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Abstract- Image Enhancement is one of the most important and difficult techniques in image research .The aim of image 
enhancement is to improve the visual appearance of an image, or to provide a better transform representation for future 
automated image processing .Theobjective of an image enhancement is to change or modify thequality of an image for 
specific application. The enhancementtechniques can be categorized by spatial domain andfrequency domain methods. In 
this paper, we present an overview of image enhancement techniques for gray scale images in spatial domain, frequency 
domain and also give better approach for future research.  
 
IndexTerms- Frequency based domainenhancement, Histogram Equalization, Image Enhancement, Spatial based domain 
enhancement 
 
I. INTRODUCTION 
 
Image Enhancement is one of the most important and 
difficult techniques in image research. Image 
enhancement is mainly improving theinterpretability 
or perception of information in images for human 
viewers [16]. The main objective of image 
enhancement is to process a given image so that the 
resultant image is moresuitable than the original 
image. It enhances the image features such as 
boundaries,edges, or contrast to make a graphic 
display more helpful for analysis[14]. Many images 
like medical images, satellite images and real life 
photographs suffer from poor contrastand noise.Due 
to low contrast, we cannot clearlyextract objects from 
the dark background [1]. 
A familiar example of enhancement is shown in Fig.1 
in whichwhen we increase the contrast of an image 
and filter it to removethe noise it looks better than the 
original image [17]. 
 

 
Fig.1. Image Enhancement [17] 

 
1.1 Techniques of Image Enhancement 
The enhancement methods can be divided in to the 
following two categories: 
1.1.1. Spatial Domain Method 
1.1.2. Frequency Domain Method 
 
1.1.1 Spatial Domain method 

In spatial domain techniques, we directly deal withthe 
image pixels. The pixel values are manipulated to 
achievedesired enhancement [16]. Spatialdomain 
techniques like the logarithmic transforms, power 
lawtransforms, histogram equalization are based on 
the directmanipulation of the pixels in the image. 
Spatial domain techniques are performed to the image 
plane itself and they are based on directmanipulation 
of pixels in an image. The operation can be 
formulated as g(x, y) =T [f(x, y)], where g is 
theoutput, f is the input image and T is an operation 
on f defined over some neighborhood of (x, y) [13]. 
According tothe operations on the image pixels, it is 
separated into 2 categories: Point operations and 
spatial operations [14]. 
Spatial domain g(x, y) = f(x, y) * h(x, y)  
 
i. Point Processing Operations 
Point operations, or image processing operationsare 
applied to individual pixels only. The pointoperation 
is represented by Pixel values of the processed image 
g(x,y) depends on pixel values of original image 
f(x,y) at (x,y) only 
                       g(x,y) = T[f(x,y)]          (2)  
Where T is gray level transformation in point 
processingoperation[6]. 
 
(a) Contrast Stretching:Contrast stretching 
technique is used to stretch the dynamic range of an 
image. This transformation will provide better 
visualrepresentation of the original scene but some of 
the detail maybe loss due to saturation ordue to poor 
visibility[3]. 
(b) Gray level slicing transformation: Gray or 
Intensity level slicing high lights certain range of gray 
levels in the original image. This is equivalent to 
spatial band pass filtering [6]. 
(c) Bit plane slicing:This transformation high 
lights the contribution made to total image 
appearance by specific bits used for pixel gray levels 
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[6]. The image is composed of eight 1-bit planes 
range 0 to 7, from bit-plane 0 for the least significant 
bit and bit-plane 7 for most significant bit [14]. Fig. 
2. Shows the representation of bit plane slicing: 
 

 
Fig.2. Representation of Bit plane Slicing [6] 

 
(d) Histogram Processing:Histograms are the 
basis for spatial domain processing techniques. 
Histograms are simple to calculate in software and 
also to hardware implementations, also makingthem a 
popular tool for real time image processing [8]. The 
histogram of a digital image with intensity levels 
inthe range [0, L-1] is a discrete function. 
 
H(r୩)= (n୩) 
Where r୩is k୲h gray level and n୩is number of pixels 
in a image having gray levelr୩. To normalize a 
histogram by dividing each of its values by total 
number of pixels in the image, it idenoted by n. the 
normalized histogram is givenby, 

p(r୩)= ୬ౡ
୬

 ; k =0, 1…..L-1 
P (r୩) is gives a probability of occurrence of gray 
level r୩[12]. 
 
ii. Spatial Filter Operations 
As spatial filtering operations are performed on a 
pixel along with its immediate neighbors, this is also 
called as neighborhood operations. Spatial domain 
methods are procedures that operate directly on the 
image pixels; use of spatial masks for image 
processing and spatial filtering term is the filtering 
operations that are performed directly on the pixels of 
an image [15]. Spatial filters can be classified into 
two categories: linear filter and non linear filter. 
 (a) Linear Filter: Linear spatial filtering is achieved 
by linear convolution [6]. Low pass filter (LPF) 
replaces every pixel in original image by average of 
all the pixels in its local neighbors.This filter is also 
called sharpening filter [ 20]. 
(b) Non Linear Filter:In this filters enhanced image is 
not linearly related to pixels in the neighborhood of 
original image. Max filter is used to locate the 
brightest point in an image. Min filter is used to 
locate the darkest point in an image. Median filter is a 
statistical filter used to locate the median value of the 
pixels [20]. 
 

A. Frequency domain method 
Frequency domain is nothing more than the 
spacedefined by values of the Fourier transform and 
its frequency variables. Filtering in frequency domain 
is quite simple [4]. Frequency domain methods are 
based on themanipulation of the transform of the 
image. Frequency domaintechniques are suited for 
processing the imageaccording to the frequency 
content [19]. The principle behind the frequency 
domain methods of image enhancement consists of 
computing a 2-D discreteunitary transform of the 
image, for instance the 2-D DFT, manipulating the 
transform coefficients by an operator M, andthen 
performing the inverse transform [19]. 
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 [1]. This is particularly useful in convolution if 
the spatial extent of the point spread sequence h(x, y) 
is large then convolution theory. 
g(x, y)= h(x, y)*f(x, y) 
whereg(x, y) is enhanced image. 
 

 
Fig.3. Frequency Domain Filter [1] 

 
(a) Low Pass Filter:A low pass filter is the used 
for smoothing methods.An image is smoothed by 
decreasing the disparity betweenpixel values by 
averaging nearby pixels Using a low passfilter [2]. 
(b) High Pass Filter:A high pass filter is the 
used for most sharpening methods.An image is 
sharpened when contrast is enhanced between 
adjoining areas with little variation in brightness 
orDarkness [2] 
(c) Homomorphic Filter: Homomorphic 
processing on images is performed in the log domain 
which transforms the image into illumination and 
reflectance components. It simultaneously normalized 
the brightness across an image and increases the 
contrast [21]. Homomorphic Filtering is used to 
remove multiplicative noise[3]. 
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Fig.4. Homomorphic Filter [21] 

II. SOME STUDIES ON IMAGE 
ENHANCEMENT TECHNIQUE 
 
Maini and aggarwal, 2010 proposed spatial domain 
techniques for image enhancement. Digitalimage 
enhancement techniques provide a multitude of 
choices for improving the visual quality of images. 
But from these methods only the global histogram 
equalization can be done completely automatically. 
Kanwal et al., 2011 presented a new approach for 
contrast enhancementbased upon Adaptive 
Neighborhood technique. On comparing this 
approach with the existing popular approaches of 
adaptive enhancement and linear stretching, it has 
been concluded that the proposed technique is giving 
much better results than the existing ones. 
Janani and Dinakaran, 2014 studied variousimage 
enhancement techniques and filters that are used to 
enhancethe quality of the given input image. This 
research paper has provided a reviewon image 
processing concepts and briefed about 
spatial,frequency and hybrid domains. from the view 
of this paper the future research work is to propose a 
hybridtechnique to enhance the infrared image with 
better quality. 
Suneetha and Venkateswarlu , 2012 presented 
different image enhancement techniques for Gray 
scale images in spatial domain.This paper considered 
only gray scale images from different fields. From the 
view of paper the future work will be the 
development of adaptive algorithms for effective 
imageenhancement using Fuzzy Logic and Neural 
Networks. 
Kim et al.,2001 proposed an advanced histogram-
equalization algorithm POSHE for contrast 
enhancement. The most importantfeature of POSHE 
is a low-pass filter shaped mask thatobtains a sub-
region probability density function. Results showed, 
the contrast is enhanced more than the global method, 
and the computation overhead is decreased drastically 
without incurring any blocking effects. 
Hossain et al.,2010 presented a new method of 
medical image enhancement that improves the visual 
quality of digital images as well as images that 
exhibits dark shadows due tolimited dynamic range 
of imaging like x-ray images. Experimental results 
showed that the proposed technique outperform 
commonly used enhancement technique like the 
histogram equalization qualitatively and 
quantitatively. 
Bansal et al.,2007 studied the importance of 
simulation techniques in the field of Digital Image 
Processing.Simulations are carried out for 
implementation of various basic Image enhancement 
techniques on MatLAB in spatial domain as well as 
the frequency domain. This paper concluded the 
results that filtering in the frequency domain is 

simplerand more efficient for the same size of filter in 
spatialdomain. 
Chaofu et al.,2012 presented hybrid algorithm to 
enhance the image. Gauss filter processing used to 
enhance image details in the frequency domain and 
smooth the boundries of the image by the transforms 
inspatial domain. Compared with the traditional 
histogramequalization algorithm,it concluded that this 
algorithm is better. Because thetarget and background 
have been obviously enhanced ininfrared image, and 
image more clearly. 
Mohanapriya and Kalaavathi,2013 studied about 
spatial domain enhancement techniques along with 
their algorithm. This paper have discussed about 
different enhancement techniques using MATLAB 
tool with relevant output. The results showed that 
improved image quality, structural appearance of 
input image and also noises were removed from an 
image.  
Meenal and ramana,2012 proposed a technique 
Modified Dynamic Histogram Equalization (MDHE) 
for image enhancement. This proposed method used 
the advantages of both Global Histogram 
Equalization (GHE) and Quadrants Dynamic 
Histogram Equalization (QDHE). So it is the best 
suitable method for enhancing the digital images 
which is captured in low-light environment. It utilizes 
less execution time for enhancing the image than 
conventional methods. 

 
CONCLUSIONS 
 
This research paper provides a overview on image 
enhancement techniques and also briefly discuss 
about spatial and frequency domain methods. It has 
also present different transformations and filters that 
have been used by the researchersto enhance the 
image by improving its features such as brightness, 
noise removal and contrast etc. Thepoint processing 
methods are most essential imageprocessing 
operations and are used for contrastenhancement. 
Histogram equalization is a transformationthat 
stretches the contrast by redistributing the gray-level 
valuesuniformly. This paper has discussed about 
various literatures and work related to image 
enhancement techniques. This research paper discuss 
only for gray level images. The same theory canbe 
extended for the color images too. 
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