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What is an image?
What is pixel?
What is image processing?
What is the purpose of image processing?
What is digital image?
What is digital image processing?
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What is Digital Image Processing? 

Digital Image 
a two-dimensional function x and y are spatial coordinates

The amplitude of f  is called intensity or gray level at 
the point (x, y)

Digital Image Processing  
Process digital images by means of computer, it covers 

low-, mid-, and high-level processeslow-, mid-, and high-level processes
low-level: inputs and outputs are images
mid-level: outputs are attributes extracted from input 

images
high-level: an ensemble of recognition of individual 

objects

Pixel  
the elements of a digital image

mk/msajce/ece



What is DIP? 

Low Level Mid Level Process High Level Low Level 
ProcessInput: Image
Output: Image

Examples: Noise 
removal, image 
sharpening

Mid Level Process
Input: Image 
Output: Attributes

Examples: Object 
recognition, 
segmentation

High Level 
ProcessInput: Attributes 
Output:
Understanding

Examples: Scene 
understanding, 
autonomous 
navigation
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Representing Digital Images

• The representation of an M×N numerical array as

(0,0) (0,1) ... (0, 1)f f f N − (0,0) (0,1) ... (0, 1)
(1,0) (1,1) ... (1, 1)

( , )
... ... ... ...

( 1,0) ( 1,1) ... ( 1, 1)

f f f N

f f f N
f x y

f M f M f M N

− 
 − =
 
 

− − − − 
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digital image is composed of M rows and N columns of pixels 
each storing a value Pixel values are most Before we discuss 
image acquisition recall that a digital image is composed of M
rows and N columns of pixels 
each storing a value 
Pixel values are most 
often grey levels in the 
range 0-255(black-white)

We will see later on 
that images can easily 
be represented as 
matrices
often grey levels in the 
range 0-255(black-white)
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Human Visual PerceptionHuman Visual Perception
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The Human Eye

• Diameter: 20 mm

• 3 membranes enclose the eye
– Cornea & sclera– Cornea & sclera
– Choroid
– Retina
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The Choroid

• The choroid contains blood vessels for eye 
nutrition and is heavily pigmented to reduce 
extraneous light entrance and backscatter.

• It is divided into the ciliary body and the iris 
diaphragm, which controls the amount of 
light that enters the pupil (2 mm ~ 8 mm).
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The Lens

• The lens is made up of fibrous cells and is 
suspended by fibers that attach it to the 
ciliary body.

• It is slightly yellow and absorbs approx. 8%  
of the visible light spectrum.

• It Contain 60-70% water, 6% fat, more protin
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The Retina

• The retina lines the inner most membrane ( 
portion.)

• Photo Receptors: Specialized type of neuron 
in retina, it convert light in to signals.in retina, it convert light in to signals.

• Discrete light receptors are distributed over 
the surface of the retina: 

– cones (6-7 million per eye) and 
– rods (75-150 million per eye)
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Cones

• Cones are located in the fovea(centre 
portion of the retina) and are sensitive to 
color.

• Each one is connected to its own nerve end.
• 6 and 7 Millions cones in the eye.

• Cone vision is called photopic (or bright-light 
vision).
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Rods
• Rods are giving a general, overall picture of 

the field of view and are not involved in 
color vision.

• Several rods are connected to a single nerve 
and are sensitive to low levels of and are sensitive to low levels of 
illumination (scotopic or dim-light vision). 

• Ie not sensitive to colour.
• No of rods 75 to 150 millions
• Object appear bright in day light and appear

dim during moon light is called dim light
vision.
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Receptor Distribution

• The distribution of receptors is radially 
symmetric about the fovea.

• Cones are most dense in the center of the • Cones are most dense in the center of the 
fovea while rods increase in density from the 
center out to approximately 20% off axis and 
then decrease.
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Cones & RodsCones & Rods
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The Fovea
• The fovea is circular (1.5 mm in diameter) 

but can be assumed to be a square sensor 
array (1.5 mm x 1.5 mm).

• The density of cones: 150,000 elements/mm2

~ 337,000 for the fovea.

• A CCD imaging chip of medium resolution 
needs 5 mm x 5 mm for this number of 
elements
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Image Formation in the Eye

• The eye lens (if compared to an optical lens) 
is flexible.  

• It gets controlled by the fibers of the ciliary • It gets controlled by the fibers of the ciliary 
body and to focus on distant objects it gets 
flatter (and vice versa).

• To focus on distance objects-Muscles flatten 
lens

• To focus on close objects lens get thicken.
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Image Formation in the Eye

• Distance between the center of the lens and 
the retina (focal length): 
– varies from 17 mm to 14 mm (refractive power of 

lens goes from minimum to maximum).lens goes from minimum to maximum).

• Objects farther than 3 m use minimum 
refractive lens powers (and vice versa).
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Image Formation in the Eye

• Example:
– Calculation of retinal image of an object

17100
15 x

=

mmx 55.2=
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Image Formation in the Eye

• Perception (ability to see or become aware 
of something through the sense)takes place 
by the relative excitation of light receptors.

• These receptors transform radiant energy 
into electrical impulses that are ultimately 
decoded by the brain.
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Brightness Adaptation & 
Discrimination

• Range of light intensity levels to which HVS 
(human visual system) can adapt: on the 
order of 1010.order of 1010.

• Subjective brightness (i.e. intensity as 
perceived by the HVS) is a logarithmic 
function of the light intensity incident on the 
eye.

mk/msajce/ece



Brightness Adaptation & 
Discrimination

• The HVS cannot operate over such a range 
simultaneously.

• For any given set of conditions, the current 
sensitivity level of HVS is called the sensitivity level of HVS is called the 
brightness adaptation level.
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Brightness Discrimination
• The eye also discriminates between changes

in brightness at any specific adaptation 
level.

ratioWeber →
∆

I

Ic

I : background illuminationmk/msajce/ece
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Brightness Adaptation & 
Discrimination

• Small values of Weber ratio mean good 
brightness discrimination (and vice versa).

• At low levels of illumination brightness 
discrimination is poor (rods) and it improves 
significantly as background illumination 
increases (cones).
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Brightness Adaptation & 
Discrimination

• The typical observer can distinguish(1-2) one 
to two dozen different intensity changes

– i.e. the number of different intensities a person 
can see at any one point in a monochrome image

mk/msajce/ece



Brightness Adaptation & 
Discrimination

• Overall intensity discrimination is broad due 
to different set of incremental changes to be 
detected at each new adaptation level.detected at each new adaptation level.

• Perceived brightness is not a simple function 
of intensity
– Scalloped effect, Mach band pattern
– Simultaneous contrast
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Mach Band EffectMach Band Effect
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Simultaneous ContrastSimultaneous Contrast
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IllusionsIllusions
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Line Sensor

Array Sensor
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A Simple Image Formation Model

( , ) ( , ) ( , )

( , ) :  intensity at the point ( , )
( , ) :  illumination at the point ( , )

(the amount of source illumination incident on the scene)             

f x y i x y r x y

f x y x y

i x y x y

= �

(the amount of source illumination incident on the scene)             
( , ) :  reflectance/transmissivity r x y at the point ( , )

(the amount of illumination reflected/transmitted by the object)
where 0 < ( , ) <  and 0 < ( , ) < 1

x y

i x y r x y∞
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Image Sampling and Quantization
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Image Sampling and Quantization

Digitizing the 
coordinate 
values

Digitizing the 
amplitude 
values
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Image Sampling and Quantization
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Representing Digital Images

• The representation of an M×N numerical array as

(0,0) (0,1) ... (0, 1)f f f N − (0,0) (0,1) ... (0, 1)
(1,0) (1,1) ... (1, 1)

( , )
... ... ... ...

( 1,0) ( 1,1) ... ( 1, 1)

f f f N

f f f N
f x y

f M f M f M N

− 
 − =
 
 

− − − − 
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Representing Digital Images

• The representation of an M×N numerical array as

(0,0) (0,1) ... (0, 1)f f f N − (0,0) (0,1) ... (0, 1)
(1,0) (1,1) ... (1, 1)

( , )
... ... ... ...

( 1,0) ( 1,1) ... ( 1, 1)

f f f N

f f f N
f x y

f M f M f M N

− 
 − =
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Representing Digital Images

• The representation of an M×N numerical array in 
MATLAB

(1,1) (1,2) ... (1, )
(2,1) (2, 2) ... (2, )
f f f N

f f f N

 
 (2,1) (2, 2) ... (2, )

( , )
... ... ... ...

( ,1) ( , 2) ... ( , )

f f f N
f x y

f M f M f M N

 
 =
 
 
 

mk/msajce/ece



mk/msajce/ece



Image coordinate system 
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Image Topology
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Diagonal Neighbours
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Connectivity
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