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Detection of Moving Objects in Crowded Scenes using Trajectory
Clustering via Conditional Random Fields Framework

Hyeong-ki Kim', Gwang-Gook Lee", Whoi-Yul Kim™

ABSTRACT

This paper proposes a method of moving object detection in crowded scene using clustered trajectory.
Unlike previous appearance based approaches, the proposed method employes motion information only
to isolate moving objects. In the proposed method, feature points are extracted from input frames first
and then feature tracking is followed to create feature trajectories. Based on an assumption that feature
points originated from the same objects shows similar motion as the object moves, the proposed method
detects moving objects by clustering trajectories of similar motions. For this purpose an energy function
based on spatial proximity, motion coherence, and temporal continuity is defined to measure the similarity
between two trajectories and the clustering is achieved by minimizing the energy function in CRFs
{conditional random fields). Compared to previous methods, which are unable to separate falsely merged
trajectories during the clustering process, the proposed method is able to rearrange the falsely merged
trajectories during iteration because the clustering is solved my energy minimization in CRFs. Experiment
results with three different crowded scenes show about 94% detection rate with 7% false alarm rate.

Key words: Moving object detection (¢]% A ZA%), trajectory clustering (#1& &3 3}), Conditional
random fields (Conditional random fields)
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Initialization:

assign label numbers {1, 2, .. , n} to
Y={y/, ¥/, .. , v} randomly
do

for each y/

select r neighbors randomly

calculate optimal label yiq by (9)

for ¥/ = yiop, If &<1 then update y/ Vit
until Y converge




1136 ZEIDICIOES ==X M13A HM8=(2010. 8)

ol AHEL o83
Y7t A & AE BE FHFRE Fol AuUA &5
£ Hagske hdges Aoz AAEn 1
d o5 oA FeE Jastae dgs
ol% AH 54 x7t A Q=AM AFe
AR Bz 2l (el) kol EAFE yiE yio'S
E A o)A % 23 e 7129 Wy
AHEE HAH LR g dTe oA 474 44
o thate] A g Hashe hdgs A9
S2X TREE olFE WHoly] W& ylo] FE
# #hlge 7K stete 738 Hgo] v g
wA yie gule Bdge g NEA ANE & ok
a9 72 7€ #49 dE HAFE 28 7(a)-
(d= 78 #go] wEgdl we BE HFo] F3
Aoz ut2A THE olF] 7k A& RAFTh
18 7 e 4% A TSI ZR o)F o
BAT T3 o] DEFHEAN 27 7(dlA ¢}
o] o)A @AM ARE 33} At A=
Sut27 TS} o)F4R AAE B & Uk

©st 2ol Yelz 4
=

(&)

(©)

T 7. 2Est ™ol o (a) 28 g, (b) 45| gig,

332 o|% AH A4 &

ZR3 FAHAA o2 AF A= vlg r& o) %
A AsE AR goln, T3} Azt 2 A
Sol JFgL vRA It B =X E re Wl
ug FA3 A7 2 A% ASE golry) 38ty
PETS2009_S2_L1 A Ed] th3te] r& 0.1%F 057
A M3 A 7HEA FH3 A 2 A WsE A
HREgth 27 8o A9} 2ol AEEL ro W=
apol7} AT 39 AR FH3] TAe F 4F
A FAHEE A& B F Qo) ol rof Wl 1)
A& (miss detection)2 ¥s7F AT, 39 BR
(false alarm)= & Z o2 ZHAstE AL HoSn,
olE o] AF AY MGyt €3 gE} oW 7
o] o]Fojx|7] Mo FEFTGE RS L3tk £
3 AIZHe 33 A9 whE 3149 o]k H A ¢
N7t A48 2L g 7HAA FHedl, rgtel 3
Na5E F338 4o B Siee FAd] iE
ol 1Y 83} o] ro] 025 wo] HAaZhE 2t ro]

(b)

(d)
(c) 10%] gk=, (d) 153 gt

Mo
m
it}
o
=1
0%
obt
o



Conditional Random Fields 20N HEZESIE 0128 28 QM0 0IE AH 48 1137

B

a0

2 z
& 3
gxm G S i
4 7t
8 —_
Z \‘\ / ® 2
2
E 03

— " Brarook 0

—e-FEEM
» '\\ e LEFET 2
N ot LY AT s rame] | - 10
b
; Wl R
: 0

o 15 W B W B 4 4
O % #H B U & rin]

O8 8. r ol WE 2Ts Al Y A5

ekl mel Sk 2ok webd Ageie 3
o] rgke 2 0258 AHE8Th

4. &8 &

g 2H8L Pen-
FYFglon EF
A4 AHE B 93 5EAYE 2 2 23 7
A, 283 #3838 3L 2F Visual C++ 608 9]

g

A MBS AAEE A A8 A8 5 el o
3 AIEE PETS200991 4 A e3tdx, ROAD %4
A E& BBC Motion Galleryol X 3819 th A 7)
9 AEx ZEFHOoE e ZE(shallow view)Z
FIHJMAT Ed=E A2 b2k PETS2009_
S2 L1 AEE 94 oA Hul 78] 237t A
A ol FAFHoz BRYPse F4 AEH,

B2 HE ZEn 2

PETS2009_S2_L2 A EZ v} 1589 Z3A7} 1
S Ao olF3t} el ROAD 942 4 8%
A Hof 309 Alelel HAA7L Fiel T
N FAE EREE RAFET

Bz AF Ado digt A¥E 4L 10 =9
uict fE o8 ol A Fground truth)T} ¥
wale] G} & 29 H4E8E 24& 19, A
A9 G4 AE) tiste] HEEo] BFE W% o]
t}. 3} % ROAD 34 AES 3¢ ARE{L 974%
2 tE AE9 vldte i =0 o] ROAD 44+
HE o)A o] Haixtel -2 o] Aelshe W el A
23 718 E um A ¥7] @Eo|t), Akd W
HolMe e A e FAEES 3ta dloy wet
A el ARl U AFES M o) £39
o b S o ok 8K % ROAD 34 AlEd
A BEiAE & g NEY BlEle] o] EodE]
Rom, olg Qlsle] &) doljA HF o] ol &
HAT} ol o) £33 Wi Y& AFHe B59
Ay g 249 ol A2 E=e FUHEA 27
o] 17| W] &34 T A U HFo] BaPxle
Bl U2 A A AR B4 E
th 29 9@ Y st Byt 9% @ 2R
W 8% ¥ BEog UNo] TR L B 4
Ak =3 1Y 9b)E B 2yxte] EFF vl
Atelo] AuiE ) FAYLE Aete] &Y =
7} wolR 7] B she] By T
vd AL B 5 ok a8 102 24 4y 9
A¢e el o HA AE Ao JAE U
A,

4

k=4
=]
e

g e MMPj'fet PETS2009_S2 _L1 PETS2009_52 L2 ROAD
% =9 + 790 430 1,000
H3& A4 A 7Hms/frame) 58.29 137.37 169.25
33 A7+ (ms/frame) 3177 95.29 557.2
Z RYPA (F) 361 415 2,361
29l A& (9) 357 378 2,174
HAE (9) 4 37 187

HAARS (F) 21 26 230

BEE (%) 98.89 91.08 92.08
FYAARE (%) 582 6.27 9.74




1138 ZEDICIOES =X M132 XM8=(2010. 8)

B5g 12 A4 ZHe RS
RAE& F8% dolAw JIE
£ G4 tis) 45 &30] 9
g MEArlE e &
A7 SIE A B ERAAE lEs s
AANE AYEE 53 PFFHoE 1 AE Hust
A}, Gabriel Sl <& Atd Wy [10]° of 94°
o AEET ALF PUT 441 A5e 1I A
2 B3Eo] Q) A 3 wHe o HE S QF
2%62M & =R ALE WHol W e B
T O A7 F2oof: () AR T Mol M2 o g0 nan ol st ARNN BAT AA

CtE 222, (b) E@XPEI = cl2| Afoje] Mz
cie 29l o] o} PHOE YA A7t Ak el

s
_ﬁ.
X
fu
ol X
-'3"#
F—.—"
oX,
olr

(a) (b)

a2 10. &% Ame] ofl: (a)(b) PETS2009 S2 L1, (¢)(d) PETS2009_S2_L2, (e)(f) ROAD



Conditional Random Fields PX0IAM HXZESE 0|88 & P4l OIS XM A= 1139

Hi g o BS-& 9wt} Vincent 5] A¢Hs
H1kAME SR AAZe] 2oz Yehis
ARt e Jxaz A AHgEReH, oF 1277
%9 2a4&E B Aoz yehdlth Yuan 59l
A 2] e Fg=rt 233 dAHs
Hale] W& ROC FH 22 A A H ot Yuans
o] e ARG S o) &3y wio] ¢ wE
A NS g 5

2 Yehgle), o)¢) go) 7)&
2 A o) v LHE
of tl-¢- =& AL & & Uk ol 7|E9 WY EC]
A3 FAA A AR DS AFRE A e
HEE & gl FAHA == A=FQ 738 Y
S 0] &3ta 917] WEolch ol EH o= A3
RN E ZE7T o) wkE 3 uig o)A wHE
GAA LA AuE s ol 5T Ay
A Hagtol] 3 o] ol 7] Wi JUAHOE
AEo| AA F& Aow HHAT
AFate WYY Az A7He & 290 A Q)
R o] B Nl &8 #AF9) o) vl st
A& B F Atk PETS2009_S2_L1o] thg A=
ATE AH F2 R FH3 FHo) 288 AHE
2% £89AM F 90 ms/frameE 71 Wit} ol
G el B3t} 7} A 7hvete] 937} B3
A AA Bl ol ol G e ZHhel B
AANAN FEEHE AF] 71 HA7) W&otk
23 G4 viel e Waly) glo] w3 mdo] o
G A E IR Wl vl F G A Ao ZE
225E 249E AT, e ROAD A4 HES]
A A A o 726 ms/framee] Q). o)E FA
3 EFEE QFY 21 489 $71 e AE
H]&te] v @9k7] wjEolth ROAD 97 M EoA
= "l Z# A 2 1,000 /R AHol YAHReH,
HhdH e PETS2009_S2_1L1 M ECAE wf Za 9%
°F 150 78] AlAe] A=A

24y < o]g3dte] F4 e BF F9A
EARE FE3%2, KLT trackerg ©]&st F
= & A3 A4& HA3AT A9
S st AA ] FALF 717G Sl
AR g5 Aol st 429 AAL CRFs 7]
who] Bz A5 AL Tl A FE HA
el HA o ehdgio s AN At H
A A" FRA3} AP 7|E] FUEY HRH
ol FA3} W ge g duR Hig s £A
87} o)Fo)x7] wjE -3 g oo FE
TEH AAHE] LulE TR HJYTREHE Ao
743tk webA AQke e 71E S vl
3} R AE] W F3o] lon neyx £ 53
T o)l AR Qg oWE & T 2L AN
tA) 9] S0 TgEtA &2 4 S Fojth

Agos M EFZE7 o A Y G4 HE
AT A8 AR oF 9% HAEES B
Rem 7% Y FREE HAF
Y AR&S & & v T 22 A3
o) A2 2 §A3 A 9ste] FAE A
A etsls W] TYe Bt o dAE &
AE A2 G2 FAUAL ME T & g BHAE
o} weba] ojol B3t F71 ATt FF Foly AF
o] A7t Bg wol M AHE FFAITIE R
R A77F FrtAeg APEojor & Aot

p

oy

Log

froa to v

i

e

Mo

a

[1]S. ]. McKenna, S. Jabri, Z. Duric, A. Rosenfeld,
and H. Wechsler, “Tracking Groups of People,”
Computer Vision and Image Understanding,
Vol.80, pp. 42-56, 2000.

[2]1 S. A. Velastin, J. H. Yin, A. C. Davies, M. A.
Vicencio-Silva, R. E. Allsop, and A. Penn,
“Automated Measurement of Crowd Density
and Motion using Image Processing,” Seventh
International Conference on Road Traffic
Monitoring and Control, pp.127-132, April
1994.

[3]1 H. Celik, A. Hanjalic, and E. A. Hendriks,
“Towards a Robust Solution to People

Counting,” Proc. of International Conference



1140 EEIDICIOES =2X H13H M8&(2010. 8

of Image Processing, pp. 2401-2404, October
2006.

{4] C. R. Wren, A. Azarbayejani, T. Darrell, and
A. Pentland, “Pfinder: Real-time Trakcking of
the Human Body,” IEEE Trans. on Pattern
Analysis and Machine Intelligence, Vol.19, No.
7, pp. 780-785, 1997.

[5]1 G. Medioni, 1. Cohen, F. Bremond, S. Hongeng,
and R. Nevatia, “Event detection and analysis
from video streams,” IEEE Trans. on Pattern
Analysis and Machine Intelligence, Vol.23,
pp. 873-889, August 2001.

[6] G.-G. Lee, B. Kim, and W.-Y. Kim, “Automatic
Estimation of Pedestrian Flow,” First Interna-
tional Conference on Distributed Smart Cam-
eras, pp. 291-296, September 2007.

[7] A. Utsumi and N. Tetsutani, “Human detection
using geometrical pixel value structures,” Fifth
IEEE International Conference on Automatic
Face and Gesture Recognition, pp. 34-39, May
2002.

[81 T. Yang, J. Li, Q. Pan, C. Zhao, and Y. Zhu,

“Active learning based pedestrian detection in

real scenes,” 18th International Conference on

Pattern Recognition, Vol4, pp. 904-907, 2006.

P. Viola, M.J. Jones, and D. Snow, “Detecting

pedestrians using patterns of motion and ap-

pearance,” Ninth IEEE International Conference
on Computer Vision, Vol.2, pp. 734-741, October

2003.

[10] G.J. Brostow and R. Cipolla, “Unsupervised
bayesian detection of independent motion in

[9

fa—

crowds,” IEEE Computer Society Conference
on Computer Vision and Pattern Recognition,
Vol.1, pp. 594-601, June 2006.

[11] V. Rabaud S. Belongie, “Counting crowded
moving objects,” IEEE Computer Society
Conference on Computer Vision and Pattern
Recognition, Vol.1, pp. 705-711, June 2006.

[12] Y. Li and H. Ai, “Fast detection of independent
motion in crowds guided by supervised learn-
ing,” IEEE International Conference on Image
Processing, Vol.3, pp. 341-344, October 2007.

[13] E. Rosten and T. Drummond, “Fusing points
and lines for high performance tracking,” Tenth
IEEE International Conference on Computer
Vision, Vol. 2, pp. 17-21, October 2005.

[14] E. Rosten and T. Drummond, “Machine learn-
ing for high-speed corer detection,” European
Conference on Computer Vision, Vol.1, pp. 430~
443, May 2006.

[15] C. Tomasi and T. Kanade, “Detection and
tracking of point features,” Carnegie Mellon
University, CMU_CS_91-132, 1991.

[16] C. Tomasi and J. Shi, “Good features to track,”
IEEE Computer Society Conference on Compu-
ter Vision and Pattern Recognition, pp. 593-600,
June 1994

[17] S. Birchfield, “Source code of the kit feature
tracker,” http://www.ces.clemson.edu/ sth/klt/,
2006,

[18] A. McCallum, J. Lafferty, and F. Pereira,
“Conditional random fields: Probabilistic mod-
els for segmenting and labeling sequence data,”
Fighteenth International Conference on Ma-
chine Learning, pp. 282-289, June 2001.

[19] 187, °1%=, 49, AAE, 238, ‘13
247 dabg o] 48 wE wiE mdE” A 21
3 G3AzE 2 olsel B8 Hasd =@,
pp. 345-348, 2009. )

[20] P. Perez, “Markov random fields and images,”
Centrum voor Wiskunde en Informatica
Quarterly, Vol. 11, pp. 413-437, 1998.

[21] Y. Yuan and C.T. Li, “Unsupervised clustering
of gene expression time series with conditional
random fields,” Digital EcoSystems and Te~
chnologies Conference, pp.571-576, Febrary
2007.



Conditional Random Fields FX0IM HXZ

28 7
2008 BFehstm /1A 3 ek
shab

2010 i etm AREA )
Fta} A AL

20109 ~&A (F) H= ADAS
AFg A SYSTEM3E <
74

A 7HA], Smart Vehicle

=]
oK

=

2002 A2 A7) 28

2
=
+
FJ

2004 &t

5 o2
o2

)
El

AAFA A

ol 3‘1 ~1E e
_L‘,’L'
>

o X
'n">~
=

20041 ~

)

b @ 2443

a3} oAl

:ln rﬁL

Olﬂl

e
O

OH

YEjv)T]of

=] .
B Rk

b AAlL " A, W

L of
2

[[>|

SIS 0188 & 92l OIS A & 1141

2 8 g
19809 BgTheta AT 5

A(FEAh
1983 Pensylvania State
University A 7] 38t}
ZJ(FAD
19893 Purdue University 7]
TS EJ(FFEEAD
1989 949 ~1994d 249 University of Texas &3l
19943 ~ A7) ItFi st AAFAAFEH T L Fup
FAEok: AAHE, AFHYA, HEA2], #HavA,
MPEG-7%



