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Pedestrian detection based on improved Gaussian mixture model
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(1. Key Laboratory [or Urban Transportation Complex Systems Theory and Technology of Ministry of Education,
Beijing Jiaotong University s Beijing 100044, China; 2. School of Public Administration, Renmin University of Chinas,
Beijing 100872, China)

Abstract; Aiming at the peculiarity of pedestrian in the road traffic, an effective pedestrian detection
method was proposed based on an improved Gaussian mixture model(GMM) in 3 aspects: parameter
updating, background estimation and foreground segmentation. The possibility of misjudging the
static foreground as the background was reduced using a parameter updating model based on the image
segmentation. The time of the foreground merging into the background was controlled applying the
adjustment scheme of foreground merging time. The foreground segmentation condition was optimized
by introducing the concept of average weight. The test results showed that the improved algorithm is
better than the traditional GMM. It is characterized by good robustness and adaptability, able to
detect the slow-moving even static pedestrian.

Key words: engineering of communications and transportation system; intelligent transportation

system; pedestrian detection; background extraction; Gaussian mixture model(GMM)

W 75 B #3:2009-01-01.
EETH . “973”E & E S IR 5E & B R H (2006CB705500) 5 4 H AR 5 4T H (50778015) 5 HE AR K
2 BL2E G5 4 0 H (07XNDO012).
YE& B Y - 2508 (1980 ), Lo P WF o Az WF5E 7 1l - 4 BB AC 38 R 48 » ALK . E-mail :juanli_bjtu@ yahoo. com. cn
BEEE ABEM (1957 L, B J R LA R I, R 7 ) 3@ MR 5 48 3 B RBACl R 4, S 4
E-mail : cfshao@bjtu. edu. cn



« 42 . THRKRFFHROCT F R

41 %

Ei

A7 N A 38 Fa i B 32 AT 55 2 MG 2 1 MG T
g Az s A AP IR, 3 AR R X H AR
R IREE R O H 2, HIWTE A MR 2 80T 5
PR VL B T AT 5 80 2 2% LU
T2 30 AR A S b B, e, Y 22 g X ER
B 00 78 Ak Aol BB %56 45 S0k, B2y 50K 1 ) % W
PRSI TR 22 43 YA BE 58 A B U T AH O
M RRAEAR 3R A, 7 32 B0 S AR PN 8 25 5y 7= A 4 i B
%, eWEN H B 2w A iE B w R AR K.
TRA T A R 0D X 45 S 9 [ 38 P 8 L A B A 3K
AR IE P BT BE B A AR KRG AR 0 T SRR,
SCHERL6 145 th 1R & i A AL By bR o A kL D
Grimson J5 ¥ AHBF B T RCRBAR  MELLIE H T
SERP MR SN RS, IR Z#ERA S
WrR o A7 7 ok k. Kaewtrakul ZEH$2 H 7 #
B Bt 2 BB RS B R T AR Y A S R AR
M, Lee %500 Bayesian 43248551 A miliiR &
AR, JENT T H S N W B AR Y, Zhang
G D00 T S E AR RIS T A ) ML A A
LG R B T8 SR T A . X2 A
PR TR B R 02 B R R L (ELAR M IF B
T H 32 Bl G248 1 A 1A, 0 Y32 2 H A 28 4K
15 138 i 75 B fu i 1k H AR DR R 15 5L

R 3% VR G 58 38 19 52 B Is 0 F AT N B
A AR SCHUHE AL G TR G R TR 48— Rl A R
HIAT AR 73 . e 45 SR SR % Ty A R AT
EREPE RN A N S AT T RS AR

1 RA R A
RGP I B — AR 55t K A

Gy AR IR A LA R IR . Grimson J5 RN DRE Y
UL 4 5 2 75 S B B R 5 L

K
P(X) = D, X 9 Xivpminah) (1)
ko1

AP KOy m B (B 5w, o 2056 kA
1o T 3 A B RUE s g, B o, G300 R ¢ BEZSE R A
o TSR A (B RN 7 22 5 (X o g 0t ) N 1 I
B ke A i 3 A R AR T PR T RN

1
1 27X,

(2" | 3¢

T,y
) SX,

7]( Xr’#k,r’di.t) -

(2
TR 45 e S0 R 0 B O S R AT
1.1 S¥EH
500 2 3 A 11 5 B0 R AN W B L 4

BERGEE KA B0 A #E 47 DL ACOF e 2 1
B SR AR U () #E AT

wp = (1 — D, 1 + a(My, )
J)uk., = (1— o) 1 + X,
o= A= pdh 4+ p(X,— 0 (X — )
o= a( Xys s Zp o)

(3
o WAUE SR 3 0 A SRR
M oA SRR X, VERCHT, M, BUE
LA W HUE 0 4 2R IR A A 0 vp 3 A — A v A
oy A5 X, DUPEE IR — A3 A9 s 3 20 A AR 1 5
G IR B v 37 o3 A L O HLRROR B9 05 28 /N Y
KAERI 4R 1L
1.2 B=xflif
R 2 R TR i o 20 R 25 R ot R R b
o PR A A AE e/ on, 1 P
P v AR I HG AL A R /DN Xk % s 307 20 A DA s 0 I HE
¥ o d AT BB IR T S0 R A I A L T 81 Y
TR« W7 P AN B I8 307 A 19 23 A R HE T B
F1% JER T e 2 IR ) o 30 o A BT BRI L N A
Wi o A5 EFE AT B A e A A D T SR
B = arg mbin(Zwk,[> i) D

A T W R BE, ik T /3 e T DLk
R 5 A
1.3 AI=4HE

HRAEHT B AN 5 40 A 257 1 7 i, 4 IR
PR PR AR ZME X, 455 B A& o fi iz
—UCRC, #AH RN T SRR A 5 2 I
T o 0 ) 2 2 A AT A A U A R A
2 AT

T N8 B3 18, 7E 28 X1 45 7 2K B ]
ERET . FAEGE D AR ME I 80 K I s 8% 2 ok 2%
18 B AT N . A SCR AT AR RE L, X A
SRR A E B AT TG BRI PR .
OMRHE Grimson LW AL TR A = B A 8 ; O 4R
P AR ABAR 2R AE 25 1] b (4 AH SC 1 , XoF MR 4T 43 1 5
O 1.1 W AR IIETHET RSO
% 1.2 WA 4 8 O E AT RORRPEAS ; © 8
ok Rl ] 8 A AL AR L 48 T I S AT A ]
©4% 1. 3 WA 0 7 B AT S AW @51 A
A YIE S DL AT 540 B 2548 .



%14 A O4RLF A TRA B 64T AW ik . 43 -
2.1 E?%ﬂ%%%ﬁ%%ﬁ Wy, — w‘u,IXB (6)

AR SCT7 B AE T — WA S 1R rb R 3 T A
PR A RO BN BOR T4 AT NFE L 4 Y
IR R &R 2K AEAT N A L K 5
R R 53 P28 AT N IR AR AT AN B, AR
P Y R IR W AEAT A DI , e A S R
AT .

1, I(x,y) € Pr

0, I(lay) %Pl’

Ao Pr Fn AT AKX,

oy EVARME 1R s Py AEAT NN
G= 1.5 EANMATER; 5 P, FE4T NX ST
SR IR TR YT SR A SO .
SRR R G b AR AR AR 3R 7 =3 ] LA A
KAETGIARERL, JEATHE T B B i S BCE 3 vl LA
REESRI RGN RIS =X BN vl DR S Urch d o 1B R R

B1 TAREXS

Fig. 1 Pedestrian segmentation of original frame
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Fig. 2 Flow chart of foreground segmentation algorithm
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Fig. 3 Step by step illustration of shadow detection
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Fig. 4 Results of pedestrian detection
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