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Basic Relationship of Pixels
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O)liol
(0,0) . X
(x-1,y-1) | (xy-1) [(x+1,y-1)
y v (X-l,y) (va) (X+11y)
(x-1,y+1)| (x,y+1) |(x+1,y+1)

Conventional indexing method
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Neighbors of a Pixel

>y
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Neighborhood relation is used to tell adjacent pixels. It is useful for analyzing regions.

(x,y-1)

(x-1,y)

(x+1y)

(x,y+1)

4-neighbors of p:

- (X_11y) g

+1,
N4(p): < E))i,y_ilg ¢

L (Xy+1) J

4-neighborhood relation considers only vertical and horizontal neighbors.

Note: g € N,(p) implies p € N,(q)
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Neighbors of a Pixel dcol A
&)Ll

8-neighbors of p:

(X_lry-l) (le-l) (X+1,y'1)

((x=1,y—1)

(x,y-1)
(x+1,y-1)
(x-Ly+1) | (x,y+1) | (x+1y+1) (X_l ’y)

Ng(p) = (x+1y) ;
(X_11y+1)
(x,y+1)
(X+1,y+1))

8-neighborhood relation considers all neighbor pixels.

(x-1,y) p (x+1y)
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Neighbors of a Pixel I
(x-1y-1) . Diagonal neighbors of p:
p ((x=1,y-1)
(x+1,y-1)
Np(p) = - (x—1,y+1) >
] I b (x+Ly+1),

Diagonal -neighborhood relation considers only diagonal neighbor pixels.
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Adjacency DA}_}/
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* Adjacency: Two pixels are adjacent if they are neighbors and their intensity level 'V’ satisfy

some specific criteria of similarity.

For pand gfrom the same class

4- adjacent : g € N,(p)

8- adjacent :if g e N,(p)

mixed- adjacent (m- adjacent):

g € N,(p) or
g € Ny(p) and N,(p) "N,(q) =0
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Adjacency ﬁ

6)liall

4-adjacency: Two pixels p and q with the values from set 'V’ are 4-adjacent if

is in the set of N, (p).

e.g.V={0,1}
1 1 2
1 1 O
1 0 1
p in RED color

g can be any value in GREEN color.
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Adjacency Pﬂ
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8-adjacency: Two pixels p and q with the values from set ‘V’ are 8-adjacent if g
is in the set of Ng(p).

e.g.V={1,2}
O 1 1
O 2 O
O 0 1
p in RED color

g can be any value in GREEN color
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Adjacency DAD

6)jliaJl

m-adjacency:Two pixels p and q with the values from set 'V’ are m-adjacent if
(i) qisinN,(p) OR

(i) qisinNy(p) & thesetN,(p) (M) N,(q) have no pixels whose values are from ‘V".
eg. V={1}

Oa 1b 1¢
Od 1e O«
Og On 1
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Adjacency %

6)jliaJl

m-adjacency:Two pixels p and q with the values from set V' are m-adjacent if
(i) qisinN,(p)

eg. V={1)
b&c

Oa 1Tb T¢

Od T1e O

O On 1)

Soln: b & c are m-adjacent.
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6)jliaJl

Adjacency

m-adjacency: Two pixels p and q with the values from set V' are m-

adjacent if
(i) qisinN,(p)
eg. V={1}
b&e
Oa 1o 1c
Od 1 e Of
Og Oh N

Soln:b & e are m-adjacent.
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Adjacency %
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m-adjacency: Two pixels p and q with the values from set V' are m-adjacent if

(i) qisinNy(p) & thesetN,(p) ™ N,(q) have no pixels whose values are
from V'

eg. V={1}

e&i
Oa 1 1c¢
Od Te O

Og On 11

Soln: e &iare m-adjacent.
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Adjacency %
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m-adjacency: Two pixels p and q with the values from set 'V’ are m-adjacent if
(i) qisinN,(p) OR

(i) qisinNy(p) & the set Né(p) M Né(q) have no pixels whose values are from ‘V'.

eg V={1}
(iv)e &c
Oa 1b 1c
Od Te O
Og Oh 1I

Soln: e & care NOT m-adjacent.
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Path

A path from pixel p at (x,y) to pixel q at (s,t) is a sequence of distinct

pixels:

(XoYo): (X1 y4)s () e (X y)
such that: (x,,y,) = (xy) and (x_y ) = ( 1) D
and (x,y) is adjacentto (x.,y. ,), i=1,.

n is the length of the path

Closed path: (x,, y,) = (x_ y.)
We can define type of path: 4-path, 8-path or m-path depending on type of adjacency.
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deol ~
Path deots
V={1}
black is zero

yellow is one

8-path frofn pto g m-path fromp to g

. .. solves this ambiguity
results in some amblgwty
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Y

Paths ok

Example # 1: Consider the image segment shown in figure. Compute length of the

shortest-4, shortest-8 & shortest-m paths between pixels p & q where,
vV=A{1,2}

NN oW P
- w w N
N N =~ W
w N ow N
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Paths S on

Example # 1:

Shortest-4 path:

V={1,2}.

N N oW P
- w w N
N N =~ W
w Now N
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Paths

Example # 1:

Shortest-4 path:

V=11, 2}.

Y

6)jliaJl

N o w P
P oww N
NN R W
wWpo w™
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Paths

Example # 1:

Shortest-4 path:

V=11, 2}.

Y

6)jliaJl

N o w P
P oww M
NN o W
W wd
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Paths

Example # 1:

Shortest-4 path:

V={1,2}

[

deola
4 2 3 2q
3 3 1 3
2 3 % 2
p2-1-2 3
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Paths

Example # 1:

Shortest-4 path:

V={1,2}.

4 2 3 2q
3 3 %X3
2 3 % 2

https://manara.edu.sy/


https://manara.edu.sy/

Paths

Example # 1:

Shortest-4 path:

V={1,2}.

So, Path does not exist.

6)jliaJl

https://manara.edu.sy/


https://manara.edu.sy/

Paths

Example # 1:

Shortest-8 path:

V={1,2}.

[

6)jliaJl

N o w P
P ww®
NN R W
wWpow™
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Paths

Example # 1;

Shortest-8 path:

V=11, 2}.

6)jliaJl
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Paths

Example # 1:

Shortest-8 path:

V={1, 2}.

6)jliaJl
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Paths

Example # 1:

Shortest-8 path:

V={1, 2}.

6)liaJl
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Paths

Example # 1:

Shortest-8 path:

V={1, 2}.

6)liaJl
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Paths

Example # 1;

Shortest-8 path:

V={1, 2}.

So, shortest-8 path =4

6jliall
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Paths

Example # 1:

Shortest-m path:

V={1,2}.

[

6)jliaJl
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Paths

Example # 1;

Shortest-m path:

V=11, 2}.

6)jliaJl
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Paths

Example # 1;

Shortest-m path:

V=1{1, 2}.

6)jliaJl
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Paths

Example # 1;

Shortest-m path:

V=11, 2}.

6)liaJl
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Paths

Example # 1:

Shortest-m path:

V={1,2}.

6)liaJl
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Paths

Example # 1:

Shortest-m path:

V={1, 2}.

6)liaJl
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Paths

Example # 1:

Shortest-m path:

V={1,2}.

So, shortest-m path =5

6)jliaJl
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Connectivity [Zf

6jliall

Let 'S’ represent subset of pixels in an image.

Two pixels p and q (or objects) are 8-, 4-, or m-connected in ‘S" if a 8-, 4-, or m-path can be drawn

between them consisting entirely of pixels in ‘S".

For any pixel pin S, the set of pixels that are connected to itin S is called a connected component of S.

It is used for establishing boundaries of objects and components of regions in an image.
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W

Why is this important? i1t 3

* How many objects are there in this image?

Two image su bsets S, and S, are adjacent if some pixel

inS, is adjacent to some pixel inS,

S;
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Regions & Boundaries deola
6)liall

Boundaries (border or contour): The boundary of a region R is the set of points that are adjacent to

points in the compliment of R.

O 0 0 0 O

01 1 0 0O If Rhappens to be an entire image, then its boundary is defined
01 1 0 O as the set of pixels in the first and last rows and columns in the
O 1 1 1 0 image.

o 1T 1T 1T O

O 0 0 0 O
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Example: doola
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Foreground and background [A
deol s
Suppose that the image contains K disjoint regions Rk none of which touches the

image border.

Ru : the union of all regions.

C
(Ru) : is the complement.

so Ru is called foreground,

C

and (Ru) : is the background
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Distance PAV

6)jliaJl

For pixel p, g, and z with coordinates (x,y), (s,t) and (u,v),

D is a distance function or metric if

¢ D(p,q)=>0 (D(p,g)=0ifandonlyif p=q) called reflexivity

* D(p,q) = D(q,p) called symmetry

* D(p,z) < D(p,q) + D(q,2) called transmittivity
Example: Euclidean distance D.(p,q) = \/(X — 8)2 +(y— '[)2

https://manara.edu.sy/


https://manara.edu.sy/

Distance [>A

6)jliaJl

D,-distance (city-block distance): The D, distance between p & q iIs defined as

D,(p.q) =|x—s|+|y -t

N

=
SR Nl I I N

=

N

Pixels with D,(p) = 1 is 4-neighbors of p.
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Distance PA

6)jliaJl

D -distance (chessboard distance): The Dy distance between p & q is defined as:

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

NN NN N
SO I e T
NCH R Nl N
N Rr[FR|FR,]N
NN NN N

Pixels with D (p) = 1 is 8-neighbors of p.
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Distance o
J m ] m
i —
|
n n _!_
|

Euclidean Distance City Block Distance

= |i-n| + |j-m|

=\/(i-n) 2+ (j-m) 2

n [

Chessboard Distance

= max[ |i-n], [j-m| ]
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Distance 5l

Compute the distance between the two pixels

using the three distances:

q:(1,1)

P:(2,2)

Euclidian distance : ((1-2)A2+(1-2)A2)"M/2 = sqrt(2).
D4(City Block distance): |1-2| +|1-2| =2
D8(chessboard distance ) : max(|1-2|,[1-2[)=1

’

(because it is one of the 8-neighbors )
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