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Most of the underwater vehicles are now-a-days equipped with vision sensors. However, it is very likely that underwater 
images are captured using optic cameras have poor visual quality due to lighting conditions in real-life applications. In 
such cases it is useful to apply image enhancement (IE) methods on underwater images to increase visual quality of the 

images as well as enhance interpretability and visibility. This algorithm is proposed to improve image quality, compensate attenuation effects, 
enhance contrast, adjust colors, suppress noise and blur, while preserving and possibly even enhancing edges and its potentiality is proved with 
better performance. 
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1.	 Introduction
Most of the underwater vehicles are now a day’s equipped with vision 
sensors. However, it is very likely that underwater image is captured us-
ing optic cameras having poor visual quality due to lighting conditions 
in real-life applications. In such cases it is useful to apply IE methods 
for underwater images [1], [2] and [6] to increase visual quality of the 
images as well as enhance interpretability and visibility. 

Existing solutions are limited by fidelity or generality.  The number of 
pixels and colors does not determine if an image looks realistic.  Com-
mon global IEs often cause artifacts or enhance noise [1] or unwanted 
parts of the image.  As human vision perception is based upon stereo 
vision, without consideration and respect of this important fact, any 
enhancement will suffer from bad quality condition.	

In the proposed approach, initially each spectral component of an un-
derwater image is decomposed into intrinsic mode functions (IMFs) [4] 
and [5] using EMD [4] and [5]. Then the enhanced image is constructed 
by combining the IMFs of spectral channels with different weights in 
order to obtain an enhanced image with increased visual quality. The 
weight estimation process is carried out automatically using a genetic 
algorithm (GA) [7] that computes the weights of IMFs so as to optimize 
the average gradient of the reconstructed image. 

2.	 Literature Survey
Sangkeun Lee (2006) proposed a method for content based IE in the 
compressed domain based on multi- scale α-routing algorithm. It is for 
compressing image dynamics and enhancing image details in the dis-
crete cosine transform (DCT) domain. The content measure using the 
energy distribution of the DCT coefficients is defined directly in each 
DCT block of an image. Then, the reflectance component is altered by 
a multi-scale α-rooting method for enhancing image details based on 
human visual perception. 

Laurence Likforman-Sulem et al (2011) proposed a method for 
Enhancement of historical printed document images by combining 
total variation regularization and non-local means filtering with total 
variation framework and cleaning image as steps and consists of a filter 
based on Non-local Means. 

Xiangzhi Bai et al (2011) presented a algorithm for Infrared IE 
through contrast enhancement by using multiscale new top-hat trans-
form. The overall algorithm is divided in to three phases, firstly, multi-
scale new top-hat transform are constructed to extract multiscale light 
and dark image regions; secondly, the final light and dark image re-
gions are obtained from the extracted multiscale light and dark image 
regions and finally, infrared image is enhanced through enlarging the 
contrast between the final light and dark image regions.

Weiguo Zhao (2011) presented a method for Adaptive IE based on 
gravitational search algorithm.This method improves the degraded 
image according to the image characteristics, using the Gravitational 

Search Algorithm (GSA) for optimizing the parameters of Beta function. 

From the survey, it is observed that IE are environment specific and they 
work either for enhancing color, lightening contrast and removing blur, 
enhancing edges; but they did not give the optimized algorithm after 
taking consideration of viewer insight but did not concern for viewers 
point of view. This proposed algorithm focus on considering each pixel 
of the image and try to optimize its color and denoise blur and enhance 
edges, so that better perception can be achieved.

3.	 Design of Enhanced Methodology 
This new proposed has been implemented to improve image quality, 
compensate attenuation effects, enhance contrast, adjust colors, sup-
press noise and blur, while preserving and possibly even enhancing 
edges. Here GA is applied to optimize the constructed Enhanced Image.

In this algorithm, initially each spectral component of an underwater 
image is decomposed into IMFs using EMD. Then the enhanced image 
is constructed by combining the IMFs of spectral channels with differ-
ent weights in order to obtain an enhanced image with increased visual 
quality. The weight estimation process is carried out automatically us-
ing GA that computes the weights of IMFs so as to optimize the average 
gradient of the reconstructed image. 

3.1 Visual Enhancement Algorithm for Underwater Images
3.1.1 Band Separation: -
Firstly, The Input Image is broken down in the separate spectral compo-
nent because each color image is having a separate color band for Red, 
Green, Blue band (or Spectral Component). 

3.1.2 IMF Generation: -
In this Algorithm, initially each spectral component of an underwater 
image is decomposed into IMFs using EMD.

EMD is applied to break an image in to IMF’s.

1.	 Find all points of 2D local maxima and all points of 2D local minima 
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3.	 Compute the mean of the upper and lower envelopes: 
e_mean

lk
(i,j) = (e

max
(i,j) + e

min
(i,j))/2.

4.	 Subtract the envelope mean from the input signal:
 h
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(i,j).

5.	 Compute the stopping criterion. It is defined in equation (a)

---------(a)

Where H and W show the dimensions of the image. Check if the enve-
lope mean satisfies the iteration stop criterion for the current IMF. If 
eps < s, where s is a small threshold, the sifting process is stopped for 
the current IMF the current IMF is obtained as IMF

l
(i, j) = h

lK
(i, j). If the 
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stop criterion is not met, this process is repeated from step 1 to find 
the current IMF.

6.	 If the current IMF is obtained successfully, the residue signal R
l
(i,j) 

is computed as R
l
(i, j) = input

l1
(i,j) - IMF

l
(i,j). If the residue does not 

contain any more extreme points the EMD decomposition process 
is terminated. Otherwise the next IMF is computed from step 1 us-
ing the residue as input, i.e. input

(l+1),1
(i,j) = R

l
(i,j).

 The EMD process decomposes the original image into several IMFs, and 
a final residue R

l
. The original image is actually the sum of these compo-

nents. It is defined by the equation (b)

	 ---------------(b)

Fig. 3.1 EMD is applied to RGB channel

Fig. 3.2 Block Diagram for EMD Process

	
1. Input Image			   2. Green Channel

	
3. First IMF				    4. Second IMF

	
5. Third IMF				   6. Fourth IMF

7. Final Residue

Fig.3.3 Conversion in IMF

3.1.3 Fitness Value Evaluation: -
This approach uses a GA to obtain the weight set automatically in an 
optimum way. In the proposed approach GA is employed to find the 
optimum weight set which maximizes the average gradient of the re-
constructed image; so that the richness of information and contrast of 
the information can be easily enhanced. 

The average gradient of an image of size W_H pixels is defined in equa-
tion (c).

----(c)
The data set used for proving the potentiality of the pro-
posed work is,[3 ],

Methods Average Gradient

Original image 0.96

Proposed approach 5.84

Contrast stretching 2.13

Histogram equalization 3.70

(Bazeille et al., 2006) 1.62

Table 3.1 Average Gradient
3.1.4 Initialize Population: -
Generate the initial population (values) randomly between 0 and 1 for 
the initial weight set. The number of the weight set is equal to the num-
ber of IMF generated, and then normalize the values so that their sum 
equals unity. Each weight set represents an individual in the GA.

3.1.5 Combine weight with IMF:-
In order to obtain an enhanced image, the individual IMFs will be 
summed using different weights. The enhancement approach can 
therefore be expressed by the equation (d).

--------(d)

Here, F(x,y) is the final enhanced image, t is used as index of IMFs and 
w

t
 shows the weight of the t

th
 IMFs. IMFR

t
 , IMFG

t
 and IMFB

t
 show the t

th
 

Red channel IMF, the t
th

 Green channel IMF and the t
th

 Blue channel IMF, 
respectively.

3.1.6 GA Operators: -
Crossover: -
In crossover there will be two different weight set as parent and there 
will be generating two different weight set generating as children.

Mutation: -
In Mutation there will be two different weight set as parent and there 
will be generating two different weight set generating as children.
Here, new population is generated through the use of GA by using 80% 
crossover and 20 % mutation. 

3.2.7 New population –
In this process, the average gradient of the image is found. If it is greater 
than the input image’s average gradient, the input image is replaced 
by this image otherwise the next generation of the weight set is gen-
erated and its fitness value is calculated. This step is continuously goes 
until final enhanced image with maximum average gradient is found.

3.2.8 Terminate: - 
The stop criteria is depend on either visibility of image and perceptibil-
ity of the user and user can select our final image as having maximum 
average gradient value.

4.	 Result: -
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Here, first image is taken as input and the proposed algorithm separate 
the red, green and blue channel separate then breaks each channel into 
different IMF using Empirical mode decomposition. Then, algorithm 
generate initial population using random number thereafter normalize 
the population and get the enhanced image after combining IMF’s us-
ing different weight set and later apply 0GA to optimize the image for 
due consideration of viewers point of view. In GA we apply crossover 80 
times and mutation 20 times.

5.	 Conclusion
The proposed enhanced image is constructed by summing the IMF’s 
of R,G and B channels by an optimum weight set obtained using GA. 
It gives better visual performance than conventional enhancement 
methods, alternative methods and filtering methods. It is used for 
enhancing underwater image; military, scientific field, under water 
vehicle, sub marine. It can be further enhanced for satellite, X-ray and 
camera images under bad circumstances.


