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MATLAB : Matrix Laboratory

Numerical Computations with matrices

➢ Every number can be represented as matrix

Why MATLAB?

➢ User Friendly (GUI)

➢ Easy to work with

➢ Powerful tools for complex mathematics

➢ Introduction to MATLAB

Dr/ Ayman Soliman
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Fig: Snapshot of MATLAB

Command Window

Command History

Workspace
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➢ To enter a matrix

3   1 

6   4 

>> A = [3 1 ; 6 4] 

>> A = [3, 1 ; 6, 4]

>> B = [3, 5 ; 0, 2]

➢ Matrices in MATLAB

Dr/ Ayman Soliman
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Addition:

>> C = A + B

Subtraction:

>> D = A – B

Multiplication:

>> E = A * B  (Matrix multiplication)

>> E = A .* B (Element wise multiplication)

➢ Basic Mathematical Operations

Dr/ Ayman Soliman

Division:

Left Division and Right Division

>> F = A . / B (Element wise division)

>> F = A / B (A * inverse of B)

>> F = A . \ B (Element wise division)

>> F = A \ B (inverse of A * B)
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Matrix with ZEROS:

>> Z = ZEROS (r, c)

Matrix with ONES:

>> O = ONES (r, c)

IDENTITY Matrix:

>> I = EYE (r, c)

r Rows

c Columns

zeros, ones, eye →MATLAB functions

➢ Generating basic matrices

Dr/ Ayman Soliman
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Need help ?

HELP <function name>

M files (.m)

To write and save MATLAB commands

Save time and easy to debug

Use of semicolon (;)

Comments (%)

Documentation 

www.mathworks.com 

➢ Making the best from MATLAB

Dr/ Ayman Soliman
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➢ Easy to work with; as Images are matrices 

➢ Built in functions for complex operations and algorithms (Ex. FFT, DCT, etc…)

➢ Image processing toolbox (?)

➢ Supports most image formats (.bmp, .jpg, .gif, .tiff, etc.…) 

➢ Image processing and MATLAB

Dr/ Ayman Soliman
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➢ To read and display images

im = imread(“filename.fmt”)

im is r x c if gray scale

im is r x c x 3 if color image (RGB)

imshow(im) % displays image

imwrite(im, “filename.fmt”) % writes image

➢ Image processing in MATLAB

Dr/ Ayman Soliman
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➢ real and imaginary

real % real part of complex number

imag % imaginary part of complex number

➢ magnitude and phase 

abs % magnitude of complex number

angle % phase of complex number

➢ Working with complex numbers

Dr/ Ayman Soliman
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➢ PLOT(x,y) 

Plots y versus x. 

Linear plot

XLABEL(‘label’) 

YLABEL(‘label’)

TITLE(‘title’)

➢ IMAGE(x)

Displays image 

➢ Plotting / displaying

Dr/ Ayman Soliman

➢ 3D PLOT:

MESH

3D mesh surface (Ex. filters)

MESHGRID

Useful in 3D plots 

SURF

3D colored surface (Ex. filters)
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Scales of Imaging

… to the everyday …

➢ Introduction to Digital Image Processing - Fundamentals

Dr/ Ayman Soliman

 

video camera 

1 m 
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Scales of Imaging

… to the tiny …

➢ Introduction to Digital Image Processing - Fundamentals

Dr/ Ayman Soliman

 

1 0 
- 6 

m 

electron microscope 



4/7/2021 15

➢ Digital Image Formation

Dr/ Ayman Soliman

From [Gonzalez & Woods]
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➢ Matrix Representation

Dr/ Ayman Soliman

H=256

W=256

Divide into 
8x8 blocks

From [Gonzalez & Woods]
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➢ Image Resolution

Dr/ Ayman Soliman

From [Gonzalez & Woods]
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➢ Image Resolution

Dr/ Ayman Soliman
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➢ Bitplanes

Dr/ Ayman Soliman

Original 8bits/pixel Bitplane 7 Bitplane 6

Bitplane 5 Bitplane 4Bitplane 0

one 8-bit byte Bitplane 7
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➢ Bitplanes

Dr/ Ayman Soliman

Bitplane 3 Bitplane 2

Bitplane 1 Bitplane 0

Original 8bits/pixel

one 8-bit byte Bitplane 7

Bitplane 0
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➢ Images and videos are multi-dimensional (≥ 2 dimensions) signals.

➢ Dimensionality of Digital Images

Dr/ Ayman Soliman
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➢ The Human Visual System (HVS)

Dr/ Ayman Soliman

LGN

primary visual

cortex

higher level vision

and cognition

right eyeleft eye

retina

lens

cornea

fovea

optic nerve

pupil

visual axis

retina retina



4/7/2021 23

➢ Foveated vision: non-uniform resolution of the visual field, highest at the point 

of fixation and decreasing rapidly

➢ HVS: Foveated Vision

Dr/ Ayman Soliman
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➢ HVS: Visual Illusion

Dr/ Ayman Soliman
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Find the black dot

➢ HVS: Visual Illusion

Dr/ Ayman Soliman
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➢ HVS: Visual Illusion

Dr/ Ayman Soliman

What is this?

What is this?
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➢ HVS: Visual Illusion

Dr/ Ayman Soliman

Which lines are straight?

What is this?
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➢ Color

Dr/ Ayman Soliman
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➢ Color: RGB Cube

Dr/ Ayman Soliman
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➢ Color: RGB Representation

Dr/ Ayman Soliman
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➢ Where Are We?

Dr/ Ayman Soliman

Imaging?
Computer 

Vision?

Display/Printing?

Digital Image

Processing

Computer 

Graphics?

Biological

Vision?
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➢ What Do We Do?

Dr/ Ayman Soliman

Image Processing/

Manipulation

Image Coding/ 

Communication

Image Analysis/

Interpretation

Digital Image

Processing
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➢ Applications of DIP

Dr/ Ayman Soliman
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resolution

➢ Image Processing: Image Enhancement

Dr/ Ayman Soliman

Enhance

From [Gonzalez & Woods]
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➢ Image Processing: Image Denoising

Dr/ Ayman Soliman

Denoise
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➢ Image Processing: Image Deblurring

Dr/ Ayman Soliman

Deblur
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➢ Image Processing: Image Inpainting

Dr/ Ayman Soliman
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➢ Image Analysis: Edge Detection

Dr/ Ayman Soliman

From [Gonzalez & Woods]
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➢ Image Analysis: Face Detection

Dr/ Ayman Soliman
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➢ Image Analysis: Image Matching

Dr/ Ayman Soliman

Two deceivingly similar fingerprints of two different people 
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➢ Image Coding: Image Compression

Dr/ Ayman Soliman

compressed bitstream 
00111000001001101…

(2428 Bytes)

image

encoder

image

decoder

original image 
262144 Bytes

From [Gonzalez 
& Woods]

From [Gonzalez 
& Woods]

compression ratio (CR) = 108:1
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