
 College of Engineering & Technology

 

 

 

 

 

 

 

Dept. of Computer Science and Engineering, 

UNIT

 
Vivekananda 

College of Engineering & Technology

 

 

 

 

Question and Answers on 

 

10CS762 /10IS762  

Digital Image Processing

 

 
 

Prepared by 

Harivinod N 
Assistant Professor,  

Dept. of Computer Science and Engineering,  

VCET Puttur 

 

2016-17

UNIT- 5 : IMAGE ENHANCEMENT 

College of Engineering & Technology  

Digital Image Processing 



Question and Answers

Digital Image Processing 

 

 

 

Image Enhancement using Spatial Domain
 

Gray level transformation

Q1. Explain following gray 

i. Image negative

Q2. How power law transformation 

Q3.  Explain following piecewise transformation techniques: 

i. Contrast stretching
 

Histogram Processing 

Q4.  Explain histogram equalization

Q5.  What is the aim of histogram matching
 

Filtering 

Q6.  Explain basics of spatial filtering

Q7.  Explain image smoothing and 

Q8.  What are order statistics filters?  How they can be used to enhance image?
 

Image Enhancement using Frequency Domain

Q9.   Explain filtering in frequency domain

Q10. Explain how low pass

filtering is performed in 

Q11.  Explain homomorphic f

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

uestion and Answers   ||   Unit 5: Image Enhancement 

Harivinod N, Dept of CSE, VCET Puttur          

Question and Answers   

Image Enhancement using Spatial Domain 

Gray level transformation 

gray scale transformations.  

negative  ii. Log transform  iii. Power law transformation

How power law transformation is useful in CRT monitors?  

Explain following piecewise transformation techniques:  

Contrast stretching  ii. Intensity level slicing    iii. 

Explain histogram equalization   

What is the aim of histogram matching (or specification)? Explain the steps. 

ain basics of spatial filtering?   

smoothing and sharpening in spatial domain. 

What are order statistics filters?  How they can be used to enhance image?

Image Enhancement using Frequency Domain 

frequency domain  

pass (smoothing), high pass (sharpening) and band 

is performed in frequency domain.  

homomorphic filtering with a neat diagram.  
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ower law transformation 

iii. Bit Plane Slicing 

specification)? Explain the steps.   

What are order statistics filters?  How they can be used to enhance image?  

and band pass 
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Q1. Explain following 
i. Image negative  

Image Negative:   
The Negative of the image was found o
any Intensity 'r' in the original image by 'L
negative.  
s = L-1-r  where L is the maximum gray value.  
Since the input image is usually 
number of levels in this image are 256. Putting 
in the equation, we get this s = 255 

Negative images are useful for enhancing white or grey 
detail embedded in dark regions of an image
 

Log Transform   
The general form  s = c log(1 + r),
value of the input image because if there is a pixel intensity of 0 in the image, then log (0) is 
equal to infinity 

It maps a narrow range of low 

Any log shaped curve compresses the dynamic range of images with large variations in pixel 
values. The inverse log transform is opposite to log transform.
expanding values of dark pixel in an image while compressing the higher level values

 
Power Law Transformation

Basic form of power law transformation 
can also can be represented as

An offset measurable when input is zero.
γ<1.Variety of devices used for image capture, printing and display respond to a power law.
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Explain following gray scale transformations.  
 ii. Log transform   iii. Power law transformation

The Negative of the image was found out by replacing 
any Intensity 'r' in the original image by 'L-1-r' in the 

where L is the maximum gray value.   
is usually 8 bit image, the 

number of levels in this image are 256. Putting L=256 
s = 255 – r 

Negative images are useful for enhancing white or grey 
detail embedded in dark regions of an image. 

s = c log(1 + r), c is a const, r≥ 0. The value 1 is added to each of the pixel 
value of the input image because if there is a pixel intensity of 0 in the image, then log (0) is 

aps a narrow range of low intensity values in the input into a wider range of output levels

ompresses the dynamic range of images with large variations in pixel 
The inverse log transform is opposite to log transform. Inverse log 

values of dark pixel in an image while compressing the higher level values

Power Law Transformation   

power law transformation is  s = c rγ where c and γ are positive constants. It 
can also can be represented as  s = c (r+ε)γ.  

measurable when input is zero.  γ >1 have exactly the opposite effect of 
<1.Variety of devices used for image capture, printing and display respond to a power law.
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iii. Power law transformation 

The value 1 is added to each of the pixel 
value of the input image because if there is a pixel intensity of 0 in the image, then log (0) is 

intensity values in the input into a wider range of output levels.  

ompresses the dynamic range of images with large variations in pixel 
Inverse log is used for 

values of dark pixel in an image while compressing the higher level values.  

γ are positive constants. It 

 >1 have exactly the opposite effect of 
<1.Variety of devices used for image capture, printing and display respond to a power law. 



Question and Answers

Digital Image Processing 

 

 

Q2. How power law transformation 

Basics  

Basic form of power law transformation
can also can be represented as

γ >1 have exactly the opposite effect of 
printing and display respond to a power law.

Gamma Correction in CRT  

Sometimes output of monitor appears darker than the input due to hardware issues. Gamma 
correction in this case is enhances the visualization. The input must be preproces
inputting it into the monitor by performing the transformation
be 2.5. So Gamma correction can be applied as   

The result is close to the original. Different values of gamma is used in different d

Graphical illustration  of Gamma correction is given below. 

Q3.  Explain following piecewise transformation techniques: 
              i. Contrast stretching

Contrast stretching 

Low contrast images can result from poor illumination, lack of dynamic range in imaging 
sensor, wrong setting of lens aperture during acquisition. Contrast stretching expands the 
range of intensity levels in an image so that it spans the full intensity range of recordi
medium or display device.  

Consider the figure. r1, s1 and r
transformation function. If r1

transformation becomes a Thresholding function that crea
a binary image. In general r1=
the function is single valued and monotonically increasing. 
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power law transformation is useful in CRT monitors? 

power law transformation is  s = c rγ where c and γ are positive constants. It
can also can be represented as  s = c (r+ε)γ  An offset measurable when input is zero. 

 >1 have exactly the opposite effect of γ<1. Variety of devices used for 
printing and display respond to a power law. 

   

Sometimes output of monitor appears darker than the input due to hardware issues. Gamma 
correction in this case is enhances the visualization. The input must be preproces
inputting it into the monitor by performing the transformation. For CRT devices 

. So Gamma correction can be applied as   s = r1/2.5 = r0.4 

The result is close to the original. Different values of gamma is used in different d

of Gamma correction is given below.  

Explain following piecewise transformation techniques: 
i. Contrast stretching   ii. Intensity level slicing iii. Bit Plane Slicing

images can result from poor illumination, lack of dynamic range in imaging 
sensor, wrong setting of lens aperture during acquisition. Contrast stretching expands the 
range of intensity levels in an image so that it spans the full intensity range of recordi

and r2, s2 control the shape of the 

1=r2 and s1=0 and s2 =L-1, the 
transformation becomes a Thresholding function that creates 

= r2 and s1= s2 is assumed so that 
the function is single valued and monotonically increasing.  

 Page| 3 

useful in CRT monitors?  

γ are positive constants. It 
An offset measurable when input is zero.  

<1. Variety of devices used for image capture, 

Sometimes output of monitor appears darker than the input due to hardware issues. Gamma 
correction in this case is enhances the visualization. The input must be preprocessed before 

. For CRT devices γ is found to 

The result is close to the original. Different values of gamma is used in different devices 

 

Explain following piecewise transformation techniques:  
iii. Bit Plane Slicing 

images can result from poor illumination, lack of dynamic range in imaging 
sensor, wrong setting of lens aperture during acquisition. Contrast stretching expands the 
range of intensity levels in an image so that it spans the full intensity range of recording 
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Intensity level slicing 

It highlights a specific range of intensities in an image often is of interest.
include enhancing features such as masses of water in 
in X-ray images. It can be done in several ways

Ex: One is to display 
in one value (say, 
white), all the values 
in the range of 
interest and in another 
(say, black), all other 
intensities. 

 

Bit Plane Slicing 

Normally pixels are composed of 8 bits
considered in bit plane slicing. 
analyzing the relative importance of each bit in the image, a process that aids in 
the adequacy of the number of bits used to quantize the image.
compression also.  Here only higher order bits are used for storage and reconstruction that 
preserves the most of the 
details of the image.  

 

 

 

Q4.  Explain histogram equalization 

The aim is to transform image with 
equally distributed brightness levels 
over the whole brightness scale 

 

Histograms of an image before and after 
equalization

Method 
1. For a  NxM image of G gray

values.  
2. Form the image histogram H

Let gp =f(x,y).   
3. Form the cumulative histogram H

4. Set T[p] = round(    (G

5. Replace the pixels with values with g
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It highlights a specific range of intensities in an image often is of interest.
include enhancing features such as masses of water in satellite imagery and enhancing flaws 

ray images. It can be done in several ways 

ixels are composed of 8 bits. The contributions of each bit that make sense are 
in bit plane slicing. Decomposing an image into its bit planes is useful for 

analyzing the relative importance of each bit in the image, a process that aids in 
the adequacy of the number of bits used to quantize the image. It i

Here only higher order bits are used for storage and reconstruction that 

Explain histogram equalization   

The aim is to transform image with 
equally distributed brightness levels 
over the whole brightness scale  

Histograms of an image before and after 
equalization 

NxM image of G gray-levels, create array H of length G initialized with 0 

Form the image histogram H. For every pixel (x,y) do the following. 
  Compute H[gp] = H[gp]+ 1 

Form the cumulative histogram HC:   HC[0] = H[0],       
HC[g] = HC[g-1] + 1;   where g

(G-1)*HC[p]/NM   )  

Replace the pixels with values with gp with gq,  gq = T[gp] 
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It highlights a specific range of intensities in an image often is of interest. Applications 
satellite imagery and enhancing flaws 

that make sense are 
Decomposing an image into its bit planes is useful for 

analyzing the relative importance of each bit in the image, a process that aids in determining 
is useful in image 

Here only higher order bits are used for storage and reconstruction that 

ngth G initialized with 0 

do the following.  

g = 1..G-1 



Question and Answers

Digital Image Processing 

 

 

Q5.  What is the aim of histogram matching? Explain the steps involved 

The aim of the histogram matching or specification is to convert the image so that it has a 
particular histogram that can be arbitrarily specified. Such a mapping function can be found 
in three steps: i) Equalize the histogram of the input image ii) Equali
histogram iii) Relate the two equalized histograms. The steps can be summarized as follows. 

1. Compute the histogram
equalization transformation

2. Use the specified PDF to obtain the 

3. Obtain the inverse transformation 

4. From the histogram-specified image by first histogram
then mapping every equalizes pixel value 
zq in the histogram –specified image using the mappings found in step3. 

 

Graphical Illustration  
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What is the aim of histogram matching? Explain the steps involved 

The aim of the histogram matching or specification is to convert the image so that it has a 
particular histogram that can be arbitrarily specified. Such a mapping function can be found 
in three steps: i) Equalize the histogram of the input image ii) Equali
histogram iii) Relate the two equalized histograms. The steps can be summarized as follows. 

Compute the histogram pr(r) of the given image and use it to find the histogram 
equalization transformation 

Use the specified PDF to obtain the transformation function G(z) 

Obtain the inverse transformation z = G-1(s); because z is obtained from s, 

 
specified image by first histogram-equalizing the input image and 

then mapping every equalizes pixel value sk ofthis image to the corresponding value 
specified image using the mappings found in step3. 
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What is the aim of histogram matching? Explain the steps involved  

The aim of the histogram matching or specification is to convert the image so that it has a 
particular histogram that can be arbitrarily specified. Such a mapping function can be found 
in three steps: i) Equalize the histogram of the input image ii) Equalize the specified 
histogram iii) Relate the two equalized histograms. The steps can be summarized as follows.  

of the given image and use it to find the histogram 

 

 
; because z is obtained from s,  

 
equalizing the input image and 

the corresponding value 
specified image using the mappings found in step3.  
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Q6. Explain basics of spatial filtering?  

Filtering is a technique for modifying or enhancing an image. One can filter an image to
emphasize certain features or remove other features. Image processing operations 
implemented with filtering include smoothing, sharpening, and edge enhancement.

Filtering is a neighborhood operation,
image is determined by applying some algorithm to the values of the pixels in the 
neighborhood of the corresponding input pixel. A pixel's neighborhood is some set of pixels, 
defined by their locations relative to that pixel.

Linear filtering is is a neighborhood operation in which each output pixel is the weighted sum 
of neighboring input pixels. The matrix of weights is called the

You would use the following steps to compute the output pixel

1. Move the mask such that its center falls i
2. At every move, compute multiplication of each pixel under mask with corresponding 

filter weight.  
3. Replace this value at the point of coordinates 

 

Illustration  

The figure shows processing of pixel with value 

 

The pixel (2, 4) in the resultant image g(x,y) is assigned with the value 575.

In general, at f(x,y) the value is computed as
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Explain basics of spatial filtering?   

Filtering is a technique for modifying or enhancing an image. One can filter an image to
emphasize certain features or remove other features. Image processing operations 
implemented with filtering include smoothing, sharpening, and edge enhancement.

neighborhood operation, in which the value of any given pixel in the output 
image is determined by applying some algorithm to the values of the pixels in the 
neighborhood of the corresponding input pixel. A pixel's neighborhood is some set of pixels, 
defined by their locations relative to that pixel. 

borhood operation in which each output pixel is the weighted sum 
The matrix of weights is called the kernel/mask/

You would use the following steps to compute the output pixel.  

Move the mask such that its center falls into to all pixels.  
At every move, compute multiplication of each pixel under mask with corresponding 

Replace this value at the point of coordinates (x, y), in the resultant image 

The figure shows processing of pixel with value (2, 4) by a 3x3 weighted mask. 

 

The pixel (2, 4) in the resultant image g(x,y) is assigned with the value 575.

ue is computed as 
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Filtering is a technique for modifying or enhancing an image. One can filter an image to 
emphasize certain features or remove other features. Image processing operations 
implemented with filtering include smoothing, sharpening, and edge enhancement. 

in which the value of any given pixel in the output 
image is determined by applying some algorithm to the values of the pixels in the 
neighborhood of the corresponding input pixel. A pixel's neighborhood is some set of pixels, 

borhood operation in which each output pixel is the weighted sum 
/mask/filter. 

At every move, compute multiplication of each pixel under mask with corresponding 

in the resultant image g.  

mask.  

The pixel (2, 4) in the resultant image g(x,y) is assigned with the value 575. 
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Q7.  Explain image smoothing and 

Smoothing 

Smoothing filters are used for blurring and for noise reduction. Blurring is used in 
preprocessing steps, such as removal of small details from an image prior to (large) object 
extraction, and bridging of small gaps 
accomplished by blurring with a linear filter and also by nonlinear filtering.
Filters also called as averaging filters

The idea behind smoothing filters is straightforward. By
an image by the average of the gray levels in the neighborhood
this process results in an image with reduced
random noise typically consists of s
application of smoothing is noise reduction.

However, edges (which almost always are desirable features of
characterized by sharp transitions in gray levels, so averaging
effect that they blur edges.  

Some commonly used smoothing filters are listed below. 

3x3 averaging filter     Weighted 

Sharpening 

The principal objective of sharpening is to highlight 
detail that has been blurred, either in error or as a natural effect of
image acquisition. Uses of image sharpening vary and include
electronic printing and medical imag
military systems. Fundamentally, the strength of the response
proportional to the degree of discontinuity of
applied. Thus, image differentiation
and deemphasizes areas with slowly varying gray

Let us consider sharpening filters that

Sharpening filters based on 
stronger response to gray level step
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Explain image smoothing and sharpening in spatial domain.

Smoothing filters are used for blurring and for noise reduction. Blurring is used in 
preprocessing steps, such as removal of small details from an image prior to (large) object 
extraction, and bridging of small gaps in lines or curves. Noise reduction can be 
accomplished by blurring with a linear filter and also by nonlinear filtering.

averaging filters or lowpass filters. 

The idea behind smoothing filters is straightforward. By replacing the value
an image by the average of the gray levels in the neighborhood defined by the filter mask, 
this process results in an image with reduced “sharp” transitions in gray levels. 
random noise typically consists of sharp transitions in gray levels, the most obvious 
application of smoothing is noise reduction. 

However, edges (which almost always are desirable features of an image) also are 
characterized by sharp transitions in gray levels, so averaging filters have the

Some commonly used smoothing filters are listed below.  

filter     Weighted averaging filter    Gaussian

               

The principal objective of sharpening is to highlight fine detail in an image or
detail that has been blurred, either in error or as a natural effect of a particular method of 
image acquisition. Uses of image sharpening vary and include applications ranging from 
electronic printing and medical imaging to industrial inspection and autonomous guidance in 

Fundamentally, the strength of the response of a derivative operator is 
proportional to the degree of discontinuity of the image at the point at which the operator is 

image differentiation enhances edges and other discontinuities (such as noise) 
areas with slowly varying gray-level values.  

consider sharpening filters that are based on 1st and 2nd order derivatives. 

ilters based on first order derivatives: These filters produce thicker edges
tronger response to gray level step. 
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sharpening in spatial domain. 

Smoothing filters are used for blurring and for noise reduction. Blurring is used in 
preprocessing steps, such as removal of small details from an image prior to (large) object 

in lines or curves. Noise reduction can be 
accomplished by blurring with a linear filter and also by nonlinear filtering. Smoothing linear 

replacing the value of every pixel in 
defined by the filter mask, 

“sharp” transitions in gray levels. Because 
harp transitions in gray levels, the most obvious 

an image) also are 
filters have the undesirable side 

Gaussian filter 

fine detail in an image or to enhance 
a particular method of 

applications ranging from 
inspection and autonomous guidance in 

of a derivative operator is 
the image at the point at which the operator is 

enhances edges and other discontinuities (such as noise) 

order derivatives.  

produce thicker edges, 

 



Question and Answers

Digital Image Processing 

 

 

Based on above theory, following operators are designed

Sharpening  filters based on second order derivatives
stronger response to fine details like thin lines, isolated points
step.  

��� �
���

���
�
���

���
 

	
�

	�

� �� � 1, �� � �� � 1,

2��, ��         

Now �
� � �� � 1, �� � �

 

The laplacian mask is designed based on the 2

Q8. What are order statistics filters?  How they can be used 

These are non linear filters whose re
pixels contained in the image area encompassed by the filter.
impulse noise or salt & pepper noise effectively
filter. 

Median Filter : Replaces the value of a pixel f(x,y) by the median of the pixel values in the 
neighborhood of that pixel, including f(x,y) . 

Works well for various noise types, with less blurring than linear filters of similar size. Odd 
sized neighborhoods and efficient sorts yiel
Most commonly used order-statistic filter 

Max Filter:  Max filter replaces the value of a pixel f(x,y) by the maximum of the pixel 
values in the neighborhood of that pixel, including f(x,y).  Useful for finding
points in an image. Tends to reduce pepper noise (i.e. dark pixel values). 

Min Filter:  It replaces the value of a pixel f(x,y) by the minimum of the pixel values in the 
neighborhood of that pixel, including f(x,y). Tends to reduce salt nois
values). 
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Based on above theory, following operators are designed to extract the gradients. 

ilters based on second order derivatives: Second order d
stronger response to fine details like thin lines, isolated points, double response at gray level 

�� � 2��, ��        
	
�

	�

� 	��, � � 1� � ��

� � 1, �� � 	��, � � 1� � ��, � � 1� � 4�

The laplacian mask is designed based on the 2nd order derivatives.  

What are order statistics filters?  How they can be used in enhance

These are non linear filters whose response is based on ordering (sorting and 
pixels contained in the image area encompassed by the filter. They remove random noise, 
impulse noise or salt & pepper noise effectively. Examples: Max filter, Min filter

he value of a pixel f(x,y) by the median of the pixel values in the 
neighborhood of that pixel, including f(x,y) .  

Works well for various noise types, with less blurring than linear filters of similar size. Odd 
sized neighborhoods and efficient sorts yield a computationally efficient implementation. 

statistic filter  

replaces the value of a pixel f(x,y) by the maximum of the pixel 
values in the neighborhood of that pixel, including f(x,y).  Useful for finding
points in an image. Tends to reduce pepper noise (i.e. dark pixel values).  

It replaces the value of a pixel f(x,y) by the minimum of the pixel values in the 
neighborhood of that pixel, including f(x,y). Tends to reduce salt nois
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to extract the gradients.  

 

Second order derivatives give 
ouble response at gray level 

 , � � 1� �

��, �� 

 

enhancement?  

sorting and ranking) the 
They remove random noise, 

xamples: Max filter, Min filter, Median 

he value of a pixel f(x,y) by the median of the pixel values in the 

Works well for various noise types, with less blurring than linear filters of similar size. Odd 
d a computationally efficient implementation. 

replaces the value of a pixel f(x,y) by the maximum of the pixel 
values in the neighborhood of that pixel, including f(x,y).  Useful for finding the brightest 

It replaces the value of a pixel f(x,y) by the minimum of the pixel values in the 
neighborhood of that pixel, including f(x,y). Tends to reduce salt noise (i.e. bright pixel 
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Q9 Explain how filtering is performed in frequency domain. 

Steps for Filtering in Frequency domain

1. Multiply the input image f(x,y) 
(MxN is the size of the image)

2. Compute Discrete Fourier Transform 
3. Multiply F(u,v) by a filter function H(u,v)
4. Compute the inverse DFT of 
5. Obtain the real part of the result in (4)
6. Multiply the result in (5) by (

Q10 Explain how low pass (smoothing), high pass (sharpening) and band 
pass filtering is performed in frequency domain. 

Filtering in Frequency domain

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 its DFT F(u,v). 
Assume H(u,v) is the DFT of h(x,y), the filter. 

In the frequency domain filterin

Low pass filtering (Smoothing) 

Regions of relatively uniform gray values in an image contribute to low
its Fourier transform. Hence, an image can be smoothed in the Frequency
attenuating (decreasing) the high
result in low pass filter. For low pass filter, design H such that its central region is filled with 
non-zeros, which allows low frequency signals and othe

(Continued…) 
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Explain how filtering is performed in frequency domain. 

Steps for Filtering in Frequency domain 

f(x,y) by (-1)x+y to center the transform to u = M/2 and v = N/2 
(MxN is the size of the image) 

Discrete Fourier Transform F(u,v), of the image  
Multiply F(u,v) by a filter function H(u,v);  G(u,v) = H(u,v).F(u,v) 
Compute the inverse DFT of G(u,v) 
Obtain the real part of the result in (4) 
Multiply the result in (5) by (-1)x+y to cancel the multiplication of the input image. 

Explain how low pass (smoothing), high pass (sharpening) and band 
pass filtering is performed in frequency domain.  

Filtering in Frequency domain 

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 its DFT F(u,v). 
Assume H(u,v) is the DFT of h(x,y), the filter.  

In the frequency domain filtering is achived by   G(u,v) = H(u,v).F(u,v) 

(Smoothing) in Frequency domain 

Regions of relatively uniform gray values in an image contribute to low-frequency content of 
its Fourier transform. Hence, an image can be smoothed in the Frequency
attenuating (decreasing) the high-frequency content of its Fourier transform.  This would 

For low pass filter, design H such that its central region is filled with 
zeros, which allows low frequency signals and other regions with zero. 
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Explain how filtering is performed in frequency domain.  

to center the transform to u = M/2 and v = N/2 

to cancel the multiplication of the input image.  

 

Explain how low pass (smoothing), high pass (sharpening) and band 

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 its DFT F(u,v). 

frequency content of 
its Fourier transform. Hence, an image can be smoothed in the Frequency domain by 

frequency content of its Fourier transform.  This would 
For low pass filter, design H such that its central region is filled with 

r regions with zero.  
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(1) An ideal low pass filter with cutoff frequency 
designed as;  

Note that the origin (0, 0) is at the cente
have  a sharp transition  in  the
ringing effect in the resultant image. 

(2) Butterworth low pass filter

 

 

 

Frequency  response  does  not  have  a  sharp  transition  as  in
the ideal LPF.  This is more 
than  the  ideal LPF, since this not introduce ringing.  
 
(3) Gaussian low pass filters:
pass  filter  in  two

, where  
distance from the origin in the frequency plane.   The 
parameter σ measures the spread
curve.  Larger the value of σ, larger 
milder the filtering.   

High pass filtering (Sharpening) 

Edges and sharp transitions in gray values in an image contribute significantly to high
frequency content of its Fourier transform. Hence, image sharpening in the Frequency 
domain can be done by attenuating
transform. This would result in high pass filter.
directly designed. For high pass filter, design H such that its central regions are zeros, which 
suppresses low frequency signals.

(1) A 2-D Ideal high pass filter

 
 

 
 
 
(2) Butterworth high pass Filter
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with cutoff frequency Do can be 

  

Note that the origin (0, 0) is at the center. Frequency response 
transition  in  the ideal LPF which results 

ringing effect in the resultant image.  
 

utterworth low pass filter is designed as follows; select H such that 

Frequency  response  does  not  have  a  sharp  transition  as  in  
 appropriate for image smoothing 

than  the  ideal LPF, since this not introduce ringing.   

ow pass filters: The  form  of  a  Gaussian  low 
pass  filter  in  two-dimensions  is given by  

, where  D(u,v) = (u2 + v2)0.5  is the 
distance from the origin in the frequency plane.   The 

 measures the spread or dispersion of the Gaussian 
, larger the cutoff frequency and 

 

(Sharpening) in Frequency domain 

Edges and sharp transitions in gray values in an image contribute significantly to high
frequency content of its Fourier transform. Hence, image sharpening in the Frequency 
domain can be done by attenuating (decreasing) the low-frequency content of its Fourier 
transform. This would result in high pass filter. Here, transformation function H(u,v) is 

For high pass filter, design H such that its central regions are zeros, which 
suppresses low frequency signals. 

ilter  (IHPF) is defined as:  

Filter  is defined as follows.  

Butterworth LPF with 
Do
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Edges and sharp transitions in gray values in an image contribute significantly to high-
frequency content of its Fourier transform. Hence, image sharpening in the Frequency 

y content of its Fourier 
Here, transformation function H(u,v) is 

For high pass filter, design H such that its central regions are zeros, which 

Butterworth LPF with  
o=36  and  n = 1 
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(3) Gaussian high pass filters:

filter  in  two-dimensions  is given by  
D(u,v) = (u2 + v2)0.5  is the distance from the origin in the frequency 
plane.  The parameter σ measures the spread
Gaussian curve.  Larger the 
and severe the filtering.   
 
Band Pass Filters: Preserves 

 

Q11 Write a short note on Homomorphic Filtering

When applying filtering, it is difficult to handle low/high frequencies separately. To 
overcome this problem homomorphic filtering is used.

Let us represent the image as a combination of reflectance and illumination
i(x,y).r(x,y) 

The illumination component i(x,y) varies slowly and affects low frequencies mostly whereas 
the reflection component r(x,y) varies faster and affects high frequencies mostly. 

1. Take ln(f(x,y)) = ln(i(x,y))+ln(r(x,y))
2. Apply Fourier Transform 

F(ln(f(x,y))) = F(ln(i(x,y)))+F(ln(r(x,y)))
or => Z(u,v) = Illum(u,v) + Refl(u,v) 

3. Apply filtering using H(u,v)

Z(u,v)H(u,v) = Illum(u,v)H(u,v) + Refl(u,v)H(u,v) 
4. Take inverse Fourier Transform 

F-1(Z(u,v)H(u,v)) = F

5. Take exp() 

g(x,y) is the resultant filtered image. 

uestion and Answers   ||   Unit 5: Image Enhancement 
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pass filters: The  form  of  a  Gaussian  high pass  

dimensions  is given by  , where  
is the distance from the origin in the frequency 
σ measures the spread or dispersion of the 

 value of σ, larger the cutoff frequency 

Preserves frequencies within a certain band.  

Write a short note on Homomorphic Filtering 

hen applying filtering, it is difficult to handle low/high frequencies separately. To 
overcome this problem homomorphic filtering is used. 

a combination of reflectance and illumination

The illumination component i(x,y) varies slowly and affects low frequencies mostly whereas 
the reflection component r(x,y) varies faster and affects high frequencies mostly. 

(f(x,y)) = ln(i(x,y))+ln(r(x,y)) 

F(ln(f(x,y))) = F(ln(i(x,y)))+F(ln(r(x,y)))        
or => Z(u,v) = Illum(u,v) + Refl(u,v)  

H(u,v) 

Z(u,v)H(u,v) = Illum(u,v)H(u,v) + Refl(u,v)H(u,v)  
4. Take inverse Fourier Transform  

(Z(u,v)H(u,v)) = F-1(Illum(u,v)H(u,v)) + F-1(Refl(u,v)H(u,v))
or => s(x,y) = i'(x,y) + r'(x,y)  

es(x,y) = ei'(x,y) +er'(x,y)    

or g(x,y) = io(x,y) + ro(x,y)  
is the resultant filtered image.  

***** 
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hen applying filtering, it is difficult to handle low/high frequencies separately. To 

a combination of reflectance and illumination. f(x,y) = 

The illumination component i(x,y) varies slowly and affects low frequencies mostly whereas 
the reflection component r(x,y) varies faster and affects high frequencies mostly.  

(Refl(u,v)H(u,v)) 

 


