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Effect of Gaussian Prefiltering on Digital Volume Correlation Measurement
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¥ School of Architecture, Kunming University of Science and Technology, Kunming, Yumnan 650500, China

Abstract Image noise will seriously affect the measurement accuracy of the digital volume correlation (DVC)
method. Therefore, this paper studies the effect of image noise and Gaussian prefiltering on the DVC displacements
measurement results through numerical simulation translation experiments, real rescan and compression
experiments. The experimental results show that, Gaussian prefiltering can significantly reduce the noise level of
the images, and thus mitigates the noise-induced bias error, but has little effect on the interpolation error. The
reason is that the Gaussian prefiltering will reduce the gray gradient of the image. Therefore, Gaussian prefiltering
can significantly improve the accuracy of the classic forward additive Newton-Raphson algorithm. But it has little
effect on the accuracy of the inverse compositional Gauss-Newton algorithm. Further, the Gaussian prefiltering is
used to reduce image noise, which can improve the correlation coefficient of each calculation point in the 2
algorithms, and obtain a sub-volume with a higher degree of matching.

Key words image processing; digital volume correlation method; image noise; Gaussian prefiltering; displacement
measurement
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Fig. 6 Displacement u and ZNCC coefficient of the rescan experiment. (a) Method 1; (b) method 3
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Table 1 Results of method 1 rescanning experiment unit: voxel
MBE SD RMSE
Displacement
Without filter Gaussian filter Without filter Gaussian filter Without filter Gaussian filter
u —0.1188 —0.0339 0.1330 0.0139 0.1783 0.0367
v 0.1493 0.0393 0.1153 0.0141 0. 1886 0.0417
w 0.1489 0.0493 0.0451 0.0071 0.1556 0.0498
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Table 2 Results of method 3 rescanning experiment unit: voxel

MBE SD RMSE

Displacement
Without filter Gaussian filter Without filter Gaussian filter Without filter Gaussian filter

u —0.0299 —0.0333 0.0129 0.0135 0.0326 0.0359

v 0.0329 0.0384 0.0138 0.0137 0.0357 0.0408

w 0. 0445 0.0488 0.0075 0.0070 0. 0451 0.0493
3 I B AR A DR B AT S WA B R AR fE KR 10 voxel, T B 926121 X 21 X 214N 45,
4.2 ERYHHMNESETE HASEOMBE IS8 A . B 7 5 VOIL K 3D K| &

JE 45 5290 FFE X G2 —Fhos By kL, H HORBE Sy A BT & B8 S 78 3 UR AT IS 14 B
By R TR R 26 25 5], S e T — A R Ry MRS R P E Z 22 5%, TLARI N o 1E
10 mm X 10 mm X 10 mm [ = B Yk RS I B, UEIHT JE Y AE AR BB/, 430 R [6. 1105 voxel s
Sk A R A — i [ L 53— S 0. 56 mm 16. 0512 voxel].[6. 0965 voxel,16. 0367 voxel],iX %
MBS BT . AT IS 20 S X4 CT SR8 R M7k 3 g U AT IS AL RS A A SR A I AR
A 570 voxel X 570 voxel X 621 voxel B K%, 3 AR v Flw BIIES S 2Bl BeAh . BRI ET S
FH DVC 4t 3545 B9 R MR . 76 DVC & i ik 1 ZNCC F B0 Ak il 43 51 2 [0. 9381, 0. 9890 1,
&) VOI XSt 200 voxel X 200 voxel X 200 voxel s [0.9620,0. 9940, 1% 7= B /=5 T vk Uk g W] W #2 FH 54
TR R SR 41 voxel X 41 voxel X 41 voxel, 115 ZE W) ZNCC 254,

~

®)

Number of voxels /10°
[\] w = (@3] (=2}

0 50 100 150 200 250
Gray level

F 7 @R BIESR SR . (0 VOI; (b VOI WK 53 B 5
Fig. 7 Uniaxial compression experiment of the polymer material. (a) VOI;

(b) gray level distribution histogram of the VOI
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Fig. 8 Results of polymer compression experiments. (a) Displacement u«; (b) displacement v;
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