48,110901(2011)

T E

B SHEIFHRE
7

Laser & Optoelectronics Progress

MRV B PEE TR R By

FEE %

©2011 (H [E#OE) 2 Bt

N
F?‘?i%,i_‘n‘néﬁé

.
=13

7 Tl B
W T 0 S MR B TR RN A SR KM B VR A5 B0 e A TS Y
ﬁ?*ﬂﬁ%ﬂiﬂ"ﬂ‘%ﬁ?
Eh‘v«u

o KL
0438.1

AR TSR T LA KRR . R R AR IUR T BT 2 BUE AT TR R B S8 5 H L
B L 5 4y 14 £ - T o B

R ARATAS TRRE T 1% 1 A 45 i v B

3 35| ;ﬂz%é,&kﬁ;%ﬂﬁm,%

FESES

YRRV ASREY (X (Ve o =N
MEFRIRE A

doi: 10.3788/LOP48.110901

Determination of Focal Plane in Digital Holography Based
on Integrated Gray-Level Gradient Method
Li Guangyong Huang Liang Tang Lili

Yang Yan

(Key Laboratory of Automobile Parts and Test Technique ., Ministry of Education . Chongqing
University of Technology . Chongging, 400054, China)

(=4 2
Abstract To accurately locate the focal plane of object in digital holography. the overall sharpness (OS) method. which is
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—

the supplement of the edge-sharpness (ES) method, is presented. By combining above methods, the integrated gray-level

090.1995; 090.2645; 350.4990

gradient method is obtained. The criterion with ES is confirmed to be appropriate for large particles or small object distance
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In contrast, the criterion with OS is determined to be appropriate for small particles or large object distance. The conditions
OCIS codes

of above criteria are discussed by using numerical simulation holograms of particles. At last, the integrated gray-level
gradient method is applied to the real holograms of dot array target and calibration target. The experimental results
demonstrate that this method can effectively extract the focal plane of particle.
digital holography; focal plane; integrated gray-level gradient method; particle; simulation hologram

1
20 42 60 4FAR, Goodman % 4R H T HUF & B AR . I ARIE Ry —Fh = 4E MR REH A
?FEF%EI’\J??’% M5B . ETFEIGCRERE . 2 B AR NG E2E 2 BT

AR BT EA A A B R AR CCD R EIR . AR AN [ 06 B 2548 4 B IE W] LA 4y 4 [
iﬂﬂ%ﬂﬁ%%ﬂﬁ%“ [ 2l 4 S T S 2k

[ 0

EEBARPE Ry EE,

i S B il Ak 45

FERCF 4 D P A BT R T R 1ot
S T A /K1 0 9 A2 L VA e = o L -5 (731 = s R
JAe] 4 1 b X H AR £ P TR A7 AR BT 2 B BOR th 5y — A DB [l @, 0 HAE T T 4 B i 3 U 2 09 R
TR RBOEAE BT A P B s Kob SN 4R 1R B o ) 5 1 Kim 255 IR VA — k0 B 325 Sf A6
TR T R A
HE£mAB: g
1EEE N

SRR
—rﬁﬁl‘éﬁ/\

o
Ichenko %5 FI] FH B B2 o D) VE kb 7 0 42 B9 4 5 s Dubois 257 4 H T 254
xﬁlﬁm/f XK B A5 3R T SO0 B ) R s Kim 20100 R R R 0 o0 A a2 7 £E O 1T s Yang 25U A
N &
g =asp]
1

2011-05-12; Y BIMEM A EHA: 2011-05-30; MK HM B H: 2011-08-27

FRTT G SRRl 4 (CSTC, 2010BB2087) , (EC, KJ110822) 1l 8 JK B Tk 24 B 0F i3 3h

ZE B (1985—) B W+ F 5k, FENFRF 2B A5 . E-mail.
HA975—) B B, EEANE R A B T

(20092d29) %% B
110901-1

lgyzimu@163. com
E-mail; yangyan(@cqut. edu. cn(Gf

R EIN

S8 YT (TR e YA
T T T2 2 s TR T R 7 W5 92305+ K 400054)
BWE X ET 42 B H bR 8 1R i 7 [R]85

T X 300 2% K B TR EAT A ST B S Al b BRI T 4R K AR

T2 38 T RO R 0 30 BB 15 00 & 1 )5 25 7/ R

R LA VR FLAR N T T AN TR 26 TR 1 o R T 4 T
BHA



48,110901 MM SYBIZHRE www. opticsjournal. net

ARSCIE T 255 LR L i B R AR AL G T GO P L 1 (ES) Al E A8 T 2 Ry K BE 6 ¥ (OS) 1%
FURY o A X AR L 4 T A 20 BT A B T 300 5% DK RE A B 0k AR 4 Jrg K PEE B JRE 1 4% 1 P A Y L L 2 T A B T4
R B 15 B HAR I P2 U o s S K2 D ik IO P T s o L T 4 R L A5 ) T A AR [l RSPk T 78 AN [] 2%
PFTR Y e R BE 1 T L B BRI T %07 A R R R A Iz Al

2 AT A BORFEA I B

A4 B B G R N 18] 1 s . SOt i r= object
SRR IR T 2T 7 50 0 403 ) CCD el IE
AT AR~ B 1 D6 AT B VE YOG . R B 9 H B DG T & beam expander
FE 5% 0, COD e 814 B . BT % B fE i3 g
PL SC B W B A . % AR e LR R I - R Fig. 1 Principle of in-line digital holography
KU AR AR A
R(é,q’>::4%fj.{h<x,y>ER<1,y>eXp[‘*(Z"/A) E -0+ G ="+ d g, (D)

J E =2+ G = +d

L R ) A E (s y) 4331k T B 63 1 5 I 53 A5 #0525 5606 3 1 AR W 4 A b (o) 2 B
d R BEFE] CCD IR A Hi K.,

ARG RS ¢ ATLHIERE RS SRR R RN . i 45 BUOK BT 200 75 290 B 1 4 9 %
TRV -y et R AR SCOR A BRI A 4 B I R AT R0

;o 1) 1 expl—i1 (2xn d* x—&)? — )2
R o> = 7 {olhep 1o | 0L B E s e

2 A AT ) A A AR A AR e T S Ex (s ) PR, ATRUHE R R

X2 E B BV 2 (e a ') R T B4R 35 S pR AR OCes ) 43 3R ER (1) iy R(&T. ) A
h s y) AE ] 15 B4 B B4 B IRl T RS L O B RO B W B BT AR 2 R T R
HEA& R ECT 4 B EIe Mg . SCERLLS Jrh A48 1 MRl W) 4 8 P ) B0 A48l D7 vk RV TR B ik A AR
T A VR F Ay 7 o 0 0 EBURE SR

Ly A J/d'*+2L2
e e (3)
N 2L,

Ap Lo N SEbrit 3 Il d” RGBS . N O BORERC. I (30 20T LATE Y o 07 S5 B 08 N bk JORF: [ ol S
TP A YRR e,y T SE BRI DO R T 3% IR A 26 B DR A HORE JORE el 7™ A% 1 TH 5 0k AT
1A B AR B 7 3 - 6 BUE BEWE A5 21 w5 20 B 5 1) 42 BL AT 5 HL AR vy oo A0 R A 2 Wi 3 ) 1 28 A T A 2
A o PR AR SR ) T A RRR 0P AR RURE T R TR DR I 25 5 DR A TR 3 4 L A R 20

3 LRA KL RE VL A
3.1 hEIREEHE K
BV 2 77 o 1R TR A S R O
RGO L SRS . R PR ERE 2<% 8% 8§ 7
AT L FFIRE 300 5 6 FE B BE R HEAT SR o 1 58 PR 1 3 1
B {7 S8 T AR TS A (B AR
WABRWERFHn%. |3 R TR FamEy— 02 HTEREEARLERER
(8 VR {4 h 2 25 TS 2 R FE AR JE Sy T 4 XK Fig. 2 Reconstruction images of particle hologram

-100 Ad -50 Ad -20 Ad focus 20 Ad 50 Ad 100 Ad

at different distances

1 N, 1 N,
S]-: :VIZFl,'(Ivy)_ﬁZZFz,'(JF’y)» 4)
A Ny FI N, 4300 T S A R 30 5 DXRURL 30 B AR R T F (e ) FFy; (e ) D AE B IX S5k

110901-2



48,110901 MM SYBIZHRE www. opticsjournal. net

M8 28 S K AR

BT AR R R 1Ak T AN TR W T i 40 4 B 1T
15 BIPRE 7 B R A i KR Ao R it B A Al vy it 2 T [
AR REERZEME 1 PR, diak 1 NE 4 Ha]
AT th L RO /N i 5 2 5 € ity 42 e (L A

[ background
W boundary
M particle internal

. HRERZEB K., REMNE 4R LDEL .Y K 3 kTG
Eﬁﬂjﬁ,ﬁxﬂlﬁﬂ?f}f ﬁgg EHSI éf D] m%@ﬂl@ ANEHE ., H %é,’@ Fig. 3 Reconstruction image of particle

BRZEEWAI . AT 4 FIER T AT RS RN W B A T 00 % K JBE b BE 3k RE B8 R B M AT kL T 0 £
L E o AR TN ROSERE I  H3 G JRE R B i 4 U (B A B Sl IR T BT A I IR (R R
RS BOR D AR 1 b i BBOCHG 0 5% DRI 300 5% < B2 o B8 9 AR il A /L 3 1 T (07 25 . [) g 7 49y B
KA DL QAR AERE 7 [ O 20k T 1 CCD i P B IA] 5 HhoRE 9 10 G s 2 AN 39 BT -t A0 AR MRS A b 2 B
RLF 301 % o AT 5 WEDR 5~ 8 P T A 7 A2 G 2

(@) d=195 mm —D-518um 09 ®D=1258um d=100 mm
81 ;7\ ——D=96.2pm : d=150 mm
i D=1996pum{ [ [ | d=250 mm
d d D=347.8 um| 0.8 == d=350 mm
0.6} L
@ | { oy 07
0.4} “// \\.."-:\‘ / 2 \\
| == NG 0.6 i \
e ORI I
02}.- N 05F ‘\2\:7\“
190 192 194 196 198 200 -5 -3 -1 1 3 5
Reconstruction distance /mm Relative reconstruction distance /mm

B4 BFRHgRKEMEMLE., (OREER DB ML ; (D REYIE d B R e 2

Fig. 4 Effects of particle diameter D (a) and object distance d (b) on the edge-sharpness Sg
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Table 1 Errors of focal plane determination using ES

Object distance d /mm 195 100 150 250 350
Particle diameter D /pm 51.8 96. 2 199. 8 347.8 125.8
Error /mm 0. 089 0.059 0. 045 0.063 0. 064 0.073 0.079 0.112
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Table 2 Errors of focal plane determination using OS

Object distance d /mm 195 100 150 250 350
Particle diameter D /pm 51.8 96. 2 199. 8 347.8 125.8
Error /mm 0. 089 0. 066 0.074 0. 081 0.074 0.087 0.114 0.103
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Table 3 Applicable conditions of the integrated gray-level gradient method

Diameter Object distance d /mm
D /pm 50 100 125 150 175 200 225
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Table 4 Errors of the focal plane determination for different dots

Particle diameter D /pum 39 70 95 140 190 260 300
Error /mm 0.031 0.011 0.029 0.029 0. 049 0.009 0.071
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Table 5 Errors of focal plane determination using different methods

Object distance Mean of focal Mean error Stand deviation of
Method
d /mm plane /mm /mm error /mm
ES 197.100 0.068 0.032
197.131 OS 197. 157 0. 059 0.042
Integrated 197.131 0.032 0.020
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Table 6 Errors of focal plane determination at different object distances

Object distance d /mm Mean focal plane /mm Mean error /mm Stand deviation of error /mm
142. 541 142. 541 0.014 0. 007
183.612 183.612 0.021 0.015
197.131 197.131 0.032 0.020
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