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Focus measure algorithm based on spatial dispersion and color gradient
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(1. School of Mechanical and Electrical Engineering, Anhui Jianzhu University, Hefei 230601, China;
2. School of Instrument Science and Opto-electronics Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract ; Traditional focus measure algorithms typically convert color images into grayscale prior to processing, which inevitably leads to
the loss of chromatic information and consequently reduces the accuracy of focus assessment. To address this limitation, this study
proposes a focus measure algorithm based on spatial chromatic dispersion and color gradients. First, the Euclidean distances between
color vectors of adjacent pixels within a local window in the RGB space are calculated to construct a set of pixel-wise chromatic
differences, and the product of the sum and variance of this set is defined as the spatial chromatic dispersion. Second, a spatial
correlation matrix is constructed using the gradient values of the RGB channels of the color image, and the trace of this matrix is adopted
as the color gradient measure. Finally, the spatial chromatic dispersion and color gradient are modeled as the prior distribution and
likelihood function, respectively, and a Gaussian posterior distribution is derived using Bayesian statistics to serve as the focus measure
function. The proposed algorithm enhances the accuracy of focus evaluation for color images and accelerates peak response, while also
improving discrimination in weak-texture regions and areas with limited color information. Experimental results show that, compared with
several mainstream methods, the proposed algorithm achieves improvements of 9% and 15% in peak sensitivity, curve steepness, and
flat-region fluctuation on simulated and real images, respectively. When applied to 3D reconstruction, the algorithm attains the best
performance in terms of RMSE and CORR on simulated datasets, and the relative depth-value error on real images does not exceed
4.6%. These findings demonstrate that the proposed algorithm exhibits superior focus measurement performance and can significantly
improve the accuracy of 3D reconstruction.
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Fig. 1 Mapping of color space to grayscale space
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Fig.7 Comparison of true depth reference map and reconstructed depth map
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Table 4 Comparison of simulated image depth maps

Algorithm RMSE . CORR 4 SSIM .
town table dino town table dino town table dino
Bre4d_var 0.2100 1 0.221 78 0. 142 95 0.770 58 0.705 17 0. 846 16 0.367 72 0.517 27 0. 603 93
Brenner_M 0.218 19 0.217 85 0.15523 0.755 70 0.711 16 0.811 71 0.351 92 0.481 57 0.573 86
DCT 0.283 34 0.286 97 0.210 03 0.523 72 0. 635 26 0.709 78 0.321 84 0.324 17 0.425 82
GLV 0.304 54 0.254 08 0.235 09 0.482 01 0. 686 99 0.730 28 0.315 65 0.394 79 0.483 67
SML 0.226 78 0.259 86 0.186 19 0.749 51 0. 680 27 0.766 73 0.344 26 0.448 63 0.492 13
SWAV 0.214 51 0.246 43 0. 161 38 0. 804 86 0.691 10 0.799 38 0. 360 09 0. 459 96 0.501 45
Tenengrad 0.282 16 0.277 06 0. 208 46 0.527 29 0. 635 32 0.712 71 0.323 07 0.326 83 0.423 59
Teng_DT 0.219 26 0.217 89 0. 151 42 0.734 73 0.715 03 0.822 52 0.357 15 0.492 15 0.567 35
b 0. 188 96 0.212 92 0.128 51 0. 847 92 0.737 80 0.877 25 0.454 77 0.557 79 0.63279
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Fig. 8 Multi-focus sequence of real images
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Fig. 9 Focus evaluation curves for real images
x5 EZEGHRETMREEEITE
Table 5 Performance comparison of focus measure operators in real images
S. S, S,
Algorithm - - - -
Coin Wafer Coin Wafer Coin Wafer
Bre4d_var 2.905 48 2. 853 69 0.433 87 0.740 51 0.015 63 0.013 71
Brenner_M 1. 465 47 —_— 0. 546 68 e 0.020 15 —_—
DCT 2.090 71 1. 504 38 0.345 79 0. 161 04 0. 020 25 0.011 89
GLV 1. 068 03 —_— 0.287 38 —_— 0.021 13 —_—
SML —_— 0. 824 84 —_— 0. 275 98 —_— 0.043 55
SWAV —_— 0.961 37 —_— 0. 280 24 —_— 0.042 81
Tenengrad 2.061 12 1.009 61 0.508 41 0.413 24 0. 026 04 0.044 45
Teng_DT 2.021 43 3.022 89 0.242 73 0.411 53 0.015 63 0. 045 38
R3L 4.242 15 3.063 61 0. 809 24 0.753 91 0. 003 37 0. 004 82
F 6 EHXBEGEREITMNREBMEILL
Table 6 Comparison of the efficiency of the real image focus measure operators
Time/s Bredd_var DCT GLV SML SWAV Tenengrad Brenner_M Teng_DT /Ny
Coin 4.409 5 2262.7 2.578 1 1.8333 7.3345 1.865 3 7.459 2 4.059 4 2.048 0
Wafer 3.424 1 1712.3 1.978 9 1.501 7 5.698 0 1.479 4 5.8529 3.200 0 1.579 0
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3D Visualization of Depth Matrix
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Fig. 10  Normalized depth map of real image with different viewpoints
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The 3D depth map of two regions The 3D depth map of two regions
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Fig. 12 Distribution of depth values in selected areas
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