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Image Enhancement

• Spatial Domain (第三章)
• Frequency Domain (第四章)
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3.1 Transformation Function

g(x,y) = T [f(x,y)]
f : original image

g : enhanced image
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Enchancement

• 1 . Negative : slope = –1
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Enchancement

• 2 . Log :    s = c * log(1+r)
T = log

c : 常數
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Enchancement

• 3 .                   s = c
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Enchancement

• 4 . Piecewise Linear 
Transformation

-- Contrast stretching 
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3.3 Histogram Processing

Grey level:0~L-1
P(rk)=nk/n
r k:the kth grey level
n k:the # of pixel with grey level k
n:the # of tatol pixel 
Histogram:P(rk)=nk/n
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Histogram Equalization(1)
Image Size N*N

P(ri)                                      G(si)

r0 rk r        s0 sk              s
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Histogram Equalization (2)

f(r)  =  S
Since

P(ri)=     G(si)

We know that G is equalized if

i , G(Si)=
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Histogram Equalization (3)

From probability CDF
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Histogram Equalization (4)

From Discrete format
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Histogram Equalization (5)

EX:



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

• Histogram Equalization

S=T(r)
(a)T(r)=monotonic increasing
(b)0<=T(r)<=1

r=T-1(s)
Pdf=Pr(r)·Ps(r)
Ps(s)=[Pr(r)dr/ds]r=T-1(s)
Controlling the pdf for transfer function
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CDF  S=T(r)= ∫ Pr(w)dw 0<=r<=1
Note:

Using a transfer function equals to the CDF of 
r produce an image whose grey level has a 
uniform density and increase the dynamic 
range of the pixels

r

0
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•HistogramEqualization
Global
Local

Pdf:Pr(r)

Ex.
Assume the pdf Pr(r) of a image is 
Pr(r)=-2r+2, 0<=r<=1



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

( )
sr

ssTr

rrS

−−=∴

−±==

+−=∴
−

11

11

2
1

2

( ) ( )dww
r

rTS Pr
0∫==

( )

rr

r
ww

dww
r

2

0
2

22
0

2

2

+−=

+−=

+−= ∫



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

( ) ( ) ( )

( ) ( ) ( )
( )

( ) ( )∑
=

=

+=

−=

k

i
i yxg

k
yxg

noiseyx
yxyxfyxg

Averaging
yxhyxfyxg

nSubstratio

1
,1,

,
,,,

)2(
,,,

)1(

η
η



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

( ) ( ) ( )

9
1

9
1

9
1

9
1

9
8

9
1

9
1

9
1

9
1

eg.

detailshighlight -
filter) pass(high   Filtering ing(2)Sharpen

blurringredution, noise-
filter) pass (Low  Filtering (1)Smooth 

,,,

−−−

−−

−−−

++= ∑∑
−=−=

b

bt

a

as
tysxfyxwyxg



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

highpass back to added is image original  theofparty 1,A         
highpass1,Awhen 

1
Filteringst  (4)Highboo

aneg.Laplici
ntenchanceme edge-

Filter ive(3)Derivat

>
=

+•=•= Hightpassorig)(A-ssorig-LowpaAHightboost



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain



Digital Image Processing, 2nd ed.Digital Image Processing, 2nd ed.
www.imageprocessingbook.com

© 2002 R. C. Gonzalez & R. E. Woods

Chapter 3
Image Enhancement in the

Spatial Domain

Chapter 3
Image Enhancement in the

Spatial Domain


