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Digital Image Processing

Lecture # 2
Fundamentals
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BRIGHTNESS ADAPTATION AND DISCRIMINATION

• The human visual system can perceive 
approximately 1010 different light intensity 
levels

• However, at any one time we can only 
discriminate between a much smaller 
number – brightness adaptation
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CONTRAST SENSITIVITY

• The ability of the eye to
discrimination b/w changes
in brightness at any specific
adaptation level is of
considerable interest.

• I is uniformly illuminated on
a flat area large enough to
occupy the entire field of
view.

• Ic is the change in the
object brightness required to
just distinguish the object
from the background

I

I+Ic

Good brightness discrimination

 Ic/I is small.

Bad brightness discrimination  

 Ic/I is large.

Weber's ratio: Ic/I
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MACH BANDS

• The intensity of the
stripes is constant but
we actually perceive a
brightness pattern
which is strongly
scalloped near the
boundaries.
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IMAGE FORMATION MODEL

• Image refers to a 2d light-intensity function, f(x, y)

• The amplitude of f at spatial coordinates (x, y) gives the
intensity (brightness) of the image at that point.

• Light is a form of energy thus f(x, y) must be nonzero and
finite.
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• The function f(x, y) may be characterized by
two components:

– The amount of source light incident on the
scene being viewed illumination.

– The amount of light reflected by the objects
in the scene reflectance.

IMAGE FORMATION MODEL
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GRAY LEVEL

• WE CALL THE INTENSITY OF A MONOCHROME IMAGE f
AT COORDINATE (x, y) THE GRAY LEVEL (L) OF THE
IMAGE AT THAT POINT.

• Thus, l lies in the range

• Lmin is positive and Lmax is finite.

• Gray scale = [Lmin, Lmax]

• Common practice, shift the interval to [0,L] : 0 = black, L-
1 = white
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Digital Image Representation

 Image Size

 Number of bits required to store an image

 Image having 2k intensity levels

 k – bit image

 256 intensity levels – 8 bit image

b M N k  



Image Size



16

Spatial Resolution
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Spatial Resolution
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Intensity Level Resolution

 Intensity level resolution refers to the number of intensity levels used to represent the 

image

 The more intensity levels used, the finer the level of detail in 

an image

 Intensity level resolution is usually given in terms of the 

number of bits used to store each intensity level
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Intensity Level Resolution

Number of Bits
Number of Intensity 

Levels
Examples

1 2 0, 1

2 4 00, 01, 10, 11

4 16 0000, 0101, 1111

8 256 00110011, 01010101

16 65,536 1010101010101010
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Intensity Level Resolution
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Intensity Level Resolution
128 grey levels (7 bpp) 64 grey levels (6 bpp) 32 grey levels (5 bpp)

16 grey levels (4 bpp) 8 grey levels (3 bpp) 4 grey levels (2 bpp) 2 grey levels (1 bpp)

256 grey levels (8 bits per pixel)
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Resolution: How much is enough?

 How many samples and gray levels are required 
for a good approximation?
 Quality of an image depends on number of pixels and gray-

level number

 The more these parameters are increased, the closer the 
digitized array approximates the original image

 But: Storage & processing requirements increase rapidly as a 
function of N, M, and k
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Resolution: How much is enough?

 Depends on what is in the image and what you 
would like to do with it
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Enlarging an Image

 Pixel replication

[1 2 3 4 5]

[1 1 2 2 3 3 4 4 5 5]   (One step)

[1 1 1 2 2 2 3 3 3 4 4 4 5 5 5] (Two step)
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Enlarging an Image

Example: 
zoom this 
image 4x to 
get this 
image.

Start with a blank image 4 times the 
linear dimensions of the original.

Fill in every 4th pixel in every 4th 
row with the original pixel values.

.

.

.
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Enlarging an Image

Detail showing every 4th pixel in every 4th row with the original pixel values. 

…

…

…

…

…

…
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Enlarging an Image

Replicate the values
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Image Interpolation

 Nearest neighbour interpolation
 Simple but produces undesired artefacts

 Bilinear Interpolation
 Contribution from 4 neighbors

 Bicubic Interpolation
 Contribution from 16 neighbors



Interpolation: Comparison

We’ll enlarge this image 
by a factor of 4 …

… via bilinear interpolation 
and compare it to a nearest 
neighbor enlargement.



Interpolation: Comparison

To better see what happens, we’ll look at the parrot’s eye. 

Original 
Image



Interpolation: Comparison

Pixel replication Bilinear interpolation



Interpolation: Comparison

Pixel replication Bilinear interpolation
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Reducing an Image

Example: 
decimate 
this image 
4x to get 
this image.

Decimation by 

a factor of n: 

take every nth 

pixel in every 

nth row

 Pixel Decimation
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Reducing an Image

Example: 
decimate 
this image 
4x to get 
this image.

Zoom in on a 
section for a 
closer look at 
the process
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Reducing an Image

Example: 
decimate 
this image 
4x to get 
this image.

Keep every 
4th pixel in 
every 4th row
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Reducing an Image

Example: 
decimate 
this image 
4x to get 
this image.

ignore all 
the others
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Reducing an Image

Example: 
decimate 
this image 
4x to get 
this image.

Copy them 
into a new 
image.



Readings from Book (3rd Edn.) 

• 2.1.3 Brightness Adaptation

• 2.4 Image Sampling & 
Quantization

• 2.6 (Reading Assignment) 
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