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Inspection of image fog Concentration using regression-fitting NR
function and GPDR prior
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Abstract: Addressing the limitations of fog concentration inspection in image defogging, an algorithm based on
the scatterplot prior of the generalized pixel difference-ratio(GPDR) and the Naka-Rushton(NR) fitting function
was proposed. First, the GPDR prior for gray scatterplots in standard foggy image sets across various scenes was
extracted. Next, the NR function, constrained by the prior, was introduced, and a lookup table of parameters (n,k)
corresponding to fog concentration levels was established by calculating the parameters (n,k) of NR function for
standard image sets. Regression analysis was then used to calculate the parameters (n',k') for real foggy images,
and the comprehensive correlation coefficient between (n,k) and (n',k') was calculated. Parameters (n, k) with
correlation coefficients exceeding a set threshold were considered indicative of the fog concentration level.
Simulations show that the algorithm accurately reflect changes in fog concentration across images with varying

densities. Additionally, correlation coefficients between the algorithm’s results and PM2.5 measurements reached
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up to 0.95, both within the same and across different scenes. This shows that the algorithm can be effectively used
for fog concentration rating in visual field. Horizontal comparison tests show that the inspection accuracy of the
proposed algorithm can reach up to 4.8%, making it suitable for field fog concentration detection.
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Fig. 1 Statistical prior of fog and fog-free scatterplots
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Table 2 Test value of the same scene
7 1 2 3 4 5 6 7 8 9 10 11 12 13 14

PM2.5/(pg'm™) 1.25 1.5 175 34 395 415 43 45 6.5 7.1 7.5 845 101 115
AR L 250 2.6 290 35 380 4.00 47 5.7 6.6 7.0 9.0 10.10 122 137
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Fig. 6 The scattered plots and PM2.5 in the same scene
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Table 3 Test value of different scenes

Yisv 5 1 2 3 4 5 6 7 8
JC% PM2.5/(pg'm™) 30 65 43 34 23 45 57 35
% PM2.5/(ug'm™) 94 125 132 148 165 185 192 231
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Fig.8 Comparison between fog and fog-free scenes
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Fig. 9 Fogimages in the same scene
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Fig. 10 Comparison between this method and other methods
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