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Extracting Nonrigid Moving Objects by
Spatio-temporal Contour Integration

SaTtosH1 Suzuki,? Kazunarl NAKANET and JAck SkLansky™t

We describe a new method for extracting nonrigid moving objects. Every moving ob-
ject may be approximated by a set of smooth-intensity patches. First, our method finds
variant regions which are caused by the motions of these patches. The variant regions
are extracted by integrating the locations and the intensities of temporal edges. Next,
optical flows are estimated as temporal displacements of gravity centers of variant regions.
This estimation is invariant for the deformation that does not change the locations of the
gravity centers. Then, motion edges are extracted from the subboundary of each variant
region, which gives us the location of a moving object. Finally, the motion edges are
clustered spatially based on their motion to extract objects. The performance of the pro-
posed method was tested successfully on extracting pedestrians from a cinematic sequence
viewing a street crossing. The extracted rate was 86%. The proposed method needs no
background extraction. Furthermore, our method requires a camera to be stationary only
for 1.23 sec.
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Fig. 1 Spatio-temporal contour integration method for
optical flow estimation.
(a) Motion image. (b) Variant region. (c)
Temporal locations of moving object contour.
(d) Displacement of gravity centers of divided
variant regions.

5.

T DR ERIMERESEOT LT, Bk &L
ZEHTER. AT o hNTa—_T b (4,0) %
SOBWHRD v F OIS EENT L—a #1 ITBWD
TZOOHERE (zh D) & (2, 9) 151235 &7 3.
TCT, EoxRIFER, 7v—2BS4(FT. Eu
KRR dr iIce U TERERNTOA P T o v
7u—R—ETHBRET 5 &, KR (1)MBKRD L
2.

dx zitdt— x}zx}”’-—x%

dt . dt dt
ZCT, dx=udt TH5.

CORMESTZHP>OREMZ T, BT 5 L &KX
(2)%18%.

dz 1 & zi*¢t—2}

a2E @

1/1 2
:dt(2k§1
Ny FDEE o) 3, TV—a1lh5TL—A
N+dt O, RETH B EREL, R(2)D71—4
st (1, 1+de) #7 v —2a3%t (¢, t+de), t=1,2,-- N
KEEIATELNAIRNOEMAEMA TV &, &
DR (3)BFEHT XD

(1)

2
x}g+dl_%k§1xk) (2)

dz_ 1<1 2N )
= - t o T 3
dt dt 2Nk21 z21x ZNkZI Z @) (3)

coRF, —BEEEES C L, MECEZED» LS
5%y F O ERICET AR (4) ICEET X 5.

dz 1(1 M Nx?“_l % N o

Z_c—ﬁ MNkZ1 i=1 MNr=1 ,Elx
(4)

dt ik N T B EMTEBERET S &, KK




2186 BROBZLRXE

bRYL Y28 (N
d_:c__}_(_LM o o1 MX )
dt  dt MNk§1 ::‘?\H_f‘ck MNk§1 :}:jlxk

(5)
FRRICLC dy=vdt &9 5 & dyldt 3R(6)D Lk
WERTX 3,

@:i&i_% %(,_ % %:)
dt d\MN¥Z1 =70t MN 2 2

(6)

K(B)E(6)05, Ny FOFXI, 7L—alp
57 —4 N OMICEMLEBROELE, 71—
LH N+1 57 0v—20 2N ORICELL 12EBROE
NEDENLOHETEBC EARLTOS, b
b, BEMWEESEICLD, A7 F A7 a—28
WETES., THLT, 37T+ v70—DHE
2, BfEBROMBREIEE T 3.

LeAT, R(BYE(6) 2BV RATF s ALY
o—#ED, FERECELOMBEAEIRVEYEOE
FBITHUTRETH S, Licd-T, AHER, 20
£ O REFREHAE S OBRYRICHL T, BEEE
BRI T E 00D, KBMRA 754 vz a—is
BONBIEVIBHEEH 5.

2.2 BTy BT

FHREOME DY, Bz vy VP 2B, BF
HII BB DS D S BRIR A T 3 2 F ks #E A &
N5D, BILU chThERET ZHEOZEIEL
V., 22T, BENzyYVERVET LiclL k.

R~ v P13, BEGORER (z,v) O BREHE
DRFEHZAL g(x, v, 2) ITH 9 REERD 2 B4 12
7B A, HREMAFRORXELSERBBEL P ELT
Mg 5% FlAE, ER (z,y) OBER oz,v,2)
MR 2 1ORT & D ICKRELT 2884, 7r—24 g,
3, 4,85, b6, &7 WCBWVWTHET vy ViIBHE XN 5.

Lvl, COHBEERETF -2 ICHERT S EEFOR
D, BORHETy VEMHLTLES. £27T, &

I 3XB EFHIC BT A BREEOEGEEROTEED

alx.y.)

T R !
B2 By Y (bt bttt tr B THRHINS).
Fig. 2 Temporal edges occurred at frames #,, %, £,
ts,ts and #.

Oct. 1993

BREERSENFT . $5—21, LokA, B
NEHT y PIcESOT, BHETARM » PO/
ORI DWW CEBEEOEEEA KD 5. 2L T, B
BT 5 REOBEEEOESNEE &1 TR 5IE,
INSDORMICIH X TN TV AT v ¥ 2 EBORR
TyYeTh IR, K2TR, Jv—~a g, 71T
BOLRMTy VRABOKEL y Y &S, COMME
MBIABHUTHY, BRFNREBEEOSESOREL
BIVHEABRBCRDONE, M3 A, EF—4
(128 HFE X120 EFE X4l 7 L—24) HOEET » O
PHIMU R ABEEO - Bl (y=49) o0
THERLTOS., BRSO OEE 2 - AR S
LT x-t WilIiCEN 5. < DEROBRED, Fiook
HETHEzy VLTI MMTEZ C &b
3.

2.3 ENSEERAT

Kz v VREICLD, ERSEOBFEROTNES
Ry Y ONEOKBNELLELTELNKL, L
PL, X, By FOBXWCIDTESEA DENMHE
BICHEINTORNDT, v FOFFF 4 AT
O—%RDBHZEIITERY., KETR, B4 OEMHE
BOMHFEARD,

Tl—b 2 UBFEA T 4 AT o—HE5E %5 FF
SO OHEREME TS, 9, RO DD EK
alz,y, ) & bz, y, 22) BEHET B, alz,y, 82) 3, &
H (z,9) BT, 7L —24 82 OB TEINICERE
Ty VPELAT LA TORRM (Thbb, 7
V=) ThHD. FIRE, N2IGRTEETE ala,
Yy t2) 1 ts—22 L7185, KL, BRIOBE W 2%
», TORERIKKERT v YBSBRHINTVES, B
Az v VREDH O h-1fcbd 3, Bxick 3L
BECTORWEETIE, OIS CEEs Y itk
HEg,

B 3 EREHEED z-f WEICKHT 2 ME S ik
TyY (XTET)
KL 2 B, HEEHR  WTHB.
Fig. 3 Extracted temporal edges (denoted by
crosses) for z-f image.
The z-axis is horizontal and the f-axis is
vertical.



Vol. 3¢ No. 10

bz, y, t2) 12, 7V — 2 t2 DR TEINCKHET v Y
MELEZTL—2E 2RBICHBETyYNEL B 7
V— S DROERE (z,y) ODBEEOFETH 5.

K4 ()icRT v FOBXTH LT, alz,y,1)
& bz, y,1) ZHETEE, 2NENRA4 (D), (c)
DEHIC 5,

B, BAE alz, v, ) DSEAPOL, D dz, v,
t2) BBOOHIENLL TOEEE (2,y) OFEBEL
THHTEZ. 29, alz,y, t)=1 Th LEEDER
HE A RD, X5IC bz, y, t2) DESEDSLNHTH D
BEREFEBICES TS, 2L, BET AEELDESD
WBE e2 T TH 573513, BDOHTHS EYE
35,

W<, alz,y, t2)=2 THHEEOBREERERD,
EBIT blx, y, 22) DEDILD ST & B EREEEBICH
B35, ZLTC, alz,y, t2)=1 OEFEERIC, a2, v,
t)=2 DEMEEBEKET 5. alz,y, £)=2 THDH
WEER R %, alz,y, t2)=1 OEDEBICHET 20
BROLHSWCRDS. RICBETAHEE (¢, 7) OLEEHE
F#(p@) B alz,y, t)=1 THHEFEHERICEL, »
D) & (B q) Wb,y t2) KON TEDLNTH
BERN (7)) & (pq) #INTKDB. £LC, &
KD alp, q, 02) 52 AR, R AT 5. h

——

1111 123411234
1111 1234|1234
(a) EH (b) E# a(z,y,1)
(a) Motion (b) Image a(z,y,1)
o000} ti11d 1111]2222
0000|1111 1111f2222

(c) M bz,y,1) (d) 7~ Ehi-BEiR
(c) Image b(x,y,1) (d) Labeled variant regions
4 TV —AlITBYZHEROME (5 x—-2 W
=4 [CHRE L)
ENOHENLEE/ 7V~ A0EET/y F (BEF
i3 1l) BBETs HROBEMIOTH2.
BRIy FOT v - A 1B BRELRT.
(a),(d)TRR, ZARMEOIOEREET. (b),
(¢)Tid, ZHRBEBOEBSRETHLERE E
7.
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The rectangles show the location of the
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whose function values are undefined.
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(a) Horn & Schunck method
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(b) Proposed method
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Fig. 8 Estimated optical flows at frame #100.
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Fig. 9 Extracted pedestrians as circumscribed
rectangles.
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