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ABSTRACT 

Underwater images mainly suffer from the problem of poor color contrast and poor visibility. These problems 

occurred due to the scattering of light and refraction of light while entering from rarer to denser medium. In 

proposed method, CLAHE is applied on LAB color space to improve the underwater images and it is  founded that 

results are improved as compared to previous work done by other researchers. In results part comparison is done 

between base paper and proposed method to show the improvement based upon parameters such as MSE, PSNR, 

Average error and Bit error rate. 

1. INTRODUCTION 

Image enhancement is the mechanism to process the input image to make it more appropriate and clearly visible for 

the required application. Image enhancement improves the information content of the image and alters the visual 

impact of the image on the observer. Image enhancement intensifies the features of images. It accentuates the image 

features like edges, contrast to build display of photographs more useful for examination and study. Qualitative 

objective approach is used in enhancing images to construct a visually impressive picture. Image enhancement 

includes many operations such as contrast stretching, noise clipping, pseudocoloring, noise filtering etc to improve 

the view of images. Active range of the chosen features of images is amplified by enhancement so that they can be 

detected simply. The existing research shows that underwater images bears poor quality because of nature of light. 

When light enters the water it got refracted , absorbed and scattered as water is denser medium then air , so the 

amount of light drops when it enters from air to water and got scattered in different directions. Scattering causes the 

blurring of light and reduces the color contrast. These effects of water on underwater images are only not due the 

nature water but also because of the organisms and other material present in the water. Light containing different 

wavelengths of blue, green and red colors will make a way into water to a changeable degree [2]. 

Many methods are used to remove poor quality of underwater images . Such as histogram equalization, contrast 

Limited Adaptive Histogram Equalization (CLAHE) .CLAHE is generalization of adaptive histogram equalization. 

With this technique the image is broken up into tiles. The gray scale is calculated for each of these tiles, based upon 

its histogram and transform function, which is derived from the interpolation between the manipulated histograms of 

the neighboring sub-regions. The transformation function is relative to the cumulative distribution function (CDF) of 

pixel values in the area. CLAHE contrasts from AHE in contrast limiting. CLAHE can be applied on different color 

models by researchers. In proposed method, CLAHE is applied on LAB color space to improve the underwater 

images and it is  founded that results are improved as compared to previous work done by other researchers. In 

results part comparison is done between base paper and proposed method to show the improvement based upon 

parameters such as MSE, PSNR, Average error and Bit error rate. 

 

2. LITERATURE SURVEY 

Sowmyashree et al. 2014[1] have presented a relative study of the different image enhancement methods used for 

enhancing images of the bodies under the water. It also describes the various properties of water due to which the 

underwater images images are distorted and degraded. 

 

Chang et al. 2014[2] have proposed the mean-variance analysis technique that is engaged in partitioning the grey 

scale image into four associated images for individual image. The contrast of the palm bone X-ray radiographs is 

http://en.wikipedia.org/wiki/Cumulative_distribution_function
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enhanced by newly proposed technique i.e. quad histogram equalization technique. Experimental results using this 

method illustrate that the proposed algorithm is better than the global histogram equalization (GHE) technique and 

brightness saving bi-histogram equalization (BBHE) technique. 

 

Galdran et al. 2014[3]proposed a Red Channel method, where colors associated to short wavelengths are recovered, 

as expected for underwater images, leading to a recovery of the lost contrast. The Red Channel method can be 

interpreted as a variant of the Dark Channel method used for images degraded by the atmosphere when exposed to 

haze. Experimental results are also shown. 

 

Sahu et.al 2014[4] had paid attention  in reviewing the different techniques of underwater image enhancement to 

boost the quality of images taken underwater and different methodology used Color Stretching and USM filter both 

on RGB to improve underwater images. This survey paper deals with techniques to get better underwater image 

enhancement. The preprocessing of underwater image taken is compulsory as the feature of underwater images is 

affected and these image leads to some serious troubles when compared to images captured in the environment.  

 

Sarangi et. al. 2014[5] projected an attempt to express its adaptability and effectiveness for finding globally optimal 

solutions for enhancing the contrasts and details of a gray scale picture. In this paper gray level adjustment using 

parameterized intensity transformation function is used for performing the contrast enhancement of an image. 

Investigational outcomes are distinguished from other image enhancement techniques for example histogram 

equalization, contrast stretching and particle swarm optimization (PSO). It is founded that results are better of the 

proposed method. 

 

Hitam et al. (2013)[6] have discussed a new method specifically developed for enhancing the underwater images 

called mixture Contrast Limited Adaptive Histogram Equalization (CLAHE) color model. The method operates 

Contrast Limited Adaptive Histogram Equalization on RGB and HSV color model and Euclidean norm is used to 

combine both results together. The combined results show less mean square error and high peak signal to noise 

ratio(PSNR) then other methods of underwater image enhancing. It shows that the projected method is capable of 

classifying coral reefs particularly when visual cues are visible. 

 

Shelda Mohan and T.R. Mahesh, 2013[7] has presented Particle Swarm Optimization (PSO) for tuning the 

enhancement parameter of Contrast Limited Adaptive Histogram Equalization relied on Local Contrast Modification 

(LCM). The quality of enhanced image is tested using a criteria based on edge information of the image. The 

planned method provides finest contrast enhancement though preserving the local data and details of the input 

mammogram picture. 

 

Andono et.al. 2013 [8] were intended to conquer the inadequacy of previous techniques using a new method of pre-

processing of true-color underwater images  based upon the Contrast Limited Adaptive Histogram image 

Equalization (CLAHE) algorithm. There is an assumption in CLAHE that the distribution function of the pixel 

intensity values of the images recorded underwater is dominated by Rayleigh scattering. In further studies, CLAHE-

Rayleigh was compared with other image enhancement techniques. The adaptive alteration of CLAHE may act as a 

solution to enhance the performance of image matching as compared to manual alteration of contrast stretching as it 

is very time consuming process. 

 

 

Setiawan et al. 2013[9] used Contrast Limited Adaptive Histogram Equalization (CLAHE) to enhance color retinal 

image. In this paper, they proposed new enhancement method using CLAHE in G channel to improve the color 

retinal image quality. The enhancement process conduct in G channel is suitable to enhance the color retinal image 

quality. Visual observation is used to judge the enhanced images and compare them with the original ones. 
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S.S. Bedi and Rati Khandelwal 2013[10] have presented an outline of image enhancement processing methods in 

spatial domain. They have classified and reviewed many image enhancement techniques and attempted to evaluate 

their shortcomings. Broad needs in this field of research for image enhancement in future research were specified.  

 

Govindaraj et.al. 2013[11] have discussed the effect of different types of noise i.e. how it will affect the excellence 

of the images.  An image consists of the data and information and quality of the images is diminished due to the 

presence of noise in the image. In this work to remove different noises different filters are used, for example 

Gaussian noise is reduced by Gaussian filter. The investigational result shows the comparison and the performance 

of various types of filters to remove the noise from the degraded images with mean square errors and PSNR values.  

 

Saenko et. al. 2012[12]  have analyzed and compared three different kind of edge detection approaches which are 

based upon search, zero-crossing and fuzzy logic. Edge detection approach using fuzzy technique was selected for 

image enhancement and applied in a very particular field of optical dimensions. The second approach which truly 

searches for the edges is very much like to Sobel operator and effectively applicable in a particular field of optical 

measurements. 

 

Chiang et al. 2012[13] have proposed a fresh efficient approach based on dehazing algorithm, used to enhance 

underwater images. This algorithm is used to compensate the attenuation inconsistency along the transmission 

course and to acquire the possible effect of presence of an artificial source of light into consideration. The 

performance was evaluated both objectively and subjectively, of the proposed algorithm. 

 

Singh et. 2012 al. [14] have done analysis of different underwater image enhancement techniques. The comparison 

between performance of contrast limited adaptive histogram equalization method, contrast stretching, and histogram 

equalization method is done. Mean square error (MSE) and signal to noise ratio (SNR) are used as parameters for 

comparing the performance of above methods. The methods were examined on different type of underwater images. 

 

Cristian Munteanu and Agostinho Rosa 2004[15] have introduced a new automatic image enhancement method 

motivated by an evolutionary optimization procedure. They suggested a fresh objective criterion for image 

enhancement, and attempts to find out the best fit image in accordance with the respective criterion. They have 

employed an evolutionary algorithm (EA) as a global search strategy for the best image enhancement because of the 

high complexity of the proposed image enhancement criterion. In this paper results of the proposed technique is 

evaluated and compared with other automatic image enhancement methods such as contrast stretching and 

histogram equalization. Results obtained have shown that proposed method is superior to others. 

 

Garcia et al. 2002[16]  have analyzed and compared already available techniques for dealing with the problems of 

underwater images. These techniques mainly deal with nonuniform illumination, lowcontrast in underwater images. 

The analyzed methodologies consist the review of the homomorphic filtering, illumination-reflectance model, local 

histogram equalization and subtraction of the illumination field. Many illustrations on real data have been carried 

out to compare and contrast the dissimilar methods. 

 

 3. Research methodology 

In order to evaluate the performance of proposed L*A*B based contrast limited adaptive histogram equalization 

simulated using MATLAB. The proposed methodology has been followed step by step to achieve the objectives. 
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Fig. 4.1 Flowchart of proposed methodology 

 

The proposed algorithm includes the following steps 

 

STEP 1 First of underwater digital images are acquired. 

 
 Input image 

STEP 2 In the next step apply SRGB to LAB transform to the input image. 

STEP 3 L component will be extracted. 

STEP 4 Apply CLAHE (contrast limited adaptive histogram equalization) on the extracted L component. 

STEP 5 Concatenate the extracted L component with A and B components of color space. 

STEP 6 Illuminate normalization will come in action in order to decrease the color artifacts and will result in a new 

high quality enhanced image and return final image. 
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                    Final image 

 

4, Results and discussions 

 

4.1 Experimental Results 

 

         
          Fig. (a) Input image        (b) Base paper resultant image 

 

          Fig. (a) and (b) demonstrates the input image and base paper resultant image respectively. This image 

enhanced but brighter and does not seems to be natural image. 

 
Fig (c) Final image 

Fig (c) demonstrates the final image given by proposed method. This image has less artificial effects and seems 

natural image. 
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4.2 Performance Evaluation 

4.2.1 Mean Square Error 

MSE is the cumulative squared error between the final and input image image. It is defined by the equation 

   𝑀𝑆𝐸 = 
1

𝑀𝑁
  ([ 𝐼1 𝑚, 𝑛 − 𝐼2(𝑚, 𝑛)]2 𝑁

𝑛=1
𝑀
𝑚=1   Eq.1 

 

where I1 and I2 denotes the original image and the improved image, respectively. The size of the input pictures 

should be same and is denoted by M *N. Mean square error records the quality of the image. If MSE is very large 

then it means that hat quality of image is very low. 

 

Table 4.1 Mean Square Error Evaluation 

 

     
Table 4.1 is demonstrating the analysis of the mean square error. As mean square error needs to be lessened 

therefore the proposed algorithm is demonstrating the superior results than the previous methods as mean square 

error is lesser in each case for each image. 

 

Fig 4.1 MSE of CLAHE-Mix and Proposed approach i.e. CLAHE LAB 

4.2.2 Peak Signal to Noise Ratio 

It is the ratio between the maximum possible power of a signal and the power of corrupting noise that affects the 

loyalty of its representation. The PSNR is calculated using equation 

                        PSNR = 10 log10
(2𝑏−1)2

𝑀𝑆𝐸
 dB      Eq.2 

http://en.wikipedia.org/wiki/Signal_(information_theory)
http://en.wikipedia.org/wiki/Noise
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where b is the number of bits per pixel(bpp) of the original image and MSE is the mean-square-error which is 

defined by Eq 1. PSNR with high value indicates better quality of the image with less noise. 

 

Table 4.2 Peak Signal to Noise ratio evaluation 

 

 Clahe-RGB Clahe-HSV Clahe- Mix Clahe-Lab 

Image 1 2.23 2.23 13.41 16.00 

Image 2 7.60 7.64 15.32 20.17 

Image 3 10.11 10.17 12.95 18.08 

Image 4 7.36 7.40 17.89 18.91 

Image 5 5.60 5.63 18.89 21.51 

Image 6 6.80 6.83 21.01 23.04 

Image 7 7.08 7.12 16.30 19.18 

Image 8 7.31 7.34 20.65 21.26 

Image 9 6.27 6.31 16.00 22.78 

Image 10 7.26 7.30 13.35 25.94 

 

Table 4.2 has clearly demonstrated that the PSNR is most extreme on account of the proposed algorithm in this 

manner proposed algorithm is giving superior outcome than the available techniques. 

 

Fig. 4.2 PSNR of CLAHE-Mix and Proposed approach i.e. CLAHE LAB 

It is very clear from the plot that there is expand in PSNR estimation of images with the use of proposed technique 

over existing. 

 

4.2.3 Average Error 

Average error is calculated by using the given equation – 

 (  ( 𝑙(𝑚, 𝑛) − 𝑝(𝑚, 𝑛)) 

where l (m,n) is the input image and p (m,n) is the final image. 
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Table 4.3 Average error evaluation  

 

Images Clahe-RGB Clahe-HSV Clahe- Mix Clahe- Lab 

Image 1 191.348 190.978 42.008 32.680 

Image 2 96.672 96.056 35.996 19.752 

Image 3 69.074 68.388 41.711 24.016 

Image 4 99.427 98.803 26.209 22.741 

Image 5 128.467 127.920 24.412 16.063 

Image 6 99.843 99.228 20.365 13.821 

Image 7 107.164 106.566 33.721 20.503 

Image 8 95.165 94.535 20.876 16.295 

Image 9 113.590 112.997 35.608 14.551 

Image 10 107.124 106.553 47.658 10.318 

 

Table 4.3 shows that average error is less in the case of enhancement performed by proposed approach as compare 

to the other approaches. 

 

 
Fig. 4.3 Average error evaluation of CLAHE-Mix and Proposed approach i.e. CLAHE LAB 

Fig. 4.3 shows that average error in CLAHE-Mix is very high as compared to Proposed approach i.e. CLAHE LAB. 

 

4.2.4 Bit Error Rate  

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

received bits of a data stream over a communication channel that have been changed due to presence of noise 

and interference in the medium. 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Bit
http://en.wikipedia.org/wiki/Data_stream
http://en.wikipedia.org/wiki/Communication_channel
http://en.wikipedia.org/wiki/Noise_(telecommunications)
http://en.wikipedia.org/wiki/Interference_(communication)
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Table 4.4 Bit error rate evaluation  

 

 
 

Table 4.4 is demonstrating the quantized analysis of the bit error rate. It shows that values are less in the case of 

enhancement performed by proposed approach as compare to the other approaches. 

 

 
Fig. 4.4 Bit rate error evaluation of CLAHE-Mix and Proposed approach i.e. CLAHE LAB 

It shows that Bit rate error in CLAHE-Mix is very high as compared to Proposed approach i.e. CLAHE LAB. 

 

5. Conclusions  

In this paper new underwater image enhancement method is proposed. CLAHE is applied on L*A*B color space. It 

is founded that results are improved as compared to previous work done by other researchers. In results part 

comparison is done between base paper and proposed method to show the improvement based upon parameters such 

as MSE, PSNR, Average error and Bit error rate.  
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