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Abstract
In this paper, aiming at color image signals in uniformly degraded scenes, in order to enhance the
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contrast of color images and suppress harmful noise, we analyze the relationship and differences
between BPAM signal, gray image and color image to achieve signal enhancement, derive the opti-
mal steady-state signal-to-noise ratio parameter control based on parallel array bistable systems,
and propose a dual-scale control algorithm based on physical priors for Illumination Map Estima-
tion (SR-IME) for parallel array stochastic resonance systems. First, the illumination channel of the
color image is estimated based on the priori of the physical background, and one-dimensional en-
coding of illumination features and digital features is carried out respectively. Secondly, the signal
is modulated into a BPAM signal, and a stochastic resonance system is used to achieve signal en-
hancement. Based on the system parameter allocation mechanism, the output signal under optimal
control is demodulated and the enhanced color image signal is obtained by inversion. Combining
subjective evaluation and objective evaluation indicators, compared with histogram equalization
HE, single-scale Retinex (SSR), multi-scale Retinex (MSR) and a bistable single system based on HSV
decomposition, the results show that SR-IME has the best visual effect, with an information entropy
of 7.82, which is 5% higher than the single-system random resonance based on HSV channel decom-
position, and the noise variance and NIQE indicators are significantly improved. Experimental re-
sults show that the parallel array steady-state system under optimal parameter control can effec-
tively enhance color image signal.
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Figure 1. Schematic diagram of the double potential function and periodic transitions
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Table 1. The fourth-order Runge-Kutta method for solving the LE equation
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Figure 2. Each grid represents a pixel position when k = 2, 4, 8 of Hilbert scanning mode
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Figure 3. Image Transaction and Enhancement System (ITES)
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Figure 4. Parallel array bistable stochastic resonance multichannel structure
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Figure 5. A stochastic resonance system based on channel decomposition enhances color images
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Figure 6. Color image enhancement flowchart based on digital communication and illumination channel
biscale array stochastic resonance (SR-IEM)
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Figure 8. Chandelier and lamp image enhancement results of LIME data set by different algorithms
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