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Abstract—The human incapability in diving in the deep 

ocean for a long time has increased the challenges of 

underwater analysis. However, the challenges contain 

problems like aggressive light absorption and disrupting 

scattering effect in the deep ocean enabling lighting problem. 

These days UROV (Underwater remotely operated vehicle) are 

used to acquire images in deep ocean which contains additional 

artificial lighting still unable to provide good and clear images. 

In this paper, we have focused on the underwater image 

enhancements techniques mainly required for sea floor 

exploration and navigation, underwater environment 

monitoring, finding possibilities for applied purposes for civil 

engineering and assessment of coral reefs [1]. A method which 

contains a haze removal algorithm followed by a Contrast 

Limited Adaptive Histogram Equalization (CLAHE) color 

model has been introduced. So mainly, we concentrate on the 

underwater image enhancement through haze removal 

algorithm by dark channel prior technique. But, it has tendency 

to darken the image in some situation but shows a good result 

by reducing haze and noise effect. In order to improve the 

dehazing result, a histogram equalization technique has been 

taken. CLAHE on RGB model has been followed in our 

approach to change the level of contrast and intensity of dehaze 

image. In the end, a color correction algorithm for visually 

appreciable result has been used. Our experimental results 

show that the proposed algorithm has significantly improved 

quality of underwater images visually as well as quantifiably 

by enhancing the contrast of the image and reducing noise as 

well as artifacts in the image. 
Index Terms—Haze removal, Dark channel prior, CLAHE-

RGB, Image Enhancement.  

I. INTRODUCTION 

Underwater imaging has a vast application in these days and 

become an important research field since the seas, lakes and 

rivers contain much valuable resources inside it. But, the 

problem with the underwater is the loss of colors and contrast 

of the image. Because, with significant depth, the color and 

contrast of the underwater image varies accordingly. The red or 

orange light of the sun which has longer wavelengths are 

absorbed quickly which causes most of underwater images 

blue and/or green in color. Mostly, the refraction and 

absorbtion by the water are responsible for changes in color 

[2]. Every color absorbs at a different rate because every color 

has a different wave length and energy level. Fig.1 shows an 

illustration about the absorption by light. Besides common 

images, underwater images suffer from poor visibility because 

of the attenuation of the propagated light. The haphazard 

attenuation of the light causes the foggy and misty appearance 

of the distant object in the image and the scene is characterized 

by poor contrast. For proper visuality of such images, it needs 

to be enhanced. 

 
 

 
                                 Fig. 1. Absorption of light by water  

 

  Image enhancement is a universal technique known to 

enhance the optical quality of images or recognition of 

information in images for human viewers. Ancuti et.al. [3] 

describes a novel strategy to enhance underwater videos and 

images using fusion principles. Fattal [4] presents a new 

method for estimating the optical transmission in hazy scenes. 

Based on this estimation, the scattered light is eliminated to 

increase scene visibility and recover haze-free scene contrasts. 

Hitam et.al. [5] present a new method called mixture contrast 

limited adaptive histogram equalization (Mix-CLAHE) color 

models where the method operates on both RGB and HSV 

color models. It combines the models to give a better 

enhancement result using Euclidean norm. But, the problem 

with the algorithm is that it over amplifies the artifacts and 

noise in the final image. Image dehazing is a process to remove 

haze or fog effects from the spoilt images. It’s an image 

enhancement technique which is usually used to remove haze. 

He et.al.[6] propose a simple but effective image dehazing 

algorithm; dark channel prior to remove haze from a single 

input image. But, the defect in the Dark channel prior 
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algorithm is that it reduces the contrast and darkens the 

resulting image in some situations. 

         In this paper, we used haze removal algorithm to remove 

foggy/hazy appearance in the image. Because of the similarity 

between hazy and underwater environments, we have used a 

basic haze removal algorithm. The presence of scattering effect 

of light in the water during imaging causes the haze in the 

image. We used Dark Channel Prior (DCP) to dehaze the 

underwater image. But after dehazing, we found that the DCP 

results darker in the background and dim the whole image. So, 

in order to improve the defect of the DCP method, we have 

introduced a method combining the DCP and CLAHE 

techniques. Then, a color correction technique is applied to 

have better visual result and to avoid presence of any artifacts. 

             This paper contains five sections. In section II, we have 

reviewed the DCP approach as well as the CLAHE. In Section 

III, our algorithm which improve DCP result is presented. In 

section IV, the experimental results and compare with other 

enhancement algorithms are shown. Finally in section V, this 

paper has been summarized. 

 

II. THEORY REVIEW AND ANALYSIS 

 

    This section presents a reviewed and analysed approach of 

underwater image enhancement using dark channel prior and 

the principle of contrast limited adaptive histogram 

equalization. First of all, underwater images are processed 

through DCP algorithm, enhanced by CLAHE. Fig.2 shows the 

processed image. 

 

A. Haze Removal Method Based on Dark Channel Prior 

 

   Dark channel prior method is usually used to produce a 

natural haze free image. However, we use this method to 

enhance underwater image. The presence of water particles as 

well as scattering of light cause haze in the image which can 

be removed by DCP method. 

    In computer vision applications, a haze image S (x) can be 

represented as follows: 

 

                  
( ) ( ) ( ) ( )1S x Z x t x A t x= + −

               (1)                       
           

               In Equation (1), A is the global atmospheric light. S 

(x) is the haze mixed intensity of the image. Z (x) is the 

intensity of the foreground or the intensity of haze-free image, 

and t (x) represents the percentage of residual energy when the 

foreground irradiance passes through the medium, known as 

the medium transmission. The main aim of the haze removal 

algorithm is the estimation of Z (x); t (x); A. He [6] proposes a 

method which is implemented on a large number of the 

hazefree images known as dark channel prior. DCP points that, 

in the most of the local regions which present in the 

background of the image, often having some pixels with very 

low intensity in at least one color (RGB) channel. It is known 

as (x)darkZ  and it represents the dark channel at x: 

             

( )
( )

( )
{ , , }
min mindark c

c R G B y x
Z x Z y

∈ ∈Ω
=                  (2)  

 

     
                          (a)                                                         (b) 

     
                           (c)                                                        (d) 

          
                         (e)                                                           (f) 

    
                    (g)                                                          (h) 

 

Fig. 2. (Image-1) Processed Image and its corresponding Histograms. (a) 

Original Image, (b) Histogram of the Original Image, (c) Dehazed Image 

using DCP, (d) Histogram of the Dehazed Image using DCP. (e) Enhanced 

Image using AHE, (f) Histogram of Enhanced Image using AHE, (g) 

Proposed Method, (h) Histogram of the Proposed Method. 

 

             In above equation, 
cZ is one of the RGB channel of 

Z, and (x) is a square region with center x. If x doesn’t 

belong to local regions, then (x)darkZ  is showing a low value 

and tending to zero. So it named as dark channel. S (x) is the 

intensity of the image mixed with atmospheric light, So S (x) is 
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usually brighter than Z (x), with a low value namely as the 

medium transmission t (x). So, the dark channel of S (x) has a 

high value as compare with Z (x) and that is the distinction 

which helps to remove haze. First of all, global atmospheric 

light A is estimated and then the medium transmission t  . 

t is calculated by dividing the equation(1) by A. The resultant 

equation is as follows: 

( )
( )

( )
{R,G,B} (x) {R,G,B} (x)
min min min min 1 (x)

C C

C CC y C y

S y Z y
t x t

A A∈ ∈Ω ∈ ∈Ω
= + −

                                                                                                (3) 
According to the dark channel prior, the dark channel of 

image without haze tends to zero [7], so we have the following 

equation: 

                   
( )

( )
{ , , }
min min 0

C

CC R G B y x

Z y

A∈ ∈Ω
=                     (4) 

Combining Equation (3) with Equation (4), we get: 

            ( )
( )

( )
{ , , }

1 m in m in

C

CC R G B y x

S y
t x

A∈ ∈ Ω
= −        (5) 

Furthermore, He [6] introduces a parameter w into equation 

(5) to keep a small amount of haze in the image to perceive 

the depth of image. So, the medium transmission t   is: 

        ( )
( )

( )
{ , , }

1 m in m in

C

CC R G B y x

S y
t x w

A∈ ∈ Ω
= −         (6) 

Then, a soft matting algorithm is applied to reÞne the medium 

transmission t , and to Þnd the accurate medium transmission 

t. Now, J(x) can be calculated as: 

               ( )
( )

( )( )0m ax ,

S x A
Z x A

t x t

−
= +                             (7) 

Where 0t   is a threshold value applied to avoid a low value of 

denominator. 

 

B. Defects in DCP process 

      Generally in an image, there are two grounds. One is 

foreground which is the main focus point and second one is 

the background which is generally irrelevant. DCP technique 

has major defects in the background enhancement. Firstly, if 

the haze image contains small background area with low 

contrast, DCP will cause bad result on dark background with 

very low contrast. This is because the image background is 

regarded as scene mixing with thick haze and the DCP method 

reduces the contrast of the local regions. Fig. (4) shows the 

example of the deÞciency. 

     Secondly, the Þrst term of equation (1), which is called 

direct attenuation [4] has a nonlinearity with the image 

intensity. So, the attenuation of the foreground of image 

underestimated during the DCP; so the result implemented by 

DCP has a low contrast than the haze free image. Again, 

1 t(x) represents the thickness of haze. For different intensity 

of foreground irradiance passing through same thickness of 

haze having same degree of attenuation results a low contrast 

of image. The drawbacks mentioned here have little effect on 

haze removal result, but if the haze image has a larger 

background area and low contrast, the DCP causes bad results 

as well as reduce the contrast of foreground. To remove such 

deÞciency, we have added adaptive histogram equalization to 

the result. 

 

       
                         (a)                                                          (b) 

                            
                                                          (c) 

Fig. 3. (a) Low Contrast Haze Image , (b) Dehazed Image using DCP , (c) 

Proposed Method Result 

 

C. Adaptive Histogram Equalization 

     Adaptive histogram equalization (AHE) is a technique 

which is used in image processing to enhance the contrast in 

images. It is different from ordinary histogram equalization. 

The adaptive method computes several histograms, each 

corresponding to a distinct section of the image, and uses them 

to redistribute the lightness values of the image. In this way, it 

is improving the local contrast. However, AHE has a tendency 

to over amplify noise in relatively homogeneous regions of an 

image. The following Þgures show that the over amplify noisy 

image. 

   A deviation of AHE called contrast limited adaptive 

histogram equalization (CLAHE) obviates this by limiting the 

ampliÞcation [8]. We have used CLAHE in this algorithm. 

CLAHE is a generalization of Adaptive Histogram 

Equalization where contrast of the image are kept contrast. 

Contrast Limited Adaptive Histogram Equalization color 

models specifically developed for enhancement of images. [5]. 

SpeciÞcally, it operates on the tiles of the image. Tiles are 

nothing but the small regions in the image which is divided 

according to a particular grid to exploit local spatial coherence 

in the scene. It enhanced the contrast of each tile. To eliminate 

the induced artiÞcial boundaries, the neighbouring tiles are 

combined using bilinear interpolation. So the contrast became 

limited to avoid amplifying any noise especially in 

homogeneous areas in the image. 

             It was originally developed for enhancement of 

images having low contrast. It limits the ampliÞcation by 

clipping the histogram at a user-deÞned value called clip limit. 

The clipping level determines the level of noise that should be  
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                                                             (a) 

          
                         (b)                                                              (c) 

 
Fig. 4. (a) Low Contrast Haze Image, (b) Dehazed Image using DCP, (c) AHE 

of the Dehazed Image 

 

smoothed in the histogram and hence the level of the contrast 

to be enhanced. A contrast limited technique which is known 

as adaptive histogram clip (AHC) can also be applied. AHC 

adaptively clips level and moderates over-enhancement of 

background regions of images. One of the AHC that normally 

used is Rayleigh distribution which produces a bell-shaped 

histogram. The function is given by 

       ( )
( )

0 .5

2

m in

1
, 2 ln

1
R ayle igh K K

P f
α= +

−

(8) 

      where minK  is a minimum pixel value, P(f) is a 

cumulative probability distribution and is a nonnegative real 

scalar specifying a distribution parameter. In this case, clip 

limit is set to 0.02 and value in Rayleigh distribution function 

is set to 0.04. 

 

III.PROPOSED ALGORITHM 

      To remove limitation of the DCP algorithm, the DCP 

result passes through a histogram equalization process which 

is known as CLAHE. In this process, the resulting image is 

divided in each layer and enhanced by AHE method. Then the 

result is processed through a color correction technique [9] 

which is the Þnal reÞned image. The block diagram of our 

approach is shown in the Þg.5 For color correction, the mean 

     
                          (a)                                                            (b)               

    
                         (c)                                                              (d)  

     
                      (e)                                                             (f)     

      
                        (g)                                                             (h) 

  
Fig. 5. (Image-2) Processed Image and its corresponding Histograms. (a) 

Original Image, (b) Histogram of the Original Image, (c) Dehazed Image 

using DCP, (d) Histogram of the Dehazed Image using DCP.(e) Enhanced 

Image using AHE , (f) Histogram of Enhanced Image using AHE , (g) 

Proposed Method , (h) Histogram of the Proposed Method.     

 

 value and the mean square error are computed in RGB 

channels of Input image I. Then, the maximum and minimum 

 

                                                        Fig. 6. Block Diagram of the Proposed Algorithm 
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of each channel is calculated by 

                           
m ax var

C C C

m eanI I Iµ= +  

                            min var

C C C

meanI I Iµ= −  

 

where C {R,G,B} 
C

meanI , var

CI  are the mean value and the 

mean square error (MSE) in the RGB channel, respectively; µ 

is a parameter to control the image dynamic; Finally, the color 

corrected image is obtained by 

                       min

max min

255
C C

C

CR C C

I I
I

I I

−
= ×

−
                          (9) 

 

where CRI  is color corrected image. 

IV. SIMULATION AND ANALYSIS 

        We have used Matlab 2014a version to simulate the 

proposed algorithm . The images shown in the Þgures consist 

of a segment of 1920×1080 pixels, So we have reduced its size 

to 10 times for quick response. In this experiment, enhanced 

image is obtained by DCP method followed by CLAHE and 

color correction have been performed. We have taken the 

Omega(  ) value 0.95, t0 = 0.1 .The enhanced images has been 

judged in both manner i.e. subjective way from its visual 

appeal and by objective statistical measures.  

                  The mean square error (MSE) and the peak 

signal to noise ratio (PSNR) are the two error metrics. They are 

generally used to compare the quality of enhanced underwater 

images. The MSE represents the cumulative squared error 

between the improved image and the original image, whereas 

PSNR represents a measure of the peak error. A method can be 

described as good if it has lower MSE and higher PSNR 

values. 

 

The MSE is calculated using the following equation: 

      
( ) ( )

2

1 2,
1

, ,
n

M N
i

S m n S m n

M S E
M N

=

−

=
×

         (10) 

Where S1 and S2 denotes the original image and the 

enhanced image, respectively. PSNR can be obtained from:  

               
10

2 1
20 log

b

PSN R
M SE

−
=                       (11) 

 Where b is the bits per sample. In our work, the value of b 

is 8 because the color images that are used for the experiment, 

ranges from 0 to 255. The results of Mean Square Error and 

Peak Signal to Noise Ratio are shown in Table I and Table II, 

respectively. Also we have plotted the histogram for every 

resulting images which show that our result is better than other 

results. Because the histogram of the Þnal image of the 

underwater image which is shown in Þg.3(c), is equally 

distributed and having a bell shape but other histograms are 

disturbed and plotted in the left which represent the low 

contrast. Based on the results shown in both tables, it can be 

observed clearly that the results of our technique is far better 

than HE and AHE. The following Histograms of image 

represent in Þgure-3 prove that our approach is better than HE 

and AHE. 

TABLE I.  COMPARISION OF MSE 

IMAGES HE AHE DCP CLAHE PROPOSED 

METHOD 

1 5.94 0.84 4.45 0.72 0.43 

2 8.60 0.42 16.78 0.82 0.27 

3 6.07 0.96 3.14 1.78 0.49 

 

 

 

      
                         (a)                                                             (b)     

                             

                        
                                            (c)        

 
Fig. 7. Histograms of the image present in Þg.3 using different 

techniques.(a)Histogram Equalization (b)Adaptive Histogram Equalization (c) 

Our Proposed Algorithm 

             

               V. CONCLUSION 

     In this paper, Dark Channel Prior followed by a Contrast 

Limited Adaptive Histogram Equalization has been used to 

enhance the image. This proposed method is compared with 

different algorithms like DCP, CLAHE and also we have 

compared its result with basic Histogram and simple Adaptive 

Histogram Equalization technique and found that our approach 

is better in enhancing the Underwater image. Again, the 

Histogram of the resulting images have been plotted and found 

the same result visually as well as graphically. So we can 

conclude that our algorithm is better than other image 

enhancements algorithms used for enhancement of underwater 

images. 
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TABLE II.  COMPARISION OF PSNR 

IMAGES HE AHE DCP CLAHE PROPOSED 

METHOD 

1 40.38 48.88 41.64 49.54 51.79 

2 38.78 51.88 35.88 48.16 61.95 

        3 40.29 48.29 43.16 45.60 61.55 

        
              (a)                                                              (b)                                                  

        
                (c)                                                                (d)                                             

       
                (e)                                                               (f) 

       
                       (g)                                                               (h) 

 

Fig. 8. (Image-3) Processed Images and its corresponding Histograms. (a) 

Original Image, (b) Histogram of the Original Image, (c) Dehazed Image 

using DCP, (d) Histogram of the Dehazed Image using DCP, (e) Enhanced 

Image using AHE , (f) Histogram of Enhanced Image using AHE , (g) 

Proposed Method , (h) Histogram of the Proposed Method. 
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