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Abstract— The paper presents various techniques for 

enhancement of the image. When an image is acquired from 

any medium it contains various unwanted signals these are 

known as noise the image enhancement techniques compiled 

in this paper refer to the ways of reducing noise and also to 

enhance an image to obtain a particular information in an 

image. 
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I. INTRODUCTION 

Image enhancement is the process of adjusting digital 

images so that the results are more suitable for display or 

further image analysis. For example, you can remove noise, 

sharpen, or brighten an image, making it easier to identify 

key features. 

Image Enhancement techniques can be divided into 

two broad categories: 

 Spatial domain methods 

 Frequency domain methods 

Spatial domain works particular space that is it 

works on particular set of pixels unlike the frequency 

domain which work on the frequencies of the image as a 

whole. In frequency domain the frequencies are the 

parameter for classification which further leads to 

enhancements as per the type of filter. Whereas in spatial 

domain the pixels by pixel enhancement takes place. 

A. Spatial Domain Method 

Spatial means image plane itself, It directly process the 

pixel. Spatial domain methods can be denoted as 

b(x, y) = F [a(x, y)]. 

Where, 

a(x, y) is input image and 

b(x, y) is output image and 

F is some process over input image, 

defined over some neighborhood pixels (x, y). 

There are two types of image filters in spatial 

domain. 

 Smoothing spatial filters 

 Sharpening spatial filters. 

There both can be linear or non-linear. Linear filter 

replaces each pixel by weighted sum of its neighbors. The 

matrix defining of neighborhood pixels also specifies the 

weight assigned to each neighbor. 

1) Smoothing spatial filters 

Smoothing spatial filters used for blurring and for noise 

reduction. The aim of such filter is to reduce the amplitude 

of image variations. It removes small details from image for 

example it removes small gaps in lines or curves. 

Linear smoothing filters in spatial domain are: 

a) Mean Filter 

This filter computes the output pixel by calculating the 

statistical mean of neighborhood pixels of input pixel. 

Mean filter replace each pixel in input image f with 

the average intensity in a 3X3 neighborhood of pixels 

centered there. 

Then if g is the filtered image, it is defined by eq. 

1. 

g(i, j) = (f(i-1, j-1) + f(i-1, j) + f(i-1, j+1) + f(i, j-1) + f(i, j) + 

f(i, j+1) + f(i+1, j-1) + f(i+1, j) + f(i+1, j+1))/9          (1) 

Where, (i, j) is pixel at ith row and jth column. 

      
Fig. 1.1: Input Image       Fig. 1.2: Mean Filter 

b) Gaussian Filter 

It also known as Gaussian smoothing .It is a widely used 

effect in graphics software, especially to reduce image noise 

and reduce detail. The visual effect of this blurring 

technique is a smooth blur resembling that of viewing the 

image through a translucent screen. Gaussian smoothing is 

also used as a pre-processing stage in computer vision 

algorithms in order to enhance image structures. Applying a 

Gaussian blur has the effect of reducing the image's high-

frequency components. 

The Gaussian blur is a type of image-blurring filter 

that uses a Gaussian function for calculating the 

transformation to apply to each pixel in the image.  

  
Fig. 2.1: Input Image      Fig. 2.2: Gaussian filter 

Some non-linear smoothing filters in spatial domain are:  

c) Min Filter  

Min filter selects the intensity of output pixel is equal to 

minimum value among the neighborhood of input pixel.  

Salt noise (white pixels on image) can be remove 

from this filter but it is not efficiently working against 

peeper noise (black pixels on image).  

    
Fig. 3.1: Input image       Fig. 3.2: Min Filter 
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d) Max Filter 

Max filter selects the intensity of output pixel is equal to 

maximum value among the neighborhood of input pixel.  

Peeper noise (black pixels on image) can be 

removed from this filter but it is not efficiently working 

against salt noise (white pixels on image).  

    
Fig. 4.1: Input image        Fig. 4.2: Max filter 

e) Mid-Point Filter  

Mid-point filter selects the intensity of output pixel by 

following equation  

Output intensity = (min + max) / 2 

Where min is minimum value among the 

neighborhood of input pixel and max is maximum value 

among the neighborhood of input pixel   

Mid-point filter Works best for randomly 

distributed noise.  

   
Fig. 5.1: Input Image         Fig. 5.2: Mid filter 

f) Median Filter  

Median filter first sort the intensities of neighborhood pixels 

of input pixel in ascending order.  

It works well compared to min, max and mid-point 

filters.  

It Works well for various noise types, with less 

blurring than linear filters of similar size.  

    
Fig. 6.1: Input image              Fig. 6.2: Median Filter 

2) Sharpening Spatial filters 

The main aim in image sharpening is to highlight fine detail 

in the image, or to enhance detail that has been blurred 

(perhaps due to noise or other effects, such as motion. 

Sharpening can be achieved by spatial differentiation.  

Linear sharpening spatial filters are:  

a) Laplacian Filter  

Laplacian filter is highlights area in which intensity is 

rapidly changed. So it is used to highlight edges in the 

Image. Laplacian filter is based upon the second derivative. 

   
Fig. 7.1: Input image      Fig. 7.2: Laplacian Filter 

Non-linear sharping spatial filter is:  

b) Gradient Filter 

One way to detect edges or variations within a region of an 

image is by using the gradient operator . It is based upon the 

first derivative. Some types of gradient filters are mentioned 

below: 

c) Prewitt Operator 

The Prewitt operator is used in image processing, as edge-

detection operator. It is a discrete differentiation operator, 

computing an approximation of the gradient of the image 

intensity The Prewitt operator is based on convolving the 

image with a small, separable, and  integer valued filter 

/mask in horizontal and vertical directions.. On the other 

hand, the gradient approximation which it produces is 

relatively crude, in particular for high frequency variations 

in the image.  

Gx = [
−1    0    1
−1    0    1
−1    0   1

]      Gy = [
−1 − 1 − 1
   0      0       0
  1      1       1

] 

  G = √Gx2  +  Gy2 

d) Canny Operator 

The Canny edge detector is an edge detection operator that 

uses a multi-stage algorithm to detect a wide range of edges 

in images. This technique is used to extract useful structural 

information from different vision objects and dramatically 

reduce the amount of data to be processed. It has been 

widely applied in various computer vision systems. Canny 

has found that the requirements for the application of edge 

detection on diverse vision systems are relatively similar.  

Based on these criteria, the canny edge detector 

first smoothest the image to eliminate and noise. It then 

finds the image gradient to highlight regions with high 

spatial derivatives. The algorithm then tracks along these 

regions and suppresses any pixel that is not at the maximum 

(non-maximum suppression). 

e) Sobel Operator 

The primary advantages of the Sobel operator lie in its 

simplicity. The Sobel method provides a approximation to 

the gradient magnitude. Another advantage of the Sobel 

operator is it can detect edges and their orientations. In this 

cross operator, the detection of edges and their orientations 

is said to be simple due to the approximation of the gradient 

magnitude. The major difference is that in sobel operator the 

coefficients of masks are not fixed and they can be adjusted 

according to our requirement unless they do not violate any 

property of derivative masks. 
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Gx = [
−1    0    1
−2    0    2
−1    0    1

]       Gy = [
−1 − 2 − 1
   0      0       0
  1       2       1

] 

G = √Gx2  +  Gy2 

     
Fig. 8.1: Input image          Fig. 8.2: Prewitt Mask 

     
Fig. 8.3: Canny Mask                  Fig. 8.4: Sobel Mask 

Image Filtering Technique Noise type it removes 

Mean filter Gaussian noise 

Gaussian filter Gaussian noise 

Min filter Salt noise 

Max filter Pepper noise 

Midpoint filter Randomly distributed noise 

Median filter Salt and pepper noise 

Laplacian filter Edge detection 

Gradient filter Edge detection 

Table 1: Filtering Technique 

B. Basic Grey Level Transformations 

1) Negative of an Image 

Basically Negative of an image means inverting of an 

image. The pixel gray values are inverted to compute the 

negative of an image. For example, if an image of size R x 

C, where R represents number of rows and C represents 

number of columns, is represented by I(r, c). The negative 

N(r, c) of image I(r, c) can be computed as N(r, c) = 255 – 

I(r, c)  

Where 0 <= r <= R and 0 <= c <= C. 

      
Fig. 9.1: Input image       Fig. 9.2: Negative image 

2) Image Thresholding 

Image thresholding is a simple, yet effective, way of 

partitioning an image into a foreground and background. 

This image analysis technique is a type of image 

segmentation that isolates objects by converting grayscale 

images into binary images. Image thresholding is most 

effective in images with high levels of contrast. 

 
Fig. 10.1: Input image    Fig. 10.2: Threshold output 

3) Logarithmic Transformation 

The general form of the log transformation is  s = c * log (1 

+ r) The log transformation maps a narrow range of low 

input grey level values into a wider range of output 

values.The inverse log transformation performs the opposite 

transformation. Log functions are particularly useful when 

the input grey level values may have an extremely large 

range of values 

 
Fig. 11.1: Input image    Fig. 11.2: Logarithmic transform  

4) Power Law Transformations 

Power law transformations have the following form 

s = c * r γ 

Map a narrow range of dark input values into a 

wider range of  output values or vice versaVarying γ gives a 

whole family of curves. 

 
Fig. 12.1      Fig. 12.2 

 
Fig. 12.3   Fig. 12.4 

Fig. 12: Power law transform (r=2); Fig10.1 Input image; 

Fig10.2 Ƴ=3; Fig10.3 Ƴ=4;Fig10.4 Ƴ=5 

5) Contrast Streching 

Contrast basically the difference between the intensity 

values of darker and brighter pixels .Contrast stretching 

expands the range of intensity levels in an image.  

Contrast stretching is done in three ways: 
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 Multiplying each input pixel intensity value with a 

constant scalar. 

Example: s=2*r 

 Using Histogram Equivalent. 

 Applying a transform which makes dark portion  

darker by assigning slope of < 1 and bright portion 

brighter by assigning slope of >1. 

 
Fig. 13.1: Input image      Fig. 13.2: contrast stretching 

6) Brightness Enhancement 

Brightness Enhancement is shifting of intensity values to a 

higher level. The darker and the lighter pixels both get their 

values shifted by some constant value. 

Example: In x-ray images brightness can be 

enhanced to find the darker spots. 

 
Fig. 14.1: Input image           Fig. 14.2: Bright image 

7) Histogram Equalization 

Histogram equalization is a common technique for 

enhancing the appearance of images. Suppose we have an 

image which is predominantly dark. Then its histogram 

would be skewed towards the lower end of the grey scale 

and all the image detail is compressed into the dark end of 

the histogram. If we could `stretch out' the grey levels at the 

dark end to produce a more uniformly distributed histogram 

then the image would become much clearer. 

 
Fig. 15: input image & Equalized image and their respective       

Histograms 

8) Grey Level Slicing 

It highlights a specific range of grey. It’s similar to 

thresholding method. By using this method other levels can 

be suppressed or maintained. Basically it’s useful for 

highlighting features in an image. There are two main 

different approaches:1)Highlight range of intensities while 

diminishing all others to a constant low level. 2)Highlight a 

range of intensities but preserve all others. 

 
Fig. 16: Gray level slicing 

II. FREQUENCY DOMAIN IMAGE ENHANCEMENT 

Filtering can be done directly in the frequency domain, by 

operating on the signal's frequency spectrum: 

 
Fig. 17: Frequency Domain 

The diagram shows how a noisy sine wave can be 

cleaned up by operating directly upon its frequency 

spectrum to select only a range of frequencies that include 

signal frequency components but exclude much of the noise. 

Filtering in the frequency domain is efficient, because every 

calculated sample of the filtered signal takes account of all 

the input samples. Filtering in the frequency domain is 

sometimes called 'Acausal' filtering because (at first sight) it 

violates the laws of cause and effect. 

 
Fig. 18: Frequency Spectrum 

Because the frequency spectrum contains 

information about the whole of the signal - for all time 

values - samples early in the output take account of input 

values that are late in the signal, and so can be thought of as 

still to happen. The frequency domain filter 'looks ahead' to 

see what the signal is going to do, and so violates the laws 

of cause and effect. All it means is we delayed a little until 

the whole signal had been received before starting the filter 

calculation - so filtering directly in the frequency domain is 

perfectly permissible and in fact often the best method. It is 

often used in image processing. 

There are three basic steps to frequency domain 

filtering: 
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1) The image must be transformed from the spatial 

domain into the frequency domain using the Fast 

Fourier transform.  

2) The resulting complex image must be multiplied by a 

filter (that usually has only real values).  

3) The filtered image must be transformed back to the 

spatial domain.  

These steps can be implemented using Fourier 

transform. 

The reason for doing the filtering in the frequency 

domain is generally because it is computationally faster to 

perform two 2D Fourier transforms and a filter multiply than 

to perform a convolution in the image (spatial) domain. This 

is particularly so as the filter size increases. 

 2D DFT 

 
(u, v) are the frequency coordinates while (x, y) are 

the spatial coordinates. M, N are the number of spatial 

pixels along the x, y coordinate. 

There are two types of filters in frequency domain: 

1) High Pass Filtering 

 Ideal High Pass Filter 

 Gaussian High Pass Filter 

 Butterworth High Pass Filters 

2) Low Pass Filtering 

 Ideal Low Pass Filter 

 Gaussian Low Pass Filter 

 Butterworth Low Pass Filters 

Consider, 

H (u, v): Filtering Mask 

F (u, v): Original image 

G (u, v): Resultant image 

R0: Cut off frequency 

Therefore 

G (u, v) = H (u, v)* F (u, v)  (1) 

3) High Pass Filtering 

The Edges and sharp transitions are the reason of high 

frequency components in an image Whereas uniform gray 

levels contribute to the low frequency components. Hence 

removing the low frequency components will give us the 

remaining high frequency i.e. edges and sharp transitions 

will be detected.    

a) Ideal High Pass Filter 

 

 
Fig. 19.1: Ideal Filter 

    
Fig. 19.2: Input image       Fig. 19.3 Ideal Filter 

b) Butterworth High Pass Filter 

A two-dimensional Butterworth High Pass Filter has transfer 

function: 

 

 
Fig. 20.1: Butterworth HPF 

    
    Fig. 20.2: Input image        Fig. 20.3: Butterworth HPF 

c) Gaussian High Pass Filters: 

A two-dimensional Gaussian High Pass Filter has transfer 

function: 

 

 

 
Fig. 21.1: Gaussian HPF 

          
Fig. 21.2 Input image           Fig. 21.3 Gaussian HPF 
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B. Low Pass Filtering 

The Edges and sharp transitions contribute to high 

frequency components in an image. Whereas uniform gray 

levels contribute to the low frequency components. Hence, 

an image can be smoothed in the Frequency domain by 

attenuating the high-frequency content of its Fourier 

transform. This would be a Low Pass Filter i.e. the filter will 

allow the low frequency components to pass and block the 

high frequency components. 

1) Ideal Low Pass Filter 

 

 
Fig. 22.1 Ideal LPF 

 

Fig. 22.2 Input image          Fig. 22.3 Ideal LPF 

a) Butterworth Low Pass Filters 

Frequency response does not have a sharp transition as in 

the ideal LPF. This is more appropriate for image smoothing 

than the ideal LPF, since this not introduce ringing. 

 

 
Fig. 23.1: Butterworth LPF 

 
Fig. 23.2 Input image       Fig. 23.3 Butterworth LPF 

2) Gaussian Low Pass Filter 

 

 
Fig. 24.1: Gaussian LPF 

    
Fig. 24.2: Input image        Fig. 24.3: Gaussian LPF 

 
Fig.  25.1: PSNR Values [1] 

 
Fig.  25.2: RSME Values [1] 

III. CONCLUSION 

The various enhancement techniques in the spatial domain 

enable us to focus pixel by pixel and get the relevant 

information from the image. This information is separated 

by various techniques like contrast stretching, thresholding, 

negative etc. similarly in frequency domain enhancement we 

observe that the low pass filter are good tools for removing 

noise and smoothening. Particularly the Gaussian Low pass 

filter has better noise removing effect unlike the butter 

worth low pass filter which gives ringing effect. The 

Gaussian low pass filter has minimum RSME and maximum 

PSNR which highlights is quality of noise removal. 
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