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Measuring 3-D Depth Map by Sequential Scene Processing

Hedetoshi MIIKE, Yoshinori SAKAI, Atsushi TANABE,
Atsushi NOMURA and Kazutoshi Koga

Abstract
Here, we propose realistic methods measuring three-dimensional (3-D) depth map by digital sequential

image processing. Three different approaches as representative techniques for optical flow analysis are

developped from 1) the gradient-based method, 2) the matching method and 3) our spatio-temporal

mutual-correlation method. A simple idea of the motion stero with translational displacement of a

camera is introduced in the analysis. Utilizing artifitial image sequences and real dynamic scenes, an

accuracy and a resolution of these methods are tested. We clarified that the spatio-temporal correlation

method is superior in accuracy of the optical flow velocity. The occulusion problem is discussed briefly.
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Fig. 1 Application of integration formula of tem-
poral local-optimization (IF-TLOQ)
method to a small rectangular area.
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Fig. 2 (a) Principle of the “motion stereo”. A
relationship among displacement of a cam-
era A X, disparity of the object P on the
image plane A U(=u,—u,) and depth D is
illustrated. (b) A relation between depth
D and optical flow velocity V.
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Fig. 4 Analyzed results obtained by the “match-

ing method” for simulation image. (a)
Velocity-field map, (b) Frequency histo-
gram of the magnitude of the velocity.
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Fig.5 Analyzed results obtained by the "gradient
method” for simulation image. (a) Veloc-
ity-field map, (b) Frequency histogram of
the magnitude of the velocity.
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Fig. 6 Analyzed results obtained by the “spatio
-temporal correlation method” for simula-
tion image. (a) Velocity-field map, (b)
Frequency histogram of the magnitude of
the velocity

Table 1 Selection of the distance D between cor-
relation pairs and the length of temporal
window F at each pixels. D and F are
determined according to the velocity of
optical flow

Temporal
Velocity V(p /) | Distance D(p) | Window F(f)

size

~ 0.25 1 15

0.25 ~ 0.50 2 13
0.50 ~ 0.75 3 9
0.75 ~ 1.00 4 7
1.00 ~ 1.25 5 7
1.25 ~ 1.50 6 5
1.50 ~ 1.75 7 5
1.75 ~ 2.00 8 3
2.00 ~ 9 3
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Fig. 7 (a) A snapshot of the analyzed real scene,
(b) Analyzed depth map of the real scene
obtained by the “matching method”, (c)
Depth map of the real scene analyzed by
the “gradient method”, (d) Depth map of
the real scene analyzed by the “spatio
-temporal correlation method”. All depth
maps are illustrated by 256 gray-values
representation. White region corresponds
to shallow depth.

L FTRSE T SR S R 2



164 (366)

FhHEmCBEL TR LD TH L, TOBEIRIS
1 EA5128 X128 (p) DEHEH 4 XEHsH, TDAF v
7% Fig. 7 @R LTwa, £/, TITHOLHE
GIZERBRTH), BEE2OBRRIY L IHEL X
CAATVD, TR U2 LI 572012,
LURICR~ B Fijaess, s, H%Omo 3 >OLHE%E
fT-Twhb,

a) BB D ST, BEERHETLALHITI X3
(p) o b PHEL7 4 Mg —%HITE, fCHTR
TANG =, AF AT 74N =HVLELNT WS
LaL, ﬁﬁz74w&*@/4%mﬁﬁ$ﬁﬁ<
AF 4 7T AN — 3 EWEROBER AT
n,vv%/7¢aﬁ$mmmaumwfu%@@
WSS T T 4 T MRS G TR, CEHRTR EoosE
IS 2ICEILT 27 LI REICKT 3ENTFH D
DT, TITIHHRALTLZ WL,

b) s o 2RI T, ZERIMIC ] (p), RER
Jinz 5 ~15(f) 7 6 % 6&‘?"‘@ , Ty F U ETIE
MHIIZ 1 X 5 (p) DA, 7774 T FERIIEMB
121X 3(p) DA, LWvI)R)i3onFFEs LEM
WERIFITHELTWS, 22T, FEHEBIIHRTE
EO—FREVWHDE—FNEI WL ODELIERE
(AMP) 2 L72& %, 1) AMP#% 5 —Zfiz#z
TV AEAIL, B LRI EEE SV &
LT, 20 % FHLEEDRFHNMEEL T 5, 2)AMP
B R L e WA, £ OEE 8 BRI
RTHE L7l sEcERE LI L, 3512
FOHEDH B —EM B Z L WBAITH A, HuLE
KORFHOW AR T S, Ly Uz EALT,
F722) O —RT, TEHEREBICEA,
ZFZORFEHOMIIGERTE L, HEVEILRETH
2L TOEBW,

C) FRALAE L fRIERE, FRELL o RmEI0 REH
ZUN KRR LT, B) OIS » TLRE
TEL o1, BRUED/N LR Lo XTREIOHE
DXREDIsy %, HE LAIMT 280RK0H 5, 20T
NI ZLIERDIODRTF T LN %D

1) 3 X 3/hfiseF 2, Fo/MMagaodLpiR%
PAT B EOEFR IRV T, W IStREINEE
oL BEFART TE VMR OFEZHERT 5.
fHAE L7 lF AU koo it 2 B8 L, FHETIEERD
2T w7 2) [T,

2) RF w7 1) O/PNEEIZR LT EHEEOF ORI
oA, KEV LD LI, AL
2P GRIEPREDEAEIRCS) L, Zofizdul
BIZEOME LTCEERZ S (—HDOAT4 T 740

Vol.41 No.2 (1991)

b FECHOF XA - HiL

B-HA O ER - HEORF

7).
3) 2F v 7 2) OHLERNEL T & DEH—
EAMZ 2L %, FOROEEEET S TONEE
(92) ITRTHLHI—ERT v 7 1) »LEHHZEY
WY, ULEoBECED, B LEREINEZHES
2T B ENTED,

4.2 ® R
RBTHRSRDFRTERIEHE L LREOHE M =
RTER 7S50k, BEFKESLBIZONTEHE
B & F5 & O I, 256 B8R TIRIREIE TR S 72~
7 PSR E2ODEBUETRL T

a) vy F 7

iR L 2o EfkI 3 e L iR o 2 %
Fvs, AHERERIZI0EE TH 5, BTSSR E, K
FooEE~2 P & LT Fig. 74b) iz, 728

4,0 B
e A
3 c
& (@
>
g
£ o ,

0 1.0 2.0

V(p/f)
%
3
& (b)
0
b5
s
V(p/f)
8.0r
B
b
> A
g 4,0 c (c)
Q
>
jog
bt
u-
M |
0 | .ﬂ.vm’ﬂl
0 1.0 2.0

Optical Flow Velocity V (p/f)

Fig. 8 Frequency histograms of the optical flow
velocity obtained by (a) “matching
method”, (b) “gradient method”, and (c)

“spatio-temporal correlation method”



B ALEIC & B 3 KITRAT X G EH (367) 165

EaME R 774 L LT Fig. 8 (a)iziEkL 7. Fig.
8 (a) DEESTHER N 7FLTIE, 320WENK
NPT HBEL DA ERLTEY, 3H08RAY2
BITS 2HOMBOHFEIHESI NS, £72, Fig. 7
(D)DEERZ PSR ERDE, 32— 3
YENER OB FRRIC, PEORK 2 IR L 72X
7 PAGHEATRENTE Y, THOHED I RTRATE
I PRNTIC AT 5 2E B RRREAS R W 2 L 95RERT X B,
b) 75574 = ME

BEF L 7oA, S 32— a A L
FRICI0MT, BHEBEREIZ 5 2RETH 5, #E % Fig.
7 (c) & Fig. 8 (b) 2750172, Fig 8 (b) DS
HEANZS6L0, 350K EEDFMEHE L,
SENTRE RS ORI IRV, Fig. 7 (¢) DEE XD
hTHRR (FRICHIRONER) IRITTRZ 55y
i, 4. 1ETTHAhLE, BRIz X - Ty
FRETEL WIS TH B, HEDOWE D & Bl E
DEFEIN, NS4 22 PO T HE N
CEICERLTWSEHEZ LS,

C) WFZEMIAHLEL

L7 EfSAEII3R T, GRS 1T E
THb, MIER%E Fig. 7 (d) & Fig. 8 (¢) IT5RL
7z. Fig. 8 (C)DBEDH L R b 75 A TIL, 300W
EORFREDKE ZDE G, T bHLRITE DRV,
MREISRE N T WA, Fig. 7 (d) DEENZ M vt
BUIZANT S, =9k EIZIE TR 5
NTED, BIBENEIHTHETES, LirL, #
WEOWE ERT 2%\, Btk TEHE (42
ZOEEBHEDICH EDIEEI NI ERLTED, =y
F 2 TR TRAT SN & L THZER 2R
FoTWwdrE2 L.

5.4 @3

9, BRZEMMEEIICOWTRNRS &, EH s REs
DRI HOER T A RIS L THEL 203, ~
F o 7ED LY ICEBMIHBE L 20 TR, B
BMHETHEZ2 52 2 ERNEL-Tw5, Hoh
DHME DL AR E L ) LIS 3 72002
13, BERIGIOFHEEY % K 2 725 0HE G RIS s L TR
B2 epERENDE, SO LIIEEDH S 513
AT RTHYEEGEDOY LT ) L TEENEZ LN
TeGIEAITIE, WY e R S RS X R oy R EE R U R
FHEORMEE RN TRETH LG, DBZEH
MR, RO REBECTSERNIVRELTELY
FETH NS I ND L FITREDSRMS DB EH R

HNd, BIZIE, MBERZMFOEE L DK D &
RFFZH F OBIMR 2 Holifb L, K510 220 #RAE % o
BTELMEMELrSHLERbNS,

72, P F s BIIRGT L, B HESR 3 K¢
DBIT EDZERM S HRIT 2 L) B LU,
FREGTFREELTHILLTWR EEEL L\, <y
Fr7ETIE, MO F, AR i W
B e, BMBUEWL~y F2 729573528
T, BTHIEOmN LRMTEN D X2 P A 22 KRBT
Z5HHetEH B

7574y MEICELTIE, Bohralikkeiso
2ERDTWD - < DK L T 2 & iR, A2 3
DIREAIZ L) HAIC R S R LT 5 L9 7%
EHER DRI (T, L) G IE 2R 4912, Al 2
ST W72 X ) IEEREHIBLL <, Wik EE)
B DE CENER OB TIE, BED LR E 12

DIIWEED L 5 THh B, 414, FIHEI mwémﬁmac
DREE, PRAERTRT B LITLY, MBERE
DIk %ihé?%d%%t*abﬂé

g7, TITEWY BTt 2L —Va s
(iR OBk % 1212 B3R EE) DRI IC H v T,
&0 AR EERED > — v & W Tk 2 #8407 % 17
oo ToRERL, BRI v F 0 2 L ) 2Ry
RREICIN T LB T WA L2 RALTWE, 2o
B LT, 32y Fr 73T, 2HRoEgEn
A TZEBBNHE 5 2 & 272D ICBR B0
FEAT DR L 7% - T B2 kb SR 5N
PELS LD EHEZ LD, —, BR7eMAIBE: Tl
FRHCH 2 &0, ez disif e B boh Ttz T
WBh, oy F L) BAT AR O
BERUCEBIE S b EEZ L5,

6. 2 & &

ARIFRTU LD &4 722 L id, BT EEM» D
FHllZ HES LRRBE L2 3 DD ERNL A 7T 1 AL 7
O — AT DWT, FRATRE I I (SRR 2 A B e
B THY, FREMSMEOE» LS 2 Iy F
THESBETH LI L THSL, 7774 bEIZO
WIS, RISRANZ XIS S TRV EETR LS
IHIE ORER], AERIZ Lo BRI A & Ze{Ricx LT
BARDE S TH S,

ML RBE LTI,

1) 7554 v MEDITRIE D%

2) REEFFHBIE OB D L BFHIERE: F OGRS
fb&, WEZ RS L H 0 ORI 2 BRA O

l“”}\f I fu)ﬁ}f e



166 (368) =i k- HoF XA - Hll

W

3) =y Fr IEDORITEE DO L

YN EILNE, RIS, SITRELRIZT4T
v MY, MO TFIE L REOMITHEEZ RO L ) 1%
g, 73 RA0BME, HEIXMOE»HFH
N FFen bl L HMEINS,

Antk, FNFNROTFHEORBEGE» L6, EH
M7 AT B L L T WS LB H D,

E

AFFRIZE L, By TH Y 22 R T R OO MR )
BRCHEEET S, F, AFFEO—HIE, AN
OB S OB % H 22,

SEE

1) ILRIEH | TERAMmEOE (ER%¥, 1988)

2) ErfE— . EREE— KT B — R
i, 1990)

3) S. T. Barnard and W. B. Thompson, IEEE
Trans. Pattern Anal. Mach. Intell., PAMI-2,
(1980) 333.

4) F. Glazer, G. Reynolds and P. Anandan, Proc.
IEEE (1983) 432

5) B. K. P. Horn and b. Schunck, Artif. Intell,, 17,
(1981) 205

6) H.-H. Nagel and W. Enkelmann, IEEE Trans.

Vol.41 No.2 (1991)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

- FpAY R - AR

Pattern Anal. Mach. Intell., PAMI-8, (1986) 565
J. K. Kerney, W. B. Thompson and D. L. Boley,
IEEE Trans. Pattern Ana. Mach. Intell., PAMI
-9, (1987) 229
H. Miike, K. Kurihara, H. Hashimoto and K.
Koga, Trans. IEICE Japan E69, (1986) 877
HEAA, ZEE, EFIEREE 2w IGE,
J72D, (1989) 507
K. Koga and H. Miike, Proc. ISSSE’ 89, (1989)
517
FEy Fee— BV 3y (EENE W TERR
1987)
A, Nomura, H. Miike and K. Koga, Pattern
Recogn. Letter: in press.
B. G. Schunck, Proc. Workshop Motion . Rep-
resentation ans Analysis, Charlestion S. C.,
(1986) 88
J. M. Fitzpartrick, Proc. IEEE Conf. Comput.
Vision Pattern Recogn., (1985) 78
H. —H. Nagel, IEEE Trans. Pattern Anal.
Mach. Intell., 11,(1989) 12
ARESITER, pH AR, ARFE | F19RE g 1T
277V RA@wXE, (1988) 157
AR, HEAR, ZFE B ERaEY
ECEE, J13D-2, (1990) 728

(Fr% 2 4£108 15 H & #)



