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Difference auto-focusing based on particle swarm
optimization searching and wavelet evaluation
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Abstract; In order to enhance the auto-focusing capability of a imaging system, a difference image extraction
method is proposed. Meanwhile, a evaluation function based on wavelets and a region selecting technique u-
sing Particle Swarm Optimization ( PSO) are given. The principle and superiority of the difference image ex-
traction method are introduced. Then a selecting criterion and a searching method using PSO for region evalua-
tion are described, and the parameters for wavelet based evaluation function are compared and optimized. Fi-
nally, emulation experiments are practiced to analyze the advantages and disadvantages of traditional and pro-
posed methods. Results indicate that the proposed method can offer a higher resolution to the focusing curve
due to the difference image extraction, new focusing window and focus evaluation. Moreover, it has improved

the focusing speed by 170 ms and provided the focusing precision about 2.3 pm. Furthermore, its focusing
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effects are always satisfactory with different initial positions.

Key words; auto-focusing; difference edge extraction; focus region selection; Particle Swarm Optimization

(PSO) ;defination evaluation function ;wavelet transform
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Fig.1  Comparison of images using algorithm (1) &

(2)
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Fig.2  Sketch map of evaluation area selection

2 BN X M, il A R Edge
i I3 48 2K B e i e R I B AR 3 Y B AR
S G FE BRI ER A3 (ER T USRI
H M x N NG mxn BSR4 KH
i Iy A T SR AR I R I 2 (M —m +1)
(N =n+ )T EURHEITAGRER T, 115 &
R, PRI, AR SCR R S5725 ( Particle Swarm
Optimization , PSO) #1731,
3.2 M XEH PSO BEHE
PSO B :'" & Kennedy #1 Eberhart T 1995
AR Y —Fh L T RE R RE RO AL T B EOR
TR R A, HAO B i B A

fiff . PSO SEWI UG 1L — B BEURL 7, R 175 B
— YRIEA 3 i R AR A R A R T~ 5 FiT B 221
R AR p FORL TR S T 208 1k Y
R E A ¢ ) R A C S A e~ ik
R BRA BB R R AL, RIS HE PSO 53k,
LA LY LA K UBES AWAS WS

I
vy = vy +er (py = xy) + e (g —xy),
(4)
! 41
Xy = Xt UG, (5)

A, i=1,2, K RRBL T HF 550 ABIER
e, 0, WIEREr, ,ry, JE[0,1] [BIAYFEMLEL,
PSO FVE I T 41355 20 TR S Z 50k 2 DL SCiik
[13],
ARSI AR B bR R R P i BN X

B, R EOR/INI E 1R AR R G, PR IX Y
ALE ] S B AR R AR (v, y) ME—HE, N
KRR ARy = 43 06 B P4 X Bl A |
R R B, XA — R TR T —1
P O, X TEUEKRAN S M x N PN % H R
/NA moxn BTHEE RS, PSO KR E SN .

% = [rp x(M-m+2)] +1

y, =[x (N-n+2)] +1 ,
SObL [ BRI B, v, 200,11 1O BEL
B, (o yy ) R L DRI E i =1,2, - K,
HEERI AN A BRI, 38 1 BE B AR -

(6)

fitness = i i[’y(l I, -1,1)]. (7)

x=1 y=1

[R] A , AR SCIEE K =30 ,¢, =¢, =2,0 =0.5, %
1R85 M =25, ATAR AR BLATE O AT IR R

(29,133) D

v (1L =1D)

K3 SRR DA OB B I R AR
Fig.3 Search results in focusing area by PSO

PSO X5 R AT WA X8 A 248 R, 25 21— 4N



286 DA

K 3FR

M3 AT RLFE Y, PSO B0 il 48 2 45 %o
EIREGE NS E N, 2t BT
WEBA T PSO 5534k 45 T 1% B b 1 4 Jm) 5 i
(29,133) , #RiM PSO B3k )& FHEALUS £ Bk,
X TR ARN 20 R AL, AR R 45 R 5hF G
(A O, TR AR (E R REAILER , DA B n] RRAS AN )
SR, T LA R PSO B3k R Y
Y DX A 748 IR, A7 0 B 003 L M 1 1 AR
P,

A MER e T e i KB OE A vl X T — A B
PLFA, SR B 08 2 i 4 25 R AR
P A R 8 T LS, 52 5F R 1% ( Monte
Carlo) J7 ik IE A 7E X — e a2 1/, %
5 % S MR SR ) R Ny AR | A R S 11 B
BLE R R 52 A R B AILER, 3 2o oK A s 45 SR i et
FEOEAEAE AR ff ) A B A . ASCRAIZ R
T8 Y AT PSO X B0 B 1 45 SR AT 583
Xof [7] — R PRI A 1 000 Y X 358 30 B 52 36 | 512 6 &%
ST XS AR R AR bR R R BRI S
65 B 740 46 (L ) B ML 504 T [R) v A e, 75 31
FRHT 8 IEE SRR 1 fis

F1 PSOHEIMER
Tab.1 Optimization results by PSO method

PSO %
HRWE ARTEL AFRFIEC PSO 0% HEl/s
1 29 133 8 9.637 081
2 29 133 8 9.702 576
3 29 133 10 9.722 839
4 29 133 8 9.502 990
5 29 133 9 9.645 355
6 29 133 6 9.670 051
7 29 133 6 9.658 644
8 29 133 7 9.751 956

21 i A R AR AR TEC 29, AL R 515K
133 % R R M Ze il 4 s

R 1 A& 4 FTRVE Y, BAR A A Rk
THIR AL B FEHL B4R IE W4 AR TR, {2 PSO
FRBLREEN D AR E A F. 3 2 Ry S L, 1%
A HBLREA R TRR A IEL G BN AS B A 45
HIME  (28.993,132.982) , T %K 99.97% |

4%k
4200
4000'?&- °W.""-""""‘
2 r*
= 38001 —&— No.l —#&- No.5
- —— No.2 —- No.6
3600 - / —— No.3 —-= No.7
I -~ No.4 -<+- No.8
3400 X - - ' :
0 5 10 15 20 25

PSO

K4 PSO BRIk IRERIE N il 22
Fig.4 Fitness values of searching by PSO

5% 3 7 1% 3R A% ) 4 SR B A L AR S5 L SC
BRO1L] R A E N s Bk R e e, DT
BHERF , SCHR[ 11 ] st B3k A B ikt 28
SRS SR T B R A, M R, PSO
S SR AL 7 B TR N AR SO
1 1.73 GHz WIAEN 1 G (19 PC Bl b X8 2% 05 vk
AT E BT 8 AT AN 1 ir s, 1 000 K F
BI04 9. 51 s, F 35948 RAREL A 7, %6 Sk
D11 RIAR SO 2% () 3R FE 7 11 R/ IN R 7 3
A7 55 S0 R A e B, AR Ty T Y I 2
126 ms, B A RAEMH

4 AT Wavelet 8939 F1 3k

JIN i 7S 34T ((Wavelet Transforms ) 42 4k
Fouirer 724 LA > 1) 0% 55027 F0 0 H] 88027 56 26 45
B —A L BAG LTS I B AR R % IR
TG AN BB EE AR DA AR B 1) B HURE ) AR R
B,

4.1 FMHEREEE

EUG N T i 18 5 3o (LA 3 JR 00tk
@) .

IS TR DUA Y TR — R ot A rp, —
/IR BB I3 fife S ARATUR 5 43 S 03, Herh s
PALES HH HL A LH 3 ki[RI, 2% 250
BInl 15 2] 4 253 2 AL coef, e (R F %) F
coef ik » Coef . » coef ik LS QT EA AR
R TESPERT RS I RE R . 7ER AR



453 1] PUERL, A BT RORCRE DA A INET A i 22 9330 A 3l 3R 287
B2,
LL,|HL,
LH, JHH HL,
— HL, R2 NEESEFELILR
MG LH, | HH, Tab.2 Characteristics comparsion of wavelets

LH HH,

K5 4N s B IR
Fig. 5  Sketch map of two-dimensional wavelet trans-

forms

TR R (R RE B A T o I E B G2 U
ZE TR, M L T Wavelet B9 347 bR 240 =X
(8):

S

-1, (8)

L

M wT = I:

R
rel

S

N

My = Z[ Z | coefyux(m,n) — pyye | +

k=1 (m,n)eWyng
Z | coefiux(m,n) — py | +
(m,n)eWyyk
Z | coefHI,K<m9n) = Mg | 1, (9)
(m,n)eWy g
M, = Z | CoefLLN(m,n) _MLLwl ,

(m,n)eWyyy

(10)

A r AL 5 D T o i 8 R B9 AT R
N /NI R IE R AR R BB R W
MR s B E 1 EE .
4.2 TN ERBSHIER

SHEG/NETN R A S E IO TR, A
SCA B ICESE AT (1) B 2 A MR YRR A
4.2.1 PERE R

JINIBE R SR AR R 2R A T A ) 2
B SR EEDE T /N B IRy A R ) AN
THIRAE R 5 T4 < HE U RAE T /)N i KR 38 i D 1%
S ISR AR B T X AT S S AR B R
W, X N R T v AR T i R T AR S
B Ay B E PH S B T SR 1 /NI

TR R b N F 8k 7T iZ 9 Db ( Dau-
bechies) | Coif ( Coiffets ) F1 Sym ( Symlets ) /N AT
XF LSS , o, 3 N (Y B S BRI T

VANE- THIHE XEKE
DB N N 2N -1
Coif N 2N 6N -1
Sym N 2N 2N -1

SROT RS UL A3 WD AT H AR CTEA R A
AILBIH FIPERHISCER [ 6 ] h 2 Hi i B sh 3R 4
ANHfG 2 PRI ( AUM) J035 , AUM B 0N, #h 08
A, R ASCHRELEE R d =4 pum (78
UL AR AL KA ) o

S WO LK E (L =5), )2
BOh 3, IR A 4.1 73 I PE O PR EICRN 22 43
HPEWH X Lena EIME JALTHI 4T 0B, It
ik, X7 4 /0N DA e B3 2 )3 — 4k (R 20
BRSO J5 W 6 Fias, SR AUM FI 4 (A
=3 fis,

1.0
o DB3
g 0.8} + Coifl
B # Sym3
5 06
£
g o04f
g
Z
02
(o il . . e
0 10 20 30 40 50 60

Steps focused

Bl6 A5 SRR IE /NP ROR HU
Fig. 6 Comparison of wavelet assessing effects with the

same support length L

%3 6 I R & AREE T AUM B
Tab.3 Standard deviation and AUM values of

evaluation function in Fig. 6
DB3 #iZk  Coifl #HZE  Sym3 ik

0.268 9 0.267 4 0.2551
17. 88 17.52 15.48

brifiiZE
PO R BUE R/ pm




288 D S

HH% 3 AJ A1, Sym /N A9 IFAN oK B0 e 1Y
AUM {EE/ N, B 387 55 3 3R B 5 R, BT
L =5, R 3 Fl BRI R 56 4302 3,2 File,
FITLA Sym /N AT e AR = P e Y

5 MU ISR HE (D =4) ,/ﬁ\ﬁﬂ <A
[R5E—2 VB s 26 5 — 1k J5 an s 7 R
XFIV I AUM HIHEE IR 4 R .

1.0
= 0.8 o DB4
2 + Coif2
2 * Sym2
2 0.6
=1
k=
2 04
o=
>
]
0.2
0 -

0 10 20 30 40 50 60
Steps focused
BT S5 R/ NN R H
Fig.7 Comparison of wavelets assessing effects with the

same D

x4 BE7iFEOREELREET AUM E
Tab.4 Standard deviation and AUM values of

evaluation function in Fig.7

DB4 ik Coif2 %k Sym2 i £k
Frifii2s 0.2711  0.2685  0.2565
PR BB e/ um 20. 08 17.68 15.36

FHE 4 ] %0, Sym /N B T A R BT 26 1
AUM /N, R B i m; i H D =4
B ,3 BN A SCHEER B A 5 7,11 3, Rk
Sym /NI R S PR R f i TR R RN

gih BRI B AT, 2 Sym /N R
B2 FoRWE NAE,

M 2 Al N B T /N B 3L T 2 i
SRR KN, N AEBE BN 8 H 35708 ] 9
BT, o K K K TR R RO,
HLHC N R 2,4,6,8, A SRS —24, A
ERLNE 8 fran, X AUM HIFE{E an =& 5 fr
No

1.0

0.8 x Sym2
o Symd
+ Syméb

0.6+ * Sym8

Evaluation function

0 10 20 30 40 30 60
Steps focused
({18 IR N ) Sym /NI BTRCR 1
Fig.8 Comparison of wavelet assessing effects with dif-

ferent N

*5 ESIFMERHMEIREET AUM &
Tab.5 Standard deviation and AUM values of

evaluation function in Fig. 8

Sym?2 Sym4 Sym6 Sym8
migk gk gk Mk

AR 0.2565 0.2671 0.2719 0.2722
mﬁ[ Eal 13.52  16.84 18.92  20.12
JE T/ wm

H2e 5 Al Sym2 [ IT-HY pR AL 26 19 AUM
{HAR/N, 400 W e, I AR SCHE HL Sym2 /)

E
4.2.2 HRRERWMHZ

VR 2401 .2 .3 Fil 4 sEA7 g, IFR
55401 1B A ek BN 22 43 AR RO T X

1.0

0.8}

0.6F

0.4t

Evaluation function

60

Steps focused

9 AR EECFIRCR
Fig.9  Comparison of evaluation effects with different

decompose floors



533

EIERE, 25 5T BRORCAE DX R MU N AN 19 22 702X A 3 R 4R 289

Lena FUR A F AT 00T, Heieas R aniE o fr
7R, TR AUM FIEE AN 36 6 i

*6 9 TR R B SR AR AR ZE D AUM B
Tab.6 Standard deviation and AUM values of

evaluation function in Fig. 9
1z 22 3 42

FrufEE 0.2565 0.2669 0.2703 0.270 3
TEMRBUE R 3.40  15.88 16.92  20.04

H2e 6 nl AL, 1 )2 0 i 1 PF i pR B0l £k 1Y
AUM {E /)N, 35 00 R dae i, DRI LG AR S35k B 4
fRIZECN 1,

5 S5 i

2 PR =N A AT E 10 By
TN

T R
RS0k |

LR e ||, | i
' FEI PR v e

K10 A SiEET kR

Fig. 10 Flow chart of auto-focusing method

5.1 5&5EEFENLE

G s 5 07 B AE 1, FRAG rh BEAT IR X 0
VPR, H AT LR 14 2 Oy A AL AR [ B O
HUET 2 B4 EASE) A0 A S N (ST RIR
A0 119 2 By 3 R 3 T TR — B A 1 8 B v
), SRFE AL G I SRR AT SR
BT BE VA AR SOk T B R R A (A (11))
TRRE(A(12)) KEEZRE(AK(13))
FUEGERY/IN I PE A R (20 (14) ) 4 T LAY
(1L FE VAN PR

M.(g) =1 G(u,w)1* =

M-1 N-1

S S e g 17, ()

x=0 y=0

M, (g) =- > (H/N)log,(H/N), (12)

My(g) = 2, 2 lgl gz +1.y) -

g(x,y) I+l g(a,y +1) —g(x,y) I}, (13)

N

MH:Z[

k=1 (m,n) e Wypg

Z | coef o (m,n) 1° +

(m,n) e Wyyg

Z | coefy(m,n)17]. (14)

(m,n) e Wy g

AR SO B MAEEE 1, - 1,1 A PSO 5
PRFHE A (3) RN O X, SR )E LA
K () MERIEM %L, LS Ik MA G 7
LG A S K b VU ) 4 5 1

(1) 51 R A (LA OB

F T [ 52 B R 57 1A EL &% 14 36 17 1, 7T g
FETET TN SE 0 R a1 s A0 1 R 100, e it A Ty
B S RGN R B A 11 i, BE 11
AfLLE Y, i TR E B 0 N Sih g &1
SR L MR- 22, A% G /N 7 v R eR 0k
FLE B, O T A A s I AN R

| coefy(m,n) 17 +

B AUM {HANZE 7 P
1.0) rocseses
= 08 : R
-2 eeseocac
& < rkst}éfj:-
g i o ik
g « WishHE
@ o KHEKSY
0.2 o (BN
. . . .
0 10 20 30 40 50 60

Steps focused

B R E S A A e e th 2 R
Fig. 11

Evaluation curves with little details in fixed

window

x7 11 VM EH iR EE T AUM B
Tab.7 Standard deviation and AUM values of

evaluation function in Fig. 11

A IR REES
bRz 0.270 3 0.044 7 0.002 5
P PR B 17.36 47.12 41.36

HI Al WL, R J7 V6 /Y AUM {H f /)N, il 26 5%



290 D S

4

TE S — [ 7E B AR AL 0 A AT 100 R
R, 3 b5 ik (191 2 2R AR (] K1 3 R ARG
BEEANER 8 P, Hovb SRARHE O BLAE R A of
5 SR R AR 2 1 A XA, SR ARG B el o
RYNGRERSE

*8 3MAENREMEARREBHELLR
Tab.8 Comparison of focusing time and focus

precision of three methods
RIS KRRy

BAER]/s 2.13 3.5 2.83
RARHHE/ um 2.36 2.38 2.31

1% 8 AT, 55 [ B AR G kA 1, AR
Ik R A Rl B, RGO R 225+

BT LN S YA RS A0 i 2k, A7
LSS PN B BN 12 s . X B Y

AUM FRE AN 9 Fi7s

1.0
= 0.8L ;:-,;:"‘-*"".;;;"’"
S
g o4l & Ak
s o Hpilkik
g * Bk
Z 04} o KIERS
2 o fGE/NE

0.2

O I0 20 30 40 Tso 60

Steps focused

Bl 12 [ s e i 2 i P 4R K
Fig. 12

Evaluation curves with much details in fixed

window

x9 12 iR R kAR ZEFD AUM B
Tab.9 Standard deviation and AUM values of

evaluation function in Fig. 12

ARSI Ty MR RIS SN
PrifEZE 0.2703 0.07050.030 6 0.2471 0.279 4
VA

o 17.36  40.08 40.92  22.60  19.48
B

HIEES52/ 508

(2) 5 H BT R AR U (DL TR A 7
L) o

1 TSR E T 3 T 0 PR X sk BN vk, A
D5 A 4% B2 07 IR A TR DX AR 2 SR
ZESERK, B H g2 R an & 13 B, % bz i)
AUM HIHR{E AR 10 s,

1.0

0.8
* WA Rk
O.G'D BSR4y

o fLgihi

0.4r

< AT
o WAL

Evaluation function

0 10 2I 0 3I0 4;’) 50 60
Steps focused

P13 F 30 f T A A 2

Fig. 13 Evaluation curves with adaptive window

F10 E13FEMEEMEIRAEZT AUM &
Tab.10 Standard deviation and AUM values of

evaluation function in Fig. 13

AT TR W eRE K220y 155 /N
PRiEZ 0.2703 0.07720.008 1 0.1707 0.254 8
PEMY R

ey 17.36 51,48 FHHHM  19.48  21.28
g

AT UL, AR 77 36 1 AUM (B S /), il 460
LI

TEHE— [ 7E B AR AL B B B AT 100 TR
R, BRI sREGEA P 500 AT i 1P 2 2R
RIS a] B P2 AT B AN 11 Fs

21 BEBITENEYHRITEETRERHE
Tab.11 Standard deviation and focus precision
values of evaluation function in Fig. 13

ARSC5 ik DAk IKEE2E 5 At/ N
REII]/s 2,11 3.47  2.85 2.32
REERWHE/pm 2,31 2,45 2.54 2.21

FH UG AT DL AR 75 1 AUM (B B AR, P74 PR AR

HIZE 11 A0, 5 O B B A5 SE 5 A



533

EIERE, 25 5T BRORCAE DX R MU N AN 19 22 702X A 3 R 4R 291

o, Ay gk iy SR AR ) e, RAERG E T R 22 5+
5.2 MIRAIEFNmS

BT AT E T TR R AT B  8
1 2253 AR HAS B, IO HERR 52, WI R 67 B A
(RIS, 22 00 345 1 i LR TGO B LA K o 4,55 1)
NEEBMETEBRESATAR, DI, %
DY R B 2 IE B IR 2 e AN [R) ) iX 2 A
ITESEGTITEN—D EE X G, R A Ty

1.0
= 0.8f S L GEB TN
S .
g v Pl E AN
£ 0.6
=
2
S 04f
g
]
0.2
0 ,;'4,':_" N N ".-f.-‘.a_:
0 10 20 30 40 50 60
Steps focused
K14 ARFERIER A E PO RCR UL
Fig. 14 Comparison of assessing effects with different

original positions

SENW:

TR A 2 B ) U A AR AR, AR SOk
Lena EURJF AT T E, 25K E 14 FiR,

H1 & 14 R0, B0 0607 B AR R I R B0 —
TERRZE TS AN TR] , ELA) 4 T 45 ol /) fi 4
BEW ; [ IF , AW G AL B AT, A Ty 125 10 il £ 2
REJLT-5E0 [ 0,1 ] X [a) ( BRH) 4R 5L & Ak 1) DF- i pR
BAEHEE T 0)  EAFA 7 B B 1 - 2 i £
YR eE, WA 12 K 13 AR 14, AT DL R
L BRA T v, Hof 2k Rk [0, 1] X ],
DAL AT A TGk BN

6 % #

ARSCHEH T 2200 P BUEIMG A S (0 05 1, 4
T TR 1 2 e 1 2 R AR X e ik
o IR T PG BB /NP AN PR,
SR A VE T Sym2 /NBEEE Il AE S i )2 AL
N RN () BRI BB ERBOT T
AN BRBO A B 17 XS 57 kAT T X
PLSCH, 5 AR i AT SR R 1 45 Y R AR
5 73 B TR INE, PSO SEvE Y, 2E— P
TRAEREE , W ELA SO TR A 2R
IR

[1] NAYAR S K,NAKAGAWA Y. Shape from focus[J]. IEEE T. Pattern Anal,1994,16(8) :824-831.

(2]

[3]

(4]

(5]

[6]

(7]

[8]

(9]

PARK B-K,KIM S S,CHUNG D S, et al.. Fast and accurate auto focusing algorithm based on two defocused images using
discrete cosine transform[ J|. SPIE,2008,6817:68170D.

CHOI J S,KANG H,LEE C M, et al.. Noise insensitive focus value operator for digital imaging systems[ J]. IEEE Trans-
actions Consumer Electronics ,2010,56(2) :312-316.

KIM Y,LEE J S,MORALES A W. A video camera system with enhanced zoom tracking and auto white balance[ J]. IEEE
Transactions Consumer Electronics ,2002 ,48(3) :428-434.

MICHELE M, HENRY J,FREDERICK K,et al.. A Image based auto-focusing algorithm for digital fundus photography
[J]. IEEE Transactions Medical Imaging ,2009,28(11) :1703-1707.

SUBBARAO M, TYAN J K. Selecting the optimal focus measure for auto-focusing and depth-from-focus[ J]. IEEE T. Pat-
tern Anal. ,1998,20(8) :864-870.

SUN Y,DUTHALER S,NELSON B J. Auto-focusing in computer microscopy : selecting the optimal focus algorithm[ J].
Microscopy Res. Techniques,2004,65(3) :139-149.

YANG G,NELSON B J. Wavelet-based auto — focusing and unsupervised segmentation of microscopic image[ C]. Pro-
ceedings of the IEEE International Conference on Intelligent Robots and System, Las Vegans, Nevada,2003:2143-2148.
AR, R, @A PR B A SRR R Rk )] R S HOR 2008 ,34(2) :231-236.

ZHANG L,JTANG W,GAO Z. Automatic focusing region selection algorithm based on first order of digital image[ J]. Opt.
Technique ,2008 ,34(2) :231-236. (iin Chinese)



292 D S

[10] R&4e XEF KA REBRKEERS L SL A A SR [J]. L5 45 % £42,2009,17 (12) :3016-
3021.
LIANG M H,WU ZH Y,CHEN T. Auto-focusing adjustment of theodolites by largest the Gradient method[ J]. Opt. Pre-
cision Eng. ,2009,17(12) :3016-3021. (in Chinese)

(11] A% MR, %) B4R, 4. [R1R A 3hJE SR 0 e e 4R X ORI [ U] B 52400 K,2006,32(6) :851-854.
HU T,CHEN SH ZH,LIU G D,et al.. Algorithm of selecting the optimal focusing region[ J]. Opt. Technique,2006,32
(6) :851-854. (iin Chinese)

[12] KENNEDY J,EBERHART R. Particle swarm optimization[ C]. Proc IEEE Int Conf on Neural Networks ,Perth, Austral-
ia. Nov/Dec 1995.1942-1948.

[13]  #wesh, 5K R, . BRI SIR SRR [ T]. 424) 55 25,2003 ,18(2) :129-134.
XIE X F,ZHANG W J,YANG ZH L. Overview of particle swarm optimization[ J]. Control and Decision ,2003,18(2) ;
129-134. (in Chinese)

[14] JAWERTH B,AWELDENS W. An overview of wavelet based multiresolution analysis[ J]. SIAM Rev. ,1994,36(3) :
377-412.

[15] XIE H,RONG W B,SUN L N. Wavelet-based focus measure and 3-D surface reconstruction method for microscopy ima-
ges[ C]. Proc. of the IEEE/RS] International Conference on Intelligent Robots and Systems, Beijing, China,2006 :229-
234,

[16] 3RiZ M, AR B, 3K P A 5 Gullm iR SARBLAYRE SR [T ]. 3 4% T42,2009,17(5) :1014-1019.
ZHANG Y H,ZHAO G N,ZHANG ZH H. Accurate focusing of non-mydriatic fundus camera[ J]. Opt. Precision Eng. ,
2009,17(5) :1014-1019. (in Chinese)

[17] K#i&, RS Mm,#%. BREOGEEBSHENM BT T]. b5 % T4 ,2009,17(11) :2756-2761.

ZHANG X J,YAN CH X,XIE T. Design of focusing mechanism of space remote sensor[ J]. Opt. Precision Eng. ,2009,
17(11) :2756-2761. (in Chinese)

EER N DR (1984—) , T AL TRIEN UL WFFEE T 51, BN A ()1 AN LSS 2R 48 B RE IR £ 2507 T ) AT

%, E-mail:lv_hengyi@ 163. com
X (1982—) W5 A, 25 S A BRI B2 W 7 i BIBFSE . E-mail ; 1ghit520@ yahoo. com. cn



