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Shape from focus based on combination of spatial and frequency domains
GAN Yong, ZHU Mingkai, WEN Long, WANG Zhaotai

(School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin 541004, China)
Abstract: The single focus evaluation function has the disadvantages of poor resolution and low reconstruction
accuracy. To solve this problem, a focusing topography restoration method combining spatial domain and
frequency domain was proposed. Firstly, the spatial Laplacian operator and frequency domain non-subsampled
wavelet transform were used to evaluate the image focus, and the non-subsampled wavelet transform focus
evaluation value was used as the weight factor to correct the Laplacian evaluation value. The initial depth map
was obtained by using modified focused evaluation to reconstruct the surface topography. Then the depth map
based on Laplacian operator was calculated, and the depth map was used as the guide map to guide the initial
depth map and filter the final depth map. Simulation and experimental verification show that the proposed
method has good results in both simulation and experiment. The resolution of evaluation curve is obviously
improved, and the reconstruction of simulation model has lower root-mean-square error and higher correlation
coefficient. In the experiment, the error between the 3D reconstructed model and the real object is smaller,
which can effectively improve the accuracy.
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Table 1 Average peak sensitivity S, and steepness S,
Se SP
Method
circular step sine wave cone circular step sine wave cone
SML 0.0823 0.0837 0.0407 0.2281 0.2037 0.2200
SWAV 0.0647 0.0586 0.0346 0.1577 0.1568 0.1593
GLV 0.1010 0.0981 0.0513 0.2350 0.2263 0.2386
Proposed method 0.1556 0.1562 0.0814 0.2741 0.2863 0.3030
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Fig. 8 3D reconstruction results of simulation model
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Table 2 Performance metrics of 3D reconstruction results
MSE cC
Method

circular step sine wave cone circular step sine wave cone

SML 0.0163 0.0123 0.0055 0.9764 0.9876 0.9881

SWAV 0.0327 0.0541 0.0438 0.9519 0.9443 0.9097

GLV 0.0257 0.0328 0.0254 0.9623 0.9663 0.9465

Proposed method 0.0068 0.0073 0.0011 0.9902 0.9926 0.9976
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Fig. 9 Defocused sequence images
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Fig. 10 Signal to noise ratio of full focus image
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Fig. 11 3D reconstruction results
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Table 3 3D reconstruction model error mm

Method A B C D E
SML 0.190 0.808 0.062 0.679 0.104 0.368

Mean value

SWAV  1.046 0425 0.288 0.137 0.329 0.445

GLV 0.857 0.428 0.502 0.027 0.383 0.439

Proposed

0.489 0.413 0.200 0.255 0.169 0.305
method
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