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IIepiAnwn

H YnoAoytlotikn ‘Opaon (Computer Vision) eivat évag topéag tng ermotnpng
TV UTTOAOY10T®V TTOU S1EPEUVA TNV AVATTTUEH OIMTIK®V UvATOTNT®V O pid |-
xavr). IeptlapBavel pebodoug yia v avakinor, enefepyacia, avaluon Kat
KAtavonon €1KOVOV Ario T0V IPAYHATIKO KOOHO @ote va rtapaxBel cupBoAikr)
nAnpogopia, KatdAAnln yia tmy aviioton Anyn anopace®v amod Tov UIo-
Aoytlotr). Etvat éva nedio mou yvepiletl ta tedeutaia xpovia tepaoctia avoion,
KUPIRG AOY® NG OUVEXKDS AUEAVOHIEVNS UTTOAOYIOTIKAG 10X U0G ITOU EMMITPEITEL
Vv avarntuén aAdyopibpev rmou dddote Sa frav arayopeutika XpovoBopot.
[Mapapével Opeg €va OXETKA peydlo xaopa petadu g 9empntikng £peuvag
Kal g MPAKTIKNAG UAOTIOINONG Katl Xprjong cuotnudtev nou Bacidoviat otig
TeAEUTAIEG AUTEG EPEUPEDELS TG UTOAOYIOTIKYG Opaong. H epyaocia avt eivat
Hla anonelpa va KaAupBel éva pEPOg autou ToU KEVOU, HE TNV UAOTIOIN o] £VOg
AT POUG CUCTIIATOG AVAYVOP101S AOYOTUTIOV H1€ ETIEKTACTHT KAl EUKOAA KAl-
PAKOUPEVI] APXITEKTOVIKI] KAl PE AVTioTolXT epappoyr] o€ Kivrtd faoiopéva
otnv eupewg dradedopévn mAatpoppa Android tng Google. Eivat yeyovog nog
HE Vv tepdotia H1e106U0T TRV ESUTTVAOV KIVITOV OUOKEUMV OtV KaOnuepvr)
{on pag, ivat 1dlaitepa onuavik n vnapén duvatotntag XPHong plag urn-
peolag avd naoca otypr) péow tou Kivnrou. Kabog n urodoylotikr) 10xUg tov
KIVITOV OUOKEU®MV OPOG TTAPAPEVEL OAPRDG KATOTEPT] CUYKPITIKA HE AUTV TOU
vépoug (cloud) kat ot aAyopiBpotl UTToAoy10TKN G 0paong eivatl daitepa Xpo-
voBopot, 1 epappoyr] emkoivavel pe to cloud yia v KAAUYn 1oV avaykov
NG avayveplong tou Aoyoturniou. To ocuvoAiko cuotnpa pag kabiotda duvatn

TNV aVArtugn matyviev pe ) AOy1Kr 10U Kuvnylou 9noaupou, O1tou 1) eUpEoT)
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Kdl @RTOYPAPION OUYKEKPIHIEVOU AOYOTUTIOU ot pia torofeoia arotedei to
OTOXO0 TOU matyvidlou.

®EMATIKH ITEPIOXH: E¢appoopévn Yrnodoyilotikr ‘Opaorn, Android,
Software Engineering

AEEEIZ KAEIAIA : SURF, SIFT, FLANN, Android development, OpenCV,
C/C++, Java, Python



Euyaploticeg

O kUKAo0g oroudwv @Tavel oto T€A0G TOU KAl onpatodotel v €vapsn vémv
avadnmoemV Kat otoX®v. 10 Pakpy tadidt autd péxpl twpa oumg ouvéBalav
datopa Imépav Tou ouyypadea Kal oPpeid® va Toug €UXaplotrjo® OTo £8Adlo
auto.

Katapxnv, 9a 16sda va euxapilotmjom tov kadnynt pou, kK. Iodvvn Xa-
nylavvakn, yia v moAutipn fondsia 1ou o O0An v nopeia 1@v onoudov
pou. H ouvepyaoia pag £181kotepa ota padbnpata Ae1toupyikev ZUCTNPATOV
kat Katavepnpévev Zuompdtev unfpée 1dlaitepa kapriopopa kabng nEpav
TV EKMAOEUTIKOV £PYACI®V TTOU TIPOEKUYAV, ITupodotnOnkav evdolapeépou-

O€G EIMIOTNHPOVIKEG OULNTIOE1G KAl AVIAAAQYEG ATIOYERV.

'Eva 1epdotio euxaplote opeid® oto @ido rat ouvadeddo Poibo Kepadlw-
vitn, pe tov omoio 1 ekteveéotatn Kat 1§ fabog avaduon t0co Sepdiev g
EMOTNUNG TOV UMTOAOYI0T®V 000 Kal YEVIKOTIEPA NG (WG TOU KAvape oAa
autd ta Xpovia, £nage Kaboplotko poAo ot S1apdpPoT AOYERV KAl OTO
avotypa opigoviav. H vootportia ocuvexoug avadfnong g yvoong, n apdt-
oBrtnon Kabe ermBeBANUEVOU OTEPEOTUTIOU KAl KOUPOPUIOH0oU KAl 1] XP1on)
g pavriaociag yua v emiduon npoBAnpdtev nrav autd mou kaboploav tig
oudnInoeig pag Kat Stapoppeoav v nopsia pag.

@eppd suxaplot® ano ta Babn g kapdidg pou YéAe va dwom Kat oto dto-
po (N.T) mou mupodotnoe, evioxuoe Katl eveBappuve atobrpata cupnovolag,
evouvaioBnong Kat aydnng mpog tov KOOHO YeVIKOTepd. Oa npouv tedeing
drapopetikog av 6e o€ eixa yvaopioet.

KAetvovtag, 9a rfeda va doom 1oAAég suxaplotieg otoug yoveig pou T't-
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wpyo kat Mapia kat oy adepdr] pou Iodvva rou 6Aa autd ta xpovia pe
otP1§av MoKIAOTPOIIOG KAl Pou £6moav tn Suvatdtnta va AroKIo® £va 1-
oXupo uroBabpo xpriotpo otnv ermotpn rmou SidAe€a va akoloubriom aiida

Katl Kkuptotepa otnv Odvooeia g {wrg.

dong Xavidng

[Tatpa, 7 Maiou 2012



Agpiepovetar otnv Odvooela Tou Kadevog TOU MPOOTadel yla Eva oUvOAKO

KaAvtepo avpio.






IIeplexopeva

KatdlAoyog Zxnpateov xiii
Kataloyog ITivakov XV
1 Ewcayoyn 1
1.1 MpoBANPA KAt ZNUACIA . . . v v v v v e v e e e e e e e e 1
1.2 Ztoyxog Aundepatukng Epyaociag . . . . . . ..o 00000 L 4
1.3 Zxomog kat Zuvelodpopd tng Autepatikng Epyaociag . . . . .. 4
1.4 Opydveon Aumdepatkng Epyaciag . . . . . . . 0oL L. 5

2 Speeded-Up Robust Features 7
2.1 E0QY®VL] . « « ¢ v v o e e e e e e e e e e e e e e e e e 7
2.2 Xxeurn Epeuva . . . .. ..o e 8
2.2.1 Avixveuorn onpeiov evilapepoviog . . . . . . oL . . . . . 8

2.2.2 Tlepiypadr] onpeiov evilapeépoviog . . . . . . . . . . . . 9

2.3 Aviyveuorn onpelov evilapépoviog . . . . . . oo oo oL 10
2.3.1 EKOVEG OAORANPOUA . . + + v v v v v e e e e . 10

2.3.2 Inpeta eviiagpépoviog Baotopéva oe Eoolava pntpwa . . 10

2.3.3 Avanapdotaon X®Pou KATHAKAS . . . . . . ... . 13

2.3.4 Evtormopog onpeiov evolapépoviog . . .. oL oL .. L L 16

2.4 Tleprypadn onpeiov evilapépoviog kat Avuiotoixion . . . . . . 16
2.4.1 AvdBeon mpooavaTtoAloHOU . . . . . .. .. e e e e .. 17

2.4.2 Tleprypadéag Baoiopévog oe dBpotopa anokpioewv Haar kupatudiov 18
2.4.3 Tpryopn eupetnpiaon yla avuotoixon . . . . . . . . . . 22



[Tepiexopeva

2.5 Embooeigtou SURF . . . . . . ... ..o

3 Byakugan - £éva nmA1npeg cUCTNIA AVAYVOPLONG AOYOTUN®V

3.1 Eloayoyn . . . . . . oo e e e e e e e e e

3.2 APXITEKTOVIRL] .+ v v v v v v e e e e e e e e e e e e e e e

3.2.1
3.2.2

Byakugan Server . . . . . ... ... ...

Byakugan Client . . . . . .. .. .. ... .......

3.3 Byakugan Core . . . . . . . . . . . ... oo

3.3.1
3.3.2

Baoikég KAAOEIG TOU TTUPHIVA. + + o v v v v v v o o e e o
AvAAuon KOd1Ka KAl POrG EKTEAEONS « .« « + =« « « .« . . .
3.3.2.1 ScanMode . . . . ... ...
3.3.2.2 ProcessMode . . ... ... ... ... ...

3.4 ByakuganWeb Server . . . . . . .. ... ...
3.5 ByakuganClient . . . . . . . .. ... ... ... ...

4 ExtéAeon rat AntoteAéopata

4.1 E10aYDVI] « « v v v v e e e e e e e e e e e e e e e e

4.2 Torukn ektédeon tou Byakugan Core . . . . . . . . ... ...

4.2.1
4.2.2
4.2.3

Emdoyég Asttoupyiag . . . . . oL Lo o
Scan mode kat dnuioupyia Bdong ewwOveOV . . . . . ..

Extédeon processmode . . . . ... ... L.

4.3 OloxrAnpopévn ektédeon tou ouotrpatog Byakugan . . . . . .

4.4 Tlalyvia KAl TIPOEKTACEIS -« « « « v v o v v e e e e e e e e e e o

5 YAomnoinon

5.1 E1l0ay®yrn . . . .« o v o e e e e e e e e e e e e
5.2 Byakugan Core . . . . . . . . . . . ..o

5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.2.6
5.2.7
5.2.8

byakugan.cc . . . ... ... 0000
Byakugan.h . . . . . . ... o000 o0
Byakugan.cc . . . . ... ..o
ByakuganOps.h. . . . . . . . .. .. ...
ByakuganOps.cc . . . . . . . .. .. ...
Image.h . . ... .. ...
Image.cc. . . . . . . ..o oL

Traininglmage.h . . ... ... ... .. ........

25
25
26
26
27
27
27
31
31
37
39
40

47
47
47
48
49
58
63
73



[Teplexopeva xi

5.2.9 Traininglmage.cc . . . . . . . . . ... .. .. ..... 95
5.2.10TrainingSet.h . . . . . . . . ... ... ... 100
5.2.11TrainingSet.cc . . . . . ... ... ... ... ..... 102
5.2.12Matcher.h . . . . . . ..o 000000 113
5.2.13Matcher.cc . . . ... ... ... o 0oL 115
52.14utils.h . . . . .. ..o 122
5.2.15utils.cc . . . ... Lo 123
5.2.16Makefile . . . . . . . ... Lo 128
5.3 Byakugan Server . . . . . . . . . ..o 130
5.3.1 SErver.py . . . . .« o i i i e e e e e 130
5.4 ByakuganClient . . . . . . . . ... ... ... 132
5.4.1 MainActivityjava . . . . . .. ... ..o 0000 132
5.4.2 PrefsActivityjava . . . . . . . . ... ... 140

Avagopég 141



[Tepiexopeva




KatdAoyog ZXNpatev

1.1 AOYotuma . . . . . . . .o e e e e e e e e 3
2.1 EKOVEG-OAOKATIPOUA . « + v v v v v v e v e e e e e e e 11
2.2 DATPA-KOUTIA  © « v v v v e e e e e e e e e e e e e e e 12
2.3 E1KOveG-OAOKANp®IA KAl AUENON KATHAKAS « .« .« .« .« o o . . . . 14
2.4 DATPA . . . o e e e e e e e e e e e e e e e e 15
2.5 ®idtpa kupatbiovHaar . . . ... .00 L L 17
2.6 AvdBeon mPoCAVATOAIOHOU . . . . v v v v v e e e e e e 18
2.7 KAlpareg mapaBupev . . . . . ... oL 19
2.8 TePAYOVIKO TIAEVHA .+ « + v v v v v e e e e e e e e e e e e e 20
2.9 ZXOHUA EVIACEDV .+ v v v v v e e e e e e e e e e e e e e e 21
2.10SURF vat SIFT . . . . . . . ..o oo 21
2.11 AvtiBeon KAl AVIIOTOIXI0T]  « « « v v v v v v e e e e e e e e e 22
3.1 Byakuganeye . . . . . .. ... ... 26
3.2 Zfpavon meploxng evOlaPEPOVIOS . . . . . . . e e e e . 34
3.3 AoQalAng KATAOKEUI MEPIYPAPRMATOS  « « « v v v v o v v v v v 34
3.4 phone app background . . . .. ... ... ... 0L 43
4.1 Emoyég tou Byakugan Core . . . . . . . .. ... ..., 48
4.2 Kupwo doyoturo Adidas . . . . .. ..o Lo 50
4.3 detoypadia 1 Adidas . . . . .. ..o 50
4.4 detoypadia 2 Adidas . . . ... .o 51
4.5 detoypadpia 3Adidas . . . . ... 51

xiii



xiv KatdAoyog Zxnpateov

4.6 dotoypapia4 Adidas . . . . ..o oL 52
4.7 deotoypapia bAdidas . . . ... oL L oo 52
4.8 Tlapaddayn Aoyoturou Adidas . . . . . . . . . ... ... L. 53
49 ANAoyowro Coca-Cola . . . . . . . . . ..o 53
4. 10Avuotoixton 1 . . . . ... 59
4. 11AVTIOTOIXI0N 2 . . . . v o e e e e e e e e e e e e e e e 59
4. 12Avuotolxton 3 . . . L L e 60
4. 13AVIIOTOIXION 4 . . . o o e e e e e e e e e e e e e 60
4. 14AVIOTOIXION 4 . . . o v e e e e e e e e e e e e e e e e 61
4. 15AVTIOTOIX1I0N B . . . . . . e e e e e e e 61
4. 16AVIIOTOIXION 6 . . . . . .. e e e e e 62
4. 17AVIIOTONXION 7 . . . o v e e e e e e e e e e e e e e e 62
4.18LogoHunter . . . . . . . .. .. ... oo 64
4.19Apx1K06 apdBupo dienadrg G EPAPHPOYNS - « - -« « o o . . . 65
4.20Mevou Settings . . . . . . . ..o 67
4.21Preferences Menu . . . . . . . .. ... 0 68
4.22TIAnktpodoynon IP katport . . . . . . . .. ..o 69
4.23PeT0oypadPia ATIO KIVAOTO . .+« « v v v v v v e e e e e e e 70
4.24MOAPA TTIPOOBOU . . . v v v v e e e e e e e e e e e e e e e 71

4. 25ATIOTEAEOTA . & v v v v vt e e e e e e e e e e e e e 72



Kataloyog ITtvarwv

3.1 mapadetypa ovvietaypéveov enrfile . . . . o000 L L oL L.

4.1 Zvuvietaypéveg faon wwvenrfiles ... o000 oL L.



KatdAoyog ITivakov




Kepalaio

Elcaywyr)

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 IIpoB6Anpa rai Enpaocia

Qg avbpwriot avtidapBavopaote v tplodidotatn §ojir) ToU KOOHPOoU YUP® 1Ag
HE @AVOUEVIKI] EUKOAla. Mropoupe oAU eUKOAA va d1akpivoulle ta IPOo®-
T Aro TA AVIIKEIPEVA, Ta AVIIKEIPEVA ATIO TO POVIO, Vd avayveplooue Po-
Vadikda XApAKINEIOTIKA TOU €KAOCTOTE IMPOOWITOU 1] AVIIKEMEVOU KAl va Td
avtiototyiooupe pe faon v mpoulndapxouod yvaoor yid ToV KOOHO0 YUP® Uag.
Ye avtiBeon pe pag, o urtodoylotrg 6ev pIopei va emreA€osl 11§ MAPATIAVE
Aettoupyieg pe v 6a guxépela. H Ymodoyiotikr ‘Opaon, ©¢ avilkeipevo
PEAENG £XEL TNV AVAKTN O AT £1KOVEG KAl QOTOypadieg ekeivng tng oupBo-
Akng mAnpogopiag ou Sa kadiotda Suvatd yla pia pnxavn va mpooeyyioet
TG HuvatotnTeg TOU £XEL 0O OUVOUAOHOG TOU AvOP@OITIVOU OITIIKO OUOTHILATOS
Kat o voug. Xprnotpornolel pabnpatikeg 1eXVIKEG KAl OTATIOTIKA POVIEAd yia
va avaAuoel v Ip1od1aotatn OKnvr rmou ouvhfwg avarnapiotatal o pia duo-

dlaotatn ewkdva kat va e§ayel xpron minpodopia pe oKoro va yivel 600



2 KepdAawo 1. Ewoayoyn

10 duvatov peyadutepn "KaAtavonorn’ €K HEPOUG TG HNXAVIS V1A TO AVIIKE-
{pevo mou mapouotadetal. MepikEG amo 11§ EPAPHOYES TNG EMOTHHING £ival 1)
Avayvopion Avuikelpévay, n Onukn avayvoplon Xapaktmpev, n 3-D avaka-
TAOKEUT] POVIEA®V ATIO E1KOVEG, 1] OUPPAPT] TTOAAATIAGV E1KOV®V, I AVIXVEU-
01 KAl avayveoplon MPOooen®V Kat moAAég akopa. [Mvetat avuldnmid neg o
KAAB0g autodg H1e10dUel A0 KAl TIEPIOCOTEPO OTNV KABNPEPIVOTNTA PAg Katl
Ot0 £yyug p€AAov n onpaocia kat smppor] tou da eivart adapprobnintn, av
bev etvat f1én orjpepa. EmumAéov, n eukoAia pe v oroia Propet o kabevag
va PnPlomor)oel onoladnote oOKNvY NG APEOKEIag TOU Pe To Ao natnpa
€VOG TANKIPOU, PEPVEL TOV ATTAO KABnpPepPIvo Xprotn 0A0 Kdl IT0 KOVId Ot
opaipa emppong v epappoynv g Yrnoloylotukng ‘Opaong.

M1ia ano 1ig Imo €UPE®S XP1O1HOTTOI0UNEVES EQAPHOYES TG YTTOAOY1OTIKEG
'‘Opaong sivat ) Avayvapion Avtukeucvov. O RAAS0G autog acyoAeitat pe tnv
AVATTIUEN TRV TEXVIKOV EKEIVOV TTOU EIMTPETOUV OE P1AG PIXAVE) VA AVIXVEUOEL
Kdl va avayvepiosl CUYKeERpIPEva 08 Pla €1kova 1] Bivieo. Av n pnxavn £xet
apxka "pabel” Bdaon evog poviédou avarapdotaong, Adyou Xdptv nwg éva
Bdado mave ot €va Tparedl £Xel £va OUYKEKPIPEVO OXNHUA KAl £XEl OPlOPEVA
povadikd XapaKinplotikd 1mou 10 dtaxepidouv amnod v UmoAot) oKnvy), av
apyotepa savartapouotaotei to 1610 Bado and pia dAAn ewtoypadia, Sa pro-
PEOCEL va §ava-avayvopioet EKeiva Ta XApAKINP1OTIKA ITOU T0 KAVOUV HovaS1Ko
®OTE VA TO KATAX®WPNoel oG To Pado 1ou £ibe otnv apXikn eikova; H duoko-
Ala éyketat oto 0T 1 PETOYPAPia TOU AVIIKEIPIEVOU PITOPEl va IIPOEPXETAL ATIO
dlapopetiky) yovia Afyng, uro d1adopeTikeg CUVONKESG POTIONOU, € TIAPOU-
oila YopubBou KAl Ye®PETPIKOV Kal dAAav aAdowwoewv. Ta mmapandve Kavouv
Blattepa eminovn 1) Stadikaoia e§aywyng mAnpodopiag mou pével avaloim-
T KAt arno 6Aeg autég tig ouvOnkeg. H €peuva mou yivetal ermkevipovetat
agevog otV akpiBela tou aidyopibpou e€aywyng autrng g rminpogdopiag a-
(PETEPOU OTOV 000 TO HUVATOV TaXUTePO UToAoylopou tng. ‘Onwg Sa Soupe
napaxkdtov o SURF - Speeded Up Robust Features eivat évag tétolog al-
yop1Opog rou ouvduddet kat ta dUo autd rnpooodvia. Katormy, tibetat emiong
10 {NINUaA NG YPNYoPnNS aviloToixX10ng TV EIKOVEV Ao pia Ipdrneld e1KOVav
Bdon ng rponyoupevng e§axbeioag mAnpopopiag.

Zin onpepwvn emoyr], KatakAu{opaote Kabnpepvag aro thv rmapouvoia

TRV EIKOVEV eKElveV TTIOU Slaxmpidouv v pa statpeia ano v dAAn Kat rtou



1.1. TIpoBAnua kat Znpaocia 3

E‘ «a v

Ixfpa 1.1: Ta Aoyotura arotedouv onuaviiko onpeio ya v npowndnorn kat dia-
@rpon pag etalpeiag

K®S1KOIIO0UV v avayvepiopn tavtdtnta toug. I[Ipoketat yua ta Aeyopeva
Aoyotuna (logos) rmou anoteAouv 10 o CNPAVIIKO 100G onpieio avadopdg yia
Vv ipo®Onon kat drapnpion piag etapeiag (1.1). H avayvopion tng ekdoto-
1€ "papkag” yiveral dpeosa ano tov aviprvo vou, apou £Xel ouviudoel Kat
ouvrOwg tautiostl 10 PaciKO TIPOIOV NG £TAPEiag PE T0 OXHd, T0 XpwHa, Ta
ypappata kat oudnrote dAAo kavet EEX®P10td 10 AoyoTurto.

To Aoyotutio amo v MAeUpd ToU UTIoAoylotr] dev eivatl timota mapandve
amo éva akopa aviikeipevo. AnAadn, eivat pa eikdéva mou diEmetat aro
OUYKEKPIEVO TpoTUTIO pattern katavoprn minpogopiag. Xuvenwog, ot idiot
KAVOVEG KAl TEXVIKEG TIOU epappodovial yia VvV avayvoplon AVIIKEPEVRV
PIOPOUV MPAKTIKA va £papPooTouV Katl yla Vv Avayvwpion Aoyoturtov pe

Vv oroia aoyxoAsitatl n mapovoa Autdepatikr Epyaoia.

Eivat yeyovog mwg péxpt twpa dev umdpxel 61abBéoipio oto €upy KOO
KAITO10 OAOKANP®OUEVO oUCTNPA avayveplong Aoyotunov. Puokd, undp-
XOUV £Tatpeieg TIOU evOEXOPEVAOG AVATITUCOOUV E0MTEPIKA Yla S1KT| TOUG XP101)
napopola ovotnuata. Iapapévouv opwg oxedov mavia AOylOpIKA KAE10TOU
KOdka kat Siabéopa povo katda napayyedia ano diAeg etapeieg. H Aimdw-
patkn Epyaocia aut 9a anotedéoetl 1AAAOV T0 TTPOTO OAOKAT|POPIEVO CUOCTI)-

Ha avayveplong AoyoTuIi@v IToU 0€ oUvOUaoHo HE TV EPApHoyn yida Kivntd



4 KepdAawo 1. Ewoayoyn

Avbp0o16 rou avartu§ape, PoeTtoliadouV 10 £6adog yla akopa Kat pia eupeia

61aBeon tou oto KOWO.

1.2 Ztoxog AumAwpatikig Epyaciag

O Baokdg otoxog eivat n pedétn g MPAKTIKOTNTAG TV IO OUYXPOVROV AAYO-
PIOpOV avayvoplong avilKePEVEOV Kal EMOPEVES Avayvoplong AOYoTUII®V He
MV £PAPOYH TOUG OT0 IMARPeEG ouotnHa ou avarrtuéape. O kaipodg ivat o
MAEOV KATAAANAOG yia TNV APEOT XP1on 1OV dAyopifpev autev, agou mAEov
1) UITOAOY10TIKY] 10XUG TRV NHEPWV HaAg, Pag erutpénetl dladpaoukotnta oxe-
6V mpaypatkou Xxpovou akopd Kdat yld T000 anattnukeg Siadikaoieg onwg
1] AVAyvoplor avukelpévayv. @a doupe épmnpakta v KAataAAnAotnta tou ve-

0tepoU adyopibpou tou kKAAadou autou Kat Tig SuvatdTnIeg Mo avoiyoviatl oto

X®POo g epappoopévng Yrodoyloukng ‘Opaong.

1.3 Ixonog xat Tuvelodopd T¢ AMAONATIKAG
Epyaoiag

'Onwg avapeépOnKe mponyouPeves, T0 AOYIOHIKO ITOU aVAITTUSAE TTPOKELTAL
yla 10 MP®OT0 0A0KANP®UEVO CUCTIA AVAYVOPLONG Aoyotuniev 1ou Ya eivat
d1abéopo mpog 1o gupy Kowvo. H ouvelopopd €yyutat Oxl TO00 OV EITL-
OKOTN 01 T0U Yenpntikou urtoBabpou rmou kabiotd duvatr) ) Asttoupyia evog
T£T010U ouoTuatog (to oroio mpopavwg £xet ) 61k tou Baputta Kat 8e-
1adetal Eex@P1otd Mapakdat®), 600 MPATIOT®S OTNV AVAAUOT TNG XP1NOTIKOTNTAG
€VOG TIPOYPAPHATOG TTOU HOALS eAdyiota Xpovia mptv dev S9a propouoe va u-
ndpxel fAoT TV TOTE UTIOAOYIOTIK®OV SUVATOTIOV KAl TNG TOTE UMAPX0Uoag
épeuvag. Eetalovial onpavilkég €vvoleg yla Vv apXITEKTOVIKY] KAl TV Te-
Xvoloyia tou AoylopiKoU IoU avartudape, KATl mou SoK1Aadel ouolaotikd
10 ouvduaopo Paokev apxov software engineering pe npwtondpa dewpn-
TKY) €peuva (BAéme aAdyopiOpo SURF) kat 1o 6€01p0 @V mapandave oe eva
MATPEG MPAKTIKO cuotnpa. I[Tapouoiddoviarl mapddAnda, oUuyxpova makea
Aoylopikou oniwg 1o OpenCV, mou mepiExel P1BA100nKeg e aiyopibpoug Y-
nodoyloukng ‘Opaong kat to Android, n 6idonpun miatgpoppa g Google yia
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ECUITVEG KIVITEG OUOKEUEG.

1.4 Opyavoon AutAeopatikng Epyaociag

H napovoa Autdepatikn Epyaocia Sopeitat wg €&ng:

Zto KegpaAawo 2: Speeded-Up Robust Features nmapadétoupe 10 Sewpn-
TIKO UTt0BaBpo miom amo v epevpeot Tou Bacikou adyopibpou (SURF) ou
Xpnotporotei to ouotnpa pag. To kepdaAato auto dev anatteitat yla ty Kata-
VvOnon g unolorng avaduong adou 1 epyacia pag eottddel oto ITo IPAKTL-
KO P€POG TG avdartugng tou ouotrpatog. [Tap'dAa autd, yia pia rmo KaboAkr)
EITIOKOTINOT) TOU AVTIKEIIEVOU, O AVAYVOOTNG KAAEITAL va TO PEAETOEL SEXWP-
otda. H ouyypadr tou ouykekpipévou kepadaiou daveietal ektevog anod tmyv
erionun énuooicuon tou SURF [4].

Ztn ouvéyela, oto KepaAao 3: Byakugan - éva mArpeg ouotnpa avayveoplong Aoyotunov
avaAuetdl 1 apXlIEKTOVIKY] TOU ouothpatog pag. ITapouoiddoviatl kat pede-
TOVIAL ASTTIOPEP®S Ta TUNPAta ekeiva tou Kodika rou xpidouv onpaoiag yla
TNV KATavonor) g Aettoupyiag tou Aoy1opikou.

To KepdAdaio 4: Extédeon kat Anotedéopata apouctddel v EPMPaKtn
Aettoupyia tou ocuotnpartog, divoviag epgaon otoug xpovoug dradpaong kat
aAAnAenidpaong KaBOG KAl Ta ATOTEAEOPATA TG CUVOAIKNG XPNOTIKOTNTAG
Kat kataAAnAotntag tou ya eupeia xpnon. Iapouoiadoviat emiong ot duva-
10TNTEG XPONG O Taiyvia Kat ot IOaveg EMEKTACELS TOU.

To KedpdAato 5: YAoroinon arotelei tnv mapdbeor T0U 0UVOATKOU KROO1KA

TOU OUOTHATOS - TOCO TOU £CUMNPETNT] Server 600 Kat tou reddrn client.



Kepddawo 1. Ewayoyr




KepdAatio

Speeded-Up Robust Features

You don’t understand anything until you learn

it more than one way.

Marvin Minsky

2.1 Ewayoyn

Zto kepdAao auto Sa mapouctdcoupe ) dopr) Kat Asttoupyia tou aAyo-
piBpou nmou mpotupOnKe yla 10 oUCINHA AVAYVOP1oNG AOYOoTUrn@V 1ou on-
poupynoape. O adyopiBpog Aéyetat SURF a6 ta apxika Speeded-Up Ro-
bust Features kat epeupébnke amno toug Herbert Bay, Andreas Ess, Tinne
Tuytelaars kat Luc Van Gool 1o 2006 [4]. [Tap'0An 11 OXETIKI veotta 10U,
Xpnotpornoteitatl 1é6n eupéwsg oe MOIKIAEG EPAPPOYEG TOU TOPEA TNG UTTOAOY1-
OTIKI)G Opaong OIS 1] AVAYVOPL0I AVIIKEPEVQOV Kat 11 3D-avakataokeur.

O Baoikog otox0g Tou aAyopibpou eivat ) eUpeon HlakptOV onpei®v avit-
otoixiong petadu ewkovav. H Siadikaoia anaptietal anod tpia Baowka Prpa-

Ta.

1. Znpeia evorapépoviog eMAEYOVIAL 08 CUYKEKPIIEVEG TOTIOOEDTEG TNG E1-
KOvag oTiag ywvieg, blobs, T-6tactaupwoelg. H mo onpavukr 1idiotta
EVOG AVIXVEUTH) Oonueinv evilapépoviog sivatl n emavaAnyipotnta. H

enavaAnypotnta ekPpddel v adlormotia evog aviXveutr) oty eupe-

7
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on TV 1610V onpeiov evHaPpEPOVIog KAT® aro dlaPpopetikEG CUVONKEG

TiPpOoBOATG.

2. H meploxn) kaBe onpeiou evilapEpoviog eKMPooRIEital ano €va xa-
PAKTINPE1OTIKO 61dvuopa. O meplypagdeag TPETEL va eival S1aKPITIKOG
Kal tapdAAnAa avBekTikog oto 30pubo, oe PETATOTIIOEIS AVIXVEUOTG KAl

VEWDHETPIKEG KAl PROTOPETPIKEG TIAPAPOPPWOOETS.

3. TéAog, ta xapakinplotka Siavuopata avurtapaBdAdovial petadu dia-
POPETIKOV e1KOV®V. H avuotoixion Baocidetal os pia andotact Petagu
tov davuopdtev onwg v Mahalanobis 1 v EuxkAeibiavry. H 61-
A0TaOoT) TOU TIEPypaAdEA £XEL APIEDT) eTTIOPACT OTO XPOVO Kl PNIKPOTEPES
draotdoeig etvat o emOuUPNTEG yla ypryopn avilotoiyion tov onpueiov
evdlagepoviog. 'Opmg, OMOG avapevotav, Tad PIKPOTEP®V S1a0TaoemV
XAPAKTINPEOTIKA dlaviopata eival yevika Alyotepa SeEX®Potd o€ ouy-

KP10T1] PI€ aUTd TTOU £X0UV TIaparndave 51a0tdoelg.

O otox0g gival 1000 0 aviXveutrg 000 Kadl 0 Tepypadeag va sival apke-
1A YPIYOPO Vva UTIOAOY10TOUV X®pig va Suoidadetal np akpiBela. H tocoppormtia
EIMITUYXAVETAl Y€ TO va ardoroteital o tpornog avixveuong datnpaoviag tov
axkp1Br] Kat peiwvoviag 1o peyefog tou meptypadéa diatnp®viag tov 1KAVo-
MOINTIKA O1aKPITIKO.

O aAyopiBpog SURF eotiddel oe avixveuteg Kal meptypadeig mou sivat a-
HETABANTOL O OXEOT) 1€ TNV KATAKA KAl TNV TIEPLOTPOPT] TG E1KOVAG. AUth 1
16101t Ta rpoodEpet évav Kado oupBiBacpo petady g ouvOeTOTTag TV Xa-
PAKTINPIOTIKGOV ONPEI®OV KAl TG avOEKTIKOTTAG OTIG ITI0 oUXVA ePpavi{OPEVES

APAPOPPWOELG.

2.2 Iystiry Epeuva

2.2.1 Aviyxveuon onpeiov evélagpEpoviog

O 110 €UPEMG XPTOTIOITOIOUHEVOG AVIXVEUTIG £1val 0 aviXveutrg Yyoviov Har-
ris mou mpotdaBbnke 10 1988 [3]. Baoiletal otig 1610T111€G¢ TOU PNTPHOOU PO-

ning 6evutepng tadng. 'Opwg ot yovieg Harris dev eivat apetaBAnteg og rpog
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v rAipaka. O Lindeberg [7] slonjyaye v €évvola ng autopatng €mAoyng
KAlpakag. AutO emTPETEl TNV AVIXVEUOT onpeiov evilapEpoviog oe pia €1-
KoOva, 1o Kabéva pe ) 81kr) 10U XapaKtnplotikn kAtpaka. IIepapatiotke
1600 pe Vv opidouoa evég Ecolavou pntpoou 6co kat pe to Aardaotavo,
ou avtiotolxel pe 1o ixvog evog Eoolavou. Ot Mikolajezyk kat Schmid [10]
BeAtimoav autr) ) péBodo dnpioupynviag avheKTIKOUG Katl apetdBANToUg ©g
P0G TNV KATPAKA aviXVEUTEG € UPNAT] EMAVAAEPIPOTTA. XPNo10onoinoav
éva pérpo Harris 1) v opidouoca evog Ecolavou pnipwou yla v emioyr)
tortoBeoiag kat ) Aarmdaoctavy yla v emdoyr) g kKAtpakag. Eotialoviag
oV tayutnta, o Lowe [8] mpodtewve v mpoogyylon g Aarmdaociavrg tov
C'kaouotavev xpnotponoloviag éva @idtpo Atapopdg I'kaouotavav.

A0 PEAEIN TOV UMAPKIOV AVIXVEUTOV TOU £yive ano toug Herbert Bay
et al, mpoékuye Tiwg o1 facifopevol oe Eoolavd pnipoa aviyveutég sivat mo
otabepotl Katl emavaAnmrol oe oUYKPlon HPe Toug avtiototyoug Baoidopevoug
oe Harris pnipowa. Emutdéov, xpnowponoigviag v opidouvoa tou Ecoltavou
HENTPoOU avii yla 1o ixvog @aivetal enwdedeg. Emiong, o1 mpooeyyioelg onwg
ot Atagpopég I'kaouolavev Pmopou va ermpEPouV TaXUTnIa HE PIKPO KOOTOG

®G TIPOG TtV akpibela.

2.2.2 IIeprypadn onpeinv evérapipoviog

Ma akopa peyadutepn MOKIAIQ ATIO TEPTYPAPEIG XAPAKINPIOTIKOV EXEL TIPO-
1aBei. Ot meprypadeig rmou eKIPOooMITOUV TV KATAVOT] TRV PKPOTEPNS KATRa-
KAG XAPAKINPIOTIKQV PECA OTr) YEITOVIA TRV onpeiav evilapépovtog e1onx0n-
Kav aro tov Lowe [9] kat £xet He1xBel OT1 UTIEPTEPOUV £VAVTL TOV UTIOAOIIGOV
[11]. Auto propei va e€nynBei amnod 1o yeyovog ot cudAapBavouv éva peydlo
T000 TIANPOPOPIAG Y1a TA TIPOTUTTA NG XWPIKLG £VIAoNGS, VR TIAPAAANAd OV-
Tag avOEKTIKA 0€ PIKPEG TAPAPOPPOOEIS Katl Tormkda Adbn. O meprypadéag
10U dAAou yvwotou adyopiBpou SIFT - Scale Invariant Feature Transform
[9] urtoAoyidel £va 10TOypappa TV TOMK®OV KAIOE®V YUP® Ao Ta onpeia ev-
drapépoviog kat anobnkevel ta anotedéopata oe 128-6idotata Siavuopata.

O nieprypagéag SIFT eival akopa ano 10Ug Mo EAKUCTIKOUG TIEPLYPAPELS
Y1ld TIPAKTIKI] XPT)01 KAt £vag drtd TOUG TI0 EUPERG X PN OTHOTIOI0UHEVOUG TIPV

v epgavion tou SURF. Eivat §1akpttikog Kal oXeUKA ypriyopos, mpaypa
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KP1o1p0 yla epappoyEG IPaypatikou Xpovou. ‘Onung n uwnAr) daotatikotnta
TOU OUYKEKPIPEVOU TIEPIypAdEA EIVAT PEIOVERTNIA Y1d TO Brjjid TG avIloToiX1-
ong. Ia ) Bedtinon tng tayuintag g avrotoixiong o SURF xpnowporotet

10 ixvog tou Ecolavou untpaou.

2.3 AviXVveuorn ONHpeEi®V evélapEpovtog

H mpooéyylon yua v avixveuon onpeiov evilapEpoviog Xpnotpomnotel pia
moAAn Paoikn npoogyylon Eooiavou pnipwou. Kavel xprion tov €1KOvVev
oloxrAnpopa’ (integral images) rmou €ywvav yvootég amnod toug Viola kat Jones

[14] mou pewwvetl Spapatikd 10 XpOvo UTTOAOY1OHOU.

2.3.1 EwrOveg OAorAnpopa

Ot e1kOveG OAOKANPOUA XPNOTOITOI0UVIAL Y1d TO YP1YOPO UITOAOY10P0 GUVve-
Aikukov @idtpev. H eicobog piag eikovag ohorAnpeona Is(x) oe pia torobe-
ola x = (¥, y)T AVIUTIPOOKIIEVEL TO ABPO1011a OA®V TOV EIKOVOKUTIAP®Y OTNV
ekova 10060u I péoa oe pia opHoywvia meP1oxr) OXNEATIOHEVT] ATIO TNV APXT)

Kd1t To X.

1<z j<y

In(x) =Y > I(i, §) 2.1)

i=0 j=0
‘Otav n €1kOva 0AOKANPOHA UTIOAOY10TEL, TIAIpVEL EMITPOOHETA TPELG TIPO-
00¢0e1§ y1a va uroAoyiotel 1o abpolopad ToVv eVIiAoemVv TIAVE o piia opboymvia
rieploxn. (6eg ewkova 2.1) 'Etot o XpOvog UTIOAOY10H0U €ivatl aveEaptntog aro
10 péyebog. Auto eivat 1dlaitepa onpaviko kabwg otnv rnepimoorn tou SURF

Xpnotworolouviatl @iAtpa peyalou peyeboug.

2.3.2 ZInpeia evéiagépoviog Baociwopéva o Eoolava pn-
TpOA
O aviyveutrig tou SURF Baociletar oto Ecolavo pnipoo Aoyw tng Kadng a-

nodoong otnv akpiBela. Aviyveuel blobs oe ieploxég omou n opidouca eivat

péylotn. Ze ouykpilon pe tov Eoolavo-Aamdaotiavo aviyveutr) twv Mikolajczyk
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0O

Zxfipa 2.1: Xprnowornowwviag £1KOveg 0AoKArpepa, raipvet povo 3 ripoobéoelg Kat
4 ipooBAcElg OTH PV Y1d TOV UTIOAOY10HO TRV EVIACE®V 11ag 0pBoydviag TIEPIOXNS
ortoloudrriote peyeboug

kat Schmid [10], Baoidetatl ounv opidouoa tou Eoolavou kat yla v emioyr)
KAlpakag onwg 1 epyaocia tou Lindeberg [7].
AoBévtog evog onueiou = (x,y) oe pa ekéva I, o Ecolavo pnrpoo

H(z,0) ouv xAipaka o opidetatl g egng:
(2.2)

orou 1 Ly, (x, o) etvat nj ouvéAdidn g Sevtepng tagng napayoyou g ka-
ouclavrg %5)2 g(o) pe v ewodva [ oto onpeio = kat opoing ya w Ly, (z, o)
Kat Ly, (x, o).

Ot T'raouolavég eivatl BéAtioteg yia avaluorn tou xopou kAipakag [5] [6]
aAAd onv mpddn npénet va Stakplrornoinouv Katl va MePIKOouv. AUTO o-
Onyel o anoAsla otV eMAvaAnPipotnta o€ MEPLOTPOPES NG E1KOVAG KATA
nieptttd moddarnddola tou ;. Auti n aduvapia 10XUel YEVIKA V1A AVIXVEUTEG
Baolopévoug o Eoolava pntpoa. H enmavaAnypotnta @Odvet oto péyiloto oe
rnoAAarddota tou 5. AuTo eival A6ye ToU TETPAy®vou oxX1patog tou @idtpou.
[Tap'éAda autd, ol avixveuteg anodidouv kKadd Kat 1 PIKpPr Peiwon g enido-
ong 6ev emoK1Adel T0 TIAEOVEKTN A TV YPNYOP®V CUVEAIEE@V TTOU eriipEPOvTAL

and Vv dlakplronoinon Kat my nepkonn. A¢ou ta nmpaypatkda @idtpa e-
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Ixnpa 2.2: Aptotepd rpog He81d: 0 HlarpITonopéveg Katl IEPIKOPPEVEG SeUTEPG
14&ng T'kaouolaveg apaymyotl otnv y Kat ry-Kateubuvorn aviiotolxa: 1 mpooiyyilon)
He xpnorn @iAtpev-koutid ya tg i6ieg kateubuvoeig.

tvat pn davika os kaOe nepinmwon kat dedopévng tng ermrtuyiag tou Lowe
He Tig Ipooeyyioelg tov Aarmdaolaveyv tov 'kaouotavev, 1 mpoogyylorn yia 1o
Eoolavo pntpwo mdet éva Brjpa mo mépa pe ) XpHon @idtpev-koutld (6e&i
Bépog g 2.2). Autd mpooeyyilouv deutepng tagng M'kaouolaveg mapaywyoug
Kal propouv va eKtpnfouv pe XapnAo UoAoy1oTiKo KOOTOG XP1O1H0IT010V-
1ag €1KOveg-oAokANpona. ‘Etol, 0 Xpovog UntoAoy1lopou ivat ave§aptntog tou
peyeboug @iAtpou.

Ta 9x9 gpidtpa koutid otnv 2.2 sival ipooeyyioelg plag 'kaovolavng pe
dlacropa 0 = 1.2 kat avanapilotouv 1 XapnAotepn KAijlaka yia tov uto-
Aoyiopo6 v blob xaptov. Ovoupadoviar D,,, D,, xat D,,. Ta Bdapn mou
epappodovial otig opboywvieg reploxeg diatnpouviatl amdd yia Aoyoug UIto-

Aoylotikn enidoong. Auto Hiver:

det(Happroz) = DyaDyy — (wDyy)? (2.3)

To oxetKo BAPOg W TOV ATIOKPIoEDV TV PIATP®OV Xpnotponoteital yia v
e€looppornon g Ekppaong ya tmv Ecowavr) opiouoa. Auto xperaetat ya
Vv Slatpnon evépyelag petady tov F'Kaouolavav rmuprvev Kal TV POty -
ylopévev 'kaouotavov mupnvev,

Lyo(1.2)] 1D, (9
w:| y(1-2)p [Py ()l =0.912... ~ 0.9 (2.4)

Ly (1-2)[ p [ Dy (9)]

orou | x| eivat n voppa Frobenius. To Bapog propet va aAddget avddoya pe
Vv KATpaka, opeg Kat av diatnpnbet otabepod, mpaktikda dev Sa €xel peydin
entibpaon.

Emmnpoobeta, o1 arnokpioelg 1oV QIATPEOV KAVOVIKOITO0UVIAL OE OXECT HE
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10 Péyebog toug. Autd eSaopalilel pa otabepry voppa Frobenius yia kabe
peyebog @iATpou, KATL ONEAvIKO yid TV avAaAuor oto XOPo KATpakag.

H nipooeyyilopévn Eoolavr) opidouoa ekmnpooerei v anokpion blob tng
€KOvag oto onpeio x. AUTEG Ol armokpioslg armobnkevoviat oe €va XApPTn
anokplong blob yia diapopetikég KATpIAKeg KAl aviXveuovial TOMKA PEyiota

OT®G §nyeital maparatw.

2.3.3 Avanapaoctaocn XOPou KAiparag

Znpeia evdiadepoviog xpetaletat va Ppebouv yla Siapopetikeég KApakeg, av
BN T dAAo 8101t 1 avadf)non aviiotol 1@V oUXVA armattel 1 oUykplon o€
€1KOVEG e dlaPopetikeg KATpakeg. O1 xwpot KAipakag ouvrBwg udorolouviatl
®G €1KOveg rupapiba. Ot ekoveg e€opaAuvovial eravalapBavopeva pe pa
'kaouotavr) KAt petd urodetypatoAeurrtouviatl @ote va erteux el éva avotepo
entinedo tng mupapidag. O Lowe oto [9] adatlpet autd ta enineda mupapidag
@Oote va mdpet Tg €1Koveg Alagopd twv 'kaouolavev 01ou ol akpég Kat ta
blobs propouv va Bpebouv.

AOY® NG XPnong T®v @IATp®V KOUTIA KAl TV €1KOVEOV-OAOKATpeud, Ot
Xpewadetat va epappootei enavaAnmukd to 610 @idtpo oty €§060 evog mpon)-
YOUREV®OGS PIATPAPIOHEVOU eTUITEOOU, AAAd avii autou prnopel va epappootouv
@iATpa koutld omntoloudrTIote PeYyEBOUG otnv akp1B8rg 1d61a taxutnta anéubeiag
otV apXiKy €kova. Emopévag, o Xopog KAIpakag avaduetal Pe 10 va au-
Eavetatl n KA{paka tou peyeboug Tou @IATPOoU avil va PEI®VETAtl EMavainIkda
10 péyebog g ekovag (Seg ewova 2.3). H £§odog tou 9x9 @idtpou, ornwg
avapépdnke Tpv, dewpeital wg 10 apXko eminedo KAipakag to onoio Sa a-
vagépetal og kAtpaka s = 1.2 (mpooeyyiloviag 'kaouotlavég mapaydyoug pe
o = 1.2). Ta akéAouBa emineda ArTOKIOVIAL PE TO va QIATPAPETAL 1] E1KOVA 1E
otadlakd peyaldutepeg paokeg, AapBdavoviag unoyv ) S1akpity] @Uorn TV
E1IKOVOV-0AOKAT|P®A KAl TNV CUYEKPIHEVT doPn TV QIATPp®V.

To rUplo KivIpo yla autd 1o eidog tng detypatoAnyiag eivat n urtodo-
yloukr) enidoon. Ermumdéov, apou 6e yxpetaletal va vnodetypatoAnmnet n
g1Kkova, dev mpokurtel avadimiwon ocuxvorniev. To pelovékinua sivat ot ta
@iATpa koutld S1atnpPouV TS CUVICI®OES UPNAGV GUXVOTHTOV TTOU HPTTOPOoUV

va xabouv oe apadayyég g idtag oknvng rnou £€xouv urnootei opikpuvorn,



14 KepaAao 2. Speeded-Up Robust Features

Scale
Scale

Ixfpa 2.3: Avii yia eavaAnIitik) peioorn g e1kovag (aplotepd), 1 Xpron ElKOVeV-
OAOKANP®UIA EMMTPENEL TNV AUNon g KAlpakag tou @iAtpou pe otabepd KOOTOG
(6e81)

PAYHA TIOU PTIOPEl EVOEXOPEV®OS va TIEPLOPIoEL TNV apeTaBAnToNTa WG TIPOG
v rAlpaka. [Map'oda avtda auto dev eivat 1dlaitepa rmapatnprotpio.

O xopog rAtpakag dapeitatl oe oktaBeg. Mia oktaBa eKIPoo®ITel pia oet-
PA Ao XAPTeEG aroKplong QIATp®V rmou £€Xouv anoktnOei arnd tr ouvéA§n tng
i61ag elkdvag pe éva @idtpo auv§avopevou peyéboug. LUVOAKA, pia oktdaBa
nepikAeiet évav napayovia KAipakag (rmou unovvoei og KATo10g Xpetadetat
KATL TIEPLO0OTEPO Ao 10 va Sumdaotdoetl 1o peyebog tou @idtpou). Kdabe o-
ktaBa unodiaipeital oe otabepd apOpod anod emnineda kAipaxkag. Adye ng
81aKPITHS PUONG TOV EIKOVOV-0AOKATIpOUA, 1 MKPOTEPT dladpopd KATparag
petadu 6vo H1adox1kOV KAPAKGV e§aptdtast amnd 1o PAKOG [y 1oV IeUKOV 1)
apvnukev AoBov g pepkrg devtepng TANg rmapaywyou otnv Kateubuvon
g napaywyons (z 1 y), mou tibetat oto % TOU PeyeBoUg TOU PNKOUG TOU
@idtpou. Tia 10 929 @idtpo, autd 1o pfkog [y eivalt 3. Ta dvo Sadoxikd
ertineda, mpémnet va auvénbei 1o péyebog kata edaxioto 2 eikovootoixeinv (1
elkovootolxeio oe KaBe mAeupd) wte va datnpnOet 1o péyebog dvioo kat £€rot
va e€aodaAioel v IIapouscia Tou KEVIPIKOU E1KOVOOTOTXEI0U. AUTO OUVeErAye-
1Al 08 OUVOALKT) aU&non tou peyeboug g paokag Katd 6 eikovootoiyeia (beg
2.4). Ta dlactaocelg SaPpopetikég arod [y (. 1o mMAATog tnG KEVIPIKNG {ovng
TOU KATAKOPUPOU @idtpou otnyv 2.4), av adddadel n kAlpaka g paokag Sa
eloax0ouv opdApata orpoyyudonoinong. I[Map'éda autd, adou autd ta opdaA-
pata eivatl urmkda apketd pikpotepa anod 1o [y, eival anodextr| pootyyion.

H kataokeurn tou xopou kAipakag §exivaet pe 1o 929 @idtpo, 1o omoio

urtodoyidel v anokptlon otayova (blob) tng ewovag ot pikpdtepn KAipa-
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Zxnpa 2.4: ®idtpa Dy, (mave) kat D,y (kate) yia 6vo dadoyika emineda xAipa-
Kag (9 x 9 katl5 x 15). To prkog tou okotevou AoBou uropet va auinbei povo
aro éva aptio aplBpod eikovootolxeiwv Oote va e§oodpaAilel v mapouoia Kevipikou

£1KOVOOTO1XEioU (Mavae).
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Ka. Metd ta @idtpa pe peyebn 15x15, 21x21 katr 27x27 epappodoviat, pe
1a OTI0ia aKOPA TMEPIOOOTEPO ATIO Pia aAddayr] KA{paKag Katd 2 £xel EMITEU-
X0el. AAAG auto xpeladetat, apou pia 3D pn-péyilotn katanvi§n epappodetat
1000 X®OPKA 000 KAl O¢ VEITOVIKEG KAlpakeg. 'Etol, ot mpwtotl kat tedeutaiot
Xapteg anokpilong Eocolavng ot otoiBa mepiExouv tétola peytota, apou Xpn-
olpornolouvial ylia A0youg oUYKP1ong Povo. LUVEN®G, HETA dnod napepPBoAr,
N pkpotepn duvatr) kKAtpaka eivat o = 1.6 = 1.2% ITOU aVTIOTo1Xel og éva

@iAtpo peyeboug 12x12 kat n uynAdtepn oe 0 = 3.2 = 1.2%.

2.3.4 Eviomopodg onpeiov evéradépovtog

[Tpoke1€vou va evioTiotouv onpeia eviiadpepoviog otnv 1kOva Kat o€ Hrago-
peg KAlpakeg, epappoddetatl pa pn-péylotn katanvi§n oe pa 3x3 yettovid.
Zuykekplpéva xpnowporoteitat pia napaddayn v Neubeck kat Van Gool
[13]. Ta péylota ng opidouoag tou Ecolavou pnrpoou napspBalovial peta
010 X®OPO0 KAlpakag Kat eikovag pe tr pebodo mou mpodtetvav ot Brown et al
[1].

H napepBoAn oto xopo rAipakag sivat idaitepa onpaviks, apou n dia-

@opd petady OV MPEOTEV ermIedov g Kabe oktdBag eival OXETIKA HUEYAATD.

2.4 IIeprypadn onpeiov evérapiépoviog rKat Av-

TLOTO1Y101)

O nieprypagpéag tou SURF meptypddet tnv KATavor ToU TIEPIEXOUEVOU £via-
ong péoa otnv yettovia tou onpeiou eviiapEpoviog, apopola pe v mAnpo-
@opia kAiong nou e§ayetat anod tov SIFT [9] kat g napadAdayég tou. Xpnot-
HOITO1EL TNV KATAVOT] TRV ATOKPioe®v rpatng taéng Haar kupatudiov oty x
Kat y dieubuvon avtl yla v KAion, ekpetadAevetal Tig e1kOveg OAOKAN PP
yla taxutnta Kat Xprnowporotetl povo 64 diaotacelg. Autd peldvel To XpOvo
ylad TOV UTIOAOY10HO XAPAKINPLIOTIK®V KAl TNV AVIIoToiX101 Kat £€Xel arodet-
Xtel wg rapdAAnda auviavel ) otBapotnta. Erurmdéov, kavel Xprion evog
véou Prjpatog eupestnpiaong Baciopévo oto poonpo g Aamdaociavrg, ou
audavel Ox1 POvo 1 otBapotnta Tou reptypadéa, addd kat v taxuinta

avtiotoiylong (katd éva rapdayovia 2 oty KaAutepr) Mepirmtaon)).
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IZxApa 2.5: ®idtpa kupaudiov Haar yia tov uroloyioud 1oV arokpice®y oty X
katevbuvon (apiotepd) kat oy y kateubuvon (6e§ia). Ta okoteva onpeia €xouv
Bapog -1 kat ta poteva +1.

To mpoto PBrjpa arnotedeitat and tov KaBoplopo evog avanapay®yiiou
MIPOCAVATOAIOIOU Paciopévou otnv MANPogopia arod pPia KUKAIKL TIEPLOXT
YUp® aro 1o onpeio eviiapépoviog. Yotepa, KATAOKEUALETAL Pd TETPAYOV
TIEPLOXT] OTOLXIOPEVE] OTOV EMMAEYHEVO TIPOOAVATOAIONO Katl e§dyetal o Tmept-
ypapéag SURF ano autr). TéAog, Ta XAPAKINEIOTIKA avtiototyidovial petadu

U0 ewkovev. Ta Prpata autd eEnyouvial MApaKAt®.

2.4.1 AvaOson npoocavatoAilopou

Ma va eival apetdBAntn n mneplotpodr] g €1KOvVAG, avayveopiletatl évag a-
VAnapay®ylipog mpoavatoAlopog yla ta onpeia evdiapépoviog. T'a autod tov
oKOIt0, urtodoyiovial mpota ot arnoxkpioelg v Haar kupatdieov oty x rat
y Kateubuvorn péoa oe Pl KUKALKY Teployr aktivag 6s yupe amno 1o onpeio
evolapépovtog, Orou S eivat 1 KA{paka otnv oroia 1o onpeio evélapEpoviog
avixveumke. To Brpa derypatodnyiag sival e§aptopevo ard v KATpaka
Kat ermAéyetat va eivat s. To péyebog tov Kupatidiev eivat eriong eSaptope-
vo amod v KAlpaka kat tibstat og 4s. 'Etotl, priopovv va xpnoiponotnfouv
TAA 01 €1KOVEG-0AOKATNpOUA Yia Ypryopo @ldtpapiopa. Ta @idtpa autd ga-
tvovtatl oty ekova 2.5. Movo 6 mpdgelg xpetddoviatl yla va UToAoy1otel 1
andkpilon oy X 1) y dievbuvon oe kabe rAipaka.

‘Otav ot anokpioelg kKupatdie®v urodoylotouv kat {uylotouv pe v I'ka-
ouolavy] (0 = 28) eMKEVIPOPEVA OTO ONHEIO EVOLAPEPOVTOG, Ol ATTOKPIOEIS
EKTIPOORMITOUVIAL ®G Onpeia oe éva XOpo pe opigoviia Suvaprn arnokplong
Katd PnKog tng TETUNHEVNG KAl TNV KAtakKopudpn Suvaprn amorplong Katd
HnNKog Ing tetaypévng. O Kupiapxog mpooavatoAlopog uroAoyidetat ano tov

UTIOAOY1010 Tou aBpoiopatog 6Awv TV arnokpioewv péoa oe éva oAlobaivov
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iy

IxfApa 2.6: Avdabeor mpooavatodiopou: éva oAobaivov mapdbupo mpooavatoAt-
Op0U He péyebog % QAVIXVEUEL TOV KUPIapX0 IIPOCavaToAlopo g anokplong tou 'ka-
oucotavou Juylopévou kupatidiou oe kKABe onpeio detypatoAnyiag péoa oe KUKAIKI)
TIEPLOXT] YUP® A0 TO ONHEI0 EVO1aPEPOVIOG.

napabupo npooavatoAopov pe peyebog 7 (8eg 2.6). Ot 0pigdvrieg Kat Kata-
KOpPU(PeG artokpioelg péoa oto mapabupo abpoidovial K1 auto divel éva Siavu-
opa TOrmKOoU rpooavatoAlopou. To peyaAutepo t€to1o Sidvuopa nave os 0Aa
ta tapdBupa kabopilel tov pooavatoAiopo tou onpeiou evdiadépoviog. To
péyebog tou oAloBaivoviog mapabupou eival pla MApAPETPOg TIOU ETMAEYETAL
npooeKtkA. Ta pikpd peyédn €xouv mPoBANpa pe PEPOVOPEVESG KUPLAPXES
KAloglg, eve ta peydda peyebn tetvouv va Sivouv péylota oto pnkog oia-
vuopatog ta oroia dev eival avurnpoonnevtikd. Kat ta 600 kataAryouv oe

AavBaopévo mpooavatoAlopo ToU ONPEIoU evilaPEPOVIOG.

2.4.2 TIIeprypadiag Paciopévog o aOpolopa aANOKPicEWV

Haar rupatidiov

Ma myv eaynyr) tou neptypadéa, 10 mPOto Prjpa anotedsital and my Ka-
TAOKEUI) PAG TETPAY®VNG TIEPLOXIG ETUKEVIPOHEVIG YUP® ATIO TO ONHEL0 €v-
S1aPEPOVIOG KAl MPOCAVATOAIOHEVT KATA HUKOG TOU IIPOCAVATOAIOHOU TTOU
ermAexOnke oto mponyoupevo Prpa. To péyebog tou mapabupou eivar 20s.

[Mapadetypa anod tétoleg TeETpAymveg MEPLOXES @aivovrat otnv 2.7.
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IxApa 2.7: Alapopetikég KATPHAKEG MPOOAvVATOAOHEVOV ITapabupav meptypadpenv
o€ pa €1Kkova.

H meploxn) xopidetatr oe pikpdtepeg 4rd 1e1pdymveg UMO-TIEPIOXEG. Au-
10 Slatnpel onuavukn X®PKn minpogopia. I'a kaBe umo-tmeployr|, UITOAO-
yiovtat ot anokpioelg twv kupatdiov Haar os Hrd katavepnpéva onpeia
detypatoAnyiag. Ta Adyoug ardottag, ovopadetat d, 1) ArOKP1on T0U Ku-
patudiouv Haar otnv opigévtia dievbuvon kat d, n aviiotoixn anokpion oty
Kataropuon dieubuvor (peyebog @idtpou 2s). To "op1¢dviio” kat "Katakopu-
@0~ £dw opiletal oe oxEon e TOV EMAEYHEVO IIPOCAVATOAIONO TOU OnpEiou
evdlapépoviog (oxnua 2.8). Ta v avdnon g ouBaponTag OG IPOg YE®-
HETPIKEG IMAPAPOPPROELS KAl OPAAIATA EVIOIIONOU, 01 arnokpioelg d, kat d,
Quytlovtal mpota pe pa 'kaouvowavny (0 = 3.3s) ermkevipopévn oto onpeio
evolapEPovTog.

Katémyv, ot anoxpioelg kupatdiov d, kat d, abpoidovial nmave oe KaOe
UTIO-TIEP1OXI] KAl OXNPAti{ouv 10 IPKOTO OUVOAO KATAX®PNOE®V 010 didvuopa
tou meptypadéa. Ma va uvndapyetl mAnpogpopia yla v moA®on v addayov
TV EVIACE®V, apalpouvial £Iong 01 AMOAUTEG TG TOV arokpioewv, |d,| kat
|d,|. Etot, kdBe uro-rieploxr) £xet éva terpadiactato diavuopa rneptypapéa v

yla tv dopr) éviaong

U= (Zdz»zdy’2|dx|’2|dy|> (2.5)
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E dx
2 ldx|
> dy
D |dyl

Zxnpa 2.8: Ia va dnuoupyndei o neprypadéag, Eva PocavatoAloPEVO TETPAYOVL-
KO mAgypa pe 4x4 terpdywveg Urno-rieploxEg tibetat rdve oto onpeio evéiapépoviog
(aptotepa). Tia kaBe teTpdywvo urodoyidovtal ot anoxkpioslg kupatdiov. Ot 222
unodtatpéoelg KAOe TETPAY®VOU AVIIOTOLXOUV Otd ITpaypatikd nedia tou meptypa-
¢eéa. Auta eivat ta aBpoiopata dz, [dz|, dy kat |dy|, uniodoyiopéva oe oxgon e tov
POoAvVATOAIopO Tou TAéypatog (6e8id).

Evovovtag auto yia oAeg tig 4r4 uno-meploxeg, MPOKUITIEL €va dtavuopa Ie-
prypadéa pe pnkog 64. Ot anmokpioelg KUPATSi®v eival apetaBAnteg ®g 1pog
MPOKATAANYI) OT0 PROTIONO. ApetaBAntotnta wg rpog v avtibeorn (contrast)

EMMITUYXAVETAL PETATPETIOVTIAG TOV Teptypadéa oe povadiaio dravuopa.

To oxnua 2.9 deiyvel 11g 1810tTeg TOU Meprypadea yla tpia Srapopett-
KA OXNHpatd eVidoe®V Hag €1KOvag Péoa o€ Jld UTIO-TIEPLoXr). Xuvduaopol

TETOIWV TOTTIKWV OXIATROV EVIAOE®V 00NyOUV O S1aKPITIKO Teptypadea.

O SUREF eivat péxpt kanoto Badbpo, kowvog otn yeviky 16éa pe tov SIFT,
adou kat ot dUo £otlddouv Ot XWPIKY KAtavour tg rminpogopiag rAiong.
[Tap'oAa autd, o SURF unieptepet tou SIFT oe mpakuikd OAeg TIG MEPUTIVOETS.
Auto yivetal kupiwg ylati o SURF evoopatovel tnv mAnpogopia KAiong oe
und-opada, evwg o SIFT efaptdtal o€ MPOCAVATOAIOHOUS TOV PEHPOVOUEVRV
KAloewv. Auto kavel tov SURF Atyotepo euaiobnto oe Sopubo, omiwg paivetat

oto oxnua 2.10.
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HIIE
—

ZxApa 2.9: Ot eyypadEg Tou meptypadEéa Piag UIIO-TIEPIOXAS AVILTPOOMITEVOUV 1)
@UOI TOU OXIIATOG TOV EVIACE®V. APLOTEPA: OV MEPIMTOOT TG OPLOYEVOUG IIEPLO-
XNS, OAeg O1 TEG eival OxeTkA Pikpeg. Méon: otnv mapoucia GuyXVOTHIOV OtV X
81evbuvon, n tpr) tou Y | |d,| eivat uwndr, addd dAeg ot dAdeg apapévouy Xapnég.
Av 1) évtaon augavetat otadlakd oy x dievbuvor), Kat ot §Uo tpég Y | |dy| kat Y dy
9a eival uynlég.

> ax
Yl
2
2 lasl

Image sub-region SIFT gradients SURF sums

Zeir
2 lex]

clean

noisy

xfipa 2.10: Adye g KaBoAkrg evoopdteong tou neprypadéa tou SURF, eivai
mo avOektikog o H1agopeg Sratapdielg g ewkovag oe oUyKkpton pe tov SIFT rou
Opa 1o ToTKA.
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* no match +

Ixfpa 2.11: Av n avtiBeon petadu 8Uo onueiov evdlapépoviog sival d1apopetiky)
(oxotevo MAve 0e PROTEWO UTIOBAOPO £vavil PETIEIVOU MAVK O OKOTEWVO UItoBadpo),
10 unoyrn o de Yewpeital onuaviko taiplacpa.

2.4.3 Tpriyopn gupetnpiact yla aviiotoiyxion

IMa ypnyopn eupspiaon Katd i ddpkela mg @Aong aviiotoiyxiong, Iie-
plAapBavetal to ipoonpo g Aardaoctavrg (6nAadn 1o ixvog ou Ecociavou
HNTP®ou) yia to egetalopevo onpeio eviiapépoviog. Turukd, ta onpeia evéa-
@Epovtog Bpilokovrat oe dopég turou otayovag. To mpoonpo g Aandaciavnig
dlakpivel pTEIVEG OTAYOVEG MTAV® O€ OKOTEWVA UTIoBabpa. AuUTo 10 XApaKin-
PloTIKO eival d1abéopo xwpig semmdéov KOOTog, apou sixe 16 vrnodoylotel
Katd 1 @aor aviyveuong. Zto otadlo tng avilotoixiong, ouykpivovial povo
TA XAPAKINPLOTIKA TTOU €X0uv 1610 turo avtiBeong (6eg 2.11). 'Etol, auvty 1
eAdayiotn MANPopopia EMMTPEIEL YPI)YOPI| AVILOTOiX10T), X®PIS VA PEIDVEL TNV

entidoorn tou meptypadea.

2.5 Embooeig tou SURF

ZUpomva pe MEPAPATIKEG PETPNOELS TIoU £ytvay oto [2] kat [4] o aAyopiOpog
SUREF eival niepinou 3-5 @opég ypnyopotepog arod tov SIFT, eve mapdAAn-
Aa eivatl o avheKTIkog wg TIpog Tov J0puBo Kal ITPOoAPHOLETAl TTII0 EUKOAA
yua tapdAAnln enedepyaoia apou kabe Eooavr) ewkdva propei va mapaydet
ave§apnta (oe avtiBeon pe tov SIFT). To peydlo kEPHoOg otnv tTa)UTNTa IIPOo-
EPXETAL ATTO TN XPNOTI) TOV EIKOVOV-OAOKANP®ILA, TTOU HEIDVOUV dpaCTIKA TIG
npdagelg yla ardég ouvedi§elg-koutia avedaptrjtou kAipakag. H peyalutepn
BeAtioon opwg etval oty taxvutnta tou nieptypadpeéa. O SURF kabiota duvatod

TOV UTTOAOY101O OE MPAYHATIKO XPOVo X®pig anwAeieg oe ermdooetg, ipdypa
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oU arnoteAel éva Peyddo MASOVEKTNHA Yid ePapPoyEg g Yrodoyilotkrg ‘O-

pAo”Ng IOV arattouv dpeon dtadpacukotnta.
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Kepaldatio

Byakugan - éva nmArnpeg cuotnpa

avayvoplong Aoyotunwyv

Life is a great big canvas, and you should

throw all the paint you can on it.

Danny Kaye

3.1 Ewaywyn

Znv evotnta autr, 9a mapouctacouie T0 OAOKANPOHIEVO CUOTNHA AvVAYVOPL-
ong Aoyotunev rmou avarrudape ota miaiola tg Aunlepatkng Epyaoiag
auvtr)g. Oa yivel eKtevr)§ avdAAuor NG APXIIEKTOVIKIG TOU, OXOAlAOHNOG KAl
PEALTN TV A§00NPEIRTOV KAl IO ONUAVIIKOV THNHATOV KOS1KA, MeEptypa-
@1 TOV AEITOUPYI®V TOU KAl EITIONHIAVOL TOV TEXVIK®V ONPEI®V eKEIVOV TTIOU
xpnéouv onuaoiag.

To ouotnpa €xet ovopaotet Byakugan, opog rou mpoépyetat anod to on-
poop1Aég lanwviké anime Naruto nmaparnépnoviag ot Suvatdtnta PETATPOTG
TOU PATIoU 0g 0pyavo 10xUprg evopaong (oxnua 3.1) kat amodidetal ota H1-
KA pag miaiola oty Kavotnta g UMOAOYIOTIKNG dpaong va diarpivel ta

Aoyoturna.

25
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Zxnipa 3.1: To 6vopa Byakugan mpogpyetat and ) dSnupopidég lanevikd anime
Naruto kat mapanépretl ot Suvatotnta PETATPOIS TOU PATIOU 0€ Opyavo 10XUPNS
evopaong.

3.2 APXITEKTOVIKI)

To Byakugan aroteAeitatl aro tov Baciko eSunnpetnt) (server), rmou ermtelet
1 Asttoupyia g avayveplong TV Aoyotuneov kKabwg kat g rnapdAAning
eCUNNPEINONG MeAATOV 1010V, Katl tou reddr (client) mou eivat n epappoyn
omv miatpoppa Android Kat EMKOWVOVEL P TOV €EUTNPETNTE OTEAVOVIAG TOU

NV £1KOVA ITIPOG avAAuor).

3.2.1 Byakugan Server

O egurnpenig anotedeitat and Svo Baoika pépn:

1. Tov rupnva tou Aoylopikou (Byakugan Core) rou eivatl ypappévog oe
C/C++ xat exktedel ArOKALIOTIKA KAl EMMIKEVIPOUEVA Tr Stadikaoia a-

VAAUOoNg KAl avayveplong T@V AOYOTUI®V PECA O€ E1IKOVEG.

2. Tov edunnpeut) w0toy (web server) rou eivat ypappévog oe Python

Kat urnootnpidet v nmapdAAnAn, péon threads, s§unnpétmon nedatov
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AapBdavoviag v €1kova and auvtoug &g pla aitnory HTTP POST kat

ektedviag tov rupnva tou Byakygan yia kabe pia ano auvtég.

3.2.2 Byakugan Client

O meddng aroteldeital and v epappoyr] mou mpoopidetal yla £§urnveg Ki-
VITEG OUOKEUEG Paoiopéveg oty mAatpoppa Android kat eival ypappévn oe
Java padl pe g katddAnleg exkeiveg BBA10Onkeg ou xpeladovial yia tnv
avartuén oe Android mepiBaldov. H epappoyr auvtr Siver ) Suvatomta
OTO XPHOTr va XPNOTHOIO|0el TV camera tou Kvntou Tou yla va tpaBnget
pa petoypadia, tv oroia peta da oteidel avtopata péoa pa aitnorn) HTTP
POST otov Byakygan web server. Xav anavinorn, 9a mdpet 1o ovopa g
ewkovag/Aoyoturnou anod pia Bacn Aoyotunev rmou taiptage kaAutepa pe v
otaABeioa potoypagia ouppeva pe v avaduorn rou da yivel anod to Bya-

kugan Core.

3.3 Byakugan Core

O rupnvag tou ouotrpatog arotedeitatl and 10 AOYy1opIKO eKeiVO TTOU £XE1 ®G
OKOITO TNV avayveplon tov Aoyotunev. pdeinke oe éva pekto eibog C/C++
XPNOTHOTIOMVIAG T AOYIKY] TV KAAOE®V KAl TIG EUKOAieG TToU mapexet ) C++
(0ontwg yia mapdadetypa n B1BA1001kn Boost) xopig opwg tv auotnpn avti-
KEPEVOOTpEPELA TIOU T Otakatéxel. To koppdt mou agopd 10 aAyoplOpuiko
Bépog tng Yrodoyioukng 'Opaong Baocidetat oto OpenCV. To OpenCV - Open
Source Computer Vision Library aroteAei pia avoixtou kodika B18A1001Kn
aro £T01EG OUVAPTIOELS, EMMKEVIPWHIEVEG otov Topéa tng Enefepyaoiag Et-

KoOvag Kkat g Yrodoyloukng ‘Opaong.

3.3.1 Baolkég KAAOELG TOU MuUprva

[MapakdAatm akoAoubel [11a NPT EMOKONNON TV PACIKOV KAACE®V TOU OU-
oupatog pag. H oegpd mou divovial akoAoubei pooéyyilon bottom-up, 6n-
Aadn anod KA1e MPOg Td TTAVR, AvVAPEPOVIAG TIPAOTEG TIG AYOTEPO APAIPETIKES

KAdoEG.
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1. Image: H rAdon autr] evoopatovel 1) AOY1KI NG £1KOVAS G Ha dopur)
2-61ao0tatou mivaka, onwg autod opiletal kat oto 1610 1o OpenCV péow
g doung Mat (cv::Mat) kat mepiéxel ouvaptrjoelg ya ) Siayxeipion
mg: epappoyr) Baokev @idtpev (canny, soebel, blur, dilate, graysca-
le kAm), avaBeon tou path tou cuotpatog apxeiov oto ornoio Ppioretat
1] TIPOTOTUITL £1KOvVaA otnv onoia Baoiletatl n KAdorn kabog Kat g re-
proxng evilapépovtog Rol - Region of Interest rmou arotelet to tpnpa
ekeivo g e1KOvag 1ou meptéxetl to Aoyoturto. H xvAdon avty Baoiletat
oe KOd1ka tou project Unlogo, rap’doAo rmou mpaktikd n mieoyndia tov
davelopévev p1ebodwv 6 Xpnotponolouvidal rmoubevd otnv rnapouvod £K-
doon tou Byakugan aAAd 1 xpnjon toug sruduldooetat yla eviexopevn

peAdovukr) e§EAEN.

2. Traininglmage: Ilpokettat yla uniepkAdaorn g Image kat mepiexetl ou-
VapIroelg Iou apopouv otV “"eKaideuon” 10U OUCTHATOS OGS TIPOG TS

ewkoveg autég. Ta rmo onpavukda e§aptpata mg eivat:

(a) fs::path cnrfile: to povordtt yia to apyeio ekeivo 1o ortoio repiexet
TIG OUVIETAYHEVES Yid TO 0pOOYy®V1O/UTIO-TIEPIOXI] TTOU TTEPIKAEiEL
10 AOYOTUTIO OtV €1KoOva, 6nAadr] autd mou opilel tnv meploxn

evolagpépovtog (Region of Interest)

(B) vector<Point> corners: diavuopna (vector - Suvapikn dopur) mivaka
G B1BA1001kng STL tng C++) mou MEPIEXEL TIG OUVIETAYHEVES Yid
TNV UIIO-TIEPLOXI] EVOLAPEPOVIOG OIS AUTEG €10 xOnoav amod to
apxeio cnrfile

(y) vector<KeyPoint> keypoints: to 6idvuopa mou repiéxetl ta onpe-
ia evblagpépoviog onmwg e§ayoviat and tov adyopiOpo avixveuong
ONUEi®V - otV nPokreievn nepimmon tov SURF (BAcrne kepaAatio
2:Speeded-Up Robust Features).

(6) Mat descriptors: UnNIP®O TOU TEPIEXEL TA ONHEia OM®G UTTOAO-
yidovtat ano tov nieptypadéa (rait péoe tou SURF) Bdon tev on-

pelwv evBlapépoviog rou e§fXOnKav mponyoupéveg.

3. TrainingSet: n KAAon auty) Bpioketal o Pnld otV iepapyia Kat mept-

£XEl 10 Srdvuopa pe 0Aeg TG £1KOveG, @G Traininglmage-s pe TG oroieg
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9a ouykp1Bei 1 ekova-gpatnon. To kaBe TrainingSet aroteAeital anod
TO OUVOAO EKEIVO TV EIKOVAOV TTOU £X0UV ANECT) OXEoT petady toug. Me
alMda Adyla, ot ouvnBéotepn mepintoon, meplExel diadpopeg ekOOXES

POTOYPAPIOV TOU AOYOTUITOU Pld OUYKEKPIIEVNG £Talpeiag.

4. Matcher: emtedel 1 Paocikn Aettoupyia g avrtiotoixiong - 6nAadr
g dadikaoiag ekeivng mou agopd otn CUYKPLon TOV EKOVEOV OOTE
va Bpebel exkeivn ou potadetl Kat mPooeyyidel mEPIOCOTEPO TNV EKOVA-
epwtnorn. H Kevipikr) tou ouvaptnon rmou KAvel v mAsioyndia ng
epyaoiag avthg eivat n doQuery. O aldyopiBpog mou Xprotponoleitat
yla v avuotoixion etvat Baoiopévog oto FLANN - Fast Library for
Approximate Nearest Neighbours [12], pia BiBA106nkn yia ypriyopn
TMIPOOEYY10TIKY] avadrtnon Aot Tou KOVIVOTEPOU yeitova. Anpioupye-

{tat ouvoAkd éva povo singleton avtikeipevo avtig g KAdong.

5. ByakuganOps: eival KAdorn mou meple€xel 11§ €rmAOYEG mou JEIel o
XpHotng Katd v kAnorn tou Byakugan otn ypappn evioAdev (command
line). Ot ermdoyég autég pubnidouv ) oupnepipopa tou Byakygan kat
kabopidouv tov Beppurnadiopod g e§66ou tou. H kAdon autt) akoAouBel
10 oxedlaotiko npoturno singleton, 6nAadr) neplopidetar ot dnpioupyia
€VOG KAl POVO AVTIKEIPEVOU 1g. AUTO yiveral, 61011 ot ermAoyég Kabo-
pilovial amnod 10 Xprotn pia Kat povo gopd apéomg TPV TNV EKTEAEOT)

TOU IPOYPAPATOG.

6. Byakugan: oviag n Paocikn KAAon ToU TUpnva, TEPIEXEL TI§ ouvap-
oelg ekeiveg mou Y€touv ev evepyela 1o ovotnpa Kabodwkd. Ot 2
Baowkég, ou draxwpidouv ) Aettoupyia tou Byakugan oe 2 tporoug

(modes) Aettoupyiag sivat:

(@) void scan(void): 1 ocuvdptnon mou evepyorioleital oe scan mode
pé€ow tou Hraxorty -s (user option) Kat capwvel avadpopika Toug
(ParEAoug 1oU 0pidel 0 Xprotng, avadnIeviag e1IKOVEG PE€oa Og au-
toug. Na kabe pdaxkedo dnpoupyet éva TrainingSet ano tig e1kOveg
TIOU TEPLEXOVTAL O autov (N Kabe pia aviiotoixei oty dnpoupyia
pag Traininglmage) kat extedet tov alyopiOpo SURF cote va e-

&ayel ta onpeia evéiadpEPoviog Kat Toug reptypadeis anod kabe pia.
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(B)

21 ouvéxela anobnkevetl ta ebopéva autd yia Kabe oet e1KOVQV

oe éva apyeio XML yua 1 yprjyopr avakinon apyotepd.

int process(void): apopd oto HeUtEPO TPOTIO Asttoupyiag (process
mode - evepyormoinon aro tov S1aKOTtn -p) TOU CUCTHHATOS TI0OU
etvatl ) avdduon Kat oUYKPLo1 TG £1KOVAG-£p@INOoN (query ima-
ge) onwg autrn diverat amo 1o Xprotn PEc® Tou dlarortn -q pe
TG €1KOVeG TOU [pilokoviat ot Paon pag. Ot e1kOveg auteg ava-
KTOVIAl € YPNYOPO TPOTI0 ATlo Td IIPONYOUHEVOS UTTOAOYIoHEVA
b6edopéva tou scan mode Tou €xouv amnobnkeutel ota XML apye-
ia. 'Etot 0 xpovoBopog UTIoAOY1010G Yia TV MANOmpa EIKOVAOV OTr)
Baon, propel va €xel yivel K TV MIPOTEP®V, ETITPETIOVIAG £I01 TN
YPNYOPN €KTEAEOT] TOU TIPOYPAPHATOS 0 auto to mode, adou o
Xpovog rou 9a katavadeBei 9a adopd oty avtiotoixion Kat otov
urtoAoylopo Baorn tou SURF tev onpeiov anod v e1kova-epatnon

Hovo.

H xAdon autr niepi€xel, onwg eivatl avapevouevo, 1o Siavuopa (vector)

pe 6Aa ta TrainingSet-s oniwg autd Sa dnuioupynOel and 1o process

mode S1aBdadoviag kataAAnAa ta Sedopéva aro ta apyeia XML. AkoAou-

el kat avty, onwg 1 ByakuganOps, 10 oxedlaotko rpoturo singleton

agou &g xpeladetal mapd povo pa vdoroinon (instance) avukeipévou

TG OUYKEKPIPEVIG KAAOTG VA UTIAPYXEL OUVOAIKA.

[Tépav TV mapandve Bacikov KAACE®V, UTIAPXOUV Kal oplopéveg Bonon-

TIKEG OUVAPTHOELG TTOU Bpiokovial eviog Tov apxeiwv utils.h, utils.cc. Meta§u

allev Bpiokovial ouvaptrioelg IOV AroTeAOUV aoPaldeis ekOOXESG, Pe TNV €v-

VOld TV EMITAL0V EALYXOV, TIPAOTHEOV CUVAPTOE®V OTIOG Yid rmapdadeiypa ot

strncpy kat snprintf mou aviikaBiotovral ano 1§ acpaAéotepeg Strncpy Kat

Snprintf.

H mo onpavukr opwg ouvaptnon etvat n crossCheckMatching

ou epappodet v aviiotoiyion PAon TV EPypaPiénv Kat Tou alyopidpou

avtiotoiytlong nou AapBavel wg opiopata. ErmumAéov, untapyxouv pebodot yia

v orpoyyudomnoinon apiBpav (Round()), tn petatpor) and aplOpo Rivning

unodlaotoAr|g oe string (FloatToString) kat v £€§060 TOU MPOYPANATOS O

mepintoon opdaipatog (fatal).
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Erumi¢ov, n 6iaxeipion tou ouvolou tov XML apxeiov, rtou aroteAel ou-
Ola0TIKA pia vroturnodng Baon dedopévav yia ta debopéva mou e§ayoviat
and g e1Kkoveg, yivetat pe ) BBAodnkn avorxtou kwdika TinyXML. Ta ap-
Xela tinystr.cpp, tinystr.h, tinyxml.cpp, tinyxmlerror.cpp, tinyxml. h, tinyxml-
parser.cpp aroteAouv 10 oUVOAOo g B18A1001KNG AUTAS KAl EVO®PATHOVOVIAL
OT10 TIPOYPAPPA Pag yla IV KatdAAnAn eyypadn kat avayveoorn (parsing)
HE YPNYOPO Kal EUKOAO TPOTIO KAl PE Pndapivo @opto, apou TMPOoKeTaAl yid
Guaitepa “edagppra” library.

TéAog, oto byakugan.cc Bpioketal ) main cuvaptnorn TOU CUCTHLATOS 1)
ortota eivat ureuBuvr yla v AeKTIKI] AvAAuor) TV emMAoy®Vv Iou Kabopidet o
XPNOTNG KATA TNV EKTEAECT] TOU MPOYPAPHATOG, KAl KATOMV TS KATAAANANG

KkArong tou Byakugan oUupgova pe autég.

3.3.2 Avdlvuon ROS81Ka Kat pong EKTEAsoNg

210 tapov 6dadio, Sa avadUooulie Ta TUNUATA EKEIVA TOU KOO1KA TOU TITuprva
ou xprdouv 1d1aitepng onpaciag kat pocoxns. H taxktiky avaluong mou
9a axkoloubrjcoupe €66 Sa eivarl n avtiBetn pe nponyoupéveg, dndadn Sa
etvatl top-down mipoogéyyton).

H extédeon tou Byakugan Sexkivdel, onwg avadepape KAt mptv, arod 1o
apxeio byakugan.cc orou Ppioketat 1 main cuvaptnorn. Agou Aoirov, o
XPNotng Kabopioel TG eMAOYEG EKTEAEONG OTN YPAUUN EVIOA®V, TO0 gUoTnHd
9a &exwroel va Aettoupyel oe évav and toug SUo TPOroug Asttoupyiag rmou
avapépdBnkav rpwv: to scan mode 1) 10 process mode. ®a rapakoAoubrioou-
HE T pOr| EKTEAEONG KAl PIE TOUG 2 TPpOTIoug, oxoAtadoviag ta Kpiowa onpeia

TOU KOOKa.

3.3.2.1 Scan Mode

H Aettoupyia g oapwong (scan mode) anookoriei otnv avadpopikr ava-
{fmon otoug gakéloug, mou Kabopidovial and 1o Xprjotn, yla OAeg EKEIVES
TG €1KOveg ToUu Sa arotedécouv ) “"Baon ekOvev” pe tig oroieg da ouy-
Kpivovial apyotepa o1 e1Koveg-epwtnorn (query images) rmou 9a AapBavel to
ovotnpa ot Asttoupyla enedepyaoiag (process mode). Tha kabe ekova, e-

pappodetat o adyopiOpog SURF kat ta dedopéva amobnkevoviat og XML
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apxeia yia peddovukr aneubeiag avakinorn.

H 8wabikaoia §ekivael pe v kAnon g ouvdptnong scan tou singleton
avukelpevou Byakugan, n oroia kadei avadpopika v scan_internal 100eg
(POPEG 00EG avaPEPeL 0 APIBOG TV PAKEA®V TIOU OPI1oTNKAV ATIO TO XP10Tn
pé€owm tng ermAoyng -s N pé€ow tng ermdoyng -i <file_with_list_of_directories>
(6rou 0 OUVOAO TV PakEéA®V opiletal wg Alota péoa oe éva apxeio). H
scan_internal dnpoupyel aviiotoya yla kabe gparkedo éva TrainingSet kat
Kaldel U0 Paocikeg ouvaptroelg g KAdong aving: v loadFromDirectory
Katl myv save.

H loadFrombDirectory(string _path) €xe1 ®G 0toX0 TtV QPOPTROoN OARV TOV
EIKOVQOV ATIO TOV EKAOTOTE (PAKEAO, TOU OTI010U 10VOTTATL OTO CUOTHHA APXEI®V
naipvel @g oplopa, Kat tnv avanapdaotaon toug og Traininglmage-s. H pe-
TATPOTI] AUt £Xel 6UO0 Paocikeg muxeg: ) dnpoupyia/poptwor) tou cnrfile

(corner file) xat tnv epappoyr] tou SURF TAve otnv €1KOvda.

1. Kataokeur)/Pdptwon cnrfile: To cnrfile, 6Tiwg eimape KAt mponyou-
Héveg, mpoKettal yia éva apyeio to oroio mepiexel 4 {euydapla ouvte-
Taypévev (oe popdn X y) rou opidouv 10 opBoy®vio/uro-reploxr) rmou
TEPIKAEIEL TO AOYOTUTIO PECA OTNV €1KOVA. Le TI0AAEG TEPITIWVOEIS N
peIoypadia purmopel va mepiEXel Kat AdAAn Aoxel mMAnpogopia, EpAv
Tou Aoyoturiou. ‘Opwg oty Pdaon ekovev xpetddovial "kKabapég” ex-
8060e1g TV AoyoTUNIOV apou Ae1TOUPYOoUV (G ITPOTUTIA avadopdg yia Tig
peténetta ouykpioelg mou da yivouv pe ug e1koveg-epatnon. 'Etot, yia
va €xoupe 1) peylotn duvatr akpiBela, diverat ) Suvatdtnta 10U mpPoo-
dloplopou ng meproxng evolapépoviog (Region of Interest) péow twv
apxelwv autov. Zto oxfpa 3.2 @aivetat éva niapadetypa onpavong me-
ploxrg evilapEpoviog os €va Aoyoturio Aot TV OUVIETAYHEVAV IT0U
Bpiokovtatl otov [Tivaka 3.1. To qgvp@dide, eite eival dn dnuoupynpévo
Kat Bpioketat otov 1610 @axeAo (pe KatdAngn .cnr) pe v opevunn £1-
KOVA, NG OIToiag TV UIO-TIEP1oX L) ITPOCO10PiEL, OTTOTE O1 CUVIETAYHEVES
poptovovial aneubeiag ot pvnun 6waBaloviag to apxeio, eite av dev
UTapyxet, {nreital va KataoKeuaotel XepoKivnta arno 10 Xprjotn eKeivn
) ouypn. Xinv mepimeon auvt), spgavidetatl éva rapdbupo pe v

€1KOVA KAl 0 XP1OTNG KAAEiTal va ONUEIMOEL € TO TIOVIIKL TTAV® TG Td
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x |y
116 | 111
91 | 425
654 | 74
656 | 421

IMivakag 3.1: napadetypa ouvietaypévev cnrfile

4 onpeia mou npoodiopidouv T1g ouvietaypEveg 10U 0pBoywmviou Iou Iie-
pBaAdet v Region of Interest. H ouvdptnon, vrnieubuvn yla auvtr) v
epyaoia eivat n generate_cnrfile ing Traininglmage. H Bonbnuxkn ou-
vaptnon create_outline, 61aBadet 10 POUIIAPXOV 1] TO VEOSII1OUPYITO
ApPXEL0 CUVIETAYHEVOV KAl KATAOKEUALEL e E§UTTVO KAl Ao(PAAn] TPOITO T0
0pB0Y®V10 TTOU TEPIKAEIEL TNV UTIO-TIEPIOXT] TOU AOYOTUIIOU. XUYKEKPL-
Héva, Tpovoel @ote oty 1110 mbavr] MEPIMI®OoT TOU 01 CUVIETAYHEVES
dev elvatl eubuypappiopéveg (AAAwote KATL TETO10 OrAvia PIopet va e-
rmteuyOel 6tav n onpavon yivetat xelpokivnta), va Sewpetl ®g £yKUpo 1o
peyalutepo duvato opbBoywvio rou opilouv autég. ‘Etotl, oto mapdadery-
pa 3.2 n neploxn ou Sa dnpoupyroet n| create_outline Ya ivat avty
mou @aivetat otv 3.3. AUt yivetat oote va pnv unapéet rmubavn a-
noAsla MAnpodopiag ®g mpog To Aoyoturo oe mepintwon “aoctoxeiag”

TOU Xprotr).

2. Egappoyn SURF: H 6eutepn @don dnuioupyiag ing Traininglmage ago-
pd otnVv epappoyr) tou adyopibpou SURF wote va e§axbouv ta onpueia
evi1aPEPOVTOG Katl o1 TIEPIypadelg. AUTO EMTUYXAVETAL XPTOTHOTIO0V-
1ag TG B1BA10bnkeg tou OpenCV orou o aAyopiOpog eivatl 16n vdorot-
npévog. H xrArnon twwv ouvaptrjoewv detector->detect() kal extractor-
>compute() eival apKetr] yla va yivel epikto 1o napandave. Na on-
pewwbel g o1 petaBAntég detector kat extractor mpokettat yla generic
containers, orote pPriopouv va xpnotporotnbouv duvapikd Kkat aAAot

aAyopiBpot extog tou SURF, onwg ty o SIFT, av eivatl ermbupnto.

A¢poU odorAnpwBouv autég ot HUo @aocelg, t0te n Traininglmage eivat
€ton va €10éA0et oto Hravuopa (vector) tou exkdotote TrainingSet padi pe

T0Ug £§axOevieg eplypadeig ou urtodoyiomkav. AQou auto yivel yia Kabe
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R\ §

adidas

IZxnpa 3.2: Me KOKKIVO Xpwid @aivovial ta onpeia rmou opidouv v meploxr) ev-
Slapépoviog, oUPP®VA JIE TIS OUVIETAYHEVES TOU GVPP1AE TTOU @aivovtal otov ITlivaka

N

aaiaas

Ixfpa 3.3: Ilpotpeital n aopadréotepn PEO0HOG KATAOKEUTG TOU MEPTYPAPIIATOS
yla Vv mePLoxr) evoladpepoviog wote va anopeuyBel mbavr) anwleia mAnpogpopiag
®G TIPOG TO AOYOTUITO.



© 0 N O U W N

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

3.3. Byakugan Core 35

€1KOVA OTOV EKAOTOTE PAKeEAO, Tote 10 TrainingSet rou repiéxetl 0Aeg autég Tig
POPTIOPEVEG “ekTIa1deUupnEveg” e1KOVEG, £ival €010 va arobnkeutel oto Hioko
ot Bdon ekOveVv yia PeAAoviikn Xpron. AuUto pag @EPVEL Otr) oUVAPTHOoN

save tou TrainingSet.

H ouvdpinon save £xel @G OKOTIO TNV KATAAANAN arnobrnKeuon O0Aav 1OV
UTOAOY10PEVOV 6e0EVRV TRV e1KOVOV (6nAadn toav e§axBéviav eptypapénv
ano tov adyopiOpo SURF) and v niponyoupevn @aor). Kavet xprjon g Pi-
BA0Bnkng TinyXML yla va petatpeéyet ta dedopéva auta oe “svavayveora”
1600 Ao uroloylotr) 600 Kt arno dvlpero, apxeia XML. ITapakdte, BAénou-
pe 1 dopr) twv XML apyeiov. Ta “..." mapanéprnouv oe enavdAnyn g idag
popdprig XML 0dnylov kat ouprepApOnoav povo £6® oKomipwg yia A0youg

€€01IKOVOUNONG XOPOU.

<?xml version="1.0" ?>
<total>6</total>
<objects>
<filename>image_0
<path>/home/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>2.00264534e—04</descriptor>
<descriptor>4.29603038e—04</descriptor>
<descriptor>4.70690982e—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 avagpépetal 0T0 GUVOAO TV EIKOVAV Y1d AUTo 10 oet. 'OTing Propet
va napatnproet kavelg, ta dedopéva mou anobnkevoviat yla Kabe ekova

elvat ta €&ng:

1. path: to povomdtt oto ouUoTNPA APXEI®V yla TV €1KOva OtV oroia

Baotlovtat ta edopéva

2. roi: 1 MEPLOXN evVOLAPEPOVTOG, HPE T HOPPI) TV CUVIETAYVHEVRV X, Y
NG MAVE aplotepd yoviag tou opboymviou kat tou rmAdatoug (width) kat
uyoug (height) tou.

3. keypoints: ta onpela evélapEépoviog OM®G avixveuovidl Ao Tov al-
yop1Opo SURF.

4. descriptors: ot ieptypageig onwg esayoviat ano tov SURF.

Na onpedooupe edw, nwg o1 pEBodot aneubeiag anobrikeuong twv Sopwv
tou OpenCV oto 6ioko yla v tp€xouca €kdoon tou (2.3.1) frav eAAuneig.
Enopéveg xpeldaotnke n Xepokivntn eyypadrn toug, KATL ITOU @aAivetal ot
HaPKOOKEAT] OUVAPTNOL save.

H 8wabikaoia tedewwvel, otav 1o ocUotnpa pag, ylia AOyoug e§01KOVOUn-
ong xwpou oto dloko, oupruéoel ta XML apyxeia yia kabe TrainingSet. H
OUMITiEOT] YIVETAl PE XPNOT NG UAorioinong gzip tewv iostreams tng yvoOTHg
B1BA1001kng boost. To gzip xpnowonotel, ®§ yvootov, pia rapadiayr) tou
alyopiBpou DEFLATE, nou eivat ouvéuaopog twv Lempel-Ziv kat Huffman
coding kat eivat apketd anotedeopatikoi yia apxeia XML. Evéeiktuka éva
apxeio XML peyeboug 3.2 MB katomv ouprtieong niedtet ota 434 KB.

Ta napandave, 0AOKANP@VOUV TV meptypadrn Asttoupyiag tou scan mode.
Mévet va doupe topa 10 6eUTeEPO aAAd CNUAVIIKOTEPO TPOTIO AETOUPYIAG TOU

Byakugan.
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3.3.2.2 Process Mode

H Aettoupyia ene§epyaoiag (process mode) aroteAel tnyv Kivnpla SUvapn
TOU OUCTNPAtTog, agou eival AUTH) ITOU OUCLAOTIKA OUYKPIVEL TNV €Kova-
ePAOTNON ToU JETeL 0 XPNOTING He ) PAOH EIKOVOV TTOU €XEL OXNHATIOTEL VR-

pitepa amno ) Asttoupyla cdpwong (scan mode).

H evepyomoinon tou mapoviog Tpornou Asttoupyiag yivetat pe ) Xpnor) tou
dlakormtn -p KAt 10U OPIOPOU T1G E1KOVAG-EPWIN O] HE T0 drakor -q (aro to
query). Anatteitatl erurtAéov va kabopiotei 1o ouvvolo tov XML apxeiwv rou
9a anotedéoouv ) Baon ekOvev pe Tig oroieg Sa ouykpBel 1 query image.
Auto yivetat 61011 propet va Undpyouv MEPUTIOOEIS TOU £ival IIPOTIPNTED
va yivel 11 oUyKkplon pe €va unoouvoldo g Paong ekovev. O kaboplopog
IOV ovopdtev tov apxeiov XML yivetal eite anéubeiag otn ypappr VioAov
HE€ TO OXETKO 1] ArOAUTO POVOITATL TOUG eite pe ) XPnorn tou Stakorrn -
i <file_with_list_of XML _files> pe to ovopa tou apxeiou mmou Aettoupyel &g

Alota pe ta povortdatia tov XML apyeiov.

H apyikn kat Baoikn ouvdaptnon mou kaldeitat edw elvatl n process tou
avukelpévou Byakugan. XKomog eival va (optooel aro 1o 6i0Ko ta apye-
ia XML mou opiotnKav mponyoupéveg, va aVAKATAOKEUAOEL TO OUVOAO TQV
TrainingSet-s xkat 1wv Traininglmage-s kaBevog anod autd KAl Otr CUvEXEld
va ermtedéoel ) Ae1toupyia tng avrlotoix1ong Kat va Bpet v ekova amo 1)
Baon e1KOVEOV ITOU Po1adel TIEPLOCOTEPO OTNV EIKOVA-EPWTNON.

H &wdikaoia @optwong aro to dioko twv XML apyeiov yivetar pe tn
BonBewa wng loadFromArchive tng kAaong TrainingSet. To mpoto mpaypa
mou eAéyyel etvat av ta apyeta XML eivatl cuprmeopéva, mou U0 KAVOVIKEG
ouvOrkeg 9a eivat. Katomv, ta amocuprtiédel av Xpelotel, Kal 1d QOPIWVEL
Ot Pvhun orou maAt pe 1 Ponbeia tng BBAodnkng TinyXML akoAoubei 1)
anokedikoroinon toug. duokd, ta onpeia eviiaPpEépoviog Kat neptypadeig
rou e§axbnkav ano tov SURF katd ) 6idpkela tng Asttoupyiag g odpmong
rmovu £xet riponynOet, eivat £topa kat 6e xperadetat va §ava-vrodoytotouv. To
YEYOVOG aUTO emmitaxuvel o€ peyddo Babpo n ouvodikn dadikaoia.

Meta 10 niépag ng loadFromArchive yia kabe TrainingSet, to Byakugan
61aB€tel ot pviun 10U avakataockeuaopeveg odeg 1ig Traininglmage-s padi

pe ta untodoylopéva dedopéva toug. H pory ektédeong otnv process ouvexidet
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Kal og1pd £Xe1 1) TTOAUTO0tn Aettoupyia g avruotoixiong. H seikdva-gpotnon
MePVAEL WG OPloPa Otr) ouvaptnon match tou ekaotote TrainingSet kat auto
pe ) ogpd tou Kadel v match and kdOe evoopatopévn Traininglmage.
H xabe Traininglmage svepyorotel 1o kaboAikod avukeipevo Matcher, @op-
TOVEL og auto ta dedopéva g, 6nAadn ta onueia evéladPEPOvVIog Katl ToUg
neplypadeig Kat petd KaAei ) Baoiky ouvaptnon aviiotoixiong doQuery.

H doQuery xatapxdg mpéret va urtodoyioet, péo® tou SURF ta onpeia ev-
dlaPEpoviog KAl toug reptypadeig anod my ekova-epoor. Puokd, yia myv
elkova ouykplong rou Ppioketat oty Traininglmage, katt t€toto 6e xperade-
Tat agou ta oroikeia nrav 1én vrnoloylopéva ano mptv Kat arnid eoptwbnkav
€Tolpa otn pvnun amo to aviiototyo XML apyxeio. Emiong, o umoloyiopog
TV 6e60pEvaV Yia TV €1IKOVA-£p®TNON Xpetddetal va yivel pia kat povo gopd
adou autn dev adAddel kKaB'oAn ) dlapKela EKTEAEONG TOU TIPOYPANATOG.

21 ouvexela, unidpyouv U0 €MAOYEG ®G IIPOG TOV TPOIO TG CUYKP10oNG
IOV MEPIYPAPERDV: 1] Pia apopd OV AVIIOTOiX101 EPMPOG-TIiom KAl 1] aAAn
otv KAaoowkr arndn avtotoiyxion. To Byakugan yxpnowporolet v mpotn
and mpoermAoyr yla Aoyoug rpootifépevng akpiBeltag. To €pyo autd erttte-
Aet nn crossCheckMatching tou utils.cc. e kaBe mepimworn, o alyopiOpog
avtiotoiyiong sivatl Baciopévog otnv vdonoinon tou OpenCV yia 1o FLANN -
Fast Library for Approximate Nearest Neighbours [12]. H B18A1006nkn autr)
ETMAEYEL TOV KAAUTEPO Huvatd adyoplOpo 0®TEPIKA Yia Hld YPIYOP) ITPOOEY-
ylotikr) avadrnorn BAon tou Kovivotepou yeitova.

Katomv, uvnoAoyiletar n opoypadia (homography) Bdaon tou RANSAC -
RANdom SAmple Consensus, piag enavaAnminukr pebodou oote va eda-
AepBouv ta onpeia outliers, dnAadr ta onueia ekeiva arpaiov POV TIOU
otatotka pdAdov 8ev avikouv oto oet pe ta urnddowrta. To Brjpa auvto e8a-
pavidel ¢éva nmAnbog Aavbaopévev avtiotolyiov mou Bpébnkav otrv mponyo-
Upevn Baon tou matching. Tedikd 1o MAnOog v "Tpaypatkev” onpeiov
avtiotoiylong, ermotpeédovial g arnotedeopa ano my doQuery.

To arotéAdeopa auto to ermotpédet 1 Traininglmage oto avtiotolxo Trai-
ningSet oto oroio avrket. 'Etol, n ouvdptnon match tou TrainingSet a-
@oU OUAAEEeL Ta arnotedéopata autd yla kKabe evoopatopévn Traininglmage
Tou, §ervdet ) Sadikaoia ta§ivopnong toug. H dadikaoia 6w eivat amn:

Bpioketal n ekova 1ou £€6woe Ta KaAutepa arotedéopata, dnAadn auvtn pe
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10 péyioto mAr0og onpeiov aviiotoixiong. To kaBe TrainingSet katdutov tov
Tporo Ya ermorpéyetl oto avukeipevo Byakugan v "kaAutepn” ewkova tou,
6nAadr) autr) mou nPooéyyde TEPLOCOTEPO TV EIKOVA-EPMTIOT).

To tedeutaio otadio tou process mode €ival n cUAAOYT] TOV “"KAAUtepV”
€IKOVRV autev aro to singleton Byakugan kat n epappoyr) pilag ermrAéov
tadvopnong, pe v 1dia dAt Aoyikn onwg rpv. Avadnrteitatl ) “kaAuvtepn”
1OV "KaAUtepeVv” elkovav, dnAdadn autr) rmou £xel KaBoAKd ta Meploocotepa
onpeia evhapépoviog. H erova autry divetal g n TeA1KY) anavinor aro to
Byakugan ripog 10 Xprjotn) U ) XapaKInplotiKL ypappun e&odou:

Best match: <path_to_image>

Ebdw tedeiwvet 1 rieptypadr) Kat tou mode eme§epyaciag 10U oUCTIATOS
pag kat padl pe avt) kati n neptypadr) tou ruprva tou Byakugan. Ilpo-
X®POUUE TOPd, OV avaAuon 1@V dAAeV U0 onUaviKOV CUCTATIK®OV PEPRV

Tou.

3.4 Byakugan Web Server

O efunnpen)g 1o0tou (Web server) tou OUCTHPATOS HAG, €XEl ®G OKOIIO
NV apdAAnAn e§uInPEon S1IKTUAKAOV ATHOE®V Y1d T PMETAPOPA EIKOVAV-
epwInon ((xuepy 1payesg) ano tg Kivneg ouokeuég Android 1oV Xprnotov ot
61a6eon tou Byakugan Core wote va yivel nj avaduon tous. H yAdooa mpo-
ypappatiopou Python pag édwoe €toippa modules yia tv eUK0An Kat oUvio-
H1 ouyypadr) T0U OUYKEKPIHIEVOU AOYIOUIKOU.

O server pag, akouetl ano npoertidoyr) oto port 8000 yia HTTP POST
attmoelg.  'Otav AdBel kdmowa aitmorn, §EKvAel SEX®PIOTO VIPa €KTEAEONG
(thread) yiua v s§urmpémon mg. Avalntdel 1o nedio upfile péoa otnv
repaAida (header) tou HTTP makEtou Kat avitypd@el 10 TIEPIOXOHEVO TIOU
akoAoubel, oe €va TIPOCEPIVO AapXeio pe Povadiko ovopua otov @akelo /tmp
10U ouotnpatog. Eivat mpooupdpevnpiévo oto mpotokoAAo emKowveviag pe-
tadu Tou server pag Kat twv redatov (clients) mmou otéAvouv oe autdv, MG
TO TEPLEXOPEVO TNG €1KOvVAg da eival KOJKOTOIPEVO PE TO YVROTO oXHpd
Base64. Auto eivatl avaykaio yla v KatdAAnAn Kat oootr) petagpopd duadi-

kou apyeiou (binary file) péow tou HTTP, agou 10 apxeio KAtdutov tov TpoIto
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avarnapiotatal péo® evog peyddou ASCII string. Enopéveg, mpwv ypadtel oto
b61oko 10 apyeio, yivetal mp®ta 1] AMTOKMS1KOTIOINOo ToU ®G rpog 10 Base64.

L1 ouvéxela, o eSunnpetng extedel oto 1610 vrjpa éva oTypioturio tou
Byakugan Core os process mode divoviag @G 0piopda yia tnv 1KOVa-£p®INoT)
1O POVOTIATL TOU APXEIOU TIOU HPOALG ATTOK®OHIKOTIOINOE Kal arnobBnKeuoe mpo-
owpva oto dloko. ITapdAAnlda, avoiyel péow pipe, T0U Yv®OTOU TPOTIoU £vOOo-
ermkowveviag tev depyaoiov (IPC - Inter-process Communication) oe Unix-
based cuotrpata, 1o pevpa e§66ou kat Aabwv (output and error streams)
tou Byakugan Core. 'Etot, 9a priopéoet va dabdoet tnv anavinorn rou divet
o mupnivag tou Byakugan wg £§060 Uotepa amnd v avdduon nou 9a kavel
OtV €1KOVA-EPAOTNOTL). XPNOIPOMOIOVIAG ATTAEG TEXVIKEG AEKTIKIG AVAAUONG
(parsing) kavovik®v ekppaocenVv (regular expressions), e§ayet ano ) ypappn
Best match: <path_to_image> nou avadépape mponyoupéveg, To POVOItatt
G "KaAutepng” €1KOVAG TTIOU AVIIOTOXEL PE TNV E1IKOVA-EPRTNOT.

To dvopa g KaAutepng €1KOVAG AUTHG, OTEAVEL WG ATIAVINOT ITiO® OToV
meddtn nou €kave v aitnon. 'Etol, oAokAnpovetal n Aettoupyia tou KAOe

VI)ATOG TT0U eKTteAgital mapdAAnda otov e§urnpemr).

3.5 Byakugan Client

O nieAdtng artoteAeitat anod v Android epappoyn, n oroia propei va tpédet
oe ortowadrote “€§urvn” K] ouokeun H1abetet Aoylopiko Android éxkdo-
ong 2.2 Kat dve. ZKOTIoG g ivatl va 6®oet pia €UKoAn Siermadr) oto XPr ot
®ote va prnopet va Byalel potoypadieg pé€owm g KAPEPAS TOU KIvhTou, vad
autopartoriorjoet ) 61adikacia arootoAng toug npog tov Byakugan Server
Kadl RATOTIY va AdBet v anavinon, ou da sivatl 1o ovopa tng £1KOvag Tiou
Tapddel kaAutepa ot eeToypadia, arnd autdv KAl va TtV IIAPOUotdoel OTo
xpnotn.

H epappoyn pag eivat ypappévn oe Java Xprnotpornotwviag rapdiAAnia
TG B1BA1001Kkeg TTOU eivatl anapaitnteg yla ) Aettoupyia g oty miatpoppa
tou Android. To kupiwg npdypappa Bpioketat oxedov oAo oto apxeio Mai-
nActivity.java ou mepi€xel Kat ] Paocikr] kKAdon (MainActivity). H évvola
tou Activity oto Android avagépetal mpakuka oe éva apdabupo deradng

pe 1o omoio propet va adAnAermdpdoet apeoa o xprotg. H ocuykekppévn,
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onCreate: 1 Bacikdtepn oUVAPTNOT), TTOU KAAEITAl PE TO TIOU SnHl0UpP-
ynOel 1o exkdotote Activity oto omoio avagépetat. To ypadiko mept-
BaAdov tou mapabupou mpoKUItel anod v KAnon g setContentVie-
w(R.layout.main) ) oroia avacupel 1o MeEPIEXOUEVO TOU apyeiou res/la-

yout/main.xml xat @uidyvet to tapabupo ovupeva pe g XML obnyieg.

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

<LinearLayout xmlns: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>

Zupgwva pe ta napandve, dnpoupyeitat éva napdBupo, pe back-
ground ekoéva 1ou mpogépyetal anod to apyeio drawable/byakugan,
éva koupurni (button) matoviag 1o oroio o XProtng EKKIVEL TNV KAapepa
TOU KWvNToU Kal pia prapa nipoodou (progress bar) n omoia 9a deiyvet
TIPOOEYY10TIKA TO XPOVO TTOU aratteitatl pExpt va AaBoupe anavinon a-

O TOV €CUTNPETNTY. TV £1KOva 3.4 @aivovial OAd 1a Mapartdve mAny
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g prdpag, apou autr| epdavidetat apou o Xprjotng tpabriSetl i e®To-
ypagia Kat n epappoyr) apxioet v emkoivovia pe tov web server.

O1 endpeveg YPAPHES KOd1KA NG ITapoucag ouvaptnong dnpioupyouv
¢vav OnClickListener, 6nAadr opidouv v call-back function (onClick)
rou Ya rAnBel otnv nepimwon event triggering mou otnv npoxketpévn

MEPITTOON apopd OTo MATNPa Tou Koupuruou "Take Picture".

onCreateOptionsMenu: ouvAaptnon Iou dnptoupyel 1o pevou pe tg dia-
Yéopeg ermmdoyég, otav o xprjotng natroet to (hardware) koupri menu
MoU UTtapXel oe kABe ocuokeury Android. To pevou to avacupetl arno
10 res/menu/menu.xml kat ot 61KY) pag nepintoorn agpopd otig npo-
npnoelg (Preferences) mou pmopetl va 9éoet o xprjotng. H povn dwa-
9é¢oun ermdoyrn) otnv rapovoa £€KH00M €XEL va KAVEL Pe T pubpion ng
d1evbuvong IP kat tou port tou Byakugan web server pe tov ornoio Sa

EMIKOWVAVIOEL 1] £Ppappoy] 1ag.

<?xml version="1.0" encoding="utf—8"?>
<menu xmlns:android="http://schemas.android.com/apk/res/android" >

<item android:id="@+id/prefs" android:title="@string/prefsTitle"></item>

</menu>

onOptionsltemSelected: 1 ouvaptnon AUTH €XEl AJECT OXEON HE TNV
IPONYOUHEVI TIOU TEPLypdyape, apou Mmpooredduvel TG 6tabeéotpeg
€MAOYEG TOU PEVOU Katl Kalei avtiotoixwg tov katdAAndo handler. Zinv
nepimoon v Preferences arnAd kalei tv PrefsActivity, pia Sienagn
IOV TTAPOUOo1Adel T IPoTIPNoelg rou propei va 9€oet o xprjotng. Ot
emMAOYEG autég avaoupoviat anod to apyeio res/xml/prefs.xml onwg
@ativetat anod 1o PrefsActivity.java. Auto eival pia akopa €UukoAia rmou
pag napéxetl n miatpoppa tou Android wg mpog v auTopATornoinon

TEPIPPEVOV H1ad1KACIOV OTIWG AUTH).
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Ixfipa 3.4: H Baowkn Sieragry pe v oroia aAAnAsrudpd o xprjotng otnv Android
epappoyr).
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1 | <?xml version="1.0" encoding="utf-8"?>
2 | <PreferenceScreen xmlns: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: BonOntikn ocuvAaptnor MOU APXIKOIOEl KATAAANA®G
MAPAPETPOUSG KAl PeTtaBAnteg yia v kKAdon HttpClient mou xpnowpo-
moloupe ard 1o rakéto tou Apache - org.apache.http yia to tnrjpa g

epappoyng rou npénet va otetdet v HTTP POST atwmon.

5. convertResponseToString: PonOntikr) ouvaptnon IOV PETATPETIEL THV
aravinon rou da AdBet 1 epAPPOYI A0 TOV €CUIIEPTTNT 10TOU OE

popor KatdAAnAn yia spgavion oe tapabupo g Sienapng.

6. onActivityResult: €d® erOTPEPEL 11 PON EKTEAEONG, KATOTIV TN|G EITITU-
XoUg Anyng ng gpetoypadiag ano 1o xpnotn. To apxeio mou mepiexet
) PeIoypadia opI®VETAl, 1 e1KOva aAdddel KAlpaka KAl cupredetat
Baon tou npoturiou JPEG wote 10 péyebog va eivatl apketd pikpo kat
1¢dog kodkoroleitatl oe ASCII string péowm tou yvootou oxnuatog Ba-
se64. X1 ouvéxela, 1o peupa (stream) autd ano bytes avadapBavel va
10 draxepiotel ) evoopatopévn kKAdon PostToServer iou meptypdpou-

He arp1Brg aro KAT®.

H evoopatopévn kAdon PostToServer, oiog paptupdel Kat 1o 1610 1o ovo-
Ha g, £X€1 @G OKOTIO TNV ATIOCTOAN NG pIoypadiag, rmou oto otdadlo autod
£Xel petatparel oe éva ouvodo amod dadoyikd bytes katadAnda yia dadt-
KTUAKI) petagopd, otov Byakugan web server. Mia agloonpueiot 1616tntd
g eivatl ot Asttoupyet acuyxpova, dndadn aveaptnta kat mapdAinda pe
Vv unodoirn £pappoyr. AUTO yiveral epiKto pE€ow tng Asttoupyiag Asy-
ncTask nou apéyet 1o Android Kat IPOKETAl yld pid artAoUoTeEUPEVT 1op-
o1 threading. H &iadikaoia edw exkvaet pe v dnuioupyia evog HttpClient
pe xpnotn g createHttpClient mmou meptypayape mponyoupeveg. Iin ou-
véxela, optavoviat 1) IP address kat to port tou e§unnpetntr) amno g rnpott-
unoeig (Preferences) tou xprjotn 1 av autég ev €xouv aAAdget, Xpnotoroio-

uvtal ot “gpyootactakeg” pubpioelg. Katérmv, dnuioupyeitat 1o makéto g
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HTTP POST aiwmong, oto ornoio evoopatoveral 11 Base64-roadikoromnpévn
pwtoypadia oto medio upfile. H ypapprn "HitpResponse response = htt-
pclient.execute(httppost);” kavel dutAr) epyaoia apou otéAvel v aitnon auv-
)] KAt TEPIPEVEL TNV ATIAVINON TOU eCUMNPETNT Vv oroia otav AdBet Sa
aroBnkevoel ot petaBAnt) response”. Eviopetaly, kab'oAn ) didpkela
EKTEAEONG TOV TIAPATTIAV®, O XP1otng ivatl eAeuBepog va PBydaldet K1 aAAeg po-
Toypagieg, apou o1 pyacieg AUTEg yivovial Oonwg einape acuyxpova, dnAadn
oto napaoknvio apdAAnda. To onpeio autd g avapovig tng Ardavinong
etvatl kat 1o 1o XpovoBopo, adpou meépav 10U XPOVOU HPETAdPOPAg TOU apXeiou
O1KTUOKA KAl 0T OUVEXELD TNG PETAdOopAg TNG ATIAVINONG Tio® oTov neAdrtn,
Xpetddetat kat Karoo Xpovo kat to 1610 to Byakugan Core rou Sa avaduoet
Vv e1Kova Kat 9a v ouykpivel pe ) Bdon ewovav. ITap'oda avtd, énwg Sa
doupe KAl O0To €MOPEVO KEPAAALO O XPOVOG PETAPOPAS NG EIKOVAG ATIOTEAEL
ouvrfwg 1o peyaAutepo bottleneck. Eva yivoviatl ta napandve, epdavidetat
1 PIrapa mpoodou Tou SeiXVEL TOV AVAPEVOHREVO XPOVO HPEXPL T ANYn ng
1eAKNG antavinong. H Aettoupyia tng vdomoteital otny miong EVoOOIATOHEVY
Katl aouyxpovn kAdaon ProgressBarAsyncTask. Ev téAet, i convertRespon-
seToString Sa petatpeyel, onwg sinape kat niptv, v HTTP andvinon tou
eCunnpetn) oe KatdAAnAn popdr) rou Sa spdaviotei oe mAaiolo diaddyou

OtV KEVIPIKN dlermadn.
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Kepalaio

ExtéAson Kalt AntoteAéopata

Action is the foundational key to all success.

Pablo Picasso

4.1 Ewaywyn

Zto mapdv kepdAalo, 9a mapouctdooupe Vv €UIPAKTL AE1TOUpYia ToU ou-
otjpatog pag kat 9a avadluooupe ta arotedéopata g eKtEAeong tou. Oa
6oupe g aAAnAsrudpoupe pe 1o Byakugan toco oe tormko erinedo, péowm
TOU TTUPrva 10U, 000 KAl OUVOAIKA, OnAadr] amopakpuopéva PEO® NG Ki-
VNS OUOKEUNG Kat g epappoyng Android mou avartudape. Tédog, Sa
OXO0A1A0o0UNE TIG eVOEXOHIEVEG TIPOEKTAOELG TOU KAl TIS HUVATOTNTEG TTOU €XEL

Yld XPrjon o€ MoKiAla mmatyviov.

4.2 Tomkn ektédeon tou Byakugan Core

Apxkd, 9a doupe tov ruprnva tou Byakugan ev Aettoupyia torukd, pdaypa
mou onpaivel g 9a extedeotel ave§dptta and tov eSUIEPT TN 10TOU KAl
Vv epappoyn tou reddatn. H torukn exktédeon 9a pag Seifel 1 mpaypauxkda
Y1lVETal 0T0 TTAPACKIVIO TG AVAAUOTG KAl OUYKPLONG TOV EIKOVGOV, Tl ETNAOYES

€XEL 0 B1aXE1P1OTNG TOU OUCTHIATOS WG ITPOg T dnpioupyia tng Pdong elkovev

47
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- int thi
-V: Print v

Zxnpa 4.1: Ot 61aBeoeg ermdoyeg mou £xel 0 Sraxelplotrg tou ouotrjuatog Byaku-
gan Katd Vv TOITIKI) EKTEAEOT)

Kat tov €Aeyxo g opOrg Aettoupyiag Tou ouotpatog Kabmg Kat I ypadikr)

ATE1KOVIOT TG AVIIoToiX101G.

4.2.1 Emoyég Asttoupylag

'Onwg €xel avadubel EKTEVOG OTO MTPONYOUHEVO KEPAAAL0, O TTUPIVAG TOU OU-
otPatog £xel HUo Paoikoug TPOIIOUG Asttoupyiag: to scan mode Katl process
mode. Xinv eikova 4.1 @aivovial 10 cUVoAo TeVv H1a0L01eV EMAOY®V, OTIOG
autd eKTUn@vovIal otnv 08dvn arnod to 1610 1o Ipoypappa.

Ag 6oupe avadutika T ertedet 1o KaBeva :

1. -s: evepyormoinon tou scan mode. H Snpioupyia ng Bdong eikovov

yivetat pe auto tov 1poro.

2. -p: evepyormoinon tou process mode. H avdAuon kat ocuykpilon ing

EKOVAG-EPAOTNOT P T PAon e1KOVRV yiveratl pe autd Tov Tporto.

3. -g <query_image>: 1 e1KOVA-£pWINON ITou Sa avadubBei katd o process

mode.

4. -i <input_filename: o 61aKOMING AUTOG PAG EMITPEEL VA oplooupe €va
apxeio 1o oroio Sa Aettoupyroel g Alota Kat Sa meplEXel o€ KABe ypap-

1 TO POVOTIATL TV PAKEAGV 1] apXeiov mou Sa xpnotpornoinbouv eite
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pe 1o scan mode eite pe 1o process mode. Ltnv mepirmteon tou scan
mode avapEpeTal 0To0 OUVOAO TRV PAKEA®V ta oroia Sa avalniroet 1o
ouotnua yua va Bpet e1koveg Kat va dnpioupyroet ) Ao €1KOVGV,
Ve oty nepinwon process mode avagépetar ota XML apyxeia mou

MIEPIEXOUV Ta MPO-UTIoAoylopéva Sedopéva g BAaong e1KOVAV.

5. -g: evepyoroinon tng ypaglkng Areikoviong tou process mode. Xe
KdaBe ouykplon nou da yivetal, Sa avanapiotavial oe Koo napdabupo
T0 OUVOAO TGOV KOW®V ONPEI®OV NG €1KOVAG-£P®INOCT] HE TNV EKACTOTE

£1KOVA ATIO 11 BAOoT) EIKOVOV.

6. -v: dlakodmng nou kabopiletl 1o oco avaiutikn Sa eival n €§060g Tou
ouotpatog. Audnor tou verbosity onpaivetl og Ya ektunovetal tapa-

AVe TANPOPOPIia BG MPOG TIS EONTEPIKEG AEITOUPYIEG TOU CUOTIHATOS.

7. -dflevel]: etuloyr) ou kaBopidet 1o erinedo g rAnpodopiag arrooPpal-
patwong, dnAadn mAnpodopieg Mou arnookomnouv os Kabapd mpoypap-
patotkd Sépata Kat £X0uv oKoro va ondrjoouv otov eVIOIIOPO KAl

eriduon evog evdexopievou rpoBAnpatog Asttoupyiag.
8. -h: eKTUN®ON TOU PEVOU OIS Paiveratl oty ekova 4.1

9. -V: extiniwon g €kdoong Tou cuotnuatog. H tpéxouca éxkdoon eivat

n byakugan version 1.0alpha.

4.2.2 Scan mode kat Snploupyia Baong etkOVAV

®a dnuioupyrooupe apyiKa pla pikpr Baon ekovev yia va doupe avadu-
ukda ) Sabikaoia tou scan mode. Ztov @axksdo byakugan_server/logos
Bpiokovial e1koveg Aoyotuniev amno moikideg papkeg. @a aoxoAnboupe ap-
Xwa pe ta logos g Adidas kat g Coca-Cola. Ztov @daxedo logos/Adi-
das £xoupe tortoBetnioet HUO mapadAayeg Tou AOyoTuIiou g pdpkag. Xto
logos/Adidas/variant-1/ ¢xoupe ug €8¢ swkoveg: 4.2, 4.3, 4.4, 4.5, 4.6,
4.7

T10 logos/Adidas/variant-2/ ¢xoupe tv eikova 4.8

Avtiotoixa, to Aoyoturo tng Coca-Cola e 1o oroio 9a acxoAnBoupe @a-

tvetal oy ekova 4.9
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R\ §

a as

Ixfpa 4.2: To Baowkd Aoyoturo Adidas

™

Ixnpa 4.3: detoypadia tou Bacikou Aoyoturnou Adidas uro kavovikn yevia Afyng
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Ixnpa 4.4: Peoroypagia 1ou Bacikou Aoyoturiou Adidas ard o rovuvr) Ay

Zxnpa 4.5: detoypadia tou Bacikou Aoyoturou Adidas urod miaya yevia Afjyng
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el

Zxnpa 4.6: Petoypagia tou Bacikoy Aoyoruriou Adidas and nave

Zxnpa 4.7: detoypadia tou Bacikou Aoyoturou Adidas arnod katw
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cﬁ‘\ @

idas

Zxnpa 4.8: Mwa adAn €xkboor) tou erionpou Aoyotunou g Adidas

3

Ixfpa 4.9: To erionpo Aoyotuno g Coca-Cola
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Ta avtiotoixa cnrfiles rtou £€xouv rpokataockeuaotel Bpiokovial otov riva-
Ka 4.1. Na onpewwooupe €60, IOG 08 PEPIKEG TIEPITIMOELS, ONHPEIDCANE OKO-
nipeg ta miaiola v Aoyotunev va eival T€tola Oote va MEPIKAEiouUV Povo
éva PEPOG Toug. AUTO €ylve yia va doUpe MG OUNIEPLPEPETAL TO oUOT A
pag oe autn v NePinm®on Kat mooa Kowvd onpeia eivat ikavo va Bpet tote.
Auto Sa @avel kat mo Kate otav a doupe SimAa-6imAa v e1KOVA-EP@INON
KAl TI§ €1KOVEG M€ TIS OITOieg OUYKPIVETAl aUT] PE€0® TOU 81aKOIT -g IToU
neptypayape mo nave. Tote Sa yiver atobnto 1o ot péow twwv cnrfiles yive-
Tal va Ypnotporonfel éva urmooUvoAo T®V ONPEI®V TOU AOYOTUITOU NG KAOe
£1KOVAG Kat enagictat oto dlayeplotr) rmou ta Snuoupyel va ermdéget otd Sa
etvat auto.

®a doupe twpa NV EKTEAEOT TOU CUCTNATOG O TOTNKO eminedo o€ scan
mode. Evepyorooupe v ermdoyn ya va BAéroupe debugging output oe
ertinedo 4 (-d4), mou eivat apKeTtd KATATOITIOTIKO yla va doupe Tt yiveratl oto
MAPAOKI VIO NG €KTEAEONG. Zav opilopata 6ivoupe ta OXETIKA Povordtid TV

PAKEADV KAOKOG KAl TOV H1aKOTTIn -S TIOU £VEPYTIOIEL TO scan mode.

[ithilgore@fitz byakugan_server]$ ./byakugan —s logos/Adidas logos/Coca—Cola/ —d4

[+] Scan mode.

Opening logos/Adidas

encountered a file: logos/Adidas/variant—2

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

412 y: 234

Identifying keypoints

XX X X

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
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116

111

Adidas - 4.2

91

425

654

74

656

421

313

239

Adidas - 4.3

328

365

505

209

493

364

Adidas - 4.4

37
39

67
520

748

84

749

523

523

204

Adidas - 4.5

540

337

594

205

592

341

200

270

Adidas - 4.6

218

528

675

271

612

510

388

193

Adidas - 4.7

384

357

480

188

495

347

y

105

56

Adidas - 4.8

109

240

412

45

412

234

CocaCola - 4.9

Mivarag 4.1: Zuvietaypéveg Baon twv cnrfiles

X

y

42

28

25

291

838

14

814

290
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full path: /home/ithilgore/byakugan/code/byakugan_server/logos/Adidas/variant—1/+>
mod2_small. jpg

———corners——

37 y: 67

39 y: 520

748 y: 84

: 749 vy: 523

Identifying keypoints

XX X X

Extracting descriptors

encountered a file: logos/Adidas/variant—1/mod4_small. jpg

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

full path: /home/ithilgore/byakugan/code/byakugan_server/logos/Adidas/variant—1/«—

mod4_small. jpg

———corners——

x: 200 y: 270

x: 218 y: 528

x: 675 y: 271

x: 612 y: 510

Identifying keypoints

Extracting descriptors

encountered a file: logos/Adidas/variant—1/logo2. Jjpg

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

full path: /home/ithilgore/byakugan/code/byakugan_server/logos/Adidas/variant—1/logo2. <=

jrg

———corners
116 y: 111

: 91 y: 425

: 635 y: 87

: 675 y: 436

Identifying keypoints

X
X
X
X

Extracting descriptors

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—1/«—
mod5_small. jpg

——corners——

388 y: 193

: 384 y: 357

: 480 vy: 188

495 y: 347

Identifying keypoints

XXX X

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—1/«>
modl_small. jpg

———corners——

x: 313 y: 239

x: 328 y: 365
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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—1/+—
mod3_small. jpg

——corners——

x: 523 y: 204

x: 540 vy: 337

x: 594 y: 205

x: 592 y: 341

Identifying keypoints

Extracting descriptors

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—1/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: 291

838 y: 14

: 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.

[MTapatnpovpe eg yivetal avadpopiky] avadfjtnon yld €1KOVEG OToUS @a-
KéAoug Tou dwoape. Ta kdBe pia aro auvtég SiaBdadetal 1o avtiotolo cnr-
file, eve BAéroupe kat v €§060 toU KaBevog KAT® anod v kepadida "cor-
ners". Metd 1ov UnoAoOy10p0 TRV MEPYPAPERDV, TA ATOTEAEopATA aroOnKe-
vovtal ota avtiototyxa XML apyxeia, ta omoia katoryv cupriie¢ovial Omote 10
1eEA1KA ovopata tev dnuoupyndéviev apxeiov eivat: logos/Adidas/variant-
1.xml.gz, logos/Adidas/variant-2.xml.gz, logos/Coca-Cola/.xml.gz . e ne-
pimtwon rou dev pounr)pxe 1o avtiototyo cnrfile, tote Ya kadlovpaotav epeig
IOV TPESAE Y1d MPAOTH POPA TO MPOYPAIA VA ONHEIWCOUE Ta 4 oneia tou
bounding box péowm piag £totung denapng napabupou rou Sa spdpaviddotav

ot KaBe pia ewkova. O Xpovog TOU TIPE 1] EKTEAECT] TOU TAPATIAV® O £vav
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Intel(R) Pentium(R) M processor 2.00GHz pe 1 GB RAM eivat poAig:

real Om4.722s
user Om2.626s
sys OmO0.123s

4.2.3 ExtéAeon process mode

'Exovtag dnuioupynost pla apxiki Bdon eikovev, Sa nmpox®prjooupe otnv
TOTIIKI] €KTEAEOT] TOU OUOCTAPATOG ot process mode BAEroviag i ypapikn
ATEIKOVIO NG AVTIOToiX101G yia Kabe ouvduaopd eikovev. I'a eukoldia 6n-
ploupyoupe €va apxeio-Aiota mou meplEXel Ta OXETIKA povordtia tov XML
apxeiov mou 9a ypnoyaornoirjooupe oa Bdaon ewkoveov. To apxeio input.txt
6nAadbr) meplEXel Ta KATROL:

logos/Adidas /variant-1.xml.gz

logos/Adidas /variant-2.xml.gz

logos/Coca-Cola/.xml.gz

Zav oplopa yua myv ekova-epwnon 9a 6wooupe apXlKA pid €1KOvVA TTavo-

potdturn pe v ekova 4.2. ExtedovUpe, €101, TOV ITUprjva He Vv €§HG EVIOAN :

byakugan -g -p -i input.txt -q adidas.jpg

Ta arotedéopata £€X0Uv &G eENG:

[ithilgore@fitz byakugan_server]$ ./byakugan —p —g —i input.txt —g 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_matches: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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Ixnpa 4.11: Avuotoixion pe ) getoypadia 4.6, xowvd onpeia: 60

real matches:12
/home/ithilgore/byakugan/code/byakugan_server/logos/Adidas/variant—2/adidas_logo_black. <=

Jjpg 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. <>

jpg
Processing done.

[Mapatnpoupe MG 1 KAAUTEPT] AVIIOTOIX101] £Y1VE, OTIOG HTAV AVAPEVOHLE-
VO, HE TNV MPeTotur ewkova 4.2. To adloonueioto ivat 1o yeyovog Ot ot
OUYKP101 M€ TNV €1KOva 4.8 Bpebnke 1Kavormomukog aplfpog Kowaov onpe-
i@V map'odo mou mpoKettal yla S1apopeTIKY) OUCIAOTIKA £1KOVA KAl OX1 yid
napaddayr) g apyxikng pe addolnoelg rmou opeidoviat ot yovia Anyng rat
10 90puBo NG PeToypadPiag OMWG £yve OTIG UTIOAOIEG E1KOVEG. AUTO eivatl
YEVIKA YeTKO yeyovog kKabwg BAémoupe 0Tl 10 ouothpa gival avBeKTKo Kat
ot Paoikeég Tmapaddayeg ng 1KOvVAG TIPog oUYKplon. (Enpeiwon: Ta “okou-

nibla” rmou @aivovial KAte aro TG e1Koveg ota e§ia 6ev AapBavovrat urt oy
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Zxfnpa 4.12: Avuotoixion pe 1o erionpo Aoyoturio 4.2, kowa onpeia: 235 (to
KaAutepo)

Ixnpa 4.13: Avuortoiyion pe ) gotoypadia 4.7, kowd onpeia: 11 - mpoooxr) oto
YEYOVOG OT1 AOY® TOU Tieplopiopiévou boungind box onwg kabopiotnke arno to cnrfile
g e1KoOvag, Ppiorkovial capag Atyotepa onpeia



4.2. Toruxr) ektédeon tou Byakugan Core 61

Ixfpa 4.14: Avuotoixion pe ) getoypadpia 4.3, Kowd onpeia: 27 - 1oxvel 6t Kat
otV IIPONYOUEV] OUYKPLOT) Yia To Ieploplopiévo boungind box

IZxApa 4.15: Avuotoixion pe i gwtoypadia 4.5, kowd onpeia: 12 - akdépa mo
Pkpo boungind box
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Ixfipa 4.16: Avuotoixion pe to Aoyoturo 4.8, kowd onueia: 71 - wkavoromnuxkda
APKETA KOWvA onpeia map'oAo Imou IMPOKELTAl yid S1apOpETIKY OUCLAOTIKA E1KOVA KAt
OX1 yia mapadAayr] g apXKAS He aAAoldoelg mou odeidovial ot yovia Anyng
Kat 1o 96pubBo g PeIoypadiag Onwg £yve OTIG IIPONYOUHEVEG E1IKOVEG - AUTO £ivatl
YEVIKA 9£TIKO YEYOVOG KaBmG BAmoupie 0Tt To cUcTtnHa eival avOeKTIKO Kal o€ BACIKEG
napaAAayég g e1KOvVaAg

Ixfpa 4.17: Avuortoiyion pe to Aoyoturo 4.9, kowd onueia: 5 - npopavag ta
Atyotepa kowvd onpeia apou mpoKettal yia tedeing diadopetikn ekova
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Katl 6ev €XOUV Kapia oXEon He TV avilotoixion).)

O xpovog exktédeong mapapével 8iaitepa xapnAog, Kat auto oe &va pn-
xavnua (Intel(R) Pentium(R) M processor 2.00GHz pe 1 GB RAM) mou sivat
0adp®g TaAaldtepng EMOXNG :
real Om2.532s
user Om2.117s
sys 0m0.077s

4.3 OAoxrAnpwpévn ektéAeon tou ouotnpatog Bya-
kugan

210 mtapov e6dglo, 9a mapoucldcoupEe Pld OAOKRANP®UEVI EMIOKONOL TG
OUVOAIKIG Aettoupylag tou ouotpatog pag. ®a doupe 1 dadikaoia arod
NV apx1 Orou o xprotng détet v Android spappoyr) oto Kivnto Tou oe Aet-
Toupyia, PéEXPL TV TeAKY AfYn g andvinong ard Ttov e§UIPETY] 10ToU
He tov ormoio emkowvevel. ['a v mapovoa avaduorn xpnotponotdnkav ta
egng:

HTC Wildfire mobile device - Android 2.2.1

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

Zug ekoveg 4.18 kat 4.19 BAénoupe avtiotoka v epappoyry Logo Hun-
ter eyrateotnpévn otnv npoavadepOBeioa Kvntr] CUOKEUT KAl TO ApX1KO Ita-
pabupo Sienapng adpou v eKTEAECOUHE.

[Tp1v IPOX®P1COUE TIAPATIEPA OPKG, TIPEIEL VA EKTEAECOUIE TOV €§UTIN-
pewt totou tou Byakugan otov umoloyloty pag kat va pubpiocoupe v
epappoyn va emkowvevel pe v IP address mou autdg KATEXEl OTO TOITIKO

6iktuo.

1
2 |# ifconfig | grep —w inet | cut —d" " —f10
3 |1192.168.1.4
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Ixnpa 4.18: H egpappoyn pag Logo Hunter sykateotnpévn ot Kivntr] OUOKEUT
HTC Wildfire tou xprnowpornowjoape
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65

IZxfpa 4.19: To apxko napdbupo Siernapng g epappoyris Logo Hunter
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[ithilgore@fitz byakugan_server]|$ python2 server.py

started httpserver...

Enopéveg, pubpidoupe tnv epappoyr] Hag va ermKOVOVEL Pe tv mapa-
nave Sievbuvorn. To port mou axkouel o python web server érnwg €xoupe
avadeépet etvar 1o 8000 and nposrmdoyr). H pubpion yivetar natoviag to
(hardware) xouprnii "menu" g ouokeurg Kal ermAéyoviag to Settings (e1-
roveg 4.20, 4.21, 4.22).

[TA¢ov eipaote €topot va ratrjooupe oto kouprti "Take Picture" n) evepyo-
rnoinon tou omnoiou da pag petadépet otn Sienagpn g KAPEPAG TOU KV TOU.
Ao exel 9a tpabnoupe potoypagia to Aoyoturo ng Adidas arnd miaya
yovia Anyng yia va npootebel oKomiimg €101 GXETIKY aAA0I®OT OtV €1KOVA.
Zuv ekova 4.23 BAérnoupe ) potoypadia mou tpabriape pe to kivnd. ‘'O-
tav natjooupe "Done", 10t 1 epapPPOYr] SEKIVAEL va OTEAVEL autopata Tr)
pwIoypagia otov web server, eve propoupe va 60Upe v poodo oTto KATD
HEépog g Sienagdng (ewkova 4.24).

O e§urnpentg 10ToU Pag £1800IT01ET EKTUTTOVOVIAG OXETIKO Prvupa othnv
£€060 10U Otav AdBet ) peToypaPia Kabwg KAl HE 010 6vopd Ty arodnkevet
MPOO®P1IVA 01O ouotnpa apxeiov. Apéong peta exktedet to byakugan core ota
MAPAOCKNVIA KAl OTaV €XEl £TOIJN TNV ATAVINOL, TNV EKTUTIWVEL OV £§060

Kda1 11 oTéAvel S1IKTuakda miowe otnv epappoyr) 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/May/2012 19:08:48] "POST / HITP/1.1" 200 —

H epappoyr] AapBavet 1o arnotédeopa Kat to spgavidel oe tapabupo da-
Aoyou (ewkova 4.25). ZKOTIH®G, Yid TNV opd £X0UHRE aprjosl va sppavidetat
TO IMAT|PEG POVOITATL TG E1KOVAG TTOU BpeBnKe G 1 KAAUTEPT avtiotoiyion yla
Va PIopOUHE va €AEYSOUHE KAl va d1armotoooupe eUKoAa v akpiBela tou
ouoTPatog pag. Auto @UOIKA PIopet va yivel o "¢Atko mpog 1o xprot”
avd Taoca oTlyHr Pe Alyeg YpappeS KOdika.

Ag dokpdooupe twpa va tpe§oupie tomka to byakugan core yia va o-

Upe avaAuTikd ta anoteAdéopata Iou IIPOoNYoUREVRS "KpUPTnKav” AOy® Tng
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ZxApa 4.20: To pevou rmou epgavidetal maroviag to OP®VUR0 KOUWIT TG CUCKEUTG
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“

ﬁmr!?addrus'

IP address of Byakugan web server

which performs the image matching

IZxnpa 4.21: To pevou mpotpfjoenv/pubpicenv orou kabopiloupe ) S1KTUAKTY)
S1eUBuvoT) TOU €CUITNPETY] e TOV OIoioV da EMKOIVOVI|OOUHE

IAPAOKINVIAKNG EKTEAEONG TOU AITO TOV EEUTNPETNTH] 10TOU.

[ithilgore@fitz byakugan_server|$ ./byakugan —p —i input.txt —q /tmp/tmpBpg9hv

[+] 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+4—
.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—1/mod2_small. jpg

Processing done.
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@ Sserver IP address

Chitn://192 168.1.42000

" AnBaeRs
. HE. - -

Zxfpa 4.22: Kabopiopog g IP address kat port oupgpwva e ta mponyoupeva
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Zxnpa 4.23: H gpetoypadia rou BydAape pe v Kapepa Tou Kivntou Sa meptéxet
apketr] aAAoiworn, 1000 ®G TIPOG 11| Yevia ANYng 600 Kal Ao T0 POTIONO KAl AAAEg
napapopdpooelg Sopubou.
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IZxfpa 4.24: H pnapa ripoddou pag deixvel mG00g XpOvog AropEVeL TIPOOEYYIOTIKA
HEXPL T ANYI) TG TEAIKEG AnAvIinong.



72 KepdaAawo 4. ExtéAdeon katl AmoteAéopata

@ Byakugan Result:

/home/ithilgores
thes:s_papembyakuganf

code/byakugan_server/|
Adidas/variant-1/ i

mud.?_small.jpg

Zxnpa 4.25: To anotédeopa epdavidetat oe exwploto mapddupo S1aAoyou ) otyur
nou rapadapBaveral ano v epappoyn
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[Tapatnpoue nwg urrpXe iooradia’ petadv tov ekoveov 4.4 (mod2_small.jpg),
4.2 (logo2.jpg) xat 4.8 (adidas_logo_black.jpg) pne 33 kowva onpeia otnv k&Oe
pia. Auto dev mpérnet va pag KAvel eVviunaot), apou n eikova 4.4 eivat apketd
IO10TIKY] PXTOYpAdia TOU apX1Kou Aoyoturou, 1 4.2 eival 1o apX1ko Aoyotu-
o Kat 1 4.8 eivatl emiong enionpo Aoyoturio mou Potddetl TTOAU HE T0 apXKO.
Eniong £¢xoupe 15 kowd onpeia pe v 4.6 (mod4_small.jpg) n omoia sivat
PeIoYypadia ToU apX1Kou AoyoTurtou adAd pe yovia Afyng anod ndave. Ta ug
UTIOAOIIIEG POTOYPAPIEG £XOUNE POVOYPLP10 aplOPo KOOV ONPEI®V KAl auto
81011 eite €xouv MOAU neproplopévo bounding box (oxkomipeg erAeypévo ano
pag ya kaBapd Aoyoug testing) eite eivatl tedeing AoxeTeg Pe TO TIEPIEXOPEVO
(r.x To Aoyoturno g Coca-Cola e ta 6 Kowva onpeia, ta mo Alya ouvoAtkad).
Eb¢ va onpeiwooupe nog n geroypadpia mou tpabniape pe 1o Kvnto eivat
draotdoenv 585 x 777 pixels kat peyéboug poAig 82 KB Aoyw ouprtieong, e-
MOPEVAG £1val ETIOPEVO va £XOURE AKOPA MEPLOCOTEPT] ANIMAEIA TTAT|podopiag
Katl Atyotepa €11l PEPOUG Kowvd onpeia pe ) Baon e1kovav.

O ouVOA1KOG XPOVOG Yia OAn v eKtéAeor) dirjpknoe Aryotepo ano 32 deu-
TEPOAETTIA, VM TO PEYAAUTEPO KOPPATL Tou (20 mepinou seconds) 1o Kata-
VAA®oe 1 PETAdOPd NS PETOYPAPIiag Ao T0 KIvNTO P0G TOV €SUTNPETTI)
10T0U P£0® TOU ACUPHATOU TOTTIKOU S1KTUuou. O Xpovog Petadopds IapapEvet
éva onuavuko bottleneck kat autd Kupiog AOYy® g PUONG TOV ACUPHUAT®V
S1ktuwv nou ermdexovial apketd 90puBo Kal cUVEN®OG oPpAApata otd IMAKETd.
[Tap'éAa autd, n napadAnlornoinon g EPAPHOYNS HAG, TIOU ETTPEIIEL OTO
XpHotn va rapet Kt dAdeg potoypadieg 1) va ravel oudrote addo embupet,
EVR PETAPEPETAL 1] APXIKY] EIKOVA, ECOUDETEPWVEL EV PEPEL TO OXETIKA PEYAAO

XPOVO avapovrg.

4.4 Ilaiyvia KAl NPOEKTACELG

H enoyxn tou gaming layer rmou kd6etat nmave arno 10 COGLAA VETWOPKIVY
Aayep mou €xtioav to Facebook kat ot mapepgepeis unnpeoieg KOWmv-
K1ng O1Ktuwong, €xet graost. O 16putng ToU scvngr, g diaonung social
location-based gaming mAatdpoppag, Seth Priebatsch, otnv opdia tou oto
TED (gaming layer TED talk) kaBag kat o Jesse Schell, iponv Creative Di-

rector tou Disney Imagineering Virtual Reality Studio pe v optdia tou yua


http://www.ted.com/talks/seth_priebatsch_the_game_layer_on_top_of_the_world.html
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Vv avdavopevn Sieiobuon tev natyviev otnv rpaypatikr {en (games invade real life)
elvat podyyedot tng avepxopevng eroxng avtrjg. H paydaia e§edioodpevn
dikTtUwon pe alodnpeg Katl PKPEG EEUTTVEG CUOKEUEG 1€ ETUKEVTIPO 100G TNV
10XUPT| KIVNT] OUOKEUT] TIoU 0Xedov 0Aot TIAéov dlabétouv, emitpenel ) He-
Tatponn v Kadbnuepvov dpactnplotiewv oe natyvia. H ouldoyn novieov
HEO® EKMANPWONG OUYKEKPIHEVOV TMPASE®V (MY aVAKUKA®OT OIoU Ol KAadot
oxkourudiov 9a Sabetouv alobnirpeg) kKat n duvatomta e§apyvpwong Toug
OtV MPAYHATIKY {01 (I P€0® €MOTPOPL)S POPOU) ATTOTEAOUV EMEPYOHEVES
dpaotnplotnteg g eroxng auvirg. To Byakugan pmopet 116n ot popgn rou
elvalt aAAd akopa MePIO0OTEPO e TIEPATTEP® PEATIOON, VA ATTOTEAEOEL €va
KOPHATL TOU KOOHPOU autou.

To cuotnpa pag, ®viag pia cAoKANPePEVI MAATPOpUA AOYIOPIKOU, PITo-
petl eUkoAa va petatpartei oe raiyvio g Aoyikng “Kuvryt 9noaupou” (treasure
hunting). O xprotng Sa kalesital va nepinynBei oe pa tonobeoia, ota mia-
iola 1K pag moAng, £vOg MAVETIOTNIAKOU campus 1] Plag KapetEplag, va
AVIXVEUOEL Ta KPUPPEvVa 1] Pr Aoyoturtia rmou €X0UV OTroel Ol £talpeieg, va
Ta POTOypadioel KAl va ta oteidel PE€O® €VOG TOTIIKOU aoUPHATOU SIKTUOU 1)
péow 3G kAn. H 06An dadikaoia priopel va yiveral mAnpwg autopatonotn)-
péva xapn oty £Surnvn avayveplon Aoyotunev tou Byakugan. Auto €xet
OaPROG KAl ETMXEIPNHATIKEG TIPOEKTAOELS, KAO®OG rtapdAAnda yivetal Siapnt-
o1 TV &V A0y® brands te®v ornoiev ta Aoyoturnia Kaldeital va gotoypadioet o
XpHomg.

H pia exkdoxr) tou rmaixvib1ou omou n SiapnUiotiKn etaipeia etvat ano pua
OUYKEKPIPEVI Pdpka artattel Siadopeg ekOOOEIG TOU AOYOTUTIOU NG £TA1PE-
tag kat poévo, odnyoviag o pla OXETKA PKpr BAon-e1kovav. Aviiotolxa, o
pla aAAn ekdoyxn Tou maixvidlou O1ou o Xprjotng Kaldeital va gotoypadioet
00a TEP1o00TEPA Aoyotura (1apopeTik®V £TA1PEINV) PITOPEL Péoa OtV ToTto-
Yeoila mou opidetal, ol amailtfoelg eival KUping g IIPog I PEYAAn mokiAia
10V elkovev. [lap'dAda autd, o KAOe mepintaon, apou o1 eraipeieg n ot Hia-
X€plotég Tou Sa otrjoouv ta Aoyotuna oty tornobeoia (Y péow billboards
0€ P1a TMOAN 1) PEO® NG ETKETAG TG PLAANG TOU AVAYUKTIIKOU/TIOTOU OtV
KaPetépla) yvopidouv ek tov potépmv 11§ d1dpopeg Baveg ekdoXES TV Pa-
OlKQV AOYOTUTI®V, VIVETAL APKETA EUKOAO va ouprieplAndOouv autég péoa ot

Baon-ekOvVeV KAl 10 PEyeog TG KAl EMOPEVES 01 evOEXOHEVEG OUYKPIOoELS va


http://www.ted.com/talks/jesse_schell_when_games_invade_real_life.html
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OlatnpnBouv oxetka PiKpd.
O1 IIPOYPAPHATIOTIKEG TIPOEKTACELS TIOU pIopei va AdBet to mpoypappa

pag etvat apketég. Avapépoupe 6@ PNEPIKEG OUVOITTIKA :

1. BeAtiwon tng epappoyng Android pe Suvatdtnta ermAoyrg va otéAvetat

®g andavinon kKadutepou match oAdkAnpn n ewkdéva avtl ya 1o ovopa

g POVvo.

2. Metagopd tng epappoyns yla Kivntég ouokeueég kat oe i0S yia iPhone

xkat iPad.
3. Metagopd tou nuprjva kat oe Windows.

4. Beltioon tou server pe duvatotta enéktaong oto Cloud kat tnv mAnpn

apaAAnAortoinor 10U PEOR TV SUVATOTHTIMV ITOU MPOCPEPOVIAL ATTO TO

"VEPOG™.

5. Auvapikn evaddayrn aAlev alyopibpev enedepyaoiag eikovag (0riwg
SIFT) av 10 ouotnpa Kpivel Ol Xpelddetal meploootepn akpiBela evw

propei va Suoildaoel p€pog g TaxuInIag.

6. Auvatomta Xprnong dAAev S1IKTUmV MEPAV TRV TOTTIKOV AOUPHAT®V yid
Vv ermkowvevia pe tov gsunnpetnt) (ry 3G, anootodr) ekovag PEow®
MMS xAm)
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Kepalatio

YAonoinon

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 Ewaywyn

Yo repadailo autd, napatibetal o mAnpng Kodikag g vdornoinong 10U ou-
oupatog pag. Ilapalesimoviat ta koppdrta v BiBAtodnkev (i TinyXML,
OpenCV, Boost) rou xpnotpornor)dnkav €totpa. To e§@tepiko Aoylopiko 1o
ortoio xpnotporno)fnKe yla ) Petadpaoct) ToU rupnva kat dev neptdapBave-
Tal P€oa Oto TAKETo, £ivat:

OpenCV-2.3.1

Boost C++ library 1.49

I'a tov web server xpeialetat:

Python 2.7.2

IMa v epappoyr) Avépold xpnotponomOnkav ta:

Android SDK 2.2

Eclipse 3.7.2

77
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5.2

5.2.1

Byakugan Core

byakugan.cc

#include
#include
#include
#include
#include
#include
#include

<stdio.h>
<stdlib .h>
<stdarg.h>
<getopt.h>
<unistd.h>
"Byakugan.h"
"ByakuganOps.h"

using namespace Cv;

static void print_usage(void);

static char xgrab_next_file(FILE *xinputfd, int argc, char sxxargv);

static void

print_usage(void)

{

printf("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 XMI—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> —q <query_image>\n"

"OPTIONS: \n"

"

IE

—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 effect)\n"
—d[level]: Set or increase debugging level (Up to 10 is meaningful)\n"
—h: Print this help summary page.\n"

—V: Print version number\n"

exit (EXIT_FAILURE) ;
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static char *

grab_next_file(FILE *inputfd,

{

static char file[1024];
unsigned int file index;

int ch;

if

}

if

(!inputfd) {

int argc, char **xargv)

return ((optind < argc) ? argv[optind++] : NULL);

else {

file index = O;

while ((ch = getc(inputfd))

if (ch=="'" 1| ch ==
if (file_index == 0)
continue;

!= EOF) {
INp!

file[file_index] = '\0';

return file;

ch == '"\n' || ch ==

} else if (file_index < sizeof(file) / sizeof (char)
file[file_index++] = (char) ch;

} else fatal("One of the fileifications from your input

"is too long (> %d chars)",

}

file[file _index] = '\0';
}

(!xfile)
return NULL;

return file;

int

main(int argc, char xxargv) {

FILE *inputfd = NULL;
char xfile = NULL;
char *file copy = NULL;

int arg;

int option_index;

extern char *optarg;

extern int optind;

struct option long_options|[] =

{

{"scan", no_argument, 0, '

s
{"process", no_argument, O,
"version", no_argument, O,

{"verbose", no_argument, O,

"}

1

1

p
A%
A

"}
"}
'}

s
s

(int) sizeof(file));

\t'

=1l

Il ch ==

file "

"\0") {
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96 {"debug", optional argument, O, 'd'},

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

98 {o, o, 0, 0O}

99 IE

100

101 if (argc < 2)

102 print_usage() ;

103

104 /* Argument parsing x/

105 optind = 1;

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

109

110 case O:

111 break;

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

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

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

116 const char xp;

117 o—>debugging++;

118 o—>verbose++;

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

121 o—>verbose++;

122 }

123 if (xp !'= '"\0')

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

126 break;

127 case 'h': /* help x/

128 print_usage() ;

129 break;

130 case 'i':

131 if (inputfd) {

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

134 if (!strcmp(optarg, "—")) {

135 inputfd = stdin;

136 } else {

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

138 if (!inputfd) {

139 fatal("Failed to open input file %s for reading", optarg);
140 }

141 }

142 break;

143 case 'g': /x show correspondence img with matching keypoints */
144 o—>show_graph = true;

145 break;

146 case 'p': /* process mode */




147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

184
185
186
187
188
189
190
191
192
193
194
195
196

5.2. Byakugan Core 81

o—>process = true;

break;

case 'q': /* query image for process mode */
o—>query = strndup(optarg, strlen(optarg));
break;

case 's': /x scan mode */

o—>scan = true;
break;
case 'V': /x show version x/
printf("\nbyakugan version 1.0alpha\n");
exit (EXIT_SUCCESS) ;
break;
case 'v': /x verbosity level x/
if (optarg &% isdigit(optargl0])) {
o—>verbose = atoi(optarg);
} else {
const char xp;
o—>verbose++;

o

for (p = optarg != NULL ? optarg : xp == 'v'; p++)
o—>verbose++;
if (xp != '\0")
fatal("Invalid argument to —v: \"%s\".", optarg);
}
break;
case '?': /* error x/

print_usage() ;

if (o—>scan &k o—>process)
fatal("You can specify either only 'process' (—p) mode or 'scan' (—s) mode!\n");

if (o—>query &k !o—>process)
fatal("You have specified a query image without specifying 'process' (—p) mode!\n");

if (o—>process & !o—>query)
fatal("You have specified 'process' (—p) mode specified and NO query (—q) image!\n")<>

while ((file = grab_next_file(inputfd, argc, argv))) {

file_copy = strndup(file, strlen(file));
Byakugan::byakugan () —>files.push_back(file_copy) ;

if (o—>scan &% Byakugan::byakugan()—>files.empty())

fatal("You have specified scan mode and zero directories to scan!\n");

if (o—>process &% Byakugan::byakugan()—>files.empty())
fatal("You have specified process mode and zero files to process!\n");



197
198
199
200
201
202
203
204
205
206
207

—
— O © 0N O O &~ W N+~

W W W W W N NDNDNDDNDNDDNIDNDNDN = = e e e e
W N = O © 00N O O s WN O O OWwWSN O U WwN

82 KegpaAao 5. YAormoinon

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 s#byakugan(); /* get instance x/

/%

* Process mode:

* Loads saved and decomposed images from XML files as created by the
* scan () function and then compares them against the query image 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. For each

* directory it makes a TrainingSet out of the images and then creates an
* XML file with computed keypoints and descriptors for each set.

*/

void scan(void) ;

vector <char *>files; /* directories/files to scan/process images */
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private:

Byakugan() ;

Byakugan (Byakugan const&) {};

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

“Byakugan() ;

static Byakugan xinstance; /* instance */

/%

* recursive use by scan function

*/

void scan_internal(fs::path dir, int level);

SurfFeatureDetector* detector;

SurfDescriptorExtractor* extractor;

int max_levels;
Image query;
Image gray;

/* maximum levels of recursive

/* query image */

vector<TrainingSet*> trainingSets;

5.2.3 Byakugan.cc

directory scanning */

#include "Byakugan.h"

/* singleton *x/

Byakugan *Byakugan::instance = NULL;

Byakugan #*Byakugan::

byakugan ()

{

if (!instance)

instance = new Byakugan() ;

return instance;

Byakugan::

Byakugan ()

{

double hessianThreshold = 400;

int octaves = 3;

int octavelayers

4;
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detector = new SurfFeatureDetector(hessianThreshold,
extractor = new SurfDescriptorExtractor();
max_levels = 10;

Byakugan::
"Byakugan ()
{
for (int 1 = 0; i1 < trainingSets.size(); i++) {
delete trainingSets[i];

/*

* Scan mode:

octaves, octavelayers);

* Recursively scans all directories as previously specified by user

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

* directory it makes a TrainingSet out of the images and then creates an

* XML file with computed keypoints and descriptors for each set.

*/
void Byakugan::
scan(void)
{

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

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

scan_internal(fs::path(files[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 x*/

TrainingSet set;
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set.setFeatureDetector (detector) ;
set.setDescriptorExtractor(extractor);

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

fs::directory iterator end iter;
for (fs::directory_iterator dir_itr(dir); dir_itr != 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 by the
* scan() function and then compares them against the query image 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(o—>query, 0);
query.useMat (input_image);

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

TrainingSet* set = new TrainingSet () ;

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

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

set—>loadFromArchive(files[i]) ;

trainingSets.push_back(set);

vector<TrainingSet *>::iterator it;
int i = O;

for (it = trainingSets.begin(); it != trainingSets.end(); it++) {

if (o—>verbose)

printf("i: %d, images_count: %d\n", i, (xit)—>images.size());

i++;

s
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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 <bm>matches;
/* process x/

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

matches.push_back(trainingSets[i]—>match(query));

vector<bm>::iterator bm it;

#if O
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 from all
* images */

int max = matches[O].matches;

int set_index = 0;

vector<int >::size type image_index = matches[O].index;

for (1 = O, 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 = 1i;

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

printf("Best match: %s\n", trainingSets|[set_index]—>images[image_index].imgfile.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 x/
class ByakuganOps {
public:

static ByakuganOps* get_instance() ;

int verbose; /* verbosity level x/

int debugging;/* debugging level x*/

bool scan; /* scan mode */

bool process; /* process mode */

char *query; /* query image filename x*/

bool show_graph; /* show correspondence img with matching keypoints *x/

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

s

extern ByakuganOps* o;

5.2.5 ByakuganOps.cc

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

/* singleton x/

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 (!ops_instance)

ops_instance = new ByakuganOps () ;

return ops_instance;

ByakuganOps* o = ByakuganOps::get_instance() ;

5.2.6 Image.h

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

using namespace cv;
using namespace std;

namespace fs = boost::filesystem;

class Image {
public:

// 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);

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

Image clone() { return x(new Image(cvImg.clone())); }

// 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) { cvtColor(cvImg, cvImg, code); }

void add(Image &img) cv::add(img.cvImg, cvImg, cvImg); }
void dilate(int amt)

void erode(int amt) cv::erode(cvImg, cvImg, Mat(), Point(—1,—1), amt);

{

{

{
void blur(int amt) { cv::blur(cvIimg, cvImg, Size(amt,amt)); }
void invert () { cv::bitwise_not(cvImg, cvImg); }

void equalize() { equalizeHist(cvImg, cvImg); }

cv::dilate(cvImg, cvImg, Mat (), Point(—1,—1), amt);

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

// 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);

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

void adaptiveThreshold(bool inverse=false, bool gaussian=true);

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

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

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

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

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

void copyInto(Image background, int x, int y);

// Show this image using HighGUI

void show(string windowname, int x, int y);

// Get an image for each channel in this image

vector<Image> split();

// Get a matrix of the image as a list of pixels (ie: 1 column, wkh rows)
Mat asList();

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

// Get a particular number of kmeans clusters of colors

float* getClusters(int clusterCount);

// Get some copies of this image

vector<Image> copies(int num);

// Get a grayscale version of this image.

Image getGrayscale() ;
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// Get a reference to the cv::Mat
Mat* getCvImg() { return &cvImg; }

//protected:

cv::Mat cvimg;

Rect roi;

fs::path imgfile; // path to the image file
e

5.2.7 Image.cc

#include "Image.h"

//

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

{

cvimg = m;

//
Image& Image::operator=(const Image &other)
{

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

return xthis; // Yes, so skip assignment, and just return xthis.

other.cvImg.copyTo( cvImg );
return xthis;

//

bool Image::open(string filename, bool forceGrayscale)

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

//

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

{

int thresholdType = inverse ? THRESH BINARY_ INV :
cv::threshold(cvImg, cvImg, t, 255, thresholdType);

//

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

THRESH_BINARY;
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int adaptiveMethod = gaussian ? ADAPTIVE_ THRESH GAUSSIAN_C : ADAPTIVE_THRESH_MEAN C;
int thresholdType = inverse ? THRESH_BINARY_ INV : THRESH_BINARY;
cv::adaptiveThreshold(cvImg, cvImg, 255, adaptiveMethod, thresholdType, 5, 5);

//

void Image::soebel(bool xfirst, int ksize)

{

Sobel(cvImg, cvImg, CV_8U, (xfirst)?1:0, (xfirst)?0:1, ksize);

//
void Image::canny(double threshl, double thresh2, int aperatureSize, bool moreAccurate)

{

Canny(cvImg, cvImg, threshl, thresh2, aperatureSize, moreAccurate);

//
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));

//
void Image::copySectionFrom(Image src, Rect src_rect)
{

copySectionFrom(src, src_rect, src_rect);

//
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:
cvtColor(cvImg, gray, code);
Image*x grayscale = new Image(gray);

return *grayscale;

//
void Image::copySectionFrom(Image src, Rect src_rect, Rect dst_rect)

{
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//

void Image::copyInto(Image background,

{

//

void Image::copyInto(Image background,

{

//

Mat src_roi = src.cvImg(src_rect);
Mat dst_roi = cvImg(dst_rect);
src_roi.copyTo(dst_roi);

int x, int y, Image mask)

Rect bg = Rect(0, 0, background.width(), background.height());

Rect fg = Rect(x, y, width(), height());
Rect intersect = fg & bg;

Mat foreground roi = cvImg( Rect(0, O, intersect.width, intersect.height) );

Mat mask_roi = mask.cvImg( Rect(0, O, intersect.width, intersect.height) );

Mat background roi = background.cvImg(Rect(x, y, intersect.width, intersect.height));

foreground_roi.copyTo(background_roi, mask_roi);

int x, int y)

copyInto(background, x, y, Image(Mat::ones(size(), CV_8UCl)));

void Image::show(string windowname, int x,

{

//

ve

{

namedWindow (windowname) ;
cvMoveWindow(windowname.c_str(), x, y):

imshow(windowname, cvImg);

int y)

ctor<Image> Image::split()

vector<Mat> cvPlanes;
vector<Image> 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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140 | //

141 | // TO DO: There must be a better way to do this. Maybe post on opencv list
142 | // Maybe we can elongate it to make an extremely wide image and then rotate it.
143 | // NOTIE: Not sure this works with >1 channel images
144 |Mat Image::asList()

145 | {

146 int rows = cvImg.totall();

147 int cols = 1;

148 Mat list(rows, cols, cvImg.type());

149 uchar* src;

150 uchar* dest = list.ptr(0);

151 for (int 1=0; i<cvImg.size() .height; i++) {

152 src = cvIimg.ptr(i);

153 memcpy (dest, src, cvImg.step);

154 dest += cvImg.step;

155 }

156 return list;

157 |}

158

159

160 | //

161 | void Image::setDepth(int newType)

162 | {

163 cvImg.convertTo(cvImg, newType);

164 |}

165

166

167 | //

168 | float* Image::getClusters(int clusterCount)

169 | {

170 Mat list = asList():

171 list.convertTo(list, CV_32F);

172

173 Mat labels(list.size(), CV_8UC1);

174 Mat centers(clusterCount, 1, list.typel());

175 TermCriteria termcrit (CV_TERMCRIT EPS+CV_TERMCRIT ITER, 10, 1.0);
176 kmeans(list, clusterCount, labels, termcrit, 3, KMEANS_PP_CENTERS, centers);
177 float* ¢ = new float[clusterCount];

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

180 |}

181

182 | //

183 | vector<Image> Image::copies(int num)

184 | {

185 vector<Image> clones;

186 for (int i=0; i<num; i++) {

187 Image aCopy( cvImg );

188 clones.push_back( aCopy );

189 }

190 return clones;
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191 |}
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5.2.8 Traininglmage.h

#pragma once
#define MARGIN 50

#include
#include
#include
#include
#include
#include
#include

"Matcher.h"

"Image.h"

"ByakuganOps.h"
<boost/filesystem .hpp>
<boost/algorithm/string .hpp>
<fstream>

<iostream>

using namespace std;

using namespace Ccv;

namespace fs = boost::filesystem;

class Matcher;

class TrainingImage : public Image {

public:

TrainingImage() ;

/%

* Computes the ROI (region of interest) by intelligently gathering the

* user—generated data from the cnr files.

* It gets the "corners" residing inside the .cnr files and comprehends

* which of the coordinates correspond to which corner from

* top—left to bottom right.

* Returns a rectangle which defines the ROI.

*/

Rect create_outline() ;

/*

* 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 generate_cnrfile();

/*

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

*/

void remove_query_string() ;
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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 Traininglmage data into the Matcher and then performs the
* query against "image"

*/

int match(Image image);

//protected:

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

Mat descriptors;

Mat image_w_margin;
vector<Point> corners;

5.2.9 Traininglmage.cc

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

TrainingImage::

TrainingImage () {

/%

* Computes the ROI (region of interest) by intelligently gathering the
* user—generated data from the cnr files.

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

* top—left to bottom right.

* Returns a rectangle which defines the ROI.

*/

Rect TrainingImage::
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create_outline()

{

vector <Point>::iterator it;

int small_x, small y, pos_x, pos_y, big_x, big_y;
int 1i;

Point top_left;

Point bottom_right;

int width, height;

Rect ret;

/* find smallest x coordinate */
small_x = corners[0].x;
for (1 = 0, pos_x = 0, it = corners.begin(); it != corners.end(); it++, i++) {
if (it—>x < small_x) {
small_x = it—>x;

pos_x = i;

/* find smallest y coordinate x*/
small_y = corners|[O].y;
for (i = 0, pos_y =0, it = corners.begin(); it != corners.end(); it++, i++) {
if (it—>y < small_y) {
small y = it—>y;
pos_y = 1i;

/* 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 different points
* create the top left corner of our outline to be. C has the smallest y

* while B has the smallest x.

*x 0

% X
* |

* p.< B
* | | A

* | |

* | |

* | |

* | | D
* | C

* |

* V

* Y

*/

top_left.x = small_x;
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top_left.y = small_y;

if (o—>debugging > 5) {
printf("small_x %d, pos: %d \n", small_x, pos_x);
printf("small_y %d, pos: %d \n", small y, 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 defined the

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

*/

/* find biggest x coordinate x/
big_x = corners|[O0].x;
for (it = corners.begin(); it != corners.end(); it++) {
if (it—>x > big_x)
big x = it—>x;

/* find biggest y coordinate x/
big_y = corners|[O].y;
for (it = corners.begin(); it != corners.end(); it++) {
if (it—>y > big_y)
big y = it—=y;

bottom_right.x = big_x;
bottom right.y = big_y;

/* calculate width and height of our rectangle */
width = bottom right.x — corners|[pos_x].x;
height = bottom right.y — corners[pos_y].vy;

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 TrainingImage::



122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

98 KegpaAao 5. YAormoinon

generate_cnrfile()

{

corners.clear() ;
cnrfile = imgfile;
cnrfile.replace_extension(".cnr");

ifstream myfile( cnrfile.string().c_str() );
if (myfile.is_open()) {
string line;

while (myfile.good()) {
getline(myfile, line);
if (!line.empty()) {
Point p;
stringstream ss(line);

Ss >> p.X >> p.V;
corners.push_back( p );

vector<Point>::iterator it;

if (o—>debugging) {

printf(" corners \n") ;
for (it = corners.begin(); it != corners.end(); it++) {
printf("x: %d y: %d\n", 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 exists might
* extend outside of the image.
*/
image_w_margin = Mat(Size(cvImg.size() .width+(MARGIN%*2),
cvIimg.size () .height +(MARGIN*2)), cvImg.type());
image_w_margin = Scalar(255,255,255);

/* Copy the image from the file into the one with the margin */
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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173 setMouseCallback("image", on_mouse, this);
174

175 bool done=false;

176 do {

177

178 int key = waitKey(100);

179

180 if (key == 27 || corners.size() > 3)
181 done = true;

182 if (key == 'c¢')

183 generate_cnrfile() ;

184

185 imshow("image", image w_margin);

186 } while (!done);

187

188 if (corners.size() == 4) {

189

190 ofstream myfile;

191 myfile.open(cnrfile.string().c_str(), ios::trunc);
192 if (myfile.is_open()) {

193 for (int i = 0; i < corners.size(); i++) {
194 myfile << corners[i].x << " " << corners[i].y << endl;
195 }

196 myfile.close() ;

197 }

198 }

199

200 |}

201

202

203 | /*

204 * If an image has a name like myimage.jpg?fooblah=boo, rename it myimage.jpg
205 */

206 |void TrainingImage::

207 | remove_dguery_string()

208 | {

209 // If there is a query string after the extension, take it off!
210 string old_name = imgfile.string();

211 size_t found = old_name.find("&"):;

212 if (found != string::npos) {

213 string new_name = old_name.substr(0, found);
214 fs::rename(old_name, new_name) ;

215 imgfile = fs::path(new_name);

216 }

217 |}

218

219

220

221

222 | /*

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

224 */

225 | void TrainingImage::
226 |open(string _imgfile)
227 | {
228 imgfile = fs::path(_imgfile);
229 Image::open(_imgfile);

230 |}

231
232
233 | /*

234 * OpenCV mouse listener

235 */

236 |void TrainingImage::

237 |on_mouse(int event, int x, int y, int flags, void#* param)

238 | {

239 TrainingImagex img = (TrainingImagex*)param;

240 if (event == CV_EVENT_LBUTTONUP) {

241 circle(img—>image_w_margin, Point(x,y), 2, Scalar(0,0,255), 2);
242 img—>corners.push_back (Point (xMARGIN, y—MARGIN));

243 }

244 |}

245
246
247 | /*

248 * loads the Traininglmage data into the "matcher" and then performs the
249 * query against "image"

250 */

251 |int TrainingImage::

252 |match(Image image)

253 | {
254
255
256 Matcher::matcher () —>loadTrainingImageData(this) ;
257 return Matcher::matcher ()—>doQuery(image) ;
258
259 |}
5.2.10 TrainingSet.h

1 | #include <boost/filesystem .hpp>

2 | #include <boost/algorithm/string.hpp>

3 | #include "Traininglmage.h"

4 | #include "ByakuganOps.h"

5 | #include "utils .h"

6

7

8 | 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 XML file as
* 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(string _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 descriptors for
* each image
*/

void save() ;

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

"

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

*/

bm match(Image img);

/%
* Sets the Feature Detector
*/

void setFeatureDetector(FeatureDetector*x _detector);

/%
* Sets Descriptor Extractor
*/

void setDescriptorExtractor(DescriptorExtractorx _extractor);

vector<TrainingImage> images;

protected:
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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 *ximage_exts[] = {".jpg", ".jpeg", "
for (int 1 = 0; 1 < b5; i++) {

if (boost::starts_with(ext, image_exts[i])) {

.png", ".tiff", ".tif"};

return true;

}

return false;

/* directory path to load images from x*/
fs::path dir;

/* Use generic container for detector so we can use different types x*/
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 XML file as
* created by the Byakugan scan() function

*/

void TrainingSet::

loadFromArchive(string path)
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const char xname;

const char xvalue;

int total;

string new_name;

bool compressed = false;

TiXmlNode *node;

TiXmlElement *elem, *filename, xkeypoints, xfilepath;

new_name = path;

/+ first check if the files are compressed */

size_t found = path.find(".gz");
if (found != string::npos) {

compressed = true;

/* First uncompress the .gz file */

ifstream file(path.c_str());
filtering_streambuf<input> in;
in.push(gzip_decompressor());
in.push(file);

//TODO: find a more efficient way to do this instead of having to write

//it to the disk each time

/* remove .gz extension */

new_name = path.substr(0, path.size()—3);

ofstream out (new_name.c_str());

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

/* now open the uncompressed .xml file *x/

TiXmlDocument doc(new_name.c_str()):

TiXmlHandle hDoc(&doc) ;
TiXmlHandle root(O);

if (!doc.LoadFile()) {

printf("cannot load archive file %s \n", path.c_str());

return;

images.clear() ;
if (o—>verbose)
printf("Start loading archive...\

n");
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node = doc.FirstChild("total");
elem = node—>ToElement () ;

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

value = elem—>GetText () ;

total = Strtol(value);

/* navigate to <objects> x/

elem = elem—>NextSiblingElement () ;

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

/* keep <filename> reference for later x*/
node = elem—>FirstChildElement () ;
filename = node—>ToElement () ;

string full p;

/* loop through images (<filename>) x*/

for (int i = 0; i < total; i++) {

TrainingImage img;

if (1 != 0) {
/* traverse through the next <filename
* and update the current filename node */
node = filename—>NextSiblingElement () ;
filename = node—>ToElement () ;

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

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

full p = value;
/* read in the image */

img.open(full_p);
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124

125 /* traverse through <roi> and get values */

126 node = filepath—>NextSiblingElement () ;

127 elem = node—>ToElement () ;

128 elem—>QueryIntAttribute("x", &img.roi.x);

129 elem—>QueryIntAttribute("y", &img.roi.y);

130 elem—>QueryIntAttribute("width", &img.roi.width);
131 elem—>QueryIntAttribute("height", &img.roi.height);
132

133 if (o—>debugging)

134 printf("———roi: %d %d %d %d \n",

135 img.roi.x, img.roi.y, img.roi.width, img.roi.height);
136

137

138 /* keep <keypoints> for future reference x*/

139 node = elem—>NextSiblingElement () ;

140 keypoints = node—>ToElement () ;

141

142 /* navigate to first <keypoint> %/

143 node = keypoints—>FirstChildElement () ;

144 elem = node—>ToElement () ;

145

146 KeyPoint x*k;

147 double x, y, size, angle, response;

148

149 /* loop through each <keypoint> for this image */
150 for (elem; elem; elem=elem—>NextSiblingElement()) {
151

152 k = new KeyPoint () ;

153

154 elem—>QueryDoubleAttribute("pt.x", &x);

155 elem—>QueryDoubleAttribute("pt.y", &y);

156 elem—>QueryDoubleAttribute("size", &size);

157 elem—>QueryDoubleAttribute("angle", &angle);

158 elem—>QueryDoubleAttribute("response”, &response);
159 elem—>QueryIntAttribute("octave", & —>octave);
160 elem—>QueryIntAttribute("class_id", &k—>class_id);
161

162 k—=>pt.x = x;

163 k—>pt.y = v;

164 k—>size = size;

165 k—>angle = angle;

166 k—>response = response;

167

168 //printf("val: %.16e %.16e %.16e %.16e %.16e\n",
169 // k—>pt.x, k—>pt.y, k—>size, k—>angle, k—>response)
170

171 img.keypoints.push_back(xk);

172 }

173

174 /* node will now point to <rows> which is child of <descriptors> */
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175 node = keypoints—>NextSiblingElement ()—>FirstChildElement () ;
176 elem = node—>ToElement () ;

177

178 int rows, cols;

179

180 rows = Strtol(elem—>GetText());

181 /* navigate to <cols> x/

182 elem = elem—>NextSiblingElement () ;

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:190 */
189 img.descriptors.create(rows, cols, CV_32FCl);

190

191 /* now point to first descriptor */

192 elem = elem—>NextSiblingElement ()—>NextSiblingElement () ;
193

194 MatIterator_<float> it = img.descriptors.begin<float >();
195 MatIterator_<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 *x/

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()) {

204

205 value = elem—>GetText () ;

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

207

208 //printf("%.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 != it_end; it++) {

218 printf("%.16e\n", *it);

219 }

220 printf (" END \n");

221 | #endif

222

223 images.push_back(img) ;

224

225 }
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/+ if the file was compressed, remove the uncompressed file now x*/
if (compressed)
if (remove(new_name.c_str()))
printf("Error deleting %s\n", new_name.c_str());

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

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

*/

bool TrainingSet::

loadFromDirectory(string _path)

{

images.clear();

dir = fs::path(_path);
fs::path full p;
Mat image_roi;

Image gray;

if (!fs::exists(dir) || !fs::is_directory(dir)) {
printf("%s is not a directory.\n", dir.c_str());
return false;

/* Loop through the contents of the directory and assemble
* SURF points of any images found */
if (o—>debugging)

printf("Opening %s \n", dir.c_str());

fs::directory_iterator end iter;

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

if (o—>debugging)
printf("encountered a file: %s \n", dir_itr—>path().c_str());

if (is_image(dir_itr—>path())) {

if (o—>debugging)
printf("found an image %s \n", dir_itr—>path().c_str());

full p = boost::filesystem3::complete(dir_itr—>path().c_str());
if (o—>debugging)

printf("full path: %s\n", full p.c_str());

TrainingImage img;
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277 img.open(full_p.string());

278 img.generate_cnrfile();

279

280 if (fs::exists(img.cnrfile)) {

281

282 vector<Point>::iterator it;

283

284 /* use the region of interest as defined by the cnr files x*/
285 img.roi = img.create_outline();

286 //printf ("roi: x: %d y: %d width: %d height: %d \n",
287 // roi.x, roi.y, roi.width, roi.height);

288

289 /* convert to grayscale */

290 gray = img.getGrayscale();

291 image_roi = gray.cvImg(img.roi);

292

293 if (o—>debugging)

294 printf("Identifying keypoints \n");

295 detector—>detect (image_roi, img.keypoints);

296

297 if (o—>debugging)

298 printf("Extracting descriptors \n");

299 extractor—>compute(image_roi, img.keypoints, img.descriptors);
300

301 if (o—>debugging > 5)

302 printf("descriptors cols: %d rows: %d\n",

303 img.descriptors.cols, img.descriptors.rows);
304

305 images.push_back(img) ;

306 }

307 }

308 }

309

310 return true;

311 }

312

313

314

315 | /x*

316 * Saves the TrainingSet into a propery formatted XML file .
317 *+ The attributes which are saved are:

318 * the filename, the full path, the computed keypoints and descriptors for
319 * each image

320 */

321 |void TrainingSet::

322 |savel()

323 | {

324 TiXmlDocument doc;

325 char total[16], filenamebuf[16], rows_buf[l16], cols_buf[l6], type buf[2];
326 int rows, cols, width, height;

327 fs::path compressed file(dir.string()+".xml.gz");
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328

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

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

331 return;

332

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

335

336 if (o—>debugging)

337 printf("saving data to %s \n", datafile.c_str());

338

339

340 /* write "<?xml version="1.0" ?>" to file beginning */
341 TiXmlDeclaration xdecl = new TiXmlDeclaration("1.0", "", "");
342 doc.LinkEndChild(decl) ;

343

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

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

346 Snprintf(total, sizeof(total), "%d", images.sizel());

347 TiXmlText *text = new TiXmlText (total);

348 element—>LinkEndChild(text) ;
349 doc.LinkEndChild(element) ;

350

351 /* write <objects> to root */

352 TiXmlElement *objects = new TiXmlElement ("objects");
353 doc.LinkEndChild(objects);

354

355 /* <keypoints> x/
356 TiXmlElement xkeypoints;
357
358 /* <path> x/
359 TiXmlElement *path;

360

361 /* <roi> attributes: x, y, width, height %/

362 TiXmlElement *roi;

363

364 for (int 1 = 0; i < images.size(); i++) {

365

366 TiXmlElement *filename = new TiXmlElement ("filename") ;
367 Snprintf(filenamebuf, sizeof(filenamebuf), "image %d", 1i);
368 TiXmlText *text = new TiXmlText (filenamebuf) ;

369 filename—>LinkEndChild(text) ;

370 objects—>LinkEndChild(filename) ;

371

372 path = new TiXmlElement ("path");

373 text = new TiXmlText (images[i].imgfile.c_str());

374 path—>LinkEndChild(text);

375 filename—>LinkEndChild(path);

376

377 roi = new TiXmlElement ("roi");

378 roi—>SetAttribute("x", images[i].roi.x);
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379 roi—>SetAttribute("y", images[i].roi.y);

380 roi—>SetAttribute("width", images[i].roi.width);

381 roi—>SetAttribute("height", images[i].roi.height);

382 filename—>LinkEndChild(roi) ;

383

384 keypoints = new TiXmlElement ("keypoints");

385 filename—>LinkEndChild(keypoints) ;

386

387 KeyPoint xk;

388 TiXmlElement xkeypoint;

389

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

391

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

393

394 keypoint = new TiXmlElement("keypoint");

395 keypoints—>LinkEndChild(keypoint);

396

397 /%

398 * CV.PROP.RW Point2f pt; //!< coordinates of the keypoints

399 * CV.PROP RW float size; //!< diameter of the meaningful keypoint neighborhood

400 * CV.PROP RW float angle; //!< computed orientation of the keypoint (—1 if not <«
applicable)

401 * CV.PROP RW float response; //!< the response by which the most strong keypoints<—
have been selected.

402 * CV.PROP.RW int octave; //!< octave (pyramid layer) from which the keypoint has <
been extracted

403 #* CV.PROPRW int class_id; //!< object class

404 */

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

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

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

408 keypoint—>SetDoubleAttribute("angle", k—>angle);

409 keypoint—>SetDoubleAttribute("response", k—>response) ;

410 keypoint—>SetAttribute("octave", k—>octave);

411 keypoint—>SetAttribute("class_id", k—>class_id);

412

413 }

414

415 /* descriptors x/

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

417

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

419

420 rows = images|[i].descriptors.rows;

421 cols = images|[i].descriptors.cols;

422

423 /* rows x/

424 TiXmlElement *xxml_rows = new TiXmlElement ("rows");

425 Snprintf (rows_buf, sizeof (rows_buf), "%d", rows);

426 TiXmlText *r = new TiXmlText (rows_buf) ;
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xml_rows—>LinkEndChild(r) ;
descriptors—>LinkEndChild(xml_rows) ;

/* cols x/

TiXmlElement *xml_cols = new TiXmlElement("cols");
Snprintf(cols_buf, sizeof(cols_buf), "%d", cols);
TiXmlText *c = new TiXmlText (cols_buf);
xml_cols—>LinkEndChild(c) ;
descriptors—>LinkEndChild(xml_cols);

/* data type (dt) */

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

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

descriptors—>LinkEndChild(dt) ;

/* raw data */

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

const char xdata = (const char x)(d—>data);
const char xptr;

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, =x(float x)data);
data += sizeof(float);
buf_len = (int)strlen(ptr);
TiXmlElement *xml_desc = new TiXmlElement ("descriptor");
d_value = strndup(ptr, buf_ len);
TiXmlText *t = new TiXmlText (d_value);

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

filename—>LinkEndChild(descriptors);

doc.SaveFile(datafile.string() .c_str());

/* Compress file with gzip */

f for float x/
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ifstream file(datafile.string().c_str());
char a[256];
filtering ostream out;
out .push(gzip_compressor());
out.push(file_sink(compressed_file.string().c_str()));
while (!file.eof()) {
file.getline(a, sizeof(a));
out << a << endl;
}
/* Remove the plain xml file %/
if (remove(datafile.string().c_str()))
printf("Error deleting %s\n", datafile.string().c_str());
}
/%
* Match all images of this TrainingSet against the query image which is
* provided in "img". Returns struct which holds the index and the value
* (matches_count) for the best matching image
*/
bm TrainingSet::

match(Image img)
{
/* best matching index — the index of the image inside the Training Set
* that best matches the query image
*/

vector<int >::size_type bmi;

/* struct holding index and matches_count of best matching image */
bm b;

/* vector holding the matches count for each image */

vector <int> matches;

for (int i = 0; i < images.size(); i++) {
/* perform the matching function and push the result — the matches
* count — inside the vector for further processing later x*/
matches.push_back(images[i].match(img));

vector<int >::iterator result = std::max_element (matches.begin(), matches.end());

b.matches = xresult;
b.index = result — matches.begin();

if (o—>debugging)
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529 printf("bmi: %d %s\n", b.index, images[b.index].imgfile.c_str());
530
531 return b;
532 |}
533
534 | /*

535 * Sets the Feature Detector

536 */

537 |void TrainingSet::

538 | setFeatureDetector (FeatureDetector* _detector)
539 | {

540 detector = _detector;

541 detector.addref () ;

542 |}

543
544 | /x*

545 * Sets Descriptor Extractor
546 */

547 |void TrainingSet::

548 | setDescriptorExtractor(DescriptorExtractor* _extractor)

549 | {

550 extractor = _extractor;
551 extractor.addref () ;
552 |}

5.2.12 Matcher.h

1 | #pragma once

2 | #include <opencv2/opencv.hpp>

3 | #include "Image.h"

4 |#include "Traininglmage.h"

5 | #include "utils.h"

6

7 | class TrainingImage;

8

9

10 | class Matcher {

11 | public:

12

13 static Matcherx matcher() ;

14

15

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

18

19 bool saveTrainingData(string basepath) ;
20 bool loadTrainingData(string basepath);
21 bool loadTrainingImageData(TrainingImage *img);
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void drawTrainKeypointsIntoImage(Image& img) ;

private:

Matcher () ;

Matcher (Matcher &) {};

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

static Matcher sxmatcher instance; /*x instance */

bool init(string _detector_alg="SURF", string _extractor_alg="SURF",
string _matcher_alg="FlannBased", float _ransacReprojThreshold=3.0);

Image trainlmg;

float ransacReprojThreshold;

bool bTrainAnalyzed;
bool bInited;
bool bDoCrossCheckFilter;

Mat train_descriptors, H12;
vector<Point2f> train pts;
vector<KeyPoint> train kpts;
vector<DMatch> matches;
vector<int> queryIdxs, trainIdxs;

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

PyramidAdapted
string extractor_alg; // Sift, Surf, Brief, OpponentColor
string matcher_alg; // BruteForce, FlannBased

cv::Ptr<cv::FeatureDetector> detector;
cv::Ptr<cv::DescriptorExtractor> extractor;

cv::Ptr<cv::DescriptorMatcher> desc_matcher;

cv::Mat query_descriptors;

vector<cv::KeyPoint> query_kpts;

bool computed query; /* true after keypoints and descriptors for query image
computed for first time */

Mat correspondencelmg;

i

extern Matcher *matcher;

are <
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5.2.13 Matcher.cc

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

/* singleton x/

Matcher *Matcher::matcher_instance = NULL;

Matcher::
Matcher ()
{

init();

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, float <
_ransacReprojThreshold)
{
ransacReprojThreshold = _ransacReprojThreshold;
detector_alg= _detector_alg;
extractor_alg= _extractor_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.c_str());

return false;

if (extractor.empty()) {
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printf("%s is not a known extractor algorithm \n", _extractor_alg.c_str());

return false;

if (desc_matcher.empty()) {

printf("%s is not a known matching algorithm \n", _matcher_alg.c_str());

return false;

bInited = true;
computed_query = false;

return true;

bool Matcher::
train(Image& _trainImg, string datapath)
{

assert(_trainImg.channels()==1);

trainImg = _trainImg;

if (loadTrainingData(datapath)) {
bTrainAnalyzed = true;

} else {
//loadTraininglmageData (trainlmg) ;
bTrainAnalyzed = true;

return bTrainAnalyzed;

void Matcher::
drawTrainKeypointsIntoImage (Image& img)
{
if (bTrainAnalyzed && train kpts.size() > 0) {
drawKeypoints(img.cvImg, train_kpts, img.cvImg,

Scalar(255, 0, 0), DrawMatchesFlags::DRAW_RICH_KEYPOINTS) ;

int Matcher::

doQuery(Image& queryImg)

{
if (!'bInited) {

printf("WARNING: Not inited. Using default values. Please call init before match.\n"<

IE
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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", trainImg.cvImg.cols, trainImg.cvImg.rows);

bDoCrossCheckFilter = true;

if (computed _query == false) {
detector—>detect (queryImg.cvImg, query_kpts);
extractor—>compute(queryImg.cvImg, query_kpts, query_descriptors);

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<>
.rows) ;
printf("train descs cols: %d rows: %d\n", train_descriptors.cols, train descriptors<«—

.rows) ;

/* Match the keypoints */
if (bDoCrossCheckFilter) {
if (o—>debugging)
printf("cross matching\n");
crossCheckMatching(desc_matcher, query_descriptors, train_descriptors, matches, 1 );
} else {
if (o—>debugging)
printf("simple matching\n");

desc_matcher—>match(query_descriptors, train_descriptors, matches );

printf("%s ", trainImg.imgfile.string().c_str());
if (o—>verbose)

printf("matches: %d\n", matches.size());

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

vector<int> trainIdxs(matches.size()):

for (size_t i = 0; i < matches.size(); i++) {
queryIdxs[i] = matches[i].queryIdx;
trainldxs[i] = matches[i].trainIdx;
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146 }

147

148

149 /* Calculate the homography x*/

150 if (ransacReprojThreshold >= 0)

151 {

152 vector<Point2f> pointsl; KeyPoint::convert(query_kpts, pointsl, queryIdxs);

153 vector<Point2f> points2; KeyPoint::convert(train_kpts, points2, trainIdxs);

154

155 if (o—>debugging > 5) {

156

157 printf("—— TRAIN KEYPOINTS ———\n");

158 for (int i = 0; 1 < train kpts.size(); i++)

159 printf("x: %f y: %f size: %f \n",

160 train_kpts[i].pt.x, train_kpts[i].pt.y, train_kpts[i].size);

161

162 printf("—— TRAIN POINTS ———\n");

163 for (int 1 = 0; i < trainldxs.size(); i++)

164 printf("%d \n", trainIdxs[i]);

165

166 printf("——— QUERY KEYPOINTS ——  \n") ;

167 for (int i = 0; i < query_kpts.size(); i++)

168 printf("x: %f y: %f size: %f \n",

169 query_kpts[i].pt.x, query_kpts[i].pt.y, query_kpts[i].size);

170

171 printf("— QUERY POINTS ————\n");

172 for (int 1 = 0; i < queryldxs.size(); i++)

173 printf("%d \n", queryIdxs[i]);

174

175 printf("—— POINTS 1 ——— \n");

176 for (int i = 0; 1 < pointsl.size(); i++)

177 printf("%f %f \n", pointsl[i].x, pointsl[i].y);

178

179 printf("—— POINTS 2 ———\n");

180 for (int i = 0; i < points2.size(); i++)

181 printf("%f %f \n", points2[i].x, points2[i].y);

182

183 }

184

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

186 }

187

188 if (o—>debugging > 5) {

189

190 printf (" MATCHES \n") ;

191 for (int 1 = 0; i < matches.size(); i++) {

192 printf("queryldx %d trainldx %d imgldx %d dist %f \n",

193 matches[i].queryIdx, matches[i].trainIdx, matches[i].imgIdx, matches[i]. <>
distance);

194 }

195 printf("—FND MATCHES————\n") ;
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printf("H12: cols %d rows: %d \n", H12.rows, Hl2.cols);

for (int i = 0; i < Hl2.rows; i++)
for (int j = 0; j < Hl2.cols; j++)
printf("%d %d : % f \n", i, j, H12.at<float>(i, 3)):

/+* Make a mask of the points in the query image that survive the perspective transform
* of the homography
*/

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

/* real matches %/

int matches_count = 0;

if ('H12.empty()) {
vector<Point2f> pointsl; KeyPoint::convert(query_kpts, pointsl, queryIdxs);
vector<Point2f> points2; KeyPoint::convert(train_kpts, points2, trainIdxs);
Mat query_points_transformed;

perspectiveTransform(Mat (pointsl), query_ points_transformed, H12);

double maxInlierDist = ransacReprojThreshold < O ? 3 : ransacReprojThreshold;

for (size_t i1 = 0; il < points2.size(); il++) {
if (norm(points2[il] — query_points_transformed.at<Point2f>((int)il,0)) <= <>
maxInlierDist) { // inlier
matchesMask([il] = 1;

matches_count++;

if (o—>debugging > 5) {

printf(" MASK \n") ;

for (int i = 0; i < matchesMask.size(); i++)
printf('"%d ", matchesMask[i]);

printf("\n——FEND MASK ——\n") ;

printf("real_matches:%d\n", matches_count) ;
if (o—>show_graph) {

Mat correspondencelImg;

if (o—>debugging)

printf("%d %d %d %d \n", trainImg.roi.x, trainImg.roi.y, trainImg.roi.width, <>
trainImg.roi.height);
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Rect 1 _roi = trainImg.roi;
Mat image_roi = trainImg.cvImg(l_roi);

drawMatches (queryImg.cvImg, query_kpts, image_roi, train_kpts, matches,
correspondenceImg, CV_RGB(O, 255, 0), CV_RGB(0, O, 255), matchesMask);
imshow("correspondence", correspondencelmg) ;

cvilaitKey () ;

if (o—>debugging)
printf("—  END QUERY —") ;

return matches_count;

bool Matcher::

loadTrainingImageData(TrainingImage *img)

{
bTrainAnalyzed = true;

// kanonika den theloume na kanoyme copy ena ena ta stoixeia apo to

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

trainImg = img—>cvImg;

trainImg.roi = img—>roi;
trainImg.imgfile = img—>imgfile;
train_kpts = img—>keypoints;

train descriptors = img—>descriptors;

bool Matcher::
loadTrainingData(string base)
{
if (!bInited) {
printf("WARNING: Train not inited. Using default values. Please call init before <«
load.\n");

init();

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

// Open Keypoints file
sprintf(filename, "%s_keypoints.xml", base.c_str());
FileStorage keypoints_fs;
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keypoints_fs.open(filename, FileStorage::READ);
if (!keypoints_fs.isOpened())
return false;

// Load keypoints for set keypoint detection method
sprintf(nodename, "%s_keypoints", detector_alg.c_str());
if (keypoints_fs[nodename].empty())

return false;
cv::read(keypoints_fs[nodename], train_kpts);

keypoints_fs.release();

// Open descriptor file
sprintf(filename, "%s_descriptors.xml", base.c_str());
FileStorage descriptors_fs;
descriptors_fs.open(filename, FileStorage::READ);
if (!descriptors_fs.isOpened())

return false;

// 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(filename, "%s_keypoints.xml", base.c_str());
FileStorage keypoints_fs;
keypoints_fs.open(filename, FileStorage::APPEND) ;

if (!keypoints_fs.isOpened()) {
printf("Could not open keypoints file for writing.\n");
return false;

sprintf(nodename, "%s_keypoints", detector_alg.c_str());
cv::write(keypoints_fs, nodename, train kpts);

keypoints_fs.release();
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346

347 /* Save Descriptors */

348 char descriptors_filename[255];

349 sprintf(descriptors_filename, "%s_descriptors.xml", base.c_str());
350 FileStorage descriptors_fs;

351 descriptors_fs.open(descriptors_filename, FileStorage::APPEND) ;
352

353 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.c_str());

359 descriptors_fs << string(nodename) << train_descriptors;

360 descriptors_fs.release() ;

361

362 return true;

363 |}

5.2.14 utils.h

1 | #include <opencv2/opencv.hpp>

2 | #include <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 | //Takes an xy point and appends that to a keypoint structure

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

17 | // filters Kkeypoints

18 | void crossCheckMatching(cv::Ptr<DescriptorMatcher>& descriptorMatcher,
19 const Mat& descriptorsl, const Mat& descriptors2,
20 vector<DMatch>& filteredMatchesl2, int knn );
21
22 | // Uses a homography to warp points
23 | vector<Point> warpCorners(doublex h, vector<Point> src );
24
25
26 | int Snprintf(char *s, size_t n, const char *fmt, ...);
27 |int Vsnprintf(char *s, size_t n, const char xfmt, va_list ap);
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int Strncpy(char *dest, const char *src, size t n);
void error(const char *fmt, ...) __attribute _ ((format (printf, 1, 2)));
void fatal(char *fmt, ...) __attribute__ ((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;

} bm;

char #FloatToString(charx 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 xnptr, int fatality = 1);

5.2.15 utils.cc

#include "utils.h"

//Takes 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; 1 < in.size(); ++i)
{
out .push_back(in[i].pt);

//Takes 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_t i = 0; i < in.size(); ++i) {

out .push_back (KeyPoint (in[i], 1));
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void crossCheckMatching( cv::Ptr<DescriptorMatcher>& descriptorMatcher,

const Mat& descriptorsl,

vector<DMatch>& filteredMatchesl2, int knn )

filteredMatchesl2.clear() ;

vector<vector<DMatch> > matchesl2, matches21;

const Mat& descriptors2,

descriptorMatcher—>knnMatch(descriptorsl, descriptors2, matchesl2, knn);

descriptorMatcher—>knnMatch(descriptors2, descriptorsl, matches2l, knn);

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

bool findCrossCheck = false;
for (size_t fk = 0; fk < matchesl2[m].size(); fk++)
DMatch forward = matchesl2[m][fk];

{

for (size_t bk = 0; bk < matches2l[forward.trainIdx].size(); bk++) {

DMatch backward = matches2l|[forward.trainIdx][bk];

if (backward.trainIdx

forward.queryIdx) f{

filteredMatchesl2.push_back(forward) ;
findCrossCheck = true;

break;
}

if (findCrossCheck)
break;

/F

vector<Point> warpCorners( doublex h, vector<Point> src )

{

vector<Point> dst(4);

// from find_object.cpp There is probably a "better" way to do this.

for(int i = 0; i < 4; i++ )

{

double x = src[i].x, y = srcli].y;

double z = 1./(h[6]*x + h[7]*xy + h[8]);
double X = (h[O]*x + h[l]xy + h[2])*Z;
double Y = (h[3]*x + h[4]xy + h[5])*Z;
dst[i] = Point(cvRound(X), cvRound(Y));

}

return dst;

void error(const char *xfmt,

)

{
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va_list ap;

va_start(ap, fmt);
fflush(stdout) ;
viprintf(stderr, fmt, ap);

va_end(ap) ;

return;

void fatal(char xfmt, ...)
{

va_list ap;

va_start(ap, fmt);

fflush(stdout) ;

viprintf(stderr, fmt, ap):
fprintf(stderr, "\nQUITTING!\n");

va_end(ap) ;

exit(1);

int Strncpy(char *dest, const char *src, size_t n)

strncpy(dest, src, n);

if (dest[n—1] == '\0'")
return O;

dest[n—1] = '"\0';

return —1;

int Vsnprintf(char *s, size_t n, const char xfmt, va_list ap)

{

int ret;

ret = vsnprintf(s, n, fmt, ap);

if (ret < 0 |l (unsigned) ret >= n)
s[ln— 1] = "\0";

return ret;

int Snprintf(char *s, size_t n, const char *xfmt,

{
va_list ap;
int ret;

va_start(ap, fmt);
ret = Vsnprintf(s, n, fmt, ap);

{

9)
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va_end(ap);

return ret;

int Round( float value )

{

#if defined HAVE_LRINT |

return (int)lrint(value);

#else

defined CV_ICC |

defined _ GNUC__

// while this is not IEEE754—compliant rounding, it's usually a good enough <

approximation

return (int) (value + (value &jt;= 0 ? 0.5f :

#endif

}

inline bool cv_isdigit(char c)

{

return

char *

'

0' <= c && c <=

V9l;

FloatToString(char* buf, float value)

{

suf val;

unsigned ieee754;

val.

T =

ieee754

if ( (ieee754 &

{

else

int
if (

else

{

value;

= val.u;

0x7£800000)

—0.5£) ) ;

!= 0x7£800000 )

ivalue = Round(value);

ivalue == value )
"%d.", ivalue );

sprintf( buf,

static const charx fmt = "%.8e";

charx ptr =

buf;
sprintf( buf, fmt, value );

if ( *ptr == '+'

ptr++;

*ptr ==

1

'

)

for( ; cv_isdigit(xptr); ptr++ )

if ( *ptr ==
*ptr =

!

1

!

il o

)
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if ( (ieee754 & OxT7Lfffffff)
strcpy( buf, ".Nan" );
else

strcpy( buf, (int)ieee754 < 0 ? "—.Inf"

return buf;

/* strtoul with error checking:

* fatality should be O if error will

* will exit
*/

unsigned long int

!

0x7£800000 )

be handled by caller, or else Strtoul

Strtoul(const char #nptr, int fatality)

{
unsigned long value;
char *endp = NULL;

errno = O;

value = strtoul(nptr, &ndp, 0);

if (errno != 0 Il *endp != '\0')
if (fatality)

fatal("Invalid value for number:

else {

error("Invalid value for number:

return value;

/* strtol with error checking:

* fatality should be O if error will be handled by caller, or else Strtoul

* will exit
*/

unsigned long int

Strtol(const char *nptr, int fatality)

{
unsigned long value;
char *endp = NULL;

errno = O;

value = strtol(nptr, &ndp, 0);

if (errno != 0 || *endp != '\0'")
if (fatality)

{

{

%s"

%s "

fatal("Invalid value for number: %s

else {

error("Invalid value for number: %s

"

nptr) ;

, nptr);

, nptr);

", nptr);

" Inf"

IE



128 KegpaAao 5. YAormoinon

225
226 return value;
227 |}

5.2.16 Makefile

# GNU Make project makefile autogenerated by Premake
CC = gree

CXX = g++

TARGETDIR = .

TARGET = $(TARGETDIR) /byakugan

DEFINES += —DDEBUG

INCLUDES += —I. —I./tinyxml —I/opt/local/include —I/usr/local/include —I/usr/include
CPPFLAGS += $(DEFINES) $(INCLUDES)

CFLAGS += $(CPPFLAGS) —g —Wno—write—strings

CXXFLAGS += $(CFLAGS)

— =
= O © 00 N O O & W N+~

12 | LDFLAGS += —L/opt/local/lib —L/usr/local/lib —L/usr/lib

13 | LIBS += —lopencv_core —lopencv_highgui —lopencv_imgproc —lopencv_objdetect —¢—
lopencv_ml \

14 —lopencv_video —lopencv_features2d —lopencv_calib3d —lopencv_contrib \

15 —lopencv_legacy —lopencv_flann —lboost_program options —lboost_system ——

lboost_filesystem \

16 —lboost_iostreams

17

18

19 |OBJS := TrainingImage.o utils.o Byakugan.o ByakuganOps.o byakugan.o TrainingSet.o Image.<>
o Matcher.o \

20 tinyxml.o tinyxmlerror.o tinyxmlparser.o tinystr.o \

21

22 |export SRCS = byakugan.cc Byakugan.cc ByakuganOps.cc utils.cc TrainingSet.cc Matcher.cc <
\

23 Image.cc TrainingImage.cc ./tinyxml/tinystr.cpp ./tinyxml/tinyxmlerror.cpp \

24 ./tinyxml/tinyxmlparser.cpp ./tinyxml/tinyxml.cpp

25

26 | SHELLTYPE := msdos
27 |ifeq (,$(ComSpec)$(COMSPEC))
28 SHELLTYPE := posix

29 |endif

30 |ifeq (/bin,$(findstring /bin,$(SHELL)))
31 SHELLTYPE := posix

32 |endif

33

34 | .PHONY: clean

35

36

37 |all: $(TARGETDIR) $(TARGET)
38 @:




39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

5.2. Byakugan Core

129

$(TARGET) : $(OBJS)
@echo Linking byakugan
rm —f $@
$(CxXX) $(LDFLAGS) —o $@ $(0BJS) $(LIBS)

$ (TARGETDIR) :
@echo Creating $(TARGETDIR)
ifeq (posix,$(SHELLTYPE))
$(SILENT) mkdir —p $(TARGETDIR)
else
S$(SILENT) mkdir $(subst /,\\,$(TARGETDIR))
endif

clean:
@echo Cleaning byakugan
rm —f dependencies.mk makefile.dep
rm —f $(OBJS)
ifeq (posix,$(SHELLTYPE))
S(SILENT) rm —f $(TARGET)
else
S(SILENT) if exist $(subst /,\\,$(TARGET)) del $(subst /,\\,$(TARGET))
endif

CCLD 5
$(CXX) —c $(CXXFLAGS) $< —o $@

tinystr.o: ./tinyxml/tinystr.cpp

@echo $(notdir $<)

$(CXX) $(CXXFLAGS) —o "$@" —c "$<"
tinyxmlerror.o: ./tinyxml/tinyxmlerror.cpp

Q@echo $(notdir $<)

$(CXX) $(CXXFLAGS) —o "$@" —c "$<"
tinyxmlparser.o: ./tinyxml/tinyxmlparser.cpp

@echo $(notdir $<)

$(CXX) $(CXXFLAGS) —o "$@" —c "$<"
tinyxml.o: ./tinyxml/tinyxml.cpp

@echo $(notdir $<)

$(CXX) $(CXXFLAGS) —o "$@" —c "$<"

makefile.dep:
$(CXX) —MM $(CXXFLAGS) $(SRCS) > $@
include makefile.dep
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5.3 Byakugan Server

5.3.1 server.py

© 0 N O O s W N~
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S
S

#!/usr/bin/env python

import sys

from subprocess import PIPE, Popen
from threading import Thread
import shlex

import cgi

from BaseHTTPServer import BaseHTTPRequestHandler, HTTPServer
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:
ctype, pdict = cgi.parse header(self.headers.getheader('content—type'))
#print ctype
#print pdict
if ctype == 'multipart/form—data':
query = cgi.parse_multipart(self.rfile, pdict)
elif ctype == 'application/x—wwwform—urlencoded':
length = int(self.headers.getheader('content—length'))
query = cgi.parse_gs(self.rfile.read(length), keep_blank values = 1)

message = threading.currentThread() .getName ()
#self.wfile.write (message)

#self . wfile . write('\n"')

# self.send_response(301)
# self.send_header (" Location", "/")
# self.end_headers ()
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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 = tempfile.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 —q ' + f.name

args = shlex.split(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.splitlines()):

"

m = re.search("Best match: ", line)
if m:

reply = line[:m.start()] + line[m.end() :]
print reply
self.send_response(200)
self.send_header('Content—type', 'text/html')
self.send header('Content—length', len(reply));

self.end_headers|()

self.wfile.write(reply);

return
except Exception, err:
print Exception, err

return

pass

class ThreadedHTTPServer(ThreadingMixIn, HTTPServer):
pass

def main() :

try:
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96 server = ThreadedHTTPServer (('', 8000), MyHandler)
97 print 'started httpserver...'

98 server.serve_forever ()

99 except KeyboardInterrupt:

100 print 'AC received, shutting down server'

101 server.socket.close()

102

103 | if _ name == ' main__':

104 main()

5.4 Byakugan Client

5.4.1 MainActivity.java

package org.ithilgore.byakugan;

import java.io.ByteArrayOutputStream;
import java.io.File;

import java.io.IOException;

import java.io.InputStream;

import java.util.ArrayList;

— =
= O © 00 N O O & W N+~

import org.apache.http.protocol.HTTP;

—
N

import org.apache.http.HttpResponse;

—
w

import org.apache.http.HttpVersion;

—
S

import org.apache.http.params.*;

—
[9)]

import org.apache.http.client.HttpClient;

—
(o]

import org.apache.http.client.entity.UrlEncodedFormEntity;

—
~

import org.apache.http.client.methods.HttpPost;

—
o]

import org.apache.http.conn.ClientConnectionManager;

19 |import org.apache.http.conn.scheme.PlainSocketFactory;
20 | import org.apache.http.conn.scheme.Scheme;

21 |import org.apache.http.conn.scheme.SchemeRegistry;

22 | import org.apache.http.conn.ssl.SSLSocketFactory;

23 | import org.apache.http.impl.client.DefaultHttpClient;
24 | import org.apache.http.impl.conn.tsccm.ThreadSafeClientConnManager;
25 |import org.apache.http.message.BasicNameValuePair;

26

27

28 | import android.app.Activity;

29 | import android.app.AlertDialog;

30 |import android.content.DialogInterface;

31 |import android.content.Intent;

32 | import android.content.SharedPreferences;



33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

5.4.

Byakugan Client

import android.

import android.

import android.

import android.

import android.

import android.

import

import android.

import android.

import android

import android.

import android.

import android.

import android.

import android.

import android.

import android.

import android.

public

{

content.SharedPreferences.OnSharedPreferenceChangelistener;

graphics.Bitmap;
graphics.BitmapFactory:
net.Uri;

os.Bundle;

os.Environment;

android.preference.PreferenceManager;

provider.MediaStore;

view.Menu;

.view.MenuInflater;

view.Menultem;

view.View;
view.View.OnClickListener;
widget.Button;
widget.Toast;
os.AsyncTask;
widget.ProgressBar;

util.Log;

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;

// Part of being OnSharedPreferenceChangeListener

public synchronized void onSharedPreferenceChanged(SharedPreferences sharedPreferences<—

, String

key) {

this.ip_addr = null;

// Called first time user clicks on the menu button

QOverride

public boolean onCreateOptionsMenu(Menu menu) {
MenuInflater inflater = getMenulnflater();

inflater.inflate(R.menu.menu, menu) ;

return true;

// Called when

@Override

public boolean

switch (item.getItemId()) {

an options item is clicked

onOptionsItemSelected(Menultem item)

class MainActivity extends Activity implements OnSharedPreferenceChangelistener

{
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case R.id.prefs:
startActivity(new Intent(this, PrefsActivity.class));
break;

return true;

/* Override the onCreate method */

QOverride

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)findvViewById(R.id.camera_button);

pbDefaultM = (ProgressBar) findvViewById(R.id.pbDefault);

alertDialog = new AlertDialog.Builder(this).create();

cameraButton.setOnClicklListener(new OnClickListener() {

public void onClick(View v) {
// Check if there's external storage available and that it's writeable.
boolean mExternalStorageAvailable = false;
boolean mExternalStorageWriteable = false;

String state = Environment.getExternalStorageState() ;

if (Environment.MEDIA_MOUNTED.equals(state)) {
// We can read and write the media
mExternalStorageAvailable = mExternalStorageWriteable = true;
} else if (Environment.MEDIA_MOUNTED_READ_ONLY.equals(state)) {
// We can only read the media
mExternalStorageAvailable = true;
mExternalStorageWriteable = false;
} else {
// Something else is wrong. It may be one of many other states, but all we <>
need
// to know is we can neither read nor write

mExternalStorageAvailable = mExternalStorageWriteable = false;

if (mExternalStorageAvailable &X 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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);
outputFileUri = Uri.fromFile(file);
cameralIntent.putExtra(MediaStore.EXTRA _OUTPUT, outputFileUri);
startActivityForResult (cameraIntent, PICTURE_ACTIVITY);

private HttpClient createHttpClient ()

{
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 doInBackground(String... image_str) {

String the_string response = "";

try {

ArrayList<BasicNameValuePair> nameValuePairs = new ArraylList<BasicNameValuePair<—

>0
nameValuePairs.add(new BasicNameValuePair("upfile", image_str[0]));
HttpClient httpclient = createHttpClient () ;
/* get address from user settings, or else place a default value */
String URL = prefs.getString("server_ip", "http://192.168.1.3:80");
//final 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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httppost .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.println("Error in http connection " + e.toString());

e.printStackTrace() ;

return the_string response;

@Override
protected void onProgressUpdate(Integer... values) {

super .onProgressUpdate () ;

@QOverride

protected void onPostExecute(String result) {

alertDialog.setTitle("Byakugan Result:");
alertDialog.setMessage(result);
alertDialog.setButton("OK", new DialogInterface.OnClickListener() {
public void onClick(DialogInterface dialog, int which) {
// here you can add functions
}
D
alertDialog.show() ;

"

//Toast.makeText (MainActivity . this, "Response + result, Toast.LENGTH LONG) .show<—

0

public class ProgressBarAsyncTask extends AsyncTask<Integer, Integer, Boolean> {

private static final String LOG_TAG = "PB_ASYNC TASK";
private ProgressBar pbM;

int teSecondsProgressedM;

/%%

* The parameters in the constructor of the class are the controls from the
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229 *+ main activity that we will update as the background work is progressing.
230 *

231 * @param pb: the progress bar control.

232 * @param secondProgressed: an edit text with the percentage of 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 /*x%

243 # This method will be called before the execution of the task. Here we
244 * are activating the visibility of the progress controls of the main
245 * activity.

246 x/

247 @Override

248 protected void onPreExecute() {

249 Log.d(LOG_TAG, "Pre—Execute");

250

251 super.onPreExecute() ;

252 pbM.setVisibility( View.VISIBLE);

253 //teSecondsProgressedM. setVisibility ( View.VISIBLE) ;

254 }

255

256 VAR

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 task

262 */

263 @Override

264 protected void onProgressUpdate(Integer... progress) {

265 Log.d(LOG_TAG, "Progress Update: " + progress[O].toString());

266

267 super.onProgressUpdate( progress[O]);

268 PbM. setProgress( progress|[0]);

269 //teSecondsProgressedM . setText ( progress[O].toString()):

270 }

271

272 /%%

273 * This method is called after the execution of the background task. Here
274 *+ we reset the progress controls and set their visible property 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 * doInBackGroundMethod ()
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*/

@Override

protected void onPostExecute(Boolean result) {
Log.d(LOG_TAG, "Post—Execute: " + result);

super .onPostExecute (result) ;
PbM.setVisibility(View.INVISIBLE) ;
//teSecondsProgressedM. setVisibility ( View.INVISIBLE) ;
//teSecondsProgressedM.setText ("") ;

PbM.setProgress(0) ;

/%%
* This method is called for executing the background task in the AsyncTask.
# For this tutorial we are only sleeping the thread for the number of

* seconds passed as parameter of the function.

* @param numSeconds: life of the task

* @return the result of the background task

*/

@Override

protected Boolean doInBackground(Integer... numSeconds) {
Log.d(LOG_TAG, "doInBackground: " + numSeconds[O]);

try {
int totalSecs = numSeconds|[0].intValue() ;
Log.d(LOG_TAG, "Total SECS: " + totalSecs);

for (int i = 1; i <= totalSecs; i++) {
Log.d(LOG_TAG, "Sleeping " + i);
Thread.sleep(1000);

float percentage = ((float)i / (float)totalSecs) * 100;

Log.d(LOG_TAG, "Percentage of progress: + percentage) ;
publishProgress( new Float( percentage).intValue());
}
} catch (InterruptedException e) {
e.printStackTrace() ;
return false;

return true;

@QOverride

protected void onActivityResult(int requestCode, int resultCode, Intent intent) {
super.onActivityResult (requestCode, resultCode, intent);
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if (requestCode == PICTURE_ACTIVITY &% resultCode == Activity.RESULT_OK) {

File file = new File(Environment.getExternalStorageDirectory() ,"imagefile.jpg");

if (file.exists()) {
ByteArrayOutputStream stream = new ByteArrayOutputStream() ;

// 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!)

Bitmap image = BitmapFactory.decodeFile(file.getPath());

Bitmap scaled = Bitmap.createScaledBitmap(image, (int) (image.getWidth() * 0.3)<«>

, (int) (image.getHeight () * 0.3), false);
scaled.compress(Bitmap.CompressFormat .JPEG, 90, stream);
image.recycle();
scaled.recycle() ;

}
System.gc() ;

byte [] byte_arr = stream.toByteArray() ;
String image_str = Base64.encodeBytes(byte_arr);

int seconds = 35;

ProgressBarAsyncTask pbTask = new ProgressBarAsyncTask(pbDefaultM, seconds);

pbTask.execute(seconds) ;

new PostToServer () .execute(image_str);

public String convertResponseToString(HttpResponse response) throws <=
IllegalStateException, IOException {
String res = "";
StringBuffer buffer = new StringBuffer();
inputStream = response.getEntity() .getContent () ;

int contentLength = (int) response.getEntity().getContentLength(); //getting content<—

length ...

//Toast.makeText (MainActivity.this, "contentLength : " + contentLength, Toast.<—

LENGTH_LONG) .show () ;

if (contentLength < 0) {

} else {
byte [] data = new byte[512];
int len = O;

try {
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377 while (—1 != (len = inputStream.read(data)) ) {

378 buffer.append(new String(data, O, len)); //converting to string and appending <
to stringbuffer

379 }

380 } catch (IOException e) {

381 e.printStackTrace() ;

382 }

383

384 try |

385 inputStream.close(); // closing the stream

386 } catch (IOException e) {

387 e.printStackTrace() ;

388 }

389

390 res = buffer.toString(); // converting stringbuffer to string...

391 //Toast.makeText (MainActivity.this, "Result : " + res, Toast.LENGIH LONG) .show () ;

392 //System.out. println ("Response => " + EntityUtils.toString(response. getEntity ()));

393

394 }

395

396 return res;

397 }

398

399 |}

5.4.2 PrefsActivity.java

1 | package org.ithilgore.byakugan;

2

3 | import android.os.Bundle;

4 | import android.preference.PreferenceActivity;

5

6 | public class PrefsActivity extends PreferenceActivity {
7

8 @QOverride

9 protected void onCreate(Bundle savedInstanceState) {
10 super.onCreate(savedInstanceState);

11 addPreferencesFromResource(R.xml.prefs);

12 }

13

14 |}
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