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Neighbors of a Pixel
1. N, (p) : 4-neighborsof p.
* Any pixel p(x, y) has two vertical and two horizontal neighborsegiby
(xt1,y), (x-1, y), (x, y+1), (x, y-1)
» This set of pixels are called tdeneighbor s of P, and is denoted by N,(P)
« Each of them is at anit distance from P.
2. Np(p)
* This set of pixels, called 4-neighbors amshdted byN, (p).
* N,(p): four diagonal neighbors g have coordinates:
(x+1,y+1), (x+1,y-1), (x-1,y+1), (x-1,y-1)
« Each of them are &uclidean distance of 1.414 from P.
3. N; (p): 8-neighbors op.
* N,(P)andNp(p) together are called 8-neighborspfdenoted bNg(p)-
* Ng=N,UN,
« Some of the points in tHd, , N, andNg may fall outside image when P lies on the
border of image.

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

F(x,v-1)  F(xy) F(x, y+1)

F(x#, y-1) | F(x#,y) | F(eH, y+)
N; (p)
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Ad_]acency

Two pixels areconnected if they are neighbors and their gray levels satsime
specified criterion of similarity.

» For example, in a binary image two pixels are cetew if they are 4-neighbors and
have same value (0/1)

* Letv: aset of intensity values useddeiine adjacency andconnectivity.
* In abinary Image v={1}, if we are referring to adjacency of pixels witHua 1.

* In aGray scale image, the idea is the same, butypically contains more elements,
for examplev= {180, 181, 182,....,200}.

» |If the possible intensity values 0 to 2¥%5et could be any subset of these 256 values.
Types of adjacency
1. 4-adjacency: Two pixelsp andq with values fromv are4-adjacent if q is in the
setN, (p).

2. 8-adjacency: Two pixelsp andq with values fromv are8-adjacent if q is in the
setNg (p)-

3. m-adjacency (mixed): two pixelsp andq with values from v aren-adjacent if:
P qisin N, (p) or
B qisin Np (P) and

B Theset N, (p) N N, (q) has no pixel whose values are fromNo(inter section).
« Mixed adjacency is a modification of 8-adjacency "introduced thmeate the

ambiguities that often arise when 8- adjacency gedu (eliminate multiple path
connection)

* Pixel arrangement as shown in figure ver{1}
Example:

Path

A digital path (or curve) from pixelp with coordinate(x,y) to pixel q with
coordinate(s,t) is a sequence aistinct pixels with coordinate®<q, Yo)s (%45 V1)»
aeny (Xny Yn)s Where(Xo, ¥o)= (X,Y), (X, Ya)= (Sst)

o (X, y;) is adjacent pixefx;. 4y ¥;.q4) for 1<j<n,

* n- Thelength of the path.

o If (X5 Yo)= (X, V,):the path ixlosed path.

* We can defind- ,8- , or m-paths depending on the type of adjacency specified.
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Connectivity
 Let S represent a subset of pixels in an image, Twolpipeand q are said to be
connected ir8 if there exists a path between them.
 Two image subset81 andS2 are adjacent if some pixel 81 is adjacent to some
pixel in $2

Region
 Let R to be a subset of pixels in an image, we c&l aregion of the image. Ris a
connected set.
* Region that are not adjacent are said tdisint.
« Example: the two regions (of Is) in figure, are adjacenlyaf 8-adjacany is used.

1 1 1 ~
1 0 1 > Ri

-~

Rj

1 1 1 ~

* 4-path between the two regions does not exist, (so tireon in not a connected set).
« Boundary (border) image contain#€ disjoint regionsR,, k=1, 2, ...., k, none of
which touches the image border.

I
Ry R,
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 Let: R, - denote thainion of all theK regions(R,)°- denote itscomplement.
(Complement of a set S is the set of points that are not

R, - calledforeground; (R,)¢ - calledbackground of the image.
* Boundary (border or contour) of a regionR is the set of points that are adjacen

points in thecomplement of R (another way: the border of a region is the sqtixéls
in the region that have at least are backgrounghiveir .
We must specify the connectivity bemg used to define adjacency
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* For pixelsp, q and z, with coordinate(x,y), (s,t) and(u,v), respenctivelyD is
adistance function or metric if

D(p,q)=0, D(p.q) = 0 if p=q
D(p,q) = D(q,p), and
D(p,z) <D(p,q) + D(q,2)

_1d(s,t)

S U ¥

P(x,y)
* The following are the differerDistance measures.

1. Euclidean Distance (D.)

D, (p,@) = V[(x—9)2 + (y - )?]
e The points contained indisk of radiusr centred a{x,y).
2. D, distance (city-block distance)
D,(p.q = [x—s|+|y—t
» Pixels having &, distance from(x,y) less than or equal to some valr form a
Diamond centred (x,y).,. q(s,t)

[~ TAVARVAY
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Example 1. the pixels withD,=1 are the4-nighbors of (x, y).

3. D; distance (chess board distance)
Dg (p,q) = max(|x —s|, |y — t|)
* square-— centred afx, y)
 Dg =1 are 8-neighbors dix,y)
Example: Dg distance <2

4. D, distance:
» |s defined as thehortest m-path between the points.
» Thedistance between pixels depends only on the vallpels
Example: consider the following arrangement of pi
P, P,
P, P,
P

and assumethat P, P, havevalue 1 and that P, and P; can haveavalueof Oor 1
Suppose, that we consider adjacency of pixels vakv={1})
a) if PLand Pz areO:
ThenD,, distance 2
b) if P1=1and P;=0
m-distance = 3;
c) ifP=0;andP;=1
d) if P1=P3=1;
m-distance=4 path = ;1 p> ps s
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Matlab Code

bw = zeros(200,200); bw(50,50) = 1; bw(50,150) = 1;
bw(150,100) = 1;

D1 = bwdist(bw,'euclidean');

D2 = bwdist(bw,'cityblock');

D3 = bwdist(bw,'chessboard');

D4 = bwdist(bw, quasi-euclidean');

figure

subplot(2,2,1), subimage(mat2gray(D1)), title(Euclidean')
hold on, imcontour(D1)

subplot(2,2,2), subimage(mat2gray(D2)), title('City block')
hold on, imcontour(D2)

subplot(2,2,3), subimage(mat2gray(D3)), title('Chessboard')
hold on, imcontour(D3)

subplot(2,2,4), subimage(mat2gray(D4)), title('Quasi-Euclidean')
hold on, imcontour(D4)
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