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Parallel Computing of High-Speed DIC Under Large Deformation Field

CHEN Houchuang, MA Kun, XUE Yuxuan, MENG Zhi
(Faculty of Science, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Due to the effect of image decorrelation under large deformation fields, digital image correlation
(DIC) has never been able to complete parallel computation between images. In order to break through this
bottleneck, this paper proposes an accelerated-KAZE (AKAZE) -based reference image update method,
which can complete the reference image update before DIC is officially calculated, and provide independent
data for parallel computing. A graphics processing unit (GPU) parallel computing architecture is
constructed, which can independently estimate all subsizes and complete the parallel computation between
images and subsizes. Finally, tensile tests are performed on the nitrile butadiene rubber (NBR) , and the
results show that compared with the traditional serial DIC calculation method, the proposed parallel
method can be increased by two orders of magnitude.
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Fig.2 Estimated initial values for each subsize
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Algorithm 1 Shape function computation

(1) Tnput: a, y for NX X g pixels in ROT, p'of size 6 XX g

(2) for NX X g parallel threads do

(3)  tid = getThreadld()

(4) L td J=py + (14 py)ex [ tid ]+ pyey [ tid ]

(5) y[tid]=p, + pyea [ tid ]+ (1 + ps)ey [ tid ]

(6) cuda.synchronize()

(7) end for
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B X g W P 3(b) 2 Mullai B9 X )47 J7 2, 4 5K B B9 B AT 5 KRB 5, T H S B g U B 3(e)
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Fig.3 Shape function calculation process

Algorithm 2 Bicubic interpolation computation
(1) Input: x,, v, for NX£Xg pixels, lookup-table
(2) Output: G of size NXtXg

(3) for NX X g parallel threads do

(4) tid = getThreadId()
(5) a;[ tid ]= BasisWeight(lookup _table )
(6) b,[td ]=Get(x,[td ], y,[td])

(1) Glid]=> 5l 1id]a, [tid]

(8) cuda.synchronize()

(9) end for
1.3.4 FAHEERAEE)

7R SR R 1) 28 43 785 397 28 0 (Inverse compositional Gauss-Newton, [C-GN) #0240 2 i BEAT
itk , g 0
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NI AEIFAT I X ek A
(1) HHEZSE E ML K S T AR R SE TR & did = X g.

S F,

F [tid]:% (6)
G [tid]:% (7)
(2) WRSHE MR RS EME ST RAGESEMEE L JFRLBER Gd =N X X g,
Afemy [ tid ]=F [tid ]— F [¢] (8)
Agiemy [ 1id J= G [tid ]— G [¢] (9)

(3) H5 AfFI Ag, PR LR tid = g.

[tid ]= z A (10)

n=1
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Fig.4 Three Cycc coefficients corresponding to the subsize to be tested
2.2 GPUFH4TMIK
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Table 1 Comparison of computation time ms
WiH seDIC paDIC Speed-up
Overall 44721 726 61.6
Shape function computation 170 9.2 18.5
Bicubic interpolation computation 11 805 25 472.2
Computate p 27 954 118.2 236.5
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