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Shape Adaptive Searching Technique for Finding Focused Pixels

Daesung CHOI*, Piljae SONG**, Hyuntae KIM*** Hernsoo HAHN***

ABSTRACT

The method of accumulating a sequence of focused images is usually used for reconstruction of 3D object's
shape. To acquire a focused image, the conventional methods must calculate the focus measures of all pixels
resulting in a long measurement time. This paper proposes a new method of reducing the computation time
spent for deciding the focused pixels in the input image, which predicts the area in the image to calculate the
focus measure based on a priori information on the object to be measured. The proposed algorithm estimates
the area to consider in the next measurement based on the focused area in the present measurement. As the
focus measure, Laplacian measure was used in this paper and the experiments have shown that the proposed
algorithm may significantly reduce the caleulation time. Although, as implied, this algorithm can be applied to
only simple objects at this stage, advanced representation schemes will eliminate the restrictions on application

domain.

Key Words : 3D Measurement(32+9 34), 3D Shape Reconstruction(32H & 8] 5-¢), Focus Measure(=2 3 7}&

T)

BT = Q) WEl BAS B85S ol
L 2z o998 80 g 2%, 5 BAS

& o]&F 9 FA} F2 o)=A N HAdx= T o, B4 A} Lge LA AE 5
micront§ €] Z7]ZH3xY CADAZE F4 T34 & %A BT

2 Y FHAPAE Po] &&= 9tk 32 339l AR Hdsie wgds 2l o8 a7
ARE AT AR 3akd ZHRETEE o)Esid AE olgste 9, 2719 Fidete Abgste
Ao AA Egelvt #EH FHE 9AHeR =y AW, 1o sEaE 4348 g

= o2001d 69 18 BF

s (DR MERIAR, SRR G Hite
= ZARde dedARE, FAdgE gy BaEs

ook )“'Ji];Hbl_uL AEE)]ZIZ]-—'—ELH

151



HoA4 - 84 - 2EH - 9T - AFHLITEEA AN19A A&

0% o|FFHUA dolx 2GS FAAA G ol AgAE YA 3 &
A4 Aol % FRo AUE U= BN A % 4 A0, 59999 SAE we Apt
g3e] T By ol ok $E 2t ANGEHE FHE FHIA Ushte
We] BHS ol&¥ SRWWS TA A%, BYH MEHD. G 599NP 24998
wel AT W Ushbe TEAe S48 dlmstel ud, x¥o) R Rpe 59 99 6y
seidforstel 3RAZE A2 el 3R ARE  mFS o] B4 ok tebd 59 %%ﬂﬁ n
430k ohg PO 2o wENEE ] T QR PSS 54, A6l 4R oF
sSeHe wlA sl w2 faa0) MEl 7 o Mo 59 9 sFaEEs o) q =7 v}
Aoz U AuE 9 & Yvke Aol BRdTh Z G4olH 2o RE REOR BHF

N =]

ot F o o]de] FidEtE AR obsty] wE nFF AEL golAlA FHuh wEhAd olF WHE
of Fa7h] AFEAS gz o 1A o] ARRBLE focus measure’™ TTIAHEL] HEo
(calibration)] wi-¢- ¥ E}%‘i o] ekl wikd, g FALS FAEY ol HHg ALRGEE Variance,
g FEe o]l HHe SFYs) gl Tennegrad, Laplacian, SMD HFH So] glup? o]#
= A3 ~dHEHe ﬁ]%‘*i.‘)_ib F5s7 FE & FAAEE EA S EA4d FEglel HE&E AL
8 BAG 7Y 58 ZAN7F Bolsitte AR YtH oz 9442 ¥wsr)7t A5 2 o
= =
kil

Zv=th 1d)9] Fhugke ARgsls e 2 E % #odez F2 4%% ME AL
dht eelAst e Bz FAE e 53 Laplacian @2k7}e]c}.")
A de Ze|PRE HS5de Ps skt & 2 w=EdME 23S o83 33d AR%d

A olse FEA A= LANS UEIIE A W 50 q-oc,l--c; s

5 e Bz Pd R #
J FPS ot Ro] AnE U= P¥oz YE

o] BESALT Ao

<
4

= AopPY Azl oftd® =HE #FE F dE StoE ZA T ZlojR e dHS FHFstuA I
;g-@o] de v BEY BRAA7E dasivs ol oleld gFE S RSy fEA B =RdAe
o] ot olol vla) FAa= FdEE T £ =49 Fejol HeA 2GS 24 2nHFL
< FAE BN 52 2717 22 glol Al Aokeie}, e BAo] #HE HRE o)&std &
2¥E FEE ¢ den th AL oo HelHE AAAL o &sti To] SgetE dFoAT 27
7ML 2A e Zel FRE <k ¢ 9w BEE 7 oRE IuFosN FAHANY u}]%fg- 2A B
7 Aew FHIY olgt FHH L A7t o]F o + focus measure®] A2 @H3] AMAL 4 g
A3 QT th =g 2 =RAAT AR 2FPEe] A

E mREoa o2l 231 o8 3zxpdAR off AEE L focus measweZel| g Ad5e Frt
e A foousB defocusR 2.8 T £ ol AvEd 33 FAAE"EE FAdE B
Ho) FoowsWHe 430z 8 949 Z & t
2o BFER AEL AIShe focus measureE H-E 2 =2 OEH o] FAHUR. 23lA S
Shed JhgF 2 #E 2e HA2E F2He) wE H =gl HEASL o]g3 AZSH7|H(depth from
o9 e Ao= IF3 A=HG AL )], A focusy2 AHsla, 3FdAE SHEA N FLH
Z Axste Aokl AaE ARE dv) Y6 AAg e AA7IYE A3t 43 e A2
AME dEHE G4 F7t Holop sl uletA A 2 focus measwresS HIFELR 5O E
o] B e A7te] QW Defocus HHH-2 Agtd LdxeE o] &3 HFAN2EE 7P A
Fleghg B3 Bolon e d£Fo] ofd o 25 28 2848 oo BAE dEsie ¢
A Fow Y5 G40 focus measureS AHE g2 Ao s A AT aed
3] 72 AETh Focus measureE AlAESE #4 ZA T RAgo] slElRw BAe zHE7)H A
g & focus W B FAE H2d, ol m Ag 53 EFS A g HEo] s 4
L o]&sle] AT 99 Y] measure atE F 7 o)t
A 7173 T2 3ol Yox —’?’—-Fv':% z2FHo= 3t
Fés e Ager] i ol WHE

152



Hd - 34 - A9 - FDF -

AL FEA A998 A2E

19494 A0y g2 FH ue] Al
iod o] gte J4 0 dA=ZREH v
e Azl XA Bk

EA lens®] AT (), lens?t B3] Ay), 2
fx 2AAINS AR 4 O)F Zol E¥E
=3
]

==
Z, Az gAEse

A (el w8 2 99 ve ASog AAE7T

2o z@o] T dare] YXE ERHW A
g Aw 2 4 Ao
1_1_.1
FT W T (D
A A
cibigg:.t L
O\H“Hh__n lens \\
\‘\ T - \\\ Image Optical
" § \ =] Hx ‘\ N Axis
\\ ™ R Il
N ™
T o' | 2r
T . L)
u v Tyl

Fig. 1 Depth Measurement based on the Lens
Principle.

HZsHA HH (Screentt 4’2 o]%

F Ax 53 &3y 138 1904 By Hlel e
F4e Z7e 2RRE AXA G 2E5e 41 o
A "k & 249 YX|7) o] 58 screen?] $HA
E A (el A gs) olFeolt 2HGAAE 4
A”}, fEEe] FoEs screend] $F7F A H
o] il WE A= olFL Faf 2HFLELE F
53t S AREE
2.2 A& AKsequence images)2 O[EEF 3

A HEe| 54

dAze] WA o] fate] 339 EAHEE 2349
e zRE de WYL A F R UE F
AthAz o2 A9 FddA doizl E e
G4 AFste] 33l ARE Vel Wy 7t
B o] BAFH £AAQL 5 F4S FHE

153

o 2}¢ ARE BYeE LHo] gl A=
H)a] s whEA| vk G4re] 2 gl
G Aol Folx= BRol 3
ARG AT I FHoERE Zof AW
Rl A% 9 ol A e
AR Zdo|ARY FAe] AdHe :
o Fxp9] whgo] AlXwe]
ag Alg5n 9okl XA g4
e 9HE AdRE 5L oy
= gagz)e]l HAE st Ao g A=)
9} nEAHFLE 27 Y3 AJHE focus measureS
AREBHETT mEr Alagle] Ase] bzl

3 s EAE 19 204 29ET 39 2E
Ftelet7t pe] SIACMEE olfFoz gUHEY

el

Wi o

B e Gue FHAA Bdshe A
BoAZn vk 2dE G4e At pe 93
A S BF QoL 19 1) D717k Pt P

Aol gt 370l Aoe= F1As oAkl
Golty & o] FHY J4Y BELE flAME :L%“
22)¢} 7o shelere] olFo] wE FATvY W
7b glojol gt} ey AAHLR olzd d2 &
7t FhejEtsl piel IAE Slg W el 914
£ 77 PR o) BYE o prol HAE A
7] W&o}, o1& F4 F7)e] i Gy H)
Em=E A g9 A ()¢ 2ol ZEHTh

@

BA-NE

a. Oparsrin gyay
Fig. 2 Image Size Variation by moving a
position.

camera

Fhletrt Aol 7R A @A w7k Fot

A5 g o] AAA HEZ qUFH olFHH o
£ G wHRE 29 2mA" 7Idsie d8E
oy 2 942 dAdH. olHE EAlE A2s



HAojy - £37) - AEH - FEF : FRALFGIA Ao A2E

el =2 g0l disids A= Puldo] 1 T AR Al M 2dsas REste
g FHA=E AHEspiEstn dzst EAA Lok d=s] BAL Hgstol Add EAG
olgf AZE Welstd A=Y d=g gL T AYE s 7S] AN 2AHLE 2R
A el Ywe FAYEAEY Bade qYgsH 3 R do] HAle TR olf fis d¥HoR
Z3ht, AHgElE e, s A 988 9,
ma AEstd A Ede dsidE b gmws A F 2ol 2HDY fimmdl B
dete) o)Fe] wWE Gate] wigHEEs nA = Nmwol A 4o mdAst H@elAst
ofofit A%HE GAA L A TANA  Bol Ty 99N AATD D, hmn) S HE

3RLA RS GA" Rl olE 98] FdNA 7t
Hetztx] o] deiAZ (@l e el Wi
& "EHEAF T F5 BAs=gye] ALk
a9t B EAFENAM ZEe] He Jds
o] 94§ At TH3@ &) 7180 He E
Hol 279 LE e VEEYY SAFEL dg
4o FHe] HEFHlabelingstn o]Eo] FHHHE
dADFA)EANL W oW v F7|9E WE
S=AE 52 e godsl ofs wige ¥
g2 dead $ Adrhiige] Wsdss 4 5%
Ao HAHEEE interpolationd}e] =t}

a" 3ddlAe oe] SRAFEC] qo w=}t S35
= 9A7 293 E EAE. a9 3@e 71E9A
oM, 28z 27 3 ©F T 1549 304 T
TR EAE Tt ol FsHA e itk 9
9 A7 2AT I3 d7F 27 49 Fo{Ar
2FAA BH lIstepd] FRAAE BA9 FAEE

=

o[, 15 step™} 30 stepol A& HAF 9f=tA wfgko]
& AUtk

Hol ARPE

a 1 step b 15 step e 30 step

Fig. 3 Image Size Variation at steps.

a. step 1

b. step 15
Fig. 4 Image Size Calibration using the image

c. step 30

magnification data.

154

# At 2ol WAehiz Aolwh

glm,n)y=Am, n)+ N(m, n) €))
g(m, n) = h(m, n)* fm,n) = [H, DFEN]7L @)
Aq71M #ZHE, F iy HAL ZFAANA Do

AE, 7MAAAE, 4% AME Kol dor &
Hgdg FHeE 9 Wdn dAY EFAAE
7IAE rapdom BFE HEE £ g BEHAE
EAS W13kl hE ATHEE FAD gray level
AMel EEEAE Tae PEe ARG ol
2L mmne] 54 To A WERH finn g
A,

olsp e wpe zwel Wil giE el
zdgo] Zlssiit dvkdel A ME HLF)
717t 44 gek Hoe) Mgt et 494 3
o d mE RS Fe dge] 2 AEHD
1.2, Tenengrad, Square gradient, Brenner, Variance,

oo &g},

L

fi

N

Laplacian ¢HT%

L= e E.Zé—v—zﬂ
o] Ak o T *}%E]J— »,1 o,
28k focus measure=2 gradient vanancec’ﬂ 7 =E
T PHEe] A tiELoldt A Holm &7
o me} A2tel ARE N AET Gl o
A uEe 334 AR 2F AAHSL
Ze "o =gleom FAF glem EHg
ol 4uglel F4ANS BrEe Doz
gaE 751—]3"'5]‘1\? WhiS AMgEt ol E
&9 FAE e

‘—-0

_._,

> o
_LUN dn o o

l

it

o
I-

274
A

o
g Zeoh S3g
L-A 4e5g Gusy] A4 e
b AL tere) 292 @71 9



Hid - A - g -

Fd

g AL FEI A A998 AzE

548 s3] Az Be A7l
Ggs] BE Saol gg A
288 B B LA

2

N,
ad
a3l
3T o

2

4
o
oL

Eie

<_|2.|:E
c g M
>,

measure =

o0 ok B

8

3
= 3
T

&
>,
PO b
o8

> 2

2x9 "ejoll M3
ot 2

3. 548

RERE]
[y

)

o P

rle

rrot 2
2
o
o

A

2

Lk

rr

Ry

Bl o
2
gl
fu

S
>
o
i
(g
fus
I
2
N
-

[
A
{
N
% T

(3]

in}
i

> i 2ol of
o b
£

itA

o

l{a‘
WL

:
=
ok,
iyl

o f!O
T
y
I g o

i e g, of

£

}.‘

P b

Jhe o
g ok

1
=

1o
of
12 o
41 -
e
o
058 o
r
o
oal
il
i_lc
o

o
-
o
=L
d
|

a2
5
>

2
2

]

h rﬁ
o ok e

o
o §

i
ol
B
i
o R, o,

1.
T

- 2

e
-
N,
do
2

T
oft
o
ol
!I'U:.
o
o

rE b B
dlo B~ o o)
w Ly
10
rr
rfr o2

o

AFEEIT) Focus measure’™ 2)(9)ol] A
Laplacian measureS A}-&-3tc},
12A| A 3Ae A o]FofRE 2V|EHL FH

o

155

o HeE d557]) e 71 =8 G EH
o2 ©) &5t HAAEn 27|&H FAadA R
g AEs Fd FHAE ez AP 353l
EAY ol AAY Y|FLE ALTH 2VEHA
G e 2FEkaE 24 U9 FAshs 28
3459 focus measure5 S =Ast] G 71E
Aojatal e ztE FIAER AAHIY FiEge
Fo7 2HFA] ot 245

aHnAnGMs |

feLzrptintmt vy o

”:
PO W mg

Tt

4A A E o
ot el dl A
AN ~E ] W

d&el A-8d
=°l, 23 &
Zoltt. dl& 5ol I# 6a)~ ()9 B
BYstd EAEC] FIRE 4% g B
2% 6~ 2 =
Eolgs ol&dw 13
FE GHY dFe] tedin. E3de

o 1B

ikt
1o
oft

2 Bl Rl ofy B % ot
g%
I
o

lo,
i
=




Hjg - g - e -

St FEI A A19E Ax

- =
e 3§

Fen ZHEsE 4 (5)F o143t 2¥™ 5 ~H9
A58 =AFEA dl 27 6()~0F FL 2A

(a) {d)

I Y

(b) ]

(a) m

(n) (k)

FANS

(c) {1} (i 0}

Fig. 6 Estimation of focused region from the input

image.
d 2384 g99 Fo] JMedAg 2L 9
g ddL dEg 2FYEL FHORE, Algsls
focus measure®] RMS 2389 st g2z
< 8349 Wz Add de dAdAE G958

2999 ga) 27 BRG] o|xelXH 4

A AYR &Y AHEOFT ZAsA T =74
dMel A4 d9S AART A AN =
deje] Wg AFHErt AEAE <

B 5% 549G
QxR e A

o
measure S 71]"1‘ ]'_T’_ k2]

al,
k)

HH viel Zo] focus measure™ Yy
nFEaRS 27 Hst mm___ ol.g5}
. Variance®} o] FHEEALEHS Ao|E A

Tennegrad,

156

6}71/} Y2} 28y B =EdAE FE ALY
£ focus measureS=S A5ty |52 T P
o4 Al8-3F ATE RMS(root mean square) QA
S J)go g H|uI 2 3.

41 T2 A5 = Focus measure
a) Tenengrad &

Tenengrad T G4 o] =43 FFxst
9 gradientE T3S Sobel EAAE o] &5 H
gradient®] 2}olE ZZEs8l7] fl& daxE L83
Afe] Asoz HAgrk Nx N 93594, I(xy)
off oisl 2] ¥ Tenengrad measure T(H= 4 (7)F
Zrh

0

T(D=;2y[5(x,y)]2,

S(x, ») =V Gix, v+ Gix, ) )
AZlAAM Gux, M Gx, YT Z¥ 7%
kernelS G4 convolutiondr 2 ¥}e]t}

ze

-110]1 1121
2] 0|2 0,00
-1/ 01 -1]-2]-1
@ xE 48 () yE AAR
Fig. 7 The kernels of Tenengrad Measure.

b) Squared Gradient ¥

Squared gradient ¥+ Sobel FAkALE AR}
= A GAS] gradiemt ZALXE Al4E7]) 28
thdEtae A HAge] UE #wrige] Ao E
G885 A @3 2ol AgE

SGD= Z2ZAKx+1,9)—Kx ) (g
+ [ Kz, y+ 1) — Kx, 1]
¢) Brenner 53‘)“

Bremmer €4 & gradients} THH EF g
g 7 {}’%7{1 gamolry, Qle] £ g
gray level®] zlo]lE o] &8t QA9 dAE Zo
o A (99 Zo] AoHn

B(D=22[Kx+2,5)—Lx,»]* 9

d) Variance g+



A - A - FEe - FHF - DFHALESHA A19d AzE
Variance 3= focusingd] IR E Zéf"‘— Focus measure2] 452 4G4 Axsel & EN
(focusing sharpness)® WEllE A4A=2 F2 A} o o]F:H o7 W] 29 e =wWEA
L =X i
I Ak el # RE 992 ¥ cggqoﬂ Table 1 Performance evaluation.
MR gray level?] W Zo] ZB2Z o] EAE
focus measureZ ©] €} Variance = U9 Focus | Tenen Squa.Ied Brenner | Variance {Laplacian
" a 0)1’]- o] B Measure| grad | Gradient
B - e 22 , Higk |156.74] 15440 | 15576 | 1580 157
W)= [ Kz, —ul? 3
™5 9{{3{2 234 | 405 | 224 | 15 234
=7 Z2(x,7) (10)
x y

A71A p = FHFENA ¥ ghe et

e) Laplacian &

o
-
Laplacian &=+

g]2] Laplacian €

gz Qe 1Y 87 2L I
A4EAE, F(xy)E convolution *]Z_
#E Z}%'- Ao® A 1D ol ALY}
Laplacian @MAE G4l nFERAL4ES &
2ol Z223E 542 AT JoiA 719 e
Hale)x W7EA dlesEz 'gxﬂ._-] =43 A

Bgle] e Aede M B FHE 22
5
LU= [Fx, y)*Ix,)]* (1)
0110
11411
01,0

Fig. 8 The kernel of Laplacian Measure.

4,2 Focus Measure2| 8= Hlm

orx AwE ulel Zo] focus measureE2 o
E4E Zeth 7 measure®dd AT %‘7}6]—7]
‘AE'H OJE_LJ_ )\17]- /\1__4 _17_.71;1%] /<|
2 £489em
mean square) S.7
23999 A7

15
27

157

(a) {b) {¢)

(a) {e) (i)

Fig. 9 Comparison of Focus Measures: (&) Input
Image (focused column: 157), (b) Tenengrad,
(¢) Squared Gradient, (d) Brenmer,

(e) Variance, (f) Laplacian.

ot e Ze|z) sleut & zpeoly HAist
ged. Ty 58% 29l qly #AHC0A
gl A A2l g wpel Zo] Variance HAMATH

9 RMS 2zagg€ JHAY, HA9 AEE:
Laplacian 994tA7} 482 Fu Atk E
€ measure7} AHESE B AMtEe B
o HEss BoFn

et N o O S

L

N b g
2 o

}~—o%EL A8 table TSt
oo TEEHE 2
T.:} %O'l St z—]mi

tabIEJ 921Z el

o,
ol

i o3,
9,

kT
i
\.




As AMEE T itk A AR B4
18 M= 100step T FHE] o]Fo]
L7 TS}

S8 oIFTH el Ae

= ?J_'H Zﬁames/secfl £ %73?:5}'3}.
A TR ke Ads) vge
AN 60%S HE
]bl_;q oJ-—, oh:ﬂ-x—]o] Mq]z:é;@_j.ﬁéoﬂ

g5apgict FhvEte] shaeE 320 240

o], ‘I:H] o] F7d dv 0.5mm, ©]EHH= 50mm

ojc}, Adel AMg-S ‘i."/‘étﬂf%—%xﬂv: a9 69 =

Mo as
Agg 93

372l BAE =0)7b 28mmE = E A A ake] A3}
ok A FE= Pentium PCE ARSI oD RS-232
Ziele F8) NISC 4E& &tz AL ol &st

At

Computer system

Motor
Joint

Py

RS232 communication Line

Fig. 10 Configuration of Vision System used for

experiments.

28L& 138 59 «AEE wet Jdsuth 1
@~(@= 238 69 A A4 &3 yiez 71
W2tE ZHzF 1, 30, 50 step® o]FeH =AE ¢
A, 2% 1(d~HNE Laplacian measureS
43t de 23 998, 29 29 11 —~@)
T U SAA Addo e HSE 2399
422 Laplacian measure®] @382 3w]d HA

€ HAET
A W ostepell A B dHIAL B £FHE
T8t 39 129 ol 249 R F43L 3
a7 120)%F 2l signature 7)RIL o] &5}
g 7 T, o8 /00T 39 209 2
FHE 59T} Signature 7]HE XE AET
42 A7) A4 /‘H%-EHE WRoE

_lzi

158

@A A=A 7R e AdE 360
2729 Fo] TASCL Signature 2ol

@ I R
Fig. 11 Detected focused pixels and estimated next
measurement region.

@ 9E S

@4l (b) Signature (c) =k
Fig. 12 Estimation of object shape using the Signature

technique.

E99 2¥ga5e Ay 44T 72 o) 9
=] interpolaliong E3) link 7} 7F=8k) 29 6
o 37kx Aol diE 33k EAEAE 33
graphics =& ©]-&3te] 2% 139 ZeEEsith 3
A el AERE 2 ¥R SAga A
Age wmste] Axlstgled BF FolHH At
T 1L7mm, TFEAXNE ImmE HT 10%tie] A
LAFE B 544H] wE F29 e
Ztzke] YHGAAAM B A 45 24
G99 vgd Fogem Asigon Z gidelA
ZAG G0l AAEE Wge] 30%E @A Loz
SASEE AA 9347 H 0% H =Y
EE237HES ¢ F AT Y AFAH A
dojd &£xEe Frhgel AA wjA AaEeA e
SRGR A= Fae, GFAT9 Ad 28
He Akl AASE Hge] 20%H el 2R, 15%

2
=

=
g



4. 527 - 2R - a9

AT FEHA A9A A2E

BEolo,

oy AEE NESY  w) AT SHTA

frae ey

Fig. 13 Model and Reconstructed 3D objects.

g
)
o

B =3 24994d &Rk
AL EASY APAgel eI

LFE AE 20]7]
WA A7 HE ATt
9] Y& AFsa, ol 7dex
Hoz ohg HFAHdAM AL
dEste e 7|E2 W vd B3
9} 2AGdo] =L AHZHAH) =2
I} olof Q¥ QA e AQE
AA AR B8] mmElEE AR XA FAA7
Frshg Hely 3RPEEY 4o

L
T A B
<]

2,

7]
=2
o
ot
o © L
ul N‘O 0‘“«' ) Ug,r-l‘ b‘ [

el
"ol gy
2 oo
¥
o]
2y 2
2 op
A T
ro
i

B I
=

op
 fy
of IR

ko
i gL
o

)

g Ao FHSHE WAL AAEE of A o
22 43 FHe 457180 28 A7 B

1. Joungll Yun and TaeSun Choi, “Advanced Shape
From Focus(SFF) Method By wusing Curved
Window," A21%, 1%, pp. 777-780, WgAAF
33], 14, 1998.

2. ChangSoon Kang, JongDeuk Kim, SangWook Lee,

and KiGon Nam, “Stereo Matching Using

159

Dynamic Programming with Region Partition,"

347 S-6%F, pp. 573-582, WAARFTEE 64,
1997.
3. Minoru Maruyama and  Satoshi  Kurumi,

“Bidirectional Optimization For Reconstruc- ting
3D Shape From an Image Sequence With Missing
Data," Pro. of the 1999 Int. Conf.
Processing, Vol 3, pp. 120-124, 1999.
4, G. P. Karman, A. van Duijl, M. W. Beijersbergen,
and J. P. Woerdman,
intensity  distribution

on Image

ment of the

the
neighborhood of a paraxial focus," Applied Optics,
Vol. 36, No. 31, pp. 8091-8095, November 1997.

5. J. M. Lavesi, C. Delherm, B. Peuchot, and N,
Daucher, “lmplicit Reconstruction by Zooming,"
Computer Vision and Image Under- standing,
Academic Press, Vol 66, No. 3, pp. 301-315, June
1997.

6. TaeSun. Choi, Joungil Yun, “Three- Dimensional
Shape Recovery From Focused Image Surface,”
Oplical Engineering, Vol. 39 No. 5, pp.
1321-1326, 1999,

7. Murali Subbarao, Tae Choi, “Accurate Recovery of

“Measure-

three-dimensional in

Three-Dimensional Shape from Tmage Focus,"
IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol 17, No. 3, pp. 266-274, March
1995,

8. Joungil Yun and Tae S. Choi, "Accurate 3-D Shape

Curved  Window
Measure," Pro. of the 1999 Int. Conf. on Image
Processing, Vol. 3, pp. 910-914, 1999.

9. Subbarao and Jenn-Kwel

Recovery  using Focus

Tyan, “Selecting the

Optimal Focus Measure for Autofocusing and
Depth-From-Focus," IEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol. 20, No. 8,
pp- 864-870, August 1998.

. T. T. E. Yeo, 5 Hong, Jayasooriah and R Sinniah,

Tissue Microscopy,”

Processing and Computer Vision, Vol

629-639, Number 10 December 1993.

o] B3, 34, “Signamre 71EE o] &3

o B4 19 94 €S, A4S

BA-A, A34-sB A12F, pp.90-97, 12€, 1997.

"Autofocusing  for Image

11, pp.

11, sl
=



