ::path imdfile ; /I path to the image file
¥

5.2.7 Image.cc

#include "Image.h"

/i

void Image ::useMat ( cv::Mat m )

{
cvimg = m

/i
Imageé& Image :: operator =(const Image &other )

{
if (this == &other ) /I Same object?

return *this ; /I Yes, so skip assignment, and just return

other .cvimg .copyTo ( cvimg );
return *this ;

1

bool Image :: open (string filename , bool forceGrayscale

{
int gray = (forceGrayscale ) ? 0 : 1;
cvimg = cv::imread (flename , gray );
return !cvimg .empty () ;

1
void Image ::threshold (int t, bool inverse )

{

int thresholdType = inverse  ? THRESH_BINARY_INV :

cv ::threshold (cvimg, cvimg, t, 255, thresholdType

1

THRESH_BINARY

);

void Image :: adaptiveThreshold (bool inverse , bool gaussian )

*this .
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{
int adaptiveMethod = gaussian
int thresholdType = inverse
cv :: adaptiveThreshold (cvimg , cvimg , 255, adaptiveMethod
}
I
void Image ::soebel (bool xfirst , int ksize )
{
Sobel (cvimg , cvimg, CV_8U (xfirst )?1:0, (xfrst
}
I
void Image ::canny (double threshl , double thresh2

{
Canny (cvimg , cvimg , threshl , thresh2 , aperatureSize , moreAccurate );
}
1
void Image ::text (const string txt , int X, int y, float scale )
{
putText (cvimg, txt , Point (x,y), FONT_HERSHEY_PLAIN 1, Scalar (255,255,255));
}
1
void Image ::copySectionFrom  (Image src , Rect src_rect )

{

copySectionFrom  (src , src_rect , src_rect );

I
Image Image

{

::getGrayscale ()

int code ;

switch (channels () )

{
case 1: return this >clone ();
case 3: code=CV_RGB2GRAY break ;
case 4: code=CV_RGBA2GRAY break ;

Mat gray ;
cviColor (cvimg , gray , code);
Image * grayscale = new Image (gray );

return *grayscale ;

I
void Image : : copySectionFrom
{

(Image src , Rect src_rect

)?0:1, ksize );

int aperatureSize

, Rect dst rect

? ADAPTIVE_THRESH_GAUSSIAN _C ADAPTIVE_THRESH_MEAN;C
? THRESH_BINARY_INV: THRESH_BINARY
, thresholdType

)

bool moreAccurate
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Mat src_roi = src .cvimg (src_rect );
Mat dst_roi = cvimg (dst_rect );
src_roi  .copyTo (dst roi ) ;
}
I
void Image ::copylnto (Image background , int X, int y, Image mask)
{

Rect bg = Rect (0, 0, background .width (), background .height ());
Rect f{g = Rect (x, y, width (), height ());

Rect intersect = fg & bg;
Mat foreground_roi = cvimg ( Rect (0, 0, intersect .width , intersect .height ) );
Mat mask_roi = mask.cvimg ( Rect (0, 0, intersect .width , intersect .height ) );
Mat background_roi = background .cvimg (Rect (x, y, intersect .width , intersect .height ));
foreground_roi .copyTo (background roi , mask roi );

}

I

void Image ::copylnto (Image background , int X, int y)

{
copylnto  (background , x, y, Image (Mat::ones (size (), CV_8UC)));

}

1

void Image ::show (string windowname , int X, int y)

{

namedWindow (windowname ) ;
cvMoveWindow (windowname .c_str (), X, Y);
imshow (windowname, cvimg ) ;

I
vector <lmage> Image ::split ()
{
vector <Mat> cvPlanes
vector <lmage> planes ;
cv ::split (cvimg , cvPlanes );
for (int i=0; i<cvPlanes .size (); i ++)
{
Image img (cvPlanes [i ]);
planes .push_back ( img );
}

return planes ;
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1

/I TO DO: There must be a better way to do this. Maybe post on ope ncv list

/I Maybe we can elongate it to make an extremely wide image and then rotate it.
/I NOTE: Not sure this works with >1 channel images

Mat Image ::asList ()

{
int rows = cvimg .total () ;
int cols = 1;
Mat list (rows, cols , cvimg .type ());
uchar * src ;
uchar * dest = list .ptr (0);
for (int i=0; i<cvimg .size ().height ; i++) {
src = cvimg .ptr (i );
memcpy(dest , src , cvimg .step );
dest += cvimg .step ;
}
return list
}

I
void Image ::setDepth (int newType)
{

cvimg .convertTo (cvimg , newType);

I
float * Image ::getClusters  (int clusterCount )
{
Mat list = asList ();
list .convertTo (list , CV_32F);

Mat labels (list .size (), CV_8UC));

Mat centers (clusterCount , 1, list .type ());

TermCriteria termcrit (CV_TERMCRIT_EPSCV_TERMCRIT_ITER 10, 1.0);

kmeans (list , clusterCount , labels , termcrit , 3, KMEANS_PP_CENTERSenters );
float* ¢ = new float [clusterCount 1];

memcpy(c, centers .ptr <float >(0), sizeof (float )*clusterCount );

return C;

1
vector <lmage> Image ::copies (int num)
{
vector <lmage> clones ;
for (int 1 =0; i<num; i ++) {
Image aCopy ( cvimg );
clones .push_back ( aCopy );
}

return clones ;



94 Kef'laio 5. Ulopobhsh

191 |}

5.2.8 Traininglmage.h

1 |#pragma once

2 |#define MARGIN 50

3

4 |#include "Matcher.h"

5 |#include "Image.h"

6 |#include "ByakuganOps.h"

7 | #include <boost/filesystem .hpp>

8 |#include <boost/algorithm/string.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 Traininglmage : public Image {

20 | public :

21

22 Traininglmage () ;

23

24 /*

25 * Computes the ROl (region of interest) by intelligently gath ering the
26 * user generated data from the cnr files.

27 * It gets the "corners" residing inside the .cnr files and comp rehends
28 * which of the coordinates correspond to which corner from
29 * top left to bottom right.

30 * Returns a rectangle which defines the ROI.

31 */

32 Rect create_outline O;

33

34 /*

35 * Loads in the "corners" from the cnr file, or if it doesn 't exist, pops open
36 * a window that allows the user to mark the corners

37 */

38 void generate_cnrfile O

39

40 /*

41 * If an image has a name like myimage.jpg?fooblah=boo, rename it myimage.jpg
42 */

43 void remove_query_string 0;

44
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/*

* We need to keep track of the image filename, so we override the open

* method from Image
*/
void open (string _imgfile );

/*
* OpenCV mouse listener
*/

static void on_mouse( int event , int x, int y, int flags , void* param );

/*

* loads the Trainingimage data into the Matcher and then perfo
* query against "image"

*/

int match (Image image );

/lprotected:

fs ::path cnrfile ; /I path to the corners file
vector <KeyPoint > keypoints

Mat descriptors ;

Mat image_w_margin ;
vector <Point > corners ;
&

5.2.9 Traininglmage.cc

rms the

#include "Traininglmage.h"
#include "Matcher.h"

Traininglmage
Traininglmage () {

* Computes the ROl (region of interest) by intelligently gath
* user generated data from the cnr files.

* It gets the "corners" residing inside the .cnr files and comp
* which of the coordinates correspond to which corner from

* top left to bottom right.

* Returns a rectangle which defines the ROI.

*/

Rect Traininglmage

ering the

rehends
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create_outline 0]

{

vector  <Point >::iterator it ;

int small x , smal_y , pos_x, pos_y, big x , bigy ;
int i;

Point top_left ;

Point bottom_right ;
int width , height ;
Rect ret ;

/* find smallest x coordinate */

smal_x = comers [0].X;
for (i = 0, posx = 0, it = comers .begin (); it != comers .end(); it ++, i++) {
if (it > <smalx ) {
small x =it >x;
pos X =1 ;
}
}
/* find smallest y coordinate */
smally = comers [0].y;
for (i = 0, pos.y =0, it = comers .begin (); it != comers .end(); it ++, i ++) {
if (t >y <smaly ) {
smaly =it >y;
posy =i;
}
}
/* top left corner will be a point which honors the constraint of having
* the smallest x and smallest y coordinates:
* in the example below the intersecting lines of the 2 differen t points
* create the top left corner of our outline to be. C has the small est y

* while B has the smallest x.

* 0

* > X
*

* X B
* j A

* j

* j

* j

* j D
*J' C

*

* v

* Y

*/

top_left .x = small x ;
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top_left .y = smally ;

if (o >debugging > 5) {

printf  ("small_x %d, pos: %d \n" , small x , pos x);
printf  ("small_y %d, pos: %d \n" , smaly , pos.y);
}
/* Now to form the rest of the rectangle, we need the biggest x and y

* available, because in cases like the above, if point D define d the

* bottom right corner of our rectangle we would be probably los ing mportant
* information of the object

*/

/* find biggest x coordinate */
big x = comers [0].X;

for (it = comers .begin (); it != comers .end(); it ++) {
if (it >x > big_x )
big x =it >Xx;
}

/* find biggest y coordinate */
big y = comers [0].y;

for (it = comers .begin (); it != comers .end(); it ++) {
if (it >y > bigy )
bigy =it >y;
}

bottom _right  .x = big_x ;
bottom right .y = big.y ;

/* calculate width and height of our rectangle */
width = bottom_right .x comers [pos_X ].X;
height = bottom_right .y corners [pos_y ].y;

if (o >debugging > 5) {
printf  ("big_x %d, big_y %d\n" , big_x , big.y );

printf  ("width: %d height: %d\n* , width , height );
}
ret = Rect (top_left .x, top_left .y, width , height );
return ret ;
}
/*
* Loads in the "corners" from the cnr file, or if it doesn 't exist, pops open

* a window that allows the user to mark the corners
*/
void Traininglmage
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generate_cnrfile @)

{

corners .clear ();
cnrfile = imdfle ;
cnrfle  .replace_extension (".cnr");

ifstream myfile ( enrfile  .string () .c_str () );
if (myfile .is_open ()) {

string line ;

while (myfile .good ()) {

getine  (myfile , line );
if ('ine .empty ()) {
Point p ;
stringstream ss (ine );

SS >> p.X >> p.y;
comers .push back ( p );

vector <Point >::iterator it ;

if (o >debugging ) {

printf (" corners n');
for (it = comers .begin (); it != comers .end(); it ++) {
printf ("x: %d y: %dn" it >x, it >y);
}
}
myfile .close ();
return ;
}
printf  ("No corners file found. Lets create one.\n" )

/* We need to construct an image with a margin around it
* This is because the bounds of the "plane" on which the object e
* extend outside of the image.
*/
image_w_margin = Mat (Size (cvimg .size () .width +(MARGIN 2),
cvimg .size () .height +(MARGIN2)), cvimg .type ());
image_ w_margin = Scalar (255,255,255);

/* Copy the image from the file into the one with the margin */

xists might

Mat roi = image_ w_margin (Rect (50, 50, cvimg .size () .width , cvimg .size () .height ));

cvimg .copyTo (roi );

/* Show the image */
imshow ("image" , image_w_margin );
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setMouseCallback  ("image" , on_mouse, this );

bool done=false ;
do {

int key = waitkey (100);

if (key == 27 jj comers .size () > 3)
done = true ;

if (key == 'c')
generate_cnrfile 0

imshow ("image" , image_ w_margin );
} while (!'done);

if (comers .size () == 4) {
ofstream myfile ;

myfile .open (cnrfile  .string () .c_str (), ios ::trunc );
if (myfle .is open ()) {

for (int i = 0; i < comers .size (); i ++) {
myfle << comers [i ].x << " " << comers [i].y << end ;
}
myfile .close ();
}
}

}
/*
* |If an image has a name like myimage.jpg?fooblah=boo, rename it myimage.jpg

*/
void Traininglmage
remove_query_string 0
{
/Il If there is a query string after the extension, take it off!
string old_name = imgfle .sting () ;
size_t found = old_name .find ("&");
if (found != string ::npos) {
string new_name = old_name .substr (0, found );
fs ::rename (old_name , new_name) ;
imgfle = fs ::path (new_name);

| *

* We need to keep track of the image filename, so we override the open method

from
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Image
*/
void Traininglmage
open (string _imgfile )
{
imgfile = fs ::path (_imdfile );
Image ::open (_imgfile ) ;

/*
* OpenCV mouse listener
*/
void Traininglmage
on_mouse (int event , int x, int y, int flags , void* param)
{
Traininglmage * img = (Traininglmage *)param ;
if (event == CV_EVENT_LBUTTONYP{
circle  (img >image_w_margin , Point (x,y), 2, Scalar (0,0,255), 2);
img >comers .push back (Point (x MARGIN y MARGIN ) ;

/*

* loads the Traininglmage data into the "matcher" and then per forms the
* query against "image"

*/

int Traininglmage

match (Image image )

{

Matcher ::matcher () >loadTraininglmageData (this );
return Matcher ::matcher () >doQuery (image );

5.2.10 TrainingSet.h

#include <boost/filesystem .hpp>
#include <boost/algorithm/string .hpp>
#include "Traininglmage.h"

#include "ByakuganOps.h"

#include "utils.h"

using namespace std ;
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using namespace CV ;
namespace fs = boost ::filesystem ;

class TrainingSet {
public :

TrainingSet () {}

/*

* Loads Traininglmages from a previously saved archive in an X
* created by the Byakugan scan() function

*/

void loadFromArchive  (string path );

/*
* Used by Byakugan 's scan() function, it loads any images from

* the directory saved into "_path" and makes Traininglmages
* out of them

*/

bool loadFromDirectory (sting _path  );

* Saves the TrainingSet into a propery formatted XML file .

* The attributes which are saved are:

* the filename, the full path, the computed keypoints and desc
* each image

*/

void save () ;

/*
* Match all images of this TrainingSet against the query image

* provided in "img". Returns struct which holds the index and t
* (matches_count) for the best matching image
*

/

bm match (Image img ) ;

/*

* Sets the Feature Detector

*/

void setFeatureDetector (FeatureDetector ~ * _detector ) ;

/*

* Sets Descriptor Extractor

*/

void setDescriptorExtractor (DescriptorExtractor * _extractor ) ;

vector <Traininglmage > images ;

protected :

ML file as

riptors for

which is
he value
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static bool is image (fs ::path p )

{
if (!is_regular_file P)) {
return false ;
}
string ext = extension (p);
boost ::to lower (ext );
const char *image exts [] = {".jpg", ".jpeg", ".png", ".tiff" , ".tif"};
for (int i =0; i < 5; 1i++) {
if (boost ::starts with (ext , image exts [i])) {
return true ;
}
}
return false ;
}
/* directory path to load images from */
fs ::path dir ;
/* Use generic container for detector so we can use different ty pes */

Ptr <FeatureDetector > detector ;
/* Same for extractor */
Ptr <DescriptorExtractor > extractor

5.2.11  TrainingSet.cc

#include "TrainingSet.h"

#include "tinyxml.h"

#include "tinystr.h"

#include <fstream>

#include <iostream>

#include <boost/iostreams/filtering_streambuf.hpp>
#include <boost/iostreams/copy .hpp>

#include <boost/iostreams/filter/gzip .hpp>
#include <boost/iostreams/device/file_descriptor.hpp>
#include <boost/iostreams/filtering_stream .hpp>
#include <boost/iostreams/device/file .hpp>

using namespace std ;
using namespace boost ::iostreams ;

/*

* Loads Traininglmages from a previously saved archive in an X ML file as
* created by the Byakugan scan() function

*/

void TrainingSet

loadFromArchive  (string path )
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const char *name;
const char *value ;
int total
string new_name ;

bool compressed = false ;

TiXmiNode
TiXmIElement

*node ;

new_name = path ;

| *

size_t found
if (found

*elem, *flename , *keypoints

first check if the files are compressed

= path .find (".gz");
1= string ::npos) {

compressed = true ;

/* First uncompress the .gz file

ifstream file
filtering_streambuf

(path .c_str ());
<input > in ;

in .push (gzip_decompressor () );
in .push (fle );

/[TODO:
Ilit to

find a more efficient way to do this instead of having

the disk each time

/* remove .gz extension */
new_name = path .substr (0, path .size () 3);

ofstream out

boost

(new_name.c_str ());

::iostreams  ::copy (in , out);

*/

/* now open the uncompressed .xml file

TiXmlDocument doc (new_name.c _str ());

TiXmiHandle hDoc (&doc ) ;
TiXmiHandle root  (0);

if

('doc .LoadFile ()) {

printf

return ;

("cannot load archive file %s \n"

images .clear ();
(0 >verbose )

if

printf

("Start loading archive...\n"

)6

*/

, *filepath

*/

, path .c_str

0);

to write
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node = doc .FirstChild ("total" );
elem = node >ToElement ();

/* get <total> number of files */
name = elem >Value () ;

value = elem >GetText ();

total = Strtol (value );

/* navigate to <objects> */
elem = elem >NextSiblingElement 0O;

/* Start of file:
<?xml version="1.0" ?>
<total >7</total >
<objects>
<filename>image_0
<path>
<keypoints>
*/

| * keep <filename> reference for later */
node = elem >FirstChildElement O;
flename = node >ToElement () ;

string full_p ;

/* loop through images (<filename >) */
for (int i = 0; i <total ; i++) {

Traininglmage img ~ ;

if (i !'=0) {
/* traverse through the next <filename
* and update the current filename node */
node = filename  >NextSiblingElement 0;
flename = node >ToElement () ;

/* get the full file path */
node = filename  >FirstChildElement 0;
filepath = node >ToElement () ;
value = filepath >GetText () ;

if (o >debugging )
printf  ("path: %s\n" , value );

ful_p = value ;
/* read in the image */
img .open (ful p );
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/* traverse through <roi> and get values */

node = filepath >NextSiblingElement 0;

elem = node >ToElement ();

elem >QueryintAttribute ("x", &mg.roi .x);

elem >QueryintAttribute ("y", &mg.roi .y);

elem >QueryintAttribute ("width" , &mg.roi .width );
elem >QueryintAttribute ("height" , &img.roi .height );

if (o >debugging )
printf (" roi: %d %d %d %d \n"
img .roi .x, img.roi .y, img.roi .width , img.roi .height );

/* keep <keypoints> for future reference */
node = elem >NextSiblingElement 0;
keypoints = node >ToElement () ;

/* navigate to first <keypoint> */
node = keypoints  >FirstChildElement 0

elem = node >ToElement ();

KeyPoint  *k;
double X, y, size , angle , response ;

/* loop through each <keypoint> for this image */
for (elem; elem; elem=elem >NextSiblingElement 0) {

k = new KeyPoint ();

elem >QueryDoubleAttribute
elem >QueryDoubleAttribute
elem >QueryDoubleAttribute
elem >QueryDoubleAttribute
elem >QueryDoubleAttribute
elem >QueryintAttribute

elem >QueryintAttribute

"pt.x" , &X);

"ptuy", &y);

"size", &size );

"angle" , &angle );
("response” , &response );

("octave" , &k >octave );

("class_id" , &k >class_id );

(
(
(
(

k >pt .x = x;

k >pt.y =vy;

k >size = size ;

k >angle = angle ;

k >response = response ;

llprintf ("val: %.16e %.16e %.16e %.16e %.16e\n",
1 k >pt.x, k >pt.y, k >size, k >angle, k >response);

img .keypoints  .push_back (*k);

/* node will now point to <rows> which is child of <descriptors>

*/
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175 node = keypoints  >NextSiblingElement () >FirstChildElement O;
176 elem = node >ToElement ();

177

178 int rows, cols ;

179

180 rows = Strtol (elem >GetText ());

181 /* navigate to <cols> */

182 elem = elem >NextSiblingElement 0O;

183 cols = Strtol (elem >GetText ());

184

185 if (o >debugging )

186 printf  ("xml descriptor: rows:%d cols:%d \n" , rows, cols );
187

188 /* see opencv/modules/features2d/src/descriptors.cpp:19 0 */
189 img . descriptors .create (rows, cols , CV_32FCl);

190

191 /* now point to first descriptor */

192 elem = elem >NextSiblingElement () >NextSiblingElement 0
193

194 Matlterator_ ~ <float > it = img .descriptors  .begin <float >();
195 Matlterator_ ~ <float > it end = img .descriptors .end<float >();
196 float d.val ;

197

198 /* WARNING: CV_32FC1 means 32bit floating point values

199 * so ensure float is always 32bit */

200

201 /* Get each <descriptor> value, convert it to float and write it
202 * to the Mat img.descriptors sequentially */

203 for (elem; elem; elem=elem >NextSiblingElement 0) {

204

205 value = elem >GetText ();

206 sscanf (value , "%f", &d val );

207

208 /lprintf("%.16e \n", d_val);

209

210 *it = d.val ;

211 it ++;

212 }

213

214 | #if O

215 it = img .descriptors .begin <float >();

216 printf (" MAT \n" );

217 for (; it !=itend ; 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 /* if the file was compressed, remove the uncompressed file now */
228 if (compressed )

229 if (remove (new_name.c str ()))

230 printf  ("Error deleting %s\n" , new_name.c_str ());

231 |}
232
233
234
235 |/ *

236 * Used by Byakugan 's scan() function, it loads any images from
237 * the directory saved into "_path" and makes Traininglmages

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 fullp ;

248 Mat image_roi

249 Image gray ;

250

251 if (Mfs ::exists (dir ) jj !fs ::is_directory (dir )) {

252 printf  ("%s is not a directory.\n" , dir .c_str ());

253 return false ;

254 }

255

256 /* Loop through the contents of the directory and assemble

257 * SURF points of any images found */

258 if (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 1= end_iter ; ++diritr ) {
263

264 if (o >debugging )

265 printf  (“encountered a file: %s \n" , dir_itr >path ().c_str ());
266

267 if (is_image (dir_itr >path ())) {

268

269 if (o >debugging )

270 printf  ("found an image %s \n" , dir_itr >path () .cstr ());
271

272 ful_ p = boost ::filesystem3  ::complete (dir_itr >path ().c_str ());
273 if (o >debugging )

274 printf  (“full path: %s\n* , ful_p .c_str ());

275

276 Traininglmage img
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img .open (ful_p .string ());
img . generate_cnrfile 0;
if (fs ::exists (img.cnrffile )) {
vector <Point >::iterator it ;
/* use the region of interest as defined by the cnr files */
img .roi = img .create_outline 0;
llprintf("roi: x: %d y: %d width: %d height: %d \n",
I roi.x, roi.y, roi.width, roi.height);
/* convert to grayscale */
gray = img .getGrayscale ();
image_roi = gray .cvimg (img .roi );
if (o >debugging )
printf  ("ldentifying keypoints \n" );
detector  >detect (image_roi , img.keypoints );
if (o >debugging )
printf  ("Extracting descriptors \n" );
extractor >compute (image_roi , img .keypoints , img .descriptors ) ;
if (o >debugging > 5)
printf  ("descriptors cols: %d rows: %d\n"
img . descriptors .cols , img .descriptors .Tows ) ;
images .push_back (img);
}
}
}
return true ;
}
/*

* Saves the TrainingSet into a propery formatted XML file .

* The attributes which are saved are:

* the filename, the full path, the computed keypoints and desc

* each
*/

image

void TrainingSet

save ()

{

TiXmiDocument doc ;

char total

int rows, cols , width , height ;
fs ::path compressed_file (dir .sting ()+".xml.gz" );

[16], filenamebuf [16], rows_buf [16], cols buf

riptors for

[16], type_buf [2];
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328

329 /* If we found any images, make a datafile. */

330 if (images .size () <= 0)

331 return ;

332

333 /* Construct the path to where the data will be stored */
334 fs ::path datafile (dir .sting ()+".xml" );

335

336 if (o >debugging )

337 printt  ("saving data to %s \n" , datafle .cstr ());

338

339

340 /* write "<?xml version="1.0" ?>" to file beginning */
341 TiXmiIDeclaration *decl = new TiXmIDeclaration ("z.0", "', "");
342 doc . LinkEndChild  (decl ) ;

343

344 /* write <total>images.size ()</total> element */

345 TiXmIElement  *element = new TiXmlElement ("total" );

346 Snprintf  (total , sizeof (fotal ), "%d", images .size ());
347 TiXmiText *text = new TiXmiText (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> attributes: x, y, width, height @

362 TiXmlElement  *roi

363

364 for (int i = 0; i < images .size (); i ++) {

365

366 TiXmlElement  *flename = new TiXmIElement ("filename" );
367 Snprintf  (flenamebuf , sizeof (flenamebuf ), “image %d" , i);
368 TiXmiText *text = new TiXmiText (filenamebuf );

369 flename  >LinkEndChild  (text );

370 objects  >LinkEndChild  (filename ) ;

371

372 path = new TiXmlElement ("path" );

373 text = new TiXmIText (images [i ].imdfle .c str ());
374 path >LinkEndChild  (text );

375 flename  >LinkEndChild  (path ) ;

376

377 roi = new TiXmlElement ("roi");

378 roi  >SetAttribute ("x", images [i ].roi .X);
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roi  >SetAttribute
roi  >SetAttribute
roi  >SetAttribute

("y", images [i ].roi .y);
("width" , images [i ].roi .width );
("height" , images [i ].roi .height );

flename  >LinkEndChild  (roi );

keypoints = new TiXmIElement ("keypoints" );
flename  >LinkEndChid  (keypoints ) ;

KeyPoint  *k;

TiXmlIElement  *keypoint ;

for (int j = 0; j < images [i ].keypoints .size (); j++) {

k = &(images [i ].keypoints [j 1);

keypoint = new TiXmlElement ("keypoint" );
keypoints  >LinkEndChild  (keypoint ) ;

/*

* CV_PROP_RW Point2f pt; //'< coordinates of the keypoints

* CV_PROP_RW float size; //'< diameter of the meaningful keyp

* CV_PROP_RW float angle; //!< computed orientation of the ke
applicable)

* CV_PROP_RW float response; //'< the response by which the mo
have been selected.

* CV_PROP_RW int octave; //!< octave (pyramid layer) from whi
been extracted

* CV_PROP_RW int class_id; //'< object class

*/

keypoint  >SetDoubleAttribute ("pt.x", k >pt.x);

keypoint  >SetDoubleAttribute ("pt.y", k >pt.y);

keypoint  >SetDoubleAttribute ("size", k >size );

keypoint  >SetDoubleAttribute ("angle" , k >angle );
keypoint  >SetDoubleAttribute ("response” , k >response );
keypoint  >SetAttribute ("octave" , k >octave );

keypoint ~ >SetAttribute ("class_id" , k >class_id );

/* descriptors */
TiXmlElement  *descriptors = new TiXmlElement ("descriptors" );

Mat *d = &images [i ].descriptors ;

rows = images [i ].descriptors  .rows ;

cols = images [i ].descriptors .cals ;

/* rows */

TiXmlElement  *xml_rows = new TiXmiElement ("rows" );
Snprintf (rows_buf , sizeof (rows_buf ), "%d", rows);

TiXmiText *r = new TiXmiText (rows buf );

oint neighborhood
ypoint (1 if not

st strong keypoints

ch the keypoint has
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xml_rows >LinkEndChild  (r);
descriptors >LinkEndChild ~ (xml_rows ) ;

/* cols */

TiXmlElement  *xml_cols = new TiXmlElement ("cols");
Snprintf  (cols_buf , sizeof (cols_buf ), "%d", cols );
TiXmIText *c = new TiXmlText (cols _buf );

xml_cols  >LinkEndChild  (c) ;

descriptors >LinkEndChild ~ (xml_cols ) ;

/* data type (dt) */

TiXmlElement  *dt = new TiXmIElement ("dt");

TiXmlText *t = new TiXmlText ("f"); /* hard coded data type: f for float
dt >LinkEndChild  (t);

descriptors >LinkEndChild ~ (dt ) ;

/* raw data */

/* we assume Mat is CONT see
* opencv/modules/core/src/persistence .cpp:3440 */
int count = rows * cols ;

const char *data = (const char *)(d >data );
const char *ptr ;

char buf [256] = "";

int buf len ;

char *d_value ; /* descriptor value */

/* see persistence.cpp:2991 > cvWriteRawData () */
for (int j = 0; j < count ; j++) {
ptr = FloatToString (buf , *(float *)data );
data += sizeof (float);
buf_len = (int )stlen (ptr );
TiXmlElement  *xml_desc = new TiXmlElement ("descriptor" );
d value = stmdup (ptr , buf len );
TiXmlText *t = new TiXmiText (d value );

xml_desc >LinkEndChild  (t);
descriptors >LinkEndChild  (xml_desc ) ;

flename  >LinkEndChild  (descriptors )

doc .SaveFile (datafle .sting ().c_str ());

/* Compress file with gzip */

*/



112 Kef'laio 5. Ulopobhsh

478 ifstream file (datafile  .string () .c_str ());
479 char a[256];
480

481 fittering_ostream out ;

482 out .push (gzip_compressor () );

483 out .push (file_sink (compressed_file .sting () .cstr ()));
484
485 while (!fle .eof ()) {

486 fle .getine (a, sizeof(a));
487 out << a << endl ;

488 }

489
490 /* Remove the plain xml file */

491 if (remove (datafle .sting ().c_str ()))

492 printf  ("Error deleting %s\n" , datafle .sting ().c_str ());
493
494 |}
495
496
497 |/ *

498 * Match all images of this TrainingSet against the query image which is
499 * provided in "img". Returns struct which holds the index and t he value
500 * (matches_count) for 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 for each image */

514 vector <int > matches ;

515

516 for (int i = 0; i < images .size (); i ++) {

517

518 /* perform the matching function and push the result the matches
519 * count inside the vector for further processing later */

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 if (o >debugging )




5.2. Byakugan Core 113

529 printt  ("bmi: %d %s\n" , b.index , images [b.index ].imgfle .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 |}

5212 Matcher.h

1 |#pragma once

2 |#include <opencv2/opencv.hpp>

3 |#include "Image.h"

4 |[#include "Traininglmage.h"

5 |#include "utils.h"

6

7 | class Traininglmage ;

8

9

10 | class Matcher {

11 | public :

12

13 static Matcher * maicher () ;

14

15

16 bool train (Imageé& train , string datapath );
17 int doQuery (Image& query );

18

19 bool saveTrainingData (string basepath )
20 bool loadTrainingData (string basepath );
21 bool loadTrainingimageData (Traininglmage *img ) ;
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void drawTrainKeypointsintolmage (Image& img ) ;
private :

Matcher () ;

Matcher (Matcher &) {};

Matcher & operator =(Matcher const &){};

~Matcher () ;

static Matcher *matcher_instance

5 ¥

bool init (string _detector_alg
string _matcher_alg

Image trainimg

float ransacReprojThreshold ;

bool bTrainAnalyzed ;

bool blnited

bool bDoCrossCheckFilter ;

Mat train_descriptors , H12;

="SURF" , string _extractor_alg
="FlannBased" , float _ransacReprojThreshold

instance */

="SURF" ,
=3.0);

vector <Point2f > train_pts

vector <KeyPoint > train_kpts

vector <DMatch> matches ;

vector <int > queryldxs , trainldxs ;

string detector_alg ; /I Fast, Star, Sift, Surf, Mser, Gftt, Harris, GridAdapted,
PyramidAdapted

string extractor_alg ; /I Sift, Surf, Brief, OpponentColor

string matcher_alg ; /I BruteForce, FlannBased

cv ::Ptr <cv :: FeatureDetector > detector

cv :: Ptr <cv :: DescriptorExtractor > extractor

cv :: Ptr <cv :: DescriptorMatcher

cv ::Mat query_descriptors ;
vector <cv ::KeyPoint > query_kpts ;

bool computed_query
computed for first time  */

Mat correspondencelmg
bs

extern Matcher *matcher ;

> desc_matcher ;

; /* true after keypoints and descriptors for query image are -
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5.2.13 Matcher.cc

#include "Matcher.h"
#include "Traininglmage.h"
#include "ByakuganOps.h"

/* singleton */
Matcher *Matcher ::matcher_instance = NULL;

Matcher ::
Matcher ()
{

it () ;

Matcher *Matcher ::
matcher ()
{
if (!matcher_instance )
matcher_instance = new Matcher ();

return matcher_instance ;

bool Matcher ::

init  (string _detector_alg , string _extractor_alg

, string _matcher_alg

_ransacReprojThreshold )
{
ransacReprojThreshold = _ransacReprojThreshold ;
detector_alg = _detector_alg ;
extractor_alg = _exXtractor_alg ;
matcher_alg = _matcher alg ;
detector = cv :: FeatureDetector ::create (detector_alg )
extractor = cv :: DescriptorExtractor ::Create (extractor_alg )
desc_matcher = cv :: DescriptorMatcher ::create (_matcher_alg );
if (detector .empty ()) {
printf ("%s is not a known detector algorithm \n" , _detector_alg
return false ;
}

if (extractor .empty ()) {

, float

.C_str

0);
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printf  ("%s is not a known extractor algorithm \n" , _€extractor_alg
return false ;

if (desc_matcher .empty ()) {
printf  ("%s is not a known matching algorithm \n" , _matcher_alg
return false ;

blinited = true ;
computed_query = false ;

return true ;

bool Matcher ::
train (Image& _trainimg , string datapath )

{
assert (_trainimg .channels ()==1);
tranlmg = _trainlmg ;
if (loadTrainingData (datapath )) {
bTrainAnalyzed = true ;
} else {
/lloadTraininglmageData (trainlmg) ;
bTrainAnalyzed = true ;
}
return bTrainAnalyzed ;
}
void Matcher ::

drawTrainKeypointsintolmage (Imageé& img)

{
if (bTranAnalyzed  && train kpts .size () > 0) {

drawKeypoints  (img .cvimg , train_kpts , img.cvimg ,
Scalar (255, 0, 0), DrawMatchesFlags ::DRAW_RICH _KEYPOINTS

}

}

int Matcher ::

doQuery (Imageé& querylmg )

{
if (!binted ) {

printf ("WARNING: Not inited. Using default values. Please call ini
)i

cstr ());

.cstr ());

t before match.\n"
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init () ;

if (!bTrainAnalyzed ) {
printf ("WARNING: Train image was not set.\n" );

return 1;
}
if (o >debugging )
printf  ("train img cols %d rows %d \n" , trainlmg .cvimg .cols , trainlmg
bDoCrossCheckFilter = true ;
if (computed _query == false) {

detector  >detect (querylmg .cvimg , query kpts );
extractor >compute (queryilmg .cvimg , query kpts , query_descriptors )

.cvimg .rows ) ;

computed_query = true ;
}
if (o >debugging ) {
printf  ("Keypoints query image: %d\n" , query_kpts .size ());
printf  ("Keypoints training image: %d\n" , train_kpts  .size ());
printf  ("query descs cols: %d rows: %d\n" , query_descriptors .cols , query_descriptors
.TOWS ) ;
printt  (“train descs cols: %d rows: %d\n" , train_descriptors .cols , train_descriptors
.Tows ) ;

/* Match the keypoints */
if (bDoCrossCheckFilter ) {
if (o >debugging )
printf  (“cross matching\n" ) ;
crossCheckMatching  (desc_matcher , query_descriptors , train_descriptors
} else {
if (o >debugging )
printf  ("simple matching\n" );
desc_matcher  >match (query_descriptors , train_descriptors , matches

printf ("%s ", trainlmg .imgfle .sting ().c_str ());

if (o >verbose )
printf ("matches: %d\n" , matches .size ());

vector <int > queryldxs (matches .size ());

vector <int > trainldxs  (matches .size ());

for (sizeti = 0; i < matches .size (); i ++) {
queryldxs [i ] = matches [i ].queryldx ;
tfrainldxs  [i ] = matches [i ].trainldx ;

, matches , 1 );
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/* Calculate the homography  */

if (ransacReprojThreshold >= 0)
{
vector <Point2f > pointsl ; KeyPoint ::convert (query kpts , pointsl , queryldxs );
vector <Point2f > points2 ; KeyPoint ::convert (train_kpts , points2 , trainldxs );
if (o >debugging > 5) {
printf (" TRAIN KEYPOINTS n");
for (int i = 0; i < tain kpts  .size (); i ++)
printf ("x: %f y: %f size: %f \n"
train_kpts  [i ].pt .x, train_kpts [i ].pt .y, train kpts [i ].size );
printf (" TRAIN POINTS n");
for (int i = 0; i < trainldxs .size (); i ++)
printf  ("%d \n" , trainldxs [i ]);
printf (" QUERY KEYPOINTS n");
for (int i = 0; i < query kpts .size (); i ++)
printf ~ ("x: %f y: %f size: %f \n"
query kpts [i ].pt .x, query kpts [i ].pt.y, query kpts [i ].size );
printf (" QUERY POINTS n");
for (int i = 0; i < queryldxs .size (); i ++)
printf ("% \n" , queryldxs [i ]);
printf (" POINTS 1 n");
for (int i = 0; i < pointsl .size (); i ++)
printf  ("%f %f \n" , pointsl [i ].x, pointsl [i].y);
printf (" POINTS 2 n");
for (int i = 0; i < points2 .size (); i ++)
printf  ("%f %f \n" , points2 [i ].x, points2 [i].y);
}

H12 = findHomography (Mat (pointsl ), Mat (points2 ), CV_RANSAC 3.0);

if (o >debugging > 5) {

printf (" MATCHES n");
for (int i = 0; i < maiches .size (); i ++) {
printf  ("queryldx %d trainldx %d imgldx %d dist %f \n"
matches [i ].queryldx , matches [i ].trainldx , matches [i ].imgldx , matches [i ].
distance );
}

printf (" END MATCHES DY
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196

197 printf ("H12: cols %d rows: %d \n" , H12.rows, H12.cols );

198

199 for (int i = 0; i < Hl12.rows; i ++)

200 for (int j = 0; ] < H12.cols ; j ++)

201 printf ("% %d : % f \n* , i, j, Hl12.at<float >(i, j));

202 }

203

204 /* Make a mask of the points in the query image that survive the pe rspective transform

205 * of the homography

206 */

207 vector <char > matchesMask (matches .size (), 0);

208

209 /* real matches */

210 int matches_count = O;

211

212 if (1H12.empty ()) {

213

214 vector <Point2f > pointsl ; KeyPoint ::convert (query kpts , pointsl , queryldxs );

215 vector <Point2f > points2 ; KeyPoint ::convert (train_kpts , points2 , ftrainldxs );

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 il = 0; i1 < points2 .size (); il ++) {

221 if (norm (points2 [il ]  query_points_transformed .at <Point2f >((int )il ,0)) <= -
maxinlierDist ) { /I inlier

222 matchesMask [i1 | = 1;

223 maiches_count ++;

224 }

225 }

226 }

227

228 if (o >debugging > 5) {

229 printf (" MASK n";

230 for (int 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 if (o >show_graph ) {

239

240 Mat correspondencelmg

241

242 if (o >debugging )

243 printf ("%d %d %d %d \n" , trainlmg .roi .x, trainlmg .roi .y, tranlmg .roi .width , -
trainimg .roi .height );

244
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Rect |_roi
Mat image_roi

= trainlmg .roi ;
= trainlmg .cvimg (Lroi );

drawMatches (querylmg .cvimg , query kpts
correspondencelmg , CV_RGB0, 255, 0),
imshow ("correspondence" , correspondencelmg

cvWaitkey () ;

if (o >debugging )
printf (" END QUERY

return matches_count ;

bool Matcher ::
loadTraininglmageData
{

(Traininglmage *img )

bTrainAnalyzed = true ;

/I kanonika den theloume na kanoyme copy ena ena ta stoixeia a

, image_roi

, matches ,
matchesMask ) ;

, train_kpts
CV_RGR0, 0, 255),
DE

po to

/I Training img sta data alla na exoyme ena pointer se auta

trainilmg = img >cvimg ;

trainlmg .roi = img >0 ;

trainilmg .imgfle = img >imgfile ;
train_kpts = img >keypoints ;
train_descriptors = img >descriptors  ;

bool Matcher ::
loadTrainingData
{

(string base )

if (!'blnited ) {

printf  ("WARNING: Train not inited.
load.\n" );

int () ;

char filename [255];
char nodename[255];

/I Open Keypoints file
sprintf  (filename , "%s_keypoints.xml"
FileStorage keypoints_fs ;

Using default values.

, base .c_str

Please ca Il init before

)
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{

keypoints fs  .open (flename , FileStorage ::READ;
if ('keypoints_fs .isOpened () )
return false ;

/I Load keypoints for set keypoint detection method

sprintf  (nodename, "%s_keypoints" , detector_alg .cstr ());
if (keypoints_fs  [nodename].empty () )
return false ;
cv ::read (keypoints fs  [nodename], train_kpts );
keypoints fs  .release () ;
/I Open descriptor file
sprintf  (flename , "%s_descriptors.xml" , base.c str ());
FileStorage descriptors_fs ;
descriptors_fs .open (flename , FileStorage ::READ;
if (!descriptors_fs .isOpened () )
return false ;
/I Load descriptors for given extractor method
sprintf  (nodename, "%s_descriptors” , extractor_alg .C_str
if (descriptors_fs [nodename].empty () )
return false ;
descriptors_fs [nodename] >> train_descriptors ;
descriptors_fs .release () ;
bTrainAnalyzed  =true ;
return true ;
bool Matcher ::
saveTrainingData (string base )
char filename [255];
char nodename[255];
/* Save Keypoints */
sprintf  (flename , "%s_keypoints.xml" , base.c str ());

FileStorage keypoints_fs 5
keypoints fs  .open (flename , FileStorage :: APPEND;

if ('keypoints fs  .isOpened ()) {

printf

("Could not open keypoints file for writing.\n"

return false ;

sprintf

(nodename, "%s_keypoints" , detector_alg

cv ::write (keypoints_fs , nodename, train_kpts
keypoints fs  .release () ;

E

.C_str

)i

0);

0);
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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 if (!descriptors_fs .isOpened ()) {
354 printf  ("Could not open descriptors file for writing.\n" )
355 return false ;
356 }
357
358 sprintf  (nodename, "%s_descriptors"” , extractor_alg .cstr ());
359 descriptors_fs << string (nodename) << frain_descriptors ;
360 descriptors_fs .release () ;
361
362 return true ;
363 |}
5.2.14  utils.h

1 |#include <opencv2/opencv.hpp>

2 |#include <string.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 descriptor and turns it into an xy point

12 | void keypoints2points (const vector <KeyPoint >& in , vector <Point2f >& out );
13

14 |/ITakes an xy point and appends that to a keypoint structure

15 | void points2keypoints (const vector <Point2f >& in , vector <KeyPoint >& out );
16

17 |/l filters keypoints

18 | void crossCheckMatching  (cv :: Ptr <DescriptorMatcher >& descriptorMatcher ,
19 const Mat& descriptorsl , const Mat& descriptors2 ,

20 vector <DMatch>¢& filteredMatches12 , int knn );

21

22 [/l Uses a homography to warp points

23 |vector <Point > warpCorners (double * h, vector <Point > src );

24

25

26 | int Snprintf (char *s, size tn , const char *fmt, ...);

27 |int Vsnprintf  (char *s, sizetn , const char *fmt, valistap );
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int Strncpy (char *dest , const char *src , sizetn );

void error (const char *fmt, ...) _ attribute ((format  (printf , 1, 2)));

void fatal (char *fmt, ...) _ attrbute ((format  (printf , 1, 2)));

typedef union suf

{
int i;
unsigned U;
float f:

} suf ;

/* best match */

typedef struct bm

{
vector <int >::size_type index ;
int matches ;

} bmy

char *FloatToString (char* buf , float value );

inline bool cv_isdigit (char c);

int Round(float value );

unsigned long int Strtoul (const char *nptr , int fatality = 1);
unsigned long int Strtol (const char *nptr , int fatality = 1);

5.2.15 utils.cc

#include "utils.h"

/ITakes a descriptor and turns it into an xy point

void keypoints2points (const vector <KeyPoint >& in , vector <Point2f >& out )

{
out .clear ();
out .reserve (in .size ());

for (size_t i =0; i <in.size (); ++i)
{
out .push_back (in [i].pt);

}
}
/ITakes an xy point and appends that to a keypoint structure
void points2keypoints (const vector <Point2f >& in , vector <KeyPoint >& out )
{

out .clear ();

out .reserve (in .size ());

for (size ti =0; I <in.size (); ++i) {

out .push_back (KeyPoint (in [i ], 1));
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void crossCheckMatching  ( cv :: Ptr <DescriptorMatcher
const Mat& descriptorsl , const Mat& descriptors2

vector <DMatch>& fiteredMatches12 int knn )
{
filteredMatches12 .clear ();
vector <vector <DMatch> > matches12 , matches21 ;
descriptorMatcher >knnMatch (descriptorsl , descriptors2
descriptorMatcher >knnMatch (descriptors2 , descriptorsl

for (size.tm = 0; m< matchesl2 .size (); m+) {

bool findCrossCheck = false;

for (size t fk = 0; fk < matches12 [m].size (); fk ++) {
DMatch forward = matches12 [m][fk ];

for (size_t bk = 0; bk < matches2l [forward .trainldx
DMatch backward = matches21 [forward .trainldx  ][bk];
if (backward .trainldx == forward .queryldx ) {

fiteredMatches12 .push_back (forward );
findCrossCheck = true ;
break ;
}
}
if (findCrossCheck )
break ;

I
vector <Point > warpComers ( double * h, vector <Point > src )

{
vector <Point > dst (4);
/I from find_object.cpp There is probably a "better" way to d

for(int i = 0; i < 4; i++)
{
double x =src [i ].x, y =src [i].y;
double Z = 1./( h[6]*x + h[7]*y + h[8]);
double X = (h[0]*Xx + h[1]*Yy + h[2])*Z;
double Y = (h[3]*x + h[4]*y + h[5])*Z;
dst [i ] = Point (cvRound (X), cvRound (Y));
}
return dst ;
}
void emor (const char *fmt, ...) {

>& descriptorMatcher )

, matches12 , knn);
, matches21 , knn);

].size (); bk++) {

o this.
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va list ap ;

va_start (ap, fmt);

fllush  (stdout );

viprintf (stderr , fmt, ap);
va_end (ap);

return ;

void fatal (char *fmt, ...)

{
va list ap ;

va_start (ap, fmt);

filush  (stdout );

viprintf (stderr , fmt, ap);

fprintf  (stderr , "\nQUITTING!\n" );
va end (ap);

exit (1);

int Strncpy (char *dest , const char *src , size t n
stmcpy (dest , src, n);
if (dest [n 1] == '\0 ')
return 0;
dest [n 1] = "0 ';
return 1;

) |

int Vsnprintf  (char *s, size .t n , const char *fmt, va list ap

{

int ret ;
ret = vsnprintf (s, n, fmt, ap);

if (ret <0 j (unsigned ) ret >= n)
s[n 11 = "0 ';

return ret ;

int Snprintf  (char *s, sizetn , const char *fmt,

{
va list ap ;
int ret ;

va_start (ap, fmt);
ret = Vsnprinf (s, n, fmt, ap);

-)

)
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va_end (ap);

return ret ;

int Round( float value )

{

#if defined HAVE_LRINT jj
return (int )lint  (value );

#else

/I while this is not IEEE754

approximation

defined CV_ICC jj

compliant rounding,

+ (value &gt;= 0 ? 05f

float value )

return  (int ) (value

#endif
}
inline bool cv_isdigit (char ¢)
{

return '0' <= Cc & C <= '9";
}
char *
FloatToString (char* buf ,
{

suf val

unsigned ieee754 ;

val .f = value ;

ieee754 = val .u;

if ( (ileee754 & 0x7f800000 ) != 0x7f800000 )

{
int ivalue = Round(value );
if (ivaue == value )
sprintf  ( buf , "%d.", ivalue );
else
{
static const char * fmt = "%.8e" ;
char* ptr = buf ;
sprintf  ( buf , fmt, value );
if (*ptr == "+'j *pr ="' ")
ptr ++;
for ( ; cv_isdigit (*ptr ); ptr ++ )
if (*ptr = ",")
*prr = '
}
}
else

defined __GNUC__

it 's usually a good enough

0.5f));
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if ( (ieee754 & OXTIffffff ) != 0x7f800000 )
strepy  ( buf , ".Nan" );

else
strcpy ( buf, (int)ieee754 <0 ? " .Inf"

return buf ;

/* strtoul with error checking:

* fatality should be 0 if error will be handled by caller,

* will exit

*/

unsigned long int

Strtoul  (const char *nptr , int fatality )

{
unsigned long value ;
char *endp = NULL;

emo = 0;
value = strtoul (nptr , &endp, 0);
if (ermo !'= 0 jj *endp != "0 ') {
if (fatality )
fatal ("Invalid value for number: %s" , nptr ) ;
else {
emror ("Invalid value for number: %s" , nptr );
}
}

return value ;

/* strtol with error checking:

* fatality should be 0 if error will be handled by caller,

* will exit

*/

unsigned long int

Strtol  (const char *nptr , int fatality )

{
unsigned long value ;
char *endp = NULL;

errmmo = 0;
value = strtol (nptr , &endp, 0);
if (ermo !'= 0 jj *endp !'= "0 ') {
if (fatality )
fatal ("Invalid value for number: %s" , nptr );
else {
error ("Invalid value for number: %s" , hptr ) ;
}

" Inf"

or els

or els

e Strtoul

e Strtoul
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return value ;

5.2.16 Make le

# GNU Make project makefile autogenerated by Premake

CC = gce

CXX = g++

TARGETDIR = .

TARGET = $(TARGETDIR/ byakugan

DEFINES += DDEBUG

INCLUDES += | . | ./ tinyxml | /opt /local /include I /usr /local /include |/ usr /include

CPPFLAGS += $(DEFINES) $(INCLUDES

CFLAGS += $(CPPFLAG® g Wnowrite strings

CXXFLAGS += $(CFLAGS

LDFLAGS += L/opt/local /lib L/ usr /local /lib L/ usr /lib

LIBS += lopencv_core lopencv_highgui lopencv_imgproc lopencv_objdetect -
lopencv_ml \
lopencv_video lopencv_features2d lopencv_calib3d lopencv_contrib \
lopencv_legacy lopencv_flann Iboost_program_options Iboost_system -
Iboost_filesystem \
Iboost_iostreams

OBJS := Trainingimage .o utls .o Byakugan .o ByakuganOps .0 byakugan .o TrainingSet .o Image .
o Matcher .o \
tinyxml .o tinyxmlerror .0 tinyxmiparser .0 tinystr .o\

export SRCS = byakugan .cc Byakugan .cc ByakuganOps .cc utils .cc TrainingSet  .cc Maitcher .cc
\
Image .cc Trainingimage .cc ./ tinyxml /tinystr .cpp ./ tinyxml /tinyxmlerror .cpp \
.I tinyxml  / tinyxmlparser .cpp ./ tinyxml /tinyxml .cpp

SHELLTYPE := msdos

ifeq  (,%$(ComSpec)$ (COMSPEQ
SHELLTYPE := posix

endif

ifeq  (/ bin ,$(findstring /bin ,$(SHELL)))
SHELLTYPE := posix

endif

. PHONY clean

al : $(TARGETDIR $(TARGE]
@
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$(TARGET: $(OBJS)
@echo Linking byakugan
m f $@
$(CXX) $(LDFLAGS o0 $@ $(OBJS) $(LIBS)

$(TARGETDIR :
@echo Creating $ (TARGETDIR
ifeq  (posix ,$(SHELLTYPB)
$(SILENT) mkdir p $(TARGETDIR
else
$(SILENT) mkdir $ (subst /,\\, $(TARGETDIR)
endif

clean :
@echo Cleaning byakugan
rm f dependencies .mk makefle .dep
m f $ (OBJS
ifeq  (posix ,$(SHELLTYPB )
$(SILENT) rm f $ (TARGE)
else

$(SILENT) if exist $  (subst /,\\, $(TARGEJ) del $ (subst /,\\,

endif

.CC.0 :
$(CXX ¢ $(CXXFLAGS $< o0 $@

tinystr ~ .o: ./ tinyxml /tinystr  .cpp

@echo $(notdir $ <)

$(CXX) $(CXXFLAGS o0 "$@" c "$<"
tinyxmlerror .0: ./ tinyxml /tinyxmlerror .cpp

@echo $(notdir $ <)

$(CXX) $(CXXFLAGS o0 "$@" c "$<"
tinyxmlparser .0: ./ tinyxml /tinyxmlparser .cpp

@echo $(notdir $ <)

$(CXX) $(CXXFLAGS o0 "$@" c "$<"
tinyxml  .o: ./ tinyxml /tinyxml .cpp

@echo $(notdir $ <)

$(CXX) $(CXXFLAGS o0 "$@" c "$<"

makefile .dep:
$(CXX) MM FCXXFLAGS $(SRCS > $@
include makefile .dep

$(TARGET)
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5.3 Byakugan Server

5.3.1 server.py

#!/usr/bin/env python

import Sys

from subprocess import PIPE, Popen
from threading import Thread
import shlex

import cgi

from BaseHTTPServer import BaseHTTPRequestHandler
from SocketServer  import ThreadingMixIn

import threading

import time

import  tempfile

import re
class MyHandler (BaseHTTPRequestHandler ) :

def do_GET(self ):
print "Somebody made a POST request."
return

def do_POST(self ):
global rootnode

try :

HTTPServer

ctype , pdict = cgi .parse_header (self .headers .getheader

#print ctype

#print pdict

if ctype == 'multipart/form data ':
query = cgi .parse_multipart (self .rfle , pdict )

elif ctype == 'application/x ww form urlencoded ":
length = int (self .headers .getheader ('content length '

(' content

))

query = cgi .parse_gs (self .rfle .read (length ), keep_blank values

message = threading .currentThread () .getName ()

#self.wfile.write (message)
#self.wfile.write( '\n ")

# self.send_response(301)
# self.send_header ("Location", "/")
# self.end_headers ()

type "))

=1)
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upfilecontent = query .get ('upfile ")

# Store uploaded file as a temporary file in /tmp

# Warning: these files won 't be deleted after they are closed
f = tempfle .NamedTemporaryFile ("wb", delete = False )

f .write  (upfilecontent [0]. decode ('base64 '))

f .close ()

print ("File received. Saved as " + f.name)

# Now call byakugan

cmd = ‘' ./byakugan p i input.txt g ' + f.name
args = shlex .splt (cmd)

p = Popen (args , stdout = PIPE)
out , err = p.communicate ()

# parse byakugan 's output by searching for the Best match line

# and sending the best matching image 's filepath as a reply
# to the http client
for line in iter (out .spliines 0):
m = re .search ("Best match: " , line )
if m
reply =lne [:mstat ()] + line [mend() :]
print reply

self .send_response (200)

self .send header ('Content type ', 'text/html ')
self .send_header ('Content length ', len (reply ));
self .end_headers ()

self .wfle .wite (reply );

return

except Exception , emr :

print Exception , err
return

pass

class
pass

ThreadedHTTPServer (ThreadingMixin ~, HTTPServer ) :

def main () :

try :
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server = ThreadedHTTPServer (('', 8000),
print 'started httpserver... '

server .serve_forever @)
except Keyboardinterrupt

print '~C received, shutting down server

server .socket .close ()

if _name__ == '_ _main__

main ()

5.4 Byakugan Client

5.4.1 MainActivity.java

MyHandler )

package org .ithilgore .byakugan ;

import java .io .ByteArrayOutputStream ;
import java .io .Fie ;

import java .io .IOException ;

import java .io .InputStream ;

import java .utl .AmraylList ;

import org .apache .http .protocol .HTTP,
import org .apache .http .HttpResponse ;
import org .apache .http .HttpVersion ;
import org .apache .http .params .*;

import org .apache .http .client .HttpClent ;

import org .apache .http .client .entty .UrEncodedFormEntity

import org .apache .http .client .methods .HttpPost ;

import org .apache .http .conn .ClientConnectionManager
import org .apache .http .conn .scheme . PlainSocketFactory

import org .apache .http .conn .scheme.Scheme;

import org .apache .hittp .conn .scheme .SchemeRegistry

import org .apache .http .conn .ssl .SSLSocketFactory

import org .apache .http .impl .client .DefaultHttpClient

1

import org .apache .http .impl .conn .tsccm . ThreadSafeClientConnManager ;
import org .apache .http .message . BasicNameValuePair

import android .app.Activity ;

import android .app .AlertDialog ;

import android .content .Dialoginterface ;
import android .content .Intent ;

import android .content .SharedPreferences ;
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import android .content .SharedPreferences .OnSharedPreferenceChangeListener ;
import android .graphics .Bitmap ;

import android .graphics .BitmapFactory ;
import android .net .Uri ;

import android .os.Bundle ;

import android .os.Environment ;

import android .preference .PreferenceManager
import android .provider .MediaStore ;

import android .view .Menu;

import android .view .Menulnflater

import android .view .Menultem ;

import android .view .View ;

import android .view .View .OnClickListener ;
import android .widget .Button ;

import android .widget .Toast ;

import android .os.AsyncTask ;

import android .widget .ProgressBar ;

import android .utl .Log;

public class MainActivity extends Activity implements

{

private Uri outputFileUri :

private InputStream inputStream ;

public static final int PICTURE_ACTIVITY = 35434;
private ProgressBar pbDefaultM ;

private AlertDialog alertDialog ;

public String ip_addr ;

private SharedPreferences prefs ;

/I Part of being OnSharedPreferenceChangelistener
public synchronized void  onSharedPreferenceChanged
, String key ) {
this .ip_addr = null ;

/I Called first time user clicks on the menu button

@Override

public boolean onCreateOptionsMenu  (Menu menu) {
Menulnflater inflater = getMenulnfiater O;
inflater .inflate  (R.menu.menu, menu) ;
return true ;

}

/I Called when an options item is clicked
@Override

OnSharedPreferenceChangeListener

(SharedPreferences sharedPreferences

public boolean onOptionsltemSelected (Menultem item ) {

switch (item .getltemld ()) {
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case R.id .prefs
startActivity (new Intent (this , PrefsActivity .class));
break ;

return true ;

/* Override the onCreate method */

@Override
public void onCreate (Bundle savedinstanceState )
{
super .onCreate (savedinstanceState )
this .prefs = PreferenceManager .getDefaultSharedPreferences (this );
this .prefs .registerOnSharedPreferenceChangelListener (this );

setContentView  (R.layout .main ) ;
final Button cameraButton = (Button )findViewByld (R.id .camera button );

pbDefaultM = (ProgressBar ) findViewByld (R.id .pbDefault );
alertDialog = new AlertDialog .Builder (this ).create () ;
cameraButton . setOnClickListener (new OnClickListener O {

public void onClick (View v ) {

/I Check if there 's external storage available and that it 's writeable.
boolean mExternalStorageAvailable = false;

boolean mExternalStorageWriteable = false;

String state = Environment .getExteralStorageState 0;

if (Environment .MEDIA MOUNTERquals (state )) {
/l We can read and write the media
mExtemnalStorageAvailable = mExternalStorageWriteable = true ;
} else if (Environment .MEDIA_ MOUNTED READ ONEjuals (state )) {
/I We can only read the media

mExtermnalStorageAvailable = true ;
mExtermnalStorageWriteable = false;
} else {
/I Something else is wrong. It may be one of many other states, but all we -
need

/I to know is we can neither read nor write

mExtermnalStorageAvailable = mExternalStorageWriteable = false;
}
if (mExternalStorageAvailable &% mExternalStorageWriteable ) {
Intent cameralntent = new Intent (MediaStore .ACTION_IMAGE _CAPTURE // Normally

you would populate this with your custom intent.
File file = new File (Environment .getExternalStorageDirectory () ,"imagefile.jpg"
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DE
outputFileUri = Uri .fromFile (file );
cameralntent  .putExtra (MediaStore .EXTRA_OUTPUT outputFileUri )
startActivityForResult (cameraintent , PICTURE_ACTIVITY ) ;

1

private HitpClient createHttpClient 0]
{

HttpParams params = new BasicHttpParams () ;

HttpProtocolParams .setVersion (params, HttpVersion .HTTP_ 1 1);

HttpProtocolParams .setContentCharset (params , HTTP.DEFAULT_CONTENT_CHARSET
HttpProtocolParams . setUseExpectContinue (params , true );

SchemeRegistry schReg = new SchemeRegistry () ;
schReg .register  (new Scheme("http" , PlainSocketFactory . getSocketFactory (), 80));
schReg .register  (new Scheme("https" , SSLSocketFactory .getSocketFactory (), 443));

ClientConnectionManager conMgr = new ThreadSafeClientConnManager (params , schReg);

return new DefaultHttpClient (conMgr , params ) ;

class PostToServer extends AsyncTask <String , Integer , String > {

@Override
protected String dolnBackground (String ... image str ) {

String the_string_response = e

try {

ArrayList <BasicNameValuePair > nameValuePairs = new Armaylist <BasicNameValuePair -
>();

nameValuePairs .add (new BasicNameValuePair  ("upfile" , image str [0]));

HttpClient httpclient = createHttpClient 0;
/* get address from user settings, or else place a default value */
Sting URL = prefs .getString  ("server_ip" , "http://192.168.1.3:80" );

/lfinal String URL = "http://192.168.1.3:80";

HttpPost httppost = new HttpPost (URL);
httpclient .getParams () .setParameter ("http.protocol.unambiguous statusline" , -
false);
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httopost  .addHeader ("User Agent", "byakugan client" );
httppost  .setEntity  (new UrlEncodedFormEntity (nameValuePairs ) ) ;
HttpResponse response = httpclient .execute (httppost ) ;

the_string_response = convertResponseToString (response ) ;

} catch (Exception e ) {

Toast .makeText (MainActivity .this , "ERROR " + e.getMessage (), Toast .LENGTH_LONG

show () ;
System .out .prinin  ("Error in http connection " + e.toSting ()
e printStackTrace O

return the_string_response ;

@Override
protected void onProgressUpdate (Integer ... values ) {

super .onProgressUpdate () ;

@Override
protected void onPostExecute (String result ) {

alertDialog .setTile  ("Byakugan Result:" );

alertDialog .setMessage (result );

alertDialog .setButton  ("OK", new Dialoginterface .OnClickListener
public void onClick (Dialoginterface dialog , int which ) {

/I here you can add functions

}

IO

alertDialog .show () ;

/IToast.makeText( MainActivity . this, "Response " + resul t, Toast.LENGTH LONG) .show

0

public class ProgressBarAsyncTask extends AsyncTask <Integer , Integer

private static final Sting LOG_TAG = "PB_ASYNC TASK";
private ProgressBar pbM ;
int teSecondsProgressedM

| **

* The parameters in the constructor of the class are the control

DE

O {

, Boolean > {

s from the
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229 * main activity that we will update as the background work is pr ogressing.
230 *

231 * @param pb: the progress bar control.

232 * @param secondProgressed: an edit text with the percentage o f seconds
233 * progressed.

234 */

235 public ProgressBarAsyncTask  (ProgressBar pb , int secondProgressed ) {
236 Log .d(LOG_TAG "Constructor" );

237

238 pbM = pb;

239 teSecondsProgressedM = secondProgressed  ;

240 }

241

242 [ **

243 * This method will be called before the execution of the task. H ere we
244 * are activating the visibility of the progress controls of th e main
245 * activity .

246 */

247 @Override

248 protected void onPreExecute () {

249 Log.d(LOG_TAG "Pre Execute" );

250

251 super .onPreExecute () ;

252 pbM. setVisibility ( View .VISIBLE ) ;

253 /lteSecondsProgressedM. setVisibility ( View.VISIBLE) ;

254 }

255

256 | **

257 * This method will be called after 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 /lteSecondsProgressedM . setText( progress[0].toString 0);

270 }

271

272 | **

273 * This method is called after the execution of the background t ask. Here
274 * we reset the progress controls and set their visible propert y to
275 * invisible again, to hide them.

276 *

277 * @param result: is the result of the background task, and it is passed to
278 * this method with the result returned in the

279 * dolnBackGroundMethod ()
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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 /lteSecondsProgressedM. setVisibility ( View.INVISIBLE );
288 /lteSecondsProgressedM . setText ("") ;

289 pbM.setProgress  (0) ;

290 }

291

292 | **

293 * This method is called for executing the background task in th e AsyncTask.
294 * For this tutorial we are only sleeping the thread for the numb er of
295 * seconds passed as parameter of the function.

296 *

297 * @param numSeconds: life of the task

298 * @return the result of the background task

299 */

300 @Override

301 protected Boolean dolnBackground  (Integer ... numSeconds) {
302 Log .d(LOG_TAG "dolnBackground: " + numSeconds [0]) ;

303

304 try {

305 int totalSecs = numSeconds [0]. intValue () ;

306 Log.d(LOG_TAG "Total SECS: " + totalSecs );

307

308 for (int i = 1; i <= totalSecs ; i ++) {

309 Log.d(LOG_TAG "Sleeping " +1);

310 Thread .sleep (1000);

311

312 float percentage = ((float)i / ( float )totalSecs ) * 100;
313 Log.d(LOG_TAG "Percentage of progress: " + percentage );
314

315 publishProgress ( new Float ( percentage ).intvValue ());
316 }

317 } catch (InterruptedException e ) {

318 e . printStackTrace 0;

319 return false ;

320 }

321

322 return true ;

323 }

324 }

325

326

327 @Override

328 protected void onActivityResult (int requestCode , int resultCode , Intent intent ) {
329 super . onActivityResult (requestCode , resultCode , intent );
330
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331 if (requestCode == PICTURE_ACTIVITY && resultCode == Activity .RESULT OK {

332

333 File file = new File (Environment .getExternalStorageDirectory () ,"imagefile .jpg" );

334 if (fle .exists ()) {

335 ByteArrayOutputStream stream = new ByteArrayOutputStream 0;

336

337 /I Enclose this in a scope so that when it 's over we can call the garbage -

collector (the phone doesn 't have a lot of memory!)

338 {

339 Bitmap image = BitmapFactory .decodeFile (fle .getPath ());

340 Bitmap scaled = Bitmap .createScaledBitmap (image , (int ) (image .getWidth () * 0.3) -

, (int ) (image .getHeight () * 0.3), false);

341 scaled .compress (Bitmap .CompressFormat .JPEG, 90, stream );

342 image .recycle () ;

343 scaled .recycle ();

344 }

345 System .gc () ;

346

347 byte [] byte_ ar = stream .toByteAmay () ;

348 String image_str = Base64 .encodeBytes (byte_ar );

349

350 int 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 -

llegalStateException , IOException  {

363

364 String res = 0

365 StringBuffer buffer = new StringBuffer 0;

366 inputStream = response .getEntity () .getContent () ;

367 int contentLength = (int) response .getEntity () .getContentLength (); /lgetting content -

length ...

368 /IToast.makeText(MainActivity . this, "contentLength : " + contentLength, Toast. -
LENGTH_LONG) .show () ;

369

370

371 if (contentLength < 0) {

372

373 } else {

374 byte [] data = new byte [512];

375 int len = 0;

376 try {
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while (1 != (len = inputStream .read (data )) ) {
buffer .append (new String (data , 0, len )); //converting to string and appending
to stringbuffer
}
} catch (IOException e ) {
e . printStackTrace 0
}
try {
inputStream  .close (); // closing the stream
} catch (IOException e ) {
e. printStackTrace 0;
}
res = buffer .toString (); // converting stringbuffer to string...
/IToast.makeText( MainActivity .this, "Result : " + res, ast.LENGTH_LONG) .show () ;
/ISystem . out. println ("Response => " + EntityUtils.toStr ing (response. getEntity ()));
}
return res ;
}
}

package org .ithilgore .byakugan ;

import android .os.Bundle ;
import android .preference . PreferenceActivity ;

public class PrefsActivity extends PreferenceActivity

@Override

protected void onCreate (Bundle savedinstanceState
super .onCreate (savedinstanceState )
addPreferencesFromResource (R.xml .prefs );

)

{
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