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Abstract—Image dehazing refers to procedures that attempt to remove the haze amount in a hazy image and
grant the degraded image an overall sharpened appearance to obtain a clearer visibility and smooth image.
In this paper, we studied various fast dehazing techniques like Tan’s dehazing method, Fattal’s dehazing
method and Kaiming He et al, dehazing method. Among these methods the Dark Channel Prior (DCP)
proposed by He et al, is one of the most essential method used to perform this task. The usage of the DCP to
remove haze from an image is explained and a comparison between the DCP and other dehazing method was
made in order to make clear people’s mind on the best dehazing method. We applied the DCP on two
hundred images and experimental results show that the DCP is better than other dehazing method. This work
comes to confirm that the DCP algorithm still and remain the best dehazing method of the century.
Keywords— Image dehazing; bad visibility; Dark Channel Prior; Transmission map
I. INTRODUCTION

The enhancement of images taken under bad visibility or bad weather is highly desired in
both consumer photography and computer vision applications. Therefore haze removal is a
challenging problem. During the past decade many researchers have been devoted on the
problem of how to obtain high quality dehazed image. Tan removes the haze by maximizing
the local contrast of the restored image. Tan makes the assumption that neighboring pixels in
a hazy image suffered from the same degradation [10,11,13]. Fattal for its part considers that
the transmission and surface shading are locally unrelated, thus he uses this assumption to
estimation the medium transmission [10]. He et al, based on the blackbody radiation use the
Dark Channel Prior to estimate the thickness of haze and recover a high quality dehazed
image [2]. Kaiming He found that, in most of the local regions which do not cover the sky,
some pixels (called dark pixels) very often have very low intensity in at least one color (RGB)
channel. In hazy images, the intensity of these dark pixels in that channel is mainly
contributed by the air light [2,10]. Therefore, these dark pixels can directly provide an
accurate estimation of the haze transmission [2]. He used soft matting method instead of
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MRF (Markov Random Field) to refine the transmission. He et al, recovered a high-quality
haze-free image and good transmission map [2,13].
In this paper, we proposed a comprehensive study on fast image dehazing techniques. The
results of the experiment confirm that He et al method is much faster than the previous
dehazing method.
The rest of this paper is organized as follows. Section 2 and 3 introduce haze image
formation and dehazing techniques, respectively. Section 4 presents a huge experimental
results of the dark channel prior proposed by He et al. Comparisons with other dehazing
method and conclusions are included in sections 5and 6.
II. HAZY IMAGE FORMATION

Under bad weather such as fog, haze, mist or smog, the contrast and the color of the images
are drastically reduced. In computer vision, the equation below is usually used to describe the
formation of a foggy or hazy image [1,2,13,19].
I ( x)  J ( x)t ( x )  A(1  t ( x))
(1)
Where I(x) is the hazy image, J(x) is the reconstructed hazy free image, A is the air light
[2,13] t(x) is the transmission. The transmission t(x) is known as the portion of light which
does not scattered and reached the camera. It is also the portion of light which survive and
reaches the camera.
III. FAST DEHAZING TECHNIQUES

The quality of image taken under bad visibility is always degraded by the presence of fog,
haze, smog or mist. Since the atmosphere was affected the contrast of the image is greatly
reduced. Dehazing is the process of removing haze from a captured image. During the past
decade many researchers have devoted on the problem of how to obtain high quality dehazed
image. This section probes into several dehazing methods.
A. Tan’s method

Tan uses the contrast maximization techniques to remove haze from an image. He assumes
that a dehazed image must have a high contrast. Tan’s single image dehazing method is
mostly based on two basic observations: On the one hand, the images taken under a clear
weather are always with enhanced visibility and high color contrast than those taken under
bad visibility like foggy weather. On the other hand, airlight whose variation mainly depends
on the distance of objects to the viewer tends to be smooth. Based on these two observations
and the assumption that neighboring pixels suffered from the same degradation, Tan removes
the haze by maximizing the local contrast of the restored image. This method does not intend
to fully recover the scene’s original colors. Its purpose is to only enhance the contrast of an
input image. This method only over-saturates the image visibility. Unfortunately this
approach is physically invalid and makes Tan’s dehazing image lacks color fidelity. Fig. 1 is
a haze image and Fig. 2 is its corresponding dehazing result by using Tan’s method. In Fig. 2,
we can clearly see the color of the image is over-saturated and the color of the swan after
dehazing become red instead of white. This is in contrast with the reality. Tan’s method
suffers from color fidelity.

Fig. 1: Hazy image
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B. Fattal’s method

Fattal considers that the shading and transmission signals are uncorrelated. Based on this
assumption, the airlight-albedo ambiguity can also be resolved. He used Independent
Component Analysis (ICA) to estimate the transmission, and then deduct the color of the
whole image by Markov Random Field (MRF). The method performs quite well for haze, but
declines with scenes involving fog. This method is physically valid and capable to restore the
contrasts of complex hazy scene. Moreover, since this method does not assume the haze layer
to be smooth, the discontinuities in the scene depth or medium thickness are permitted. This
assumption is sometime violated when the shading and transmission signals are correlated
and deliver a poor dehazing result. From the Fig. 4 we can see that the dehazing result of
Fattal’s method is not very good and some hazes are still not be removed, especially in the
thick haze region (rounded by light red lines).

Fig. 3: Hazy image

Fig. 4: Hazy free image

C. The Dark Channel Prior

He et al in 2009 rely on the blackbody radiation use dark channel prior approach to remove
haze from an image. The blackbody theory can be understood as a theoretical object that
absorbs 100% of the radiation that hits it and reflects no radiation and appears perfectly black.
Namely in this case, such image’s pixels are called dark pixel and their value must be very
close to zero. In hazy images, the intensity of these dark pixels in that channel is mainly
contributed by the air light. These dark pixels can directly provide an accurate estimation of
the haze transmission. In the DCP approach soft matting method instead of MRF (Markov
Random Field) is used to refine the transmission map. He et al, approach is physically valid
and is able to perform with distant objects in heavily hazy images. Like any approach using a
strong assumption, their approach also has its own limitation. This assumption sometime can
not perform well when there is no black body in some local patches. In another way, the dark
channel prior is invalid when the scene object is intrinsically the same with the air light (e.g.
snowy ground or a white wall) over a large local region and no shadow is cast on it. Although
their approach works well for most outdoor hazy images, but it fail on some extreme cases.
This is a profitable situation because in such situations haze removal is not critical since haze
is rarely visible.
D. Dark Channel Prior theory

In this section we deal with DCP algorithm. The dark channel prior is the observation that a
non hazy image at least one color has very low intensity at some pixels for most of non-sky
region. The dark channel prior an image J is expressed underneath in equation (4).
I ( x)  J ( x)t ( x )  A(1  t ( x))
A is always positive and greater than zero, and then we can divide the above equation by A.
I ( x) J ( x)t ( x)
(2)

 (1  t ( x))
A
A
The hazy free image is given by:
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J ( x) 

I ( x)  A
A
max(t '( x), t0 )

(3)

The DCP is given by [2,19]:
J dark ( x)  min ( min J c ( y ))

(4)

y ( x ) c( r , g ,b )




I c ( y)  
J c ( y) 
J c ( y) 

min  min
  t ( x) cmin
 min
  min  min
  (1  t ( x))) (5)
c( r , g ,b ) y ( x )
( r , g , b ) y ( x )
A 
A  c( r , g ,b )  y ( x ) A 



J c ( y) 
(6)
min  min
0
c( r , g ,b ) y ( x )
A 


I c ( y) 

min  min
  1  t ( x)
c( r , g ,b ) y ( x )
A 

c
t ( x)  1  min  min I ( y ) 


c( r , g ,b ) y ( x )
A 


(7)
(8)

Where t is the transmission map.

Fig. 5: Hazy image

Fig. 6: Hazy free image

The Fig. 5 and Fig. 6 above are respectively the input hazy image and the output hazy fee
image. The result is very encouraging.
IV. EXPERIMENTAL RESULTS FAST

In our experiments, the DCP algorithm was implemented using Matlab 7.10.0 (R2010a) on
Windows 7, CPU 2.5 GHz Core IM 3 processor, 4GB system memory, 64 bits ordinary pc.
We first conducted the experiment on several tests images (Tian an men, Hong Kong…). To
further validate the validity of the DCP we took many outdoor images and we simulate haze
by using equation above (1). We then remove the artificial haze by using the DCP proposed
by He at al. The experimental results are shown in Fig. 8 underneath.

(a)
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(c)

(d)

149

Elisée A KPONOU et al., International Journal of Computer Science and Mobile Computing Vol.2 Issue. 9, September- 2013, pg. 146-152

(a)
(b)
(c)
(d)
Fig: 7. shows the experiment result using the two image test
Fig: 7. demonstrates the experimental results tests images (Tian an men, Hong Kong…). (a)
stands for the input hazy image, (b) and (c) are respectively the transmission map and the
refine transmission map. (b) and (c) estimate the amount of haze of the input image. We
repeat successfully the experiment on 200 hundred outdoors images taken at different places
and different situations. We presented underneath some of our experimental results.
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Fig: 8 shows several dehazing results
V. COMPARISON BETWEEN DIFFERENT TECHNIQUES

In this section, an overall comparison of the fast dehazing techniques in terms of the number
of arithmetic operations, computation time, dehazing in case of haze existence, and the
accuracy of the DCP algorithm will be stated. The DCP algorithm is quite simple, very
accurate and so easy to implement. It is very fast and gives a better result than other dehazing
algorithms. From the stated facts in the pictures above, it is clear that the DCP proposed by
He et al, gives the best result and lowest execution time. It brings highest results in a lowest
execution time even with the image degraded with dense haze. But its drawback is it
performs poorly when the haze is very heavy especially in the sky region. Fattal dehazing
method performs near He’s method when haze is light while Tan method declines slightly.
VI. CONCLUSIONS

To sum up, this paper presents a comprehensive study on fast image dehazing techniques.
Likewise, this paper has proved that the DCP algorithms work efficiently even when haze is
dense. It only one drawback is the sky region. The DCP fails to remove haze in the sky region.
Any way it doesn’t matter because the sky region is already like a haze which is a profitable
situation. In terms of hazy image, the DCP algorithm is a better solution because it is very
fast, accurate and easy to implement. Moreover, experiment results also confirm that DCP
algorithm is suitable choice.
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