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Abstract 
Image enhancement is nothing but to improve the visual appearance of an image or modify attributes of an image to 

make it more suitable for a specific application. The enhancement techniques make the identification of key features 

easier by removing noise and other artifacts in an image. Image enhancement plays very important role in various areas 

like satellite images, medical images, and image/video processing applications. Resolution and contrast are the two 

important attributes of an image. The improvement in image that is enhancement is done both with respect to resolution 

and contrast. Image resolution enhancement (IRE) is the process of manipulating a set of low quality images and 

produce high quality and high resolution images. Contrast enhancement is a part of image enhancement, which brings 

out hidden feature of an image. In this paper different image resolution & contrast enhancement techniques are 

discussed which results in an image with better visual appearance and showing minute details in it. There are many 

methods developed for image enhancement. A significant amount of literature is available on image enhancement. This 

paper describes survey on various techniques and methods for image enhancement. 
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1. Introduction 

 

Image enhancement is the process of improving the quality of the digital image without knowledge about 

the source of degradation. The source may be a low resolution camera or aliasing due to improper selection 

of sampling rate or poor illumination. These sources affect the resolution and contrast of the image. The 

purpose of image enhancement is to improve the interpretability or perception of information contained in 

the image for human viewers, or to provide a “better” input for other automated image processing systems. 

There are many image enhancement methods have been proposed which are comprised of resolution and 

contrast enhancement. Image resolution enhancement refers to image processing algorithms which produce 

high quality, high-resolution (HR) images from a set of low-quality, low-resolution (LR) images. For 

example satellite images are corrupted by noise in its acquisition and transmission. The removal of noise 

from the image by attenuating the high frequency image components, removes some important details as 

well. In order to retain the useful information and improve the visual appearance, an effective denoising 

and resolution enhancement techniques are required. In another example, the enhancement of medical 
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images is usually required after their acquisition to provide more clinical information for physicians to 

make accurate diagnosis in diagnosis and treatment. 

           Resolution (spatial, spectral, and temporal) is the limiting factor for the utilization of remote sensing 

data (satellite imaging). Spatial and spectral resolutions of satellite images (unprocessed) are related (a high 

spatial resolution is associated with a low spectral resolution and vice versa) with each other. Therefore, 

spectral, as well as spatial, resolution enhancement (RE) is desirable. Spatial resolution is the smallest 

discernible detail in an image. Sampling is the principal factor determining the spatial resolution. Images 

are being processed in order to obtain more enhanced resolution. One of the commonly used techniques for 

image resolution enhancement is Interpolation. Interpolation has been widely used in many image 

processing applications such as facial reconstruction, multiple description coding, and super resolution. The 

main disadvantage in using interpolation is the loss of high frequency (HF) components (Edges), which is 

due to the smoothing caused by interpolation. Preserving the edges is essential. To avoid this problem a 

new mathematical tool called wavelet transform is used. Wavelet transforms are used because of their 

inherent property that they are redundant and shift invariant.[1] 

            Image contrast enhancement is used as a pre-processing step in medical image processing, 

image/video processing application. Contrast enhancement plays an important role in image enhancement. 

Contrast enhancement will be used to perform adjustment on darkness or lightness of the image. Contrast 

enhancement applies appropriate tone correction to deliver improved quality and clearly. It is mainly used 

to bring out the feature hidden in an image or increase the contrast of low contrast image. This can be done 

using several contrast enhancement techniques. These techniques is applied for various application such as 

remote sensing images and general images Histogram equalization (HE) is most popular technique in 

contrast enhancement. It is computationally fast and simple to implement. 

 

2.  Image enhancement techniques: 

 
2.1 Image resolution enhancement: 
 

          Image resolution is the detail an image holds. The term applies to rather digital images, film images, 

and other types of images. Higher resolution means more image detail. Resolution units can be tied to 

physical sizes (e.g. lines per mm, lines per inch), to the overall size of a picture (lines per picture height, 

also known simply as lines). The term resolution is often used for a pixel count in digital imaging, the 

convention is to describe the pixel resolution with the set of two positive integer numbers, i.e. 

width*height. Resolution refers to the sharpness of image detail, smoothness of curved lines, and the 

faithful reproduction of an image. And resolution enhancement is nothing but increase in image 

information, or better resolution. It is the process of manipulating an image so that resultant image is more 

suitable than the original one for specific application. 

 

Some of the techniques of image resolution enhancements are as below: 

 

2.1.1 Dual-Tree Complex Wavelet Transform (DT-CWT) 
DT-CWT is used to decompose an input low-resolution satellite image into different sub-bands. Then, the 

high-frequency sub-band images and the input image are interpolated, followed by combining all these 

images to generate a new high-resolution image by using inverse DT-CWT. The resolution enhancement is 

achieved by using directional selectivity provided by the CWT, where the high-frequency sub-bands in six 

different directions contribute to the sharpness of the high-frequency details such as edges.[4] This 

technique gives good results. 

 

  

2.1.2 Wavelet Domain Hidden Markov Tree (HMM) 
Wavelet domain HMT models the dependencies of multiscale wavelet coefficients through the state 

probabilities of wavelet coefficients, whose distribution densities can be approximated by the Gaussian 

mixture. Because wavelet-domain HMT accurately characterizes the statistics of real-world images, also it 

reasonably specify it as the prior distribution and then formulate the image super-resolution problem as a 

constrained optimization problem. And the Cycle spinning technique is used to suppress the artifacts that 



IJRIT International Journal of Research in Information Technology, Volume 1, Issue 7, July 2014, Pg. 388-392 

 

Vaibhav Nandkumar Shete, IJRIT  390 

 

may exist in the reconstructed high-resolution images. But for the noisy images HMM technique does not 

show the optimum results.[5] 

 

2.1.3 Discrete and Stationary Wavelet Decomposition 
This technique is based on the interpolation of high frequency (HF) sub-band images obtained by Discrete 

wavelet transform (DWT), and input image. The edge detail is enhanced by using intermediate stage using 

Stationary wavelet transform (SWT). DWT can be used to decompose the input image into different sub-

bands, and then the HF sub-bands are interpolated. HF sub-bands obtained by SWT of input are 

incremented into interpolated HF sub-bands in order to correct the estimated coefficient. In parallel input 

image is also interpolated separately and corrected HF sub-bands and interpolated input image are 

combined through Inverse DWT (IWDT), to achieve high resolution output. Here the main role of wavelet 

transforms is to preserve the HF components. One level DWT can be used to decompose the input image to 

different sub-bands. While for interpolating the HF components, bi-cubic interpolation with enlargement 

factor of 2 is used. Down sampling in each of DWT sub-bands causes information loss in respective sub-

bands. So SWT is used to minimize the error. It can be observed that interpolated HF sub-bands and the 

SWT HF sub-bands have same size, and hence they can be added together. Basically the LL sub-band is the 

illumination information of low resolution image. Instead of using LL sub-band, which contains less 

information than the original image input image is used itself. Use of input image instead of LF sub-band 

increases the quality of super resolved image when compared with the conventional techniques.[1] This is 

due to the fact that, the interpolation of HF components in HF sub-bands and using the corrections obtained 

by HF components of SWT of the input image will preserve more HF components than the ordinary 

interpolation. 

 

2.2 Image Contrast enhancement 
Contrast is created by the difference in luminance reflected from two adjacent surfaces. Contrast is the 

difference in visual properties that makes an object distinguishable from other objects and the background. 

In visual perception, contrast is determined by the difference in the color and brightness of the object with 

other objects. Our visual system is more sensitive to contrast than absolute luminance; therefore, anyone 

can perceive the world similarly regardless of the considerable changes in illumination conditions. 

Numerous enhancement techniques have been introduced and these can be divided into three groups: 

 

1. Techniques that decompose an image into high and low frequency signals for manipulation 

2. Transform-based techniques 

3. Histogram modification techniques. 

 

Techniques in the first two groups often use multiscale analysis to decompose the image into different 

frequency bands and enhance it desired global and local frequencies.[6] These techniques are 

computationally complex but enable global and local contrast enhancement simultaneously by transforming 

the signals in the appropriate bands or scales. Furthermore they require appropriate parameter settings 

which might otherwise result in image degradations. Among the three groups the third group received the 

most attention due to their straight forward and intuitive implementation qualities. Linear contrast 

stretching (LCS) and global histogram equalization (GHE) are two widely utilized methods for global 

image enhancement. 

 

Some of the techniques of image contrast enhancement techniques are as below: 

 

2.2.1 Brightness preserving dynamic histogram equalization (BPDHE) 
It is an extension to HE (histogram equalization) that can produce the output image with the mean intensity 

almost equal to the mean intensity of the input, thus fulfill the requirement of maintaining the mean 

brightness of the image. First, the method smoothest the input histogram with one dimensional Gaussian 

filter, and then partitions the smoothed histogram based on its local maximum. Next, each partition will be 

assigned to a new dynamic range. After that, the histogram equalization process is applied independently to 

these partitions, based on this new dynamic range. For sure, the changes in dynamic range, and also 

histogram equalization process will alter the mean brightness of the image. Therefore, the last step in this 

method is to normalize the output image to the input mean brightness.[8] But BPDHE 

fails to show the minute details in the image which are important. 
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2.2.2 Dynamic Histogram Specification (DHS) 
DHS algorithm not only keeps the original histogram distribution shape features but also enhances the 

contrast dynamically. In order to keep original histogram features, the DHS extracts the differential 

information from the input histogram. On the other hand, it also applies extra parameters to control the 

overall processing, such as frame direct current and gain control value. By contrast, the proposed DHS 

algorithm not only leads more naturally than other algorithms which are based on the histogram 

modification, but also enhances the contrast effectively. It is simple mathematically defined algorithm out 

performs other complex models so well, especially in noisy background. The success is due to its strong 

ability in measuring differential information during the processes. In summary, the DHS algorithm can 

perform contrast enhancement, while reducing annoying effects, and keeping the original histogram 

distribution features. Furthermore, the simplicity of DHS can provide contrast enhancement capability in 

many electric appliances, such as mobile phone, digital camera, mobile handset, and especially in small 

LCD panel. [9] However, the degree of enhancement achievable is not significant. 

 

2.2.3 Gaussian mixture model (GMM) 
The algorithm uses Gaussian mixture model (GMM) to model the image grey-level distribution, and the 

intersection points of the Gaussian components in the model are used to partition the dynamic range of the 

image into input grey-level intervals. The contrast equalized image is generated by transforming the pixels 

grey levels in each input interval to the appropriate output grey- level interval according to the dominant 

Gaussian component and cumulative distribution function (CDF) of the input interval. To take account of 

human perception the Gaussian components with small variances are weighted with smaller values than the 

Gaussian components with larger variances, and the grey-level distribution is also used to weight the 

components in the mapping of the input interval to the output interval. Idea of GMM method is to remap 

the grey levels of an image based on the images grey levels cumulative density function. GMM uses the 

information of the whole intensity value inside the image for its transformation function and thus this 

method is suitable for global enhancement. GMM attempts to spread out the intensity levels belongs to an 

image to cover the entire available intensity range.[7] Though this technique gives overall improvement in 

brightness and contrast, but due to over enhancement here it fails to show the minute details in the image 

which are important. 

 

2.2.4 Discrete Wavelet Transform and Singular Value Decomposition 

This technique is comprised of discrete wavelet transform and singular value decomposition. The singular 

value matrix obtained by SVD contains the illumination information. So change this matrix to change the 

contrast of the image. Any changes made to this matrix will not affect the other attributes of the image. The 

DWT is used to divide the image into sub-bands. The edges are concentrated on LH, HL, HH sun-bands. 

Hence even if the HF components are separated and applying some transformations on the HF will not 

cause any damage to the edge components. Hence after reconstruction the image looks sharper too.  

 

The key steps involved in this process are as follows:  

 

First apply DWT on the input image and in parallel it improves its contrast using GHE and finds its DWT. 

Now calculate the hanger (U), aligner (V) and singular value matrix (SVM) for the LL sub-bands obtained 

above. Find the maximum element in both the SVMs and take their ratio (ξ). Now calculate the new SVM 

and estimate the new LL sub-band. 

 

                             
The estimated LL sub- band and the HF components of actual input image are now used to re-produce the 

contrast enhanced image.[2] Here HF components are not disturbed. It manipulated the illumination 

information alone. Hence there is no harm to edge components. 

 

 

3.  Conclusion 
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In this Paper, we discuss an overview of recent image enhancement techniques for images. We introduce 

our approach to enhance the quality of degraded images using well known image enhancement techniques. 

Here different image resolution enhancement techniques are discussed, like Dual-Tree Complex Wavelet 

Transform (DT-CWT), Wavelet Domain Hidden Markov Tree (HMM), Discrete and Stationary Wavelet 

Decomposition (DWT& SWT). Among which DWT & SWT shows better enhancement as well as 

prevention of high frequency components.  A detailed survey on the various contrast enhancement 

techniques are proposed in this paper. From the literature cited, spatial domain image enhancement 

technique, Laplacian of Gaussian filters are widely used techniques. Wavelet transform based image 

enhancement technique provides better outcomes than the spatial domain techniques.  Histogram based 

enhancement techniques also provide better enhancement than conventional spatial domain techniques.  
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