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Abstract- Image dehazing is very important to improve the image quality, when image is taken in low visibility conditions 
like fog, dust, and haze. Bad weather images have poor color and contrast information, and thus contents of the scene can be 
lost, which may cause problems in smart and autonomous systems. Now-a-days Advanced Driver Assistance Systems 
(ADAS) are also dependent on image and video information under different weather conditions. Several different image 
dehazing techniques have been presented in last few years and dehzaing performance has been increased subsequently, and a 
thorough comparison of these techniques is an important issue. This paper presents a comparative study of haze removal for 
five methods in terms of performance and efficiency. 
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I. INTRODUCTION 
 
Image quality especially in outdoor images is highly 
degraded mainly by different particles in air. This 
affect the pixel intensities which may cause losing 
valuable information in smart systems that work by 
using image information. These particles include fog, 
dust, haze, rain drops, and smoke. When light strikes 
these particles, it causes scattering effect, and a white 
layer is produced on image which affects the color 
and contrast value of the image. Haze formation 
model can be described as follows. 
 
I(x) = [J(X)] × [t(x)] + [1− t(x)] × A (1) 
 
In this model, I(x) is the observed intensity of pixel 
x, J is the scene radiance, A is atmospheric light and t 
is the medium transmission. The parameter t 
describes the portion of light that reaches the camera. 
For dehazing an image, the goal is to recover scene 
radiance, atmospheric light and transmission from 
given input hazy image. This image formation model 
is in RGB color space. The vectors A, I , and J are 
coplanar and their end points are collinear[1].  Based 
on this model, by calculating 3 unknown parameters 
from given input hazy image, the visibility of image 
can be enhanced.  
 

 
Fig.1. Components of Image formation model 

II. COMPARATIVE STUDY OF DEHAZING 
MODELS  
 
2.1. Dark Channel Prior (DCP) Method 
He et al. in [1] proposed Dark Chanel Prior (DCP) 
method for single image dehazing in 2009. The 
authors observed that in a single haze free image, low 
intensities of pixels in local patches are similar in one 
color channel. These low intensities are due to 
shadows or colorful dark objects in non-sky regions. 
Based on this observation, thickness of haze can be 
estimated, and utilizing this, haze free image with 
high quality depth map is obtained by subtracting the 
estimated haze. The advantage of Dark Channel Prior 
is that only single image is used for restoring the 
transmission map and hazy image. DCP method 
assume that transmission in a local patch is constant. 
According to this method, the patch minimum of 
scene radiance tends to zero for all regions except sky 
or other bright regions. DCP method is based on 
observation that in haze free outdoor images, most 
non-sky patches have very low intensity at some pixel 
in at least one color channel [1].  
            Jmin(x) = 0                           (2) 
 
He et al. in [2] proposed Guided Image Filtering 
Technique, which is faster than DCP method. 
 
2.2. Block to Pixel Interpolation & Adaptive DCP 
Yu et al. [3] accelerated the transmission estimation 
process by using a block to pixel interpolation 
method. The main advantage of this method is that it 
is 30 times faster than DCP and it can handle sky 
regions and bright regions in the image effectively. In 
this method, authors estimated the transmission map 
directly, without refinement step, to speed up the 
algorithm. Furthermore, scaling is used in 
transmission map estimation for efficiency. This 
technique is efficient and faster than other dehazing 
techniques. 
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2.3. Haze Removal using Color Lines 
In 2014, Fattal [4] presented a dehazing algorithm 
that relies on a generic regularity in natural images 
where pixels of a small image patches typically 
exhibit a one-dimensional distribution in RGB color 
space, known as color-lines [4]. Although, Fattal’s 
method produces high-quality results, it sometimes 
underestimates the transmission for the darker regions 
of the image, causing over-saturated results. 
 
2.4. Dehazing by Color Attenuation Prior 
Zhu et al. [5] created a linear model for estimating the 
scene depth of the hazy image under color attenuation 
prior. Transmission is estimated using depth map and 
scene radiance is restored via atmospheric scattering 
model [5]. They used supervised learning. Color 
attenuation prior is based on the observation that the 
brightness and the saturation of pixels in a hazy 
image vary sharply along with the haze concentration. 
The hazy regions are characterized by high brightness 
and low saturation. 
 
Depth map is restored from the original image and 
then transmission map is restored for getting the 
dehazed image as shown in Fig. 2.  
 

 
Fig.2. Depth map and Transmission map is restored in Color 

Attenuation Prior method. 
 
2.5. Dehazing via Reliability guided Fusion 
Riaz et al. [6] proposed a new and efficient 
transmission refinement scheme to achieve real-time 
halo-free dehazing of a given image. Haloes near 
object boundaries are produced due to nonlinear 
nature of patch minimum. These halos are reduced by 
local patch operation and a refined transmission map 
is obtained through the ‘reliability guided fusion’ 
scheme.  
Riaz et al. [7] observed that most dehazing methods 
treat the absence of dark pixels as haze and produce 
over-saturated output images. They resolved these 
conditions for bright regions like the sky, and 
estimated pixel and block haze. For transmission 
estimation, a downscaling method is used for fast 
computation. 

 
Fig.3. Overestimation of haze-thickness for bright     surfaces 

cause over-dehazing 
 

 
Fig.4. Overall flow of the Relibilty Guided Fusion method 

 
(a) Input hazy image, (b) Regions of obvious DCP 
failure, (c) Potential candidate regions for non-
obvious DCP failure, (d) Pixel-level haze estimate, 
(e) Block-level haze estimate, (f) Block-level haze 
reliability map, (g) Refined haze map, (h) 
Transmission map, (i) Dehazed output image 
 
III. PROS AND CONS OF DEHAZING 
METHODS 
 
The advantage of DCP is that only single image is 
used for restoring the transmission map and the hazy 
image. Its main disadvantage is that it cannot handle 
bright objects for dehazing. DCP fails in large bright 
surfaces, because the absence of dark pixels is treated 
as the presence of thick haze and thus transmission is 
underestimated from its actual value. DCP is a slow 
method which takes 10 to 20 seconds for processing a 
single frame of 600×400 pixels on Intel Pentium 4 
processor. 
Guided Image Filtering technique proposed by He et 
al. [2] takes 2.4 seconds to process a single frame of 
640×480 pixels, which is faster than DCP, but still it 
is too slow to be useful for real time applications. 
Yu et al. [3] proposed faster solution that can handle 
sky regions and brighter regions more effectively for 
low resolution images. This method produces 
promising results and it is reasonably fast. However, 
transmission per pixel requires evaluation of 9 
Gaussian terms, hence this method does not scale 
well for higher resolution images. 
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The advantage of Fattal et al. [4] is that it shows 
improvement in accuracy while estimating 
transmission and radiance. This method recovers the 
scene radiance quite accurately, but in some cases, it 
tends to overestimate the bright-white and low-light 
surfaces. Zhu et al. [5] proposed a color attenuation 
prior method. This state-of-the-art algorithm is good 
in terms of efficiency and dehazing effect. This 
method is slower than Yu method. It takes 0.92 
seconds to process a single frame of 640×480 pixels 
and 2.56 seconds for a single frame of 1280×720 
pixels. Riaz et al [6]. deal with halo effects produced 
near object boundaries in DCP method and handle 
bright surfaces. This method produces 0.9085 
Structure similarity with the ground truth. Also, 
computation time is 0.047 s for 1280×720 resolution 
when ¼ scaling is applied, and the computation time 
without scaling is 0.108 seconds.  

 
Fig.5. Transmission refinement via reliability   guided fusion 

scheme 
 

 
Fig.6. Dehazing by Reliability Guided Fusion 

 

 
Fig.7. Dehazing by transmission map estimation from scaled 

resolution 
Riaz et al [7] used block and pixel minimum and their 
averages to identify and handle possible DCP failure 
regions, to improve the pixel and block level haze 
estimate and to generate their reliability map. A 
refined transmission map is obtained by reliability 
guided fusion of block and pixel level estimates. 
 
IV. QUALITY COMPARISON 
 
The Structure Similarity (SSIM) and Mean Square 
Error (MSE) of five methods are compared in Table 1 
and 2. SSIM is the measure of similarity between two 

images while MSE measures the average of squares 
of errors. Dehazed image is compared with the 
original haze free image (Ground Truth).  If the input 
image starts to look structurally and chromatically 
similar to the reference image, SSIM tends to 
approach its maximum value of one, and MSE value 
approaches to its minimum value of zero. Fig. 8. 
shows the visual results of dehazing and SSIM values. 

 
Table1: Structure Similarity Based Comparison 

 
Table2: Mean Squared Error Based Comparison 

 

 
Fig.8. Qualitative Comparison on different    images 

 
V. DISCUSSION AND CONCLUSIONS 
 
We compared five different dehazing techniques in 
terms of accuracy and speed. Yu et al.’s method is 
fast for low resolution images. DCP method assumes 
that the dark pixels are well distributed across the 
entire image and hence becomes invalid for large 
bright surfaces. These results in an under-estimation 
of the transmission value which makes the output 
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image look oversaturated [7]. For sky regions, this 
can cause haloes and circular ring-like artefacts to 
appear in the dehazed image. However, Riaz et al.’s 
method gives the best accuracy with less computation 
time. This method can handle overestimation of haze 
on bright surfaces and sky regions and thus prevent 
over-dehazing. Also, this method produces refined 
transmission map which can reduce halo effect near 
object boundaries. These haloes are produced in DCP 
based methods due to the nonlinear patch minimum. 
Reliability guided fusion scheme produces best 
results among all five image dehazing techniques in 
terms of accuracy and CPU time. 
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