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Abstract: A multi-modal image dehazing enhancement algorithm based on the dark channel prior is pro-
posed to address the limitations of single-mode processing and restricted generality in existing image en-
hancement methods. This algorithm is applicable to various polarization image modalities, including polar-
ization intensity, Stokes parameters, and linear polarization images, as well as conventional RGB and

grayscale images. For polarization images, atmospheric light estimation is performed through K-means
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clustering, grid partitioning, and bilinear interpolation, while atmospheric transmission is derived using
brightness and structure-weighted techniques. Dark channel computation incorporates multi-scale Gauss-
ian filtering combined with gradient-based adaptive weight fusion. For RGB and grayscale images, atmo-
spheric light is estimated by K-means clustering and the 95th percentile of sky pixels, and atmospheric
transmission is calculated via Gaussian Laplacian edge detection and bilinear interpolation. Dark channel
computation utilizes multi-scale erosion operations alongside local contrast-based weighting. Experimental
evaluation was conducted using multi-modal images collected under outdoor light mist and indoor artificial
thick fog conditions, with dehazing enhancement outcomes compared against conventional dark channel
prior and multi-scale Retinex algorithms. The results reveal marked improvements in image clarity, edge
definition, and detail restoration. Specifically, polarization images demonstrated minimum enhancements
of 112.6%, 14.0%, and 5.0% in average gradient, image entropy, and peak signal-to-noise ratio, re-
spectively, relative to the multi-scale Retinex algorithm. Non-polarization images exhibited minimum im-
provements of 103. 6%, 20.6%, and 21.9% across the same metrics. This comprehensive validation
confirms that the proposed algorithm not only significantly enhances image quality but also maintains ro-
bust generality across diverse image modalities.
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Fig. 3 Comparison of enhancement effect of defogging polarization images
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Tab.1 Comparison of dehazing performance metrics of different algorithms on various images
VD AG IE PSNR/dB
OD PM DCP MSR OD PM DCP MSR OD PM  DCP MSR
LM(1) 8.7 51.4 19.9 8.2 7.1 7.4 7.0 5.2 — 15.6 6.3 11.9
LM(S,)) 12.7 63.1 50.3 18.8 5.9 7.1 6.9 5.9 — 21.1  14.7 20.1
LM(DoLP) 3.9 46.3 15.9 3.4 3.3 5.6 5.0 2.9 — 19.9 5.2 11.9
DF(I,) 5.8 56.1 16.4 14.6 6.2 6.8 5.4 4.7 — 16.0 14.2 12.6
DF(S)) 9.9 114.6 28.5 21.8 3.5 5.0 4.7 3.2 — 20.5 10.6 12.8
DF(DolLP) 13.5 79.1 13.6  37.2 4.6 5.7 4.0 5.0 — 14.6 33.0 10.6
RGB-1 7.5 36.7 18.9 5.8 5.8 6.5 6.3 3.4 — 24.5 9.2 20.1
RGB-2 13.2 53.4 26.8 15.7 7.0 7.5 6.9 5.0 — 22.9 7.5 13.7
RGB-3 7.1 39.9  20.5 2.1 6.4 6.9 6.8 2.8 — 24.1 7.4 9.0
BW-1 27.8 98.5 65.2  26.2 6.7 7.1 7.0 5.7 — 22.5 8.4 14.1
BW-2 7.7 34.9 16.4 9.8 7.4 7.6 6.3 4.7 — 25.3 6.5 13.5
BW-3 33.5 84.9 49.0 41.7 7.2 7.6 7.3 6.3 — 21.7 9.1 12.3
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Fig. 5 Bar chart for visualizing metric comparison of different dehazing algorithms
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