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pixels.

730

HBEERSLIUT 724 2 L HE~2 F A0 OBRY
L, ChioF7F 4 v e - FHBCRETS
HEVERRELCEL, ThALOHKIZL D LEG
BIEMEEC T 2 B8 0EBECH T T4 a7
n—RETE DD, PHEEO X 5 el R0 E
CHIESER R RET A L O RS IEENKE W
EOMBAIEINTVE, I T, ZITREED
REXLEE 2T I DIEELD B LEZ SR BED
EadR s UCEMEYSHR L T L,

2.2 FEELZEUY—OBEF

RERDO R ZEMBIE CIER LTV AEE L F DR
BFER & X ISR BEORE CEATRE LB S g
WEHERKE DT, COBETRFOERYBHECT
HLEbiL, ToXdRBEECH L TEGLT A=
VX ABRRET S,
HEBEEZEOREVPEHEOHI L LT—2D PRI LE
%, THADEEFOREELCCAEEYRET 554
EZH(R3), HEFERCELE BmchLER s
TOWEER L OMEARMES S 724 aRFHEL,

E-j(t) 8 1 P Mg(f(‘)
n = i\
] ! “ '@ I/: !
"fJfoTtgq,H\
o t -t 0 <
; fi
| Lagtime 7
) EO<t) [ /(-Q /i\\O
0 N M
[0] [ i
= i / ;\
o N - i)
0 ; t -T 0 T
| 7.7
Eq(t) | Mfl”o (©
a
B i
R T A
0 Time t -7 0 T

(a) (b)

Rz BTFAERT, 0,7T¥BBL TS0 LEE
OEEORRF(a )& L O EHER(D)

Fig.2(a) Brightness change at a target pixel (E,(¢))and at
neighboring pixels 7 and 7' (E7(¢) and E/(¢)) by
the passage of a moving particle.

(b) Mutual-correlation functions between the target
pixel and nighboring pixels (Mo'(r) and Mo (7))
and the evaluating function My"7(z) (see text).
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Fig. 5 Principle of the “motion stereo”. The relation among
movement of a camera (4X ), sight of object P in the
image plane (4U = u=~ u:) and depth (D).
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Fig. 6 Analyzed optical flow for artificial image sequences. (translational

motion of particles)
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Fig. 7 Analyzed optical flow for artificial image of plane wave propagation.
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Fig. 9 An example of actual dynamic scene. By trans-
lational motion of the camera, three objects move

from left to right.
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(a) Analyzed optical flow field

(b ) Velocity field which is limited with a brihgtness thresh-
old in 45th image frame

(¢) Frequency distribution of amplitude of the velocity
vectors in Fig. 10(a )
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Fig. 10 Velocity vector field and frequency distribution of

three objects.

gD, BEEFOIWEIEATLEDI AT LY
44, 63, 103 (em) D BIB A, BFERE TR
40, 62, 105 (cm) & 7¢ b BRFEME L IRE—F L T 5,
Tl bEHMBCESCTEGPOWEE 2 2 5 &
OREREE R D B HEIIEEWCET D THH 2 & b
B, LinL, HERZ P ABRRSLRETTERDH
N oo E DB T, HE~N7 A iR
EUTW5 (E10(2). Zhboifa, BhEGdc
EPEB LI & oS EEEPEIL T 5O
W%, ZOX3EHRID 7 v — A THEIPEICTELE

LTWBESP, BED 7 Vv — 4 THENTEET HE
FTE, A2 V2B ATHEOEETH S H %
PRGN B SR E B Mo () 23R E B,
HESX7 PABOFIAIIDL 5= » DORROE
BrEEbhS,

5. € ¢ U

KWL TRV Ea~2 L5 3WTHEYBIEL,
BIBEE LTERBD SRy - viholkon 2 5
PHOEEEOE D 3RTRTE %, *oBEE» bR

735



BT SOREFRIEEE 190/5 Vol. J 73-D-11 No.5

DleATF s a7 e —ERCCEHETSC &% BE
L7, 2Ol EFRRRE L T & RN
CLBATT 4 aN7 e —OEYBHELT B EE,
BLUPERECRETEECH R ERokEw
WEOEBES T T 1 p A7 e —DOFHIERIZ O
THRHELEF 7L T ) X a0BBET-7, TR

RS CRFEHEIC) TH5F v ErAI08E bl
BEGIy L, B LATAZT ) XARBEGTRITL,
Bonied T T4 hA 7 r =0 3 RTHRIT X 2 #E
THZEERI, BRELTREEED 1/5 T
HERBMAEHL SR, »olBRRORECHED
BIATRE L B o &M a T v— a ViDL » CTHEN
Sbht, FRBEYED IKRTEORTELEEOX

5 BRI X o TEAMCHIEFRERTH S Z &8
RENL, L LBEoEEORE L5
BCO=y ORI L HHIMBEEIER» LML
o THY, TORECOWTLEBINTETCLS
2, TR RBRL X RBENEHEIGRI ATV,
ZOXHMBEL DT, LY IEETREEHL
B 7 A7) XA ®BIFBT 5 2 LS BOBET
H5,

4B “motion stereo” HRAVT, 1&H0OEHTS
hAZHELZICEE LY BEYEOBRT EOFHY
RAIERP AT E O S AR L, Lo Lg
EURBEEEBEBOR - &) LicBilinboThy,
rAEy b a ViR EORBEYE 2D LS5 E Ry —
v OHF T O RO B REREET 5 YEOEEEE
ESRTMNBRERICHRET AMBEEHR L LT L
DENBEAY, 2HON A5 ERAG, 1B
EE) S 1 AEE UCERE LBy AT
% “dynamic stereo” OFHRIHENHITHY, 2450
FIRFC LB 3WTy — VAT S TS5 BoBEBE
THB,

BEE AMEEED DDV ER OB IR TE
ol KFTHEERTHER O BUEE b O
ﬂ ERAMTHHEOKZ M CHELELIT. vk,

WD — A MAR I RERHIS (—BPE
C:wm,w%%;§wwﬁﬁﬂmgb
X ik

(1) M. David: “Vision”,
(1982).

(2) R.Navatia: “Depth measurement from motion stereo”,
Comput. Graphics Image Process., 9, pp. 203-214 (1976).

(3) T.D. Williams : “Depth from camera motion in a real
world scene”, JEEE Trans. Pattern Anal. Mach. Intell,,

Freeman Press, San Francisco

736

(8)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(7)

(18)

(19)

PAMI-2, pp. 511-516 (1980).
A. M. Waxman and S. S. Sinha:“Dynamic stereo:
Passive ranging to moving objects from relative image
flows”, IEEE Trans. Pattern Anal. Mach. Intell., PAMI
-8, 4, pp. 406-412 (1986).

A. Scheuing and H. Niemann : “Computing depth from
stereo images by using optical flow”,
Recognition Letters, 4, pp. 205-212 (1986) 7a &,
S. T. Barnard and W. B. Thompson; “Disparity
analysis of images”, IEEE Trans. Pattern Anal. Mach.
Intell, PAMI-2, 4, pp. 333-340 (1980).

J. M. Prager and M. A. Arbib: “Computing the optic
flow: The MATCH algorithm and prediction”,
Comput. Graphics Image Process., 24, pp. 271-304
(1983).

P. Anandan and R. Weiss : “Introducing a smoothness
constraint in a matching approach for the computation
of displacement fields”, COINS Technical Report, 85
~38 (1985).

B. K. P. Horn and B. G. Schunck : “Determing optical
flow”, Artificial Intell.,, 17, pp. 185-203 (1981).

H. -H. Nagel and W. Enkelmann : “An investigation of
smoothness constraints for

Pattern

the estimation of
displacement vector fields from image sequences”,
IEEE Trans. Pattern Anal. Mach. Intell., PAMI-S, 5
pp. 565-593 (1986).

M. Yachida: “Determing velocity
spatio-temporal neighborhoods from image
sequences”, Comput. Graphics Image Process., 21, pp.
262-279 (1983).

K. Kanatani: “Tracing planar surface motion from
projection without knowing the correspondence”,
Comput. Graphics Image Process., 29, pp. 1-12 (1984).
D. Terzopoulos: “Image analysis using multigrid
relaxation methods”, IEEE Trans. Pattern Anal. Mach.
Intell.,, PAMI-S, 2, pp. 129-139 (1986).

B R, DNEAREHE, WRET  CBERESEC LB
FTT 4 A 7w~ OBRBTREN: & 3 RTEDEEO—
T, EHE BB AR, 24, 1, pp. 76-82 (1988),
H. -H. Nagel:“On a constraint equation for the
estimation of displacement rates in image sequences”,
IEEE Trans. Pattern Anal. Mach. Intell., 11, 1, pp. 13-30
(1989).

H. Miike, Y. Kurihara, K. Koga and H. Hashimoto :
“Velocity-field measurement of a vortex by dynamic
image processing”, Jpn. J. Appl. Phys., 25, 5, pp. L409
-412 (1986).

H. Miike, Y. Kurihara, H. Hashimoto and K. Koga:
“Velocity-field measurement by pixel-based temporal
mutual-correlation analysis of dynamic image”, Trans.
IECE Japan, E69, 8, pp. 877-882 (1986).

ZWFE EE W, R CERNR IO B
2 G BE AR X BHE2 P A SHBEOWRR”,
B3 (D), J70-D, 4, pp. 836-839 (IF 62-04),
K. Koga, H. Miike and M. Momota:

maps by

“Exact



3L BRI S < 3Ry — RO BT FiFHR o Ml

B EE

Fldmk - I BRE, BERAAE
RI#pabet 88 (BETesn)©
b, BEGMAEOPIIRIC L,

determination of optical flow by pixel-based temporal
mutul-correlation analysis”, Trans. IEICE, E70, &, pp.
719-722 (1987).

(20) HEFMF, ZRFE BHERILOFTF 4 ANT E—
DEH”, E%%(D), J70-D, 8, pp. 507-516 (8 62-08).

(21) HHMF, ZWFE . DEGOBEMBMCE S+ ¥
T4 A7 m O, EF&(D), J72-D,4,pp. 1-10
(5% 1-04),

(22) MRERER, H B ARRE  C“HEBEBIHHEcIB=WT
THRBRY7AEA 27 ey y”, EOEEETF
7 v ARE, 5-10, pp. 157-160 (1988).

=E R

B4a9 -k « T« B&E, B51FkAKL
FRETHEET. RERAKDEFE B54E

il e KIREW AWM, F1EDEE, B
mmERoRDH ERES, ToRM, Bo3EidtkBEFILE

FhopubE s R EER T, BERAE

REECCHD £ B L5 BRI PC-9801 %+ T, 11 £ ME S

DEL, EEIUALZERE (74 ey FDM98-4) &
FUVEARAT(SF Y =y 7 BEEFBEKREY 45 =3 B
WV-CDEM 12k » T v e = — 2 RIZEL DA E LT
5, ETCTVvENAIOEBEBICL S LBEBERTLET
DERFEOA A~ 4 XL 2/314 5 (8.8(H)X6.6
(Vimm) TH A5, BEIGAKZEBEA A P4 (X
R ORGALTTRERIFR CH HH 6.6x6.6 (mm) OHEHFD

MR 46 Lk - I BT, BSLREAKE
BEHAEET. AElUnk. T-BL8E,
BERDEE 0FEESIU634ETA
~9 At~ v 2 A7 T v 2 PFERT (Kb
AV b ) BEIRA, BEBLBC LY
HEH, FEPEAERISCHROESRH 2 ~

P9 1/4 (3.3x3.3 (mm)) % 64X 64 EIRDARHBLE T YA A, GERATIET BTRCHE, TH. B
7Y v 7 AEH 1S Hz w X b BhE{R & L CHLhiAAT ¥%, BAME¥%, BAWEYE4RE

WA, Yo TEEETO 1 (pixel) & 1 (pixel/ frame)
MR X - CEHETE 5,

1 (pixel)=3.3/64=5.16%10"% (mm)
1{p/)=5.16 X107*/(1/15)=0.773 (mm/ s)
COHHT 2 — 2 AV ER10) X Y EBRHLEDS
MBATT 4 aN7 e —FIERTELYERSTS
RO BnRDH LR 5,

S EOBEBGEAAETRERRAD X 5 Bk
DEPBLRS,

D=V h/V
=(12.5%107%)+(12.5x107*)/(0.773 X 1072 V)
=0.202/Vp

BL

D BfTE (m)

Vo! 245 OBBEE (m/s)

ko BEAREEE (m)

V. BEBEEFLCOFTTF oA 7 e —DEX (m/

s)
Ve BEEETOATTF 4 hAT7 e —DEE (p/f)
B8 oRimEIS T 5,
CREEE 9 A 19 BR4, 12 7 8 BESA)

737



