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Optical Microscopy Image Restoration and Its Application in
Strain Measurements Using the Digital Image Correlation Method

Han Wei, Wu Dan’
School of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, Zhejiang, China

Abstract As a direct and effective non-contact full-field optical measurement method, the digital image correlation
method has been widely used in 2D/3D displacement and strain measurements of materials and structures in various fields.
Combined with advanced speckle preparation technology, in situ loading experiments are conducted under a microscope,
which can realize the displacement and strain measurements of micro-scale digital image correlation. Out-of-plane
displacement inevitably occurs in the loading process of specimens at the micro scale. Because of the limitations of the
depth of field of optical microscopes, small out-of-plane displacement leads to defocus blurring of speckle images, which
generates a corresponding error in deformation measurements. To reduce the error caused by out-of-focus blur, the blind
deconvolution method is used to blur the speckle image, and the Gaussian filtering method is used to denoise the speckle
image to address noise problems. The effects of image restoration on the digital image correlation measurement accuracy
are analyzed quantitatively, and a stretching experiment of an indium tin oxide (ITO) film is conducted. Experimental
results show that the error in elastic modulus measurement after image restoration is reduced by 13.91%, and the accuracy
and stability of the strain measurement results are higher.
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Fig. 1 Speckle images and its corresponding grayscale histograms. (al) (a2) Clear; (b1) (b2) defocus blurred
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Table 1 Mean intensity gradient before and after restoration in different sizes of PSF

Parameter Pre-restored 3X3

7X7

11X11 13X13 15X15 17X 17

Mean intensity gradient 2.4901 3. 3249

4.3151

4.7481 5. 2160 4.9207 4.3432
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Fig. 11 Relative error of calculated displacement when translation amount is 01 pixel
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B2 KNFE#Em TR (a)~(D1IN.2N.3.2N.3.6 N.4.0N 4.4 N
Fig. 12 Speckle images under different loads. (a)-() 1N, 2N, 3.2N, 3.6 N, 4. 0N, 4.4 N

| (a2)
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B3 AR A 2k SR A A9 BIORE 1 5 52 DU A9 BCBE ] < (al) (a2)3. 6 N3 (b1)(b2)4. 4 N
Fig. 13 Speckle images with defocus blur and final restored speckle images under different loads. (al) (a2) 3.6 N; (b1) (b2) 4.4 N
EHRE AR EE R, K202 8~4 ANMM T MR (RMSE) L& ST/, X T o3 #r 2 W Xl A
I FEBOM A HCBE IR 4 DR TR E 53 IO S A R 1 AR A PR A D ] Lt g O T A R, L A
PAZ IR ZZ G, AT LUA B2 i ok iR 22 5 ¥ 07 FesE PR

F2 2.2~4. AN T BB KN 5 TS E0CFE RS S TR AR R 25 ST HE

Table 2 Statistical value of strain error calculated by digital image correlation before and after restoration of speckle image under 2.2—

4.4 N load
] ) Pre-restored Deconvblind-Gauss-Gamma
ITO film stretching - -
Maximum error /e RMSE /e Maximum error /e RMSE /e
Region 1 1.06 <X 10°° 0.27 X 10°* 0.23X 107 0.05x10"*
Region 2 0.92 107" 0.21x107° 0.20 % 107" 0.04 < 107°
Region 3 1.21 X 107° 0.34x107° 0.31x107° 0.11 < 107*
Region 4 1.16 X 107° 0.31x107° 0.27 X 107° 0.08 X 107*
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Fig.14  Stress-strain fitting curve and error comparison. (a) Stress-strain linear fitting before and after restoration of speckle image under
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