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Abstract—Underwater images are primarily degraded due to 
attenuation of light as it travels under water and suffer from issues 
like noise, improper illumination, single color dominance and low 
contrast. Due to these issues detection and recognition of underwater 
images becomes difficult. So, preprocessing of these images becomes 
essential in order to tackle these issues and produce an enhanced 
image that can be used for further processing. 
 
To solve this problem, an efficient preprocessing methodology for 
underwater image enhancement is proposed. The methodology works 
in a sequence and begins with noise removal by wavelet denoising, 
improper illumination correction by homomorphic filtering, color 
correction by Gray World (GW) algorithm and Equalization of RGB 
colors, and finally contrast enhancement by the conventional 
Contrast stretching and Contrast Limited Adaptive Histogram 
Equalization (CLAHE) on different color spaces. The implementation 
results show that the proposed methodology improves the quality of 
underwater images efficiently and produces better quantitative scores 
when compared to some existing methods. 
 
Keywords: Wavelet Denoising, Histogram Equalization Color 
Balancing, Gray World, ROV, AUV, HSV, LAB. 

1. Introduction 

Underwater imaging is an unexplored area and has gained 
importance in the recent years, due to its increased usage in 
naval and civilian applications. Continuous monitoring of the 
sea bed is needed, often in the case of coral reef surveys, 
marine species counting and monitoring, pipeline 
maintenance, underwater mines, shipwrecks, etc.  The census 
of marine life in 2010 shows that 230,000 rare species are 
available in oceans, roughly 750,000 are yet to be discovered. 
The reason is the limited visibility under water and that the sea 
bed can be reached only after traveling thousands of meters 
under water. In the recent years (ROV) Remotely Operated 
Vehicles/ Autonomous Underwater Vehicles (AUV) with 
inbuilt cameras are used for capturing images deep under the 
sea.  

Underwater image processing is challenging task due to its 
poor lighting conditions. In normal atmospheric conditions, as 

light illuminates on an object, based on the light’s wavelength, 
an appropriate color gets reflected. But in case of underwater 
scene, red color disappears in 3m, followed by orange, yellow 
and green .Blue color can travel longer than other colors, due 
to its diminished wavelength and hence underwater images 
often appear in blue. After 100 m, images appear totally dark 
and artificial lights are needed. Artificial light attached to the 
underwater vehicles also leave an imprint of light when 
capturing images. 

The major reason for poor quality images is attenuation and 
scattering of light. Beer Lambert’s Law states that as the 
distance of the camera to the object of interest increases, the 
image quality decreases due to the attenuation and scattering 
of photons in water. In a nut shell, the challenges faced by 
underwater images are: Reduced lighting/improper 
illumination. Noise, Color dominance (haziness), Poor 
contrast. Huge volumes of image data is being captured every 
day with the help of ROVs and classifying objects in such 
images has now become challenging. Marine scientists require 
automated object recognition tools based on image processing 
techniques. This is because, manual classification is expensive 
and time consuming. Many image processing techniques are 
available for real world object classification. But those 
techniques, might not suit underwater images due to their poor 
quality. Hence, to achieve a better classification accuracy 
these images need to be preprocessed before using them for 
computer vision applications such as object recognition / 
detection, segmentation etc. 

In contrast, this paper introduces an efficient preprocessing 
methodology that takes care of all the problems faced by 
underwater images in a sequential manner step by step. These 
include noise, improper illumination, color correction and 
contrast enhancement.  

The rest of the paper is organized in the following manner, 
section 2 describes the proposed methodology for 
enhancement, in section 3 results are discussed and finally the 
paper is concluded in section 4. 
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2. PROPOSED METHODOLOGY 

In this section, we describe our proposed approach, an 
efficient preprocessing methodology, which can perform 
underwater image enhancement. Our proposed approach is 
based on the following four stages. 

A. Noise removal. 

B. Improper illumination correction.  

C. Contrast correction 

D. Color cast removal. 

As illustrated in Figure 1.The methodology for underwater 
image enhancement works in steps, and at each step it 
addresses a problem faced by the underwater image and 
attempts to correct it, after correction it moves to next step and 
the process continues till all the steps are complete. The 
process begins with noise removal followed improper 
illumination correction, the third step constitutes color 
correction and finally contrast enhancement is done and an 
enhanced image is produced as output. 

 

Figure 1: Methodology for Underwater Image   Enhancement 

2.1. Noise Removal 

Image noise may be defined as an undesirable change that 
occurs in the image pixels. This is usually caused due to the 
faults that occur during image acquisition and as a result 
pixels do not represent correct values of the captured scene. 
While removing the noise, the structures and features of the 
image must be preserved.  

For noise removal we use wavelet denoising as it performs 
better than other denoising methods such as wiener filter and 
median filter in terms of PSNR. Wavelet transformation is 
useful for image processing because it has the capacity of 
representing the signal’s local characteristics in the spatial and 
temporal domains. Wavelet denoising identifies signals that 
match from the actual space to wavelet function space in order 
to get the best restoration of the original signal. Noise 

commonly manifests itself as fine grained texture in the 
signal.. A simple filter can be used for eliminating these 
coefficients and obtaining the original signal on the basis of 
scale. Since wavelet coefficients can carry edge information at 
the same scale, a threshold can be set to discard the wavelet 
coefficients, if their values are below a threshold. These 
coefficients mostly will correspond to noise, as edge related 
coefficients of the signal usually have higher threshold values. 
Since hard thresholding is a keep or kill procedure, it might 
lose certain signal information, and hence soft thresholding is 
preferred. Generally, noise is of a lower magnitude and a 
threshold is introduced such that if the value of coefficients is 
below the threshold it is taken as noise above it is taken as 
edge. Wavelet thresholding is performed only on the detail 
coefficients rather than the approximation coefficients as it 
contains more important information of the image. Low-Low 
(LL) region (detail coefficients) of the image represents the 
significant information compared to other approximation 
regions namely High-Low (HL), Low-High (LH) and High-
High (HH). Therefore, thresholding retains all the significant 
coefficients greater than a threshold ( ) and eliminates the 
coefficients less than the threshold considering it as noise. 
When this kind of hard thresholding is employed it will cause 
loss of information [1].so we have used soft thresholding in 
order to preserve details. 

2.2. Improper Illumination Correction 

Illumination problems are caused in underwater images as 
light attenuates as it travels underwater, and images appear 
usually dark or improperly illuminated in case an artificial 
light source is used. 

Illumination of an underwater image can be corrected by 
adding more high frequency elements and reducing the low 
frequency elements, as low frequency elements represent 
typically the illumination of the object and high frequency 
elements represent the object’s features typically reflectance 
components. A high pass filter achieves this by controlling 
low frequency elements and increasing high frequency 
components. For improper illumination correction we have 
used homomorphic filtering. 

2.2.1. Homomorphic filtering. Homomorphic filter is a 
technique that can separate the illumination and reflectance 
components using log function and process them in frequency 
domain to achieve an illumination corrected image. 
Considering the image formation model this filter assumes 
that, consistent variations in the image corresponds to the 
illumination component, i.e., low frequencies of an image and 
abrupt variations in the image corresponds to the reflectance 
component i.e., high frequencies of an image and is 
represented as 

݂ሺݔ, ሻݕ ൌ ݅ሺݔ, ,ݔሺݎሻݕ  ሻݕ

Where	݅ሺݔ, ,ݔሺݎ ሻ is the illumination component, andݕ  ሻisݕ
the reflectance component. To dynamically improve the 
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intensities of the image, the pixels representing the 
illumination component ݅ሺݔ,  ሻmust be compressed and theݕ

pixels representing the reflectance component ݎሺݔ,  ሻshouldݕ
be amplified. Since Fourier transform cannot be directly 
applied on the image components, logarithm function is 
applied to separate illumination and reflectance components 
[2]. 

݃ሺݔ, ሻݕ ൌ ln	ሺ݅ሺݔ, ሻሻݕ ൅ ln	ሺݎሺݔ,  ሻሻݕ

Followed by Fourier transform on the above equation results 
in 

,ݔሼ݃ሺܨ ሻሽݕ ൌ ,ݑሺܩ ሻݒ ൌ I݅ሺ݅ሺݑ, ሻሻݒ ൅ R݅	ሺݎሺݑ,  ሻሻݒ

At last, homomorphic filtering is used for shrinking low 
frequencies and also enhance the medium and high 
frequencies. 

ܵሺݑ, ሻݒ ൌ ,ݑሺܪ ,ݑሺܩሻݒ  ሻݒ

Where 

,ݑሺܪ ሻݒ ൌ
1

1 ൅ ݁െݏሺඥ2ݑ൅2ݒെω0
൅ ƿ 

Where ω0 is the corner frequency, s controls the sharpness of 
the slope and ƿ is an offset term [3]. 

2.3. Color Cast Correction 

Underwater images experience non-uniform color cast as light 
gets absorbed while propagating in water Color cast depends 
on the amount attenuation. Different wavelengths of light 
which include (blue, green, and red) will penetrate water in 
different degrees, not only the amount of light gets reduces 
with depth but also the colors disappear one after another 
depending upon the wavelength of the color. First among the 
all red color disappears followed by orange, yellow and 
purple, while colors like green and blue have smaller 
wavelengths and are able to penetrate deeper so, most 
underwater images are usually dominated by bluish-green 
color. Since the colors of underwater images are difficult to 
recover, conventional color correction algorithms may fail to 
restore colors. So we have used the following algorithms. 

2.3.1. Gray World Algorithm. The first method used is the 
gray world assumption, which assumes that the average 
reflectance of a scene is achromatic. In other words, the mean 
of the red (R), green (G), and blue (B) channels in a given 
scene should be roughly equal.. Algorithmically, as stated 
above we can adjust a gain factor to two of the channels so 
that both their means are now equal to the reference channel, 
which is often taken to be green. We denote a full-color image 
of size ݊݊ݔ as RGB(x, y), where x and y denote the indices of 
the pixel position. The individual red, green, and blue color 
components are then R(x, y), G(x, y), and B(x, y), respectively. 
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If all of these values are identical, then the image already 
satisfies the gray world assumption and no further adjustment 
is necessary. In general, they may not be. We then compute 
the gain for the red and blue channels as α and β, where 

α=
ீ௔௩௚

ோ௔௩௚
 and βൌ

ீ௔௩௚

஻௔௩௚
 

The corrected image is formed with R’(x, y), G’ (x, y), and 
B’(x, y), where 

ܴ′ሺݔ, .α	ሻ=ݕ ܴሺݔ,  ሻݕ

,ݔሺ′ܩ ሻݕ ൌ ,ݔሺܩ  ሻݕ

,ݔᇱሺܤ ሻݕ ൌ β. ,ݔሺܤ  (ݕ

This gray world method is quite effective in practice with 
some exceptions but works quite fairly with the underwater 
images [4]. 

2.3.2. Equalization of RGB colors. To achieve a good quality 
image requires the equal color values of the RGB 

components. So we have proposed a method which is the 
modification of the method suggested by Iqbal et al. [4]. Iqbal 
et al. [4] assumes that images are affected only by blue color 
cast and attempts to equalize the remaining color channels 
keeping the blue channel constant. But in practical we have 
observed the images may also be affected by green color cast 
instead of blue .So we first check for the dominant color 
channel and then perform the equalization accordingly by 
keeping the dominant channel constant. In order to equalize 
the RGB value, the first step is to calculate the maximum 
values. 

Let ܫோሺ݅, ݆ሻ	, ܫீ ሺ݅, ݆ሻ	and	ܫ஻ሺ݅, ݆ሻ	be respectively the red, 
green and blue components of an RGB image of size M x N 
pixels, Where i = 1... M; j = 1 ...N. The maximum pixel values 
of each color component,ܴ୫ୟ୶ ୫ୟ୶ܤ	,	 	 and ܩ୫ୟ୶ 	are 
calculated [4] 

	ܴ୫ୟ୶ 	=max ܫோሺ݅, ݆ሻ 

୫ୟ୶ܤ 	=max ܫ஻ሺ݅, ݆ሻ 

୫ୟ୶ܩ 	=max ீܫ ሺ݅, ݆ሻ 

In the first step, the prominent color cast channel is found 

using the above equations. Then the average values of each 
color component	ܴୟ୴୥ ୟ୴୥ܩ	,	 	and	ܤୟ୴୥ 	are calculated [d] 
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was observed that the combination which includes our 
proposed RGB color balancing and contrast stretching 
performs better as compared to other combinations .The initial 
steps for noise removal and improper illumination correction 
being same for all combinations. This methodology can 
enhance underwater images efficiently and these images can 
directly be used for various computer vision related 
applications such as object recognition and detection. 
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