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Fig. 14 Displacements and errors calculated by IC-LM and IC-LM2. (a) IC-LM; (b) IC-LM2

0312003-12



F 445 F

3HA/2024 £ 2 B/HZFER

Displacement /pixel Displacement /pixel
0.5
o)
& 0
\ @
-0.5
0 500 1000 1500 0 500 1000 1500
x /pixel x /pixel
Error /pixel Error /pixel
0.5 _ 0.5
=
0 2 0
>
L L L -0.5 L L L -0.5
500 1000 1500 500 1000 1500
x /pixel x /pixel
@ ®)
£ 15 1C-DogLeg F11C-DogLeg2 158 i i # 15 2% . (a) IC-DogLeg; (b)IC-DogLeg2

Fig. 15 Displacements and errors calculated by IC-Dogl.eg and IC-Dogleg2. (a) IC-DogLeg; (b) IC-Dogl.eg2

Displacement /pixel Displacement /pixel
_ 0.5 _ 0.5
[} <]
i 0 £ 0
> >
— -0.5 , -0.5
0 500 1000 1500 0 500 1000 1500
x /pixel x /pixel
Error /pixel Error /pixel
_ 0.5 _ 0.5
% z
= 0 & 0
L L L -0.5 B L L L -0.5
500 1000 1500 0 500 1000 1500
x /pixel x /pixel
@ ()
16 IC-GNHIIC-GN2 5 M 62 #% 1 22 . (a) IC-GN; (b)IC-GN2
Fig. 16 Displacements and errors calculated by IC-GN and IC-GN2. (a) IC-GN; (b) IC-GN2
@ 06 F
] R
A
& — actual value
s At —_— = IC-Diag
g IC-GN
g -~ IC-GN2
k| - IC-LM
& - IC-LM2
a - IC-DogLeg
800 850 900 950 1000 1050 1100 IC-Doglega
1 1 i 1 1 1
0 250 500 750 1000 1250 1500 1750
Error /pixel
® 0.6
o] )
E A»/:‘a\ i
204 | ‘\ “Vf’r (A fl‘ \n/\}:\,\”wz
QE) I W x‘ N W !7 W | V MW il
8 \' v \ N W \\jt &J \: il
< 02 1000 1050 1100
]
a
0 ind i oS 1
750 1000 1250 1500 1750
Error /pixel

F17 R & RE PR A T IR A2 88 F 22 o () i B 5 (b) i 22

Fig. 17 Displacement and error of reverse combination algorithm along central axis A direction. (a) Displacement; (b) error

0312003-13



a4 % F3H/2024 £ 2 B/FER

ZEBR, X B ARNHHEIT R NE PR B E
TR SRR T R, B S ) A A R BT R
FEO T — B Bk, B AR RS OK,
BRSBTSk B R
o B (1 B 4 3T BL S 0. 5 pixel, HiR & W B 58 0, 3%
T Z 8 R LL T — BB sR A e HUL & &2 A4 1Y
I o FE— B A B R BN A LA i i
PR R 0% 3 Ah , 1C-LM | 1C-Dogleg il IC-GN %
AR AR 22 I R BE AR E A, 20 Ji e X
£ T B3 2 X G-N B 3 A Hessian 56 B A9 3T 0L 2 4%,
2437 B [ T 1 E A4S 3T B IE A Hessian 55 [ 1), H

ThAE 45 5 B I Y i 25 % 8, i IC-LM A IC-
Dogleg 5 vk 76 /N8 D 4 vh i 20 B 3k 0 38 2 ok 1C-
GN Bk, PR G B R A8 % 0 5t b 4 A 38 R S5k 42
Ah HE /NS T I AR AR R A IC-GN I AR LAY T
RORG B .

P18 Sk % in M 75 TS A 6 B &5 SR e IR RS T
T, BB B 25 Ul sl B 22 K BR AE AR TR X
WK IH G — B 50k A0, BE A5 A8 08 T 01 A 3 K, HOH 5
B G T — 0k O Lk 2z i & ny ik zh il
D)1 o= S O 4 ol [ 26 = R I 1 < AP R /1 8 e
BER R 59 T — B k.

@
o) LB & M b
7 050 v A
& { ' ! ‘
8 o Ml \ \ , Di
% 0.25 {1 05k s P WA i K:vf‘ A Al i {8%2
HiL B & [P NN A WA 4 7\ \ . A N I A ~
A A A AR N7 T W oW e
g o ) | ¥ e IC-LM2
A 0 2 v . ' - ; -~ 1C-DogLeg
800 850 900 950 1000 1050 1100 1G-Dogleg?
1 1 1 1 1 1
250 500 750 1000 1250 1500 1750
Error /pixel

® o6
[}
A
&
2 04
(5]
g
g
[+
S 02
g
= 3

0 i 1

0 250 500 750 1000 1250 1500 1750

Error /pixel
18 M N A B E AR A D B LR AR 22 L (a) (i 8 ; (b)) 22

Fig. 18 Displacement and error of inverse combination algorithm along central axis A direction under noise. (a) Displacement; (b) error
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Table 1 Rubber block compression experiment

Graphic frame rate  Press position / cm Pressure / kg

Graphic frame rate  Press position / cm Pressure / kg

0 122.801 5.0
1 123.061 13.8
2 124.152 50.0
3 125.093 77.5
4 126.001 108. 8
5 127.029 143.8

6 128.011 176.2
7 129.029 207.5
8 130. 006 250.0
9 131.011 281.2
10 132.023 315.0
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Performance of Sub-Pixel Displacement Iterative Algorithm Based on
Digital Image Correlation Method

Meng Xiangyin, Xu Qihang, Xiao Shide, Li Yang, Zhao Bin, Li Guanghui
School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China

Abstract

Objective Known as the digital speckle correlation method, the digital image correlation method is a non-contact optical
measurement method. The deformation information of the region of interest is obtained by correlation calculation of two
digital images before and after the specimen deformation. DIC method is mainly composed of integral pixel displacement
search and sub-pixel displacement iterative calculation, among which the commonly adopted sub-pixel displacement
calculation methods include surface fitting, gray gradient, Gauss-Newton (G-N) method, Newton-Raphson (N-R)
method, and inverse compositional Gauss-Newton (IC-GN) method. In sub-pixel displacement search algorithms, N-R
and G-N methods as second-order nonlinear optimization methods have faster convergence speed and global optimal
solutions. However, in the G-N method, when the Hessian matrix is approximately non-positive definite, the error of
solving the inverse matrix will increase to result in incorrect final solution results. Additionally, when the texture features
of speckle images are weak and the deformation amount is large, the error of solving the inverse matrix will rise. The
whole pixel displacement search algorithm can not provide accurate initial value estimation, and eventually, the calculation
fails. Since the inverse compositional algorithm has higher computational efficiency than these algorithms, it is employed
to calculate the displacement field of speckle deformation images by sub-pixel displacement, with several algorithms

explored.

Methods The inverse compositional diagonal approximation algorithm and the inverse compositional Dog-l.eg algorithm
adopting to image matching are applied to the displacement field calculation of speckle images, and the parameter update
strategy of the inverse compositional Levenberg-Marquardt algorithm is simplified. By the compression deformation
experiment of the memory simulation speckle image and the real speckle image, the performance of these three algorithms
is explored from three aspects including convergence speed, convergence evaluation rate, and computation speed. In terms
of convergence rate, the speckle image is evaluated in different displacement and Gaussian noise conditions. The
convergence speed and calculation speed are evaluated by different small windows and with or without Gaussian noise.
Finally, three algorithms are utilized to measure the deformation of the rubber block and compared with the open-source

software Dice.

Results and Discussions According to the speckle simulation deformation experiment, the convergence speed and final
calculation accuracy of several first-order algorithms are almost the same, and in simple rigid body translation deformation,
the convergence speed and final calculation accuracy of the first-order algorithm are higher than those of the second-order
algorithm. Generally, the convergence speed and the final calculation accuracy of the second-order algorithms IC-LM2,
IC-Dogl.eg2, IC-Diag2, and IC-GN2 decrease from high to low values. In terms of convergence speed, the convergence
frequency of the first-order algorithm is higher than that of the second-order algorithm. When the displacement is less than
five pixels, several algorithms can successfully calculate the displacement of all POI, and the convergence frequency
gradually decreases with the increasing deformation. In the second-order algorithm, the convergence frequency of IC-
Diag2, IC-Dogleg2, IC-LM2, and IC-GN2 algorithms decreases from high to low values. With the rising subarea

window size, the convergence radius of several algorithms gradually increases, and the convergence frequency of IC-GN2,
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IC-Dogleg2, and IC-LM2 algorithms tends to be the same, while IC-Diag2 algorithm gradually ranks first in other

algorithms. Among first-order algorithms, the convergence frequency of IC-Dogl.eg and IC-LM algorithms is slightly
higher than that of IC-GN and IC-Diag algorithms. The calculation speed of IC-GN, IC-LM, IC-Dogl.eg, and IC-Diag
algorithms decreases from high to low values, and with the increasing displacement, the calculation speed of several
algorithms is also decreasing. Meanwhile, since with the rising size of the subarea window, the pixel number in the
subarea that needs to participate in the calculation is also increasing, and its calculation speed is also slowing down. In the
deformation experiment of rubber blocks, both the proposed algorithm and Dice software can successfully calculate the
displacement field and strain field of the experimental deformation. In the large deformation experiment, the maximum
shape variable exceeds 100 pixel, and it is difficult for the Dice software to accurately calculate the displacement field and
strain field of the deformation for some regions. The three algorithms can still successfully calculate the displacement field

and strain field of deformation and are more applicable under large deformation measurement scenarios.

Conclusions In measuring image displacement, different sub-pixel displacement iteration algorithms deal with the
different performances of displacement measurement. We adopt the inverse compositional diagonal approximation
algorithm and inverse compositional Dog-Leg algorithm in the digital image correlation method for displacement
measurement. Additionally, the parameter update strategy of the inverse compositional Levenberg-Marquardt algorithm is
simplified, and the performance of the three algorithms is compared and evaluated by the compression deformation
experiment of the simulated and real speckle images. The experimental results show that in the simulation speckle
experiment, each algorithm has a different convergence speed, convergence frequency, and calculation speed. In real
experiments, the accuracy of a small deformation experiment is similar to that of the inverse combined G-N method, and

the convergence radius of a large deformation experiment is larger.

Key words measurement; digital image correlation method; sub-pixel displacement; inverse compositional diagonal

approximation algorithm; inverse compositional Levenberg-Marquardt algorithm; inverse compositional Dog-Leg algorithm
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