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B AR A B R RBUR R R AFAE & # (SIFT) e 4E, 2 F Lot A X, R & Bk A A
(GMM) ## 57 B 473 51 SR MR, A A B2 5 ok (EM) & ik fn ik Al 52 & 112 (DP) B 3h fh i
A SHGH T, — B Rl H& XA EERERA T EEGTE -G T EROLA
LRI RSN B LT T E L B, 44T A B, P k- AL T R
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HBREEMBRERF-EY T RFATAREENRELR RN, AR A 093X %
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TRGIK S FIAE 55 9K 5l o R IR TR IR 3y, Bk gk
s BER SN BRI R R ORI T 45
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fE55 VI GCIZEE N ZR IO, I AT TG kA R
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X, mE N ANE R T R E A TR A
TR B R 5t B . 5 TR s F5000 Y DX 4
o EBOKAER 23 0 DO, A R R R R, A F %
TEZAAI TAEREA 2 b A e : (1) SRR
JEARARFAE AR e (STFT ) FFAEAE y BN ARRAE , Al 3%
SR —MEIT ) B AR AR, (S T
R R SR %5 (2) & A Dirichlet i 4 X &
HHRE -G A ( Gaussion minture model, GMM) fE2 &

T AN BT AN T, S R T A MERR R (3)
I R BOE FF A BARERE A9 THOG-LBP 4%1E , If 4
1T SVM 432 51, ik — 5 BAiE Ak XU 5 & B
b, B2 A R 5, AT AR SEBR I EOR

1 FEMEREE

OCRERE RN 1 PR
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TR O BIRISR BRI, W 7R 22 S B HE I HE ZE T 8l D
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Horr, P(O 1 v) JeAegy e BIMRTA o B I Kot 42
B o EIET, BbR O fAAE R AP ERESR R e Bl O
Fon G B IkmETE: 0 = {o,x,o,-f,
H o FoR AARPIIAR SR, « Foas HARPRTE R
PRI EARDR, o Fon HEsPIIRI R/, X B
A INSERA HISHL, HA Y — 26 2 Kl m] LLHDR A
A EARYA, NPy R I S 3, MR RS2 45
(EAEzS R R, BRI RTE B B B
BRI SR, % e 3 SIFT HRAE HAT O A Ra e
2D SRl v, ASSCR MR T 1 SIFT FEAE
A RAE ] B DRI , HORE AR Z Ty STFT AR

A (D) R AP A LE R R o BAE L o 1Y
MR R, T LB o % 18 T G A i
B, HAEREREAR B =, MU AR A 5 1 e B )
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FrNEBRZE B A5G SIFT FRAE ) 7 19 45 PRAE AR 03
i, AT AR FIREA ZE TR i 45 N B AR MR R e > 15
B PITTR AR (2) 09 32 2 1n) Bl 2 dn ey 75 21 BLAR
BREL P(x,0, 1 0) o N TREBSAI(2) AR ny sl
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HI T RIRREL P (0, | o) SKIGLEL E HERY)
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5 BRI AL o, BYSPFRER . O TR
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BV TE B R OB AR B x 15 FLBROI A OB 45
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AL E 5 BE, B P(x | v, ,0) o TEIG, AR SCHE L
IR Ak (expectation maximization , EM ) 8310 5
A SH, T (2) B BEA b i B T Se it |
FHE RS (9 2 ASFEHLAE 5 H AR A AE BUZR  i fr
AR x5 BRI SERRAE v, o ZERAR S0, K
TRk, AT RUBGR B bR R ALE R 47 AR AR «
5 BRI IR SRR o, Z I HA LM R B

x, =a, +A, (v, —v;) (4)
Hoa, HwE R, A, WAHSCHFE . IR AL 280
BIASH (byyag Ay > o, D) io= 1, M

He TR 3R 4 HEOGHBLER pR SR A S (9 7 0, 4
SR SR, AR B R UG h i, B
RIGET EM BSOSO Bk 1 s,
1.2 EFUAZTELEN GMM BEFOHHIT

WP FIT 2 37 ) R SR A AR i g T A AR (1 YR
A, 00 EM SR iR iS4 (ALK g R
AnfaT o s TR A i 39T 0 A1 10 A B0 — SR B i 1)
B, AR ER G W AN BGE 2 TR AN B Y
RIRPEW AR 2 ) i R P A ) B 4
MG Rz, WARIR A oA i o D A
RN () 52 2% o v R A IR, 55 K AN 37 AR A 1932 Ak
FHET B M H S IR AT IS . E 2 P,
Fh & 2 (a) J2 5 0R 0l S A B EATT LA
TRA B A R RS AR EN . QR BeTs 2 5 A
RF L, R G e A 2 ) JE 1R B A 45 R a0
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&
NG| N
8 £ 8
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(b) M=5FHeEH

(c) BALRRKLER

B2 R—HESEEEESIHIUSEERARBR
THREZRILE

K2(b) Fron. T HAHLUEOUT Bl s oA A
3R, LA 2 () Fr. hitbn]
LA i, BsedR e R o MR 7 NG 88, T HL
SR A TN Az AL RE LA

R Y AR A ), AR S IR S L - s
T 4k F) 5 85 45 8 ( Dirichlet Process, DP) ' i
B e T3 R R R A BT A T, IR R
2} DP-GMM

Dirichlet 734 HI T-4838 n 4 (n > 2) FEHLZ &
X 534, 5 Beta 73 A 19 2 4812 AL IE 30, —Bic i
Dir(«) , HARAR B sREERIA AN

MSa)
p(Xl @) = ——]]a" (5)
[[lr<an>"='

Hrb D(x) = ft"‘le"dt JyEsise, Yx, = 1 H

x, >0,a, >0, H ETHAYE XATH, n 4EREHLAS 5 X
JE— AN BB M, BT LA Dirichlet J&43 i A9 5311 o
0 — KA s Tk AR DP(H o) , o
g3 H A LA — MM E B 20 A, TR R AL o
Je— RS, XK e R A B AR AT — ORI
NS —AFEHL I A, 34> BEAL 23 A B IR 2 DA
HES A H RSB0 o ol 3, 2R o o i) 2
(Yt A1 () S AR RAKOR B 8 1o R 0 4341 1
SRR . BRI ST R R R i A B
FY), 3X AR A BIM 2K ) v 7 e R ) B v O A R i
I3 GRS A WAt SR G X A0 ERAE AT
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GG WIVRECNT 1A B 43 A R SRAE (LR S AN — A
B4, T 2K A e B 3k A ) i A1 3 (] Y A — ] g
SRAEAH AT ] ) S — > TC IR A R AR G, I
A TCPRARE SR A Rk IR A AR
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B S I M AR 1) — Ak, R, A A R
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RIR AR AT < B e KA o 7 o A R R A 31—
FEA AT, SR 5 X o Bk — s i, O REAR S0 Af
B3R PR AT D XA R R A — TR S
JRIT BIRER M o P TR R i A AN TR A R 5
I3 A BB BR A, BT LAAE DG B e 5 SCIR & Lo
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(b) #:7F DP-GMM iy [ 3h B KRR

E3 GMM 5 DP-GMM i[5 — AR E LRI

LU L 1B 3 (b) REREAECH 4, A% 1E] 3 (a)
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Z5Em,

1.3 ETF DP-GMM WS35 FEXIFRINE %
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57 DP-GMM FERY X F— Wi 5 A A 0 PRI, A0S
2 ] 5 3 1 R T A R DL % B R ) L R AR
SIFT HEAF 5, 15 2 UG o2 H bR e i 5 o,
B o, SEERX PEG P B AR X SR A T B . RNk
R 2 R,
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#2 EHTF DP-GMM HiFiiF =5 F X BRI E %

HBW 1. RUBHEAER

(D) bR A R g A bR ROL X, IR B SIFT H5AE 1] & 5

(2) & H] Dirichlet i3 Al GMM BIZREAKL k5

(3) R EM FERAG R A REC b, WM ) p, DI 2E0ERE D, > A @, MIGHERE A,

FR2. REFFRNEBRE n 4 SIFT $ES;

FI] 3. RFCYIZGFH GMM ER U RFESEGE n 4

P(x, v; | o)

BIMEZRIE P(x | v,,0) = Pl o) i =1,2,n

SR HHEGEA SIFT FERH P(x | v,,0) ERBEp(i) =

WS, HHEBRKERSMF 0 = 3oy xpli)s

SIFT $#E m L B 54 E, TES — MR

P(x ! v;,0) )

ZP(xl v; 0)

FR6. HHEKXEREHER, KB EMARKED A max(mean(cor, ; , —c,), mean(cor, i —c,)),

min ( mean(cor, . —c,), mean(cor, ;5  —c.))

RE AT A X TR T IO 12 ] 45 iy
KA e 30 A B AR TR A 5

h(e) = espl=5(c-w' Y (e -w)] (6)
TR VR ST 54 18 28 0 B 6 L4 B KD
it(6>q:‘ ¢ = (r,sg,)a M = (Mr'?#g')’ z =

2 0,0,
T
Polad, R I, g AR 2,
T,.0, ’
(Tgr
p
p Rt g BEEHEER, SN o, o, BT

FEFE, KRG R RGB (825 W] 54545 51 R'G'B’
ZE(EE— TS ENBRERA P, HIER'G'B' =5
[i) F 114 2 10 €030 (B0 i 6y RGB 3 €5, %5 (1) P i

{8 T A SE A (A R L)

BT +g" +b =1, M=y & e kH]
r', g Fb AR AN S i B AT S B A
o, > MESBMCAK(6) H, Bl 5 54 R
m P HIR @RISR SL(P) 245X

SL(P) =emﬂ—-;<“';f” L8 ;f“)
(- ) (g —,ugr)” 7
T, 0,

BN TE 22 G R B v i LA A LT, Ro-
dieck F 1965 =42 T [A].0> [ 45 1 2K ( Homocentric
Opponent ) &2 7 (KL~ A0 el 4 TR, B
H A 1 P i A R AL ) A — A P s (E T
B R A P SR LRI AR 18 o 3 P A B A L
PO BB, #REA s o0 A B 54, RO AL R
HA S p W U, T BB 7 T AH B, PR S AH
IR ZR L 38 H FROM 5 3 2% 43 ( Difference of Gaussian,
DoG) 5 #Y

L

\/< Fe AL

B4 AoRBAR SRR

PRI, AR SCER G 38 1 B LIRS 52 5 I 2 BT 1Y
R SR AT 5 T g 40 L8 2 ) ) S R AR 1 T
NN

F(e,s) =1 F(c)OF(s) | (8)
K, F(e) H5F(s) 0B a8 i (Center) 540 A
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(Surrounding ) RUEE T Y AFAE &1 5 A0 RUBE L e R
JEER, 38 X vt RUBE (i ask — 25 1 RS 3], PRI,
A ERUEE S 1 GO oo ROEE T B 4548 19 fii 1k o
F(e,s) RMAE2ZTG SR AR b0 AR RUEE BHE
ZIAN 22 5 KN B =S  sa 4 b 755
“O7 TR R B Z 18] 1) —Fh i 2212 58, ik
PGS 1 A0 A RO RS rpo RO BUR BR R A
ZIA AT —— X AR ZE M S, e LAl b, 5 —
iz BN RIRHIE 7 i B RRAE I, JTAEAS TR B RUBE (7]
GO A B RRE A3 1 0 2 R e 38 A A A
zEARRRLNBER ., A3CEE 6 X RERER
YT THEZB S O U ¢ = (2,341, 3%
REES = {3,41,s = ¢ + 6,

HRAE N — R L A Jey 5 2 A, B2 & BT A
B JRAR TG 07 AR TR, P R BA B IX
AT NI, B0 2 i i DI ) b i) RS0t L &
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2.2 (RIERIBWIES BARGN

J5 a6 B 1 J7 8 (histogram of oriented gradient,
HOG) f& i Dalal 7 2005 4E42 4, 76 SIFT $5RAE i 5E
fili =z b R R Ee e (4 T R W AT AR 1Y) — R RRAE
IR FAT AR S5 B 5K (local bi-
nary pattern, LBP ) if [ EIQAR FR sl Z 18] 0 JK B2
255 , AR R YIRS . PO AEAT ARG I 450 45
PARE Rz AR S g 3 X3 A T 5
XA, I 51 A B AR b i
THOG-LBP 44 ) THOG-LBP 1 , 5 )5 % F = 2%
Bk SVM 432 g X Aar il X Bk A7 7 kil . 5 =)
Sr 2RI By ad i, W FRIC AT N B bR, BT HOG
FU3 AR AT LBP AFAEAR HE B UL, A% SC X 41k
THE R o S 4000 3 B A S E 2 0 A =0 DA i
i,

AL HOG R A58 240 Jf 0T 53 0l 1 Ry 32
x32,16 x 16,8 x8 MEE K/IN;H: 2 x2 A4 g
JCHM— DI, R TS5 5 DGR DL R 478
A5 FFAE 1) 1A R 152 e, R R 5K

L' = Y (9)

SIL + &
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A1 1B WETE 1B S

W B B RER BT 55 S5 B S A T
A R R DT 4 S B Y 3 D
VE B R R T 1 ERR DX, e 4538 A i 8 DX I,
3 o A % X 35K 1 THOG-LBP 45:4iF , 45 3] H bR 4y
FRM 2R . S Rl Tz o — i R LA
AR U I

NS Hal LI BET SIFT AR AR R 55 1
B E AN AT 55 55 VRAE ] LUA R A i 5T B
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A 5 RO B R AT, A alE o R
o B 5 g AR Ry e X T A5 1T R 2 A At ELYR
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JE R G AT NI A 9 46 rp e R X3, T, B
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S A3 B A FB 4, 5 — 8 4 B ki &R T DP-
GMM g (1 PR 10 2 X3 4t B & SR 5 Sk [ 7]
rh RS TR G TS AL (9 4 BUSCR HEAT X, B
SrRERAT N E AR A 45 5 5 1% Ge i B ARAS I ik
FAPCER o S50 BT R A B0 e £ R 4 H R 712
AYEJE K 22 AT NS P A A el 5 40 R AR . 24
CoverRate KT 50% B Kl 45 AN IEH . % 183
PG A7 e A B 22 (8] A JEE Y 58 43 B & 1 2 AT
N TESET 0 M AR5 A A LA 18 DX ), 75 5 1
BT X 55 2T N B AR, R, FE A iot
e, Y —ANSMERERL & A 247 AR, AR 2R
R iy 25 5 AH A FEIAE (9 D BOR e T i F T
FRE Y 25 AN B, A, S — AT N 2440
FEIE A R, A — S5 A e, FLAth T A 45
ARG R LG R, B’ 6 Fin hE B RE-5E A%
JeNE R AT NEHE 88 43 B 91

SRIG 15T DP-GMM Bk (7% 39 1 2 X 4l 2 B
BESCHR 7 ] gy R TRY , JHE = 8 U0 1 1 1k B A
FKHI'T Dirichlet i 72 (DP) XSRS EEATAL I, 1
AT TEVRRAE BB T STRT R AE AR Sy G 1 SO 0
i o

B6 SBEXZF-EHERIXFTALEERSEGRO

SRR FHER 2 P s SR K AN RN B
BN AR BRI 2R, 220 BE RS T 2545
| DP-GMM A1, el 43 1) 92 M G FH T, 8 4
4T GMM FI DP-GMM X 3843 44 14 0 75 X
BRI N 7 R Hh AR M= 10,

ML T nl LU X 30 S 0 &
(AN 7 ZEsh IR ), 7 2 DX ok i ORI Lo 42
T, FR BB AT A 5 A T ARSI, HOGHE A XS A
W DU I A R 7 o ARAE R T A 300 i 1430 1
FOBRIE R, Sk [ 7 )45 30 00 90 e A X A e 7
UG rf s vt KSR 1 AN A7 N E B, AR SC
BRI g b5 7 o RS BT A B9 AT N BB, B A g 4
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(b) ASCRBEAFEN A TE X IR
E7 BEEXERIGRILE

T R WA HEA MG FE v T AT N B AR
IR DI US| A SC 3 HE A 52 ( Precision ) -7
75 (Recall) I ZE /I PR e 4744, i FAE
55 5 I B — MR R G R A R BARTE N
L AORESE, PRI IR T H AR RUA AU RE SR {1, Of AR
Pz B X R AT B AR, W] LIS B [F] 1Y DG T
DRI RN o Xob A B PRI 7, 6 2 9 (LAY
A8 T DGR S W RE S AR PR ik, 1E b
RBE IR AR 2 PR 2 anil 8 fs,
PR FATTAT DL A 1, SR DP X GMM 472k
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Pedestrian detection by combining guided probability

map and saliency features

Liu Qiong
( Department of Automation, Beijing Information Science and Technology University, Beijing 100192 )
Abstract
The pedestrian detection mechanism characterized by Abstract mimicking human visual attention and using the
guided probability map as the top-down information to mediate the bottom-up information based on saliency features
was studied. Firstly, the guided probability map was built based on the Gaussian Mixture Model (GMM) to extract
the scale-invariant feature transform ( SIFT) features of similar scene images, and the expectation maximization
(EM) algorithm and the Dirichlet Processing ( DP) were used to estimate the parameters of the GMM automatical-
ly. Then, to a new image, the likelihood probability of every pixel was computed by the obtained GMM so as to
form the top-down information. Meanwhile, the center-surround mechanism was mimicked to compute the multi-
scale skin feature and the vertical direction feature to from the bottom-up information of the pedestrian’ s saliency
feature. Finally, through combining the two-way information, the candidate target areas were obtained, and the in-
tegral histogram of oriented gradients and local binary pattern (IHOG-LBP) features of the candidate areas were ex-
tracted and then inputted to the cascade support vector machine (SVM) classifier to verify and obtain the pedestrian
detection result. The results of the experiment based on the Penn-Fudan pedestrian database and realistic images
show that the proposed probability map can improve the prediction detection and the whole detection algorithm out-
performs other traditional object detection methods.

Key words: visual attention (VA) , guided probability map, saliency feature, pedestrian detection (PD)
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