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 Digital image is an image for which spatial 

coordinates x, y and intensity (gray level) f(x,y) are 

finite, discrete quantities 

– Digital image is composed of a finite number of elements – 

picture elements (pixels) 

 Digital image processing is processing digital 

images by means of a digital computer 

What is a digital image  

and digital image processing?  

(The slides are based on “Digital Image Processing Using Matlab”, R. C. Gonzalez, 

R. E. Woods, S. L. Eddins) 
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From image processing to computer vision 

 Low-level: both inputs and outputs are images 

– Primitive image processing operations: noise reduction, 

contrast enhancement, image sharpening 

 Mid-level: inputs are images, outputs are attributes 

extracted from the images (edges, contours) 

– Segmentation, object recognition 

 Higher-level: “making sense” of an ensemble of 

recognized objects 
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From image processing to computer 

vision: example from medical imaging – (1) 

 Low-level: both inputs 

and outputs are images 

– Primitive image processing 

operations: noise 

reduction, contrast 

enhancement, image 

sharpening 

Source: www.heart-valve-surgery.com  

Coronary angiogram 
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From image processing to computer 

vision: example from medical imaging – (2) 

Source:  http://www.dannyruijters.nl/docs/EMBS_XCT_full.pdf 

Segment of a coronary artery  Mid-level: inputs are 

images, outputs are 

attributes extracted 

from the images 

– Segmentation, object 

recognition 
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From image processing to computer 

vision: example from medical imaging – (3) 

Source: http://incenter.medical.philips.com  

Future of full heart modelling 

 Higher-level: “making 

sense” of an ensemble 

of recognized objects 
 – Automatic volume 

annotation within volume 

rendering 

http://www.heart-valve-surgery.com/
http://www.heart-valve-surgery.com/
http://www.heart-valve-surgery.com/
http://www.heart-valve-surgery.com/
http://www.heart-valve-surgery.com/
http://www.dannyruijters.nl/docs/EMBS_XCT_full.pdf
http://incenter.medical.philips.com/
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 MATrix LABoratory 

– High-performance language for technical computing 

– Array – basic data element, does not require dimensioning 

– Toolboxes – application-specific solutions 

– Image Processing Toolbox – for solving digital image 

processing problems 

MATLAB 
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Matlab desktop 
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Getting help – (1) 

 Help on Matlab 

– Click on the question mark symbol (?) on the desktop 

toolbar 

– Type helpbrowser at the prompt in the command 

window 

 Help on an M-function 

– Types of help information 

• H1 help – a one-line help 

• Help text block – detailed description 
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Getting help – (2) 

 Getting help from command window 
– help <function_name> 

– lookfor <keyword>  

• displays all H1 lines that contain the keyword 
– lookfor <keyword> -all 

• displays H1 lines of all functions that contain the keyword in 

either the H1 lines or the text block 

– type <function_name> 

• displays the text block of the help for the function as well as its 

code 
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Digital image representation – (1) 

Sampling – digitizing the coordinate values 

Quantization – digitizing the amplitude (intensity) values 
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Digital image representation – (2) 

Example: f(7,3) is the element in the 7th row and 3rd 

column of the matrix (image) f.  
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Reading and displaying images 

 imread(‘filename’) 

– Example:  f=imread(‘chestxray.jpg’); 

– size(f), whos f display size and additional 

information respectively 

 imshow(f) 

– figure – creates a new figure window 

– pixval (impixelinfo) – shows cursor position 

and the corresponding intensity   
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Writing images – (1) 
 imwrite(f,’filename’) 

– Option for a JPEG image –  
 imwrite(f,’filename.jpg’,’quality’,q) 

– Obtaining image file details – imfinfo filename 

 example: >> imfinfo chestxray.tif 

       ans =     
        Filename: 'chestxray.tif' 

          FileModDate: '18-Mar-2009 14:55:03' 

          FileSize: 297030 

          Format: 'tif‘ 

   … 
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Writing images – (2) 
some of the image formats supported by  

imread and imwrite   
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Writing images: example 
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Array indexing 

>> v=[1 3 5 7 9] 

v = 

     1  3  5  7   

 

>> v(3) 

ans = 

     5 

 

>> v(2:4) 

ans = 

     3  5  7 

>> v(1:2:end) 

ans = 

     1  5  9 

 

>> v(end:-2:1) 

ans = 

     9  5  1 

 

>> x=linspace(1,10,4) 

x = 

     1  4  7  10 
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Matrix indexing 

>> A=[1 2 3; 4 5 

6; 7 8 9] 

A = 

     1  2  3 

     4  5  6 

     7  8  9 

 

>> A(2,3) 

ans = 

     6 

>> column3=A(:,3) 

column3 = 

     3 

     6 

     9 
 

>> row1=A(1,:) 

row1 = 

     1  2  3 
 

>> A(2:3,1:2) 

ans = 

     4  5 

     7  8 
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Matrix indexing 
Example: image operations  

fp=f(end:-1:1,:) 

fc=f(257:768,257:768) 

fs=f(1:2:end,1:2:end) 

plot(f(512,:)) 
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Operators – (1) 
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Operators – (2) 
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Flow control 
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Introduction to spatial domain 

techniques – (1) 

  include 

– Intensity (gray-level) transformations 

– Spatial filtering (or neighborhood processing, or spatial 
convolution) 

 can be denoted by the expression 

      yxfTyxg ,, 

where f(x,y) – input image, g(x,y) – output (processed) 

image, T – operator defined on a neighborhood around (x,y) 
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Introduction to spatial domain 

techniques – (2)  
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Intensity transformation functions – (1) 
 imadjust – intensity transformations for gray-scale 

images 

 logarithmic and contrast-stretching transformations 

 gscale – scale the image to the full maximum range 
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Intensity transformation functions – (2) 
 imhist – plot a histogram 

 histeq – histogam equilization, histogram matching 
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Spatial filtering 

 Linear spatial filtering 

– Multiply each pixel in the neighborhood by a corresponding 

coefficient and sum the results to obtain the response at 
each point 

– Matrix of coefficients is called filter, mask, filter mask, 
kernel, template or window 

 Nonlinear spatial filtering 

– Performs nonlinear operations on neighborhood pixels 
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Linear spatial filtering – (1) 
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Linear spatial filtering – (2) 
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Linear spatial filtering – (3) 

 imfilter – linear filtering with a user-defined 

mask  

– options – boundary (symmetric, replicate, circular), output 
size (same or full), correlation or convolution  

 fspecial – create predefined 2D filters 

– types of filters – average, gaussian, laplacian, prewitt, 

sobel, etc. 
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Nonlinear spatial filtering 
 ordfilt2 – 2D order-statistic filter 

– g=ordfilt2(f,1,ones(m,n)) – min filter 

 medfilt2 – 2D median filter 
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