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ABSTRACT

This paper proposes a dehazing algorithm based on dark
channel prior and contrast enhancement approaches. The
conventional dark channel prior method removes haze and
thus restores colors of objects in the scene, but it does not
consider the enhancement of image contrast. On the con-
trary, the image contrast method improves the local contrast
of objects, but the colors are often distorted due to the over-
stretching of contrast. The proposed algorithm combines the
advantages of these two conventional approaches for keeping
the color while dehazing. For this, an optimization function
is proposed to balance between the contrast and colors dis-
tortion, where the contrast measure follows the conventional
image statistics and the hue component is used to constrain
the color changes. According to the experimental results,
the proposed approach compensates for the disadvantages of
conventional methods, and enhances contrast with less color
distortion.

Index Terms— dehazing, image enhancement, image
restoration, dark channel prior, contrast enhancement

1. INTRODUCTION

The outdoor scene is often degraded due to fog, rain or snow,
which hinder the clear observation of objects in the scene and
also degrades the performance of computer vision tasks such
as object detection, tracking and recognition. Hence there
have been much efforts for the dehazing, i.e., haze removal. In
the early works of dehazing, more than one image is used or
different polarization filters are used [1, 2]. Also, more than
one image captured in different weather conditions are used
in [3, 4, 5]. In the case of [6], additional depth information is
used to remove the haze.

Recent researches mostly focus on single image dehaz-
ing, which usually require the depth information of the scene
or some kind of strong assumptions on haze and haze-free im-
ages. For example, Fattal [7] assumed that the albedo of a lo-
cal patch has the same vector direction. Tan [8] assumed that
haze-free image has better contrast compared to the hazy im-
age. More recently, dark channel prior assumption was pro-
posed to estimate the depth information based on the compar-
ison between the hazy and clean image [9], which is proved

to be a very powerful prior in single image dehazing. There
is also a contrast enhancement approach for dehazing [10],
which is also quite effective in removing the haze. However,
it seems that these recent works also have some limitations in
that the contrast enhancment method shows some color dis-
tortion and the dark channel prior method does not improve
the contrast while the color distortion is small.

Hence in this paper, we attempt to derive an algorithm that
combines the advantages of dark channel prior and contrast
enhancement method. Specifically, we design an optimiza-
tion algorithm that balances between the contrast measure
and dark channel measure, so that the contrast of haze image
is improved with less color distortion. Experimental results
show that the proposed method finds more plausible transmis-
sion map and thus generates more contrasted dehazing results
than the conventional dark channel prior method, with less
color distortion than the contrast enhancement method.

2. RELATED WORKS

In this section, we describe the existing works that are closely
related with the proposed method.

2.1. Optical moedel of hazy image

The approximate model of hazy image is described as [7]

I(x) = J(x)t(x) +A (1− t(x)) (1)

where I(x) is the observed intensity at pixel x, J(x) is the
original haze-free intensity, A is the atmospheric light for
the whole image pixels, t(x) is the medium transmission that
can be considered a kind of blending factor to mix the at-
mospheric light and the original object color. Usually, the
transmission t(x) is decreased as the distance of the object to
the camera increases. The dehazing is to restore the original
image color J(x) by finding A and t(x) at each x.

2.2. Dark Channel Prior

The dark channel prior assumption is from the observation
that at least one of color channel values (RGB) is often close
to zero in some objects in a haze-free image [9]. The dark
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channel in an image J is defined as

Jdark = min
y∈Ω(x)

{ min
c∈(R,G,B)

Jc(y)}, (2)

where Jdark is the dark channel of J , Jc is the color chan-
nel, and Ω(x) is the patch centered at x. If J is a haze-free
image, the dark channel of J is assumed to be zero. Then the
transmission is determined as

t(x) = 1− min
y∈Ω(x)

{
min

c∈(R,G,B)

Ic(y)

Ac

}
(3)

and we can restore J(x) with an appropriate estimation of A.

2.3. Local contrast enhancement

Kim [10] et al., use the contrast enhancement formulation to
find the transmission parameter in a local patch. They mea-
sure the strength of contrast in terms of the histogram unifor-
mity and intensity variance as [10]

funi(t) =

√√√√ 1

N

255∑
i=0

(
1

256
− hi(t)

N

)2

fstd(t) =

√√√√ 1

N

N∑
p=1

(
Jp,Y − J̄Y

)2
(4)

where funi(t) and fstd(t) are cost functions to measure the
histogram uniformity and the standard deviation of local in-
tensity for a transmission value t in a patch. In (4), hi(t) is the
luminance intensity histogram in the patch, and N is the total
number of pixels in the patch. Jp,Y and J̄Y are luminance in-
tensity value and the intensity mean in the patch respectively.
Finally, the joint cost function to find transmission parameter
is combined as

fcont(t) = funi(t)− fstd(t). (5)

The transmission parameter is determined when the cost func-
tion is minimized, i.e., the local contrast is maximized in the
sense of histogram uniformity and largest intensity variance.

3. PROPOSED METHOD

As mentioned previously, the contrast enhancement method
does not consider the restoration colors. This method makes
the colors highly visible by contrast stretching, and hence
sometimes show color distortion and unexpected color shift.
On the other hand, the dark channel prior method restores the
image colors, but does not consider the contrast or visibility
of objects.

In this paper, we propose a dehazing algorithm which
considers both the contrast enhancement and color restora-
tion. For this, we define a cost function to find the transmis-
sion map, which combines the contrast enhancement and dark

channel prior assumption. To be precise, we define a joint cost
function to estimate the transmission parameters:

f(t) = αfcont(t) + (1− α)fdark(t) (6)

where fcont(t) and fdark(t) are measurements of the contrast
and dark channel respectively, and α is a weight that can con-
trol color distortion. The first term fcont(t) is defined based
on (4) as

fcont(t) = afuni(t)− bfstd(t), (7)

where a and b are empirically determined to adjust the his-
togram uniformity and variance. In our experiments a is set
to 0.2 and b to 5 in all the experiments. The second term in
(6) is modeled as

fdark(t) =

√√√√ 1

3N

∑
c∈(R,G,B)

N∑
x=1

(Jcdark(x)− Jct (x))
2
, (8)

where Jcdark(x) is a patch from a dehazed image by the con-
ventional dark channel prior method, and Jct (x) is the de-
hazed image patch by the proposed method. It can be consid-
ered root mean square error between dark channel prior and
proposed dehazed image. If the transmission has similar value
to the conventional dark channel prior result, fdark(t) has low
value, which also means that the result has small color distor-
tion. In this case, we may put more emphasis on the contrast
rather than the color distortion, and thus increase the weight
α in eq. (6) and vice versa. Based on this observation, we
define the weight α in (6) as a function of hue shift,

α = exp

{
− (fhue(t))

2

2σ2
α

}
, (9)

where fhue(t) measures the statistical hue shift between the
dehazed image by dark channel prior and that by the proposed
transmission as

fhue(t) =

√√√√ 1

N

N∑
x=1

dH (H(Jdark(x))−H(Jt(x)))
2
, (10)

whereH(·) means the hue component. The hue distance mea-
sure dH(h) is defined as

dH(h) =

{
h, if h < 180

360− h, otherwise.
(11)

The transmission value that minimizes the cost function in
eq. (6) is estimated for the given input, where Fig. 1 shows
an example of cost function in gray scaled transmission val-
ues. It can be seen that the optimal transmission value for
each method is different, specifically the optimal transmission
value of dark channel prior is around 230, but that of contrast
enhancement around 140. By combining these two graphs as
in eq. (6), the optimal transmission of the proposed method is
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Fig. 1. The graph of cost functions in eq. (6) for finding
the optimal transmission value. The minimum is obtained by
combining the costs of dark channel prior and contrast en-
hancement.

found to be 160, which compensates for the color distortion
and improves the contrast in the dehazed image.

Finally, we refine the transmission map using a smoothing
filter. The transmission map has halo effect problem, because
we assume that the transmission is a constant in the patch. To
alleviate this problem, we refine the transmission map using
the edge information of hazy image. We use guided image
filter [11], where the parameters of the filter are set as r = 20,
α = 10−3.

4. EXPERIMENTAL RESULTS

We use various outdoor images to test the proposed algorithm,
and set the parameter as patch size= 15×15, and σα = 10 for
every experiment. When minimizing the cost function, we de-
termine the optimal transmission among 0, 1/32, 2/32, ..., 1.
Also, we estimate the atmospheric light using the method in
[9].

Fig. 2 shows the transmission maps and dehazed image
for a test image by the proposed method. We also compare the
proposed algorithm with the conventional algorithms: dark
channel prior [9] and local contrast enhancement methods
[10]. Fig. 3 shows the comparison of 3 methods, where it
can be observed that the proposed method improves the con-
trast with less color distortion. As we mentioned before, the
results by dark channel prior method are sometimes not clear,
and those by contrast enhancement method have some color
distortion caused by over-stretching.

5. CONCLUSION

We have proposed a dehazing algorithm that considers both
contrast enhancement and color distortion. This is achieved

(a) (b)

(c) (d)

Fig. 2. A result by proposed method. (a) input image, (b)
dehazed image, (c) transmission map, (d) refined transmission
map by [11]

.

by combining the conventional dark channel prior and con-
trast enhancement measure. Specifically, we derive a cost
function for finding an optimal transmission map that bal-
ances between the enhancement and color distortion. Accord-
ing to the experimental results, the proposed approach com-
pensates for the disadvantages of conventional dark channel
prior method and contrast enhancement approaches, i.e., it
enhances the contrast of objects with less color distortion.

6. REFERENCES

[1] Y. Y. Schechner, S. G. Narasimhan and S. K. Nayar, “In-
stant dehazing of images using polarization,” Proc. of
CVPR, pp. 325-332, December 2001.

[2] S. Shwartz, E. Namer and Y. Y. Schechner, “Blind haze
separation,” Proc. of CVPR, pp. 1984-1991, October
2006.

[3] S. G. Narasimhan and S. K. Nayar, “Chromatic frame-
work for vision in bad weather,” Proc. of CVPR, pp. 598-
605, June 2000.

[4] S. G. Narasimhan and S. K. Nayar. “Contrast restoration
of weather degraded images,” IEEE Trans. on PAMI, vol.
25, no. 6, pp. 713-724, June 2003.

[5] S. K. Nayar and S. G. Narasimhan, “Vision in bad
weather,” Proc. of CVPR, pp. 820-827, September 1999.

2486



(a) (b) (c) (d)

Fig. 3. Comparison of dehazed images, (a) input image (b) results by dark channel prior method [9] (c) results by contrast
enhancement method [10] (d) results by proposed method.
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