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Single	Image	Operations



Single pixel operations

• Determined by 
• Transformation function T 
• Input intensity value

• Not depend on other pixels and position
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Neighborhood Operations
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Other	examples:
•Interpolation
•Image	filtering

Image smoothing
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Image Resampling & Interpolation

Need to resample the image when
• Rescaling
• Geometrical transformation
• The output image coordinates are not 

discrete
Interpolation methods: 

• Nearest neighbor
• Fast and simple
• Loss of sharpness
• Artifacts (checkerboard)

• Bilinear
• Bicubic

• Images are sharpest
• Fine details are preserved
• Slow

CSCE 590: Introduction to Image Processing 4
Slides courtesy of Prof. Yan Tong



Image Resampling & Interpolation
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Image Resampling & 
Interpolation

• Forward	mapping

Input Output
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Issues on Image Resampling & 
Interpolation

• Missing	points	in	forward	mapping

• Solution:	perform	a	backward	mapping
Input Output

A hole ! 

Input Output
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Image Interpolation – Nearest Neighbor

http://www.brockmann-consult.de/beam/doc/help/general/ResamplingMethods.html

Assign each pixel in the output image with the nearest neighbor in the input image.
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Image Interpolation – Bilinear

http://www.brockmann-consult.de/beam/doc/help/general/ResamplingMethods.html
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P’=P(1,1)dd’+P(2,1)d(1-d’)+P(1,2)(1-d)d’+P(2,2)(1-d)(1-d’)



Image Interpolation – Bicubic

Need to solve the 16 coefficients

If we know the intensity values, derivatives, and cross derivatives for the four 
corners (0,0), (0,1), (1,0), and (1,1), we can interpolate any point (x,y) in the 
region 

x

y
P(-1,-1) P(-1,0) P(-1,1) P(-1,2)

P(0,-1) P(0,0) P(0,1) P(0,2)

P(1,-1) P(1,0) P(1,1) P(1,2)

P(2,-1) P(2,0) P(2,1) P(2,2)
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Some Basic Relationships between Pixels

Neighbors of a pixel
(x-1,y)

(x,y-1) (x,y) (x,y+1)

(x+1,y)

(x-1,y-1) (x-1,y+1)

(x,y)

(x-1,y+1) (x+1,y+1)

(x-1,y-1) (x-1,y) (x-1,y+1)

(x,y-1) (x,y) (x,y+1)

(x-1,y+1) (x+1,y) (x+1,y+1)

CSCE 590: Introduction to Image Processing 11
Slides courtesy of Prof. Yan Tong



Adjacency

• Adjacency	is	the	relationship	between	two	
pixels	p and	q

• V is	a	set	of	intensity	values	used	to	define	
adjacency

• Binary	image:	V={1}	or	V={0}
• Gray	level	image:	

Intensity constraints
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Adjecency
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Three types of adjacency:

4-adjacency 8-adjacency m-adjacency

and

p
X
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Connectivity

• Path from p to q: a sequence of distinct and adjacent pixels with 
coordinates

Starting point p ending point q

• Closed path: if the starting point is the same as the ending point
• p and q are connected: if there is a path from p to q in S
• Connected component: all the pixels in S connected to p
• Connected set: S has only one connected component

adjacent

Are they connected sets?
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Regions

• R	is	a	region	if	R	is	a	connected	set
• Ri and	Rj are	adjacent	if															is	a	connected	
set
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Boundaries

• Inner	boundary	(boundary)	-- the	set	of	pixels	
each	of	which	has	at	least	one	background	
neighbor

• Outer	boundary	– the	boundary	pixels	in	the	
background
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Distance Measures 

•For	pixels	p,	q,	and	z,	with	coordinates	(x,y),	(s,t)	
and	(v,w),	D	is	a	distance	function	or	metric	if
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Distance Measures 

•Euclidean	distance
•City-block	(D4)	distance
•Chessboard	(D8)	distance	(Chebyshev	distance)

22 )()(),( tysxqpDe -+-=

||||),(4 tysxqpD -+-=
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Dn=Sqrt(|dx|n+|dy|n)
D1=|dx|+|dy|
D2=Sqrt(|dx|2+|dy|2)
Dinf=max(|dx|,|dy|)



Distance: Sample Problem

•D4	distance

•D8	distance

•Euclidean	distance

p

q

Distance vs length of a path?

6
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Geometric Spatial Transformations – Rubber 
Sheet Transformation
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Affine transform:

Inverse mapping
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Geometric Spatial Transformations

Nearest neighbor Bilinear Bicubic

Note:	a	neighborhood	operation,	i.e.,	interpolation,	is	required	
following	geometric	transformation
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Image Registration

Compensate	the	geometric	
change	in:

• view	angle
• distance
• orientation
• sensor	resolution
• object	motion

Four	major	steps:
• Feature	detection
• Feature	matching
• Transformation	model	
• Resampling
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4321 cvwcwcvcx +++=

8765 cvwcwcvcy +++=

Image Registration

• Known:	coordinates	of	the	points	 𝒙, 𝒚 and	 𝒗,𝒘
• Unknown:	𝒄𝟏 to	𝒄𝟖

Coordinates in the moving image 𝒗,𝒘
Coordinates in the template image 𝒙, 𝒚

4 tie points -> 8 equations
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Dilation and Erosion
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Erosion Dilation

Usually on binary images, after thresholding and/or segmentation



Dilation and Erosion
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Erosion Dilation



Dilation and Erosion
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Erosion Dilation



Dilation and Erosion
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Erosion Dilation



Dilation and Erosion
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Erosion Dilation



Questions?
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