
AYDIN 
ADNAN MENDERES UNIVERSITY

FACULTY OF ENGINEERING
Department of Electrical and Electronics Engineering

EE454 – Digital Image Processing

2022-2023, Fall

Presentation 5

Dr. Adem Ükte



EE454 – Digital Image Processing
Dr. Adem Ükte

Image Enhancement Operations Done by Filtering
• It is often possible to encounter some disruptive effects such as blurring and noise that reduce or weaken 

the quality, selectability and intelligibility of images.

• In order to partially overcome such distortions, images are subjected to a filtering process.

• Filtering can be performed in two stages, which are spatial domain and frequency domain filtering.
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Filtering Operations in the Spatial Domain
• Filtering operations in the spatial domain are based on the regional neighborhoods of the pixels that make 

up the image.

• For this purpose, filter kernels (windows) of certain sizes, called spatial filters, are used.

• These filters used for image enhancement can be examined under two groups as linear and non-linear spatial 
filters.

• Filtering using linear filters is based on the convolution of the filter kernels representing the linear filter 
with a finite impulse response ℎ(𝑚, 𝑛) with the input image.

• Filter kernels are usually square sized and are chosen to consist of odd numbers (with a certain center) in 
the form of 3×3, 5×5, 7×7, 9×9, 11×11, … .
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Filtering Operations in the Spatial Domain
• The steps of the convolution process are given below:

• The filter kernel is placed over the image with its center on the image pixel of interest,

• The results obtained by multiplying the gray level values of the pixels in the kernel and the filter 
kernel coefficients in the same position are summed.

• The sum result will be the new gray level value of the pixel of interest.

• The convolution operation is performed for all pixels in the image by sliding the filter kernel over the 
image.

• Thus, the image created with the new gray level values corresponds to the filtered version of the input 
image.

• Filter kernels with different coefficients are used for different filtering operations (such as low-pass, 
high-pass, band-pass filtering) to be performed.
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Filtering Operations in the Spatial Domain
• The above-mentioned basic approach for filtering in the spatial domain is mathematically expressed by the 

following equation:

𝑂 𝑖, 𝑗 = 

𝑘=−𝑛1

𝑛1



𝑙=−𝑛1

𝑛1

ℎ 𝑘, 𝑙 𝐼 𝑖 + 𝑘, 𝑗 + 𝑙 (5)

• Here; 𝐼 𝑖, 𝑗 and 𝑂 𝑖, 𝑗 represent input and output images of size 𝑀 ×𝑁 for 𝑖 = 0,1,2, … ,𝑀 − 1 and 
𝑗 = 0,1,2, … ,𝑁 − 1, respectively,

• and ℎ 𝑘, 𝑙 represents the filter coefficients.

• Equation (5) expresses the convolution of the filter kernel with the input image pixels in the (i, j) centered 
neighborhood.

• In the convolution operation defined by equation (5), attention should be paid to the following situation:

• In order to avoid any error while performing the convolution operation on the edge pixels of the input 
image, it is necessary to add zeros to the four edges of the input image according to the size of the filter 
kernel.

𝑛2



EE454 – Digital Image Processing
Dr. Adem Ükte

5

Filtering Operations in the Spatial Domain
The process of adding zeros to the input image is illustrated in the figure below.
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Filtering Operations in the Spatial Domain
Convolution of the input image with the filter kernel of size (2𝑛1 + 1) × (2𝑛1 + 1) is performed by shifting 
the filter kernel so that the center of the filter kernel will be placed on each pixel of the image.
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Filtering Operations in the Spatial Domain
• For example, for 𝑛1 = 𝑛2 = 1, with a filter kernel of size (3 × 3), the convolution of input image pixels at 

positions (0,0) and (0,1) is obtained using equation (5) as follows:

𝑂 𝑖, 𝑗 = 

𝑘=−1

1



𝑙=−1

1

ℎ 𝑘, 𝑙 𝐼 𝑖 + 𝑘, 𝑗 + 𝑙

𝑂 0,0 = ℎ −1,−1 𝐼 −1,−1 + ℎ −1,0 𝐼 −1,0 + ℎ −1,1 𝐼 −1,1 + ℎ 0,−1 𝐼 0,−1 + ℎ 0,0 𝐼 0,0 + ℎ 0,1 𝐼 0,1

+ℎ 1,−1 𝐼 1,−1 + ℎ 1,0 𝐼 1,0 + ℎ 1,1 𝐼 1,1

= ℎ 0,0 𝐼 0,0 + ℎ 0,1 𝐼 0,1 + ℎ 1,0 𝐼 1,0 + ℎ 1,1 𝐼 1,1

𝑂 0,1 = ℎ −1,−1 𝐼 −1,0 + ℎ −1,0 𝐼 −1, −1 + ℎ −1,1 𝐼 −1,2 + ℎ 0,−1 𝐼 0,0 + ℎ 0,0 𝐼 0,1 + ℎ 0,1 𝐼 0,2

+ℎ 1,−1 𝐼 1,0 + ℎ 1,0 𝐼 1,1 + ℎ 1,1 𝐼 1,2

= ℎ 0,−1 𝐼 0,0 + ℎ 0,0 𝐼 0,1 + ℎ 0,1 𝐼 0,2 + ℎ 1, −1 𝐼 1,0 + ℎ 1,0 𝐼 1,1 + ℎ 1,1 𝐼 1,2

• 𝑂 0,0 and 𝑂 0,1 will correspond to the filtered form of the input image gray level values 
𝐼 0,0 and 𝐼 0,1 .

• The same process is repeated for all pixels that make up the input image, and the filtered form of the 
entire input image is reached.
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Filtering Operations in the Spatial Domain
function O=func_spat_filt(I,h)

% FUNC_SPAT_FILT performs filtering to the image in the spatial domain 

%   O=func_spat_filt(I,h)  

%   I: uint8 or double type input image ----- O: double type Output image

%   h: Filter kernel (It should be square sized and consist of odd numbers 

%   (with a certain center) in the form of 3×3, 5×5, 7×7, 9×9, 11×11, … .

[h_row,h_col]=size(h);

if h_row<3 || h_col<3 || h_row~=h_col || rem(h_row,2)==0

warning('h should be square sized and its size should consist of odd numbers');

O=[];

else

[M,N]=size(I);

n1=(h_row-1)/2;

I=double(I); % Converting double for mathematical calculations

O=zeros(M,N);

for i=1:M

for j=1:N

for k=-n1:n1

for l=-n1:n1

% Summation terms which correspond to outside of 

% input image will not be calculated. 

if (i+k)>=1 && (i+k)<=M && (j+l)>=1 && (j+l)<=N

O(i,j)=O(i,j)+h(k+n1+1,l+n1+1)*I(i+k,j+l);

end

end

end

end

end

end

𝑂 𝑖, 𝑗 = 

𝑘=−𝑛1

𝑛1



𝑙=−𝑛1

𝑛1

ℎ 𝑘, 𝑙 𝐼 𝑖 + 𝑘, 𝑗 + 𝑙
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Smoothing Spatial Filters
• Smoothing (also called averaging) spatial filters are used to reduce sharp transitions in intensity. 

• Because random noise typically consists of sharp transitions in intensity, an obvious application of smoothing 
is noise reduction. 

• Smoothing is used to reduce irrelevant detail in an image, where “irrelevant” refers to pixel regions that 
are small with respect to the size of the filter kernel. 

• There are many types of noise available. However, they can be classified under two main groups as additive 
and multiplicative noise.

• An example of multiplicative noise is variable lighting. Impulse and Gaussian noise, on the other hand, are 
assumed to be additive noise.

• Impulse noise randomly changes the value of some pixels in the image. For a binary image, the effect of 
impulse noise can be interpreted as some 0's in the image transforming to 1 and some 1's to 0. Because of 
this feature, impulse noise is also called salt and pepper noise.

• Zero mean and σ2 variance Gaussian noise (also called white Gaussian noise) is a normally distributed random 
noise process obtained from the Gaussian probability density function. The noise caused by the electronic 
sensors used in capturing the image can be given as an example of this type of noise. It often appears as 
random, non-uniform disruptive effects, and this type of noise causes sudden (instantaneous) changes from 
pixel to pixel.
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Lowpass Spatial Filtering
• Due to the high spatial correlation between adjacent (neighboring) pixels, most of the energy (appr. 95%)

of a typical image is concentrated mainly in its low frequency components.

• On the other hand, the noise is spread over a very wide frequency band. In other words, the high-
frequency components of the noise are more dominated.

• Accordingly, the energy of an image distorted by additive random noise will be spread over a wide 
frequency range due to the noise.

• If the high frequency components are attenuated (suppressed) while preserving the low frequency 
components in the image, the effect of the noise in the image is reasonably reduced.

• The low-pass filtering process suppresses most of the noise in the image, at the expense of causing a slight 
loss of information in the image signal.

• What is meant by loss of information as a result of filtering can be expressed as blurring of the image, 
suppression of details and smoothing of sharpness.

• It is obvious that such a situation occurs, since the edges and details of the objects that make up the 
image contain high-frequency components.

• Low pass filtering is performed by convolution of the noisy image with low pass filter (LPF) kernels.

• The following figure shows the impulse responses of some LPF kernels used to filter out random noise in the 
image.
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Lowpass Spatial Filtering

• Compared to the LPF2 and 
LPF3 filter kernels, it can 
be said that the filter 
provided with LPF1 will 
have more smoothing 
capability. Because during 
the convolution of the 
image with LPF1, all the 
gray levels in the kernel 
(including the central 
pixel) will be multiplied 
with an equal coefficient.

• On the other hand, the 
coefficient values in the 
center of the LPF2 and 
LPF3 kernels are larger 
than the other 
coefficients, and the 
image pixel value of 
interest will be multiplied 
by these center 
coefficient values.
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Lowpass Spatial Filtering
• Notice that the sum of the coefficients of each of the filter kernels is 1. 

• This corresponds to averaging the pixels within the area covered by the filter kernel in the image and 
can be expressed as the neighborhood average of the relevant pixel. 

• Also, with the sum of the coefficients of the filter kernels being 1, the DC component in the original 
image is preserved.

• With the averaging process, the sudden changes in the neighborhood of the pixel of interest are 
smoothed and thus the effect of the noise is considerably reduced.

• On the other hand, with the effect of smoothing, the details and edges in the image lose their 
sharpness and blurring occurs.

• In this sense, blurring seems to be an effect that limits the performance of low-pass filtering.
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• Example 10: The figure on the right shows the results obtained 
by applying LPF1, LPF2 and LPF3 filter kernels to the image 
distorted with SNR = 10 dB white Gaussian noise. 

• When the results obtained are examined, it is seen that the 
effect of noise is reduced but not completely eliminated. 

• In addition, it is observed that blurring occurs in the filtered 
images.

13

clc;clear;close all;

I=imread('Lenna.png');

[M,N]=size(I);

I=double(I);

% 3x3 sized LPF1, LPF2 and LPF3 filter kernels

h_LPF1=1/9*ones(3);

h_LPF2=1/10*ones(3); h_LPF2(2,2)=2/10;

h_LPF3=(1/16)*[1 2 1;2 4 2;1 2 1];

% Obtaining noisy image

SNR=10;

P_I=(1/(M*N))*sum(sum(I.^2));% Power of input image

P_W=P_I/(10^(0.1*SNR));% Power of noise matrix

W=sqrt(P_W)*randn(M,N);% Additive white Gaussian Noise matrix

In=I+W;% Noisy image

% Obtaining filtered versions of noisy image

O1=func_spat_filt(In,h_LPF1);

O2=func_spat_filt(In,h_LPF2);

O3=func_spat_filt(In,h_LPF3);

% Viewing the results

In=uint8(In);

I=uint8(I); O1=uint8(O1); O2=uint8(O2); O3=uint8(O3);

figure,subplot(221),imshow(In)

title(['Noisy image with SNR=',num2str(SNR),' dB'])

subplot(222),imshow(O1)

title('Output image filtered with LPF1')

subplot(223),imshow(O2)

title('Output image filtered with LPF2')

subplot(224),imshow(O3)

title('Output image filtered with LPF3')

𝑃𝑊𝐺𝑁 =
𝑃𝐼

10
𝑆𝑁𝑅
10

𝑆𝑁𝑅 = 10 log10
𝑃𝐼

𝑃𝑊𝐺𝑁

𝑃𝐼 =
1

𝑀𝑁


𝑖=0

𝑀−1



𝑗=0

𝑁−1

𝐼2 𝑖, 𝑗
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• Example 10 (Cont.): The amount of blurring increases with the size of the filter 
kernel used and the repetition of the filtering process. 

• The effect of blurring according to the size of the filter kernel is shown on the 
right. 

• Here, 3×3, 5×5, 7×7, 9×9 and 15×15 LPF1 filter kernels are used to filter the 
previous noisy image with SNR=10 dB noise.
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% Continuing from previous codes.

% Different sized LPF1 filter kernels

h_LPF1_3=1/3^2*ones(3);%3x3

h_LPF1_5=1/5^2*ones(5);%5x5

h_LPF1_7=1/7^2*ones(7);%7x7

h_LPF1_9=1/9^2*ones(9);%9x9

h_LPF1_15=1/15^2*ones(15);%15x15

% Obtaining filtered versions of noisy image

O1_3=func_spat_filt(In,h_LPF1_3); O1_3=uint8(O1_3);

O1_5=func_spat_filt(In,h_LPF1_5); O1_5=uint8(O1_5);

O1_7=func_spat_filt(In,h_LPF1_7); O1_7=uint8(O1_7);

O1_9=func_spat_filt(In,h_LPF1_9); O1_9=uint8(O1_9);

O1_15=func_spat_filt(In,h_LPF1_15); O1_15=uint8(O1_15);

% Viewing the results

figure,subplot(321),imshow(In)

title(['Noisy image with SNR=',num2str(SNR),' dB'])

subplot(322),imshow(O1_3),title('Output image filtered with 3x3 LPF1')

subplot(323),imshow(O1_5),title('Output image filtered with 5x5 LPF1')

subplot(324),imshow(O1_7),title('Output image filtered with 7x7 LPF1')

subplot(325),imshow(O1_9),title('Output image filtered with 9x9 LPF1')

subplot(326),imshow(O1_15),title('Output image filtered with 15x15 LPF1')
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Median Filter
• One of the main disadvantages encountered in smoothing processes performed with low-pass filters in 

order to suppress the noise in the noisy image is the blurring and loss of sharpness of the edges and other 
details in the image. 

• If the goal is to suppress noise rather than bluring, a different approach to solving this problem is to use a 
median filter.

• Unlike low-pass filtering, in median filtering, the gray level value of each pixel in the image is replaced by 
the median of the gray level values of the neighboring pixels instead of the average of them.

• Median filtering is particularly effective at suppressing salt and pepper noise and impulsive noise (speckle 
noise) without damaging the edge information of the image too much.

• Median filtering preserves discontinuities in the image and can smooth out some pixels that show sudden 
changes in the neighborhood of the pixel of interest without affecting other pixels.

• On the other hand, the median filter has poor noise filtering performance for random Gaussian noise, 
blurring the image and causing loss of edge information.

• Unlike low pass filtering, median filtering is a nonlinear operation.

• As in low pass filtering, the choice of filter windows and the size of these filter windows are important in 
median filtering. The following figure shows median filter windows of various shapes and sizes.
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Median Filter
• In the median filtering, the pixel intensity values in the filter window applied to the pixel at the (𝑖, 𝑗)

position of the input image are ordered from the largest to the smallest or from the smallest to the 
largest, and the median value of the intensity values is determined as a result of this ordering. 

• This value corresponds to the gray level value of the pixel at position (𝑖, 𝑗) of the output image. 

• Accordingly, as a result of the sorting process, for example, the median value in the 3×3 neighborhood is 
the 5th largest value, similarly, the median value in the 5×5 neighborhood is the 13th largest value. 

• Notice that sorting is done to find the median value. In this sense, median filtering is also called rank order 
filtering.

• The size of the windows used for median filtering is usually chosen to be an odd number. 

• If the window size is selected from even numbers, then the average of the two middle values obtained as a 
result of the sorting process is taken as the median value. 

• As with low-pass filtering, the size of the window used in median filtering affects the result. Using a larger 
filter window increases the amount of blurring.
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Median Filter
function O=func_med_filt(I,n,win_type)

%   I: uint8 or double type input image

%   O: double type Output image 

%   n: Window length parameter

%   win_type: Median filter box windows type (1 for MF1, 2 for MF2, 

%   3 for MF3 or 4 for MF4.

if win_type~=1 && win_type~=2 && win_type~=3 && win_type~=4

warning('You should type 1, 2, 3, or 4 for win_type value');

O=[];

else

[M,N]=size(I);

O=zeros(M,N);

for i=1:M

for j=1:N

m=0; t=zeros; %Temporary index and vector

for k=-n:n

for l=-n:n

if win_type==2 && k~=0 && l~=0

continue

elseif win_type==3 && k~=0

continue

elseif win_type==4 && l~=0

continue

elseif (i-k)>0 && (i-k)<(M+1) && (j-l)>0 && (j-l)<(N+1)

m=m+1;

t(m)=I(i-k,j-l);

end

end

end

O(i,j)=median(t);

clear t

end

end

end
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• Example 11: In this example, the results obtained as a result of applying 
median filtering to images exposed to salt and pepper and Gaussian noises 
using 3x3 and 5x5 sized MF1, MF2, MF3 and MF4 filter windows will be 
examined.

• When the filtering results using 3x3 sized windows are examined, it is seen 
that salt and pepper noise is completely eliminated for MF1. Some blurring 
is noticeable when this image is compared to the original image. 

• Less salt and pepper noise was eliminated for the MF2 than for the MF1, 
but less blurring was observed compared to the MF1, meaning sharpness 
was better preserved. 

• Less salt and pepper noise was eliminated with the MF3 and MF4 compared 
to the MF1 and MF2.

18
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• Example 11 (Cont.): When the filtering results using 5x5 windows are 
examined, it is seen that more salt and pepper noise is eliminated compared 
to their counterparts using 3x3 windows. 

• The reason for this is that the median value calculated by using more 
neighboring pixels is assigned to the relevant pixel, depending on the 
increase in the window size. 

• Of course, more blurring was observed in the output images as a result of 
using larger sized windows.

19



EE454 – Digital Image Processing
Dr. Adem Ükte

• Example 11 (Cont.): When the results of filtering the image distorted by 
Gaussian noise are examined, it is seen that the performance of median 
filtering is not good for gaussian noise. 

• Although increasing the window size seemed to increase the performance 
relatively, it also increased the blur considerably.

20
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• Example 11 (Cont.):
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clc;clear;close all;

I=imread('eight.tif');

I=double(I);

[M,N]=size(I);

% User selection of various parameters:

a=input('Enter 1 for salt and pepper noise and 2 for Gaussian noise.\n');

while a~=1 && a~=2

a=input('Enter 1 for salt and pepper noise and 2 for Gaussian noise.\n');

end

SNR=input('Enter the SNR value.(dB)\n SNR= ');

n=input('Enter n for the (2n+1)x(2n+1) window size.\n n= ');

while n<=0 || n-round(n)~=0 || 2*n+1>min(M,N)

n=input(['Please enter a positive integer value for n,',...

' where the window edge length (2n+1) does not exceed',...

' the number of rows or columns of the image.\n n= ']);

end

disp(['Window Size: ',num2str(2*n+1),'x',num2str(2*n+1)])

PS=(1/(M*N))*sum(sum(I.^2));

PN=PS/(10^(0.1*SNR));

% Adding noise of the user specified type and SNR value to the original image.

switch a

case 1

I=uint8(I);

In=imnoise(I,'salt & pepper',PN/(M*N));

title_text='Salt & pepper';

case 2

W=sqrt(PN)*randn(M,N);

In=I+W;

In=uint8(In);

I=uint8(I);

title_text='Gaussian';

end

% Continued next slide.

𝑃𝑆𝑖𝑔 =
1

𝑀𝑁


𝑖=0

𝑀−1



𝑗=0

𝑁−1

𝐼2 𝑖, 𝑗

𝑆𝑁𝑅 = 10 log10
𝑃𝑆𝑖𝑔

𝑃𝑁𝑜𝑖𝑠𝑒
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• Example 11 (Cont.):
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% Continuing from the previous slide.

% Applying the MF1, MF2, MF3 and MF4 median filter windows of the size 

% selected by the user to the noisy image and obtaining the output images:

O1=func_med_filt(In,n,1);

O2=func_med_filt(In,n,2);

O3=func_med_filt(In,n,3);

O4=func_med_filt(In,n,4);

% Displaying the results:

O1=uint8(O1); O2=uint8(O2); O3=uint8(O3); O4=uint8(O4);

figure

subplot(2,3,1),imshow(I),title('Original image')

subplot(2,3,2),imshow(In),...

title([title_text,' noisy image (SNR=',num2str(SNR),' dB)'])

subplot(2,3,3),imshow(O1),...

title([title_text,'Median filtered image with (',num2str(2*n+1),'x',...

num2str(2*n+1),') MF1 window'])

subplot(2,3,4),imshow(O2),...

title([title_text,'Median filtered image with (',num2str(2*n+1),'x',...

num2str(2*n+1),') MF2 window'])

subplot(2,3,5),imshow(O3),...

title([title_text,'Median filtered image with (',num2str(2*n+1),'x',...

num2str(2*n+1),') MF3 window'])

subplot(2,3,6),imshow(O4),...

title([title_text,'Median filtered image with (',num2str(2*n+1),'x',...

num2str(2*n+1),') MF4 window'])
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END OF 
PRESENTATION 5
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