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An Auto-Focusing Method for CCM Test Handlers

2 8 A ubef g

(Hee-Sang Yoon and Tae-Hyoung Park)

Abstract : This paper proposes an auto-focusing method for production of compact camera module (CCM). The CCM test handlers
are mainly used in the final CCM production stage to test and adjust the lens focus of CCMs. To improve the productivity of CCM
test handlers, we propose the auto-focusing method adjusting the lens focus efficiently. The max-min-difference (MMD) method is
newly developed to compute the focus value efficiently, and two-stage searching method is also developed to find the best focus
position quickly. Experimental results are presented to verify the usefulness of proposed method.

Keywords : CCM (Compact Camera Module), test handlers, auto focusing, two-stage search
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Fig. 1. Samples of compact camera modules.

Focus vailue

in focus Focus lens
position

a3 2 24 w54
Fig. 2. The focus-value graph.



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 2, February 2006 169

£ =idAE ceM HAE e dge] A5z g
HFEE ALFh 7189 A 23 PHES CCM HI2
ANEelol e AL 7hsshh B H“}—J— e e °]
Aol AFs 28E& 98] Age] duEs ek ¢4
27 L A 0 24 Max-Min Difference (MMD) HPH-2
Agreheh, gk Az HxH ARE = PHoRA 24
#t "ol &S o83k 2dAl B WS Ajleio) Alkkd W
He 5 i 239 ool Al 23 £ ma
284 o) AYS Bale] Aok whie A84de
3k

I.CCM H|2E IED
¥ 32 OCM HIAE WAETY FRE HAFT cCcMHE|
£E dEe IA GHESE, GAAEE, 71TARE
=] F= CeMI JEHo]2 HER AT,

f l

HA
o wet, SR A58 Grezve Al &
A & AYelaL, 239 o] Hagk A4S 1542 il

CCM HIAE 5= 3
Aoz stEz kel A
ofe} 24 ARE B2AsH b}EMM HEM a3 49 2
& 553 HAE AES ARl Fds H53 b
H2E AE] 5498 a3 A 24 24

#ash

qgaER

[ com | AEACIE iag

L ] N P

. EEEE

dzaHza ) an

- 28 7% « #4
713 Ao} Qg5

I 3.CCM HAE B FE
Fig. 3. Structure of CCM test handler.

l_&_EH”]

¥ 4. H|AE RE,
Fig. 4. Testchart.

2
w

2
=

g

L FiEe] XS 2F =H W

1A 2 A

Qurroz 3 geldl Algkel 24 e I PUE

o e} OB B DBeIS L P A
s 2

¢

o mFTYRE BEFE PHESIH13)

SGe)7h B4 & A (x,y) o4 Wlgke verd
W 2 gelAe) T AsE ket 2k

G, =f(xy)—f(x,y+1)
Gy —f(X,)’)—f(x+1ay)

24 e vheat 2o] 7 g vl Ee Fees 73
THI].
FVsaup =221 G 1+ 2.2 G, | €)
x y Xy
Tenengrad WH[1]E THS-7 2] Sobel A4t} [8] & ARE-

Sl 47 9 4+l TAIES mo}rﬂ,

Gy=f(x-Ly+D+ f(x+Ly+1)-
Sx=Ly-D-fx+1l,y-1+
2f(x,y+1)—2f(x,y—1) (5)

Gy =f(x+Ly-D+/(x+Ly+1)-
fx-Ly-D-fx-1Ly+D+
A (x+1L,»)-2/(x-1y)

olze] kg ol 24 4he ARLET ()
FVrenengrad = 24 ze + Gy2 }2 ©)
x ¥y

SML W2 o A3 go] g 9 H TR
HulE g 7ot 19 e e

V2 f(x,y) =‘azf ("’y)Uazf ()| )
| o ) l o°
O]U‘H I’—_zl‘l"]' qES & 3}7] Hsﬂ ];}.,_J’], 2o =AE E}%

ZHAIRE FH S ARESIgi o,

2 s, [P ren|

| o H o* | (8)
12/, y) = f(x=Ly)= fx+1y)|
+[2f G = ey -1 = 6,y +1)]

AZHQ) 24 gk TheT ol )

Frgy = ZZ{‘a S ”i \a LA y)‘ ©
&



170

MMDT e 9= vleldel Hojgsh Hage) Aol
£ Fgx9} vwshs wWiolch AA 34 3 x3 2719
A=F2 WL, 2 A= Wyu(, ) WA 7] A
B W (0, 7) S AL wy, () & TR Zo] 73k

{0} (10)
{f (%)} an

Woin (i, /)= min
mn (x.)eWys (0,))

w0, J) = max
max (5.2)W33(0.7)

‘%]EH%}T’]' ﬂj\%):gl i}‘°l7]’ ‘jE"i] cE_T;]— = 7(:)‘ < Z}‘O]%}
& 4TS UE @& d(,j) = 4RI 2EH) uy 2
& ASE BERE 0 22 F)

4G, j) = | Winax (5.0 = Wmin (& ) |, if | Winax (5 7) = wimin G ) | 2 ¢
J 0, otherwise
(12)
7 el oEgke Pse] 24 e THC
FVymor =, 2,d(, j) (13)
[

F74 ko] 71 & ;(];(40]] &l
24 Hill-climbing B4 (HCS),

G
B4, 7hA 18 B Sl gk

g3t Abe] A4S A daEFe R P dutdos W
o] AHgEE Wolr) ey A= o)F 2Rl ue}
AJzbe] @o] 48w W] Utk Choi [S] 2 Koizumi [10]
5 ol Ae 7HE 1 @A e =

& A7) dte] BxAe /7R 9XE 23, Ha 259
A71E AA st HF AXE 2= e
GEAI AT

IV.CCM HAE #IEZE XI5 =3 =3 4

M Ao AR A% 24 24 Ese e 2 @
uge] ALgElE QU AF 2H 24 Eseld. o
PEES oM HIZE @seld] 2488 F glouh A8

HE.
HE
e Agslel Hgake o] wrk uak s,

CMOS olm) A} Aol dA == gl dlstelof 3,

B A 95E Sldte] wWE 23 o] et &
3, 918 G0 ASHE HAE EQ %A EX)
3t 2o At F 2Fo| o]Fofxjof gt

1. XX Z} HAE gk

Ul AEEREY 459 9Pe) 54 TR oA
8] e B, o[l B9 I9s@st Zol Hdstel §
B Vet 240] Rere A9l Adgst Hagke)
Apol7k 2w, w2 24o) A 2gke Aol I 50)
s o] Hvhgket Azzke) Aelsk Ak 7RG comel 7

e

O e

(b) Case of defocused image

(c) Case of noisy image

I3 5 EHAE 2RES W) g R
Fig. 5. Intensity distribution for test chart.

CMOSAIME Ag3lm 2 Aty oz e 7l 54
& F3sta Qv wEbA bl A9 19 59
0] 23| sHgo] dasA|A Hrh
£ =Z2oAE o]z ocM HAE I8y G 5A4E
agshr] flske, A2 2 A BRI MMD (Max-Min
Difference) & 5“”?1’?}‘3}. MxN 9 AA] FAE 9x1 F
11

2]

l

@—

o]

dlo
o

M fo o

L e m

H
P AE9E LYW EF DA IS 1x9 4 A=S
2 R Bgo] Bol T ) A%, 4 £ 2
4 ARY 7 57 RS el A ) @t 2 Hz B
7] g el % %Y FEel ¥k wd T wAl A

X

ek 2 Haghe] 2ols FFoEN Fgo AT anE &
oA @k W Fgo] XA Frhd 9] gl A
ol, & g3 F WA Ao, 4
< F5el dEsle] 88 4 ck

Wou (i, ) (i=1,-,M/9,j=1-,N)oll thet, A%

S Welldel F oA o wrl g wl G, ) 2 T AR

O
i

-‘v]f\\_ 317] %): wmm(l ]) E]"%“_q' ZEH;}
Wonax G J)— 2nd max {f(x )} (14)
(x,3)eWo, (i,7)
Wmin (l-’ J) = 2nd min {f(xa y)} (15)
(x,3)eWo (1, )

olw| F kel Aolg 7t 43 Awg-e) ;i 47 (i, )) =

o) 3},
d" (i, j) = who (i, ) - wii G, )) (16)
£ A FH ART Wo(pg) (p=1M, g=1,

<, N/9) ol tigte], g WollMel = x| A 7] gk

WIII/‘lax(p’q) D] H—]y.ﬂ ﬂ*“‘ 377] %}l’ Wmm(PﬂI)

3} e,



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 2, February 2006 171

helght

a6 24 248 Y 9 22

Fig. 6. The image split for searching the focus.

whe(p@) = 2nd max {f(x,))} (17)
(%, )W 9(P.q)
who (p,g)= 2nd min {f(x,»)} (18)

(x, )0 (p.9)

O]D’H = %}]\,94 ;‘(]_o]% pas —/,?-X_]' %E—?—Q] EHE%): dV(paq)
2 Ao,

d”(p.q) = Wiax (0, 9) = Whin (P, q) (19)

(16) 2 (19) 2 B8] 23 7k vt o) ek,
FVapp =2, 2,d" @) + 2.2.d" (p.g) (20)
i P4

B =RdA Agksle MMD WEE 97ie 3 AE
B upakn) =1 wgke] w9z Besle] it S8 &
A

A 5t
Z3 3t AXA AMREE whaa QAR Al Bagh) H
sle] MMDE 7 WA g3 HAgE e vl QA
FQsled, T vl QAR S B vlE) AtER
7} w2}
2. MEX O|x| EpAHub

AxA9) A E WEA ) AN 24wl AR &
T8 Fola 7R BASTE A4
HAE g T T/ coMel tig 24 23
FYPsict ues TY T/ ceMI 24" HAE A}E
E AHE3lnE 9= YA mE 24 40 £ FHel &
ARttt ohebA & 2719 2 Fholl oldh AzAel A= 4
A AEE HolE Ao vy AFE ¢ vk o] HolE
& AHgsld EEad §A SIS Hast A S

B =R B 3leE Foln Ae 2 o] vt
B outA 2 uhg A 2o Aokatth WA B oA
g 3 24 DAl(gross focusing stage)et TlA 22 A (fine
focusing stage)?] 29AIZ Tt} F% 24 dAE 2719
24 e Az 9dF oz HIA7le dlel, ulA
2 WE JF #ezFE Ag Az =EAIlE
Al

I 62 HAE AFEQ 998 area 1| 2 area 22 2|3

A

gross focusing fine focusing gross focusing
focus region region region

value f%

[l
initial in focus focus lens
positien position

g 7. 29 g iy
Fig. 7. Two-stage search method.

% 8.CCM JlEHe]x =
Fig. 8. CCM interface board.

&S HolEth mE AXEE flstel, F2 2 dAYAME
area 1 9] 3 dlolHTt ARSHH, mA 24 dAlA
=areal @ area29] BE 3M dloEl7} AREEL)

T8 24 A E WA 27] fRIAY 2 @2 T
gk vhEe s d=E I 73t w9 24 %E Tl
W=E o)A WS ARt WP Sl Heols
of Aol sl 23 @3 A 2 ghe vl d
A A= HAE TR 272 AAE 2RI Fell= Az
A 39 Aolg ol a7 73} o) e} A=F Ax
A 9oz oF Al

oA 24 @AE Axde] fxE Ze Gt dlolEd
o8 Azl TAHIAT ceM BE wet thi ZJo)7t ¢l
omg o Fxge] AAE 27] 3] HCS (Hill-Climbing

F 518 H8dnt =4 ghe Foid =9
ks ARSI AERE o|FAA 23 o] b & AxA

V. A

H =BoA] Aot A2z g w5 A7 E 9
3 AREE CCM2 2M 3}2-2] Siliconfile AF2] NOON200PC10
oltt. ccM & G4t & A3 pC o AYEEt] $iste] E
Lo glgdo]~ BEE A3t 18 82 AFE CCM
¢lEjHo] 2 REQ] Alzlolth aFE 2 Z4e 93 dag
ZL Pentium-IV 7]¥+e] IBM-PCOIA MicrosoftAte] Visual
CH5 o] g3l TS cCM &) 2 d=s 9A
AR SR OJHA], 60 Y] FAS E5st HE ARF
F, o|& g3t Ag-g T
1. &8 2f AldE 2 B

i

Bt

o]

Ao 24 gk AL B MMD &
SMD, Tenengrad, MMDT ¢} Blxate] 71431 17



172
1r
~— Tenengrad
==+ SMD
08¢ -—- SML
------ MMDT
08+ —— MMD
07
5 0B f
g
o 05}
3 R A\ W S
2 DAFT
03
02¢ .-
S NG

[l 10 20 30 40 50 60
number of frame

a3 9. 84 Gl HE 24 gk 29
Fig. 9. Focus-value graphs for regular image.

— Tenengrad
L ---- SMD

09 --- SML
s S A MMDT
07f

ﬁ 06|

g

o 050

3 .

8 04F T

03}

02t

0.1¢

number of frame

I3 10, 35 8 HF 24 gk 2=
Fig. 10. Focus-value graphs for noisy image.

E L4 d A= 99 B

Table 1. The deviation of lens position.

=3 g A A A
Tenengrad 16
SMD 28
SML 14
MMDT 24
MMD 18
2 g g

23 3 2AEE naF BE 2
3 ol QoA 7V B 2 e
gk el gy FeolAe) asmel s1evlls 3
W8 Aot glee BAF 4 ck A2 HaolA
2719 grol & A%, 24 @& B4 Al woh ik of
& 54 W) Askel, 24 ol AR 0%

B 1ZzoR @ W= A9 BAG Pael vu

)
=
>
ok
s
it
rlo
w
;
4

)

£ %
)
pe

O

o
32
iy

E 12 7y A2 90X HAE BoE). o] WA
gol &8s Tzl 71e7)7h AR 24 Bl fes)
ok SML ©} 7H 95513 THE- 0 2 Tenengrad, MMD, MMDT,

N TSR S B
RARTRTNTARRRRRR llllllllllllﬂm'ﬂllllllllllllll;Iﬂllllllﬂlllﬂ RIRCRTRIRT
o S SMD

} Il Tenengrad
W ® SML

; % MMDT

F = MMD
0 0.02 0.04 0.06 0.08 0.1

Computation time (sec / frame)

a8 1 23 gk AR Al
Fig. 11. Computation time for focus-value calculation.

SMD 2.2 et SMLY} Tenengrad Ho] £& olf
= T o) oA E Ak dAREE AREEIRIY] wlEe]
ok A MMD WH-2 B]E SML# Tenengrad R.th= &
27} Z2u, MMDTS}F SMDe]| H]sihA F2 A3 Beof F3rh

o2 24 At WEES gl IE A=E vl
3= A8 S A3 o)F Sk 14, 39, 2R =Y
oA 7RAIRE e EFAIZATE olwjo] A 7t agIe
2% 107 2ot 3 ol oste] 23 g 2ol 5AF
o] WAk, A2 X GAS o¥A & F e
o2 alEEA] gvh Aol XFhd ASole At

3]
j=4
MMD g Aolslne RE WS edl o8 23

{

¢

thoolE nhE wpEe PYe) mFS 4RE 25 ohv 3

ol og a1 JRIA A FE3] wFelnh 2y
Akt MMD W 23 3k Al A e 2395 viA
31971 Wizl o] e Hdle] FHEHAY

vixgo g 24 3k &5 A8HE AXE AR vt
Gk 28 112 ZF el igk 3 Zed o At A0S
BAAFEeh A4l Alzte] 7 AA AaFE WS MMDTO]

2 g0 ¢+ MMD, SML, SMD, Tenengrad =]tk A
otk MMD WHE AN A7E SN E 58S o 5
At

CCM HZE #Eeo] AHgse 24 gt ARt e o
7} whejof gl

A E=gh ale) o] Fgol Zshy Ak &

AEATNE 1Y B =T Aokt dhdo] vl iy Fol
A Zgel 71 sl A4t = =3 $3 Holt) B1E:
MMDT7} b &2 73 whax|qh 380 o3k Hio)
Aol CCM HI2E AE] 23 gk AAL whH oz Ags}
| gtk upgbA A2k MMDEREo] C s

CM HIAE &
24 g AR B eg APtk AL & 5 Utk
2. M fix| BAHEHY bl

B =RoA Abe A2 g e 4es Brls)
Asted, ohge] Wl 7B SRS v sl

O Aq A

(@ HCS(Hill-Climbing Search)

® 7 7 g



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 2, February 2006 173

£ o2 23 22 AR 3 vl
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