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Abstract— The images degraded by haze suffer from poor 

contrast. In order to remove haze effect, a Contrast limited 

adaptive histogram equalization (CLAHE) and Mixture 

contrast limited adaptive histogram equalization (Mix-

CLAHE) methods are presented in this paper. Mixture 

Contrast Limited Adaptive Histogram Equalization color 

models that specifically developed for underwater image 

enhancement. The method applies CLAHE on RGB and 

HSV color models and both results are combined together. 

Experimental results show that the Mix-CLAHE have better 

results than HSV and RGB CLAHE. Mix-CLAHE 

significantly improves the visual quality of underwater 

images by enhancing contrast, as well as minimizing noise 

and artifacts. 
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I. INTRODUCTION 

Underwater [1] vehicles are used to survey the ocean floor, 

generally with optical sensors for their capability of remote 

sensing in recent years. Therefore, acquiring clear images in 

underwater environments is an important issue in ocean 

engineering. The quality of underwater images plays a 

pivotal role in scientific missions such as observing ocean 

life, taking census of populations, and assessing geological 

or biological environments. Different from the common 

images, underwater images be affected by poor visibility 

due to the medium scattering and light distortion.  

 First of all, capturing images underwater is 

difficult, mostly due to haze caused by light that is reflected 

from a surface and is deflected and scattered by water 

particles, and absorption substantially reduces the light 

energy. For instance, when discuss about light absorption, it 

is well known that air does not absorb the light as water 

does. The amount of light will drop off as it passes through 

water. Different wavelengths of light (blue, green, red) will 

penetrate water to a varying degree. Due to the optical 

scattering of light, contrast of images in haze is affected. 

Image contrast enhancement is an beneficial solution to 

remove fog effects. 

II. IMAGE CONTRAST ENHANCEMENT TECHNIQUES 

A. Histogram Equalization 

Histogram equalization [2] is a technique for adjusting 

image intensities to enhance contrast. It increases the 

contrast of an image globally by spreading out the most 

frequent intensity values. However, it suffers from noise 

amplification in relatively homogeneous regions.  

B. Adaptive Histogram Equalization 

Adaptive histogram equalization (AHE) [2] is an image 

processing technique used to enhance contrast in images. It 

is different from ordinary histogram equalization in the 

respect that the adaptive method calculate several 

histograms, each corresponding to a definite section of the 

image, and uses them to redistribute the brightness values of 

the image. It is therefore suitable for enhancing the local 

contrast. However, AHE has a potential to over amplify 

noise in relatively similarly regions of an image. Another 

different form of of adaptive histogram equalization called 

contrast limited adaptive histogram equalization (CLAHE) 

prevents this by limiting the amplification. 

C. Contrast limited adaptive histogram equalization 

(CLAHE): 

Contrast limited adaptive histogram equalization is 

commonly abbreviated as CLAHE [3]. Firstly, the color 

images captured by camera in foggy conditions are 

converted from RGB color space to HSI color space. The 

reason of conversion is the HSI represents colors similarly 

how the human eye senses colors. Second, the intensity 

component of the image is processed by CLAHE. The hue 

and saturation are unchanged. Finally, the image processed 

in HSI color space is converted back to RGB color space. 

CLAHE differs from ordinary AHE in its contrast limiting. 

In contrast limited histogram equalization (CLAHE), the 

histogram is cut at some user defined Called value clip limit 

and then equalization is applied. Contrast limited adaptive 

histogram equalization (CLAHE) is an adaptive contrast 

histogram equalization method, where the contrast of an 

image is enhanced by applying CLAHE on small data 

regions called tiles rather than the entire image. This 

clipping level determines how much noise in the histogram 

should be smoothed and hence how much the contrast 

should be enhanced. CLAHE is operated on different color 

spaces 

1) RGB Color Space: 

RGB color model describes colors in terms of the amount of 

red (R), green (G) and blue (B) present. It uses additive 

color mixing. It is defined by the three colors or shades of 

the red(R), green (G) and blue (B), and can produce any 

color or shade that is the triangle defined by those primary 

colors. [3]  

2) HSV Color Space: 

The HSI color space is very important color model for 

image processing applications because it represents colors 

similarly as human eye senses colors. The HSI color model 

shows every color with three components: hue (H), 

saturation (S) and Value (V).  The Hue component describes 

the color itself in the form of an angle between [0,360] 

degrees. 0 degree mean red, 120 means green 240 means 

blue. 60 is yellow, 300 is magenta. The Saturation 

component signals how much the color is contaminated with 

white color. The Saturation range is [0, 1].The Value range 

is between [0, 1] and 0 means black, 1 means white. [3] 



Haze Removal from Underwater Images using Mixture Contrast Limited Adaptive Histogram Equalization 

 (IJSRD/Vol. 3/Issue 05/2015/008) 

 

 All rights reserved by www.ijsrd.com 26 

D. Mixture Contrast Limited Adaptive Histogram 

Equalization (Mix-CLAHE): 

To reduce the undesired artifacts as well as brightness 

produced by CLAHE, Mix-CLAHE is used that combines 

the result of CLAHE-RGB and CLAHE-HSV. The aim is to 

enhance the image contrast and at the same time preserve 

the natural look of underwater image. The enhancement 

method effectively improves the visibility of underwater 

images and produces the highest PSNR values. [2] 

III. RESULTS AND DISCUSSIONS 

A. Experimental Setup: 

In order to compare Contrast limited adaptive histogram 

equalization and Mixture Contrast limited adaptive 

histogram equalization, design and implementation has been 

done in MATLAB using image processing toolbox. 

 
Fig. 1: (a) Input Image (b) RGB-CLAHE (c) HSV-CLAHE 

(d) Mix-CLAHE 

B. Performance Evaluation: 

1) PSNR:  

PSNR stands for Peak Signal to noise ratio. The term peak 

signal-to-noise ratio (PSNR) is an expression for the ratio 

between the maximum possible value (power) of signal and 

the power of distorting noise that affects the quality of its 

representation. The Peak Signal to Noise Ratio (PSNR) is 

the error metrics used to compare the quality of the 

improved underwater images. PSNR represents a measure of 

the peak error.  

 Table 1 is showing the comparative analysis of the 

Peak Signal to Noise Ratio (PSNR). As PSNR need to be 

maximized; so the main goal is to increase the PSNR as 

much as possible. Table 1 has clearly shown that the PSNR 

is maximum in the case of the Mix-CLAHE; therefore it is 

providing better results than the HSV CLAHE and RGB 

CLAHE. 

Img. HSV-CLAHE RGB-CLAHE Mix-CLAHE 

1 11.1566 12.1035 16.8674 

2 7.3187 15.6297 20.6431 

3 7.0984 15.403 20.0327 

4 9.0741 15.4538 18.7907 

5 8.4947 13.1462 15.1104 

6 8.2408 14.0129 17.8767 
Table 1: PSNR Evaluation 

  The method is tested on the number of images and 

in each case Mix-CLAHE shows the better results than HSV 

CLAHE and RGB CLAHE.  

 Figure 2 has shown the quantized analysis of the 

peak signal to noise ratio of different images. It is very clear 

from the plot that there is increase in PSNR value of images 

with the use of Mix-CLAHE method over HSV - CLAHE 

and RGB - CLAHE. This increase represents improvement 

in the objective quality of the image. The high PSNR values 

shows contrast enhancement in Mix-CLAHE based 

methods. 

 
Fig. 2: Performance of PSNR Evaluation 

2) BER:  

The bit error rate (BER) is the number of bit errors per unit 

time in image processing bit error rate is the most general 

measure for performance measurement of the existing 

method and the coded images. BER is a unitless, often 

expressed as a percentage.  

 Table 2 is showing the quantized analysis of the bit 

error rate. As bit error rate needs to be reduced therefore the 

Mix-CLAHE is showing the better results than the HSV 

CLAHE and RGB CLAHE as bit error rate is less in every 

case. The bit error rate is reduced in each case. The method 

is tested on the number of images and in each case shows 

the better results than the HSV CLAHE and RGB CLAHE. 

Img. HSV CLAHE RGB CLAHE Mix- CLAHE 

1 0.0896 0.0826 0.0593 

2 0.1366 0.064 0.0484 

3 0.1409 0.0649 0.0499 

4 0.1102 0.0647 0.0532 

5 0.1177 0.0761 0.0662 

6 0.1213 0.0714 0.0559 
Table 2: BER Evaluation 

 Figure 3 has shown the quantized analysis of the bit 

error rate of different images. It is very clear from the graph 

that there is decrease in BER value of images with the use of 

Mix-CLAHE. This decrease represents improvement in the 

objective quality of the image. 
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Fig. 3: Performance of BER Evaluation 

3) SSIM:  

The Structural Similarity (SSIM) index is a parameter for 

measuring the similarity or resemblance between two 

images. The SSIM index can be consider as a quality 

measure of one of the images being compared provided the 

other image is regarded as of perfect quality.  

 Table 3 is showing the comparative analysis of the 

Structural similarity index metric (SSIM). As SSIM need to 

be maximized; so the main goal is to increase the SSIM as 

much as possible. Table 4 has clearly shown that the SSIM 

is maximum in the case of the Mix-CLAHE; therefore it is 

providing better results than the HSV CLAHE and RGB 

CLAHE. The method is tested on the number of images and 

in each case Mix-CLAHE shows the better results than HSV 

CLAHE and RGB CLAHE. 

Img. HSV-CLAHE RGB-CLAHE Mix-CLAHE 

1 0.0065 0.6215 0.846 

2 0.0042 0.7171 0.9146 

3 0.0042 0.6333 0.8437 

4 0.005 0.7148 0.8754 

5 0.0117 0.6328 0.8772 

6 0.0212 0.6366 0.9328 
Table 3: SSIM Evaluation 

 Figure 4 has shown the quantized analysis of the 

structural similarity index metric of different images. It is 

very clear from the graph that there is increase in SSIM 

value of images with the use of Mix-CLAHE. This increase 

represents improvement in the objective quality of the 

image. 

 

Fig. 4: Performance of SSIM Evaluation 

IV. CONCLUSION 

This paper presents method to enhance underwater images 

using Contrast limited adaptive histogram equalization 

(CLAHE) on HSV and RGB color models and Mixture 

contrast limited adaptive histogram equalization (Mix-

CLAHE). The enhancement method Mix-CLAHE 

effectively improves the visibility of underwater images and 

produces the lowest Bit error rate (BER) values and 

Normalized absolute error (NAE) and the highest Peak 

signal to noise ratio (PSNR) and Structural similarity index 

metric (SSIM) values. Thus it shows that the Mix-CLAHE 

have better results than HSV and RGB CLAHE. Mix-

CLAHE significantly improves the visual quality of 

underwater images by enhancing contrast, as well as 

decreasing noise and artifacts. In future work, we will apply 

CLAHE on other color models and make comparison on 

them. 
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