
IJECT Vol. 6, IssuE 1, spl- 1 Jan - MarCh 2015  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 146   InternatIonal Journal of electronIcs & communIcatIon technology

A Brief Survey on Image Enhancement and Performance 
Comparison Between Conventional Methods and 

an Adaptive Unsharp Masking Method
1Indrani Senapoty, 2Saswati Sarma, 3Nilomit Jyoti Sarker, 4Pamela Chakraborty, 5Haradhan Chel

1,2,3,4,5Dept. of ECE, CIT Kokrajhar, Assam, India

Abstract
Image enhancement is basically improving the interpretability 
or perception of information in images for human viewers and 
providing `better’ input for other automated image processing 
techniques. Since image clarity is very easily affected by lighting, 
weather, or equipment that has been used to capture the image. 
These conditions lead to image by suffering from loss of finest 
information. As a result, many techniques have developed known 
as image Enhancement techniques to recover the information 
in an image. Image enhancement is used in a huge number of 
applications with important challenges such as noise reduction, 
degradations, restoration and de-blurring etc. This paper provides 
an insight of few of the modern day image enhancement techniques 
and thus compares their effectiveness. It also presents a way 
out to minimise the errors in other techniques using high boost 
adaptive un-sharp masking filtering technique which is a major 
breakthrough in the field of image enhancement.
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I. Introduction
Image enhancement is applied in every field where images are 
ought to be understood and analysed. For example, medical image 
analysis, analysis of images from satellites etc. Image enhancement 
simply means, transforming an image f into image g using a linear 
or nonlinear transformation function T. The values of pixels in 
images f and g are denoted by r and s, respectively. As said, the 
pixel values r and s are related by the expression,  where, 
T is a transformation that maps a pixel value r into a pixel value 
s. There exist many techniques that can enhance a digital image 
without spoiling it. The enhancement methods can broadly be 
divided in to the following two categories: 

Spatial Domain Methods                          1. 
Frequency Domain Methods2. 

In spatial domain techniques, we directly deal with the image 
pixels. The pixel values are manipulated to achieve desired 
enhancement. In frequency domain methods, the image is first 
transferred in to frequency domain. All the enhancement operations 
are performed on the Fourier transform of the image and then the 
Inverse Fourier transform is performed to get the resultant image. 
As a consequence the pixel value (intensities) of the output image 
will be modified according to the transformation function applied 
on the input values. Spatial Domain Methods includes techniques 
like creating negative of an Image, logarithmic transformations, 
grey level slicing, piecewise linear transformation functions, 
Powers-Law Transformations, histogram equalisation, histogram 
specification etc. Frequency domain methods include techniques 
like DFT, low-pass filter, high-pass filter, notch filter, convolution 
techniques etc. Although these techniques have their benefits, 
all of them have certain disadvantages also. Adaptive un-sharp 
filtering provides us with a solution to most of the problems faced 

in these techniques. 
In the subsequent sections of this paper we describe some important 
image enhance techniques in section II Quality parameters in 
section III and experimental result in section IV. We conclude 
this brief survey in section V.

II. Related Works

A. Logarithmic Transformation
Log function is used to map the pixels of an image to a new image 
where the dynamic range is so high. It maps very high intensity 
values in to certain dynamic range. The general form of the log 
transformation is:

.

Fig. 1: Original Image (Left), Log Transformed Image (Right)

Here c and k are two scalar constants which are chosen properly to 
get satisfactory result. The main disadvantage of this technique is 
that, the image edges do not get enhanced. Rather it suffers from 
edge degradation and at times results in wrong detection of edges 
in many computer applications. 

B. Powers-Law Transformations
The image transformation [1] is governed by the equation              

. This equation is known as Gamma correction where 
the value of gamma Ύ decides the level of enhancement. This 
technique is hence also known as Gamma correction. In several 
display devices like CRT, TV this technique is used.

C. Histogram Equalisation and specification
A good contrast enhancement technique should specifically address 
several significant properties, some of which are listed below. 
(1) Noise tolerance: The contrast enhancement technique should 
exhibit appropriate noise immunity. (2) Uniform contrast: The 
contrast enhancement technique should provide uniform contrast 
of the entire image. (3) Brightness preservation: The contrast 
enhancement tec hni- que should enhance the contrast of the 
image without losing brightness. (4) Convenient implementation: 
The contrast enhancement technique should be able to be set 
up quickly and reliably. The methods of histogram equalization 
can be divided into two groups [18], local and global histogram 
equalization. A lot of variations of their implementations have 
been applied in the field of histogram modification. (Kim et 
al., 2001[19]; Lamberti et al., 2006)[20] used a typical local 
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histogram modification algorithm. Abdullah-Al-Wadud et al., 
2007 [21] proposed one technique which uses global histogram 
modification technique. Generally local histogram modification 
technique performs equalization over small patches so that the 
small scale details become clear. However it can create several 
artefacts.  The philosophy of this technique is that, in an image if 
all the pixels have equal probability, the image looks better than 
other images have unequal histogram. In histogram matching we 
analyse the image to produce a transformation function so as to 
match the input image histogram with specified histogram of a 
good quality image. Here, we compare the histogram of an image 
with the histogram of a better image and thus try to map it. As a 
result the image quality is enhanced and we get a better image.

Find the histogram p1. r(r) of the input image and determine its 
equalization transformation.

 
Use the specified pdf pz(r) of the output image to obtain the 2. 
transformation function:

 
Find the inverse transformation 3.  mapping from s 
to z:

 
Equalize the input image to obtain the output image. Then for 4. 
each pixel in the equalized image perform the inverse mapping 
to obtain the corresponding pixel of the output image.

In modern days few new techniques came into the scenario 
which overcame the disadvantages faced by the said conventional 
approaches. Few of them are: Neural Network based techniques 
Fuzzy logic based methods and some other adoptive optimization 
techniques [3]. Md. Foisal Hossain and Mohammad Reza Alsharif 
[2] proposed one technique where image is first transferred to 
transform domain using DCT or FFT. After transformation log 
transform is done on the coefficients in the transform domain. 
Simultaneously histogram equalization is also done to improve 
the contrast of the images. In fig. 2 three images are shown and 
they are  original image, Enhanced image using classic histogram 
equalization and adoptive log transformed based histogram 
equalization simultaneously. 

Fig. (2.a-2.c) Original image(top left), Enhanced image using 
classic Histogram equalization( top right), Enhanced image using 
log transform based adoptive Histogram equalization(bottom)

D. Neural Network Technique
Neural network are composed of some simple elements which 
work in parallel. Working principle of this network is copied 
from human nervous system. Output of a neuron is the linear 
combination of the output of neurons of the previous layers where 
weight factor of each previous layer neuron are changed over 
iterations for minimizing an objective function. During training it 
optimizes an objective function in an iterative way. Normally this 
objective function is the measure of difference between desired 
output data and actual output data. In most of the cases, neural 
network based approaches has three functions (a) Feed input 
feature or image to fit a model or function. (b) Train the neural 
network to recognize patterns and (c) To separate unknown data 
into proper cluster by the acquired knowledge from training. A 
neural network may have several layers and each layer contain 
several neurons. A popular choice to train a neural network is to 
use an error-back propagation algorithm [17]. Various enriched 
techniques of image enhancement using ANN have been proposed 
in the past three decades. Moustafa Abdel Aziem Moustaf & 
Hanafy M Ismaiel [5], showed a comparative study between 
traditional techniques both in spatial and frequency domains and 
self-organizing artificial neural networks techniques. It recovers 
images corrupted with different percentages of impulse noise 10%- 
90% of the photographic image. S. Battiato, E. U. Giuffrida and F. 
Rundo [6], have used a Cellular Neural Network [16] for zooming 
digital color images. Unlike normal neural network, Cellular 
network has a special feature that it only transfers information 
between a few neighbors only with a linear weight. Figure(3) 
shows a picture of a two dimensional cellular NN. A Gacsádi et.al 
[7] proposed one techniques of CT scan image enhancement using 
Cellular ANN. This method optimizes an energy function which 
is formulated as follows.

   (1)
Where,  is a continuous segmented field of image and G is a 
binary edge process. In equation (1) first part in the right hand side 
is a smoothness function and the second part is the edge penalty.  

 is a scalar quantity which determines the trade off between 
smoothness (denoising) and edge accuracy (de-blurring).

E. Fuzzy Logic Based Techniques
Fuzzy logic [8] is a form of many-valued logic or probabilistic 
logic, it deals with approximate (rather than fixed and exact) 
reasoning. It has been extended to handle the concept of partial 
truth, where the truth value may range between completely true 
and completely false. Fuzzy sets are sets whose elements have 
varying degrees of membership. Let X be a space of points, with 
a generic element of X denoted by x. Thus X = {x}. A fuzzy set 
Ã in X is defined by a membership function (x). A membership 
function maps each point in X in the interval [0,1], with the values 
of x representing the “degree of membership” of x in Ã. Thus large 
value of the membership function represents the high degree of 
the membership. Example of membership functions are Gaussian, 
Sigmoid, Trapezoidal and Generalized bell MF. Fuzzy inference 
is the process of formulating the mapping from a given input to 
an output using fuzzy logic. The mapping then provides a basis 
from which decisions can be made, or patterns discerned. There 
are two types of fuzzy inference systems. They are Mamdani type 
and Sugeno-type. Milindkumar V. Sarode et.al [9] proposed one 
technique using a mandani fuzzy inference system. This technique 
enhances color of a tumor which helps to diagnose different region 
of tumor based on its enhanced color which not prominent from 
the original image. Jaspreet 
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Fig. 3: A Two Dimensional(4 x 4) cellular neural network, Every 
squaare(cell) is connected with neighbouring squares(cells). it 
indicates interlink pattern between neurons

singh rajol proposed [10] emphasized over one method which 
enhances noisy images. In this paper comparison between different 
methods and for different quality metric is presented with greater 
detail. Comparison shows that compared to other conventional 
technique like spatial averaging, histogram equalization, Median 
filtering and unsharp masking, fuzzy based technique has better 
ability to enhance edge and homogeneous region. Anisha K K and 
Dr. M. Wilscy describes in their work [11] a Genetic algorithm 
and fuzzy combination technique for impulse noise removal. This 
methodology uses two parts: A Genetic Algorithm (GA) part and a 
Fuzzy Logic part. The GA part selects several filters and constructs 
an optimum composite filter with an iterative approach. During 
progress of GA over iterations impulse noise are reduced. The 
crossover probability of GA, which determines the number of 
selected solutions that undergo crossover operation, is adapted by 
the fuzzy logic part of FGA. Here fuzzy rule based approach is 
used to determine the amount of variation that should be undergone 
by the crossover probability value in order to improve the quality 
of the solutions produced. A wide variation of fuzzy techniques 
are also available [12-15] which are applied effectively for image 
enhancement. 

F. Adoptive Unsharp Masking Method
This method [3] was proposed by Andrea Polesel et.al. in the year 
2000. This method is a modern method of image enhancement. 
Classic Unsharp Masking (UM) is used for contrast enhancement 
of edges. It employs high frequency contents to enhance the edges. 
The problem with linear unsharp masking is that the high pass 
filter makes the system sensitive to noise. Moreover it enhances 
high contrast areas only than areas with lower dynamics. The 
main objectives of unsharp masking are:

Increasing dynamics in smooth areas amplifies noise-so no • 
emphasis.
High contrast areas already high local dynamics-require law • 
enhancement to avoid overshoot.
Medium contrast areas require most enhancements. Adaptive • 

unsharp masking method enhances the medium contrast 
regions rather than high contrast regions. It employs a benefit 
that, noise does not get enhanced and it produces better image 
quality than classical unsharp masking. The working principle 
of this filtering method is as follows.

Adaptive Contrast Enhancement Algorithm
This algorithm introduces a variation of the basic UM technique 
that contains an adaptive filter in the correction path. This method 
is used to avoid overshoot effects in the output image. In the 
linear unsharp masking technique, the enhanced image  
is obtained from the input image  as, 

Where  is high pass filtered version of image  
.  is a scalar quantity which controls the level of contrast 
enhancement. 

Fig. 4: Block Diagram Adoptive Unsharp Mask Enhancement 
Technique
In classical UM technique  is calculated as follows.

In proposed UM technique [3] horizontal and vertical channels 
are separated. From figure (3) it is found that two different high 
pass component   and  enhances the details of 
the image uniformly.

Where,  

                                     

Here  and  are two scalar constant which are used for horizontal 
and vertical channel for controlling the enhancement. Objective 
of the method is to find optimum values of  and  so that the 
following energy function  is minimized.

Where, E is the expectation operator. This optimization task is 
done in the following way.
First measure the local dynamics of an image using the output of 
a simple linear high pass filter g(.) and it is found,

Where, value of  is chosen subject to the following 
conditions
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  is the local variance on the pixel (n,m) ,which is 
measured considering a few neighborhood pixels. Using above 
derived parameters we get,

 . Where,

Where R(n,m) is an estimation of auto correlation matrix of 
the input vector G(n,m) to the adaptive filter and is computed 
recursively as

 is a positive convergence parameter and its value is
Updating of  is done adaptively using gauss-newton algorithm 
[4] and it is done as per following equation.

Here, µ is the step size. It controls the speed of optimization.

III. Quality Metric for Quantitative Evaluation for Image 
Enhancement 
A lot of image enhancement techniques have been mentioned 
in this brief review. In most of the techniques superiority of the 
methodology is supported by some qualitative and quantitative 
measurement of enhanced image which is a known as a quality 
metric.  As a simple classification, quality metrics can be classified 
in to two types a) Metric with reference image and b) No-reference 
metric. In reference metric the popular metrics are a) Mean Square 
Error (MSE), b)Normalized Mean Square Error( NMSE), c) Signal 
to Noise Ratio(SNR) and d) Peak Signal to Noise ratio( PSNR).  
Arora et. Al.[22] uses PSNR as the reference quality metric for 
their enhancement technique. Moustafa Abdul Azim Moustaf [5] 
et.al used NMSE as quality metric. These are easy and simple to 
calculate. The main problem to evaluate these metric for images 
is that a standard reference image is required however it is not 
available always. The problem can be overcome by taking a 
suitable no reference metric. In the field of no reference, the list 
is quite long. However list of some popular metric is given below 
Table 1.

Table 1: Popular No Reference Image Quality Metrics
Name of the 
metric Proposed by Properties of the metric

Just Noticable 
Blur(JNB) [23]

Rony Ferzli and 
Lina J. Karam

Local contrast and are used 
to derive
An edge-based sharpness 
metric based on a Human 
Visual system(HVS) model

Haar wavelet 
based no 
reference metric 
[24]

Irwan Prasetya 
Gunawan1 and 
Antony Halim

First it measures two 
functions, a) degree of 
blockiness and b) weight 
function. Then using these 
parameters and with the 
help of a subjective study 
a four parameter logistic 
curve is plotted using 
regression analysis.

SVD based 
gray scale 
image quality 
measure[25]

Aleksandr 
Shnayderman, 
Alexander Gusev, 
and Ahmet M. 
Eskicioglu

Any image can be 
written like 
(SVD) Where U and V 
are orthogonal matrices. 
Generally over any 
image reflects over S. 
The summation of all 
the distances between 
elements of S of original 
image and distorted image 
is used here.

IV. Result and Discussion
In this paper we presented a short review on image enhancement 
using conventional method and some adoptive methods. 
Our principle focus in this paper is to implement some of the 
conventional image enhancement methods and to compare its 
performance with adoptive unsharp masking technique. Experiment 
has been done on several images. Such images are chosen where 
simultaneously homogeneous region and low contrast edges are 
present simultaneously. This adative unsharp masking technique 
enhances the edges but at the same time the homogeneous part of 
the image does not get enhanced. We compare the performance of 
adoptive unsharp masking method with conventional histogram 
equalization and spatial averaging method over a tyre image. Fig. 
5 shows the result of different image enhancement algorithm over 
a image of tyre. The following parameters in Table 2 have been 
taken for the adoptive sharp masking method. Though a wide 
range of methodologies has been presented in the form survey in 
section II, but we could not implemented them. Only a few popular 
conventional methods have been implemented.

Fig. 5: Effect of Different Image Enhancement Algorithm Over 
Tyre Image

The principle focus of this paper is to provide a survey of modern 
image enhancement techniques   and in particular to compare the 
performance of adoptive unsharp masking method compared some 
conventional techniques. This method provides good result. The 
optimization method which has been used is gauss-newton[3] 
method which is very fast. Compared to other modern method 
like neural network and genetic 
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Fig. 6 (a, b,c,d,e.f): Different Popular Image Enhancement 
Algorithm Over Low Resolution Satellite Image

algorithm and fuzzy based methods it is relatively faster and easily 
implementable.  It can perform image enhancement for both noisy 
and noiseless images. Main problem to evaluate performance 
of any enhancement technique is that no reference image not 
available. The evaluation in this experiment has been done on the 
visual quality asking several experts in this field. In closer view 
of the figures from 6.(a) to 6.(f) that in the histogram equalized 
picture quality is good in the medium intensity zone. 
However it loses shadows and background information.  Spatial 
averaging technique reduces noise and introduces blurring effect 
over the image. Relatively proposed unsharp masking method 
provide good quality picture which enhances all level of intensities 
in such a way that edges get enhanced and at the same time the 
backgrounds are also get enhanced. All the shadows and small 
objects become very clear which are of low contrast in original 
image. Experiment is also done on a satellite low resolution image 
of Kokrajhar town which has been taken from Google earth and 
several image enhancement algorithms are applied on it. The list 
of output images is shown in fig. 6.
Fig. 6 shows that histogram equalization perform extreme contrast 
enhancement however adaptive histogram equalization provide 
better estimation of enhancement. It is clear from the figure that 
averaging filter cannot enhance image and increase blurring. 
Classical unsharp masking enhances the edges and high contrast 
zones but it suffers from edge enhancement and enhancement 
of the medium contrast region. Using adaptive unsharp masking 
technique both the edges and medium contrast regions are 
enhanced.

Table 2: Parameters of Adaptive Unsharp Masking Used in 
Experiment
S/L Parameters

1

2

3

V. Conclusion
This paper presents a brief review of image enhancement 
techniques. It enlightens the conventional methods of image 
enhancement with theory and implementation. A lot of modern 
Neural network, Genetic Algorithm, Fuzzy logic based techniques 
are also covered in this paper and small descriptions are done on 
those proposed work. This paper also emphasizes on different 
quality metrics which are useful for qualitative and quantitative 
measurement of enhanced images. This paper high lights the benefit 
of adoptive unsharp masking high boost filtering and it compares 
its performance with some other conventional techniques It is 
expected that it will be good reference for the beginners in the 
field of image enhancement. We have no shame to mention that all 
the modern techniques could not be covered. Now day, a lot other 
modern techniques based on wavelet, curvelet, sparse signalling 
and bio-inspired algorithms are being used. It would be a good 
future work for the readers.
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