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HOG ¥ E R FER—DERN S AEEZE DA EES.

4) TOuIMEEICLBERL

3 BILX3 L OEEET OV IEBEE S, COTOvSLEEIZIE 9 BEOERRS
LMNEFEEL, 09 BEOERAN S LERNTEEILDOERN SLEESRIES 3. ERe#E
To=-70v0fEE% 1 EILTORASAREE, BEILITEHEERIEATHIS.

]

- S S~
» | - ——
S W VNS

ZOv2(3=x3€JL)

a - 1%
B ki i~
1 s tin
2R L
wled v >l
ADiEE LIL{S5xE5EZ €L )

3.8 170v70H (XHk[19]&YEIA)

3.4.2 HOGHHENDRTHHH
HOG & IIFHISKELBHETHY, BEMA HOG ORFTH V 14, EXRY

SLDRTHE v, EBROEIRE w, #iig% h, LY 4X%Ec, TOvsH4X%EDb L
&E, H(3.5)TRSN .

V=(w/c=b+1)(h/c=b+1)b*y {3.5)

f5l: 250x250M A HERDES
* V=(250/5-3+1)*(250/5-3+1)*3*3*9=186624

3.5 LBP 5

LBP (Local Binary Pattern)Tl&, T. Ojala (1994)5Ic k> TIRESh -S4 E T
H5H[20]. BE 3 x 3 OERBEHTHESh, BEEORFMNLBEEHE T, &
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<, ERDBBAELOEZEEZHIL. ZLT, BRICHETEDRLLSRENDS.
BEROEFEROBEDX/NEFEERRT HLI2E-T, BFRTREIZE D/ 151
NE—DFERN S LT 5. BFREEEDAHE/NAFYa—RELTIRZ .

3.5.1 LBP OERF
LBP R EIFRELILISHL TR ELHEETHD. 2512, HEIRMDAL,

3.5.2 LBP HHOEHI21]
LBP O RIC[E3 x SERMEHENOEREN EHA, AHNEROKARI-EhHSS

LBP EIfR (% 256 BEROERITES. £F1F, E(3.9)D &SI, 256 BEESL—2 45—
NVEBANERIESID. RIZ, EEEEROTOVIIZHEIL, JO0vIROERIZHLT
LBP Z&tH T 3. LT, JOVIEICLBP LR/ SLRERT S, Biklc, TOvs%
AOEANT S LEBHLTHEERT[22].

BIZIE, B RAOERE ()&, O8I EICHIERME I(n)ELHET 5,

EERE SEEDEEE 2{Efk SMYIT
27|16 |10 1100 [ 2e
22(20 |34 :> I 1 <:I 128 8
15[30 |12 0N 0 6413216

3.9 LBPHHOEHFEE[21]&Y3IA)

1..if I(n) = I(r)
{o wif 1) < I(r)

LBP Pattern=10101001
LBP value=128+32+8+1=169

3.6 BEhHYIz
AETIE, HAAR-LIKE, SIFT, HOG R U LBP #&%H&LT, IRFETRESh -

BREREORYBISOVTIERS. LT, EHBOEHFEITOVNTERERBAL

. ROE 4 FTE, HHBLAHSHE TRHMNEEFRCONTHRS,
17




£a4m

MHBOEEF &

4.1 FLHIS

FETRE, S~ yrRHEANELERHNET T ROV THRS. SVM,
AdaBoost RUZa1—3L 3y, T—SIZ DN THLERBALEAD, EF7ILTYLLILT
VHEHREDIBMEEIRE LT -,

HMENETFRICLIPEREOREIO—.E(4.1)I27T. £, KELSTY
VINVERBETILENDD. APREEAMELIIAE, AOBERELERST(TE
BELTHREL, ALSNOEBY T NELBRAT+ITERET IRENSS. K=, A
WOIRSHMORHEBZMEL, BAUBICANTS. XEORBRTIX HOG BEBER
W3 BREICRIEVIVRIESRERT v LI, BIUEREHETS.
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T ABERORARE

ADFBIITR

.

ABRDOFERY> T

ATWC LA ERTEN
Lt ]

B 4.1 —BHNTRANPEFERCIIDEREDORN(IE[15]&YEIR)
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4.3 SVM

YIR—kRYB—7L 2 (Support Vector Machine, SVM) I, #EmHYSEEERAL
BNE—UBHBETILO—DTHY, HAPERATTALLRTINA[23].

YIR—IRIE—22 i, BEMON TV ST RO THRBMEN B 2T
LD—D2TH5. ﬂ'?ﬁ’—F’*”)’i‘—?*}rybfﬁhf:éﬂéﬁﬁﬁ%’&%ﬁ?éCth"ﬁ%éiﬂEE
& RPET—RR L TEV B BE 0D T RN EFTNDoEITLS.

4.3.1 - DB XKIE
BELEECRVLERICHHT 2188, FHAROSIEH IEETILENHD[24]. F

T 2 REDEMEMITR(4.2)DESHE-Z2DHISZ A LB [CBTB2REHLTILAS
BETH. ChESED BT B1-0IZ, SYM TRIT—2 VBRI EVSNEETS.

q 4

...
A e I
® o B

B 4. 2 #EAOF (XHK[24]kYBIH)

RBRHNRRERDIFENKREDHTIOHET B, — D35S AN IR S E,
DEVREHICEE T — AN S HEE X THABREIKEETHS. £5—2IL/ 085
AUVDIETTER DEYEA SN B E T — 25T R TELLHTEELSIZT2H5ET
Hb.

SVM [FEBD/UNFAN Y IRFETHD. NI TORF—2 30584, /285 2
FIVIFETHHN, SUMM TN ERLLIO FHABEROEERES HHEEALES
FoTL\AZETHS.
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SVM T, #ET—20OHTRHUMITREFENMIBIZHDED (ChEHHR—rR Ik
IWERER)EEELL, TOA—DY YN RS R RERD IS EICHRERE D
3 5[25]. TIADRIEN MY SAETDI—CUERKITT 20T —Sv Bhib &
EEhs.

B(4.3)D&L3IC, I—PURKIEDEEITIZA—H)yREEARNLA TN, =)
FORBALGRELEZ TS ENST L, S IRSAN) Y OIEF R TIIMISHI AL,
SVM Ozt EBN-EHS THS.

4.3 SVMIZL D=— U UK L ALEE (THR[24] LY EIE)

4.3.2 SVM

1963 fﬁl:"b%“)i—}b"ﬁ?j’:bb“%ﬁbf:?ﬂ%‘!@"ﬁ'?ﬁ"—h"‘QQ’ﬂ-—?‘):/Ii, wn
JRICULMBERATEG D= LHL, B(4.4)DES(, BABELANLGEROERE
BYANEA—RILBERERNT/ 22 E R LT EBRTOR Y EREASEL,
R TR S BETIFEA 1992 I V7T OBICESTRESN:. Ch
[SRY, SRR MBS BN EREE RIET A0 b Y, SEERIIEEREDHT
L5[26].

BE, h—RIVEHERY ANE=—EDFETIL, EDESBE/ITONEIHHST
[SEHETEHIEND, h—FRILM)w% (Kernel Trick) EME[ENTLNAS. BEREDIES
[ZIZ#8FZ SMV #RWN5.

21



4.3.3 HOG RU SVM IcL3ERIHER

4. 4 YR L IEBIE SYM O fl (XER[24]&YEIA)

—CTlE, HOGHEERU SVMZETILIUILERAL, YUHERICE T 2EERE
RERE{Tof-. RBERER(4.1)ITRT.

& 4.1 HOG RU SVM IZ&BIZ L AEEH HEE

BEANE {8 REE{E
FrT3H58—
R HH (%) REHE®%) BRHE®G) R EE(Y)
A 97.5 12.6 71.0 44.5
B 96.2 11.5 68.5 46.2
C 93.3 9.9 66.3 51.1
—_TlZ,
- REThiRH D
BitiE= BHEhE-ERTATOROK (4.1)
- —_  EREON
AR R = o oRmon Wl

R(4.1)IckdE, BANERICHT 2REERIKRANERLYNGY BUMER£E]-.
IS, RAMEROES, BREESKEICEA>TLE . YA EHE & THRS
nd 2 EERTHE INBREH, BTHINIFYSI4— BBLFFRNTHED
T, TYUERERICL: HOG HHEEICI>TRIHZETSE, T HERO D TRz
BESADERNSYHFET - OBBREENEH-TS.
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4.4 AdaBoost

AdaBoost 1%, 1997 I Y.Freund FHRRLI- B2 E % Boosting (341t
FB)D—DTHAH[27]. BRBARICBVTEIESH)EHET S Cascade #EDH
B, Boosting ELVSEMEE TN TYXLIZKYERIZ#ERT 3. Boosting T,
RRMRIHIBEEVAL U ILTHEEN DU THO BB THSIBHANE IR
W5, EBRAMNROTHEHIILBOZThThIBYELTELENTELSI22TIET
W&, ThoBHAREEHSETHLSILT, BRIBRTOBEEE L \Ho1=—>
DR HGTEAI R THH RN E I ZWMAT H[28].

Adaboost [ZFBHLTNOEHEUT LA LTEGMICEH TEBMEE7IL
JUALTHS. SHHEOEMERLEEOETEMHLANS, BELE-YL TS
WNLUEAFENT 2% HEEH->TULV%. AdaBoost 7ILTY X LD BRERNEET, BER
BOEAMTEZSBIRICIDVEETOTULS.

4.4.2 AdaBoost [z &3RBEBROER
SRR TIE Adaboost ZILTUX LIZLY, BERBEERTZ. EMRELTHEH

BAHEIRBF FEL TV ERABICTORESI - EBHANBOLEKITHT IEERE
RETS. ERHABOLBENRDLIILIC, BB 2T F—20EAHEHME
5.

REALET—SDEAEHMEL THILT, BRARDBHRIBESLT TSI,
—OFHOBHEANBAFR/BELTVERETERAIL UM I BRANBFEELT T
BILITAS. 5L T, EBHINBUSEVDEFLT—20HHNEHTELEL, 24T
—DODBEHEDERANBEMED LN TED.

4.4.3 BRANBERRISL—I[30]

1) AAF—RIZHLT, +1, BLLIE-1 DT 3 2 HEMTHS
2) BRABOEMEL, YOI LOEHEMALTHET S

3) #BEHLIIISHLT, EREH 50%L ETHS
BHABLRIRT ZL—LEE 4.5 (TRT
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L

B 4.5 g9ahlasa @R 50— (XEk[39]&YSIA)

4.4.3 IS—FEQOHEH
H(4.3) KU BHABIH T BTS—Fe,  EHHTES. BHARhOBEBLSI5R

INUDNEGSIHFEY U TILDEHERLEDES.

A"
eom= Y Dii) (4.3)

vhe(xi)# s

T5—FMN0.5%BAI0, BEABO/NUT1pERETS.

Neg— | —Pos

#—
% Pos K Neg
H /
0
€tm = 0.65

E 4.6 T5—REFTHOHI(XH[29]1&Y5IFA)

4.4.1 AdaBoost D&E&

1) #ERFBELABL

RAEEREICH T2 ERMNARMN T, 2ERHMCEEINOESLF—2(2HLTES
[30].

2) BFHES
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L

BEBRROERLGELEENSRAERICEIE4TTHA.
4.4.5 Cascade
EROBRBICBEVTIE, BRERNRZOZIIEELETRAT(T 129Esh5. 5T,

MEMGELEOERE T negative DREELYBVEBIETERAZEATENIT, BH

BERKIEBCALTS. 22T, WO OHEFNBTTROLSHARr—REHEREL, 1

TRADAT—UT negative NREEShAIL, false 2 BT HREBEHEESTS.
BHAT—UIE AdaBoost M ERFEE THERL, TA74+ P TREEF—4DTS5—

ENRPEBDLIICHRESN TV SIHIE(EH) %, BRELNAIR/NIEBZELSICHET

B. DRAT—FDEFIZEIT,

DAT—C%

) RAT—UICHIT A EY

3)BEAT—UNRIE

AREBLMEBREDN —FAIIERTE. EXT-C0OREERIT, BIBHE &

HENWENHLIBERONSFETHHELBMLTRET 2.

All Sub-windows

Further
Processing

,——/—_—‘__w———_——_\

X ™
Reject Sub-window

4.7 hR—rERIZROH (XR[29]LYEIA)
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4.5 —a—SNVRYEIT—H

=1—=3NxvbT—5(Neural network ##ZEIREME)IL, BMBEEICRSh DL DM
DHFEEHEREDISAL—2aVIck o TRRTILEBILEMSEEFILTHS
[31]. HROFFRIZEFDHEDET VL THEA, RHEOMBORELEIZEYR
FICHET W ERTRAELALY, EMREORBEHPLORYDTGH, AT=Z21—5)L
vk —Y(Artificial Neural Network: ANN AT HHEEAE)EHFIENB[32].

VFTRADERICEY RV T —IEBRLIALI=Z2—0OY (/—R) M, $BIz&>T
VFIAOHEBEELTILS Y, FERRENEROLSIBETLLEET. BBICE
REFEBEEAVEEB/ A A—ETrOLEETEALHS.

Za—=FrvrT =013, BEHES (ER) DAAICK>THBEICRBE{LIh TLE
MHYRBL, BMESELELLEVEALELETITH OIS, BRERENBAES
NEGEEICREABHYRTN, T—2- 03X TIZBEMLELEENALLNhD. #
RELTOWThIRTHIBESN D120, B CHHLEZSRIBOF—2THIEHH
HERTRCHREICHLT, BB SDHERTREFGBEBONDENAS. T
EMD, RE—VBRBROT—ETA(=UT#IELSH, SELFLABIBVTHBEATL
3.

4.5.1 BXEE
BOPICESHO—1—0O0 (HEHR) AFELTVS. Foa—0VIE, SHOH

D=a—AUMBESERITRY, Ffz, HOZHBD=2—OUNESEZIHELTVS.
BilE, COESOHENICKY, BLAGHRLEEIT>TLS[33].

COEMAEIAEA—FRIZRBLLSELEZEDONR 2SRRI I—HTHS.
(4.8)[&, Za—5LF YT DRBMEHEERLLOTHS. ShdDE(4.8)I
BUWT, APERAIE—D2D=a—AVIHIEL, Fz, RERFWERIZESORNER
LT3
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S—

4.8 Za—FLRYrT—=UO=2—0O OF (XE[33]LYEIA)

EQOHIE, HEHER VI —IERL, T, FREGOIE, BEHLERYNT—2
ERLTVD. @ATEMINIZUME, ARIZwhEE(Eh, AENSDESEZT
B3 Ffz, FOVIAZUME, HAaZybEFEN, AENMESEHHT . 4h, BER
BRYNT—IDBEE, TATOIZYM, AAa=vheEHhazubaH#RPRd5—R
MELRZFOND.

PREVERDEIIC, EEBEBEICHE>TVSEES, Ahai=vbhoillESh TS
BEAARE, F= HA2ZVOOHEBRESNWTOABEHARBEES. EROPMIZH
A1V EEBEDIZYMIE, BhaizybEEiEh, ZOREIE, BNE (hREE) SRR
hb.

4.5.2 =—a2—AYOETIVEIZDNT

HRAEBL R T LELTDZ2—FI RV D—OEEEHT D011, £h=2—0V
DL, KX TRELATNIEALED. COLSIC, BAROESZEHAICL-TE
BIHIEEZETIVIEEMER. ECAT, £FEZ2—0O OBER, SoIClAKEALRE, £
BRICIZBO TEEITH>TWS. LizhoT, & -a—0  0EED 2 TEBRIZET
WAL T BT EEFTAIEETHS. £LT, Za—JIR NI —IEBHTH—DDEREL
T AFEDOZ1—D DHEOERENTREZRICELL, BEANHELGHATET L
LT EHEADHD. CODEIE, —a—0OVDETILIE, 1943 F(Z, wvhavsEEyy
(McCulloch & Pitts)IC&>TRIAICIREESN . —a—0OVETILER(4.9)IRLE=.
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DR

4.9 Za—OVOETIL(XHK[33]LYEIA)

ZO=Za—O ETIIE, K(4.4)(4.5)ICFRTESLHKICHRIVTEEETS.
net = wyxy + woXxy + o+ wpx, (4.4)
out = f(net — 8) (4.5)

X1, Xz, o, Xp (&, 0D N BOZ2—OUNCDANESTERL, out (FZa—O D H
HEEZEERT. n EOANES x5 .., %, [THL, 1 BOHHEE out HNRESHS.
Fz, wy, Wy, Wy lE, YTTADHEENEERTET, HEME, HHLE, BEHEME
nd. net FEERD=Z2—DOVOEEBMICHEEZTHET, K(4.4)ITFT X312, ARE
S& FNICHIETIEAHDOHE n BLTRELELEIILICE>THEEINS. 22T,
EHDMERENKREZNE, ANESHBIBSNTEHDDT net ITEZDHEELKRES
Ty, W, EAOMEMEANENE net [CEZDREL/NSBLIENDHDMND. 61T,
Za—OUHRETLIMNGLLOREEZRT. LT, R(4.5)ITFRT L3I, net 15
0 Z5IWV-EEF LB (X)) ITRALTHRONAENEDEE, —a—0O O H A out
&GS, RuhDv Y EEYYIZEOTRAMICIERSN-EECIE, FHEERZIER 4.10 I
T &5, ATVITEBEARALLATINS.

fx)

E4.10 R7Ty7BE(IHR[33]&LY5IR)
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4.5.2 Za—AOYVOEFISONT _

Za—SI YT —OFEBLI-ETTIE, AhazyMIF—4%52TH, Hhai=
VNS HAELENLLD THLAEKEIXIZFLEALELL. FSADHEET, 2=y %
RCBOEAH(NATRLED)EHEL, HETHHHNEBONBESISLTRRRE
Hd. COLETION, £ETHS. |

BBHEITE, REHHFTZO2DOFENDS. Fhid, KT ELTLLmmLE
BTHS. BHHERBE, #OHr0RBHLERERIHNTIEEHRNESZ, BIE
HALRBROENA—BTBLSICEAERBTIHETHS. T, KEHRLEE T,
FEF,ILOVEL—2BENALHORBEITRIESEAEHRT .

Ft=, COEHDOREICE, 2HFFHS 1 BOHBLTTCII3HEE, $ERAERYER
LAAL, RRICHBLTIKARELHS.

4.5.3 33
MEVEREEICLELCEAOEFRIIFE TRO. ThEFE-T, COTIRBREY

EEHEAEBORNEELDTHS.
1) MMHELLT, 2 TOEHEMIE-T-0.1~0.1 EEOBEDMLHEIRET
3. &5z, #BE 1 (0<n<1) 2BETS.

2) ANESx,(1SISLy) ERIRTI—IIZANT B,

3) AHBODHNBIHIT, H=a—OVOHAEHET S,

4) HABOM Nour) SREHESy, DBEND, 6 EHETS. BEMIZIL, %(4.6)
EEHETS.

5}; = —(¥pj — outjﬂ)outJN(l - out}v) (4.6)

5) £DRFYTTROL, SVEFEAL, PHBOBREESS(N<N)EHETS. Bl
BISIE, R(4.7)EEHET 5.

Las
& = { 3 5;“:;;:}‘»"} out}(1 - out}) (4.7)

k=1
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6) ATvF 4, AT7YT 5 TR EERAL, R(4.8)DLSIEHEEETS.

APt = —@8Tout! ™! (4.8)

2/18—VITHT B 2 TI/E E MHHITME ot HHLE=D, $BIZRT T3,
F3TRITNIE, £/38—UITONTRATYT 2 hoRTYT 6 TCDREERYET.
UEAREVNEB/EORNTHS.

4.6 EDHYIS
AETHE, §—7FyFREEARELERHHZEFHICONTHRS . SVM,

AdaBoost RU=Z2—SILRybT—I(ZDVTELLERBALEMDS, E7ILTYXLIEZT
VHEREDBEERIL-. £ 5 ETIX, REOHMIZOVTIRRS,
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& i € B

5.1 [ZL®HIC

RETIL, F 3 ECRRBUBLE 4 ETEREFEHNETEEEAVT, ToF
ERIZ51F 25 vS05—DERINERETo-HRERL, TOREMRECOVTERE
T3 ‘

5.2

FRXTORREIIVAEGNOFvI75—OEDBBREEHRETH. KRR
DHFMEUTIZRY.

5.2.1 RBHM
FERTR, TUHEGMSEERET SIES, HAAR-LIKE %, HOG RERU

AdaBoost ZEB7IILTYXLIZONTOEHEESFEEBMET 5.

5.2.2 RKRRAE
ARERTIE, WINDOWS 7 OS T OpenCV ZAL\T, EER%E{To7-. OpenCV(IE

*4#: Open Source Computer Vision Library) &, #—7>Y—XMOavEa1—4
—-Eay -S5475UTHA. AVE1—4TEBCHEEZRBT I2DITHELR, SFELE

31



REENRESN THY, BSD SV RATEASNTNDIEND, SRR THE
RENTHLRATES. MAT, ILFISYRIT+—LHREEShTINS =8, IBIELMEE
THRAThTWSIENRH/THS[35].

5.2.3 RBRT—4
FREBTIE, AOORICEHTIERELGFYI95—5 A A B, C, D, E 221\,

BRHURBET o, Fv373—OBRERSTAIER, AN DBERER T T+ TEBRE
L, COEDERHMORITN-ERBICHLT, RHERBET>1-. 2BIERLEER
BBER(5.1)ISFRY. REOT(TRBERERAT(IEBEBROBA LLFHTYYH
LD THS. YIYHL-2BERE 64x64 [CERILLTHOETFIES. KRR TH
AT 5F w575 —DERERITTRTHEOETER THS. B(5.1)(5.2)(5.3)(5.4)I&
YUOHERDNEEDIILAVIDH, 2L T, 2BEGOHIRURANEROPIZTT.

5.1 XEBROT—4tvb

2EREH RAMNE G
¥¥305— R

ROF4T rHT4T B0 BD#
A 200 50 96
B 200 50 91
C 200 2000 50 93
D 200 50 101
E 200 50 95
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