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I. INTRODUCTION 

Today, there is almost no area of technical endeavor that is not impacted in some way by Digital Image 

Processing. It involves the modification of digital data for improving the image qualities with the aid of 

computer.  Image enhancement and information extraction are two important components of digital image 

processing. Image enhancement techniques improve the visibility of any portion or feature of the image 

suppressing the information in other portions or features. Image enhancement is among the simplest and most 

appealing areas of digital image processing. Basically, the idea behind enhancement techniques is to bring out 

detail that is obscured, or simply to highlight certain features of interest in an image [1]. Over the past several 

years computer vision and analysis are attracting several researchers’ attention and it motivated us to write this 

survey paper dealing with contemporary studies on image enhancement. In this paper, Section II deals with 

various image enhancement techniques. Section III presents an illustration of Image enhancement for both gray 

scale and color images. Section IV deals with results analysis of image enhancement methods implemented by 

various researchers. Finally, in Section V, conclusions are drawn obtained from this analysis. 

 

II. IMAGE ENHANCEMENT METHODS 

The main aim of enhancement is to process an image so that results are more suitable than the original image for 

a specific application. Processing of an image can be either to remove noise, sharpen the image or brighten an 

image. Image enhancement approach can be dealt in spatial domain or in frequency domain and/or in 

both.Simplest image enhancement techniques include histogram equalization. The histogram is a     

preprocessing technique to enhance contrast in natural images, used to show how many times a particular grey 

level (intensity) appears in an image. Histogram Equalization transforms the intensity values so that the 

histogram of the output image approximately matches the flat (uniform) histogram. This method is useful in 

object tracking but resulting images are either oversaturated or under saturated and thus have poor quality hence 

adaptive histogram equalization techniques were developed which produced higher quality images. The contrast 

stretching technique is the simplest algorithm for image enhancement. It stretches the pixel values of a low 

contrast or high contrast by extending the dynamic range across the whole image spectrum whereas thresholding 

transformations are particularly useful in image segmentation. These techniques are often referred to as point 

processing whereas masks also referred to as filters, kernels, templates, or windows deals with larger 

neighborhood. Various filters are in development from linear filters such as Gaussian filter, Laplacian filter, 

Laplacian- of-Gaussian filter and non-linear filters such as gradient filter combined with Gaussian filter and 

thinned using canny’s method , using non sub sampling contour let transform, random sampling, Max filter, Min 

filter , Mean filter, Wiener filter, Non-local means for image de noising ,Bilateral-filtering, and trilateral 

filtering, Adaptive vector median filter, Homomorphic filtering, Guided image filter, and Diffusion processes 

[2-7]. 
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 Evolutionary algorithms were also applied to image enhancement which include Genetic Algorithm            

(GA), Particle Swarm Optimization(PSO), Artificial Bee Colony (ABC), Fuzzy logic, Genetic based fuzzy, 

Differential Evolution(DE), Fuzzy differential evolution algorithms. DE algorithms were developed to 

overcome the GAs limitation of convergence. The main difference between DE and GA is the mutation that 

makes DE algorithm self-adaptive. 

Machine Learning is now playing a major role. According to Liu, Yan, Yang Convolution Neural Network 

(CNN) can be used for image denoising. The advantage of CNN model is that it continuously optimizes the 

weights of convolution kernel during network training [9]. In [11], image denoising and enhancement from 

graph-based viewpoint was proposed. The color image denoising and enhancement is done by graph-based 

dictionary learning obtained from nonlocal similar patches in each color channel and image is enhanced by 

graph-based sharpening filter [12]. In [10], image contrast enhancement based on learning ensemble based 

histogram equalization was proposed. Both Fully sampled and undersampled K-space data is used for 

reconstructing the image. The undersampled image is deteriorated by noise and is enhanced by random 

sampling and learning ensemble strategy. Even patch dictionary based learning was proposed in [12]. 

Resolution enhancement can also be done through patch-based learning [13]. Image enhancement of high 

resolution image can be denoised by auto-encoders. Auto-encoders in neural networks conduct unsupervised 

learning [14]. 

 

III. ILLUSTRATION OF ENHANCED IMAGES 
A low contrast input image is shown in Fig. 1 (a), and when histogram equalization is applied on this input 

image, it results in enhanced image. Fig. 1(b) shows the result of performing histogram equalization which is 

given below. Some more illustrations of Image Enhance are shown in Fig. 2 and Fig. 3. 

 

 
Fig 1: Histogram-Based Technique of Contrast Enhancement 

 

 
Original Input Image      Enhanced Image 

Fig 2    Enhanced Output Image after Salt-and-pepper Noise removal 

              

 
Fig3: Machine Learning based Image Enhancement 
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Illustrations indicate that the advancement of techniques from filters to the usage of CNN a radical improvement 

in the image enhancement especially in color images in terms of HSI. 

 

IV. RESULTS ANALYSIS 

In this paper, we have studied, analyzed  various image enhancement techniques  and presented various 

parameters which  indicate quality of enhanced images  by peak signal noise ratio (PSNR), Muti-Scale Retinex 

(MSR) ,Structural Similarity Index Measurement (SSIM), contrast and noise density obtained by various 

techniques of image enhancement when compared to original image and we can say that multilayering of neural 

network and along with learning technique of machine learning out performs the traditional ways of image 

processing hence it is a new frontier in the field of image processing techniques 
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V. CONCLUSION 
In this paper we have brought forth the developments of various techniques of image enhancements including 

machine learning-a recent development. The machine learning mechanisms revolutionized the way images are 

processed especially medical images and in future it will transform radiology field of medical imaging. Machine 

learning based Image Enhancement provides better results.  Image enhancement techniques can be applied to 

gray scale images and color images. It can also be applied to videos which is called video enhancement. From 

the results analysis, it can be inferred that the image enhancement techniques provide a way for image analysis 

and pattern recognition applications. 
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