
Information Processing Letters 116 (2016) 595–602

Contents lists available at ScienceDirect

Information Processing Letters

www.elsevier.com/locate/ipl

Genetic algorithm-based parameter selection approach 

to single image defogging

Fan Guo, Hui Peng ∗, Jin Tang

School of Information Science and Engineering, Central South University, Changsha, Hunan 410083, China

a r t i c l e i n f o a b s t r a c t

Article history:
Received 20 April 2014
Received in revised form 18 March 2016
Accepted 28 April 2016
Available online 4 May 2016
Communicated by X. Wu

Keywords:
Single image defogging
Genetic algorithm
Parameter selection
Defogging effect assessment
Performance evaluation

Image defogging is widely used in many outdoor working systems. However, owing to the 
lack of enough information to solve the equation of image degradation model, existing 
restoration methods generally introduce some parameters and set these values fixed. 
Inappropriate parameter setting will lead to difficulty in obtaining the best defogging 
results for different input foggy images. This letter proposes a novel defogging parameter 
value selection algorithm based on genetic algorithm (GA). We mainly focus on the way 
to select optimal parameter values for image defogging. The proposed method is applied 
to two representative defogging algorithms by selecting the two main parameters and 
optimizing them using the genetic algorithm. An assessment index of image defogging 
effect is used in the proposed method as the fitness function of the genetic algorithm. 
Thus, these parameters may be adaptively and automatically adjusted for the defogging 
algorithms. A comparative study and qualitative evaluation demonstrate that the better 
quality results are obtained by using the proposed method.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Most automatic systems assume that the input images 
have clear visibility, therefore removing the effects of bad 
weather from these images is an inevitable task. In the 
past decades, extensive research efforts have been con-
ducted to remove fog or haze from a single input image. 
Most of these methods [1–4] intend to recover scene radi-
ance using the image degradation model that describe the 
formation of a foggy image. Tan [1] removed fog by maxi-
mizing the local contrast of the restored image. Nishino et 
al. [2] proposed a Bayesian probabilistic method that esti-
mates the scene albedo and depth from a foggy image with 
energy minimization of a factorial Markov random field. He 
et al. [3] estimated the transmission map and the airlight 
of the degradation model using the dark channel prior. 
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Tarel et al. [4] introduced an atmospheric veil to restore 
image visibility based on the fast median filter. However, 
these methods are controlled by a few parameters with 
fixed values that cannot be automatically adjusted for dif-
ferent foggy images.

In recent years, people are quite interested in automatic 
fog removal, which is useful in applications such as surveil-
lance video [5], intelligent vehicles [6], and outdoor object 
recognition [7]. In this letter, we thus focus on the genetic 
algorithm-based adaptive parameter adjustment for single 
image defogging.

The motivation of using genetic algorithm for image de-
fogging is that the parameter selection and function max-
imization can be closely related problems, since acquired 
the best parameter values also simultaneously solved the 
function maximization problem, and constructing a good 
object function actually ensures the best parameter values 
for image defogging effect. The essence of genetic algo-
rithm is its global optimization performance, that is, the 
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Fig. 1. Fog removal results with fixed parameter value. (a) Original image. (b) Unpleasing contour effect with ω = 0.95. (c) No obvious visibility improvement 
with ω = 0.65. (d) Smoother sky region using ω = 0.12.

fitness function may reach its maximum with the optimal 
parameter values, and using genetic algorithm the proba-
bility of finding out the global optimization solution is the 
highest in most intelligent search algorithms. It is widely 
used to generate useful solutions to optimization prob-
lems and it can be also used for digital image process-
ing, such as image segmentation [8], image enhancement 
[9], etc. Therefore, the parameter value selection of im-
age defogging is simulated as an optimization problem, 
and the genetic algorithm is used to optimize the sensitive 
parameters in the proposed method. Experimental results 
demonstrate that the better quality defogging results can 
be obtained by using the genetic algorithm.

However, due to the lack of proper objective criterion of 
defogging effect as the fitness function, present defogging 
algorithms seldom use genetic algorithm to effectively re-
move fog from a single image. Though the objective image 
quality evaluation methods have achieved some promis-
ing results, they are just applied to assess the quality of 
degraded image, such as image denoising results and im-
age deblurring results. The aim of defogging algorithm is 
to recover color and details of the scene from input foggy 
image. Unlike image quality assessment, the fog can not be 
addressed like a classic image noise or degradation which 
may be added and then removed. Meanwhile, there is no 
easy way to have a reference no-fog image, and the quality 
evaluation criteria of degraded image, such as the struc-
tural similarity (SSIM) [10], the peak signal-to-noise ratio 
(PSNR) [11], and the mean square error (MSE), are not suit-
able for assessing image defogging effects. This makes the 
problem of adaptive parameter adjustment of defogging al-
gorithm not straightforward to solve.

In this letter, we mainly focus on the way to select 
parameter values for single image defogging. Here, the de-
fogging effect assessment index presented in our previous 
work [12] is taken as the fitness function of the proposed 
GA-based method to adaptively adjust the parameter val-
ues for different input foggy images. In Section 2 of the 
letter, the limitation of existing methods are described. 
Section 3 introduces the proposed parameter value selec-
tion approach to single image defogging. Experimental re-
sults and conclusions are presented in Sections 4 and 5, 
respectively.

2. Limitation of the existing defogging methods

Most current defogging methods recover the scene ra-
diance by solving the image degradation model. Since the 
model contains three unknown parameters and the solving 

process is an ill-posed inverse problem, it is thus inevitable 
to introduce many application-based parameters that used 
in various assumptions for image defogging. A large quan-
tity of experimental results shows that the selection of the 
algorithm parameters has direct influence on the final de-
fogging effect. However, there exists a major problem for 
the parameter setting in most defogging algorithms, i.e. the 
parameters may all have fixed values in the defogging al-
gorithms. Therefore, the proposed approach first split the 
set of algorithm parameters into two sets: sensitive pa-
rameters set and less sensitive parameters set. Then a cri-
terion is used to select the best sensitive parameters using 
a genetic algorithm. The reason why the parameter selec-
tion is needed for the proposed method is that optimizing 
too many parameters will cost too much computing time. 
Therefore, we choose two main sensitive parameters which 
have significant effect on the final defogging results to op-
timize, and other less sensitive parameters are set with 
fixed values. However, if time permits, all the algorithm 
parameters can be optimized using the proposed approach.

In our experiments, we find that the fixed parameter 
values caused that the fog removal algorithms just have 
good defogging effect for a certain kind of foggy image, 
and the algorithms may not work well for the images cap-
tured under other foggy conditions. For example, He’s algo-
rithm [3] has mainly three parameters to control: ω which 
alters the amount of haze kept at all depths, c the patch 
size for estimating transmission map, and t0 restrict the 
transmission to a lower bound to make a small amount of 
fog preserve in very dense fog regions. All these parame-
ters have fixed value suggested by the authors, such as the 
fog parameter ω, which is set to be 0.95 in the algorithm 
[3]. Our experimental results given in Fig. 1 using He’s al-
gorithm [3] show that, if ω is adjusted downward, more 
fog will be kept, and vice versa. Using ω = 0.95 keeps a 
slight amount of fog effect around at all depths. However, 
the experiments show that ω sometimes needs to be de-
creased when an image contains substantial sky regions, 
otherwise the sky region may wind up having artifacts. 
An example showing the need to decrease ω is presented 
in Fig. 1. The defogging result with ω = 0.95 is shown in 
Fig. 1(b). One can clearly see that the sky looks contoured 
since the fog removed by He’s algorithm was too strong in 
this region, and the defogging result has no obvious visi-
bility improvement with ω = 0.65. If setting ω = 0.12, the 
sky region becomes brighter and smoother, which makes 
the whole image look more natural.

Most defogging algorithms have introduced some pa-
rameters, which lead to user interaction and make the fi-
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