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1. PRISMA workflow diagram
The workflow diagram of this review based on the systematic reviews and meta-analyses (PRISMA) is shown in Fig. S1, which includes three main stages: collection, identification, and analysis. In the collection stage, we collected relevant literature from three major databases, including Web of Science, Scopus, and Google Scholar. After collecting the literature, the identification stage involves improving and simplifying the collected data. The first step is to remove duplicates, followed by data screening and retrieval of the improved dataset. Finally, we conduct an eligibility assessment to ensure that only studies that meet the predefined criteria will be included in the final analysis. In the analysis stage, manual review and further analysis of the content are required. This step is crucial for in-depth evaluation of the selected studies, so that the research results can be understood and synthesized in detail.
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Fig. S1. PRISMA workflow diagram.

2. Image enhancement for the dust polluted environment
Image enhancement is an effective method to deal with dust polluted environment, and the main research directions include image defogging. The haze-free image J can be determined by scanning the image point coordinates k in the r, g, and b channels and identifying the minimum value as represented by formula (5). This technique shows great potential for enhancing visual clarity in dusty environments [S1, S2].

                                 (S1)
where Fi means the fog-free image, wk means the square window, and c is the channel of the image.
The global atmospheric light, denoted as A, can be estimated by considering the brightest mean value in the dark channel. Subsequently, the transmission rate, denoted as t(x), can be calculated using formula (S2). Finally, by applying the foggy degradation model, the haze-free image can be computed using formula (S3) [S1, S2].

                                 (S2)

                                   (S3)
where I(x) denotes the observed intensity, t0 is a user-defined lower bound.



3. Parameter optimization based on PSO

The PSO algorithm is an effective method for achieving control parameter optimization [3] and can effectively achieve global optimization of complex problems with high accuracy. 


Assume that the spatial dimension of the problem to be solved is N, the number of particles contained in the population is M, the position of the mi-th (1 ≤ mi ≤ M) particle in the population is , and the speed is . In each iterative calculation process, the PSO algorithm with inertia weight updates the velocity and position of each dimensional component of particle mi in the ms direction through Eqs. (S4) and (S5).


                        (S4)

                                       (S5)





[bookmark: _Hlk183792626]To address the traditionally slow convergence speed of the PSO algorithm, Shi and Eberhart [3] proposed Eq. (S4). In this equation, the inertia weight is denoted by , kc1 and kc2 represent acceleration factors, and kr1 and kr2 are disturbance factors with values generated as random numbers within the range [0,1]. The term   signifies the position of the individual extreme value of mi-th particle   in the ms direction, and  corresponds to the position of the group optimal particle mq in the ms direction. After each round of iterative calculation is completed, the individual extreme value of each particle needs to be updated according to the rules of Eq. (S6).

                           (S6)

where f(·) is the fitness function of the algorithm.
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