HNRSHBEFZHE
53, 041203(2016) Laser & Optoelectronics Progress ©2016( 1 [ i 6 ) 2 ikt

SO0 S0 B T 728 I v R A DG S AR U Sl

KR FEER ERLE 23%F

REER PR AL 5000 T TR O B HOREH M E LR =, K 300072

TEE R OGS 2 BCBE T V5 D0 (S B . S T R I EORE 3 1 A G P R A G B — il = R A 3
AT AR V8 1 0 53 o 38 2o 43 BT HICEE 370 AH DG 1 5 B RO ST A9 06 3R I 3AR T RS 80 T 388 3 ™ JR AR R T T 410 i 302 A G 1

HUBE, {5 FCIGE T 5 3k AOAT R0 o A Tl 3R T 1 FE 00 V8 i CBE T 3 R G, R ISR AF RS, AT

T ASE T Ak B0 = R A AR o e 0 A AR A R A Xﬁthi%é*%%éﬂﬁ:é’%ﬁ@ﬂﬁﬂﬂ’aa&ﬂf%*ﬁ;r‘ﬁwﬁﬁﬁﬂb&ﬂ%

L7A% A OC RS B T2 2.5 4% A7 R0 il 7 H08RE T 96 I i v 3B R DG I & R L RIS ARAS R4 TS A 80 A A T IX

WAL 2,565 T TREE T I R BUR R LY

LR W T PRI i 1R A OG; EOBE RS AH A G 5 8 S O I AH A AR

FESES 0436.1 XERARIAED A

doi: 10.3788/LOP52.041203

Phase Modulation Method to Suppress Decorrelation Phenomenon in
Speckle Pattern Interferometry Mearsurement

Cai Huaiyu Guo Zhendong Huang Zhanhua Li Qingqing

Key Laboratory of Opto—FElectronics Information Technology, Ministry of Education, Collage of Precision Instrument

and Optoelectronics Engineering, Tianjin University, Tiangin 300072, China

Abstract Decorrelation of speckle patterns restricts the implementation of speckle pattern interferometry. A method
to increase the speckle correlation and to suppress the decorrelation phenomena is proposed by using a cubic phase
mask for the phase modulation. The relationship between the speckle correlation and speckle sizes is analyzed, and
the mechanism is elaborated that the phase modulation suppresses the decorrelation of speckle patterns. The
feasibility of the method of phase modulation is verified by simulation. Then the measurement system of phase
modulation speckle pattern interferometry is setup. Object lights transmit through a 4f system with a cubic phase
mask on the phase surface, therefore the phase modulation can be conveniently achieved. The results of contrast
experiments show that the transverse correlation size and the longitudinal correlation size of modulated speckle
patterns can be increased by about 1.7 and 2.5 times, respectively. The decorrelation of speckle patterns can be
effectively suppressed. Moreover, the correlation area of speckle pattern interferometry, in which well-observable
fringes are obtained, can be increased by about 2.5 times, and the partial contrast of fringes in speckle pattern
interferometry can be enhanced.
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Fig.1 Schematic of micro speckle in xoz—plane
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Fig.2 Normalized intensity of one dimensional impulse response function. (a) x—direction; (b) z—direction
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Fig.b Measurement system of phase modulation speckle pattern interferometry.
(a) Beam path diagram; (b) physical map
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Fig.6 Simulated digital speckle pattern interferometry fringes at different defocused distances.

(a) Without modulation; (b) with modulation
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Fig.7 Digital speckle pattern interfermoetry fringes at different defocused distances.

(a) Without modulation; (b) with modulation

H1 P77 UL, B A 5 T 1 i % 10 0 I, BROBE T AR BUS MR I R o R 2R AL R R HRE T 3 A G
DX [H] 29 160w, SR AL 38 65 O30 2 SR L B AR E X P RE B 8, AR G IX () 24 400 o, §7 29 2.5
Fio SOFEAR—2.

S F B BB AR T DN 1 RS BN, w, | w, Z AR SGME TR B, AR AR LU BE TR R 25 A5 T 1) i B i
BRBEAHC R I  w, ©w, ZTVRESC R BN 07 IR MG IR R N L, TP A B0 2 o Hh T AR 98 1 185 R 1 BICBE Y
FHOG RT3 1 HOBE S B A OGHE , DR R RE 8 4 JR AR T DX, 48 THIBOHE T30 25 8O U BE o SE BRI vh , il 1
DGR AR P B L L2 R 7S B 52 W, BICRE T B 2% B0 2R I A8 S BORE 37 AH O R BUEEAE A 907, B LS Br
OB 21 1A RSORE T DX 2 /N T OREAR S R

4 45

TE A B 2 R G T TS e S K B R K (S VR S P 80 BB 9 4 v R 5 AT A
R R 0 OB M G 0 R O B B . o T OB M D 5 HORE R B e B A
TR D 4 90 03B S P BT 5 2052 B0 IE B T %0 R T DA RO I CRE S R e L AR R T
WG, SR P A 7R G5 25 0 10 A AL 8 ) BB 9 D0 2R 4, AR AL 98 7 R AT O L SR RS . 4 R
R 5 3 I B S 8 1 A S R R TE 2 LT R 0 M 6 RS 4R T 24 2.5 6% , HCBE T o 0 ik o 4R 78 1 L A T
W 4 SCH N 1) A IX IR JE 240 2.5 8, BCRET W5 4 BUR R LB T o TR ST v 07 PR 52 98 0 0 3% T A
3T 9 4% S0 PG R B, 5 A HICRE T o 9 P Ly A 67 3 ) T LA R A R DG R, 4
Ji 46 38— A T R £ 0 B 0 B T 2 0 B B KA 5 9 9 7

& % x

1 Dai Xiangjun, Shao Xinxing, Geng Zhencen, et al.. Vibration measurement based on electronic speckle pattern interferometry
and radial basis function[J]. Opt Commun, 2015, 355: 33-43.

2 Li Xiangyu, Huang Zhanhua, Zhu Meng, et al.. Measurement of transient deformation using high—speed temporal speckle
pattern interferometry[J]. Acta Optica Sinica, 2015, 35(6): 0612002.
ERT, BACE, ORI, AF L BRI AR G R RO T I 4 (7], D624 22 4R, 2015, 35(6): 0612002.

3 Qian Xiaofan, Rao Fan, Lin Chao, et al.. Speckle noise reduction algorithm based on principle of shearing interferometry
[J]. Chinese J Lasers, 2011, 38(7): 0708003.
BRI FL, 198 WL, AR R, A R YU T B I B A0 B M A R AA R 1), R D EOE, 2011, 38(7): 0708003.

4 Sun Ping, Fan Xiangju, Wang Xinghai. Three—dimensional electronic speckle pattern interferometry with carrier modulation
by using large-shearing block prism[J]. Acta Optica Sinica, 2011, 31(4): 0412012.
N, A, £ BT ORI TR T W HOR [J]. OB IR, 2011, 31(4): 0412012.

5 Sivaramakrishnan A, Lloyd J P, Hodge P E, et al.. Speckle decorrelation and dynamic range in speckle noise limited imaging
[J]. Astrophysical Journal Letters, 2002, 581(1): L59-L62.

6 Huntley J M. Random phase measurement errors in digital speckle pattern interferometry[C]. SPIE, 1997, 26: 131-150.

7 Sjodahl M. Calculation of speckle displacement, decorrelation, and object—point location in imaging systems[J]. Appl Opt,
1995, 34(34): 7998-8010.

8 Ward J E, Kelly D P, Sheridan J T. Three—dimensional speckle size in generalized optical systems with limiting apertures
[J]. J Opt Soc Am A Opt Image Sci Vis, 2009, 26(8): 1855-1864.

041203- 6



53, 041203(2016) HMYSEMNYEBEIZFHE www.opticsjournal.net

9 Li D, Kelly D P, Sheridan J T. Three—dimensional static speckle fields. Part I. Theory and numerical investigation[J]. J Opt
Soc Am A, 2011, 28(9): 1896-1903.
10 Li D, Kelly D P, Sheridan J T. Three—dimensional static speckle fields. Part II. Experimental investigation[J]. J Opt Soc Am
A, 2011, 28(9): 1904-1908.
11 Gundu P N, Hack E, Rastogi P. Superspeckles: A new application of optical superresolution[J]. Opt Express, 2005, 13(17):
6468-6475.
12 Vozumi J, Ibrahim M, Asakura T. Fractal speckles[J]. Opt Commun, 1998, 156(4-6): 350-358.
13 Funamizu H, Uozumi J, Aizu Y. Digital holographic fractal speckle[J]. Journal of Optics, 2013, 15(3): 35704-35711.
14 Cai Huaiyu, Jiao Mengjin, Huang Zhanhua, et al.. A phase encoding modulation method to increase the longitudinal
correlation of speckle fields[J]. Laser & Optoelectronics Progress, 2014, 51(10): 101203.
SEMT, BEAR A, AR, AT B OB I A 150 A O Tk A AR 7 4 5 R R T R [, SO SOk 2kt R, 2014, 51(10): 101203,
15 Li D, Kelly D P, Kirner R, et al.. Speckle orientation in paraxial optical systems[J]. Appl Opt, 2012, 51(4): A1-A10.
16 Goodman J W. Introduction to Fourier Optics[M]. Qin Kecheng, Liu Peisen, Chen Jiabi, et al.. Transl. Beijing: Publishing
House of Electronics Industry, 2011: 14-16.
RS A E OGS R M) ZE 0, XV AR, BRACEE, 4B, 3 At T Tl A, 2011: 14-16.
17 Le Vannhu, Fan Zhigang, Duong Quocdung. To extend the depth of field by using the asymmetrical phase mask and its
conjugation phase mask in wavefront coding imaging systems[J]. Appl Opt, 2015, 54(12): 3630-3634.
18 Guo Xiaohu, Zhao Yuejin, Dong Liquan, et al.. Analysis of effect of phase plate decenter on wavefront coding imaging[J].
Chinese J Lasers, 2015, 42(8): 0809002.
SR/NGE, BUBRIE, HEAT R, S AR AR U 6 I T A T R B8 I RO IR 3 BT [J]. R EREOK, 2015, 42(8): 0809002,
19 Javier G, Zeev Z, Pascuala G M, et al.. Three—dimensional mapping and range measurement by means of projected speckle
patterns[J]. Appl Opt, 2008, 47(16): 3032-3040.
EEERE: T4

041203-7



