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Abstract - On the basis of the dark channel prior (DChP) and guided filter an efficient technique of haze removal proposes 
in this paper for the single image. The statistics of an open-air haze free picture are the DChP. Depending on keen 
observation, in many local patches, the intensity of few pixels of open-air haze free pictures is very less in at-least single 
shading channel. With the help of DChP, the heaviness of haze can be estimated along with the recovery of the high-quality 
dehaze image. Results on different hazy images reflect the strength of the proposed algorithm. As a byproduct of haze 
elimination, a depth map having good-quality can be obtained. In addition, the guided filter uses for transmission refinement 
helps in reduction of time complexity. 
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I. INTRODUCTION 
 
The dense medium (e.g., particles and water beads) 
available in the air reduce the scenes of outdoor 
images. The haze, mist, and smoke terminologies are 
due to atmospheric absorption and scattering. The 
line of sight is attenuated along with the irradiance 
come out from scene point to camera. Besides, the 
approaching light is mixed with the airtight —due to 
atmospheric particles. The color fidelity and 
minimum contrast are present in the degraded 
pictures. Since the variations in the amount of 
degrading depend on the measure of scattering 
between scene focus and camera. In computer vision 
applications, computational photography haze 
removal (or dehazing) technique is preferred. First, 
assuming scene radiance image is an input. After that, 
the analysis of an image from a low level to object 
recognition at high level happens in most of the 
algorithm of computer vision. Second, correction the 
shading shift due to airlight and improving detectable 
quality of the scene done by haze elimination. 
Transmission refinement is achieved by using a 
guided filter which increases the sharpness of 
transmission. The many computer vision algorithm 
(e.g. highlight identification, filtering, and 
photometric investigation) experience the effect of 
low-differentiate scene radiance. Last, in many 
algorithms to obtain depth information and also 
modify image haze removal method is used. 
 
II. LITERATURE SURVEY 
 
Haze removal is an inspiring problem as it is 
dependent on depth which is not known. The problem 
is insufficiently constrained if the information is just 
a single dim picture. In this manner, numerous 
strategies have been proposed by utilizing different 
pictures or extra data. The impact of dehazing is 
narrow as a cloudy picture serves very fewer data. 

With a various degree of dissemination haze, free 
images are obtained in the method of polarization [1]. 
Zhang et al. (2012) [2] created an algorithm which 
enhances the ability of single dark or shading picture. 
The authors utilized a low-rank method and cover 
averaging plan which in view of picture filtering 
approach. They observed recovery of the haze-free 
image depends on normalized transmission 
coefficient. The advantage of this technique is the 
low computational complexity. This method failed to 
work in heavy fog and large depth cases. Obtaining 
the value of atmospheric light (A) is difficult in this 
method. To overcome this limitation image filtering 
with better edge preserving property is used. Li, Bo, 
Shuhang Wang, Jin Zheng, and Liping Zheng (2014) 
[3] have proposed haze removal technique in a single 
image on the basis of post-enhancement and content 
adaptive dark channel. This work was done in two 
stages. First, dark channel (DCh) assessed using an 
associative filter. Second, moderation of the DCh is 
depended on the content present in the image. Local 
contrast is preserved using post enhancement method. 
The experimental results intensified the detail along 
with haze removal. This method overcomes the 
problem of oversaturation and blocking of artifacts 
happen in the smooth area. This method can be 
extended in the hardware implementation for real-
time application. 
Li, Zhengguo, and Jinghong Zheng (2015) [4] have 
implemented edge protecting and deterioration 
technique for single picture haze removal. It is 
observed that with an adaption of weighted guided 
image filter base layer is separated from detail. The 
haze-free image was reinstated by determination of 
transmission map from the base layer. The advantage 
of this algorithm is that it is derived from 
Koschmiedars law. It launched the new application of 
the edge-preserving method. The authors have 
observed that the evaluation of inaccurate haze level 
affects the algorithm. Determination of haze degree 
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other than histogram method is carried out and 
applied this algorithm to the video sequence. Bai, 
Linting, Yongwei Wu, Jianchun Xie, and Pengcheng 
Wen (2015) [5] have proposed constant picture fog 
evacuation technique on multicore DSP (Digital 
Signal Processor). The medium of transmission was 
optimized by utilizing guiding filter. Conversion of 
high determination picture to low determination 
picture was done by downsampling and interpolation 
method. The method can be used for avionic real-
time image processing. The future scope point of that 
method is to modify contrast of the output haze-free 
image. 
Ansia, S., and A. L. Aswathy (2015) [6] have 
implemented white adjusting and saliency map for 
single picture haze evacuation. White balancing 
discarded the color cast, which was occurred due to 
atmospheric color. The authors were focused on the 
salient region by taking saliency map of the white 
balanced image. The size and structure of an object 
were preserved by performing a morphological 
operation on an image. The local contrast of an image 
was enhanced by applying CLAHE (Contrast Limited 
Adaptive Histogram Equalization). This technique 
enhanced the fine details of a picture.  He, Kaiming, 
Jian Sun and Xiaoou Tang (2011) [7] have proposed 
a DChP base dimness expulsion algorithm for the 
single picture. The DChP is dependent on the 
measurements of open-air haze free picture. In dim 
pictures, airlight is used for the contribution of the 
intensity of these DCh’s pixels (Intensity of nearby 
areas which don't cover the sky). Along these lines, a 
correct estimation of the haze transmission is 
obtained by the dark pixels. Haze imaging model is 
integrated with soft matting technique, the amazing 
dehaze image is recovered and delivered a decent 
depth map. The authors have been observed a halos 
effect in the dehaze image. In case of large local 
region and absence of shadow, the DChP might be 
invalid. In that case, scene object is similar to the 
airlight (e.g. snowy ground or a white divider). 
In this paper, the guided filter is used for transmission 
refinement of images which was obtained from the 
hazy image. The sharpness of the hazy picture 
without yielding huge false shading surfaces is 
acquired. The transmission refinement using a guided 
filter is faster than the other filters or techniques. 
 
III. METHODOLOGY 
 
The haze imaging model used in many application 
given by: 
 

( ) ( ) ( ) (1 ( )) (1)I x J x t x A t x    
 

( )( ) (2)d xt x e   
 
Where, x = Location of the pixel inside the picture, 
I = Input hazy image, 

J = Scene radiance, 
A = Atmospheric light, 
t =Medium of transmission, 
β = Scattering coefficient of the atmosphere, 
d = Depth of scene 
 
The three-dimensional vectors in RGB space are ‘I’, 
‘J’, ‘A’. The 3N constraints and 4N+3 unknowns are 
available in color image ‘I’ having N pixel. This 
makes the issue of haze removal is innately uncertain. 
Since with the information of ‘I’, the objective of 
dehazing is to estimate ‘A’ and t, at that point 
reestablish ‘J’ as indicated by (1). The generalized 
block diagram of the proposed system is shown in 
Fig. 1. It contains DChP, atmospheric light 
estimation, transmission estimation, transmission 
refinement, scene radiance recovery. 
 
A. Dark Channel Prior 
In outside haze free pictures, the DChP is depended 
on the upcoming observation. Nonsky patches of at 
least single shading channel have few pixels of 
minimum intensity and it may be near to zero. To 
formally explain this perception, initially characterize 
the idea of the DCh. The DCh of the haze-free image 
‘J’ is indicated as Jdark which is given by: 
 

 
 

( ) , ,
( ) min min (3)dark c

y x c r g b
J x J y

 

 
  

 
 

 
Where shading channel of ‘J’ is represented as ‘Jc’ 
and Local patch concentrated at ‘x’ is indicated as 
‘Ω(x)’. The result of  , ,minc r g b  is performed on 

every pixel and then ( )minc x on a base channel is 
the DChP. The components like shadows, shading 
surfaces or objects, dim surfaces or objects lower the 
intensity of the DCh. As the regular open-air pictures 
are typically bright and loaded with shadows, the 
DCh’s of these pictures are extremely dark. In this 
part, first, concentrate on daytime pictures and 
physically cut out the sky locales. After those pictures 
are resized, their dim channels are figured by utilizing 
a patch measure 15×15. Because of the enhancive 
airlight, a foggy picture is brighter than its cloudiness 
free form, where the transmission t is low. In denser 
haze region, the DCh of a dark picture will have a 
higher intensity. Visually, the approximation of the 
heaviness of haze is nothing but the intensity of the 
DCh. In the following area, this property will be used 
to estimate the transmission and the air light. 
 
B. Atmospheric Light Estimation 
In Tan's work [8], the most haze opaque is the 
brightest pixels in the hazy picture. This is possible 
only when the climate is misty and the sunlight can 
be neglected. The source of illumination in the scene 
is the atmospheric light. So, each channel’s the scene 
radiance is given by: 
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( ) ( ) (4)J x R x A  
 
R≤1 is the reflectance of the scene center. The haze 
imaging condition (1) can be composed as 
 

( ) ( ) ( ) (1 ( )) (5)J x R x At x t x A A     
 
In the most haze opaque the brightest intensity is 
approximately equal to ‘A’. In that case, the pixels 
must be at an infinite distance. Considering the 
daylight S, (4) and (5) changed to: 
 

( ) ( )( ) (6)J x R x S A   
 

( ) ( ) ( ) ( ) ( ) (1 ( )) (7)J x R x St x R x At x t x A     
 
In this circumstance, the brightness of the 
atmospheric light is lower than the brightest pixel 
present in the entire picture. It can be on a white auto 
or a white building. In this technique, first, pick the 
main 0.1 percent brightest pixels from the DChP. 
These pixels are for the most fog obscure. Among 

these pixels, the pixel with most excessive intensity is 
picked as the atmospheric light. In absence of far 
distant pixels performance of this technique is 
improved. ‘A’ can be approximated fairly using these 
regions. This strategy is utilized to consequently 
evaluate the atmospheric lights for all pictures 
appeared in this paper. 
 
C. Transmission Estimation 
Estimating transmission, first normalize the haze 
imaging equation (1) by A: 
 

( ) ( )( ) 1 ( ) (8)
c c

c c
I x J xt x t x

A A
    

 
Note that each shading channel normalizes 
autonomously. Additionally, accept that the 
transmission in a nearby patch Ω(x) is steady which is 
signified by ‘ t ’. After that, the DCh on the two sides 
of (8) figured by applying minimum administrators 
on the two sides. 

 

 
 

Fig.. 1. Block diagram of proposed system 
 
As the scene radiance ‘J’ is a dehaze picture, the DCh 
of ‘J’ is near to zero because of the DChP and Ac is 
constantly positive. 

Ω

c

c(x) cy

I (y)t(x)=1- min min (9)
A

 
  
 



 
 
The DChP does not provide a decent prior in the sky 
regions. Luckily, the shade of the sky in a dim picture 
‘I’ is generally the same as the atmospheric light A. 

Ω

c

c(x) cy

I (y)min min 1 (10)
A

 
  

 
 

In this way, the sky is at an infinite distance and its 
transmission is near to zero (see (2), (9)) smoothly 
handles both sky and nonsky areas. Separation of sky 
region is not required. The vivid colors and unveiling 
low contrast objects can be recovered using DChP. 
The transmission maps are sensible. Few halos and 
block artifacts are the principle issues. Generally, the 
transmission is not steady in a patch that is the reason 
why refinement after transmission is needed. 

 
D. Transmission Refinement 
Inaccurate estimation for the transmission map can 
prompt a few issues, for example, false surfaces and 
blocking artifacts. Specifically, the apparent 
resolution of the DCh is diminished by the block-min 
process of (3), bringing about hazy transmission 
maps. Hence, numerous strategies have been created 
to additionally enhance the transmission map. The 
different dehazing methods are available for 
smoothing the transmission outline. Post-sifting 
strategies used to enhance the exactness of the 
transmission map. Some filtering strategies, for 
example, the Gaussian and reciprocal filter utilize just 
transmission maps. Guided filter, cross-bilateral filter 
misuse a hazy color image as a direction flag. The 
time complexity of guided filter is low which is 
contrasted with different techniques. Therefore the 
guided filter is favored for transmission refinement. 
The refined transmission map completely acquired 
from the cloudy picture. In absence of false color 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-7, Jul.-2018, http://iraj.in 

Haze Removal using Computer Vision Technique 
 

44 

texture, the resultant map contains the same level of 
sharpness of the hazy picture. 
 
E. Scene Radiance Recovery 
The scene radiance is recovered by (1) after getting 
the atmospheric light and the transmission map. But, 
when the transmission ( )t x is near zero, then the direct 
attenuation term ( ) ( )J x t x may also result near to a 
zero value. The scene radiance ‘J’ subject to the noise 
is recovered. The last scene radiance ( )J x  is 
recovered by: 
 

 0

( )( ) (11)
max ( ),

I x AJ x A
t x t


 
 

 
In this condition, the transmission ( )t x is restricted to 
lower bound t0. A little amount of haze in dense haze 
region is preserved. A typical value of t0 is 0.1.Since 

the brightness of the scene radiance is not same as the 
atmospheric light, the looks of the photo after haze 
removal is reduced. Hence the exposure of ( )J x is 
incremented for display. 
 
IV. EXPERIMENTATION 
 
A. Qualitative Analysis 
To investigate the execution of an algorithm, an 
extensive database of open-air hazy pictures is 
gathered from a few surely understood photograph 
sites (e.g., Google Images, Photo-sig, Picasa-web, 
and Flickr) and FRIDA [12], FRIDA2 [12]. All the 
steps of the algorithm are implemented. The results 
are analyzed. Fig. 2 demonstrates the stepwise results 
of the algorithm applied to the hazy pictures. The 
DChP, transmission estimation maps, refinement of 
transmission 

 

 
Fig. 2. (a) Input hazy images. (b) The DCh’s.  (c) Transmission estimation maps. 

(d) Refinement of transmission maps. (e) Output dehaze image 
 
maps are yielded and lastly regained haze free 
picture. The depth maps are estimated by (2) and an 
obscure scaling parameter β.  The atmospheric lights 
in these pictures are naturally evaluated. For a small 
value of β, transmission is small hence little amount 

of haze is seen in recover image. An overestimation 
of transmission happens when β is too large. The 
value of β is an application based. In this paper value 
of β is fixing to 0.95.  By utilizing the strategy 
explained in section B of methodology, fine details 
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can be obtained.  Also by using this clear shades can 
be regained in vigorously dim areas. The sharpness of 
transmission accomplishes by using a guided filter for 
refinement of transmission. The assessed depth maps 
are sharp near edges of depth and reliable with the 
information pictures. When the shadow is sufficient 
then this technique operates for the DCh. Cityscape 
pictures typically fulfill this condition. For this 
situation, the minc operator in the entire deduction is 
excluded. The comparison of the results of Fattal's 
[10], He et al. [7] and proposed system is shown in 
Fig. 3. Fattal's technique depends on neighborhood 
statistics and requires adequate shading data and 
fluctuation. In case of thick haze, blackout shading 
and low change are not enough to dependably 
estimate the transmission. Fig. 3(b) and 3(c) show the 
before and after the result of the MRF (Markov 
Random Field) extrapolation. Before extrapolation 
picture looks too dark. After that, some region is dark 
and few hazes are not dependably regained 
(inaccessible piece of the cityscape). The result of He 
et al. shown in Fig. 3(d) regained image better than 

Fattal's result but, haze is present in the image. Both 
the results do not work properly for sky region. A 
high-quality image with more sky information is 
observed in the result of a proposed system in Fig. 
3(e). Additionally, contrast result of proposed 
strategy and Kopf et al. [9] and He et al. [7] are 
compared in Fig.4. To expel the dimness Kopf et al. 
[9] use the three-dimensional models and surface 
maps of the scene. Such extra data may originate 
from satellite pictures and Google earth and. To 
obtain a dehaze image with He et.al. [7], soft matting 
is used for refinement of transmission map. Soft 
matting is memory efficient, but time complexity is 
too high. Mask and the established histogram evening 
out, which are generally utilized differentiation 
upgrade strategies. However, in case of changeable 
depth, there is a spatial variation in enhancement. To 
lose the inaccessible objects the improvement in 
contrast degree is not decided by this method. 
Moreover, the depth map is not obtained due to the 
absence of haze imaging model. The result of the 
proposed system is shown in Fig. 4(d). 

 

 
Fig. 3 (a) Input hazy image. (b) Fattal’s [10] result before extrapolation. 

(c) Fattal’s [10] result after extrapolation. (d) He et al. [7] result (e) Result of the proposed system 
 

 
Fig. 4 (a) Input hazy image (b) Kopf et al.’s [9] result (c) He et al. [7] result (d) Result of the proposed system.  

 

 
TABLE  1. EVALUATED PERFORMANCE PARAMETER 

It regained the dehaze image and preserve the fine 
details. The haze is completely eliminated and 
improved the quality of the image. 
 
B. Quantitative Analysis 
The root means squares error (RMSE) and the 
structural similarity (SSIM) of the results shown in 
Fig. 2 are calculated. It is used for rating and 
assessing the algorithm. The RMSE [11] of each 
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outcome can be figured by the accompanying 
condition: 

 
Where J = Dehaze picture, 
G = Ground truth picture, 
Jc = Shading channel of J, 
Gc = Shading channel of G, 
N = Number of pixels inside the picture G. 
 
RMSE estimating the distinction between the dehazed 
picture ‘J’ and the ground truth picture ‘G’. Note that 
‘J’ and ‘G’ have a similar size since they are 
comparing with the hazy picture ‘I’. Given ‘J’ and 
‘G’, a low RMSE represent that the dehaze result is 
fulfilling while a high RMSE implies that the 
dehazing impact is not satisfactory. In case of over-
enhancement, the RMSE is high. TABLE 1 
demonstrates the RMSEs of the reconstructed images 
shown in Fig. 2. 
 
The structural similarity (SSIM) picture quality 
assessment index [11] is acquainted with assessing 
the capacity to save the structural information of the 
algorithms. The high similarity between the dehazed 
picture and the ground truth picture is represented by 
a high SSIM, while a low SSIM shows the low 
similarity. TABLE 1 shows the SSIMs of the result of 
the proposed system. SSIMs for the images lower 
than 0.7 indicate that the similarity between the two 
images is lost. Results of proposed system achieve 
the highest SSIMs. TABLE 1 shows the time required 
to recover the dehaze image. Time complexity is 
reduced with the help of guided filter for transmission 
refinement 
 
CONCLUSIONS 
 
In this paper, the DChP technique is proposed for 
single picture dimness evacuation. The DChP is basic 
and proficient; it depends on the measurements of 
outside haze free pictures. It gives the depth 
information of an image. Haze removal in single 
image ends up less complex and more successful due 
to a combination of the DChP and model of haze 
image. The DChP is invalid when scene objects are 
like as air light and shadow is not thrown on them. 
The DCh of the scene radiance has bright values 

close to such objects. The transmission estimation 
map gives the intensity difference between hazy 
image and the result of the dark channel prior.  
Observing the little transmission of these items and 
overestimation of the cloudiness layer conclude that 
the guided filter is required for the refinement of 
transmission. This technique upgrades the sharpness 
of transmission and gets the amazing dehaze picture 
due to a guided filter. It speeds up the transmission 
map refinement. The constant airlight assumption is 
not suitable when sunlight is influential. In that case, 
the haze imaging model (1) is physically invalid and 
method fails to work. 
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