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Fundamental Steps in digital image processing  

Image acquisition  

Image enhancement  

Image restoration  

Color image processing  

Compression  

 Morphological processing  

Segmentation  

Recognition  



Introduction 

 One picture is worth more than ten 
thousand words. 

=>  Richness of image content 



Why digital image processing? 

 Motivation: 

 Improvement of pictorial information for 
human interpretation 

 Processing of image data for storage, 
transmission, and representation for 
autonomous machine perception 



What is digital image? 

 An image: 2-d function 

 I=f(x,y) 

 I: intensity (or Gray level) 

 (x,y): coordinate 

 When (x,y) and I are finite and discrete 
quantities -> digital image 

 pixels(像素), picture elements, image 

elements, pels 



Pixels 

Notice: pixel is not a square! 



Representing digital images 



Representing digital images 
(cont.) 

 Matrix form 

f(0,0)  f(0,1)      …     f(0,N-1) 
f(1,0)  f(0,1)      …     f(1,N-1) 

       … 
       … 

f(M-1,0)  f(M-1,1)      …     f(M-1,N-1) 
MN 

bits to store the image = M x N x k 
gray level = 2k 



Side story of Lena 

1972 playboy: Miss Nov. 1997 Lena 

http://www-2.cs.cmu.edu/~chuck/lennapg/lenna.shtml


Origins of digital image 
processing 

 Newspaper industry 
in 1920s 

 Telegraph printer, 5 
gray levels 

Specialized printing  
equipment coded pictures 
 for cable transmission and  
then reconstructed them at  

the receiving end.  





Origins of digital image 
processing (cont.) 

 15-tone in 1929 



The rising of digital image 
processing 

 Digital image processing 

 Digital image + digital computer processing 

 Modern digital computers 

 1940, John von Neumann 



The rising of digital image 
processing (cont.) 

 1960s, for space 
program 

 Jet Propulsion 
Lab(Pasadena, CA) 
in 1964 

































fingerprint image 



Image from video 



License Plate reader  



Face morphing 







Sources of digital images 

 Electromagnetic(EM) energy 電磁波 

 Acoustic imaging 

 Synthetic (computer-generated) imaging 

超音波 



EM images 



General DIP 
system 

Image 
acquisition 

Image 
display 

Image 
processing 

storage 



Introduction To Digital Image 
Processing With Matlab 

 Matlab is an abbreviation of Matrix Laboratory. 
 It is a popular Mathematical Programming Environment used 

extensively in Education as well as in Industry. 
 The trick behind Matlab is that everything is represented in 

the form of arrays or matrices. 
 Mathematical Operations starting from simple algebra to 

complex calculus may be conveniently carried out using this 
environment. 

 The main use of Matlab in Image Processing 2 is for 
algorithm implementations. 

 Code developed in Matlab can be converted into C, C++ or 
Visual C++. 



Matlab Basics  
 Matrix Manipulation: 

 Addressing of individual 
element 

 Complete Row Addressing 

 Complete Column Addressing 

 Transpose 

 Fliplr and Flipud 

 Saving and Loading Data 

 Concept of Function and m-Files 

 Concept of Path 

 

 Useful Commands: 

 Whos 

 Help 

 Clear 

 Path 

 Cd 

 Dir 

 lookfor 



Image Processing in Matlab  
Image Representation 

• An image I is a matrix of pixel values 

• Pixel value at p = [x,y]T is I(p)  

   or I(x,y) 

• Origin is top left corner 

 – I is a matrix 

– p is a vector 

– x, y, I(p), I(x,y) are scalars 

Note in Matlab I(r,c) refers to the rth row and the cth column 

of I. 
 

 The image processing may be done simply by matrix calculation or 

    matrix manipulation. 

 Image may be displayed with imshow command. 



Image Processing in Matlab 
Image I/O 

 

 You can open an image as a matrix using imread command. 

– The matrix may simply be m x n form or it may be 3 
dimensional array or it may be an indexed matrix, depending 
upon image type. 

 

 Changed image may then be saved with imwrite command. 



Some Matlab Resources: 

 Getting started with MATLAB 
 http://www.mathworks.com/access/helpdesk/help/techdoc/learn_matlab/learn_

matlab.shtml 

 

 MATLAB tutorial  

 http://www.math.mtu.edu/~msgocken/intro/intro.html  

 http://amath.colorado.edu/scico/tutorials/matlab/ 

 

 MATLAB helpdesk 

 http://www.mathworks.com/access/helpdesk/help/helpdesk.shtml 

 

 MATLAB Primer 

 ftp://ftp.eng.auburn.edu/pub/sjreeves/matlab_primer_40.pdf 

 

http://www.mathworks.com/access/helpdesk/help/techdoc/learn_matlab/learn_matlab.shtml
http://www.mathworks.com/access/helpdesk/help/techdoc/learn_matlab/learn_matlab.shtml
http://www.math.mtu.edu/~msgocken/intro/intro.html
http://amath.colorado.edu/scico/tutorials/matlab/
http://www.mathworks.com/access/helpdesk/help/helpdesk.shtml
ftp://ftp.eng.auburn.edu/pub/sjreeves/matlab_primer_40.pdf


Example of condition 1 may include: 

(1)Image sharpening. 

 



(2)Removing noise from an image. 



(3)Image deblurring. 

 



Example of condition 2 may include: 

(1)Obtain the edges of an image. 

 



(2)Removing detail from an image. 

 





















Types of digital images 

 1.Binary:Each pixel is just black or white. 

    Images for which a binary representation 

may be suitable include text , fingerprints ,or 

architectural planes. 

 



 2.Grayscale:Each pixel is a shade of gray, 

normally from 0(black) to255(white). 



 3.The color or red-green-blue:Here each pixel has a 

particular color, that color being described by the 

amount of red, green, and blue in it.Each of this 

compoments has a range 0-255. 



 4.Indexed: For convenience of storage and file handling, 

the image has an associated colormap, which is simply a 

list of all the colord used in that image. Each pixel has a 

value that does not give its color,but an index to the color 

in the map. 



indices 

6 10 15 12 
5 11 20 10 
4  6  10  7 

 0.1211    0.1211    0.1416 
 0.1807    0.2549    0.1729 
 0.2197    0.3447    0.1807 
 0.1611    0.1768    0.1924 
 0.2432    0.2471    0.1924 
 0.2119    0.1963    0.2002 

Colormap 

… 



Chapter2 Images and matlab 



導言 



Grayscale images 

 Matlab example: 

 w=imread(‘tires.tif’); 

 figure, imshow(w), pixval 

on 

 figure: create a window 

to place graphic object. 

 imshow: display matrix. 

 pixval on: turns on the 

pixel values in our figure. 

     c       *   r   =   p 

   columns   row    gray 

value 



w=imread(‘wombats.tif’); 

figure, imshow(w), pixval on 

C r p 

 imshow('wombats.tif') 

OR 





a=imread('autumn.tif'); 
>> figure, imshow(a),pixval on 

>> size(a) 

ans = 
 
   206   345     3 

 >> a(100,200,:) 

ans(:,:,1) = 
 
    75 

ans(:,:,2) = 
 
    25 

ans(:,:,3) = 
 
    30 

>> impixel(a,200,100) 
 
ans = 
 
    75    25    30 

OR 



RGB (true color) images 

 Matlab example: 

 w=imread(‘lily.tif’); 

 figure, imshow(w), pixval 

on 

 size(w) 

  = 186      230           3 

     rows   columns    pages 

 w(100,200,2)=179 

 w(100,200,1:3)=w(100,20

0,:) 

                 

=impixel(w,200,100) 



<<figure, imshow('emu.tif'), pixval on 

2.3 Indexed Color Images 

Three fractions are between 0 and 1 
Why? 



2.3 Indexed Color Images 

 MATLAB 最常處理的影像格式為索引影像（Indexed 
Images） 

 顯示此類型影像的語法如下： 

  image(X) 

  colormap(map) 

 其中X為影像的資料矩陣，map為色盤矩陣。 

 色盤矩陣的大小為K×3，每個橫列由三個元素所組成，
分別是R(紅) 、G(綠)、B(藍) ，每個元素的範圍為0~1 

 X的值為1~K，也就是當X(i, j)的值為p，則像素點(i, j) 
的顏色為map(p, :)這一列的值所決定。 



2.3 Indexed Color Images 
>> em=imread('emu.tif'); 
>> figure, imshow(em), pixval on 

em is being interpreted as a sigle grayscale image 



2.3 Indexed Color Images 

In fact, the image emu.tif is an example of an indexed image 

Color map index 

>> [em,emap]=imread('emu.tif'); 
>> figure,imshow(em,emap),pixval on 

<<figure, imshow('emu.tif'), pixval on 

OR 

>> em(1:5) 
 
ans = 
 
    15    26    16    11    19 
 
>> emap(1:5) 
 
ans = 
 
    0.1211    0.1807    0.2197    0.1611    0.2432 

Indices 

Color map 



Indexed color image 

indices 

6 10 15 12 
5 11 20 10 
4  6  10  7 

 0.1211    0.1211    0.1416 
 0.1807    0.2549    0.1729 
 0.2197    0.3447    0.1807 
 0.1611    0.1768    0.1924 
 0.2432    0.2471    0.1924 
 0.2119    0.1963    0.2002 

colormap 

… 



 Matlab example: 

 w=imread(‘emu.tif’); 

 figure, imshow(w), pixval 

on 

 

 Matlab example: 

 [w,wmap]=imread(‘emu.tif’

); 

 figure, imshow(w, wmap), 

pixval on 

 



Digital Image Representation 
Indexed Images: using colour Maps 

 An efficient way of storing colour image information is as an 
indexed image. 

— Indexed images have an associated colour map. 

— This is a 3 column matrix, each row contains RGB colour 
information for a particular colour used in the image. 

— The colour of each pixel is stored as an index referring to 
a row of the colour map. 

 Matlab function: 

colormap 



Structure of an indexed image  
pointer (indices) 

colormap 

Color values store in the colormap 



Grayscale and binary image 

 imfinfo(‘cameraman.tif’);       imfinfo(‘text.tif’); 
         Filename: [1x49 char] 

              FileSize: 65240 

                Format: 'tif' 

   FormatVersion: [] 

                 Width: 256 

                 Height: 256 

             BitDepth: 8 

           ColorType: 'grayscale'                

             Filename: [1x44 char]                  

                    FileSize: 3474 

                     Format: 'tif' 

         FormatVersion: [] 

                       Width: 256 

                      Height: 256 

                  BitDepth: 1 

               ColorType: 'grayscale' 

                 







Get information about image 

 imfinfo(‘emu.tif’); 
                   Filename: 'emu.tif' 

                     FileSize: 119804 

                       Format: 'tif' 

          FormatVersion: [] 

                        Width: 331 

                       Height: 384 

                   BitDepth: 8 

                ColorType: 'indexed' 
                



END 



Switching Image Representation 

Operation:  Matlab 
command:  

Convert between intensity/indexed/RGB format to binary 
format  

dither()  

Convert between intensity format to indexed format.  gray2ind()  

Convert between indexed format to intensity format.  ind2gray() 

Convert between indexed format to RGB format.  ind2rgb()  

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

Convert between RGB format to intensity format.  rgb2gray()  

Convert between RGB format to indexed format.  rgb2ind()  



Question 

indexed format 

RGB format binary format gray format 



Example 

[i,map] = imread('emu.tif'); 
imshow(i); 
i1 = ind2rgb(i,map); 
figure;  imshow(i1) 
i2= ind2gray(i,map); 
figure;  imshow(i2) 
i3 = im2bw(i,map,0.5); 
figure;  imshow(i3) 



[i,map] = imread('engineer.tif'); 
% img = imread(imgPath, 'jpg'); %讀取圖片 
level = graythresh(i); %取得標準差 
bwimg = im2bw(i,level); %二位元化 

figure; imshow(bwimg);  

圖片2位元化 
 


