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Abstract: Underwater Image Enhancement is a wide area of research now a days. This paper deals with some of the 

recent studies involved in enhancing the quality of underwater images. The quality of underwater images usually 

degrades due to blurring, skewing and noise effect. Skew problem occurs due to dynamic nature of water. 

Underwater images are required to be restored for research purposes and practical task. Many methods have been 

developed to resolve the problem of image degradation. For scientific missions also, underwater image 

enhancement plays a pivotal role.In this paper, we present an overview of problems causing image degradation and 

some methods involved in processing of underwater images. Following paper also illustrates utilization of L*A*B 

colour space which was earlier neglected by mixed Contrast Limited Adaptive Histogram Equalization CLAHE and 

colour constancy deskewing algorithm. 
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Introduction 
Underwater imaging is an active field of research but a lot of work is required to be done in this field. Researchers 

are interested in the field of deep sea imaging to explore new species of marine world. In this paper, we present the 

problem related to underwater imaging and some restoration methods to restore the underwater image in a decent 

human viewable level. Digital image processing sharpens the feature of an image such as contrast, edges for easy 

analysis.  

 

 

 

 

 

 

 

Fig 1: - Block diagram representing underwater image processing 

 

Underwater image enhancement is a technique in which some application specific method is implemented to obtain 

the enhanced output image. Deskew, colour constancy based on polynomial equation and wavelength compensation 

method are some of the application specific algorithms. 

 

 

Literature Survey 
 

1.) Deskewing by space-variant deblurring 

 

Tilt and motion blur are major challenges when the camera is interested in capturing scenes of different media. 

Skew problems arises due to dynamic nature of water and motion blur exists due to several intensities influencing 

the imaging sensor during exposure time of camera. In the text, the concept of virtual depth map is illustrated. 

Virtual depth maps areassigned to flat scenes when noticed through the dynamic surface of water. The skew 

problem appears as one of the spatial variants of a single image within alternating minimization of the blurring 

frame. Lens detection framework is proposed to identify fragments from frames of captured video if the nature of 

virtual depth map change due to changing wind properties. While the overall volatility can be arbitrary in each 

section of the nature and the wave is simulated as an exponential decay cycle wave [1]. 

 

Algorithm: - 

Decaying unidirectional water waves can be equivalently generated by a virtual camera motion imaging. The scene 

with depth profile Vd.  

The nature of Vd depends on the nature of water waves causing the blur. 

The individual parameter is united to create alternating minimization framework. The following flow chart explains 

step by step working of deskewing operation. 
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Fig 2: -Deskewing through space variant deblurring flow chart 

 

Lens detection framework which is divided into several group of frames follows virtual depth map. The frames 

within the segment are controlled by one direction attenuation wave for which we are sure that in a period of time, 

the blur caused in different spaces and the position of the image that can be expressed as a scaled version of each 

other. The concept of the virtual depth map allows us to isolate the problem as one of the spatial variants 

demoulding to solve potential problems of image restoration, where the virtual depth parameters and 

transformations are introduced in the image plane as by-product.  

 

Given a video, a shot recognition structure is proposed to fragment into gathering of edges that adjust to a virtual 

profundity outline. The casings inside a fragment are administered by unidirectional weakened waves. Inside a 

section, the obscure prompted at various partial areas at picture which can be communicated as scaled variants of 

each other. Therefore, the idea of virtual profundity delineates as to represent the issue of deskewing as one of room 

variation deblurring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Experimental analysis (a) input image, (b) blurred image, (c) restored image, (d) output image, (e) output 

from and (f) proposed work.  
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The deskewing problem is resolved by using space variant deblurring and the advantage of using this method is 

restoration of planar scenes, deteriorated by water waves. The scaled version within a segment can be obtained for 

the blur induced at different spatial locations of image [2].  

An important aspect can be noted to improve image perception by incorporating an algorithm to process a video 

sequence of underwater surroundings. 

 

2.) Image Enhancement of Underwater Images by Using L*A*B* Colour Space on Gradient and Contrast 

Limited Adaptive Histogram Equalization based Smoothing 

 

Underwater imagessuffer from low contrast, uneven illumination and colour weakening. This review paper presents 

a technique based on pre-treatmentof image which improves the quality of underwater digital images. Mixed 

contrast finite adaptive histogram equalization (CLAHE) actually ignores the use of L * A * B. The colour image 

space improves the image in an efficient manner. Researchers conquer the problem of handmade technology as a 

new L * A * B colour image space as well as CLAHE method are incorporated for analysis. The main goal of the 

new algorithm is to improve the accuracy of underwater digital images enhancement method. 

Algorithm: - 

Step #1: Pre-process the input image and to calculationsize of the image. Pre-processing is done to overcome some 

problems occurred as a result of scattering of light, absorption of light, higher density of the medium and reflection 

of light which leads to lack of visibility. There is a decrement in the light as the depth of the water increases and 

hence the colours disappear accordingly.  

Step #2: Colour transformation structure is used to obtain L* A* B* colour space from values of image colour 

intensity. Due to requirement of certain parameters, the RGB image is unable to give a desired result. Thus, there is 

a need to rectify the problem. Ramandeep Kaur et.al [3] showed the application of L* A* B* for image 

enhancement. 

Step #3: L component extraction by applying CLAHE. 

Step #4: Obtaining RGB plane from L* A* B* colour place. 

Step #5: There is a problem of uneven illumination which is why gradient based smoothing method is applied. 

Information that are useful are obtained by using image gradient function. Edge pixels are decided by the values of 

the image gradient. The high gradient value pixels are the ones selected for the edge pixels and can be identified in a 

direction orthogonal to the direction of the gradient and it helps to attain correct edges. 

Step #6: A better visibility image is obtained in comparison with the input image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Colour changing phenomena as we go deeper into water  
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To overcome CLAHE output in the uneven lighting problems, the image has been removed by using image 

enhancement gradient-based smoothing. Putting forward the key ideas of technology to improve the accuracy of the 

different underwater image enhancement method, we can deal with parameters MSE, PSNR, RMSE, NAE, NCC, 

MD and AD. So, there will be a new algorithm in the future and can be proposed based on the use of a combined 

filter[3]. 

The advantage of using this algorithm is that it can eliminate uneven illumination. By using this method accuracy 

will get enhanced. 

For future scope a joint tri lateral filter is required to be developed. This will be possible only when there is an 

improvement in precision level of dark channel. The decision making of dark channel is totally based on fuzzy logic. 

The fuzzy logic ability can identify different possibility for same scene [3,4]. 

 

3.) Mathematical ModelforUnderwater Colour Constancy based on Polynomial Equation 

 

Today, marine research has become the top priority of ocean research and considered as the lung of world. When the 

object is placed underwater, the colour of the object changes. This is due to the discoloration of light scattering, 

refractive index, wave, camera distance and ambient underwater effects. Polynomial model is directed through two 

stages: to begin with, deciding the connection between the shading force of a picture on the water surface and 

shading power of a picture in a specific profundity, secondly deciding the coefficient of consistent capacity 

connection between the shading power of a picture on the water surface and the shading power of a picture in a 

specific profundity by utilizing minimum square method.The consequence of polynomial approach is measured by 

utilizing PSNR, yielding a normal estimation of 19.64. It can be reasoned that polynomial approach can decide the 

shading steadiness level which in turn can improve the underwater image quality [5,6]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5: Light scattering effect  

 

Algorithm: - 

Step 1: Measure intensities of colours at surface. 

Step 2 to step n: Measure colour intensities at depth levels 1 to n (I_n) 

I_0 is intensity at surface. 

Step n+2: Determine quantities C_k = I_0/I_k for each depth 

Step n+3: Fit a polynomial of degree n to the n values of C_k obtained in step n+2. 

This gives a polynomial function from which surface colour intensity of a colour can be predicted from observed 

colour intensity. 

 

The advantage of using Mathematical Model for Underwater Colour Constancy based on Polynomial Equation is 

that it is a simple algorithm and it is easy to implement [5]. The disadvantage of this method is that it can’t be used 

for large depth. For depths greater than 5 meter, the results obtained are less accurate and precise.  

 

 

4.) Enhancement of underwater images using wavelength compensation method 

 

The particles present in the underwater surroundings create light scattering effect are called haze and when the light 

deeply enters into the underwater surroundings, produces hue effect. The haze and hue are responsible for 

alterations. 
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Firstly, dark channel is used to remove haze from underwater image and(Wavelength Compensation Algorithm) 

WCA is used to remove hue alterations [7]. 

 

Algorithm of WCA: - 

The estimation of distance between camera and the object is done with the help of Dehazing algorithm in 

wavelength compensation. The depth map is used to segment the background and foreground area of the image and 

a comparison is done between them, for the determination of artificial light scattering effect. It is implemented at 

the time of the light acquisition. Therefore, there is a need to remove the extra luminance.to eliminate the haze 

effect and change of colour in the trail of the underwater propagation. 

 

1. Depthmap 

The images which are haze-free and do not have background light patches have low intensities at some of their 

pixels. This fact is the base of the dark channel. The lowest intensity value should be very small which is known as 

a dark channel. Haze exists if we are unable to find a low value pixel and we need to quantify its aggregation which 

can be done with the help of dark channel algorithm and we are also able to get the value of the depth map. R. 

Sathya et.al [7] has provided an equation i.e. Radiative Transport Equation for the same. 

 

2. Segmentation of Image 

The depth map is used to segment the background and foreground area of the image and luminance values are 

calculated and they are compared with each other. The case when background luminance is relatively less than the 

foreground luminance is referred to as low scattering and can be eliminated by improvising the luminance values. 

 

3. Compensation of Wavelength 

Objective of the algorithm is elimination of haze and adjustment of hue alteration and it can be done by some steps 

given below. 

(i). Computation of mean values of components of R, G and B. 

(ii). Evaluated value will represent the grey value. 

(iii). Calculation of scale value of each component. 

(iv). Estimation of the wavelength. 

R. Sathya et.al [7] proposed equation for the completion of these steps. 

 

 
Fig 6: - (a) Depth map image (b) Foreground image (c) Background image (d) Wavelength compensated image 
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The advantage of using this algorithm is that light scattering effect can be removed. Also haze and hue alterations 

can be removed by using WCA. 

Some problems which may limit this algorithm are flicker and noise problems, which may be countered using hue 

saturation value (HSV colour model) [8]. 

 

5. An efficient underwater image enhancement using colour constancy deskewing algorithm 

R.Swarnalakshmi et.al [9] proposed algorithms for feature extraction and colour constancy. Grain size and contrast 

are the parameters of feature extraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7: - Image Enhancement algorithm 

 

 

Algorithm: - 

The key to image enhancement and image restoration is the method of underwater image enhancement. R. 

Swarnalakshmi et.al [9] referred the images as blue tone and green tone. 

 

1. Feature extraction of image 

The mixture of blue, green and red colourforms an underwater image. In the current method the particular colours 

are separated in the form of the matrices. These separated properties must be undeviating to dissimilar geometric 

and photometric improvisations and must have least details to differentiate between different object and the one 

which is explained by it. When the light moves through water it is rapidly impoverished, which causes some 

phenomena in the underwater images such as blurring, erratic illumination, faded colours and low contrast. For the 

advancement of potential of feature extrication, R. Swarnalakshmi et.al [9] proposed three types of pre-processing 

techniques for underwater images viz colour correction, normalization and Image enhancement. 

 

2. Illuminating light source estimation 

The origin of light for illumination depends on various factors like confined gamuts feature i.e. limited colours are 

perceived for a particular illuminating source, group of all viable light indices and issuance of some underwater 

colours in an image. For the estimation of the light source, a set of underwater images in the different sources of 

light used. 

This approximation is done for the canonical ranges of the type of the light illumination. For unambiguous results, 

images which belong to a set of real-world surfaces and originated from same source of light, are used in the 

determination of the canonical ranges. There is an interdependence between issuance of image illumination of an 

underwater image and irradiance in the image at a point of texture. 

Following step 2, next step will be enhancement of underwater image. The image enhancement algorithm provides 

texture pixels of RGB bands. Shades of grey algorithm improves the precision level with respect to grey world 

algorithm. 

These are generally faster and simpler than the methods used for image restoration.  

 

Feature of extraction underwater 

image (RGB colour extraction) 

Illuminating light source 

estimation (Pixels, Gradient and 

edge estimation) 

Enhancement of underwater 

image  
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The advantage of using this method is that it performs well in the field of contrast enhancement and also performs 

saturation intensity stretching on Weibull histogram colour model. Based on this algorithm further processing can 

be done on remote sensing underwater images. 

 

Conclusion 
 

Techniques to restore distorted underwater images are successfully demonstrated in this paper. Image alteration is 

required for the restoration process. More extensive scope of calculationis required to be connected to the 

information which could maintain strategic distance from target.  Pictures are characterized by 

variousparameters;the advanced picture processing might be indicated as intricate frameworks. A simple access of 

efficient work force, newer algorithms and techniques will be developed for future access.  
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