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Abstract - The air pollution and foggy weather often result in serious distortion while taking photos or recognizing patterns. 
He et al. have introduced the dark channel prior to solve this dehazing problem. Unfortunately, it cannot function well once 
the color difference of target image is large. More precisely, the dehazed result looks unnatural. Thus, we aim to develop a 
brand-new visibility dehazing technique based on the channel-weighted analysis and illumination tuning. The 
channel-weighted analysis is adopted to eliminate the unnatural effect, while the illumination tuning is applied to refine the 
details. Simulation results have demonstrated that the new method can guarantee the readability of a hazed image after 
removing noise, such as the foggy photo. 
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I. INTRODUCTION 
 
No doubt that we can obtain a perfect-like digital 
image with a high-resolution camera. However, the 
existence of the air noise, including pollution, fog, 
and sandstorm, always plays a crucial villain against 
the image digitizing. The original noise must lower 
down the quality of digital image no matter what kind 
of high-resolution devices we used. Fig. 1 illustrates a 
foggy photo. This haze factor have brought in many 
negative effects in our daily lives.  
The safety consideration is one of the most serious 
cases. As we know that the close-circuit televisions 
(CCTV) are widely spread in the community for 
video surveillance, these hazes must lead to the no 
function of CCTV camera. Similarly, it happens to 
the fields of ecology record and aviation monitoring. 
The recognition correctness of ROI (region of 
interest) will be lowered down significantly since the 
image characteristics including edge, color, and 
illumination have been distorted. In particular, the 
visibility recognition of intelligent transportation 
system strongly relies on a clear image capture. The 
haze will distort the real-time feedback from smart 
car. Thus, the visibility dehazing technique has 
become an emergent and important challenge in 
designing a recognition feedback system.  
 
The haze removal strategies can be classified into 
three categories, 1) Additional information approach 
[1-3]; 2) Multiple-image approach [4-6]; and 3) 
Single-image approach [7-11]. For an additional 
information approach, the image scenes are separated 
into species according to distinct characteristics, 
followed by the procedure of haze removal and color 
recovery. In [1-3], the additional information includes 
the tilt of shot and the height of camera. The 
information is then used to generate a model image to 
obtain the depth of field (DOF). Hereafter, the DOF 
is adopted to recover the haze image. In fact, it is 
impractical to achieve this since additional 

information shall be provided by the photographer. 
That is to say, it cannot be applied to an arbitrary 
image. As to the multiple-image approach, it requires 
several images to simulate the DOF to help recover 
the haze image. In [4] and [5], Narasimhanand Nayar 
employ two images containing the same scene under 
different climates to predict the DOF. In [6], 
Schechner et al. take more than two images of the 
identical scene with distinct polarization degrees. 
After that, a polarizing filter is adopted to retrieve the 
DOF based on these images. Though the DOF 
generated from [4-6] could be used to restore the 
visibility of haze image, taking the same scene under 
different weather must be an unfavorable overhead in 
the real world. More precisely, it is not suitable for 
the application of real-time recognition.  
 

 
To improve the performance of visibility restoration, 
the single-image approach has been proposed recently 
according to heuristic suppositions. In [7], Tan has 
observed that the contrast of a haze-free image is 
much higher than that of a hazed one. Thus, he 
designs a dehazingmechanismbased on the strategy of 
contrast tuning. Unfortunately, the block effects 
happen to the dehazed outcome, which seriously 
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distort the image quality. In [8], He et al. have figured 
out a hypothesis that there exists at least one out of 
RGB(R: Red, G: Green, B: Blue) channels containing 
very low intensity, i.e. the so called Dark Channel 
Prior. It could be applied to eliminate the intensity of 
fog and redeem the image color. This is a big break in 
the field of dehazing since the repaired outcome 
could be obtained based on a single image without 
any additional data. The discontinuous parts of DOF, 
however, also bring in the problem of halo effects. 
For solving this distortion issue, Huang et al. 
introduce a median filter to obtain an edge map and 
differentiate the transmission maps according to a 
predefined threshold [9]. The distortion from halo 
effects could be effectively mitigated by these 
ingenious designs. Specially, it is the first one which 
is able to restore two typical haze images at the same 
time, including the foggy and sandstorm images, 
while others can only deal with the foggy one. 
Unfortunately, there exists the unnatural problem in 
refining the parts of gradient colors. Aside from these 
state-of-the-art works [8, 9], Meng et al. have 
provided a normalization strategy to prevent the halo 
disturbance which often happens to a foggy scene 
[10]. Moreover, Berman et al. have mounted the 
clustering concept on the image color and recovered 
the haze image according to the distance [11]. These 
two methods can be used to repair a foggy image, but 
they are not good at dealing with a sandstorm image. 
Inspired by the idea of dark channel prior, we aim to 
develop a visibility dehazing technique based on the 
channel-weighted analysis and illumination tuning in 
this article. The channel-weighted analysis is adopted 
to eliminate the unnatural effect, while the 
illumination tuning is applied to refine the details. 
Simulation results have demonstrated that the new 
method can guarantee the readability of a hazed 
image after removing noise, such as the foggy photo. 
The rest of this article is organized as follows. In 
section 2, we introduce related works, including the 
optical model and two impressive research ideas 
inspiring us, followed by the details of proposed 
method in section 3. Experimental results and 
analysis are shown in section 4 to demonstrate the 
contribution. Finally, we make conclusions in section 
5.  
 
II. RELATED WORKS 
 
In this section, we first introduce the Optical Model, 
which is used to describe haze image information in 
our paper; next, we explain Haze removal using dark 
channel prior, which recovers images using dark 
channel prior [8]technology; finally, Haze removal 
using visibility restoration [9]technology is discussed, 
which improves upon the dark channel prior method. 
 
A. Optical Model 
The optical model can be extended to include 
favorable elastic scattering, and this makes it possible 

to analyze numerous apparently complicated 
phenomena. In the computer vision community, the 
haze optical model is extensively used to describe a 
hazy image I(x): 
I(x)=J(x)t(x)+A(1-t(x)) (1) 
where I(x) is the intensity of the hazy image; x is 
the pixel index;J(x)is the intensity of the haze-free 
image; A is the atmospheric light; and t(x) is the 
medium transmission describing the portion of light 
that is not scattered and that reaches the camera. The 
goal of dehazing is to recover J(x) from I(x). The 
first term on the right-hand side of (1), J(x)t(x), is 
named as the direct attenuation, which describes the 
scene radiance and is dependent on the scene depth 
and medium; the second term A(1 - t(x)) is called as 
the airlight, which represents the color shifts that 
occur when light scattering affects the scene.When 
the atmosphere is homogeneous, the transmissiont(x) 
can be expressed as 
 t(x)=e-βd(x)    (2) 
where β  is the scattering coefficient of the 
atmosphere, andd(x) is the DOF. 
 
B. Haze Removal using Dark Channel Prior 
This method is proposed by He et al. [8], and it uses 
the single image to estimate the DOF image from (2), 
then recovering the haze-free image. 
 
Phase.1 Dark Channel Prior 
The theory is based on an outdoor haze-free image 
without sky range that contains some pixels whose 
intensity is very low in at least one color channel, 
named as the dark channel prior,Jdark , in the haze-free 
image, which can be expressed as 
Jdark(x)=miny∈Ω(x) minc∈{r,g,b}Jc(y) , for c∈{r,g,b}(3) 
where  J  is a color channel of the RGB image, Ω(x) 
is a patch region centered at x, miny∈Ω(x)  is the 
minimum filter, and minc∈{r,g,b}is the minimum value 
of the color channel.  
The process of using Jdark  is illustrated in Fig. 2. The 
minimum RGB values in the input image are first 
identified, and the color image in Fig. 2(a) is 
transformed into the grayscale image in Fig. 2(b), 
from which the depth image ofJdark  can be obtained. 
Finally, the minimum filter is applied, as displayed in 
Fig. 2(c).Note thatJdarkshould have a very low valuein 
a low-color patch, which could be expressed as 

Jdark→0  (4) 
Phase.2 Atmospheric Light Estimation 
The top 0.1% brightest pixels in the dark channel 
image are selected and applied to replace the same 
pixels in the input image; thepixels with the highest 
intensityare then determined and used to define the 
atmospheric light, denoted A. 
 
Phase.3 Estimating the Transmission 
The transmission is estimated according to the dark 
channel prior method by using (1). First, we assume 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-4, Apr.-2018, http://iraj.in 

Dehazing Technique based on Channel-Weighted Analysis and Illumination Tuning 
 

52 

that the atmospheric light A is known; then, t ̃(x) is 
the transmission map and the following applies: 
Ic(x)
Ac =t ̃(x) Jc(x)

Ac +1-t ̃(x) , for c∈{r,g,b}  (5) 
Substituting (3) into (5), we can calculate the dark 
channel on both sides: 

miny∈Ω(x) minc∈{r,g,b}
Ic(y)
Ac  

=t ̃(x)miny∈Ω(x) minc∈{r,g,b}
Jc(y)

Ac +1-t ̃(x) (6) 
In the outdoor haze-free image, the dark channel J is 
close to zero because of the dark channel prior (4) 
  
 Jdark(x)=miny∈Ω(x) minc∈{r,g,b}

Jc(y)
Ac =0(7) 

Next, the transmission map can be found from (6) and 
(7); the transmission t ̃ is simply estimated by 
 t ̃(x)=1-miny∈Ω(x) minc∈{r,g,b}

Ic(y)
Ac   (8) 

However, if we remove all the haze information from 
the original image, the result may be unnatural; He et 
al.[8] avoided this problem by adding a constant ω 
that ranges between 0 and 1. Finally, the transmission 
result of(8) can be expressed as 
 t ̃(x)=1-ωminy∈Ω(x) minc∈{r,g,b}

Ic(y)
Ac  (9) 

where ω is set to 0.95. 
 
Phase.4 Soft Matting 
As the transmission t ̃(x)  is obtained by 
patchrecovery (9), the recovered image may suffer 
from blocking artifacts. To fix this, the soft matting 
[8] is used to refine the transmission maps. 
 
Phase.5 Recovering the Scene Radiance 
The scene radianceJc(x)is recovered using 
Jc(x)= Ic(x)-(Ac)

max(t(x),t0) +Ac,forc∈{r,g,b}(10) 
where t0is set to 0.1; this avoids noise caused by the 
recovered scene radiance when the intensity t(x)is 
close to 0. Therefore, a small amount of haze is 
preserved by t0 for regions,where the haze is dense, to 
make the final image appear natural[8]. 
 
Although soft matting can be used to improve the 
transmission maps, it increases calculation cost; 
additionally, the method can only be employed to 
remove haze and cannot be used for different types of 
weather from (10). In next section, we present the 
method used to overcome these problems, which is 
developed by Huang et al. [9]. 
 
C. Haze Removal using Visibility Restoration 
In the method of He et al. [8], which uses a minimum 
filter to process the dark channel, the edge 
information is easily lost in the transmission map. To 
overcome this weakness, Huang et al. [9] presented a 
method applying a median filter to preserve edges 
and improve halo effects in the dark channel.Three 
phases are proposed in [9] to improve the quality of 
visibility restoration. 
Phase.1 Depth Estimation Module 

The median filter is effective at removing noise while 
preserving edges. The information of edge D(x) is 
calculated as 

D(x)=ω min mediany∈Ω(x) W(y) ,W(x)  

-miny∈Ω(x) W(y) (11) 
where ω  is set to 0.95, Ω(x)  is a patch region 
centered at x, mediany∈Ω(x) is the median filter, 
miny∈Ω(x) is a minimum filter, W(x)is an independent 
pixel at location x, and W(y)is each independent pixel 
of the corresponding patch Ω(x). Next, we substitute 
(11) into (9), from which the refined transmission 
tr(x) is obtained as shown in Fig. 3. 
tr(x)=t ̃(x)-D(x) (12) 
Based on the result of (12), Huang et al. [9] set 
different thresholds forvarious transmission maps 
(13)according to the gamma correction (14), as is 
made more obvious in the following: 

te(x)=(Xmax) tr(x)
Xmax

γ
  (13) 

γ= 1+ t
Xmax

, if  t ≥ T

1     ,if  t <T
  (14) 

where Xmax  is the maximum intensity of the input 
image,γ  is a varying adaptive parameter, t  is the 
intensity when the Cumulative Distribution Function 
(CDF) is equal to 0.1, and the thresholdT is set to 
120. Fig. 4(a) displays an example image, while 
transmission maps obtained by two methods are 
shown in Fig. 4(b) and 4(c). 
 
Phase.2 Color Analysis Module 
As the sandstorm is regarded as one of serious noise 
in haze images, Huang et al. [9] developed a 
newscheme to mitigate the red channel effect. 

First, the average intensities of the three color 
channels are calculated using 

avgc=
Σi=1

M Σj=1
N Ic(i,j)

MN
,forc∈{r,g,b}  (15) 

where M and Nare the width and height of the 
inputimage, and I representsindividual color 
channels (red, green, and blue). From (15), the 
difference between the average red and the average of 
RGB channels, dc, is calculated using 
dc=avgr-avgc,forc∈{r,g,b} (16) 
Phase.3 Visibility Restoration Module 
Bringing (13) into thecolor analysis module (16), the 
haze-free imageJc(x)could be recovered as follows. 
Jc(x)= Ic(x)- Ac -dc

max(te(x),t0) + Ac-dc , forc∈{r,g,b} (17) 
where 퐼is the intensity of the hazy image, teis the 
transmission map, t0  is set to 0.1, and A is the 
atmospheric light. 
 
III. THE PROPOSED MECHANISM 
 
As the same restoration strategy is applied to all color 
channels [9], the color gradient cannot be preserved 
well in the result; thus, leading to an unnatural 
visibility. We design two phases, channel-weight 
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analysis and illumination tuning, to improve the 
performance of previous works. Here, we take the 
input image color as a reference in a 
channel-weighted analysis, which is explained in 
Phase 1. This results in a more natural outcome. As 
the human visual system is highly 
 

 
Fig. 2.Dark channel prior to the processing of the haze-free 

image: (a) Haze-free image [8]. (b) Minimum color value of (a). 
(c)Jdark obtained by applying the minimum filter to (b). The 

picture size is 172 × 173 pixels, and the patch size is 9 × 9 pixels 
 

 
Fig. 3.Applying edge information to the transmission map: (a) 

D(x). (b) t(x). (c) tr(x). 
 

 
Fig. 4. (a) Input image [9] and transmission maps obtained 

using the methods of (b) He et al.[8] and (c) Huang et al. 
[9].sensitive to brightness, we tune the illumination of a 

recovered image to stretch the contrast in Phase 2, which can 
recover the image more favorably and retain more detail. 

 
Phase1. Channel-Weighted Analysis 
Step 1.Calculate the average intensities of the red, 
green, and blue channels (denoted by c) as 

avgc=
Σi=1

M Σj=1
N Ic(i,j)

MN
, forc∈{r,g,b}  (18) 

Step 2.Compute the average of two pairs of colors 
from (18) 
Zr=(avgg+avgb)/2,   (19) 
Zg=(avgr+avgb)/2,   (20) 
Zb=(avgr+avgg)/2,   (21) 
Step 3.According to the tuning average of (19), (20), 
and (21), find suitable sc: 
sc = q× (avgc + Zc)/2,forc∈{r,g,b}  (22) 
where q is set to 0.1. 
Step 4.Bring the result of (22) into (17) to replace dc 
with sc, obtain Jc(x) as follows. 

Jc(x)= Ic(x)- Ac -sc

max(te(x),t0) + Ac-sc ,forc∈{r,g,b} (23) 
Phase2.Illumination Tuning 
Step 1.Transform RGB channels of Jc(x) from (23), 
said JRGB , into HSI (H: Hue, S: Saturation, I: 
Illumination) space 

 JRGB → JHSI 
Step 2.Stretch the I component of JHSIto the range 
between [0, 255] 

JHSI → JHSI' 
Step 3. Transform the modifiedHSI JHSI'into the 
RGB spaceJRGB' 

 JHSI' → JRGB' 
Step 4.Adjust the weights of JRGB  and JRGB'  to 
obtain the final result Jf 
Jf = k ×JRGB + p × JRGB'    (24) 
Note thatk and pare theadaptive weightsofJRGB  and 
JRGB' according to the experimental trials. If the haze 
effect is too strong, kshould be increased; if the 
opposite, pshould be increased. 
 
IV. EXPERIMENTAL RESULTS AND 
ANALYSIS 
 
A personal computer installed with Windows 7 32-bit 
is applied to simulate the system, equipped with an 
Intel Core I7-2670QM 2.2-GHzwith 8G RAM. The  
software used to modify the image is Adobe 
Photoshop CS5, and all algorithms were implemented 
in the MatlabR2015b environment. The test images 
are the fog image.To highlight the contribution, we 
have compared the performance of our proposed 
scheme with that of He et al.[8], Huanget al. [9], 
Meng et al. [10], and Berman et al. [11].The method 
of He et al. [8] is the first one which creates the 
assumption of dark channel prior and is able to 
eliminate the foggy distortion, while the algorithm of 
Huanget al. [9] is one of the best improvers of dark 
channel based mechanism, in which the foggy images 
can be refined.  

 
 
As to the methods of [10] and [11], they are the latest 
researches on removing hazy information from 
images. The images compared withartificialimages 
which have been digitally altered. 
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To emphasize the contribution, we have examined the 
proposed methodwithPeak Signal to Noise Ratio 
(PSNR). The PSNR is displayed in decibels, which 
compares two images Mean Squared Error (MSE), if 
the MSE value is small, it also means two image get 
close in this formula. It is given by the equation: 

PSNR=10log10
2552

MSE
   (25) 

MSE= 
∑ ∑ (Ii,j-Pi,j )

2
ji

N
   (26) 

where N is the size of the image and Ii,j and Pi,j are 
the noise-free and recovered images, respectively. 
 
Fig. 5 displays four noise-free images of size 1616 × 
1080 pixels. To apply PSNR index to evaluate the 
performance, we have to make up the 
artificial images by putting fog onto these noise-free 
images. As displayed in Figs. 6and 7, the hazy 
information is appended to the original image from 
different directions to simulate the real cases. 
Then,these methods were used to recover the images. 
First, the haze was applied to Fig. 5(a) via four 
directions. 
 
Fig. 6 displays the outcomes of all methods and lists 
corresponding PSNR values. Regardless of distinct 
directions of fog, the new method is able to restore a 
satisfactory result from the human vision perception. 

In particular, the PSNR values obtained from the new 
method are higher than those of related works in all 
cases. This has proved the practicability as the fog 
always comes randomly. In Table1, the x-axis 
represents the different haze directions applied to the 
original image, as is denoted in Fig. 6 (R1 = top to 
bottom; R2 = bottom to top; R3 = left to right; and R4 
= right to left). 
 
For these experimental images, our method produces 
favorable recovered images regardless of the haze 
direction applied because we place emphasis both on 
the color and brightness and improve on them. Next, 
we discuss images that are totally covered with fog. 
The repaired results and comparisons are given in 
Fig. 7.As the haze was applied to the whole image, all 
pixels were affected. It is hard to figure out a 
reference for restoration. Fig. 7 demonstrates that our 
method results in favorable recovered images. Our 
method not only uses a new color model to restore the 
image, but also deepens image detail by increasing 
the weights of brightness; thus, we obtained better 
results than the other methods. In particular, 
unnatural problem of [9] in refining the parts of 
gradient colors can be solved in our method due to 
the adoption of individual channel weight analysis. 

 

 

 
Fig. 6. Comparison of images recovered from that in Fig. 5(a), to which four fogdirections were applied. The column labeled “Fog” 

indicates the image after fog addition and prior to recovery. 
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Fig. 7. Comparison of fog images recovered using different methods. R1–R4 indicate the images presented in 

Figs. 5(a–d), respectively. The column labeled “Fog” indicates the image after fog addition and prior to recovery. 
 

CONCLUSIONS 
 
In this article, we have developed a visibility 
dehazing technique based on the channel-weighted 
analysis and illumination tuning. The 
channel-weighted analysis can be adopted to 
successfully eliminate the unnatural effect, while the 
illumination tuning can be applied to refine the details 
prosperously. Simulation results have demonstrated 
that the new method can guarantee the readability of 
a hazed image after removing noise, such as the 
foggy photo, from the human vision perception. 
Moreover, we have examined the new method with 
two objective indexes.Compared with other recent 
methods, the new method also achieved higher PSNR 
and SSIM values; thus, leading to a better recovery 
quality. 
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