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Research on Face Detection Based on Cascaded Classifier
Yan Shengye (Computer Application)
Directed By Gao Wen

Face detection task includes automatically searching in an input image and deciding
whether or not there are faces, if the answer is YES, giving the size and location of each faces
further. Provided with an enormous face dataset collected, aiming at finding more statistical
results, we revisit the most popular Boosting Cascade method proposed by Viola and Jones.
Under new conditions, both detection accuracy and speed need be improved. Seres of methods
are proposed to solve the problem. In detail, these solutions are described as follow.

Firstly, aiming at promoting the classification performance of the face detector, we
introduce enormous face training set into the learning process of cascaded face detector. To
solving the difficulty of very high time cost of training, we proposed a novel training method
named Matrix-Structural Learning (MSL) as an extension to Viola and Jones’ cascade learning
method for object detection. Briefly speaking, unlike Viola and Jones’ method that learn
linearly by bootstrapping only negative samples, the proposed MSL method bootstraps both
positive and negative samples in a matrix-like structure. Moreover, an accumulative way is
further presented to improve the training efficiency of MSL by inheriting features learned
previously and training sample set bootstrapped previously during training procedure.

Secondly, we describe a novel fast and accurate face detection method. The whole
detection procedure is partitioned into two phases. Firstly, a fast pre-classifier with high
detection rate is run to reject a large number of simple non-faces. Then a more complex
classifier with high detection rate such as the one learned from MSL is run to reject more
complex non-faces. The novel techniques include the training and the running of pre- classifier.
In the pre-classifier, firstly, a novel type of feature called the binary feature is proposed. The
binary features modified Haar features to keep only the ordinal relationship rather than the
absolute difference between the accumulated intensities. Further, several neighboring binary
Haar features are assembled to capture their co-occurrence similar to the coding of local binary
pattern (LBP). The assembled binary feature is called a Locally Assembled Binary (LAB)
feature which is used to train the pre-classifier. Secondly, an efficient detection method called
feature-centric method is adopted to build an efficient pre-classifier. Different from the
feature-centric method, we further cascade the classifier learned by feature-centric method to
improve the computation efficiency.

Finally, based on the ready-made Boosting cascade, we study how to build series of faster
cascades with different computational cost for practical use. The new cascade is allowed to lose
some detection rate. We propose to search the latent cascaded classifiers for the one with

minimal computation cost. To unload the computation burden, the search algorithm is run

I
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sequentially forward. The search starts from the cascaded classifier with true positive rate 1. In
each round of run, the best cascaded classifier is found out from all latent cascaded classifiers
which are built with the same true positive rate a little smaller than the true positive rate of the
selected cascaded classifier of the last round. The search algorithm is ended when target true
positive rate is attained. Our contributions include three aspects. Firstly, a search-based method
is proposed to build cascaded classifier. Secondly, we consider all possible cascaded classifier
in the search-based method. Finally, different computational costs of different type of features
in the cascaded classifier are considered in the evaluation of the computational costs of the
cascaded classifiers.

To investigate the proposed method, experiments are committed on both frontal face
detection and multi-view face detection. The experimental results on several public standard
face test sets show that the classification accuracy of the proposed methods are comparable or
better than the methods reported by others as to our knowledge. At the same time, the face
detection system based on the proposed method has a nearly real-time detection speed on

multi-view face detection.

Keywords: face detection, cascaded classifier, binary feature, enormous training set, bootstrap
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BB LSRR, SO BRI A N I, G NS T
Y EHGIEA I HIL T SRR, W IR E R A B T ReAEAE AR, AR
SEHA 0 B R R 1 DX 3 N 10— 2D 0 B 2 R NIRRT, JEt— 2D A 1
PAFEAE. AR, A TRENERBANRGXEL, SEFEZERE IR e iR 2R, K
TS NS, IXEER B R E LA BB X LA AR 3 SRR SRR PE . H Ay
Bk, FHRIXRP CARARIE” HARKIPRG . ASASI A Tk i) v T LAk
HIEITTIEIYA9S, Bk 03, HAJ02], #34bh, bl Miao 25 A& H T 3L TUSAFME K AR A
BRUCHC I /7 MWSC99] H RIS, IUEA kT HRA8 e AR R A AT B i iz,
tetan, R, s BRURGRIIIAR AR AT S . Wk, PRI # B,
RS st 1 SE 2 HOR R TR I, TR — MR AR 7%, BRIy
T SIS AR AL, o DORREE s il (5%, ZEReR i 4
BRI EAIN IR =y v N T SN S R IP NS S RS o R11 8 15775 = e AR LA IL //Ku T NS
HRERE, ASEA SR RERR A T A AR T

frEEHR

Bl L4 NS I o T AR <y B R
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R RIEREN

B 15 BT “o5a%T DR SO A IGAS I R et i ]
HIR NP FER AN BRI R 723045 7 R, AEEAE A S AR 4
IR BA ROUAE MR FHFAE, Rt T R ERE . (RIS A g —FHE R I &
HONIREI TSRS T AN S, M “ 9528 8 R Tk SRS IE a0k
BEA TR N FUPIWTANTR], T3 8 s BB P IR AN 55 288 AT TR R ISk
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PN Az A mE e s e AW VAR U6 e VAU DN P N Z LB YN i e s AN A R
AW R T NATASRDREE NS, 9528 D8R P FEAMY N T IR aati N % L,
R FHAE SRR/ INSE O G R RUR G . 952855 DRIV FES WK 1.4, BIRHIE
R T 28 R i N s 1, AN REE R RN BRI N E S 40/ ME
THERRN S UG BN 5288 R . 5946, SET IRV NS R 4 A
WL 1.5 Por. HEGE TS5 280 D07 EE NI A3 T S0 AT, )2
I, ARSCHREH B i T AR P HESE 1

AL TTVE RIS BER IR, S TR X A TE A IR T, A RS
5 35 AT LICKELINS P 1) kg 5T F ) () 5 i RN G 12 ST R 90k o TR0 £ i 2 A SRk
[YKAO2, HjeO1, LJ04, Z% 02] A LLETEAN A4, A/ N T (o] B [m i — L8 AH Q1) 7325

BE TR 75 3 ZE AR N IR IS 1 L o sk A A (R U4 — 2 AR
SEHR BN AT T E LA TR, DU ORI 2 N AIEAE AR, 23k, vIRE
PRI« NI RT AAr IS 2R AN BA R B e B T, “ NSLEE — ANl
BRI, N IRBUHR A SO A5 = A7, an S 1 i NG ) R 7 1) R SR A AN o
(REERN, B2 M SR E35, XA KRR Ss BRI — e R, 7EMs .
s RIS AL LAY 2555 [YH94, Kan73, KP97]. H& TN IEBAT . &
Sy BRI e Kim S5 UL SRAIE, 1 P S RO 5 BRI A T AR 152 DG P A A D s
[KKSP00]. Wang &% BRI AT T adE[WT00], K H— AR PRI AR A,
TN T AL T7 InFAE,  SEBL T 7 PR S ARAS I . Froba KA 725 T EOM(Edge
Orientation Matching)/¥] /57£[FE03], FIHIAZkm S Btz — EOM #itk, ZERII
HATHARULEC . Miao 55 NF&H T JE TR TEBARVLHC K 77 7A[MWSC99], B TRHIETH
B, EERARR, A DERHZ IR RIAT 2 BN, S TR . ik
Abs AN A 0 97155

JITAR X G TR () 7 VA AR N IR S 5 R N R e b NI R SRR (R 2 - T
NI Z A, W ek, S E MR EES APt Harsk, AJKaew
FHIR 12T NI PR R RAAR R T~ T2 T A AR AR BRI BRI, AT
R, AR TSR R NIRRT IR T A A R TN LR T R AN T RE
(1o BTLA, JE TR 7 ik 2 I FIRS e IR 21, A AN RE AT A S P PR B v 42
Yo RIS i T Ioy2 56 A Hid iR )3 s N IS DT e bt i T ks, B
T IEANTE A IR RN Fs A N 400 Ay NG A o

ST R THEAR, T2 W AE A TR 2R s, SR ET A
JRAR Q) SRR AR Y o 25 A SO AR B v (1) G T RS 1 ) 0 -l = Ut
HIRFEN S FER T2, TSR T K AR A A AE R AR AR H SR (1)
THEEE . X TIXSegi oM 2, AR Z R TOVERIR . MELLBRARIN . 1F 2 i TIX
MG FETTEE SRR BRI T e 27 S B2 ST e ) LU N R it 1S Bl
DATIIRIERE T, TIAZEATITRERIR ARG R, T T2 AR
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i AL BRSNS AR B IR AS I )

TAFRGETH 7 2] PRI DU N 36 T2 I AR I T RS, IR T dkAT
et S AR NS I AU AT T R ORI 2 1) 2 HA.

Osuna Z5 A2 H T RAF &ML (Support Vector Machine, &% SVM) KA
BB NS 7, Hid SVM SR T /3R] (Quadratic Programming) 11572,
BT AR AR B R (R A TR S gt A OIS LS -3 it BT A AR SR 58 il
A FE[0G97].

Sung & NS H IR TREA 2 2T 1R 712 W SCHR[SPOS, Sun96] . MAT IR k- {EERIETT
AR NRHEB  H N NS “ AN #75(Clusters) FITELE AR /SAS “AENIE” 7%,
It BAFH B AR AR X % . Sung S8 NS NI AAE NN ] 1.6 Pis. iXLe
NISFEAFIAE AAEA RN AE 19X 19, AHAF R T g A I R A AEAS
FIEE ) A, Sung 25 A T “ H45(Bootstrap)” [F57%: 1 508 F AR N JFEAFN
DEAEANGFEANZE—DHIIH 3 RAS, RGBS NG EHR th 3474
W, IR A N 5 UM AR NISFEAEE, FERARAEA — B 25—
Byt . UL BARNEN, BHRMCE T RSHAEARREA . XA A 11
ETNEG RV 20

X3 FaceSunple
4  Disuibodon

X3 Approzunation with
]

Frontal Face Pattern
gamples to approximate

wectar subspace of ?SE'\\
canonical face views ﬂ% x1

Special Non-Face Pameam

samples o refine vector

subspace bonndanes of
cananical face views

Mon-Face Centroida

1.6 Sung %5 N7 9 NI AKAR[SPOS]
Rowley 25 N\ KH T AL EIIHZ e M 25k M EARTEHE NG REAS 22 ST e 14 H
IR (AN PEAE, 1325 AIEE R ) [RBK96, RBK98a, RBKI98b, Row99]. H:iF1fi A
AT FE P 3508 20 e 22/ A28 T 1N 208 2 S BT S ST 25 R 235 25 i s R D088 PR R SRABE R
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A TR Y A R R, ABATT SO ZR T AN AN T R o BN 1
FIBEAAAE NI ZE AT IR, ARSI AT B NI £ JE 0 i o kAT S gl
PRIz 6N IE T A T 28 AT [RBK O8] o AT (AL X 45 42 FH—FHE K/ N A
20X 20 NEFEAFIAE AAEAS N GRAS BF) . AP Ve N [-1, 1], EXAE
CUREAT PR, A2 I 2 () i -1, MPDAAE AR, Bk 1, W K. Bl 1.7 45
T Rowley S48 H AR IIHESE . 7ESCHR[RBKO98a]H, Rowley &5 AA#E T —/ a3t
(RIRAZ AR MIT+HCMU - AR, 200 ZE A ARSIl dalse )32 A, AR AR
I YERENNAE G S . [FIFER A AR To M e AT NI ARSI IR T 1258 A [FBVCO02] -

Inpaut fivage pymamid - Barracterd window Corrected hghtog Histogram egualizcd Kooeptive lichls -
{20 by 20 pixels) - Hiclihen unles
- ' [.f.LEf:'J::::'F: :E' i
. —= 0N,
- - o
1 f.»] |"' dj— \
: \ 1[I \
=iy | Ik .-': F A a L-: s Cutpist
,. o l'. |.I'1Fﬂll o - -"IL. ::’. ﬂl:i;l:':', LY
iy e | [_] e R e SRy )
4 |/ poEp=oseeT 4
r."' . = o W W ity NI [j :__'I g_r:_.: :'_1 a% .)r
e N pIA|:1:-id____. \ [_] J] L :’.
.1"-.\_‘ e T “'_‘ : _____.-'"E_.-: E: 4
. T b, o
\ z N
o e o
™ - ,_,L:-ﬁ_:’-’-'fq 5
™ N, Y P ;_‘:-:"
’ ™, ’ oy ! b L
Proprocessing Nuwirl isetwork

1.7 Rowley %5 N7 1 N A I AEZE [RBK98b]

Schneiderman 54 | Mk T JR MR AL TH I 7 IR = 4EW) A3 T4 I [SK 98,
SK00, Sch00]. %77 ¥EH] FH UL 07 S B 5 B0 MR 2R 4 A oA — N UE SR S A R 2R 285 T2 11 )
A, REAELUE TSR SR ] — A LU RS HEE, AT TR I SRS 2. b
SENTHFEAA T /INB AR e, FENFRECH RFEREA T BT St sRAS AR AR )
MRS, SR 5 A 380 R A WU 1 A T JR2[Sch04] .

Yang FA$EH T —FIET SNoW 2= WL, TSI B A FRFIE. Rl %
AADCHSAT N A TYRAO0]. Liu #2H T — 3L T Bayes FrAib A (A AS I 7772 5F
KH] PCA(Principal Components Analysis)#t1T B4k LA/ rE 5/ [Liu03]. [FFF, Heisele
WA H] TR T vE LA i 1 R I3 [HSPPO3] .

XA LA S 2 SR ME SCHR[YKA02, HjeOl, LI04, 4 02]. #FiX2 5, —
Bk 2 Viola 6 NH-HI R AdaBoost F23HT NATIN 7772, %5532 FH Haar
SAESZEL T SERF I ARSI VIO1a, VIOLb, VI04]. Al A 13 H (1 S A Rl ARG i
5 UART S (72 2 AA T EE PR IS b, A R R B v, S8 15— MESE N )
Nk R 4e, tHEAFR Y TR . fE 384 X288 KU/ F L,
Pentium III700MHz (&N BRI AR 4 67 =8, i T AR, X
AN TAEENRAT I U5 162 T R IO, oA A RSl el — A B =) T4, X
Ja LTI 1 ARz 37 BRI 5200
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Viola #¢ NFEH 177 E 2R = AN 710 :

1K Haar SpAE S FERETHE 775 DL AL T Haar RFAE 1) ) D) 2055 90 FE et i
2. it AdaBoost % N HIER FIRGG IS A R Ao o

3. AT Z M B RARE T o

Haar FHE. PUETHHE 72 XTI V1059 0 2R 8s it

Viola Z NFEH ¥ Haar FFAEWIE] 1.8 FT7n. Haar FiERoR e B2 HES oA
TEZ NI R Z KN ZEAE . KB A A 5 32 0 A S AT AT A —Ff i AR 70 11 )
P EGaE DR IREE DA . AR EIE 1.9, BERME R FME A KA
2, FRFAGEIH (EP O OBREZ 95 E, BRXEREEAHAR =) @
XK 1.9b)FRE av by o d R F RUALIAR Y BUR S AT A, RIAT3RAS
av by o d INFETE NGB E. HBAEWR: a FR 7 BIME+d AR 4 EE-b AR5 K]
H-c AR B R IRFE AR B SRAE T2 3 JOnikiZ: .

(a) (b (c) (d)

1.8 Viola %5 A 3¢ H 1) Haar F51iE

(@) ()

B 1.9 BUME ST A 1% 2 00 B R s s i
Viola 85 N5 122 B LAAETR E_EARAF R, #1562 AR T AR 3 R Al gt
A7 1) Haar FRAEPOE TRk . 75— L6 5N 5 URAS IR I LR, RRE iU i
P TR XA s 4 ) &= 1 . W Rowley %5 A[RBK96, RBK98a, RBK98b] st H 44 44
AN THE I N TARE M 5N . BLUR PCA H1 LDA IXJ 7 iRk i AR s 4
7 ] B 2 BA ARSI 43 e ) IR (Rl b, AR ER TSR R S BT S % v 4 1) £ 1)
WA, e TR ICT a8 S KR R 2 VT s IRIE 5. PRI S T VR I EAS OGS FH T 5 25K
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S AT ARSI ) 2, U e B A S B 75 SR A I R 4

4k Viola & NSEH L2 G, NI FE A I T AN DB SR AE I ot
(PR T 15 o BT XESE Haar TUHERHERSF T b 1A R B v sk, IR 2 vkt AT T e
(4 & o Barlett{BLFMO3 125 AR 1E 1R B GRS FRbE, S0 T Wil 1.10 Frosiixd#x
J¥ Haar #fiE. Lienhart % A[LMO2]#&H T Jighs 45 BERRE TR B Haar R, Fdt—2
PEH TR 45 BERGAR S BIMARS:, (5 EDIER: 45 FERIAR 7 IEMG, ey 45 FEHTEAT)
SRA] LSZEIZRAL B E AR TR P15 20 1.11). 50558 A[WAHLO04, 1 05138 i %4 7%
WATHEZ RS, 527 WE 1.12 Prosiy & Haar F#1E4E G . Li % A [Li02, LZSZ02,
LZZBZ02, LZOA)WHE— L7805 THEAM B E SR, VA RFEIEZ AT,
TR T U 1.13 B fsE R4 & . Huang %5 A[HALOG] FE BT RCR T /02
FEFE A Gt TRIEERFIE, —NTFIRRI &7 Haar FRAESE G ITAR, FHRFIERE TR 24T M
By 90 AR EOLIE 1,14 FR), et 7—Fdrak i, B TRiRE (RjEsk,
SNSRI IETT ) AN I8 B E . BN 7 XS E LU, R aE H 2R,
Huang iF— 242 A B R A R EEIA TR AR I . 734, Masada 5 A$&H T —
T FH st A S0 A B A R R A A SV [MC W W8] o

K 1.10 Barlett 55 A2 Hi 19" & Haar F#4E[BLFMO03]

1.11 Lienhar 553¢ H (1754 Haar F#1E[LMO2]
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1.12 AR Y 2 Haar FFAE[E 05]

: X dx dx
Eib& +2 |y +1 +1 +1 -1
! s d 5 d
x oy g Y g Y dx
2y iodxl | 2 podxl | g +1

1.13 Li 5542 tH 9 J& Haar FFAE[Li02]

1.14 Huang %542 H ¥4 i Haar F#IE[HALO6]

J34%, Baluja 55 A[BSRO4VUEE G A A 2 M B IR 22 e IRV E M RAIE, FRRIX
LORMIEAT ] AdaBoost AT 43288857 >, N TRBEIER: 5 AN NI 5328 - Abramson
EN[ASOS]E U MESBREES, PWANEANIEED A PR, LR AE A
LA ME R LT, FHEE RO NME R K Z R RS R, & i,
HIAMES T TR F0 (pain) Z B AT 05 B S 2RINFT S5 B — 20, R EEUE A
1, AEAE -1 REAER (A AR 7R TRAL B R Rt Viola 25 A g H
ME T ZE A0, DRI REAS 32 A DRI 2%% . Hadid 55 A\ [HPAO4]{3 A Jm i — (B AR
[OPH96] (Local Binary Pattern) JE R B 7 IR WRFESAT 73 A8 0057 ) IFEAT Nk
DA 348 Zhang 25 N\ [ZZ04, ZGCZO61/E N ATt A 1 R AE, JEiE—%
FER T S R RS ) v
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DA F2%) Haar FREAiE—SS LU EAR ISt 5340, Liu 55 A[LSO3]#F Haar FEAEHE 4
— AN RS R —— 2R PR 101 . Haar FRIESERR b2 — 4 UG A B3 — 4 1)
PR NEARE 225 BRI S AR i, XA, BOE M EIUEA 0,
-1 1, BSERAE, AT 1.8 FTRI Haar FRAE, HEBI SIS G AP A &
H T IR C R A 1, AEBISERR T DX I MG ZE AR 1) v IR I G 2R B
Eh-1, eI E P B EEBE I T T R e 2 EIUE 0. Liu 5 AH Haar 4¥
AE IR T AEAR Joy (K BRI SE AP0 3, AAHREAE AT DURAT 4 1) o RPAE IR R 7R
i, T BRIV R A, 6 Haar, = R e 2= 138050 T ORAE, SRV LT 1)
RHEAE R, FFPE A IX SRR B R, AT Kullback-Leibler {BE1E 4 o1
IARIEXT R TR BTRRAE 10 R BT 24 2], N 3RAS AT SRR AE AR B8 D I BTl KL
RHE. T Mita 55 A[MKHOSPRFA7 TN 5T I AU 1) Haar FEAEZLG S —E k2
Haar (Joint Haar Feature) FFfE, BTSN AN T-BE F W 1Y) Haar RFAEA T
5557 KA R At 1) 7 AT RS, IR R R BT A FRIE I, ATfif
2 T IX 53 6E ) B BRIVRFE

FEHT AdaBoost [FAGATIA R L5, §93 20T IRZ, FRFAESRIUR R Zme
SRR AT AL, Forp, RPAEBRIN G 57 A o 1 PRI A R mT X A S, T PR AR
WSS DU AR R TSI 5 S SR 7 B PR 0 g O o A AR i

Viola %5 N\ K 1 BB AW 1.15()F, RAERFE Haar $F1E () HIME A
) S — MR R /N B b, PR AEAE 2 (A3 0 BL b A SR AN ERE 53 )
1 ATO PIAS7asa), b U 1, FoRIES 2tk A, U 0, MIZER
VS WIEI YN

EEXTRRIE LS PR, A T3R8 0 A IS, Itk AdaBoost HIWSIGH)E,
Liu 25 A4 T B 7 B B e 42 [LS03], 345 A% Real AdaBoost[SS99]%% > 5.
IR i) b, 3R T ST AR IX AR A R R 1 59 7 FE Bs[WAHLO04], 2k
553 FAREREANFFIE R SR AR 2 (R 5K 20 b 25 B R RFAEAEL DX ), FEARRAN DX )
P20 H M3 T 1 ORI R SR A DX T o AR o S, RS ELE O A
IFNAE A ) B, (SR {4H Real AdaBoost &% S13k4%, Bk, &I
BRI R AE ALY N AR DX T R LE B REAS B H AR BIREAS K H 2 8] ELARL A S 5,
SR B 1.15(b)F 7. 1 Xiao 25 A\ [XZSTO7U54R 14 ] AdaBoost 5%, #H THET
DU I 550 a8, 990 88k U 1R 0, (EURAFAE(E 2 (R g ki) o R 25 1
ANIE R 183 0 2800, RS2 0] AR REAS IR o A e UEDh O 30 1, 4
B 115w, AATESe T P2 R T, LUK 0 R8s i)/ R R . I Ff
JIERR AL S 0] N IREAS M AT e DR s, BT LARR T 990 548 M ee 7y, (A
SR T 2 31— N5 2 KA LN 1o Le 45 A[LSO6]0 & T Wifi £ B 5
(7 ARARATS 43 SR ot TR RS Tl R 43
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h(x)
1 b=
O _______
[}
b £(x)
(a)
hj:lln(WJ_IJ
/’ 2 W,
heo
hfpﬂ
bin, )
(b)
h(x)
1 H
0
f(x)
(c)

K115 5500 FAsRA () JJVIABIMERL (b) J538070 A5 BefE LR AL (o)A DX TR B (B PR
Ak, R T IR RSN ZREE, Pham 25 NPRFIEAECERE AR (8] (1) 230 A &
W BOERAPCOTY], JIVIE B L 55 70 S E8 5 T LE B B ATIRE AR 73 A1 ) v i e KL (AN
T ZE AL, RS Haar FEAE R w7 70 AT SRR 77 72 T OB I AE R AS B8 ERE ToH 5
(RIGH B PEREA T ] BN R AT o SC T AHBIAIFE, EUACE S B (1) R I E R I B R
EAERR T B EHEER, RPATHEAR S OISR A G5, Gl AR A 5 BN
W) Haar FAEVHSARSCERAE, 5007 LAARAFIE Haar $FAE 2 G BRI E . R TI7 7%,
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WA PR S BT A R E S R 2RI R AT . PrEl, — BT 4
IR, RPEGE I R (R R AR 58 ) SR A A B AR DR o B4, AT 32
AN R AT o A NI T AE VN ZR PRI A T HE > LARE O 552 SR AR B
IR EE R TR 04].

FTF AdaBoost 15888822 3] R H oo

FEAN R RASH L B AT B3 2RAR ) — 100288, AT ) s 23R4T, JARTT
UZHZ WA 1.16 FAHICHI S AT 70 2R 28 WA IR HIR . Viola $2H T H AdaBoost Xf
—ANE A SR ) Haar FRAEARIEAT 2 I 00077, BARKE, AdaBoost J7EBkIEH )
FHETER AR — ANV, TE RPN B . AdaBoost & Boosting 42
[F)—Hf, TEAHII9C T Boosting BV LKA 4R LAZ% 3.1 71

4k Viola Z J&, AAAEARZ AR NGAS IS € A 0] Boosting Sk AT thudk i 5%,
T TFRA PR A T T ER KA 4

NSRS I A DA S A s A A — ARG, AXTRRILSR AT ARR I . 72N
iz SR IE YNz v )0 ARl CTE SN N e B R R ) Rt LR B | o N ]
FE NGB 75 LT S IR R O T dnd, 5% > B R At A pext AR
AR NRAEAS R0 o HARKL, AMCE /M7 ST R P AR R TE 45 % (FRR: False
Reject Rate) fl14174% 52 % (FAR: False Accept Rate), 1M H. 5 E A T4/ FRR (1) 5t
XA N SRS AR T Rl BT 0 R I 2R H R #S AR TR 4
Pl 1%, Mz 2 W Lhsi 2, E20] BLsis 50%. Boosting #J4A BT ]I
A RERZMANTRING, A T LR N ARIRESR, S FE AR R
[P . Viola [Vio01]5 I\ T AKX FR AdaBoost 5.2 (Asymmetric AdaBoost), 1% /7
EIE TP 1 A R AN« Hou 58 AR H T 55 4h—HPASKIFR AdaBoost 3%
[HLTO06], Jfib—2P 3t 1R iAo 685 2 2 VA [WBMRO8] . 534F, Pham 2%
Pt — I THEABCEAS S AR S 5, R HRC A PRREEE, WG T 1E
BIREA SR, LIS RIS GF (152 2] bR, AT SERSUEI] 1 XA A IR LA DR UE
IEBRAREIRG DN, AT LA 200 BAIR59 7028 2 112 H [PCO7a, PHCO8] .

EZ RSN F, Li AR T &7 8l gs 4514 [Li02, LZSZ02, LZZBZ02,
LZ04], 1t FIH FloatBoost 2% 2 [F159 7 RAIE L — NI RES, ZRG AN
FHEKS . WEHR IR AN EFIER AR RS RGeS 2SN
IR RS, Ma 8 NFEth T S5 - 28 a4 [MQO3], 1M Jones 55 A4
T B TR BT A A T A 2 454 [JPO3]. Lin A5 AR H T 2285)] Boost 52
(Multi-Class Boosting)[ LLO5], 1 Zhang %% A#2H T 3% T %t 9% 15 45 1% 45 1F (Brror
Correcting Output Codes) 1] % 255 Boosting H.7% [ZGC06]. Huang %5 A& TR =

Boosting [1]777%: (Vector Boosting) [HWALO04], JERH AT 220 AR, BT
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L VRS TiE% (ROP: - Rotation-Off-Plane) I T~ [l g4 (RIP:  Rotation-In-Plane ) A\ K46
J[HWALO4, HALLOS, HALLO7]. {EABATIINZ 2 NI ARE A, AR T — R4
IR, AFE: $EH TIRT %L E R (WFS: Width-First-Search) FRA 45 1) i) A
#%+ M Vector Boosting Hy2ik 2 2o KA MR m 4 R R T 5 T8930 #)

(Domain-partition-based) 5575 KA1 >« TRICANFRLEEZFA] (Granular space) 7
B REAE LA AT e A [A) rp R S R U 2255

N T e A T, Wu SRR A T H R iE £ $E (Direct Feature
Selection) ] 7 KRR MR T77E[WRMO3], HEARHEEFRIAK AdaBoost 5325 R i OB
TE T I 25 B B B R A RAF AR A A U T — N R 5 IR, 1o T
FEOCE PR FHT R 55 70 KRB AR, Py DLE BRI 77 1A AR S
HUPTRRR G 7 RSN R TR SOFAEMRE 9 70 R I R, AR A A FIL T4
FEARE Dy 1 PeTHTAISS 02R4ds, JF HENY X LL5G 70 AU TRMIE L FErt Ak
By IReE, I T BRGS0 RES VG B MR IR BB IR 9 70 R ae kA, $de T
YIZEESTE] . Fan 58 AR Wu 1877753 T g U1 2Rk [FLO6] -

Ak, AT Sahbi $#2HIZES SVM MR IR 7 VAR T ARSI K 22 58 [Sah03], 3
AKX AdaBoost Al SVM HEAT 73 R As (Il LAS w7 RAs TR BE[ L 03]s 2565
AdaBoost A E5R5 2R 28) SCHRIE A [FE03], bAh, HBE4E%) AdaBoost &yt AT it
(1) SCHRIE A [Lyu05] 55

SCHR[LKPO3TXT Viola 55 N H 1) 57K F AR H) Boosting 5E3EAT 7% ELSEEG

WALy ReA o 3] R st

Condidates

Sub-Classifier #1 J=—2» Reject as non-object

v

Sub-Classifier #2 =2 Reject as non-object
Sub-Classifier #n =—2» Reject as non-object

v

Classify as object
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VEAT LY AR BRI S5 A ] 1.6 Fls o A3 2R a8 h 2T o0 A, x4
TR NATRI E MRS, R R FRPTE 10288, A RN T2k
N TP IER AT — IR (A, Yoe i i R AL AR AR . AT F, A
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KFR o HRZ IR SO TR 50 —AH Haar F71E. AR5, 7EULIEREE, TEREIRRE ) H
SRS AR Bm, T EEARCR NG, BAME TR A& ARk
BATRLIER 2 o N IR gl A —AE R AR B2 5 (B AE, PR REa & —(a%y
BT HRR

4.2.1 —{& Haar $1E

TEN A8 Haar FFAEZ AT, 156 F Haar FEAEHITHE AL ILPLH S —
AN Haar FAEF7R 1) 72 UG B ANMAHAR ISR A 7 5o Viola 25 A4t 1) Haar FFAE 1] TE
AT JRWIE 1.8 Przr. 4R, &1 Haar JEAAT R WP LU INBER . Haar FAEREF
EAE 2 ] TR B SR A AR TEHEA R BUR R TEAHE N T SR R R RE N Z (. X EHEHE
PR 2= A AT LIGEE R 23 B R A B T Bt S5 2, HAART DL 2% SCiR[VIO1a]. Haar
FHERTH RS T 2 00mmakia . 2801850, — M 1.8() e & PiANIER
Haar Rk AV HEAT OB«

fj(X):(Sl)j_(Sz)j 1

b, 05 (05 e A R AT MO G ORN, | Fe NI Haar
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FAIE, x ZRAKRE D,

Haar FFAEXT 4 R G A B BHEIER . 4R 62l 2 3 BRI ) F AK J5E
ZENAAL, WE Haar FFAEEAAL. BT LAFE Viola S8 NRIRIIN 7 i%rh, Xl 4.2 pr
ISR B AR AT A R I Ak, SRS FHEO I L5 I % H_E3E4T Haar
FAEAE RIS SRR, JERET— R st e R M A 2 11 Ry 22854 T
AR AEAEH ARG B S R A T AT R, e
s Haar FFAEAE A H— o MRS o N FBIR ERARE BU I T 22, WP RAAEE A T )
—o A Haar FFAEAEAER MR 2 B 1 _ERTHSaT DUE (e

fj'(X) _ (Sl)j;x(s2)j N

Horr O FoR et A e 11 x (K5 %% o

TR DT ZEAR, I TanE 1.8 Ji7si Haar $54F j, 8 TANF & I [E
—MESAFAEAR RIS IXAE Viola % NIIEG ik, F8UT 4 [F—A> Haar H§
TEAFAE T AN Z2 it 2 VN, AFAEANRI R, U R R T I AR ATy
ARG, X2 k2 IRE S ) Haar FHAE(E 5L

JITLL, A T ARRI—ANMREESE ) & T AN R 2 83 I S0 AR S A R
FEHEAE, ASCHINT A4 Haar $¥F. {4 Haar $F{E R AR Haar $RAERIRF S5 E, B
e

L((81);=(52),)>0)

D
bﬂxy—o R
(3)
FTLUE Y, Al Haar FFETT, PIAIARAEE X SRAOLEA IRIE 22 B0 TE, S
PRI 587 BRAL “IE PRI PRIE AR 4R A L AR o T
JF AN B [ —A~—H Haar FFAE, A 8 10 (AR EIA AR R ORI . 7EA

SCRTIR PRI 5y, b s R R A FE I VRO, TEANHRIA DL 4.3 15,
4.2.2 tHE =18 Haar $H1E

“AH Haar FFAEAXS T Haar FEAEARUE A ARG ENE, 6T AR % 1) [
— MRS AR R R AEARL, (RSB NMRAOE IR 2 RE AR T Haar RGN H-TAEDA
IRIEAR BIPUFT RO T, IR o477 S IR 2ok BRI IRAE, 27 ) BEARE X
L8y HERE 1 59 IR AR & 2 21— MR e R AP 532885

h TSGR R IA R ), ASCHE SRR A ERHEA S . AE ST
FRFIERIA £ 22 24 {0 Haar F51EM LA (co-occurrence) 5 5. G LK 2
A3 AE Haar $PAEEVE S FHEAT 200 9t . D 1078, Bk dkfigm g
ORI g . Bl 4.3 45 T A 3 A4 Haar fFeEZHATAL G R, Hodra R
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INHERAEI TS RAL by by by s = AN AHRFIE, () Ras N2t il 2111k 2
iR il 3 > AH Haar RFALIRFIEME 2500 1, 1 A0, & a2k
IBESENRIEVSNE

}_}-.

v
a(b1»b29b3) = (110)2 =6

Kl 43 A2 HRHIE
4.2.3 FEpEE —{EHFE

XU 422 R PTA A AL, W DUER AL S AR 2, W] LAERIL RS o
FRAERALE S ARRUE EAMER SR {H Haar FAAESHATAL S . IXAEST 2T ALE
KA ERINA GRS EORMIRE RIS & 220 5 2 Stk BRI T A
FEAEER, A S WEANGE Sl RSEIE, BATAIL T Ml &, I &Ik
ARV RS T N R AR A RE T8 . TRATRRZ R Rl a5 —(HFFE. R
o “AHFHER A S IR & 4.4 Fosi 8 RFAER) SR OHOE BRI AR I HL
BRI T A R = R ORI X 24321 8 ANMRAEZ 5 1 R BRIk
JRERA G AERF AL DR T fEAFIE e B, SRR 0, JF IR, ARE
A8 1S B R ASEN 85 (1427 S AR o

JRIFBA G TAARE AT AR A MUITAL, 1(x,y,wh), X HERFELERIG I x ABARATy
ARBRIOAE, w AT h R P RENE R A F e 1B 8 43 T SR ERAL & (R

lERN

- I
4.4 AL A Haar FFIE

R 2 RIS BT 8 A 20T Haar $HAE(TFHEATAF LIRS

BRI T— Haar BHE, VHOLRAATIRN. (ELRATPI AL R (8

REAE LS DA T KR 28 . 3SR AL (AL Haar FHEIL

SRR IIPRAES, KT IX AL 4.4.2 TR T TSRS e, H 02 [Nl f —
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RN TAEZ2ANE D AR ] AT, AR ] 4.2 oS b e
AR I AFAEAN R AEL IR 100 R, T DAREAS 15 23R N A DU R (R - B [R], 3 AS
APHEDNIIS

HRh X b, R G AR S SR8 —AEX (locally binary pattern) AL, JRiiiS
TAEA DA ARG S TR BN H[OPHI6] . AH R A R R S =
ERHELE SR B R /NER S — B FE I R A81

IR AR ke, JRERALE A IE A A 1A R {0, weeeer , 255}, FEANFF
TEAEARER T — MR UG R0 R o ) o

input image

(Xl’ YI)\ (X2, yz)
1(x, v, wy, by )

= .

1(X2, Yoy Wy, h2)

E==

S

=

Kl 4.5 JSEBAA AHEHE
4.3 (£ BERE & — EFESHIT A RS4RI

TR TR S AR, N R R A AR AT ARSI i
Fho ASCTVERM T BEATBLR o0 AR A0, AR SCASE (R AT 20 23 2R I 5 K5 T
To AR FIRNAL R 3 2RI G R T AR PRI A, o sy 88K T —Hh
PARFAIE A Hh 0 (feature-centric) AR RSN 2% 2] J7 5 [Sch04]. TR AL FE 432835 R FH T 40
S T PR S 2 ) PR I TR, SRR D 5 v T B JE 4 R LU 1 R
(window-centric) [P 77725

AL, 5 430 TR T LA SO IR vk . SR)E 4.3.2 53T
CUARFAE Ay A0 RS 732 AT, 3R T DARFAE A rh Lo PR A L) 3 SR (A . 4.3.3
AR T LA TR IR T SR, ASCER I T IA R R B 2 S A 1)
L
4.3.1 URFE ol BRI 755

FEA I URFAE Ay o0 PRSI 285 K 2 BT, FRATIAE AR B8 (0 LU 11 4 v PRSI 2% o
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G T, N TR E 1, TR 220 o R AR 1 11817, BT — IRk
2] DA WA TSN 2> e 5 . DL IR Boosting 27 21 (£ PE AN 432828k
P, — Real AdaBoost FyE2- R 4R es K nun T

H (x) = Sign[tilhr (f, (X))j @

Hrh H RoRmmar 648, h 2990288, tRREARHE, T2 Ras e figs s
MRS H o XILRRHERTH RS £, SR ST S ARERR T f 2 AMRHRAE

RG 7k, WS BIEAE &, RETHEIE T EATR R, AR
AN T RS TR 1 0 AT B o T ANMRHE, 2T i shid i,
NS AL BN DT, W 4.2 FoRE], T8N R AR AR 2 A
IVE2/ S =RI N

N T R EE VI, Schneiderman £ H T LURFAE by HhoCa AN 772 [Sch04] .

TG DURFAE A O BRS04 23 28 2 B B (R R e R /D SR A RS
SRS, ST RS T AEEHE I(xy,wh), x Fy ATLABE ARk, w AT h Ho 2
B e . b TR, B R — AN U RHE AT AT R iR, e X
A AN E B w A h EANEAEL R AR R O RFIE AR AR B T — AN USRS L)
A RIS SIRE D BE . BOXRHEREE R 3X3, Wit/ w=3 F1 h=3. %5
RAMBTBL, ATH 3X3 BB DR BS54, AT /R8s .
RrIgr B, T XSRS — AN R RRRAE, T RAFERTAR I kst % Py
FEER) 3X3 RBEERHEE2AUL TR k. B 4.6 TR G2 IR T3 3 X
3 JRRBA A CAEAE S BIRAE S . A2 DEARRAE UG I Eat L, FREAT LI gkit o2k
i, AT TR DR, B o A B IEAE & 1 eh B4 B AR
B EA TR E R AR, DARIE TR A A 73 R AHOC I . XTG4
i R RENRFEAE () TSRS SR TIOEEAT Ik, MR R i ik, HRdH T2
RIEER . AR SRREE TR, SR EARNMEZ, BTSRRI m R £
FKINAE Real AdaBoost $AF)rR2% 1, IRV VERIR A -

H(x) = sign[i h (LUT(LX) (1, ))j 5)

Forpr, LUT ZARTERHIE ¢ NS AR I & AR x P T IS SRR R A, |2 it
RS ERIINESERIENSIE S

MUV FHO 7 R85 AL R I, 248, REHERIGHUETH X
e AR R RVRF R, TR 72 I h AN R R AR BT kB ml
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Input image Feature value imag
E Feature §

WH
Kl 4.6 LURFAL A mhoC AR 5 92
AR, FFIERE 2 /D HIE RN T AR R BRSY,  SE 2 HRAE RS, 525015
BN IR HERE ) ok, B[R]t 2 M B I T R AE R VB, VARG,
JiE, XA IR FEASCRYSR T, 0T RS AR, U T AR
NHIFFE, ] Real AdaBoost %> &AM IRAFPEREAE 0 R AITI70 s . FRAT AL
FIAPTA FRUEREA TRAE AR k%,  FAAEAE R R R AR S A IRt Y
M2, TR & T 2RAs LA PE RENG UBEA T I EpkaE, b BURFAE A o) 2328
SR PRI AR I R AL 4.7 o B 28 SEER Bkade H SRR 70 e ) iR R RUBE 2 3 X3 K/
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g TS KB
WaEHEL
I % bk — "
WET oy km [ | HAakE | plture
————;Ewﬁﬁﬁ%ﬁ _________ VI Y HARE p tERE
| R VT I

...................

B 4.7 S LURFAE A oL R 2 SR s Bk RS R 2
4.3.2 LUFFEA Pl BB BT S 2638

4.3.1 gl T LR oL A Tk, AR DR DA FoD R A, HL
Schneiderman $2 i FRIARAEHI AT RFAE R — D HEA P 0%, X EOREER I AR 31T
T PIATIRRFIEREA T AR, XRMATHSERCRAG, JEHGE S MR 73 e T C a8
SRR . JRIFRAL A —AHFFIE RS XA M FRRE T SR IAFIE, 38 4.1 g 7]
Boosting = 1) 1E G 3873 FASAE R MRAEA B E N RN PERERS DL . PEREM A
W7 2 [ e A AR IR 0.99984, X FERFANMEENEA B AR I I st iff 2 1
SRJEAE AR NIASE_EIRAAT2 = 0 B AR, AR A7 B A T {0
AR, AL EA A RAER 4.1 tpaaih. W WTLUE Y, SRR NRAIE,
W AR IR R R AR N B, XU THRIER AR BRI AR NAEAG Y 23
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T, AENEAEAS 20 74

BT R AL SRR A R, DAREAE A mh O A TN 7 R4S B PR A4 7328 4 by B,
TA T WG AR RN AR, Mm% . KRR T
S ARE LA R (I o D AN ZE I AT T AR R AR, i T 0 Rl e

h T TR R, X R TA TR T N R AR T R R R
SRR, — AMBAT AL 2R AN RS T AR R

M i-1
CTotaI :Z[H (PH)X( Fi_Fi1+CCi_CCi1+C)J (6

i=1 I=0

HrAr, Corot R BAABRAT R P AR HIVH SRR, PURORTE | A BALIRAF T | A
REIEPT A LT, Py 20R7E -1 A7 B AR AR Nl (iR, 24K, WILAIT, Pe=1,CC
FOR VAR BRI SRAE ST | MR 2 5 0 BB AR KA, C MTE— AN B
H T Bk, M 2RI RS h T S IS Z 208 H . 75 Real AdaBoost % 2]
R LR rhO ) 228, i T O 2R E IR, L F S T— MRk R
IR — IR HERIRAE, 7 REBHRINERE CC AR — R R AR AE AT 1A
[EBERME AT ENE LG RIER SN G2 RE80NE), C R — IR o L5,

AR R 4.1 Pty 20 NMEFER SO IR 2688, 4h tH—AN BARI ). n
FAEH Schneiderman $#&HH W JREGI T, AT, IATE 20 X2=40 IR &L
T (EHREFEEAE ARG A1 20 RIINGE (5 RE B0 F— ot bk 5 C GR{ExT L.
RSB E B E 57, AR R P R 2R A R ACRFIE AT B AR A Rl
IR, A L TEE 6.35857 X2 IR AR 6.35857 ik, F1 6.35857 IR LLTT
. ATLUEH BRI T 6.35857-1=5.35857 YA ELiHEL, HAHITTL T 20X2-6.35857
X 2=13.64143 X 2=27.28286 IR EXHLHEAE, 194NV 20-6.35857=13.64143 IR ki,
KRR T oHEAUMY . 9 2RE8 P RS H R hn, 5 Ak sk ok
4.1 3X3 RNRFBA G AERHE R 0 RIS MR AR B )2, AR BOE N 0.99984, Dt

AR A2
AL E 1 2 3 4 5 6 7 8 9 10
R 91 63 64 54 45 35 30 24 20 17
FHEALE 1 12 13 14 15 16 17 18 19 20
e .16 14 12 10 .09 08 07 060 060 | .050

4.3.3 UEOAF BRI S 58

FARDURFIE Ay HhoCa R A B 3 et w ] AHEBROC R 0 (A7 AR MG, (B R T
DRORE N RFAIE, IR RE AR, i 2R AR ARt BN J1. PTEL, #ET
DIBHEAT L e, BA ML e =55 b prfiif iR R U, PRI RS T (1) Haar
FAEMNZR T — A AR N IRR AL B4 28358, XA TARTE S =& LAk .
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4.3.4 ZEIS AR _ER R

PUBAE R 1L, ARFEHGA TAE Bl N ISR KRRk, i,
AFTRE DR A S N RS NG e 2 2 25 NI . D 7 AT 2 22 AN AGrill
MIGZE AR S 2.1 st 15 MRS, BARSS T 2RI S 45
P S FRERERS, IR T IAR IS SRR AR B AR 152 2] o RN, A
REAM I T DAL E [FINEAT 15 FREEas R r2Ras.

iy SRR, TP LU D 3oy 2Ry, A TR AU R
FAERA TS ST I N SR M ALEZ LS NIBAR I REF, 0T IHAT &AL
BOPRASIIEATIERE, RPALfE BT LA A Ty R A I AL, IXAehg T A H 50N
Moo ZEESKNINE 4.8 Fror, ISk 1 B O R R s AT 5 1) o

AN CROr X

K 4.8 224325 NJKAS Iz F
4.4 EFCEFNLISER

AT, BATRE AN SRS A SISt AT IR . X ER I R AL S
{ERF AR e AL, A VAR A I 1 ARSI 2R SR 22 2825 N A ity
RGAE TP IV REAC IR L P 5 TR e AR R EG, 441 85 752
KRR IECE: 5, 442 W TR REA G AERAEARR T Haar $FAER)
IR SERA A Bn, 443 444 500085t T 245 B0 I A JRA I R 4
AN LS NIATIN 2R G E [ b 2 TSR B SR IERE S A, DAL IR S Do
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4.4.1 TWEE

Mo T T BANRFAE () URFAE A PO R A BT 28 8%, AN T4 R85 1) H ARSI %
BEE N 0.99984 . FH-T- Ik LIRFAE g o iR s IR AR R 2 2528 I AE AR B H 24 60000 /), 31X
ek NIGFEARBENLPOETS 2. 138 T 2888 AL S R FRFIEAN SO 150 4, X2 AR
CRIGV B o SEI R T AT 28, AEWCE HASMIPR BT H 0 2 GRS DL T,
AL 150 AR A AR IR 145 2 AR5 7 IS 28 0 ] LHERR BT U e FH B A GAE
Ao

Rt R R Sy T A IAS A R AR, DR EUEBEAT T 4080 48R ECh 0.8. (ELL
THTE SR, WERAAE R I, S AR E A E SRS 3.2GHz, WAF 1Gb A
R L 33EAT
4.4.2 FERAE —EFHEELEE AR RS ERE AT

R 4.2 P IERARNE UL N AN R F 2 5 ERHIE 7 SR A (KRR

U 1 2 3 4 5
i
5 14 36 41 42 67
4 37 31 31 30 14
3 30 26 25 26 35
2 28 28 26 28 36
1 28 29 31 40 48

AR AN e AL A A A A AT R AR IS, ARYEIA BAR TR 2
RYEREDIIGOLT, 40 2005 IR 25 H i o A FH IR A FORE RV AE B8R A 0 LARRAE Ay o0
R SRR, RSN ROBE T IRHIER H R WA 4.2 B8 3 X3 (1 REHHk

HWR, I TRHIET 3X3 ()RR & —AHRHE 4 Haar FRAEDN LLAR S MERE,
FAT53 A L T AR AE 2% S A3 81 T 1K AT T AN AR 1924 2
o 3 X3 R AL & AHARAE AR ELSTRRAE 256 A, 1T Haar REAEEL S BT U IRRFAE
31728 A, L 2 1 JRi AL A AR ARG RN e 7038888 F] Real AdaBoost % > 532
HEAT24>], Haar FRAER Bin BUHWCE N 40 4, XAEH CLu Sz bk W RES 2% > —A
PEREAR L5 548

TR REFE R E A RSO, 9o 2R3 DAL B R B ek T R,
HAERERN R X E R T RHERIR NG JT o B D R IER R R FR R B . R 5 Aol
APEREN 0.9999, ANFIRFL RS UL N 7521 Haar FEAEECH A1 3X 3 JRiBdl & —(HFFEEL
HATE 43 b WE 43 WTUEHR, 3X3 /R4 & AR T 75 S 18 H A
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[ R R G O T B & /DT Haar FRAEECH o IXF5MUER T 3X 3 Jaifdl & AR IE(EET

X fif B N JRAREAS I PR R

43 3X3 JUE T RS AR IESE B R AE N R MR AL B B R, AR BE ) 0.99984,
R A AR T

IR R 04 | 0.1 | 005 0.01 0.005 | 0.001 0
Haar 13 | 34 48 68 72 80 89
JaALs 7 18 22 30 31 35 39
TAESFAE
4.4.3 IETE ARGHEM

FEFASSCIR IS, IR T MR RAS IS, 5 T R AR A AL B3
o IRANEB P IER AL S = SRR NI S o A 15 S0 LU N Tl S AR
BEINT o I O MIRANAE B AR I TERE, IR AR SR I G ST T 100 A5 1
k.

FEAEHITI S SRAS R R ATl 2, ARG DO R ER, 1B 4.12 R 4.16
gt 7 LA (14 AR R e, b A P e b e R A st AR AR R B
N R TS ISR A R AL ] S (R HE I H

7 AR IE A JSAS I ZEAE CMUMIT 1E A A RIS BT 7900, I
320 ROC HhE ML 4.9, 24 TXS L, I RICE B RAT AR VAR & 4 21
W FTAE W, BTG T L RER .

0.96
0.94
w0
()
4&; I
~= (.92 |
g |
= i
iy |
£0.90 | | +
© | | 1 | —&— Bourdev [BBO5] |
= | | | | —A—Viola[V]0la] !
0.88 [ Huang[HAWLO4] |
| | | | |
: : : : —®&— Qur method :
| | | | |
| I

0.86 L — 1 - L - I |
0 10 20 30 40 50 60 70 80 90 100

False Positives

4.9 CMU+MIT 1E i AEREE L1 ROC 2k
A TR ECARRS T a AL By SRas kit BEIn AL PR32 2e X PERE 2, [ 4.10 A1
4.4 45T BB S A B R A AN _E AL PR SRS J5E CMUAMIT LAl . v
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DAF ik, TR IEERI PSR MK R G RE R T B, X80 U] T AR e th K
TSR A TR AT R

Detection Rates

0 10 20 30 40 50 60 70 80 90 100

False Positives

K] 4.10 CMU+MIT 1F 1 SRS L e il 2k
X 4.4 JTAEBRON IS B TCTNIr 2 28)VFI S N AL B 32888 2 S (P05 286 (RS I 45 Bt L

RN 2 4 15 18 38 39 63 64 82 108
TorisraEas | 0.874 | 0.909 - 0.935 | 0.945 - - 0.953 | 0.945 | 0.963-
e | 0.897 | 0.909 | 0.935 - 0.945 | 0.951 0.955 | 0.961

TIHNERA WL T — N SR . P PSR A B T LA i (1
feo IXAMRRAES LR KIS 138 5K, L AL 142 4.
FARKIZ A 137/142 =96.5%. A5 1 MR
IR ORI 25 S L2 4.5
% 4.5 EI AR SAE—A BENRRE FAONRRSSE F

B3R ST R oy Rl g

FENFh 385k 1Nk Eainkdl

W NFh S JovAs: Exinkdl

BANFH 195K ToiRAs 25k

L VN 345K ToiRAs: Eativeal
E 55K P/RS i EREIS
5SS 265K PRS 04 Exinkdl
5] 125K JovAs: Exinkdl

IR, ARFRM RS AR A AR K 0 I R . Xl
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Z5A5 B0 R AL A —AEFFAE+Haar 53 883 RTINS [RIBEAT TS . WS EAE 320X 240 K]
BERATI, AR R P MG SR AT, USRI TRRR 0.8 f5IARIEG LA
BEATANRIR N NI AL B, SEBRASill () N KR /N & 24X 24 3] 240X 240, 7+ Pentium 4
3.20MHz M AVFEHL L, AR ALE AERHE TN EE R 28 A I Tl I 1 FD . 2R
N T AR A2 )5, Rl TR B2 T 40 =70, 2t Tl 25 52 2.

A, AEIXFON FIR LT Haar RRAEI 40 KRB RIEE T R4 & —AERFIE TR P4 2
#+Haar J& b B RS AT SO IR T 2 B oA . W3R 4.3 v, JRifdla —
ERFIE 23 283 005 IRAE AR H 38 7 Haar RRAE 3 R0 S RFIEEL H 021 7E3RA TR
A A AR ARSI 2R b, — AN O EE 15 ANl dl & AR IEAH DG 0T
XS AN RERALA AERFEA SIS, S FE 15 IRE RN 15 ULy 88T H A5 .
PR EA BRI & AR AR B L T Re TR, 11 0, 4 DO EETHAR,
WS AIBAT AL A AERAE 7 RES B AL TR 2 15 IRA SR 26 NN 4 O LE

MAHRY A Haar flllgs 1, KAEFTE 30 /) Haar BpEAHRHIVER. . B4k, 30 4>
Haar FFAEAHSCHITHE A4S 30 4> Haar FRAE(ETHE GRS B, HMHER /DT 7k
HEERIE), 30 IRBRVE (O7 Z2H—40D, 30 KA 30 o GHEAERD . Pk, Sk
THBLL) 240 YINE:. 30 IRIGIERD 30 IRAT

WA, MIHEE IR FokiE, JRA S ZARHE AR BRI R EMR 2, RIS
AR 78 7 UE R 71X — 5

4.4.4 7S AR TIZE

AR I T, gk T 22 NRRINES, 2R NROCEAES =il
FIR, 15 MRS, BN I ZRAH N IR 0 R B AR AL B 796 85 o 3R
AT INGAT RN Z LR NI ESAE 320X 240 K/NREHE EFATINR, ARG R HR 3t
AT, MK 24 X24 3] 240 X 240, FT o522 AR IR TR K204 100 2285
ATLAE R, 20 248 SRS IS TR) S AN 2 B A 28 A4 H s b geve s, xXag T
7 R S A SN [R) () MG AL B T AT 15 PP i R (SRR IR, 3
3 Jar A T AERE R TR S

OB 2 LS NGRS 72 CMU TR R 22 FFIRRAE FdkAT 7 t, x>l
WA T 208 MEEIMR, HhA 441 SRS RS R A ATRUEH, AT
Z a2 2 NIASTIN &5 RATR T LAz, AT SRS T 5 i & R dser 45 R e
HAA T LEER
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. 86

Detection Rate
o

0.81 f[-—-f-——----- —=—Schneiderman[Sch04]
—+— Huang [HALLO7]

—=—our method
L L

0 140 280 420 560 700

False Positives
Kl 4.11 CMU filfiin A 4E it ROC Hh£k
4.5 INGS

TGS TR R R A & AEAFAE, JRAHN R TR R &
(R TEA T DRSNS I3 248 b (R A S LA RS N 7o A5 LN IR NS I F9 0 2R
REREA, SR AR R A N vk, IF B3R I T BURFAE D oL (R A 2L 32 28
S B v R TR D R P U 2 B S S o B S T i e 25N R | AN o
R P b g N JREAS N30 (R o ARSI PR HH RERS KGR AR I S P e A
JEAREAAT IR I L, Rl & AR IE AP R AR A R ) SR B St AT
R i R A AT SN R

MR, KT N R A NS, B RIS ] T AU, XA
A A AR IR RO U T U AR AR T PRI R A Ay, RS
BERg oL N NS I S B 2T T EORIIRERE,  (H2 R T A7 A 5 AT R R Ak
JUSA G BRGSO B RIS MERR . 535k, XA
LA 2R A, WARIAFAE A RGO ik e, ASSCRIK A2 & hE
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