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Digitazation of an Image
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Black and White Image
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BW256 =

0        0       256       0         0
0      256     256     256       0

256    256     256     256     256
0      256     256     256       0
0        0       256       0         0

imagesc(BW256)
colormap(gray(256))



Black and White Image
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BW =

0     0     1     0     0
0     1     1     1     0
1     1     1     1     1
0     1     1     1     0
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imagesc(BW)
colormap(gray(256))



Image Grayscale
0-255
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n = 3
m = 3
figure('Position', [100 100 n m])
image(X)
colormap(gray(256))

imagesc(X)
colormap(gray(256))



Gray Scale Image
load trees



Image (indexed Image)
First 5 columns and rows

Xsub =

109   117    99   109    88
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n = 5
m = 5
figure('Position', [100 100 n m])
image(Xsub)
colormap(gray(256))

imagesc(X)
colormap(gray(256))



Visualization in MATLAB

load trees
I = ind2gray(X,map);
imshow(I)

What is I? (Intensity Image)

Isub =

0.7232    0.8245    0.6599    0.7232    0.6003
0.7745    0.7745    0.7745    0.7025    0.7745
0.7745    0.7745    0.7025    0.7745    0.7745
0.7025    0.7025    0.7025    0.7025    0.7025
0.7745    0.7025    0.7745    0.7025    0.7025



Matlab Image classes
• Double- floating number ("a number with decimals") 

between 0 (black) and 1(white) to each pixel
• Uint8- assigns an integer between 0 and 255 
• requires roughly 1/8 of the storage compared to the class 

double
• Indexed image – 2 matrices, first matrix has the same size 

as the image and one number for each pixel. second matrix 
is called the color map and its size may be different from 
the image.

• The numbers in the first matrix is an instruction of what 
number to use in the color map matrix.



Image format conversions

rgb2ind()Convert between RGB format to indexed format. 

rgb2gray()Convert between RGB format to intensity format. 

mat2gray()Convert a regular matrix to intensity format by scaling. 

ind2rgb()Convert between indexed format to RGB format. 

ind2gray()Convert between indexed format to intensity format. 

gray2ind()Convert between intensity format to indexed format. 

dither()Convert between intensity/indexed/RGB format to binary 
format. 

Matlab
command:Operation:



I=im2double(I);  converts an image named I from uint8 to double.
I=im2uint8(I);  converts an image named I from double to uint8. 

imwrite( , )Write an image to a file (‘filename’,format) 

imread()Read an image (‘filename') 

Matlab
commandReading and writing images



Fundamentals of Image Processing

Grey levels, L = 2B, where B is the number of bits in the
Binary representation of the brightness levels. B>1 grey level
Image, B=1 then binary image



Value of pixel at Row=3, 
column=10 is 110



Characteristics of Image Operations



Illustrutation of various types of 
image operations



Types of neighborhoods

-restrict to rectangular sampling, due to hardware/software
considerations



Tools-convolution

In 2D continuous space:

In 2D discrete space:

Properties of convolution: commutative, associative and 
distributive



Tools-Fourier transform
•FT represents 2D signal as a weighted sum of sines and cosines.

Forward FT

Inverse FT

Fourier transform is a unique and invertible operations



FT can be written in terms of magnitude and phase



• FT is periodic, with period 2π

• Convolution in the spatial domain is equivalent to multiplication 
in the frequency domain





Importance of magnitude and phase



Image statistics

Region is the interior of the circle



Algorithms
Histogram based operations

Brightness distribution function Brightness histogram



Contrast stretching

Instead of 0% and 100% use  Plow=1%  and Phigh=99%
In the above suppress 2B-1 and 

Sensitive to outliers



load spine;
img=X;
[m1 n1 r1]=size(img);
img2=double(img);
%calculation of vmin and vmax-
for(k=1:r1)
arr=sort(reshape(img2(:,:,k),m1*n1,1));
vmin(k)=arr(ceil(0.008*m1*n1));
vmax(k)=arr(ceil(0.992*m1*n1));
end

v_min=vmin;
v_max=vmax;

for(i=1:m1)
for(j=1:n1)

for(k=1:r1)
img2(i,j,k)=255*(img2(i,j,k)-v_min(1))/(v_max(1)-

v_min(1));
end

end
end
%-------------------
img2=uint8(img2);
figure,imshow(img),title('THIS IS THE ORIGINAL IMAGE');
figure,imshow(img2),title('THIS IS THE ENHANCED IMAGE');

Adjust contrast to the optimum level



Mathematics based operations

• Binary operations

Matlab >>im2bw %converts image to binary





Examples of various binary operations



Arithmetic Based Operations



Image negation

[x,map]=imread('saturn.tif');
imshow(x,map);
[nr,nc]=size(x);
% image is of type uint8, so convert it to double
x=double(x)+1;
for p=1:nr
for q=1:nc
xnew(p,q)=255-x(p,q);
end
imshow(xnew/max(max(xnew)));



Histogram Equalization
• Histogram normalization(linearization)-compare images on a 

specific basis
• Probability of occurrence of gray level rk in an image, n –

total number of pixels in image, nk – number of pixels that 
have grey level rk, sk – grey level of output pixel

• L-total number of grey levels

• Transformation function is
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Histogram Equalization

• Transformation function satisfies 
– (a) T(r) is single valued and monotonically increasing in the 

interval 0 ≤r≤1
– (b) 0≤T(r) ≤1 for 0≤r≤1



Original images, 
Results of histogram 
equalization, 
corresponding 
histogram



Enhancement by Image Averaging
• Consider a noisy image, 

g(x,y)=f(x,y)+ η(x,y)
• Reduce the noise y adding a set of noisy 

images, {gi(x,y)}
• Averaged image,
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Basics of Spatial Filtering

• Neighborhood subimage-filter, mask, 
kernel, template, or window

• Values in mask –coefficients
• Response R of linear filtering with the filter 

mask at a point (x,y) in the image is:
• R=w(-1,-1)f(x-1,y-1)+w(-1,0)f(x-1,y)+…
• +w(0,0)f(x,y)+…+w(1,0)f(x+1,y)+w(1,1)f(

x+1,y+1)





Smoothing spatial filters





Sharpening spatial filters
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The Laplacian for enhancement (the 
second derivative)
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Composite Laplacian mask



The Gradient for enhancement (the 
first derivative)
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