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Proceeding of Non-rigid Motion Analysis

LI Fang-zhen, HU Kuang-hu
( Laboratory of Image Analysis and Pattern Recognition, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101)

Abstract The visual analysis of non-rigid motion is becoming a major area in computer vision. A classification of non-rigid
motion performed by objects on various degrees of non-rigidity is elucidated in this paper according to the curvature changes
of the objects, indicating that an 8-class scheme can cover all the objects from rigidity to high non-rigidity. A large number
of existing approaches in this area are surveyed and divided into two major categories: feature-based methods and model-
based methods, and the advantages and disadvantages of the two classes are discussed respectively. The last section of this
paper expatiates on the difficulties confronted by non-rigid motion analysis and expects its possible future directions. Non-
rigid motion analysis is a burgeoning research area but still in its early development. The available body of research has
begun to make inroads into only a few of the many difficult problems. Most of the extant models are far from perfect and
people are far from a general solution to this problem. Some related research fields, such as speech recognition and
computer graphics, may benefit this field.
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Fig. 1 The classification tree for motion of objects

B 1 BT 5 R4S T MR IR O MR 3]
BEARRIER . FEAERIMEIZ 3 B T itz 5)
(elastic) il It P32 3l (fluid ) 2 — B AE M52 3)
B, HAR AR R IR A NI E B 3 3 F— Rk
WItEE 3R, i3 3Bk T RSP Z S0, LT
BATHABBRE AT 52 PR AR WP 2 30, BAR
X ELIE BT TARE R 0 AR R K R4S
SE WIRLF, HFIA—XE 19 55 56 RITRRAR: thAH 7 ) 4
BRAGRY, IR 4 F — e W44 B9 32 3 2 B st i 7
AT,

3 AENIEE B S R

W H A A — R 138 B RS B R R
TR SFE A RIS Bl T i — 2 Oy AR
WIS S AR R PR 2 2l , R 3, w AR #ia 3 it
— 5y N RERHIMEIE SRR AR T . AR
B SRR R (TR A 2, TR R AR RIS
BHNELFENT 3 AN IEASTT a1 B HL S TE LA B T4
PR3 ) AL AR . BRI B AR Y — > Y
Bl 7 J FE J1- 2B pressure-volume ) AL ™ | g4tk
TAERI R R T BB AR 3 ) 284k 75— F B2
#4725 $ ( linear transformation ) 24" | 32 4 % ) 38
i A RARIC SR AR IE R, LAt — it %
WA . JRERIYEE shFSE R AT AT 2 e 2%
BHFEERGE R AR R A R T
gk ERRRRHEE . BWEUTHEANZ
L 9 7 FR 23 A AR RIS 19 Ry B8 AR T - ZE AR RIMA
REMIRIC A Z ] BEGE 8 X B X RIIFH T, AT
DU RSk E At 5 2 SRR A R, W R



LR

W% ARRIMLE S M T R BUR 5 JR E 13

BT HL RE RS T BR U A BB IR 9 BT e, O
AEAR I X BT UL BT o

4 FERIEEHGIAE

BB BRE32 3 B ARBLR MR 51 i 5 12 B
YIRBI NI BEMIE S S5 RIFIERITE IS BB 774,
MR B SCER, B AT DA JE R E sh 9 2 i ik
A4y A B TFAERI O AR TRE R T R, AT
FHEAFERE LB HE 5, (H RN TR
TRBRE EERARAX T AEURES BB RE
P BRI SE AR SRS A B S BR H 3hBREE
4.1 EBETFHIENFE

FERTAER T 8, B AFIE B X R R R
WEBNEMRE— S, YHEAETES, i TH
AR TF R R 15 10, TR I8 s Bt 9 A A2 AR i LA
{5 B AR IEAREF A RO . XA KPR 7]
VARISR 43 #rE NI M2 s D RC IR B R, 8k
YA RBER A MEB R iR 2
WEVEAE AT AR, Ko B it B 5, B 2P
PEREYF

FRAE SRR R AR ER, A UEE R EA]
e SE BRI H 3 R ME— ] FROARAE, T LR R R
FRAE s B AR AR B AR M . Bl TFARIE R
BN, WL i g5 R s sl ERKE T e
AR E A S, LR, EAE A AL B
KEEW

2 R R R 2R 3 R R B TN
BEWIIFHE , B TR RN BN ZRAHE S E 6
REFMESHOEL, B, B L2 4) &
T (3 4E ) (8] B 36 B 5 2R IF, 0 B % e /) o i
BB EE—ERE EAT LA, B, hFihsk
AE TR R, BT DU AR
DUFCSE R4 HARR R T BL S R w2
1, WAERIME T R 7 50 S BT SE R MR (R )
XA B R — A VR M A 1) A, U 3L 7E B S L
BIEE, EXFER T, S5 S80I B R
HIAT AR B SE Boh S e 5

FEERIEIE 3 Fr b A B A IS AR Fpa st
BE 2 WRRRAE X 7 7 B, b, B ST AR R 5 A
EG 51 R BURHIE A PREE A R e S S U 1
B R E 2k I R B — — B FE R X
o, TR R EARIGL M, MR, B R

BN R AR (IR P ) Fnsh R
J1 (CANFHERE B ) B9 BE B o8 BOR 1 7 1 BR 35 1] R %
A B A TR R, X B P E 52 9 32 BBURE R P R A 20
B, ME, TR R AR TS B N LB, ik
FTRRFIE A ——BLGT C R AT REAFRTE , B A B EE,

38 H ST RRAE [ 1) S U0 L AR 4G Hh e
IR R B, B3RS ST, WL 50 I P 4
B o FRIE 5 B BT B vk BT A= A B 3 42
BB  (BERAERFE R K, B2 ViR RRE
WE, B, TWERARNSM SRR EEYER
ks A, XA R ) B R BB R E
ZM
4.2 BEFEEWHE

FEAERIHEIE 34 M, B T R @B W) LUR
05 B R B T AR A 5 B AL I T A A A
A LA i/ B SO RO [ E 45 M i 2 B
IR R X REE B Y R
AL IS EUE TR, TR S8R R R
TR B T AR AR RS, e, B T LU
R RARTER & TR GRS, R
Zo3tTE Mot , ] R X A] AR R T AT R ST
FAR LRBSH, H T HRM b —HA s B H
3l J5 72 ( Lagrangian equations of motion ) filf &35 NI
PEFIE NI D 2 L], AT AT LA S 42 16 b 4 A
BRI REAETE

SRR U] 43 0 R T R AR (R R, 3
b, R R TR R AR SRS L
A E A FRIGHAR ™ 5B — A R R A
BEH ;‘@KJW‘H‘%[M (free-form mesh ) FIFE4% (spline)
BRI S E LEEF LR, X KR
Xt R REE LRGN, /T T RABRA T ;
R ARIRYE 7T R B 5 T R R R R b ek
% B %% ( spherical harmonics ) | B {& £ T 7, ( global
polynomial ) 4 %I | # — 3k iy ">’ ( superquadrics ) i
SR T ( hyperquadrics) %%, 32 B AT T
SR RRE, Il RSB Y. EFk, A
FEIRAN R AT 93 B IR A AP (hybrid
models) 1 E 481, EZ B EIBIEE LR,

Bl gn, 8 — Rl B T R A R

2 2 & 2

e[ (2 (2 {2
bRl S ABHFTE I 0,0, ,0, RE T
WHHTETE X, Y, Z BARB T W B K/, ) &, RAE



14 T EERERER

F10%

THERIEAR, Kb o, RENEE Z Bi77 ) ERYEE
BESH 6, ZMEE X-Y FE ERWEEEESH.
Yo ~1,6~1 B, EBNEMH K Y e <l,6<1
i, R RS T 2 ey <1, 6, =1 W, U AR BHY
RBEEAR, T2 £, , e, BT, T8 =K i & T
FRA— R, B REW DUAE B B BEATE
AR, AT LA A X ST AR 22 I A 1B A S

TR, PR S T ILE W)
HEEFGEAL , KU T RRUIEER, 9
FR2E LT IR B B [ 25 (8] 9 28 A, B o 2
WA TR SRR Ma R,

BT YRR, A AL RN, E 5 Al
HF LR EBHEMTER, XU TR R EEZ AR E
A BRI, Ak SR R B, 1T LK 2 [ El BE R R ST T AL
B, TR 2 P SR B A 4R . X Lk 3 i 2 i T
JUfA Rt b, W &4 B BEWE AT, TS
BWEE , MY RS 3 g4 A RAE
th R, 5 ] AR T AR AR R A B RS 0 R | LA
HRERENEERER R, YHRAREE I E
RIR) BT ARES , BEBLRERE K, I8 B A & IR IR
VBRI AR B R, ARBERIAE BA H OLH, B AR EE
A KRS SR A, T b B A SR
B F MRS B8 s B A S AT (i A5 R 5 RO P B
FEAH—B, IR RO AN A AL
BEMEEX,

HF Y AR R (Snakes ) R
T4 ( symmetry-seeking ) 5 & 0] 2% FE B Yk
T %! ( deformable superquadrics ) FI#57Z5 (modal ) #
R A AR A AR (deformable templates ) | &%
BOLER SR T Y8 KB EARL & 1Y), AR R
TERESN N Z R W T — MR
4.3 WMEFEHLR

YRR YRR, REMRER K38
RS H SR R E R LAY, SR T, B X7
5 T 0 ) 3 B R S S R o IO A BRI, 1 L,
RARE X TYRILAIR A 30 R T0k 56 IRAFAE
it 7 B B, BT okt AT e — e L
WYL Z A, LATH BR TCAk A DS B, 3 B 51 M — DT FC
XRFTERH— AR ZAETRERENTZHN
B3, A0 R BN R e B LR R
Btk

EFHRIR 2k T HUEHE T 9 rE e
AR S AT AT 8 A3k A4 ] R s 8 2 A D JEC Al T 4k 280

AIRIRE . SR, AR RER A T IR AR,
WX KT BT AE

XTI B8, B T IR Z S, B
B HAMLY W, BHE AT RIZ SRR SRR
HRRE—NYRER, A5 E SRRSOk
WRETE . — iR, b THE TR I ERAR
HIR AT B o R B, FERFAE DL E RS
R I ATE ARG AL AT LA 2 3 o IR R 25 1), Xt
fRIAL XS RLIRNR, R, FE R B BT, X B 7]
BURFARL T BEAG TR, 2T Yy AR R 7 A
PAENIVEE S AT I, B R X T 2% B2 K2 3h
Wik 3 e IR, BA R B AR LA R
& RIS AR R R AR RBE
ARGEIZ R B S RUE R R A
AT NI B R B R XL T, ATLAE
FERAAMKEE K Tz sh M IR G5 H () o B AR R
WA AR RIEE 3h 9 — BUVE R, SR 5 R L&
AOBERY SR I LA AR B 5 o B o DRI, A AN K
S AT ARG B ¥ 45 B TR R TE il — 1 SE el
SRR AT — B AERITEZ 3

5 SEERE

JERIEE B o BT TS BAE S KRB
B ATAE TR0 B, TN 3 4 R B 47 B TAE R
W B AR 2 M AL P B E80) , HLBUA I 45 b
BERMBEIERATEE , ATABUL ok —E 2
PSR AR, A TS RN S
5.1 REREEETH

W — BT RE RS N B
G R AER S 3 A ERES B

HP RGeSt RENBEERAXR,
T H D RGE BB BT e >, XA
AU AR BN BE R RGBS
H ik iz s & AR EE , — IOk U, K HRIE
FF PR P BT b 1R R B0 R A BE
JE G A SC IS AR R S b B, St A B A R SR
R BB B 9 LR BC R 2 AT B AT 9 b 38, B
HIl, RE ARG H R — 7 i B/ B RO TERE o

AR R G X 3 T7 it RES RN ER 2
AR, BN, GRS T 2% TAEFE R X
B AT BT, TR TSR AR 25 B B R AR
WL (B B BRI AR o AT B4 UK, pi



E1

PR AR ST TR S R 15

TREFAEMIE RN OB, EZFLT, T
HEIn— FRIVE R BRE , TR A R R & i
Lo o R AR B BRGS0 TE S 7 e AT
FARPEPA . TERLEFT, Wik K2+, h
T EMR AL 72 T LB Skt 4T , I 0 i BE e
FERRESR , WA ER R B Bt R A E R R
B

5.2 ERIEFEREE

REZYHC HT T KREEABRPIRE L
16 (B T BB L 1018, 15 IR B 7 ) B
RAE {6 P BRBR ORI AR 2 AR BRER Gl AR
% R BREB - REE A URES T
BRERZ Mk, S REAb B S A i B SR U K
AL BE AP R B (R R

BA W) 2 BOR R Ty BB A TE BRI AR AL IR, B
KERIT ST TAFALALAL 8 RS B Al R1E, 1
WA I B B R R R R R AR 5 2 07 s
R — IR ACHR B SE PR IR AL, 2R M RETE
KIEEELL T R, LEAE RS T H IR 5t B
RBHIERE o

J35h, H Al 2 BOR G  REAL HR ™ B A 4
TF RS, 41 A RE 4R AR o f S B f 45 Lk B2 A o 2837
FERERER . X T 2H0E S AT R T R
PR EER, HENTELRNRET LR
SE, Q0 B RS B ER B i = R b E— B8 3h
Yk, MBEH - RERGLNHRAGE, Hh T
BRI R IR R G 2 )R 1 R AL, T BRER H AR 5e
PREGRIAERE: BN EENERERIRE
SRBRERRANERRE,

BT LR HEEEHA R RPN, EH -1
R RIS, I 2a s BU 2R F LA,
A= A B AN, BGRB8 AT RO RE 3h IR
W E R0 2 7 [0 KPR —AE ORI R AR,
o RaE MC R E R A 2 S R XA, AR
REAEFER A S FEKT B FEE
— PR, B R B R RS SRR LA AR
IR MR — Al R RN BT T ¥

HTEEEAUE ZREBOEBENEER
%, T H A5 2R GERZ DT 1000 16 EK S
HTEDUE R, L, AR BEUE FmiF S AR AP
TERZ AR R R AN S BEEREER,

TEG P A R A A BR B2 2 BRI BE )
RA—ANBFTH—PRARRN R, R e 8

R AMKRE RS SRR B BRI R E A
EANFEE P, 107 2 0 5 K AR Bk A 3 24 A
VB B3R 4 DA B ARFAIE 18] Py Xof oL 1)

5.3 B=

LA ML, IR T RE R T—RIINEE, U
i n RS Bl H , RAETE L h I R G il
RIBE T2 W B AR e IR W, BT s,
WAL TR R R B . VBRI A — 2 B 4 B R A
TR I, R, — R ETIARR AT G,
M1 i A 1R B R AR RIS 3 43 A [ R A A
BgAR. B AMTRT AMAAH 4538, 4niE & R 5 o
WEVRIE, AR, BERNTR SN —ANE
BERSRFRRNEN, — NS &MEsE AN
FREFR E R TR 2 Sl E A 515
%, A X KAIE Sl Al T A1 Ak SR 1 ] &, BER
=155 75 M 6@, Bregler B ¥ 4T 73X T L.
1 B30 5 B B R © %% 3 ( movement ) "', Wren #0
Pentland B 7R H “ 47 4 ( behavior) 7 R4
AT F R R IRA Y B BR, BEX A LA DR
BREMNHRBHE—F,

R AR BN P ER A2 B K E
Mo XFAERIG LR IE M # S F 2, 0 EM
By, 4, HMM Fipg Mg d i F TR
MBI, BT ey 3 B A BN P A
WA e, LTS S EZ AT AR R
i,

B % & K LRI 22 B 2 A AERIRTE R
BN ERTREB. hTITENEEEEEE D
F o BABRSE RSP A 1 AR, T A 5 SRR 1
T AR R ) 2 [RDRE I , PRI 7 2 B R, LA
AW SP R REEERETRIER Y
PEALERAE T — e B (H B TR R R 7
HE B E R B

B, AMIBR T % EYikih 74, & B HIKEE
B ENRE R S AR RERE SR
KD T A SR E SR B R IR A 2 5|
TEMR, WU, ZHERBESGERNTEE
BRI AT RE A B RIEH

B2, S54RI E sh 4 & B THE
LS PR — A BB R SR, BRI RIS
WARE IR AU SOE AR — e AR H
BRI T B R . XA M 015 L 1R
LA AR T 4% 1 B A B 07 5 1 B R AL 38 55 T



16

T E R AR

F10%

B, ATLABUR , &4 B 2 KBTI R AR IR A 2
B, T EAEA TR Rk —E & AL AR H B
B

—
—

& % 3Lk ( References)

Young A A. Model tags: direct three-dimensional tracking of heart
wall motion from tagged magnetic resonance images[J]. Medical
Image Analysis, 1999,3(4): 361 ~372.

Brown M S, Wilson L S, Doust B D, et al. Knowledge-based method
chest

for segmentation and analysis of lung boundaries in

X-ray images[J]. Computerized Medical Imaging and Graphics,
1998, 22(6) : 463 ~477.

Makowski P, Sorensen T S, Therkildsen S V, et al. Two-phase active
contour method for semiautomatic segmentation of the heart and blood
vessels from MRI images for 3D visualization [ J ]. Computerized
Medical Imaging and Graphics, 2002, 26(1): 9 ~17.

Liew A W, Leung S H, Lau W H. Lip contour extraction from color
images using a deformable model [ J]. Pattern Recognition, 2002,
35(12) : 2949 ~2962.

Haddadnia J, Faez K, Ahmadi M. A fuzzy hybrid leaming algorithm
for radial basis function neural network with application in human face
recognition[ J]. Pattern Recognition, 2003, 36 (5) ; 1187 ~ 1202.
Hu Kuanghu, Su Wanfang, Li Yihua, et al. Studies in image
automated quantitative analysis of structure deformation for movement
red cells in Blood Capillary[ A]. In: First East Asian Symposium on
Biophysics[ C], Hyogo, Japan. May 16-20™, 1994.

Hu Kuanghu, Su Wanfang, Li Yihua, et al. Studies in automated
image quantitative analysis of structure deformation for movement of
red cells in blood capillary [ J]. Acta Biophysica Sinica, 1994,
10(3) :388 ~392. [ MR, 95007, MRS, Baha mpupi
FHRRBREMERSTHTRII]. EYPHEEIR, 1994,
10(3): 388 ~392. ]

Hu Kuanghu, Su Wanfang, Li Yihua, et al. Studies in image
automated quantitative analysis of structure deformation for movement
red cell in blood capillary[ A]. In; The 2nd International Conference
on Medical Biorheology[ C], Shanghai, China, 1995 88 ~92.

Li Yihua, Hu Kuanghu. A fast bithresholding segmentation method
for cell image[J]. Pattern Recognition and Artificial Intelligence,
1995,8(4) :359 ~362. [ M4, MIEM, FHF5. MREKER
KRR B RE > FI[J]. BEKRA S AT E, 1995,
8(4):359 ~362. ]

Huang T S. Modeling, analysis, and visualization of nonrigid object
motion[ A]. In; Proceedings of IEEE 10th International Conference
on Pattern Recognition[ C], Atlantic City, New Jersey, USA, 1990
361 ~364.

Golgof D B, Lee H, Huang T S. Motion analysis of nonrigid surfaces
[A]. In; Proceedings of IEEE Conference on Computer Vision and
Pattern Recognition[ C], Ann Arbor, MI, USA, 1988 375 ~380.
Kambhamettu C, Goldgof D B, Terzopoulos D, et al. Nonrigid

motion analysis [ A]. In; edited by Tzay Young Handbook of PRIP;

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Computer Vision ( Vol2) [M], San Diego, CA, USA: Academic
Press, 1994 .2, 405 ~430.

Moriarty T F. The law of Laplace, its limitations as a relation for
diastolic pressure, volume, or wall stress of the left ventricle[J].
Circulation Research, 1980, 46 (3) . 321 ~331.

Wattenbarger ] M, Templeton G H, Seibert G B, et al. Ventricular
ejection fractions of linear transformation and ellipsoid models [ J].
American Journal of Physiology, 1988, 255 (1) . 197 ~201.
Sommerfeld A. Mechanics of deformable bodies [ M]. New York:
Academic, 1950.

Li Yihua, Hu Kuanghu, Su Wanfang. Strategy of corner points
extraction for micro-vessel contour J]. Chinese Journal of Biomedical
Engineering, 1998,17(4) :290 ~294. [ 2=, BIER, H T F.
—FRBR L % A R R ()] PEAY RS TRER,
1998, 17 (4): 290 ~294. ]
Li Yihua, Hu Kuanghu. Automated exiraction of characteristic
structure of micro-vessel based on motion estimation of white micro-
thrombus[ J]. Acta Biophysica Sinica, 1996,12 (2):289 ~ 296.
(oA, IERG. B FRUIARE 8 ST B9 UL B AFAE 4548 8 3
B (1], YRR, 1996, 12 (2) : 289 ~296. ]

Li Yihua, Hu Kuanghu, Su Wanfang. Adaptive comer detection for
chain coded contour of a non-rigid body [ A]. In: Second East Asian
Symposium on Biophysics[ C], Seoul, Korea, May, 1997.

Staib L H, Duncan J S. Boundary finding with parametrically
deformable models [ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1992, 14 (11): 1061 ~1075.

Strickland R N, Mao Z. Computing correspondences in a sequence of
non-rigid shapes [J]. Pattern Recognition, 1992, 25 (9) . 901 ~912.
Huttenlocher D P, Noh J J, Rucklidge W J. Tracking non-rigid
objects in complex scenes [ A]. In: Proceedings of 4th International
Conference on Vision [ C ], Berlin,
1993 93 ~101.

Huang W C, Goldgof D B. Qualitative vision using non-linear finite

Computer Germany,

element modeling [ A]. In: Proceedings of SPIE/SPSE Symposium
Imaging, Conference on Geometric Methods in

Computer Vision [ C], San Diego, California, USA, 1993.

on Electronic

Wilson R C, Hancock E R. Bias-variance analysis for controlling

[17.
Understanding, 2000, 77 (1) : 25 ~47.
Calid F, Moroni G, Rasella M. A particular class of spline in

adaptive surface meshes Computer Vision and Image

reconstruction of revolution surfaces from 3-D data measured by CMM
[rl.
19 (1): 219 ~224.

Solina F, Bajcsy R. Recovery of parametric models from range

Robotics and Computer-Integrated Manufacturing, 2003,

images: the case for superquadrics with global deformations [J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,
1990, 12 (2) 131 ~147.

Terzopoulos D, Metaxas D. Dynamic 3D models with local and global
deformations ; deformable superquadrics [ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 1991, 13 (7). 703 ~714.
Kass M, Witkin A, Terzopoulos D. Snakes: Active contour models



F1H

ZP R AFRIEE S AT T B S R 17

28

29

30

31

32

[J]. International Journal of Computer Vision. 1987, 1 (4): 321 ~331.
Bronkorsta P J H, Reinders M J T, Hendriks E A, et al. On-line
detection of red blood cell shape using deformable templates [ J].
Pattern Recognition Letters, 2000, 21 (5) : 413 ~424.

Gavrila D, Davis L. 3-D model-based tracking of humans in action; a
multi-view approach [ A]. In: Proceedings of IEEE Conference on
Computer Vision and Pattern Recognition [ C], San Francisco, CA,
USA, 1996 73 ~80.

Okada R, Shirai Y, Miura J. Tracking a person with 3-D motion by
integrating optical flow and depth [A]. In: The Fourth Intemational
Conference on Automatic Face and Gesture Recognition [ C ],
Grenoble, France, March, 2000.

Bregler C. Learning and recognizing human dynamics in video
sequences[ A]. In: Conference on Computer Vision and Pattern
Recognition [ C], San Juan, Puerto Rico, 1997.

Wren C R, Clarkson B P, Pentland A P. Understanding purposeful

human motion [ A]. In: The Fourth International Conference on

33

34

35

36

Automatic Face and Gesture Recognition [ C], Grenoble, France,
March, 2000.

Rigoll G, Eickeler S, Muller S. Person tracking in real world
scenarios using statiscal methods [ A]. In;The Fourth International
Conference on Automatic Face and Gesture Recognition [ C],
Grenoble, France, March, 2000.

Rosales R, Sclaroff S. Learning and synthesizing human body motion
and posture { A]. In: The Fourth International Conference on
Automatic Face and Gesture Recogpition [ C], Grenoble, France,
March, 2000.

Brand M. Shadow puppetry [ A]. In: International Conference on
Computer Vision [ C], Corfu, Greece, September, 1999.

Heisele B, Kressel U, Ritter W. Tracking non-rigid, moving objects
based on color cluster flow [ A]. In; Proceedings of IEEE Conference
on Computer Vision and Pattern Recognition (CVPR’97) [C], San

Juan, Puerto Rico, 1997 257 ~260.



