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Chapter – 5 

Image Enhancement 

5.1. Introduction – An Overview 

Image enhancement is the improvement of satellite image quality without 

knowledge about the source of degradation. If the source of degradation is known, one 

calls the process image restoration previously discussed in chapter3 Both 

are iconical processes, viz., input and output is images. Many different, often elementary 

and heuristic methods are used to improve images in some sense.  

  Image restoration removes or minimizes some known degradations in an image. 

In many image processing applications, geometrical transformations facilitate processing. 

Examples are image restoration, where one frequently wants to model the degradation 

process as space-invariant, or the calibration of a measurement device, or a correction in 

order to remove a relative movement between object and sensor. In all cases the first 

operation is to eliminate a known geometrical distortion, as in the figure 3.7. 

The geometric registration and geometric rectification done by using hybrid 

mathematical model are discussed in the previous chapter 4. The geometric rectification 

imagery has to be enhanced to improve the effective visibility. Image enhancement 

techniques are usually applied to remote sensing data to improve the appearance of an 

image for human visual analysis. The main focus of enhancement methods follows these 

procedures in to image segmentation, clustering and geometric transformations [JEN96:  

GRI02].  

Apart from geometrical transformations some preliminary grey level adjustments 

may be indicated, to take into account imperfections in the acquisition system. This can be 

done pixel by pixel, calibrating with the output of an image with constant brightness. 

Frequently space-invariant grey value transformations are also done for contrast 

stretching, range compression, etc. The critical distribution is the relative frequency of 

each grey value, the grey value histogram. Image enhancement techniques, while usually 

not required for automated analysis techniques, have regained a significant interest in 

current years. Applications such as virtual environments or battlefield simulations require 

specific enhancement techniques to create ‘real life’ environments or to process images in 
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near real time, the major focus of these procedures is to enhance imagery data in order to 

display effectively or record the data for subsequent visual interpretations.  

Enhancements are used to make easier visual interpretations and understanding of 

imagery. The advantage of digital imagery allows to manipulate the digital pixel values in 

an image. Various image enhancement algorithms are applied to remotely sensed data to 

improve the appearance of an image for human visual analysis or occasionally for 

subsequent machine analysis [CHL08]. There is no such ideal or best image enhancement 

because the results are ultimately evaluated by humans, who make subjective judgements 

whether a given image enhancement is useful. The purpose of the image enhancement is to 

improve the visual interpretability of an image by increasing the apparent distinction 

between the features in the scene. Although radiometric corrections for illumination, 

atmospheric influences, and sensor characteristics may be done prior to distribution of data 

to the user, the image may still not be optimized for visual interpretation. Remote sensing 

devices to cope with levels of target / background energy, which are typically for all 

conditions, likely to be encountered in routine use. With large variations in spectral 

response from a diverse range of targets no generic radiometric correction could optimally 

account for, display the optimum brightness range, and contrast for all targets. Thus, for 

each application and each imagery, a custom adjustment of the range and distribution of 

brightness values is usually necessary. 

Normally, image enhancement involves techniques for increasing the visual 

distinctions between features in a scene. The objective is to create new images from the 

original image data in order to increase the amount of information that can be displayed 

interactively on a monitor or they can be recorded in a hard copy format either in 

monochrome or RGB color. Three techniques are categorized as contrast manipulation 

Gray level threshold, level slicing and contrast stretching, Spatial feature manipulation 

Spatial filtering, Edge enhancement and Fourier analysis, multi-image manipulation band 

rationing, differencing, principal components, canonical components, vegetation 

components, intensity-hue-saturation. 

In raw imagery, the useful data often populates only a small portion of the 

available range of digital values (commonly 8 bits or 256 levels). Contrast enhancement 

involves changing the original values so that more of the available range is used, thereby 

increasing the contrast between targets and their backgrounds. The key to understanding 
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contrast enhancements is to understand the concept of an image histogram. A histogram is 

a graphical representation of the brightness values that comprise an image. The brightness 

values (i.e. 0-255) are displayed along the x-axis of the graph. The frequency of 

occurrence of each of these values in the image is shown on the y-axis, through 

manipulating the range of digital values in an image, graphically represented by its 

histogram, various enhancements to the data.  

  

Figure-5.1: Image Histogram 

There are many different techniques and methods of enhancing contrast and detail 

in an image. The simplest type of enhancement is a linear contrast stretch. This involves 

identifying lower and upper bounds from the histogram (usually the minimum and 

maximum brightness values in the image) and applying a transformation to stretch this 

range to fill the full range. In the example, the minimum value (occupied by actual data) in 

the histogram is 84 and the maximum value is 153. These 70 levels occupy less than one-

third of the full 256 levels available. A linear stretch uniformly expands this small range to 

cover the full range of values from 0 to 255.  

This enhances the contrast in the image with light toned areas appearing lighter and 

dark areas appearing darker, making visual interpretation much easier. This illustrates the 

increase in contrast in an image before (left) and after (right) a linear contrast stretch. A 

uniform distribution of the input range of values across the full range may not always be 

an appropriate enhancement, particularly if the input range is not uniformly distributed. In 

this case, a histogram-equalized stretch may be better. This stretch assigns more display 

values (range) to the frequently occurring portions of the histogram. In this way, the detail 

in these areas will be better enhanced relative to those areas of the original histogram 

where values occur less frequently. In other cases, it may be desirable to enhance the 

contrast in only a specific portion of the histogram.  
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For pattern, assume an image of the mouth of a river, and the water portions of the 

image occupy the digital values from 40 to 76 out of the entire image histogram. Wished 

to enhance the detail in the water, variations in sediment load, could stretch only that small 

portion of the histogram represented by the water (40 to 76) to the full grey level range (0 

to 255). All pixels below or above these values would be assigned between 0 and 255, 

respectively, and the detail in these areas would be lost. The detail in the water would be 

greatly enhanced. Spatial filtering encompasses another set of digital processing functions 

which are used to enhance the appearance of an image. Spatial filters are designed to 

highlight or suppress specific features in an image based on their spatial frequency. It 

refers to the frequency of the variations in tone that appear in an image. "Rough" textured 

areas of an image, where the changes in tone are abrupt over a small area, have high 

spatial frequencies, while "smooth" areas with little variation in tone over several pixels, 

with low spatial frequencies. 

A common filtering procedure involves moving a 'window' of a few pixels in 

dimension (e.g. 3x3, 5x5, etc.) over each pixel in the image, applying a mathematical 

calculation using the pixel values under that window, and replacing the central pixel with 

the new value. The window is moved along in both the row and column dimensions one 

pixel at a time and the calculation is repeated until the entire image has been filtered and a 

"new" image has been generated. By varying the calculation performed and the weightings 

of the individual pixels in the filter window, filters can be designed to enhance or suppress 

different types of features. A low-pass filter is designed to emphasize larger, homogeneous 

areas of similar tone and reduce the smaller detail in an image. Thus, low-pass filters 

generally serve to smooth the appearance of an image. 

Average and median filters, often used for radar imagery (and described in Chapter 

3), are examples of low-pass filters. High-pass filters do the opposite and serve to sharpen 

the appearance of fine detail in an image. One implementation of a high-pass filter first 

applies a low-pass filter to an image and then subtracts the result from the original, leaving 

behind only the high spatial frequency information. Directional, or edge detection filters 

are designed to highlight linear features, such as roads or field boundaries. These filters 

can also be designed to enhance features which are oriented in specific directions. These 

filters are useful in applications such as geology, for the detection of linear geologic 

structures. 
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5.2. Image Enhancement Method 

The main aim of the Image Enhancement system is to develop methods that are 

fast, handle noise efficiently and perform accurate segmentation. For this purpose, the 

below methodology uses two stages. The first stage enhances the image in such a way that 

it improves the segmentation process, while the second step performs the actual 

segmentation. The working of the enhancement and the segmentation procedure is shown 

in figure 5.2. 

Step 1: Input Geometric rectified and geometric registration imagery 

Step 2: Color Conversion 

Step 3: Image segmentation 

Step 4: Clustering the Edges 

Step 5: Image Enhancement Technique 

Stage1: Contrast Adjustment 

Stage2: Intensity Correction 

Stage3: Noise removal 

Step 6: Enhanced Imagery 

Figure - 5.2: Procedure for Image Enhancement Method 

5.3. Color Conversion 

Most remote sensing systems create arrays of numbers representing an area on the 

surface of the Earth. The entire array is called an image or scene, and the individual 

numbers are called pixels (picture elements) such as water body, wetland, forest area etc., 

the value of the pixel represents a measured quantity such as light intensity over a given 

range of wavelengths. However, it could also represent a higher-level product such as 

topography or chlorophyll concentration or almost anything. Some active systems also 

provide the phase of the reflected radiation so each pixel will contain a complex number. 

Typical array sizes with optimum pixels and system with multiple channels may require 

megabytes of storage per scene. Moreover, a satellite can collect 50 of these frames on a 

single pass so the data sets can be enormous. There are several established color models 

used in computer graphics, but the most common are the Gray Scale model, RGB (Red-

Green-Blue) model, HIS (Hue, Saturation, Intensity) model and CMYK (Cyan-Magenta- 
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Yellow-Black) model, for Remote Sensing Technology used in digital image processing 

by Gonzalez and Woods (2008) has presented a detailed explanation. 

RGB and L Color Transformation: When Red, Green and Blue light are 

combined it forms white. As a result to reduce the computational complexity the geo 

referenced data that exists in RGB color model is converted into a gray scale image. The 

range of gray scale image from black to white values can be calculated by the equation. 

Where X is imagery, L is Luminance, R is RED, G is Green and B is Blue. 

( ) ( ) ( )BGRLX ∗+∗++= 1140.05870.0*2989.0   (5.1) 

RGB is a color space originated from CRT (or similar) display applications, when 

it was convenient to describe color as a combination of three colored rays (red, green and 

blue). 

5.4. Segmentation using FCM algorithm 

Satellite Image Segmentation is one of the most important problems in image pre-

processing technique. It consists of constructing a symbolic representation of the imagery 

that divider an image into non-intersecting regions such that each region is homogeneous 

and the combination of no two adjacent regions is homogeneous and it can be used for the 

process of isolating objects of interest from the rest of the scene. In the literature survey, 

various segmentation algorithms can be found. Starting from the sixties, diverse 

algorithms have been arising persistently depending upon the applications involved.  

Most remote sensing applications image analysis problems need a segmentation 

section in order to identify the objects or to detect the various boundaries of the imagery 

and convert it into regions, which are homogeneous according to a given condition, such 

as surface, color, etc., [SMV08: HOR03] and assigning labels to every pixel such that 

pixels with the same label share certain visual characteristics and it’s still reflected 

immature in the field of satellite image processing. The main cause for these vast 

variations is the image quality while capturing the image and increase in the size of the 

image and also difficulty in understanding the satellite images by various applications. 

The total amount of visual pattern in the image is increased by an overwhelming 

methodology. These anxieties have increased the use of computers for assisting the 

processing and analysis of data. The segmentation process in satellite images is considered 
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to be challenging because these images include many textured regions or different 

background and often subjected to the enlightenment changes or ground truth properties. 

All these force makes the urgent need in satellite image processing system for rapid and 

efficient image segmentation model that requires minimum involvement from user. 

Existing solutions for segmentation of satellite images face three major drawbacks. The 

representation degradation when supplied with large sized images, degradation of 

segmentation accuracy due to the quality of the acquired image and speed of segmentation 

is not meeting the standards of the modern equipments.  

This image enhanced considers the use of GIS and remote sensing application of 

preprocessing segmentation techniques. Preprocessing performs operations on the input 

imagery to improve the imagery quality and FCM clustering algorithm is to increase the 

image quality by the segmentation process. It includes Color transformation, intensity 

correction, method and parameter selection, edge or boundary enhancement and de-

noising [HOR03]. Out of these, boundary enhancement, pixel correction and de-noising 

have more impact on segmented results. ERDAS imaging Segmentation process involves 

several steps. To input image conversion to particular feature space depends on the 

clustering techniques which uses two steps. 

 Primary step involves the conversion of the input image into L=RGB color value 

attributes using fuzzy c-means clustering method. 

 Secondary step involves the image conversion to feature space with the selected 

fuzzy c-means clustering method. 

The above method paving the way for next segmentation process (input image 

conversion to feature space of clustering Method). In hard or unsupervised clustering, data 

is divided into distinct clusters, where each data element belongs to exactly one cluster. In 

fuzzy clustering, data elements can belong to more than one cluster by using Cluster 

Center Initialization algorithm as shown in figure 5.3, and associated with each element is 

a set of membership levels. These indicate the strength of the association between that data 

element and a particular cluster. Fuzzy clustering is a process of assigning these 

membership levels, and then using them to assign data elements to one or more clusters. 

The most significant part of this segmentation method is grant of feature value. In the 

grant of feature value is based on simple idea, that neighboring pixels have approximately 

same values of lightness and chroma. Then an actual image, noise is corrupting the 
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imagery data or imagery commonly contains of textured segments. Basic segmentation 

methods based on fuzzy c-means clustering algorithm are working as follows. 

Cluster Centers Initializations 

Required X: dataset, C: no. of Clusters 

Procedure ordering-split(X,c) 

 Compute m for each k { }nk ,.......,1∈  

 Apply to m the ordering function σ  

 for i=0 to c do 

  [ ]c
nii ∗←l  

 end for 

 for i=1 to c do 

  { }iiiS ll ,.......,11 +← −  

  ( )ii SC 1−← σ  

  ∑ ∈
←

icj j
i

i X
C

V 1  

 end for 

 return V 

End procedure 

Figure - 5.3: Cluster Centers Initialization Method 

Fuzzy C-Means (FCM) Algorithm 

Procedure Segmentation(Image I, No.of Clusters c, No.of bins q) 

        Pre-processing the image I 

 Initialize cluster center v using the ordering-split procedure. 

 repeat 

        Update partition matrix U 

        Update prototypes matrix V 

        Until is a matrix norm. 

        Regularize the partition U 

        Return(U,V) 

End procedure 

Figure - 5.4: Fuzzy C-Mean Algorithm 
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The Fuzzy C-Mean algorithm is shown in figure 5.4 which allots pixels to each 

class by using fuzzy memberships. Let X=(x1, x2,……………, xN) denotes an image with N 

pixels to be segregated into c clusters, where xi represents multispectral imagery(features) 

data. The algorithm is an iterative optimization that minimizes the cost function defined as 

follows 

 ∑ ∑ −=
= =

N

j

c

i
ij

m
ij vxuJ

1 1

2
  (5.2) 

where uij represents the membership of pixel xj in the ith cluster, vi is the ith cluster center, 

.  is a norm metric, and m is a constant. The parameter m controls the fuzziness of the 

resulting partition is used in this study. 

Image Smoothing: The edge detection for the given imagery will be done 

smoothen the image using specific iteration. The specific iteration will be selected for the 

each image is the tool. If the imagery is noisy, the smoothing process will be applied of the 

noisy pixel in the process of edge detection. 

Threshold: A thresholding procedure attempts to determine an intensity value, 

called the threshold, which separates the desired classes. The segmentation is then 

achieved by grouping all pixels with intensity greater than the threshold as one class, and 

all other pixels as another class. Thresholding is a simple yet often effective means for 

obtaining segmentation in images. The limitation of thresholding is that, in its simplest 

form only two classes are generated and it cannot be applied to multi-channel images. In 

addition, thresholding does not take into account the spatial characteristics of an image 

and therefore, are sensitive to noise. For these reasons variations on classical thresholding 

have been proposed that incorporates information based on local intensities and 

connectivity. 

Minimal Length: In edge detection process is to accept exact minimum length of 

the edge. The acceptable length will be measured from the adjacent point of the imagery 

and if it is less than the acceptable length the segment method will be dropped. 

Region Growing: Region growing is a technique for extracting a region of the 

image that is connected based on some predefined criteria. These criteria can be based on 

intensity information and/or edges in the image. Region growing requires a seed point and 
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extracts all pixels connected to the initial seed with the same intensity value. Its primary 

disadvantage is that it requires manual interaction to obtain the seed point. 

This problem can be solved by using split and merge algorithms which do not 

require a seed point [MUC98]. Region growing are sensitive to noise, causing extracted 

regions to have holes or even become disconnected. Conversely, partial volume effects 

can cause separate regions to become connected. To help improve these problems, a 

hemitropic region growing algorithm has been proposed that preserves the topology 

between an initial region and an extracted region. 

5.4.1. Parameter for Locating 

In this selection is set to be additional parameters used in edge detection process. 

There are minimal value difference and variance factor. 

 The minimum value is used for neighboring segment between minimal 

differences. 

 The variation factors specify the important role that shows variation in pixel 

value with in the same segment. This segmented result plays in defining 

whether expand the segment or not.  

Area of interest parameter (AOI) is to use in specify the selected areas of the image 

to perform the Segmentation process. 

Step 1: Choose a number of clusters in a given image.  

Step 2: Assign randomly to each point coefficients for being in a cluster. 

Step 3: Repeat until convergence criterion is met. 

Step 4: Compute the center of each cluster. 

Step 5: For each point, compute its coefficients of being in the cluster. 

Figure - 5.5: Image Parameter Initialization 

The first measures of evaluation of segmentation were subjective, and the ever 

growing interest in this topic leaded to numerous metrics allowing proper evaluation. In 

order to objectively measure the quality of the segmentations produced, evaluation 

measures are considered in the enhancement. 
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5.4.2. Clustering the Segmented Regions 

Clustering algorithms essentially perform the same function as classifier methods 

without the use of training data and are termed unsupervised methods. In order to 

compensate for the lack of training data, clustering methods iterate between segmenting 

the image and characterizing the properties of each class. In short, clustering methods train 

themselves using the available data. Three commonly used clustering algorithms are k-

means and the fuzzy means algorithm. Although clustering algorithms do not require 

training data, they do require an initial segmentation (or equivalently, initial parameters). 

Like classifier methods, clustering algorithms do not directly incorporate spatial modeling 

and can therefore be sensitive to noise and intensity in homogeneities. This lack of spatial 

modeling, however, provides significant advantages for fast computation [HEB97]. Work 

on improving the robustness of clustering algorithm to intensity in homogeneities has 

demonstrated excellent success. Robustness to noise can be incorporated using Markov 

random field modeling [ZBS01]. 

5.4.3. Segmentation Results 

The satellite images retrieved from various places have been tested in the study 

area by using ERDAS IMAGING software. The results are summarized below. The 

figure1 gathered from the satellite is given an input to the FCM algorithm where the image 

undergoes various transformations like Forest, Wetland, Water Body, and River areas are 

the four different regions selected from the satellite imagery using AOI tools. 

The below figure 5.6 (a) Forest, figure 5.6 (b) Wetland, figure 5.6 (c) Water Body, 

figure 5.6 (d) River are the preferred regions. The satellite imagery does not reveal the 

clear picture of the selected regions and so the above four figures (a), (b),(c), (d) are 

distinguished from figure 4.10 to make the image more visible. 

The FCM Algorithm takes as input the above images and segments the images 

according to the regions with minimum distance. The following images when passed 

through the FCM algorithm using ERDAS IMAGING software, get transformed in to the 

following images as figure 5.6 (e), figure 5.6 (f), figure 5.6 (g), and figure 5.6 (h) 

respectively. The places that are recognized from the scalable imagery using the FCM 

method generate the segmented results of the selected regions. 
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Original Image Segmented Image 

(a) Wetland image (e) Wetland  image 

(b) Water Body image (f) Water Body  image 

(c) River Basin image (g) River Basin image 

(d) Forest image (h) Forest image 

Figure - 5.6: Segmentation Results in Different Regions 

 Enhanced FCM clustering is a hard and an unsupervised clustering technique 

which will be applied to image segments to clusters with spectral properties. FCM use the 

distance between pixels and cluster centers in the spectral domain to compute the 
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membership function. Image pixels are highly correlated, and this spatial information is an 

important characteristic that can be used to aid their classification. 

5.5. Image Enhancement Techniques 

This section explains the planned enhancement method that performs simultaneous 

contrast adjustment or Histogram Equalization, edge enhancement and de-noising the 

raster imagery. The Enhancement algorithm used for enhancing the input satellite image 

starts with applying for 2D transformation to obtain four sub-bands, namely, FF, FS, SF 

and SS. It is known that the FS, SF and SS sub-bands has the edge details while the FF 

sub-band has the detailed information of an image. The Enhancement method works in 

two stages as given below.  

Stage 1:  Uses Contrast Limited Adaptive Histogram Equalization algorithm to 

enhance FS, SF and SS sub-bands [PZH98].  

Stage 2:  Performs Intensity correction and removes noise using edge-preserving 

directional anisotropic diffusion method. Finally, an inverse transformation 

is performed to obtain the enhanced image. 

5.5.1. Contrast Adjustment 

The CLAHE algorithm is a special class of adaptive histogram equalization. 

Adaptive histogram equalization maximizes the contrast throughout an image by 

adaptively enhancing the contrast of each pixel relative to its local neighborhood. This 

process produces improved contrast for all levels of contrast (small and large) in the 

original image. For adaptive histogram equalization to enhance local contrast, histograms 

are calculated for small regional areas of pixels, producing local histograms.  These local 

histograms are then equalized or remapped from the often narrow range of intensity values 

indicative of a central pixel and its closest neighbors to the full range of intensity values 

available in the display. Further, to enhance the edges, a sigmoid function is used. 
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where M is 255, m = 128 (for 8 bit image), x is the edge pixel, -127 ∆  ≤ x ≤ +128, 

parameter ‘a’ refers to the speed of the change around the center. This process is repeated 
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for detailed coefficients. Finally an inverse wavelet transformation is performed to obtain 

an edge enhanced image. 

5.5.2. Intensity Correction 

Intensity non-uniformity in satellite images is due to a number of causes during the 

acquisition of the image data. In principle, they occur due to the non-uniformity of the 

acquisition devices and relate to artifacts caused by slow, non-anatomic intensity 

variations. In this paper, an Expectation-Maximization (EM) algorithm is employed to 

correct the spatial variations of intensity.  The Expectation Maximization methods do not 

make any assumption of the sequences type or texture intensity and therefore can be 

applied to all kind of image sequences. In general, the EM algorithm consists of two steps: 

(i) E-Step (or) Expectation Step and (ii) M-Step (or) Maximization step, is shown in the 

following figure 5.7. The algorithm is similar to the K-means procedure in the sense that a 

set of parameters are re-computed until a desired convergence value is achieved. These 

two steps are repeated alternatively in an iterative fashion till convergence is reached. 

Step 1: Initialize bias field to mean variance of the image (x) and weight field to the 
Gaussian value (c) and estimate initial probability as .CXP =  

Step 2: E-Step: Estimate Expected-value of the hidden intensity value for the 

current value ( ) ( )iiinew CXPXP =  

Step 3: M-Step: Re-estimate the model parameters by taking the maximum 

likelihood estimate according to the current estimate of the complete data. 

i). ( ) ( )inewiold XPXP =  

ii). ( ) ( )∑=
=

N

i
iinewinew XCP

N
CP

1

1
 

Step 4: If ∈+〈1
old

new

P
P

 then convergence is reached, stop process, else go to Step 2. 

Figure - 5.7: Expectation Maximization Method 

5.5.3. Noise Removal 

After correcting intensity, an enhanced version of anisotropic diffusion is applied 

to remove speckle noise in a fast and efficient manner. It also called Perona Malik 

diffusion, is a technique aiming at reducing image noise without removing significant 

parts of the image content, typically edges, lines or other details that are important for the 
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interpretation of the image [SAP01]. Anisotropic diffusion filter is a frequently used 

filtering technique in digital images. In spite of its popularity, the established anisotropic 

diffusion algorithm introduces blocking effects and destroys structural and spatial 

neighborhood information. Further they are slow in reaching a convergence stage. To 

solve these problems, the algorithm was combined with an edge-sensitive partial 

differential equation during new hybrid method of noise removal [YAC02]. The 

anisotropic filtering in hybrid noise removal simplifies image features to improve image 

segmentation by smoothening the image in homogeneous area while preserving and 

enhances the edges. It reduces blocking artifacts by deleting small edges amplified by 

homomorphic filtering. 

Stage 1:  Read intensity corrected image  

Stage 2:  2. Divide into 8 x 8 blocks and for each sub block, perform steps 2a and 2c 

a) Calculate Bayesian shrinkage threshold for each iteration of 

anisotropic diffusion T = max (r(T))  

where r(T) = E(X' – X), where X is the image and X' is the GCD.  

b) Perform directional anisotropic diffusion  

c) If convergence reached, then goto step 3, else step 2a 

Stage 3:  Output de-noised image  

Figure - 5.8: Hybrid De-Noised Algorithm 

This hybrid model is an effective noise removing algorithm but the convergence 

time still needs to be improved. In this research work, the hybrid noise removing 

algorithm is further improved by using the numerical characteristics for the instability 

flow. The concept is to add to the new filter method a non scalar component which can 

perform directional filtering of the image along the structures and is therefore named as 

directional hybrid noise removing. The directional hybrid noise remove while combined 

with Baye’s shrink thresholding, produce faster de-noising operation. 

5.6. Testing and Results 

The Enhancement algorithm is tested with IRS P6 LISS III and LISS IV satellite 

imagery. There are various Land Use and/or Land Cover Classes appearing on the imagery 

including river, forest, urban and ext. In the first step, the number of cluster (c), is given 

by 5 and the fuzziness (f), is given by a value of 2 for purpose of efficient computation. 
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Further, population parameters (Pu) and (pl), are both given by 0.015 to build the stretch 

model of each cluster. Figures 4.10 shows the original image and enhance images using 

conventional methods and the FCM method. The original image obviously appears that the 

brightness is dark and the contrast is low. By using the conventional enhancement 

methods, the gray values with extremely dark or bright are visibly over saturated. 

As figure 5.9-(d) shows the proposed method provides better visualization in 

colour and details than other methods in the settlement. Figure 5.9-(a), (b) and (c) show 

the comparisons of the enlarge images of forests, and water body respectively. In these 

areas, the conventional enhancement methods tend to lose the tiny details of the images, 

while the proposed method could provide more details and better contrast in the image. 

(a). Original Settlement (b). Linear Contrast Stretch 

(c). Histogram Equalization (d). The Proposed Method 

Figure - 5.9: Settlement Original Image and Result Comparisons 
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(a). Original Forest (b). Lanier Contrast Stretch 

(c). Histogram Equalization (d). The Proposed Method 

Figure - 5.10: Forest Original Image and Result Comparisons 

 As figure 5.10-(d) shows the proposed method provides better visualization in 

colour and details than other methods in the forests. Figure 5.10-(a), (b) and (c) show the 

comparisons of the enlarge images of settlement, and water body respectively. In these 

areas, the conventional enhancement methods tend to lose the tiny details of the images, 

while the proposed method could provide more details and better contrast in the image. 

As figure 5.11-(d) shows the proposed method provides better visualization in 

color and details than other methods in the forests. Figure 5.11-(a), (b) and (c) show the 

comparisons of the enlarge images of settlement, and water body respectively. In these 

areas, the conventional enhancement methods tend to lose the tiny details of the images, 

while the proposed method could provide more details and better contrast in the image. 
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(a). Original Forest (b). Lanier Contrast Stretch 

 
(c). Histogram Equalization (d). The Proposed Method 

Figure - 5.11: Water Original Image and Result Comparisons 

5.7. Image Quality Assessment 

As shown in Figure 5.9, 5.10 and 5.11, the proposed method provides significantly 

better contrast and details for human visual perception than the conventional enhancement 

methods. However, the visual performance of the contrast enhancement approach is 

difficult to evaluate and compare with different methods objectively. Hence, a metric 

index is required to estimate the result. In this study, two indices, entropy and Image 

Quality Measure, are used to evaluate the results. 

5.7.1. Shannon Entropy 

Shannon Entropy (or information entropy) is a method to measure the uncertainty 

of the information. Assume there are n events in the sample space, the probability of each 

event is pi (i= 1, 2, …, n), each pi is equal or greater than zero, and the sum of pi is 

defined to be 1. Therefore, a function H could be defined to measure the uncertainty of the 

sample space [CHL08]. For image processing, n is given by the number of gray level. 
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Then the H could be described as equation 5.4. From the values of the entropy, it appears 

that the information of the image is richer when entropy is higher. Since the test data is 

multispectral image, the entropy in this study is calculated by averaging all bands. The 

entropy results are shown in table 5.1. Entropy of the image enhanced by the proposed 

method is 5.071 which is higher than the values of images enhanced by the conventional 

methods. 
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where L is represented number of gray level, Pi is represented probability of level i in the 

histogram. 

5.7.2. Image Quality Measure 

The proposed a method to measure the quality of natural scene based on human 

visual system. The algorithm performs as the following steps. First, the image is 

transformed to power spectrum using Fourier transform. Second, the power spectrum is 

normalized by brightness and size of the image. Third, a vision filter is used to incorporate 

with the human visual system model. Moreover, the system needs a noise filter to control 

the noise of the image and a directional scale factor to treat the images obliquely acquired 

[RNO10]. Finally, the measure is obtained from the power spectrum weighted by the 

above processes. Equation10 shows the Image Quality Measure index. It appears that the 

image quality seems better when Image Quality Measure index is higher.  Table 5.1 also 

shows the Image Quality Measure index’s of the images enhanced by the proposed method 

and the conventional methods. The comparison indicates that the image enhanced by the 

proposed method can obtain higher Image Quality Measure index and accordingly, better 

quality than the conventional methods. 
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where I2 is represented to image size, S(θ1) is represented to directional image scale 

parameter, W(ρ) is represented to modified Wiener noise filter, A2(Tρ) is represented to 

modulation transfer function of human visual system, P(ρ, θ) is represented to brightness 

normalized image power spectrum, ρ,θ is represented to spatial frequency in polar 

coordinates. Most conventional contrast enhancement algorithms usually fail to provide 

detailed contrast information in the dark and bright areas of remotely sensed images. This 

study proposed a fuzzy-based approach to enhance all the contrast and brightness details 
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of the image. The test results indicate that the proposed method could provide better 

contrast image than the conventional enhancement methods in terms of visual looks and 

image details. Moreover, two image quality indices are used to evaluate the performance 

of the enhancement technique. 

Table - 5.1: Image Quality Analysis 

Index 
Algorithm Analysis 

Histogram 
Equalization

Simple Linear 
Contrast Stretch

Proposed Method 
(FCM) 

IQM 4.30*10-3 2.92*10-3 4.72*10-3 
Entropy 4.049 4.039 5.571 

The comparison shows that the proposed method can produce better measurements 

than the conventional enhancement techniques. However, the stretch method used to 

enhance each cluster in this study is generated by a linear model with stretch parameters 

given by experience. In future work, the linear stretch model would be modified and 

constructed automatically with an optimization procedure in order to provide the image 

enhancement more feasible and efficient. 

5.8. Conclusion 

The conventional clustering based Enhanced Fuzzy C Means algorithms consists 

of two steps, namely, image segmentation, Clustering and Enhancement. The image 

enhancement technique, treated as a preprocessing step, performs intensity correction, 

contrast adjustment, edge enhancement and noise removal. The noise considered is the 

speckle noise. The enhancement technique proposed a hybrid version that combined 

wavelets, improved anisotropic diffusion and CLAHE to improve the input satellite image. 

The result of the proposed preprocessing algorithm was compared with conventional 

method and it was found the proposed method is an improved method. Therefore, the 

results after preprocessing using proposed enhancement method was used during 

segmentation. Three algorithms were used during segmentation.  They were conventional 

clustering based Enhanced Fuzzy C Means algorithms. Various experiments proved that 

modified and produce better segmentation results when compared with existing 

algorithms. The performance of the Fuzzy C-means algorithm depends on the correct 

assumption of the initial parameters. In future, algorithms that can automatically select 

these initial parameters are to be considered. Moreover, the proposed hybrid, takes care of 

the over enhancement process efficiently. 




