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Abstract The key in the quality evaluation of the speckle is to construct model which can describe the relation
between speckle pattern feature parameters and measurement error of digital image correlation method. Till date,
no theoretical analysis model describing the relation between the speckle pattern and its power spectrum has been
reported. To address this issue and considering the perspective of stochastic process analysis, the relations between
the auto-correlation function of the binary speckle and parameters of speckle duty, speckle radius, and gray value are
investigated herein. Furthermore, the theoretical analytical form of the binary speckle power spectrum is obtained
according to the Wiener-Khintchine theorem. Finally, the theoretical analysis results are verified by numerical
experiments. It is observed that the theoretically derived results are consistent with the numerical experiment results
on the main lobe of the power spectrum and on several side-lobes nearby. Considering the power spectrum, the
maximum value of the main spectrum is consistent with the experimental results. This model can be applied to
subsequent speckle error analysis studies.
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Fig. 1 Calculation model of binary digital speckle pattern
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Fig. 2 Pixel circle series of binary digital speckle
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Fig. 4 Binary digital speckle patterns. (a) R=2,6=0.2; (b) R=2,6=0.5;
(¢) R=2,0=0.8; (d) R=1,0=0.5; (e) R=3,0=0.8
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Fig. 5 Comparison of power spectrum theory analysis and numerical experiment.

(a) R=1, 6=0.5; (b) R=2, §=0.5; (¢) R=3, 6§=0.5; (d) R=2, 6§=0.3; (e) R=2, §=0.7; () R=2, §=0.9

5 i iE

PEH T —MRFE RS R RS T 0 {1k
B BPREAL AL, #) ] Wiener-Khintchine & 3 15

TAEALBCT BB RS i BS AT A R . B S
S5 R B o A 45 SRR B R  AE DRI
DA K FC R 3 68 JLAS 55 3 b B8 20 B 45 51 5 BU(E 52
WERBIW G DR E MRS LR RS

0312002-5



ot 2 X 2
BEE., PRSI W Ry N LT] . 1 ZE T, 2003, 24
ARSI 190 B LT 5 2 21 (1 512-516.
T%I‘T’ﬁ){lﬁ"]’ﬁzﬁﬁ ,ﬁ:ﬁ’ﬂﬁﬁﬁﬁf E‘Jﬁﬁﬁ’fjﬂ’ﬂﬁﬁﬁmﬁ [7] jhan ‘Y C, szi 1X, 'Jin.G C,. et al.l Tondcstructi\fc
§ . w T, s n etection o elaminations 1 multilayer ceramic
W?ﬁ?%%ﬁiﬁf@%dﬁhkg '—:jéiﬁﬁ{ﬁ@/fé 7 AU capacitors using improved digital speckle correlation

B L A B 5 B A 1l — 0 o i o 0 T 428 5 Xk ek 4 £ method [J]. Microwave and Optical Technology

S AR . LIS SRR B R T T Letters, 1997, 16(2): 80-85.

PG R R RICERE 301 2% K B 1 52 ) 05 ) R4 i 1 [8] WuMY, Guo]J]J, Jiang M. Calibration method of

AR R 2, A T AL N Ty T %'fjﬂ‘ microscopic three-dimensional digital image

RN . correlation system based on fixed-point rotation[]].
Acta Optica Sinica, 2018, 38(12): 1215010.

5 = ¥ W Rk, BT, TEU. T R 1 5 = e

FEMGH S R g br e Jr ik [T]. e %M, 2018, 38

[1] Liu C, Dai Y T, Dai M L, et al. Deformation (12): 1215010.
measurement by two-dimensional multi-camera full- [9] Chen Z N, Quan C G, Zhu F P, et al. A method to
field digital image correlation[J]. Acta Optica Sinica, transfer speckle patterns for digital image correlation
2016, 36(12): 1212002. [J]. Measurement Science and Technology, 2015, 26
XN, WM, MR, . g2 HNSH TR (9): 095201.

BASCADE M L T7 5 [T Jesraidle, 2016, 36(12): [10] Zhou P, Goodson K E. Subpixel displacement and
1212002. deformation gradient measurement using digital

[2] Pan B, Xie H, Yang L, et al. Accurate measurement image/speckle correlation (DISC) [J7. Optical
of satellite antenna surface using 3D digital image Engineering, 2001, 40(8): 1613-1620.
correlation technique[J]. Strain, 2009, 45(2): 194- [11] SuY, Zhang Q C, Gao Z R. Statistical model for
200. speckle pattern optimization [ J]. Optics Express,

[3] Choi S, Shah S P. Measurement of deformations on 2017, 25(24): 30259-30275.
concrete  subjected to compression using image [12] Tang HC, LiD H, LiL, etal. Planar object surface
correlation[J]. Experimental Mechanics, 1997, 37 shape speckle pattern deflectometry based on digital
(3): 307-313. image correlation[J]. Acta Optica Sinica, 2019, 39

[4] Chevalier L, Calloch S, Hild F, et al. Digital image (2): 0212006.
correlation used to analyze the multiaxial behavior of B, e, A, S H TR R AL G T
rubber-like materials [ J]. European Journal of T W0 1 T T 8 B IR T I 3 AR (] 62222 3R, 2019,
Mechanics-A, 2001, 20(2): 169-187. 39(2): 0212006.

[5] Zhang DS, Eggleton C D, Arola D D. Evaluating the [13] Gao Z R, Xu X H, Su Y, et al. Experimental
mechanical behavior of arterial tissue using digital analysis of image noise and interpolation bias in
image correlation [J]. Experimental Mechanics, digital image correlation [J]. Optics and Lasers in
2002, 42(4): 409-416. Engineering, 2016, 81: 46-53.

[6] Wang]J, Li H Q, Xing D M, et al. Application of [14] Wang Y Q, Sutton M A, Bruck H A, et al.

digital image correlation method in bridge cracks
measurement [ J]. Chinese Quarterly of Mechanics,
2003, 24(4): 512-516.

F#, B, WA, 5. BT RGN ETE R

0312002-6

Quantitative error assessment in pattern matching:
effects of intensity pattern noise, interpolation, strain
and image contrast on motion measurements [ ] ].

Strain, 2009, 45(2): 160-178.



