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Displacement Field Measurement of Speckle Images Using
Convolutional Neural Network

Huang Ju, Sun Cuiru, Lin Xianglong

School of Mechanical Engineering, Tianjin University, Tianjin 300350, China

Abstract A method for displacement field measurement of digital speckle images using a convolutional neural
network (CNN) is proposed. A series of digital speckle images with their exact displacement fields in multiple
deformation modes are used to construct a dataset and CNN model for distinguish displacement field of digital
speckle images are proposed. Verification experiments of simulated speckle images show that the proposed method
is computationally efficient and achieves high test accuracy for random deformations, axial uniform deformations,
shear deformations, and other deformation modes. Moreover, the uniaxial tensile test of silica gel shows that the
proposed method accurately measures the displacement field of real speckle images and confirms its high
computational efficiency. The proposed deep CNN can be used to efficiently and accurately test the displacement
field of digital speckle images, thereby indicating good application prospects for material deformation testing.
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Fig. 2 Deformation modes of simulated speckle image. (a) Uniaxial tensile deformation; (b) shear deformation;

(c¢) combined deformation of tension and shear
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Fig. 4 Based on the random deformation field « and v, the simulated speckle images before and after deformation are

obtained. (a) Simulated speckle image before deformation; (b) cloud diagram of given field v; (c¢) simulated

speckle image after displacement; (d) cloud diagram of given field u
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Table 1 Composition of training set

Deformation mode Number of data

Random displacement 4000

Axial uniform deformation 3721

Shear deformation 3721

Combined deformation of tension and shear 2592
Total 14034
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Table 2 Performance of CNN on test dataset

Displacement v

Displacement u

Deformation mode ;
Mean square error /pixel

Relative error /%

Mean square error /pixel Relative error /%

Random 0.017£6.7X10"° —2.840.17 0.021£8.6x10"° —2.5%+0.1
Axial uniform 0.011=%1.4x10"" 1.8+2.5 0.013+1.7X10" 3.4£2.5
Shear 0.009=£2.0x10* 2.544.5 0.011£2.7Xx10* 4.1£4.6
Composite 0.008+2,7X10"" 2.544.5 0.011+2,7X10"" 4.1£4.6
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Fig. 6 Simulated speckle image displacement field test results by CNN method. (a)—(d) Given displacement field;
(e)—(h) measured displacement field by CNN
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Table 3 Relative error of displacement field calculated by CNN method and NIG-GA method

. CNN method NIG-GA method
Deformation mode - - - -
Displacement v Displacement u Displacement v Displacement u
Random 0.05=+0. 01 0. 00940. 03 0.02=+4. 29 —2.03+4.03
Axial uniform 0.07=+0. 01 0.02£0. 08 0.08=+1.51 1.61%5.12
Shear —0.04=0. 04 0. 03=£0. 04 0.12+16.58 0.42+15. 96
Composite —0.01+£0.02 —0.0640. 03 0.07=%1.54 0.90=+1.68
Total computing time /s 0.35 627. 21
Average time for once /s 0.08 156
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