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Pixel Point Processing

00|12 WM SUMOR 93 QAo 2 T 22 W S A
G0l 5ot /K| ZEH5t= ALt
OBl 57| & O] =7
G 8171 (Image brightness): S| I/ £L0f CHot MEMH QI 17| "
H 2 CHH| (Image contrast): 2F LI 2| gray level 2 i 5! B 2|0f Ciat S =

- the difference between the brightness and darkest pixel values and

- how the intermediate values are arranged
=
o =9 M| HHE
A O 4= (Image Algebra): tHel Hat 52 CFs GH 0 HE 7ts
240 A2AH Y HAH (Gray-Scale Modification)
o|AE 2 HA (Histogram Modification)
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First Original Second Original

h

8

= 4
28

Original image Gaussian noise Addition of images



Subtraction of scene a from scene b

Subtracted image with thresholding

cont’d



=a) It

OOAZ Mel, S8 2, 9E 24 S0 AHE
028 M| S ?let Bf23= T2 01T SE= AtE

a. Original image b. Image mask (AND) c. ANDingaand b
-Jfl"' :
> &

d. Image mask (OR) e.ORingaandd
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Gray—Scale Modification

O S 7|2t CthH|E =Fot7| /o 08 &= AL
O(x,y) = M[I(x, y)]

Ex) (10,50) H 2| 2| gray level= (10,250) H | = =%t
MII(x, y)I = 6[1(x, y)] =50

1(x, y) for 0< 1(x, y) <50 |
MII(X, y)]=<6[l(x,y)]-50 forl0<I1(x,y)<50
1(X,Y) for50 < 1(x, y) <255

modified gray-level values

10 30 50
original gray-level values

12



Gray—Scale Modification

»
»

cont’d

(r2 S2) :

modified gray-level values

| (r1, S1)

original gray-level values

v

General Form of Gray-Scale Modification

13



Gray—Scale Compression

modified gray-level values

v

original gray-level values
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Gray—Scale Stretching

modified gray-level values

|
50
original gray-level values
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Gray—Scale Stretching

modified gray-level values

28 75

v

original gray-level values




Gray—Level Slicing

modified gray-level values

150 200
original gray-level values
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Gray—Level Slicing

modified gray-level values

original gray-level values
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Gray—Level Thresholding

modified gray-level values

-
original gray-level values
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Gray—Level Negation

modified gray-level values

original gray-level values
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Gray—Level Histogram

ar
Ko
ol
oir
<

ol

=l

O Zf gray level2 &=

—_
o

o

-

O xZ: gray level, y

255

gray level
Histogram of the image

8-bit grayscale image
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Gray—Level Histogram cont’d

O with a small(wide) spread => low(high) contrast

O clustered at the low(high) end of the range
=>dark(bright) image

24



Histogram Modification

Oo|AEEH0 7|82 +

O Modification by a mapping function

Focus on the histogram shape and range

e Fields
O histogram stretching
O histogram shrinking
O histogram sliding

O histogram equalization

Original Histogram

O FYO Y| S TH HE

Histogram Stretch

Histogram Shrink

Histogram Slide

25



Histogram Stretching

e Increase contrast of a low contrast image

e Mapping Function

1'(x, y) = | 28 75wy gy TS,

B IMAX_IMIN B

luax : 1argest gray-level value in the image 1(X,y)

lyin ¢ smallest gray-level value in 1(X,y)
Syax - mMaximum desired gray-level value in the stretched histogram

Sy : Minimum desired gray-level value in the stretched histogram

26



Histogram Stretching

50 55 75

10

y 210

(100-50) : (x—50) = (210—-10) : (y —10)

(y—10)*(L00—50) = (x —50) * (210 ~10)

_(x=50)*(210-10) , _(210-10)
- ~ (100—50)

(100—50)

(x—50)+10

1'(x, y) = Oma =Smn) (1 yy 1 ys

(Imax - Imin)




Histogram Stretching cont’d

Histogram of
low-contrast
Image

LLow-contrast
Image

.mil "

| Histogram of
Image after
stretching

Image after
histogram
stretching

HIH l.J ”‘M‘LM|H|’|Vl.”’hi“4d1Hh i,




Histogram Stretching

o =2| & (Clipping)2 R

Original image

Histogram of original image

cont’d

29



Histogram Stretching cont’d

histogram

stretching Histogram
without of image (c)
clipping

histogram
stretching with
clipping 3%
low and high
values

Histogram
of image (e)

y l[[fl‘l“”‘ II“'




Histogram Shrinking

e Decrease image contrast by compressing the gray levels

e Mapping Function

1'(x, y) =| 28 7O (e gy TS,

B IMAX_IMIN B

luax - largest gray-level value in the image I(x,y)

L : Smallest gray-level value in 1(x,y)

Syax - Maximum desired in the compressed histogram
Syin - Minimum desired in the compressed histogram

31



Histogram Shrinking

Original image =

Image after
shrinking [
to the range [
[75, 175]

cont’d

Histogram
of original
Image

Histogram
of shrinked
Image

32



Histogram Sliding

e Make an image darker or lighter but retain the relationship
between gray-level values

e Mapping Function

S(x,y)=1(x,Yy)+ offset

offset : amount to slide the histogram

33



Histogram Sliding

Original
Image

positive-
value
histogram
sliding

cont’d

Histogram of
original image

Histogram of
Image after
sliding
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Histogram Equalization

S
~

L|g
—r

Sl
jol LH

G(q)

H(p)
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Histogram Equalization

o GATHH]

cont’d

36



cont’d

Histogram Equalization

jol o0

M o

o E
ol KO
g o
L_I ﬂM 10
yf}

A JF o Ro
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< o
o <+ T

X
S
M| 20| 74
al
H

r
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of W g & UH
ol < i ¥ ol
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Histogram Equalization cont’d

e Example
49°1 15
10 10
27 29 8 7
5 18
NERRE: ‘
A NREN
1 ] | | |
0 7 0 7 0 7
S|IAEH S 23 At

(10,18,27,29,43,44,49,51) 7

ol
~(1.37,2.47,3.71,3.98,5.90,6.04,6.73,7.00)

~(1,2,4,4,6,6,7,7)

38



cont’d

6

2 4 6,

6 6 4,7 7

2\64467
a4 @4467

1 1 4|4 6

43 x7 =5.00

51

1.37
2.47
3.71
3.98
5.90
6.04
6.73
7.00

10
18
27
29
43
44
49
51

10
14

10«7 =137

51

4 2|2 46

O|1 2|4 (4

4 53,6 |7

0 0| 2|3 |5

Histogram Equalization

<r
Ho
o
oF
i
ol
oll

rk

39

X =t 2 2[o] 2|

HA H Ao &

Normalization



Histogram Equalization

Original
dark image

Image after
histogram
equalization

Hduh

%HMW

cont’d

Histogram
of original
Image

Histogram
of equalized
Image

40



Histogram Equalization cont’d

il ™




Histogram Equalization

cont’d

Original

Histogram Equalization

42



Histogram Equalization cont’d

ES

THIS NOTE IS LEGAL TENDER
FOR ALL DEBTS, PUBLIC AND PRIVATI

DI D DOLLARS?

ol AT
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O A& 5 M(convolution) &4t
o
=

XNE|or At of= HE &
IS

2KHR HY & OpA A (mask), 2 E(filter), Bl = 2l (template), 7{ & (kernel)
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Convolution

O3 HE A I Eet H255 HSots 24 Bl E HEHS| 7S
N(A=)2 44 &otd 0la= EF Lot 20 O] L2 T4 HE
o| k= HEot= Ak

O 2X+# Hf €5 X|Eot= &0

OFA 3 (mask), & E(filter), Bl = =l (template), 7{ Z (kernel)

O Linear spatial filtering2 2|3} A&

g(x,y) =h(x,y)* T(X,y) = Zalzh(s,t)f(x+8,>'+t)

s=—at=-b
C,
a=(m-1)/2 U M) A7|: MxN
b=(n-1)/2 OfA=(h)2| 2 7]: mxn

48



Convolution

P
0Q

z
=
|O

| 2= pixel0f L5 BH5Ho = X

cont’d
0-0*0
0 -0*Q'
0-0*@ /0,8 /8 /
/0,/0,/6
_—— /80 0/
l 0:0+--+0

49



Y FH N Y'Y




cont’d

BY2A H N Y™

(0

Ol

AN
2 %7]

A
T
Al
O At
oo

(Wrap-around)

=01, ()M A=

=
=

Ol &|= 2 XI(0f

1| Al
420 8

O X%

o BE
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o YEXQI M8 B7H LEY Gl
O E2F =5} (Image Smoothing = 2 image blurring)
AAME HEHA BEHSIHLE 0| =(noise)S M| 7{5S}t7| I8H AtE
Mg 2 H & (mean filtering) 3 S 74t & B 2l(median filtering) A AH=
ol =& 7ts
O gg H 0| =2f (Image Sharpening)

-
S SMet §E= BA|7|= At

- SM BEE SYUFO ZeE S X2 2

o - OO

aA 22 242l 8474 5= 20|

—

Laplacian-type 3! difference-type2| enhancement filter Af-&

O Of| X] A& (Edge Detection)
I U0l Z&E oKX & F==ot= At
- O X[ 2t Zr =2 H el M =45t 817171 Het= X[ ™= 2|0

- 28H'— OT

52
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Image Smoothing

e Mean Filtering (Bt gt 2 E &)
O common spatial convolution masks

1

16

Ok

10

1
1 =
1

N PN
_ N

e e
R NP
e
N R N

BE=Aa70 Z-0|10 TA o] 1Ql O AT T ALE

P NP
N AN




Image

Smoothing

10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 100 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10

o—>

Mean filtering

cont’d
10 10 10 10 10 10 10 10
10 20 20 20 10 10 10 10
10 20 20 20 10 10 10 10
10 20 20 20 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10

55



Image Smoothing

Original
Image

9*5

cont’d

3*3
Arithmetic
mean

7*T

56



Image Smoothing cont’d

e Median Filtering (574t 2 E &)
O Nonlinear filter

O Center pixel is replaced with the median, or center, value present
among its neighbors

O Useful for removing salt-, pepper-, or salt-and-paper noise

(3,3,4,4,5,5,5,6,7)

w w O
> (OO
~N 01 O

w w O
> b~ O
~N 01O




Image Smoothing cont’d

Original
Image

Mean
Filtering



Image Smoothing

Original
Image

9*5

cont’d

3*3
Median
filter

7%

59
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Image Sharpening

e High-pass filtering

fo (X, y)=1(xy)-f (Xy)

-1 -1

-1




Image Sharpening

10 10 10 10 10 10 10 10
10 20 20 20 10 10 10 10
10 20 30 20 10 10 10 10
10 20 20 20 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10

o>

High-pass
filtering

cont’d

10 | 20 | 10 | 20 | -10
20 | 40 20 | 40 | 20
30 | 20 70 20 | 30
20 | 40 20 40 | 20
10 | 20 | 30 | -20 | -10
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
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Image Sharpening cont’d

=

O D0 S0 LE oM LMt He 27 a4
M2 | QLast
O = — 3

O AFZ'S ZH2| o
o

DEAT 21
0 -1 0]
-1 5 -1
0 -1 0
1 -2 1 - | ~ »y
= - Original image Contrast-enhanced

64



Image Sharpening

e Unsharp Masking (HAFZ OpA )

OO0 Representative of practical image sharpening methods

Input
Image

A 4

A 4

Lowpass
Filter

| Histogram

Shrink

\ 4

Subtract
Images

A\ 4

cont’d
Histogram | | Result
Stretch Image

65



Image Sharpening

E(r,c)=1(r,c)+AH(r,c)
=1(r,c)+ A{I(r,c)—L(r,c)}
=1+ A)I(r,c)—AL(r,c)

cont’d

~—1(r,¢)

L(r,c)/
| (r,c)—L(r,c)
_\f_/L_
N\

E(r,c)=1(r,c)+ A{I(r,c)—L(r,c)}

66



Image Sharpening

Original
Image

Unsharp
masking
lower limit=0,
upper=150,

2% low and
high clipping

cont’d

Unsharp
masking
lower limit=0,
upper=100,
2% low and
high clipping

Unsharp
masking
lower limit=0,
upper=200,
2% low and
high clipping

67
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Edge Detection

e |deal Edge vs. Real Edge

e
»
[

ssauybug
ssauybug

B B

Spatial Coordinates Spatial Coordinates




Edge Detection cont’d

o O|X| A= &
mxrmm@ 0| _
Prewitt, Sobel, Roberts & bright
dark
O2XFO0/ 2 =2 0| change of brightness
Laplacian(2}=2fA| ¢F) /\
1st-order derivative
positive
peak

2"d-order derivative

\ / negative
peak

71



Edge Detection

o 1X} O] F AHLEX}
O 7| Hete S 7272 d=0t7| /et Y E
_ﬂ_
Gx OX
Vi = =
G,| |
oy |

-

O 7271 HE Vi A7) G ek X=0f tigt 4= &g &
G=,G+G; ~ [G,|+|G,|~max(G,| . |G,|)
G
a(x,y)=tan™| =~
(X,y) (G ]

X

G, = f[x+Ly]-f[xy]l, G, = f[x,y+1]- f[xy]

cont’d
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Edge Detection

G, = f[x+Ly]-f[xy], G,

~ f[x,y+1]— f[x, V]

G, =h(xy)*f(x,y), G, =h(xy)*f(x,y)

O Prewitt HAFX}
CH 2t M 2 CF =ZO|L =2 of| X|0f| . Bl&

h (X, y) =

OO0 Sobel & AFXE
.I

-1 01

(-1 0 1]
-1 01

h, (X, y) =

CHzr Eeko| of| Xfof o 2l

h (X, y)=

-20 2

(—1 0 1]

-1 01

h, (X, y) =

[ —1-1-1]
0 00

11 1]

[ —1-2-1

0 0O

121

cont’d
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Edge Detection

cont’d

O Roberts A AL

0} W2 2 A & £ S LIERLLE RS Of O DIZEE)

00 0] (-1 0 0]
h(x,y)=| 01 0 h,(x,y)=| 0 1 0
-1 00 000

() 2Hx

74



Edge Detection cont’d

e Laplacian (2= 2}A| 2l
O CHEXN Q2K Of & LAt E B = o K| & 8

|
o*f  o°f

Vi =—+—
ox~ oy
0 f oG, o(f[x+1,y]- f[x, y])_@f[x+1,y]_8f[x, Y]
ox> ox OX X OX
= (f[x+1 yI- f[x, yD - (F[x, y]- f[x=1,y]) = F[x+1, y]-2f[x y]+ f[x-1y]
0% f

- = T[x y+1]-2f[x,y]+ f[x,y-1]

VA =[F 00y +D)+ F(x=Ly)+ F(x+Ly)+ F(x y=D]-4f (x )

0O 1 O 0 -1 O 1 1 1 -1 -1 -1
1 4 1 -1 4 -1 1 8 1 -1 8 -1
0O 1 O 0 -1 O 1 1 1 -1 -1 -1

(@) (b) () (d)
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Edge Detection cont’d

o 2%} O] 2 QIARLE X8

(c) 8 gt 7
2HZBtA| O i () re ool
EEENE

76



Edge Detection cont’d

e First vs. Second-order derivative

ab

c
FIGURE 3.38
(a) A simple
image. (b) 1-D
harizontal gray-
level profile along
the center of the
image and
including the
isalated noise
paint.
(c) Simplified
profile (the points
are joined by
dashed lines to
simplify
interpretation).

ié ; I.‘-—[solamd point J".“._.“.
25 e-w 5 . /
24 v, o Ramp /% Thin linc—\“ Sep—/
= j e I,’I Il\Fla[ segment r,’l
9 " [ PO
0 Ca— [, ‘e —w- -
Image strip| 5[5 [4]3[2[1]oJo]o]e|o]ofofo]1]3]1]o]ofoo]7]7]7]7]+]+]
T s O A O O
First Derivative —1-1-1-1-10 0 6 =60 0 0 1 2-2-10 0 0 7 0 0 0
s U O O O AR A O
Second Derivative 10 0 0 0 1 0 6-126 0 0 1 141100 7-70 0
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o Zo L0 thieh & X2
ORGB Bo= A= AHES= & HE
O HIS(HLS) B2 2 B2 X 2|5h= Y
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cont’d
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A, 5 AL, L gih =2
4 (Gray-Scale Modification)

e Gray-Scale Compression, Gray-Scale Stretching, Gray-Level Slicing, Gray-
Level Thresholding, Gray-Level Negation

- S|AE I A (Histogram Modification)

* histogram stretching, histogram shrinking, histogram sliding, histogram
equalization
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s34 (2)

Image Smoothing

* Mean Filtering, Median Filtering
Image Sharpening

 High-pass Filtering, Laplacian-type Filtering, Unsharp Masking
Edge Detection

* Prewitt, Sobel, Roberts, Laplacian
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