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Abstract

In order to implement the digital twin, obtaining the 3D image of an object is one of the essential elements. In
order to utilize SFF, which is one of the acquisition techniques of 3D information, a sequence of 2D images with
various focus levels should be achieved through movement in the direction of the optical axis of an object on the
translational stage. Since the acquisition interval of 2D images affects the performance of 3D shape recovery, it is
important to set an appropriate interval. In this manuscript, a Gaussian process regression(GPR) method is proposed
to obtain the 3D shape of an object with the small amount of 2D images. It is applied to fit the initial focus
curves, which are obtained by using one of focus measure operators. Experimental results demonstrate the

effectiveness of the proposed method.
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Table 1. Quantitative comparisons for 3D shape recovery
of simulated wave according to change of sampling

interval

RMSE | Correlation| PSNR
0.1 2.7428 0.9794 29.2899
0.15 2.7386 0.9795 29.3003
0.3 2.7548 0.9793 29.2567
0.45 2.7637 0.9792 29.2242
0.6 2.7753 0.9792 29.1629
0.75 2.7760 0.9791 29.1488
09 2.8810 0.9785 28.7390
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Fig. 2. Experimental samples
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Table 2. Quantitative comparisons for 3D shape recovery

of simulated wave

RMSE Correlation PSNR
SML 2.9487 0.9802 29.1506
GLV 3.0601 0.9791 28.8150
TEN 5.3498 0.9336 238124
SFF.GPR 2.8587 0.9807 294204

E 3. Sinusoidale| Mkl
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Table 3. Quantitative comparisons for 3D shape recovery

of sinusoidal
RMSE | Correlation| PSNR
SML 47549 0.9793 24.8613
GLV 47977 0.9789 24.7815
TEN 7.2923 0.9476 21,0688
SFF.GPR 46119 0.979%5 251226

I 4. Slopee| Mol A 59 M5 dHlw

Table 4. Quantitative comparisons for 3D shape recovery

of slope
RMSE | Correlation| PSNR
SML 47125 0.9709 249411
GLV 46892 0.9713 24,9853
TEN 7.1766 0.9275 21.2101
SFF.GPR 44374 0.9731 25.4667
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Fig. 3. Qualitative analysis of 3D shape results for synthetic objects
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Fig. 4. Qualitative analysis of 3D shape results for real objects
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Table 5. Performance comparison according to number of
images for synthetic objects by using RMSE
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Table 6. Performance comparison according to number of
images for synthetic objects by using correlation

Simulated wave | Sinusoidal Slope
10 0.9501 0.9842 0.9668
20 0.9789 0.9851 0.9713
30 09759 09778 0.9692
40 0.9844 0.9862 0.9799
50 0.9877 0.9865 0.9801
60 0.9871 0.9864 0.9785
70 0.9869 0.98%4 0.9775
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Table 7. Performance comparison according to number of
images for synthetic objects by using PSNR

Simulated wave | Sinusoidal Slope Simulated wave | Sinusoidal Slope
10 6.3329 7.7290 8.3700 10 220572 20.3133 19.6275
20 4.0535 5.4508 55271 20 26,0444 234040 23.2806
30 3.5939 5.4631 4.9476 30 27.1403 234007 24.2819
40 3.0728 47046 46281 40 28.7504 24.9452 25.0749
50 2.8587 46119 44374 50 29.4204 25.1226 25.4667
60 2.9386 4.7803 4.7240 60 29.1705 24.8029 24.9084
70 29773 4.9296 4.8156 70 29.0522 24.5290 24.7374
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