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Abstract This paper proposes a novel pedestrian detection method. An angular-diffused Shape Context(SC) descriptor is proposed to obtain the
histogram of the sampled edge map with considerations of different edge orientations. Modified Hausdorff Distance(MHD) is employed as the
similarity likelihood between the codebook of the model and the test image. A voting map of the central hypotheses of pedestrians is generated,
followed by the foreground and background segmentation which utilizes the binary masks of the templates. In the people candidate regions, a color-
segmentation-based verification and a SVM-based shape classifier are subsequently performed to reduce two types of false positive results.
Experiments on a pedestrian image database and PASCAL database illustrate the improved performance of the angular-diffused SC in representing
the shape of up-right human body as well as the reduced false positive rate introduced by the two-step verification.

Key words Shape Context(SC); pedestrian detection; codebook; SVM; angular-diffused

2 W (

[2]

[2]

(Shape Context, SC)*4
(Edge Of Map, EOM)

(09KJD520003)

977 )
4]

2010-03-22 E-mail chunhh@163.com

—171—



Hausdorff (Modified
Hausdorff Distance, MHD)
2
(SVM) 2
3
3.1
[3]
L C ={ce,,ce,,---,ce }
i (x,y)
ce(i=12,---,L) ce; =< U, K, m;,w, >
i u; i r,
i (x,y) m, i w,
i m;
3.2
di
E EOM 0 E
o E={E1,E2,~-~,EO} N, -Ny
(bin) d, SC Uy :{hé‘,hjl,‘--,h;f} d;
0 h,
d; R
h;"(k)z#{dj #d;:d; € E;((d; - d;) € bin(k)} (1)
k=12---,n-n, # d, SC
k bin
kr kH
di di kr
k, 0
bin
bin
d;
d, rnoo d; bin
S(d;) ={oin(l), I e{(@dj +iymod n, ¥, Q)
h;(k):#{dj #d;:d; e E;:(d; —d;) € S(d;)} (2)
ch’v(k) =ng(9dJ,k).h§‘(k), k=12,--,n-n, (3)
9l k) 6, 1
k, 2b+1  bin
SC[,’I(k) d;

—172—

R R
-_¢ dd. 4
L(L—l)i:j,%i,eEH d;j ll (4)
a a n n,
4
4.1 Hausdorrf
SC f=<xyv>
ce =< u,r,mw> f
x,y) SC v
(xy) SC
m
v k hin
bin il
(k) = #{d; € bin(k) Nim} )
#{d, e bin(k)}
#(}
Do (Ce, T) ce f MHD
Do (ce, ) =llu—w-v [lyyp (6)
u ce SC w-v f SC
P Q MHD
I P-Qllwo= maX(DPQ’ DQP)
Drg Do
Dro =—- 3 D(p.Q), Dy = ¥ D(G,P) @)
PQ Np peP p’ TP Nq qeQ q‘
2
TP y,.n,.o(ap(k)-aq(k)) 6
D(p.Q) = minz (dy. 8g) =min> 2. i, (k) + d, (k) ®)
o 1m0 (0, ()~ 01, (k)
D(q, P) = miny? =min= it er il 9
(Q.P) = minz” (0. 0) = min> 2. 0, (<) + 0, () ®)
i, (k) (n,-n,) O u,
u_(k _
6,0 = 0
> uy(k)
k=1
a, (k) (M~ (9 P Q u o wev
DMHD(ce7f)
4.2
d SC f, f. ce
P(ce,,d;) o exp(—=4 Dy (C8y, ) (10)
z f
f. ce,
c y
P(y.c|ce,,d;) cexp(=4, | c+r —d, I?) (11)
(10) (11) I
c 0



P(yvc):%{‘4p(yvc|Cek’di)p(cek’di)p(di) (12)

ik P(y.c)
{Hj}:{(ijcj)}
Hi fi
H;
f, ce, m, H,
d
p [3]
P(p|H;) o iZ%GXD(—II p—k IDm (p-1) p(f; [ce,)plce. ki [ H;)
(13)
5
2 2
]
50% (2)I1
2R %
o
HFHZE R
! ESETEREE
=
2
1
|
53 =12N,,) (13) .
( ) B () S,
{sii} F B

CH#Hs €65 NF)}
" s, < (5.NB)}

(2) I
[5]
6
PASCAL 2006
person
n =5
n, =12 d=1
« ) 2 -~
5 ) 647 PASCAL 2006 person!®
319 1 153
577 1153
50%

PASCAL 2006 person

PASCAL
8 {0.0,0.1, 1.0}
1
1
SC SC SC+
Pascal-person 0.296 0.323 0.398
Pascal-person 0.160 0.169 0.174
0.538 0.621 0.702
0.356 0.463 0.598
3 ROC
SC 2 SC
92 4 .
001 Angular-diffused Shape Context
88 1
= 861 —0
< 841 G..-D”D
¥ g u/n""'
=) - \
E 781 -0 Conventional Shape Context
H76q O
744 B
72 4
70 T
00 05 10 1.5 2.0 2.5 3.0
IRAGHE/(%)
3 0.6 ROC
7
2
2
[1] , 1.

, 2010, 36(2): 173-175.

[2] Viola P A, Jones M J. Rapid Object Detection Using a Boosted
Cascade of Simple Features[C]//Proc. of IEEE Computer Society
Conference on Computer Vision and Pattern Recognition. Hawaii,
USA: IEEE Press, 2001: 511-518.

[3] Wang Liming, Shi Jianbo, Song Gang, et al. Object Detection
Combining Recognition and Segmentation[C]//Proc. of the 8th
Asian Conference on Computer Vision. Tokyo, Japan: [s. n.], 2007.

[4] Liu D, Chen T. Soft Shape Context for Interative Closest Point
Registration[C]//Proc. of 2004 International Conference on Image
Processing. Singapore: [s. n.], 2004: 1081-1084.

[5] , , .

[J1. , 2007, 20(4):
492-498.

[6] PASCAL Object Recognition Database Collection[EB/DL]. (2008-11-
05). http://pascallin.ecs.soton.ac.uk/challenges/\VVOC/databases.html.

—173—



