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Abstract— Recently, still there is image and video systems 

are of limited use in poor visibility conditions such as in 

rain, fog, smoke, and dessert. So there is need to enhance 

such images which may be used for further study or as a 

input for any application. There are so many techniques for 

such an image enhancement. Image enhancement techniques 

can be divided into two broad categories: Spatial domain 

methods, which operate directly on pixels. Frequency 

domain methods, which operate on the Fourier transform of 

an image. The main aim of this paper is to study various 

methods for image enhancement. 
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I. INTRODUCTION 

The purpose of image enhancement is to get clear details of 

an image and highlight the useful information. Image 

enhancement problem can be formulated as follows: given 

an input low quality image and the output is high quality 

image for specific applications. The aim is to improve the 

visual appearance of the image, or to provide a “better” 

transform representation of the image for future automated 

image processing, such as analysis, detection, segmentation 

and recognition.  It is easy to make an image lighter or 

darker, or to increase or decrease contrast. Image 

enhancement software also supports many filters for altering 

images in various ways.  

II. SPATIAL DOMAIN METHODS 

Spatial domain methods which are operate directly on 

pixels. Consider the input image f(x,y) and processed image 

g(x,y) then the transformation 

g(x,y)=T[f(x,y)] 

Where, T is an operator on f defined over a  

neighborhood of (x,y).The operator T is applied at each 

location (x,y) to yield output g at that location. 

There are various methods in spatial domain: 

A. Contrast Stretching 

There is a strong effect of contrast ratio on resolving power 

and detection capability of images. This method for 

enhancing image contrast is the most widely used 

enhancement process among other processes. Three of the 

most useful methods of contrast enhancement are described 

as followed: 

Linear Contrast Stretch is the simplest contrast 

enhancement technique which greatly improves the contrast 

of most of the original brightness values, but there is a loss 

of contrast at the extreme high and low end. Nonlinear 

Contrast Stretch, which applies the greatest contrast 

enhancement to the most populated range or brightness 

values in the original image.  

B. Grey Scale Manipulation  

This is  simplest form of enhancement is when the operator 

T only apply on a pixel neibourhood in the input image, that 

is only depends on the value of f at (x,y). The simplest case 

is thresholding where the intensity value is replaced by a 

step function, which is active at a chosen threshold value. In 

this case any pixel with a grey level below the threshold in 

the input image gets mapped to 0 in the output image. Other 

pixels are mapped to 255. 

C. Histogram Equalization  

This is a common technique for enhancing the appearance of 

images. Histogram equalization is the process of finding a 

grey scale transformation function that creates an output 

image with a uniform histogram. For a given image X, the 

probability density function P(Xk)  is defined as  

P (Xk) = nk / n           For k=0,1,...,L-1 

Where Xk is the kth intensity value, nk represents 

the number of the pixels in the image with intensity Xk and 

n is the total number of pixels in the input image. There are 

subtypes of histogram equalization[4]: 

1) Brightness Preserving Bi-Histogram Equalization 

(BBHE): 

This method divides the image histogram into two parts. 

The separation intensity is the average intensity of all pixels 

that constitutes the input image. After this separation 

process, these two histograms are independently equalized. 

2) Dualistic Sub-Image Histogram Equalization (DSIHE):  

It decomposes the original image into two sub-images and 

then equalizes the histograms of the sub-images separately. 

The input image is decomposed into two sub-images, being 

one dark and one bright. 

3) Minimum Mean Brightness Error Bi-HE Method 

(MMBEBHE):  

It also decomposes an image and then applying the HE 

method to equalize the resulting sub-images independently. 

4) Recursive Mean-Separate HE Method (RMSHE): 

This is an extended version of the BBHE method. The 

design of BBHE indicates that performing mean-separation 

before the equalization process does preserve an image’s 

original brightness. Instead of decomposing the image only 

once, it decomposes the image recursively to further 

preserve the original brightness up to scale r. 

5) Mean brightness Preserving Histogram Equalization 

(MBPHE):  

This method can be divided into two main groups, which are 

bisections MBPHE, and multi-sections MBPHE. Bisections 

MBPHE group is the simplest group of MBPHE [4]. 

Fundamentally, these methods separate the input histogram 

into two sections. These two histogram sections are then 

equalized independently. 
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D. Thresholding 

This is a limited case of contrast stretching; it produces a 

two-level (binary) image. Some fairly simple and powerful, 

processing approaches can be formulated with grey-level 

transformations. Because enhancement at any point in an 

image depends only on the gray level at that point, 

techniques of this category are often referred to as point 

processing. 

E. Retinex 

The word “Retinex” is a combination of two words “Retina” 

and “Cortex”, representing that both the eyes and the brain 

are involved in the process. Retinex is based on the 

following image formation model:   

                        S(x,y)=L(x,y)R(x,y) [6] 

Where the bivariate function(x,y)  represents an 

input image, every point in the domain is equivalent to the 

pixel on the image. The image is composed of two 

components: the illumination and reflectance images, then 

we can separate from in order to generating Retinex effect. 

The Retinex is a general purpose image 

enhancement algorithm that is used to improve the contrast, 

brightness and perceived sharpness of images primarily 

through dynamic range compression. The algorithm also 

simultaneously provides colour constant output, thus it 

removes the effects due to different illuminants on a scene. 

It synthesizes contrast enhancement and colour constancy by 

performing a non-linear spatial/spectral transform that 

mimics traits seen in the human vision system. 

III. FREQUENCY DOMAIN METHODS 

In this domain, we simply compute the Fourier transform of 

the image which is to be enhanced, and then multiply the 

result by a filter rather than convolve like in the spatial 

domain, and take the inverse transform to produce the 

enhanced image.  

The idea of blurring an image by reducing its high 

frequency components or sharpening an image by increasing 

the magnitude of high frequency components is 

comparatively easy to understand. Practically, it is often 

more efficient to implement these operations as 

convolutions by small spatial filters in the spatial domain.  

The convolution theorem is the foundation of 

frequency domain techniques. Consider the following spatial 

domain operation:  

g(x,y) = h(x,y) * f(x,y) 

The convolution theorem[3] states that the 

following frequency domain relationship holds:  

G(u,v) = H(u,v)F(u,v) 

Where G, H, and F are the Fourier transforms of g, 

h, and f respectively. H is known as the transfer function of 

the process. Frequency domain techniques are suited for 

processing the image according to their frequency content. 

The objective of the frequency domain methods of image 

enhancement consists of computing a 2-D discrete transform 

of the image. The transform domain enables operation on 

the frequency content of the image, and therefore high 

frequency content such as edges and other useful 

information can easily be enhanced.  Frequency domain 

which operate on the Fourier transform of an image. Edges 

and sharp transitions (e.g. noise) in an image contribute 

significantly to high frequency content of Fourier transform. 

Low frequency contents in the Fourier transform are 

responsible to the general appearance of the image over 

smooth areas. The concept of filtering is easier to visualize 

in the frequency domain. Therefore, enhancement of image 

f(x, y) can be done in the frequency domain based on DFT. 

The strong point of frequency based image enhancement 

includes low complexity of computations, capability of 

viewing and manipulating the frequency composition of the 

image and the easy applicability of special transformed 

domain properties. 

There is another approach for enhancing image 

which is found during survey: 

A. Fuzzy Image Processing: 

Fuzzy  image  processing  is  collection  of  all  approaches  

that easily understand,  represent  and process  the  images,  

their segments  and  features  as  fuzzy  sets. The 

representation and processing depend on the fuzzy technique 

and on the problem to be solved. The fuzzification and 

defuzzification steps are because of the fact that we do not 

possess fuzzy hardware. Therefore, the coding of image data 

(fuzzification) and decoding of the results (defuzzification) 

are steps that make possible to process images with fuzzy 

techniques. The main advantage of fuzzy image processing 

is in the membership modification. 

1) Advantages of Fuzzy Logic System: 

 Fuzzy is stronger tool to knowledge representation 

and process human knowledge in the form of fuzzy if 

then rules. 

 Fuzzy techniques can manage the ambiguity 

efficiently and vagueness. 

 Fuzzy logic is flexible system. With any given 

system, it's easy to manage it or have more 

functionality on top of it without starting again from 

scratch.  

 Fuzzy logic is conceptually easy to understand. The 

mathematical concepts behind fuzzy reasoning are 

very simple and easily understand. 

Among all these methods, I have use here Multiscale 

Retinex method and fuzzy logic system with Retinex 

to do comparative study for enhancing satellite 

images. 

IV. CHARACTERISTICS OF SATELLITE IMAGES 

1) Satellite images are usually distorted by noise during 

Image acquisition and transmission process.  

2) The main aim of the noise reduction technique is to 

remove speckle noise by restoring the important feature 

of the images.  

3) Most conventional contrast enhancement algorithms 

usually fail to provide detailed and useful contrast 

information in the dark and bright areas of remotely 

sensed images.  

4) Satellite images may have been taken in very dark or 

very bright region, so the information may be lost in 

those regions which are excessively and uniformly dark 

or bright. So we have to improve the contrast and 

visibility of a satellite image.  

5) There are several methods used to enhance the 

perception of these satellite images like wavelet 

decomposition and Single value decomposition. All 

these methods face problems such as loss of image 
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information, loss of edge details which is useful for 

further study.   

V. MULTISCALE RETINEX METHOD 

This method is depending on various scale of the image. 

This method [7] gives output image with enhanced 

image by using five scales of the original image. The 

number of scales used for the MSR is, of course, application 

dependent. We have found empirically, however, that a 

combination of five scales representing tiny, small, medium, 

fine and normal scales is sufficient to provide both dynamic 

range compression and tonal rendition. In single scale 

Retinex (SSR), which produces the illumination 

image(I(x,y)) by using one Gaussian filter with a fixed 

sigma value about all images cannot reduce both global and 

local variations. 

To overcome this problem, Multiscale Retinex 

(MSR) was introduced, which uses multiple SSRs with 

weights. It takes great deals of processing to use multiple 

Retinex filters. 

To overcome this problem, I propose a new fuzzy 

based Retinex algorithm.  

VI. PROPOSED METHOD OF RETINEX WITH FUZZY SYSTEM 

1) The original RGB image with size 256×256 pixels is 

converted into Hue-Saturation-Value (HSV) Color 

space.  

2) The value channel of HSV is scaled into five versions 

namely, tiny scale (16 × 16 pixel), small scale (32×32 

pixels), medium scale (64×64 pixels), fine scale 

(128×128 pixels) and normal scale (256 × 256 pixels) to 

speed up the image enhancement algorithm.  

3) The hue and saturation components are preserved to 

avoid image distortion.   

4) Each of scaled image versions may have a random pixel 

range. Therefore, contrast stretching operation is used 

for each of the scaled versions of the value channel in 

order to translate the pixels to the display range i.e., 0 to 

255.  

5) Apply fuzzy logic on each stretched version of scaled 

image. 

6) The mean and standard deviation of each scaled version 

of image are calculated and then used as input values to 

fuzzy logic system. 

7) The optimal sigma value of the Gaussian filter in the 

Retinex algorithm is determined through the fuzzy logic 

system. 

8) The Retinex output is obtained. 

9) The new value channel is reconstructed from the 

individual enhanced images by combining tiny, small, 

medium, fine and normal versions of the image in an 

efficient way.   

10) The enhanced image of tiny version with resolution of 

16×16 pixels is upsampled by two in order to match 

with the resolution of 32×32 pixels of the small version. 

The upsampling and reconstruction operation 

introduces zeros between alternative pixels.    

11) The new small scale version of the image is obtained as 

follows.  The pixel of the small scale version is retained 

for the zeroes encountered in the upsampled tiny 

version of the image. If there are no zeros in the 

upsampled tiny version image than the pixel average is 

computed between upsampled tiny version and small 

version.  

12) Finally, the composite enhanced image is reconstructed 

by combining new value channel with that of hue and 

saturation channels and converting back into RGB color 

space. 

13) The fuzzy logic system is used to determine the optimal 

sigma value (∂) of Gaussian filter of the Retinex 

algorithm. we use the mean and standard deviation of 

the value component of the image as the input values of 

fuzzy logic system. To determine the optimal sigma 

value of the Gaussian filter for the Retinex algorithm, 

we classify the input values (mean and standard 

deviation) by using five memberships: very small (VS), 

small (S), medium (M), large (L) and very large (VL). 

VII. RESULTS 

Input Images Retinex 
Fuzzy logic with 

Retinex 

   
Image 1  

   
Image 2  

   
Image 3  

Table 1: Result Analysis 

A. Result Analysis 

Peak signal to noise ratio is widely used measure for picture 

quality. The PSNR is ratio between maximum possible 

values to value distorted due to noise. Image enhancement 

or improving the visual quality of a digital image. The 

wavelet domain is a powerful and efficient technique       

For analysing, decomposing, denoising, and 

compressing Signals. Discrete Wavelet Transform (DWT) 

breaks a signal into several time-frequency components that 

enables the extraction of features desirable for signal 

identification and recognition. The DWT and wavelet theory 

have been used rapidly over the past few years. In this 

paper, DWT and its energy computation is exploited for 

visual quality assessment of an enhanced image. The 

extraction of Detailed Wavelet Energy (DWE) coefficient 

from an image provides information about the image details 

and the extraction of Approximate Wavelet Energy (AWE) 

Coefficients provides the global contrast information of an 
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image.  

WE= 
 

 
  
 

∑  (   )     (   )  
      (1.1) 

Image quality evaluation by using WE method uses 

a linear combination of high frequency components after a 

Daubechies wavelet transform. The approximate wavelet 

energy coefficient provide the information on the global 

image enhancement and detailed WE provide statistics on 

the image details. 

In following table presents the values for PSNR 

and DWE by using conventional Retinex and proposed 

method: 

Image 
Proposed Retinex 

PSNR AWE PSNR AWE 

Image.1 66.66 99.69 56.14 99.99 

Image.2 60.85 84.74 56.79 99.97 

Image.3 60.84 98.44 58.42 99.95 

VIII. CONCLUSION AND FUTURE WORK  

This work was started by studying many research papers on 

this topic. On the basis of the literature survey done on 

various methods for image enhancement, all methods have 

their own advantages and disadvantages. The quality of the 

proposed Retinex with fuzzy system has significantly 

improved, since the different sampled versions of Value 

components are processed in parallel. From the above table 

it is clear that the proposed method gives better PSNR value. 

The reconstruction scheme adapted in this work is highly 

efficient compared with other methods. In the future work 

can improve the wavelet energy using Retinex with fuzzy 

logic for different kind of images and we can use different 

kind of functions like bicubic functions. 

REFERENCES 

[1] Chao An and Mei Yu, Fast Color Image Enhancement 

based on Fuzzy Multiple-Scale Retinex, In 6th 

International Forum on Strategic Technology (IFOST 

2011), Vol. 2, pp. 1065-1069, 2011. 

[2] Hasan Demirel and Gholamreza Anbarjafari, IEEE 

TRANSACTIONS ON GEOSCIENCE AND REMOTE 

SENSING, VOL. 49, NO. 6, JUNE 2011 

[3] Rafael C. Gonzalez, and Richard E. Woods, “Digital 

Image Processing”, 2nd edition, Prentice Hall, 2002. 

[4] Manpreet Kaur, Jasdeep Kaur, Jappreet Kaur , Survey 

of Contrast Enhancement Techniques based on 

Histogram Equalization, 2011, Vol. 2  No. 7,pp 136 

[5] Yeong-Taeg Kim , “Contrast Enhancement using 

Brightness Preserving  Bi- Histogram equalization”, 

IEEE trans. on consumer Electronics, Vol. 43 , 1998. 

[6] Wang Haoa, Ming Hea, Hui Gea,Cheng-jin Wanga, 

Qing-Wei Gaob, Retinex-Like Method for Image 

Enhancement in Poor Visibility Conditions, Wang Hao 

et al. /Procedia Engineering 15 (2011) 2798 – 2803 

[7] Sreenivasa Setty, N. K Srinath and M. C 

Hanumantharaju3,An Improved Approach for Contrast 

Enhancement of Spinal Cord Images based on 

Multiscale Retinex Algorithm,IEEE 

[8] Hasan Demirel, Cagri Ozcinar, and Gholamreza 

Anbarjafari, Satellite Image Contrast Enhancement 

Using Discrete Wavelet Transform and Singular Value 

Decomposition,IEEE GEOSCIENCE AND REMOTE 

SENSING LETTERS  

[9] R.Thriveni ,Dr.Ramashri,Satellite Image Enhancement 

Using Discrete Wavelet Transform and Threshold 

Decomposition Driven Morphological Filter, 2013 

International Conference on Computer Communication 

and Informatics (ICCCI -2013), Jan. 04 – 06, 2013  

[10] P. Natarajan, N. Soniya, N. Krishnan, Fusion of MRI 

and CT Brain Images by Enhance- ment of Adaptive 

Histogram Equalization, International Journal of 

Scientific and Engineering Research , Vol. 4, Issue 1, 

2013. 

[11] Gi Pyo Nam and Kang Ryoung Park, New Fuzzy-based 

Retinex Method  for the Illumination Normalization  of 

Face Recognition, International Journal of Advanced -

based RetinRobotic Systemsoung Park, vol-9, 2012. 


