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Digital Imaging: Introduction – Steps in Image Processing Systems – Image Acquisition –
Image Sampling and Quantization – Pixel Relationships – Linear and Nonlinear 
Operations. MATLAB: The MATLAB Desktop – Using the MATLAB Editor/Debugger –
Getting Help – Saving and Retrieving work Session Data – Digital Image Representation –
Image I/O and Display – Classes and Image Types – M-Function Programming.

DIGITAL IMAGE

Representing Digital Images:



Coordinate convention used to represent digital images

Fundamental Steps in Digital Image Processing



1.Image acquisition

2. Image enhancement

3.Image restoration

4. Color image processing



5.Wavelets

6. Compression

7.Morphological processing

8. Segmentation

9. Representation & description

10. Recognition

11.Knowledge base



Components of an Image Processing System

1. Sensing

2.Specialized image processing hardware

3. Computer

4.Software



5.Mass storage

6. Image displays

6. Image displays

7. Hardcopy

8. Networking



Elements of Visual Perception 

Structure of the Human Eye



Image Formation in the Eye 

h
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Brightness Adaptation and Discrimination
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Example: Mach bands



Example: Simultaneous Contrast

Examples for Human Perception Phenomena

Light and the Electromagnetic Spectrum 



c

h

Process of image acquisition

Image Sensing and Acquisition:



(a) Single imaging Sensor (b) Line sensor (c) Array sensor
(1)Image Acquisition Using a Single Sensor:

(2) Image Acquisition Using Sensor Strips:



(a) Image acquisition using a linear sensor strip (b) Image acquisition using a
circular sensor strip.



(3) Image Acquisition Using Sensor Arrays:

An example of the digital image acquisition process (a) Energy (“illumination”)
source (b) An element of a scene (c) Imaging system (d) Projection of the scene onto the
image plane (e) Digitized image

Image sampling and quantization process

Image Sampling and Quantization:



Basic Concepts in Sampling and Quantization:



Generating a digital image (a) Continuous image (b) A scan line from A to Bin the continuous 
image, used to illustrate the concepts of sampling and quantization (c) Sampling and 
quantization. (d) Digital scan line

(a) Continuos image projected onto a sensor array (b) Result of image sampling and 
quantization.



Basic relationships and distance measures between pixels in a digital image.

Neighbors of a Pixel:

Connectivity:



(a) Arrangement of pixels; (b) pixels that are 8-adjacent (shown dashed) to the center
pixel; (c) m-adjacency

Distance Measures:

Euclidean distance 

D4 distance (also called city-block distance) 

D8 distance (also called chessboard distance) 



Perspective image transformation



Basic model of imaging process, The camera coordinate system 9x,y,z) is aligned with 
world coordinate system (X,Y,Z)







MATLAB:
The MATLAB Desktop

Current Folder
Command Window >>

Workspace
Using the MATLAB Editor/Debugger

1



2 M-Files
•

•

•
3 Scripts

•

o
o
o

4 Functions

•

•

o
o
o
o



Getting Help

•
•

•

Saving and Retrieving work Session Data
SPTool Sessions

File Save Session File Save Session As

File Open Session

Digital Image Representation
Digital image representation
•

intensity
gray level

•
o

o
•

multidimensional image
• quantization

sampling
f digital image

Coordinate conventions
•

•



•

Images as matrices and arrays
•

•
•

•
•

•

Image I/O and Display
• imread():

• imshow():



Classes and Image Types
Different Types of Images
Binary Image: An image that consists of only black and white pixels. Technically 
these types of images are called as Black and White Image. (Although it makes 
me sad to break my reader’s heart but till now what you called black and white 
images have some other technical name).
Grayscale Image: In daily language what we refer to as black-and-white (as
in old photos) are actually grayscale. It contains intensity values ranging from a 
minimum (depicting absolute black) to a maximum (depicting absolute white) 
and in between varying shades of gray. Typically, this range is between 0 and 255.
Color Image: We all have seen this! Such an image is composed of the three 
primary colors, Red, Green and Blue, hence also called an RGB image.

M-File Functions

•

•

The Function Workspace

•

•

•

•



Simple Function Example

average

function y = average(x)
% AVERAGE Mean of vector elements.
% AVERAGE(X), where X is a vector, is the mean of vector elements.
% Nonvector input results in an error.
[m,n] = size(x);
if (~((m == 1) | (n == 1)) | (m == 1 & n == 1))

error('Input must be a vector')
end
y = sum(x)/length(x);      % Actual computation

average.m average

average

z = 1:99;

average(z)
ans =

50



syntax Co nver sion •

•

Syntax Conversion

• B = imsharpen(A)

• B = imsharpen(A,Name,Value

































































































































Multi Resolution Analysis and Compression: Image Pyramids – Multi resolution expansion – Wavelet 
Transforms image Compression: Fundamentals – Models – Elements of Information Theory – Error Free 
Compression – Lossy Compression – Compression Standards. 

Introduction











Compression




















































































