(4-2-1-2) Adaptive Filters: -These filters are based on the location
statistics of the image and also on the mathematical model.

Adaptive filters are commonly used in image processing to enhance or
restore data by removing noise without significantly blurring the
structures in the image.

a- Lea and Kaun Filters.

b- Homomorphic filters. (Powerful filters)

a) Lea and Kaun Filters.

Rx,y)= WI - (1 - W)I
Smg;&lzg Fgc?g?
S aadi Jany alilal) o Bélay

0< W <1

» A window has been placed on different image areas (black, white,
and middle) to interpret each region.

Black and white Middle
No edge Edge
Presence Edge and blurring

W, o =yery small p,o= very high

%0 W) sinl G daga Adlall dilaia) e s

pons Jass 1Y i (L5 (leale Ailaall Canh e lall e e

W =1 aiill e W= different values (nldge 3529

R=I 4 pall g dmanl) sl gudal) (pa

(Janall i) %5100 Aot poaill | W= 0 4155 199 b il
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b-Homomorphic filters

1- It is one of the most powerful filters, but alone it is not powerful
If we have additive noise related to R.R?, we take either the square root
or the cube root of R.

R R?2=R /R?
2- If the noise is Multiplicative, then the situation is difficult here, take
its logarithm

I=R.F
Log(I) = log (R) + log (F)
e ) sl G sl Jyga
I=(R+n)
Al Gl Aadlaall gakiiead )
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(4-2-1-3) Edge Detection Filters (derivative Operator)

It plays an important role in many image processing applications and
is very important in the process of analyzing the image and extracting useful
information and features from it through the edge. The presence of the edge
depends on the value of the point and its similarity to the values of its
neighboring points. If the grayscale value of a particular point is similar to
the values of its neighbors, it is not considered an edge. If the difference is
large, then it represents an edge.

Its uses

1- To improve the edges in the image by increasing the contrast, that is, the
sharpness of the details in the image. This is the opposite of smoothing,
which weakens the edge.

2- Improve contrast 3- Image analysis, that is, extracting edges that
represent details of the image or a feature of the body, and extracting edges
with features that are different from each other.

» Edge: - A discontinuity in grayscale values, that is, a sudden change in the
values of a point with its neighbors, as well as a change in color and texture.

> Thresholding: - It is a process that takes place after distinguishing and
showing the contrast and the effect of the points that are part of an edge, after
which the points are connected to form the boundaries that distinguish the
components and separate them from the background of the image, and they
are chosen intuitively.

_ XF(@.,j)
T= Wxh =0 = |

» There are several derived filters, which are:
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1- Robert’s mask Filter: -

Cldlald) (ads
488

-~

2- Soble Mask: - Gx="4
Gy=%
AN cilblall Cads

3-Laplacian filter: - 1/4

Gx= | -1 0 , Gy= -1
0 1 0
dg3 ganl) CilBlal) CAds
1 2 1 1 -1
0 0 0 2 -2
-1 2 | -1 1 -1
1 2 1 1
0 0 0 1/8 -8
-1 2 |-1 1

KT gﬂ daual g cildlal) o 9Sh g cilalasy [Py ga Jalill) (ppsaltil addliy

4-Laplacian + addition

0 -1 0
-1 5 -1
0 | -1 0
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5-Convolution filter: -  8usall #1580 Ao Jary (122 agw)
1
-1

Gx= -1 1 Gy=

1- Sharping filter: -
Band) Bali) ol bl 35 - cldlad) 4 g8 ] Jo Janti Al dagall SN (ha
Bl At Jaalddl) L8
Sua = clilal) D8 Jara ] = anddl) M Jara o) L e
aal g ¥ s s gbew D Baad) D8 Jana Lal

1 |1 |1
1/8 1|9 |1
1|1

2- Uniform filter (average Mask)

1 1 1
1/9 1 |1 |1
1 1|1

8. Non-uniform filter

1
1/16 2 4] 2
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Ly AS) Al dlid g aliiial) pe AN Juady

Adidall o adiad dilud) Al v
Aol  slau

"o

1D ) Xt1,y X,y

ax=l L =f (xtly) - f(x)
X9y+1 X, y
Ay =1 % =f (xyt]D) - f(x,¥)
AU Adidial)
% f
— =f (xtLy)+f(x—1,¥)-2f (X,y) ....(4-1)

ox2

a2
W{ =f(xy+D+flx,y-1D-2f(xy)....(4-2)
The gradient

_ofxy) | of(xy) _ 9f(xy)
Vf - ox + ay dx 0y
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»Laplacian

20 _ O°f(xy)  8*f(xy) |, 8%f(xy)
v f_ dx2oy?  ax2 + dy?

Slo Jean il 8L Alaladdl 8 (4-2) 5(4-1) ¥olaall iy ga
Vif=f xtLy)+f(x—1y) +f(xy+1)+

fx,y—1) —4f(x,y) ........... (4-3)
gl OLY Jie Ay e HAS) Jentindt ) fiigall any Sllia
- L;"N\Sj
| Ag(y) = f () - PE(xY)
g(x,y) =

T daseg (xy) = (xy) V()

»Laplacian + addition

gx,y)=fxy)-[ f xtLy)+f(x—1y) +
f(xy+D+fx,y—1D]+4f(xy)

=5fx,y)-[ f x+Ly)+f(x—1,y) +f(xy+
1)+f(x'y_1)]
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To calculate

vif=| Gx? + Gy?| Ci |C2 |Cs
Vf=|Gx? +Gy’ |§ ........ (4-4) Cs |Cs |Cs
To calculate the Roberts mask C7 |Cs |Co

-1 0 0 1
Gx =| Co — Cs 0 11 1 -
Gy =| Cs — Cg|

Vf=|Gx2+Gy’ |5
If g =max (Gx, Gy) = threshold then edge point e
(x,y) =255 else e (x, y) =0 (Smoothing)
To calculate the Soble Mask
Gx=|C7+2Cs+Co |- | C1+2Ca+ Cs5 |

Gy=|C3+2Cs+Co|-|C1+2Cs+Cr|

Vf=|Gx >+ Gy’ |3

If g =max (Gx, Gy) = (GX'ZY) > threshold then

edge point e (x, y) =255 else e(x, y) =0

47



Example: - Apply the Roberts [ ISTIEEI000S5)

mask on the image, where the 5 4 100 101 103

threshold =257 6 7 99 102 113
10 8 8 100 104

Solution: - Robert’s mask

Gx= [a1 Jo ], Gy= | 0 | -1
0 |1 1| o
I- V)= ?
Gx= -4+4=0
Gy= 3+5=2 = Vf=0|+2]=2
2< th ~nv(i4)=0
2- V(@3)=?
Gx=-3+100 =97

Gy=-7+ 4 =-3—Vf=1(97| + -3| = 97+3=100
100 > th -~ v(3) =255
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3- V(7)=?
Gx=-7+101= 94
Gy = 100-100=0 == V= (94| +| 0] =94-+0=94
94 > th = V(7) =255
4- V(100)=?
Gx=-100+103=3 ,Gy=-99 +101=2
Vf =3| + 2| =5 5<th .. V(100)=0
5- V(5)=2

Gx=-5+7=2, Gy= -4+6=2
Vf=2+2/=4 4<th - V(100)=0

5 4 100 101 103 0255 0 0 0
6 7 99 102 113 ‘

0 255255 0 O
10 8 8 100 104 O 0 0 o0 o0
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Example: - Apply the Soble mask on the same image, where
the threshold = 25?

Solution: - Gy=1/4 | 1 [0 |-
Gx=1/4 1 SEE 2 |0 |[-2
1 |0 |-
0o [0 [o
1| 2 |1
1-V(4)="?
Gx= VY4 |4+6+7-6-14-99| =1/4 |-102|=1/4 ¥*102  =102/4 =
25.5

Gy= Y4 | 4+10+6 -7-200-99 | = V4 |-286]= 1/4 * 286 =286/4
=71.5

g =(Gx+Gy) /2 =48.5
g = max (Gx, Gy) > th. then e (x, y) =255
2-V(100)=?
Gx= " |3+14+100-7-198-102| =1/4|-190|
Gx =" *190=190/4 =47.5
Gy = % | 3+8+7 -100-202-102|= Y4|-386|= 96.5
g =(Gx+Gy) /2="72
g = max (Gx, Gy) > th. then e (x, y) =255
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3-V(101)=?
Gx= Y | 7+ 200+99-33-204-113|= %|-110|
= 110/4=27.5
Gy= Y| 7+200+99-99-206-113|= %|-112|
= 112/4 =28

g =(Gx+Gy) /2 = 55.5/2=27.75
g = max (Gx, Gy) > th. then e (x, y) =255

A5V 5 guall eiitl LS sy 138a

S 4 100 101 103 255|255 255
6 7 99 102 113 255|255 255

10 8 8 100 104
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Example: - Apply the mask average (1) for the following matrix?

0 1 10 100 102 103
1 1 1
1/9 5 4 11 102 108 100
..- 4 7 100 103 105 103
1 1 1

5 8 9 10 100 102

SO].. 10 50 50 57 60 61

10 51 52 55 61 52

Row 2

2-R (4) = 1/9 (0+1+10+5+4+11+4+7+100) = 142/9 =16
2-R (11) =1/9(1+10+100-+4+11+102+7+100+103) =438/9=49

2-R(102)=1/9(10+100+102+11+102-+108+100+103+105)=741/9= 82.3 =82

2-R(108)= 1/9( 100+102+103+102+108+100+103+105+103)=926/9=102.8=103

Row 3

3-R (7) = 1/9( 5+4+11+4+7+100+5+8+9)=153/9 = 17

3-R (100) = 1/9(4+11+102+7+100+103+8+9+10) = 354/9=39.3=39
3-R(103)=1/9( 11+102+108+100+103+105+9+10+100)=648/9=72

3-R(105)= 1/9(102+108+100+103+105+103+10+100+102)=833/9=
92.5=93
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Row 4
4-R(8)= 1/9( 4+7+100+5+8+9+10+50+50)=243/9 =27
4-R(9)= 1/9( 7+100+103+8+9+10+50+50+57)= 394/9=43.7=44
4-R(10)=1/9(100+103+105+9+10+100+50+57+60)=594/9=66

4-R(100)=1/9( 103+105+103+10+100+102+57+60+61)=701/9=77.8
=78

ezl (il a g ualall Ciuall 1384
i Y\S A8 ghiadll el ab il 20 Guabiall s O3V 3 gendl y Gualiadl s 359 Caall Ll

0O 1 10 100 102 103 O 0 0 o0

16 49 82 103

S 4 11 102 108 100
7

100 103 105 103 » 17 39 72 93

S 8 9 10 100 102 27 44 66 78

10 50 50 57 60 6l 27 38 50 62

— R — N — R A — A —
S O o o o @

10 51 52 55 61 52 0O 0 0 O

H.W: - Apply the mask average (2) for the same matrix?
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