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Part 3
Basic Concepts of Image Processing

Those who wish to succeed must ask the right preliminary questions.  
~Aristotle



Outline
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2. Digital Image Fundamentals
ƷElements of Visual Perception

ƷLight and the Electromagnetic Spectrum

ƷImage Sensing and Acquisition

ƷImage Sampling and Quantization

ƷSome Basic Relationships Between Pixels

ƷAn Introduction to the Mathematical Tools Used 
in Digital Image Processing

ƷMATLAB Image Processing



Some Basic Relationships Between Pixels
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ƷNeighborsof a pixel p at coordinates (x,y) 

Ʒ 4-neighbors of p, denoted by N4 (p):
(x-1, y), (x+1, y), (x,y-1), and (x, y+1).

Ʒ 4 diagonal neighbors of p, denoted by ND (p):
(x-1, y-1), (x+1, y+1), (x+1,y-1), and (x-1, y+1).

Ʒ 8 neighbors of p, denoted N8(p)
N8 (p) = N4 (p) U ND (p)



Some Basic Relationships Between Pixels
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ƷAdjacency

Let V be the set of intensity values.

In a binary image, if we talk of the adjacenyof 
the 1-valued pixels, V = {1}.

Ʒ4-adjacency: Two pixels p and q with values from 
V are 4-adjacent if q is in the set N4(p).

Ʒ8-adjacency:Two pixels p and q with values from 
V are 8-adjacent if q is in the set N8(p).



Some Basic Relationships Between Pixels
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ƷAdjacency
Let V be the set of intensity values 
At the adjacencyof the gray level pixels, the V 

set is any subset of this 256 value.

Ʒm-adjacency: Two pixels p and q with values from 
V are m-adjacent if

(i) q is in the set N4(p), or

(ii) q is in the set ND(p) and the set N4όǇύ  b4(q) has no 
pixels whose values are from V.



Some Basic Relationships Between Pixels
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Path
Ʒ A (digital) path (or curve) from pixel p with coordinates (x0, y0) 

to pixel q with coordinates (xn, yn) is a sequence of distinct 
pixels with coordinates

(x0, y0), (x1, y1ύΣ ΧΣ όxn, yn)

Where (xi, yi) and (xi-1, yi-1ύ ŀǊŜ ŀŘƧŀŎŜƴǘ ŦƻǊ м Җ iҖ ƴΦ

Ʒ Here n is the lengthof the path.

Ʒ If (x0, y0) = (xn, yn), the path is closed path.

ƷWe can define 4-, 8-, and m-paths based on the type of 
adjacency used.



7

0   1   1             0   1   1                 0   1   1

0   1 0             0   1 0                 0   1 0

0   0   1             0   0   1                 0   0   1

V = {1}

Examples: Adjacency and Path
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0   1   1             0   1   1                 0   1   1

0   1 0             0   1 0                 0   1 0

0   0   1             0   0   1                 0   0   1

V = {1}

8-adjacent

Examples: Adjacency and Path
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0   1   1             0   1   1                 0   1   1

0   1 0             0   1 0                 0   1 0

0   0   1             0   0   1                 0   0   1

V = {1}

8-adjacent m-adjacent

Examples: Adjacency and Path
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01,1 11,2 11,3 0   1   1                 0   1   1

02,1 12,2 02,3 0   1 0                 0   1 0

03,1 03,2 13,3 0   0   1                 0   0   1

V = {1, 2}

8-adjacent m-adjacent

The 8-path from (1,3) to (3,3):
(i) (1,3), (1,2), (2,2), (3,3)
(ii) (1,3), (2,2), (3,3)

The m-path from (1,3) to (3,3):
(1,3), (1,2), (2,2), (3,3)

Examples: Adjacency and Path



Distance Measures
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ƷGiven pixels p, q and zwith coordinates (x, y), (s, 
t), (u, v) respectively, the distance function D has 
following properties:

Á D(p, q) җ 0      [D(p, q) = 0, iff p = q]

Á D(p, q) = D(q, p)

Á D(p, z) Җ D(p, q) + D(q, z)



Distance Measures
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ƷThe following are the different Distance measures:

a. Euclidean Distance :

De(p, q) = [(x-s)2 + (y-t)2]1/2

b. City Block Distance: 

D4(p, q) = |x-s| + |y-t|

c. Chess Board Distance: 

D8(p, q) = max(|x-s|, |y -t|)



Question 5
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ƷLƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ ǇƛȄŜƭǎΣ ǿƘŀǘΩǎ ǘƘŜ 
value of the chessboard distance between the 
circled two points?

0      0      0      0      0

0      0      1      1      0

0      1      1      0      0

0      1      0      0      0

0      0      0      0      0

0      0      0      0      0
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ƷLƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ ǇƛȄŜƭǎΣ ǿƘŀǘΩǎ ǘƘŜ 
value of the city-block distance between the 
circled two points?

0      0      0      0      0

0      0      1      1      0

0      1      1      0      0

0      1      0      0      0

0      0      0      0      0

0      0      0      0      0



Introduction to Mathematical Operations Used in Digital 
Image Processing
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ƷArray vs. Matrix Operation
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Introduction to Mathematical Operations Used in Digital 
Image Processing
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ƷLinearandNon-LinearOperations

Ʒ If

then H is called a linear operator. If H has the above

Attribute If not, it is expressed as a nonlinear operator.
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Arithmetic Operations
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ƷArithmetic operations between images are array 
operations. The four arithmetic operations are 
denoted as

s(x,y) = f(x,y) + g(x,y)

d(x,y) = f(x,y) ςg(x,y)

p(x,y) = f(x,y) Ĭg(x,y)

v(x,y) = f(x,y) õg(x,y)



Example: Addition of Noisy Images for Noise Reduction
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Noiseless image: f(x,y)

Noise: n(x,y)  (at every pair of coordinates (x,y), the 
noise is uncorrelated and has zero average value)

Corrupted image: g(x,y)

g(x,y) = f(x,y) + n(x,y)

Reducing the noise by adding a set of noisy images, 
{gi(x,y)}

1

1
( , ) ( , )

K

i

i

g x y g x y
K =
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Example: Addition of Noisy Images for Noise Reduction
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ƷIn astronomy, imaging under very low light levels 
frequently causes sensor noise to render single 
images virtually useless for analysis.

ƷIn astronomical observations, similar sensors for 
noise reduction by observing the same scene over 
long periods of time. Image averaging is then used 
to reduce the noise. 



Example: Addition of Noisy Images for Noise Reduction
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An Example of Image Subtraction: Mask Mode Radiography
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Mask h(x,y): an X-Ǌŀȅ ƛƳŀƎŜ ƻŦ ŀ ǊŜƎƛƻƴ ƻŦ ŀ ǇŀǘƛŜƴǘΩǎ ōƻŘȅ 

Live images f(x,y): X-ray images captured at TV rates after 
injection of the contrast medium

Enhanced detail g(x,y)

g(x,y) = f(x,y) - h(x,y)

The procedure gives a movie showing how the contrast 
medium propagates through the various arteries in the 
area being observed.



An Example of Image Subtraction: Mask Mode Radiography
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An Example of Image Subtraction: Mask Mode Radiography
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An Example of Image Multiplication
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An Example of Image Multiplication
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PythonImage Processing
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ƷThe Image Processing Toolbox is a collection of 
functions that extend the capabilities of Python's 
digital computing environment. The toolbox 
supports a wide variety of image processing 
operations, including:
ÁGeometricoperations

ÁNeighborhood and block transactions

ÁLinear filtering and filter design

ÁTransformations

ÁImage analysis and enhancement

ÁBinary image operations

ÁRegion of interest operations



PythonImage Processing
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ƷPython can import/export many image formats:
ÁBMP (Microsoft Windows Bitmap) 

ÁGIF (Graphics Interchange Files) 

ÁHDF (Hierarchical Data Format) 

ÁJPEG (Joint Photographic Experts Group) 

ÁPCX (Paintbrush) 

ÁPNG (Portable Network Graphics) 

ÁTIFF (Tagged Image File Format) 

ÁXWD (X Window Dump) 

Áraw-data ǾŜ ŘƛƐŜǊ ƎǀǊǸƴǘǸ ǾŜǊƛǎƛ ǘƛǇƭŜǊƛ



PythonImage Processing
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ƷPython data types:



PythonImage Processing
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PythonImage Processing

ƷReading and writing images in Python
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PythonImage Processing

ƷHow to create a matrix (or image)? Density picture:
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PythonImage Processing

ƷBinaryimage
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PythonImage Processing

ƷBinaryimage
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