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Noise Suppression

= Spatial filters
= Lowpass spatial filtering
= Median filtering

= Frequency domain filters
= Lowpass filtering
= Band-rejection filtering

Pattern Computing Laboratory, Center for Space and Remote Sensing Research, NCU.
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Lowpass Filter

= Blurring and noise reduction (Gaussian noise)

(a) 1 1 1 1 1

1 | 1 1 1 1 1

(c)
00 0O O Gonzalez, C. R. & Woods, E. R. (1992). Digital Image Processin .192). New York: Addison-Wesley.

Pattern Computing Laboratory, Center for Space and Remote Sensing Research, NCU.
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圖片採自Gonzalez, C. R. & Woods, E. R. (1992). Digital Image Processing (p.192). New York: Addison-Wesley.
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Original Add Gaussian Noise

N=3 N=7

Pattern Computing Laboratory, Center for Space and Remote Sensing Research, NCU.
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Median Filter

= Salt and Pepper noise
= Median in the mask area

Salt & Pepper noise Gaussian filter Medium filter

Pattern Computing Laboratory, Center for Space and Remote Sensing Research, NCU.
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(a)

Figure 4.31 (a) 512 x 512 image and (b) its Fourier spectrum. The superimposed circles,
which have radii equal to 8, 18, 43, 78, and 152, enclose 90, 93, 95, 99, and 99.5 percent of

the image power, respectively. 1

0 0 0 O Gonzalez, C. R. & Woods, E. R. (1992). Digital Image Processing (p.204). New York: Addison-WesIey..

Pattern Computing Laboratory, Center for Space and Remote Sensing Research, NCU.
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圖片採自Gonzalez, C. R. & Woods, E. R. (1992). Digital Image Processing (p.204). New York: Addison-Wesley.
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Gz 5

e m—

\ A(4:5,2:3)

A(1:5,9) A(1:end,end)
A(:,9) Al:.end)
A(21:25) A(21:end)

A([9 14;10 13])
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>> A =112 34 56 20];

> B =1[1324];

> C=A+8B

C =13 37 58 24

- Eigp g

>> A =[1; 2];

>> B =13, 4, 5];
>> C = AXB
C=345

6 8 10

- FEEpAAZHEHAZESR
>> A = [12; 45];
>> B = [2; 3];
>> A. *B
ans =24

135
>> A. /B
ans =6

15
>> A "2
ans =144

2025
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abs(x) EgviEtEskm SaVEE

angle(z) 22 z gYFE ™ ( Phase Angle )

sqri(x) B H

real(z) Eel z gNEEEE

imag(z) B z gNEEESE

exp(x) S stiady

pow2(x) 2 ghrgdn 27

log(x) e B EsVEISE - BNE sA¥i#al In(y)

log2(x) L 2 & EsTs el log, (1)

log10(x) L) 10 & B0 81 log, (1)




5 s, B3

min(x) o] = X 8YJon =882 /v8
max(x) ] &= x BYoT ==8Y5:7718
mean(x) [B] = X BYsn =89 1318
median(x) [ = X BYsox=093 U &l
std(x) [ & X BYoT =BV

diff(x) B £ x 6918 %87 695

sort(x) $im = x BYm =i 1T HEly: (Sorting )
length(x) 2] & x 8970 == B2
norm(x) €]l = X BYENES ( Euclidean) [KfE

sum(x) B £ x 895 EHRAD
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>> |oad lena.dat
>> 1mage(lena)
>>colormap(gray(256))

A N

B

1248

132

206

13

138

161

168

>> 1mage(lena(131:138,161:168))

>> lena(131:138,161:168)

225
174
124
129
167
191
181
176

187 134 105 100

105

97
103
124
166
194
196

97

96
122
143
130
166
203

92
89
98
142
143
149
194

94

92
100
136
139
149
200

101
112
119
120
142
128
166
209

107
129
170
142
122
154
202
215

126
156
159
152
175
205
215
209




e AL
clear all; %' 73 5%
data=imread( ‘slash.bmp );%#¥-#% & 5 slashenBI#h:# £ ¥ & ¢ 5 data
e 5 % <F 5 270%192
data_gray=rgb2gray(data); %#-8 $J&RGBE 5 A FE 22 i
data_gray=double(data_gray); %#-% #L7] i £unit8# % doubled] 3¢
imagesc(data_gray), colormap(gray); %#-2> kg1 5 X FE B2 e

Original image Gray image




Image Enhancement

Point Operation
Mask Operation
Fourier Transform

Color Process




Image Enhancement

Point: T(r)

Original Processed
Image Image
Mask: M

[o] 0
e 7]
Fourier
Frequency Filter Filtered
domain Frequency

domain




Point operation

Image Negative
Contrast Stretching
Gray level dicing
Histogram operations




Gray-level transformation

g(x,y)=T[f(x,y)

Where f(x,y) isan original image
g(x,y) isthe transformed image
T isagray-level transformation

Point processing:

These techniques are referred to as point
processing if enhancement at any point only
depends on its gray-level




Some basic gray level
transformations

3L/4

L4

0

Input gray level, r




|mage negatives

The negative of an image with gray levels

o in the range [0,L-1] is obtained by the
following expression
LM 7 s=L—-—1-—-r.
g rap N i
LiaL _
0 | l |
0 L Lp2 3L L—1

Input gray level.r

Transformation function Original Image Negative Transformation



Power-law transformations

Power-law transformations

have the basic form
s = cr”
or
s =c(r + &)

where ¢ and r are constants,
v and c are positive
Integer.

Inpuat gray hevel, r



Power-Law Transformation
for general-purpose contrast manipulation

(a) original image
(b) c=19=3.0
(c) c=17y=4.0
(d) c=19=5.0

7=3.0t0 4.0ishest looking ~ (a)

()




Gamma correction

« A variety of devices used for image capture, printing, and

display respond according to a power law.
Gamma correction:

The process to correct the power-law response phenomenais
called gamma correction.

Ex: CRT

Intensity-to-voltage response is a power function. (v =1.8to
2.5)

=> Gamma correction is performed by inverse power function:

75 ().-
g = jl5,.1,’H..‘~ _ r}.—1'




Gamma correction
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Contrast stretching

Increasing the dynamic range of the gray-level

A I
(/)
Fa T(r}
0 b
S=0ifr<b
S=aifr>=b

(@)

Suppose you are interested in stretching
the input intensity values in the interval
[r1l,r2]:

i)

0 PR L-1]

) ) (b)
Note that (r, - r,)<(s,-S,). Thegray
valuesintherang [r,,r,]Is
stretched into therang[s, , S, ].




Original Image | mage processed by |mage processed by
transformation function (a) transformation function (b)

(rl’ Sl) - (rmin, 0)
(r2’ Sz) - (rmax’ L_l)



Gray-Leve Slicing

« Highlighting a specific range of gray levelsin an

Image
L -1 T mmmmmmmo—eooeeoeoooooo L
'5_ - T(r) i B
j L , I Y Ly
0 A B L—1 0 A B [ 1
Highlight range [A,B] and reduce Highlight range [A,B] but

all othersto a constant level preserve al other levels
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~—T(r)

0 A B L -1

Original Image

After transformation by
(a) Function



Histogram Equalization
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0 _ 255
pixel value

Origina histogram

ideally in uniform distribution

pixel count

—_—

0 255
pixel value

Enhanced histogram



Histogram Equalization

Dark image

Bright image

Low-gontrast image

High-contrast image

The histogram of adigital image with gray levels
in therange [0, L-1] isadiscrete function

h(rk ) = Ny

wherelcisthe kth gray level andisthe
number of pixelsin the image having gray
level Tk A normalized histogram is given by

P(rk)_ ,and » P(r,)=1

k

ah

FIGURE 3.15 Tour basic image types: dark, light, low contrast, high contrast, and their cor-
responding histograms. U{)rlnln al image courtesy of Dr. Roger Heady, Research School
of Riological Sciences, Australian National Unive rsity, anberra, Australia.)




Histogram Equalization

By the transformation:  s=T(r)

Conditons:
(1) T(r) issingle-valued and monotonically increasing
(2) 0<r<1foro<T(r)<1

The inverse transformation from s back to r is denoted
r=T7(s)0<s<1

5
I}

S FIGURE 3.16 A

oray-level
transformation
function that is
both single valued
and
monotonically
increasing.

S = T(r;) e

_—_— — - - —_ — — = =




Histogram Equalization

The gray levelsin an image may be viewed as random variablesin the
interval [0, 1]. Let Pr(r) and Ps(s) denote the probability density functions
of random variablesr and s, respectively.

The probability density function Ps(s) of the transformed variable s can be
obtained using arather ssimple formula:

ps(s) = pAr) ar

ds

A transformation function of particular importance in image processing
has the form

s =T(r) = /rpr(w) dw




Histogram Equalization

% _ rfT!(rJ ps(s) = p/(7)
dr cr 17
a7 [ () = 1|,
= {/ p, () u’w;} Ps ! ds = pAr)
_ pr'(r) = |

the form of Ps(s) given above as a uniform probability density function.

dr

ds

pe(r)
D=s=1




Discrete type

Where n is the total number of pixelsin the
Image, nk ISsthe number of pixelsthat have gray
level r«, and L isthe total number of possible
gray levelsin the image.




P1L P2 I P4
1 !
slope= Ph _BtP_ Bt PtBst P, 1
S-0 S -0 S,—0 255
S|Ope: pl — p2 — — p4 < 1
S-0 S-5 S-S 255
P1+P2+P3 __--"~ * P1+P2+P3+P4 =1
P1+Pg ——————————
PL _- —”'{___,——” 1
—””’ I ——————————————— ‘T
s1 S2 S3  S4(255)
P3

P1 P2 [ P4 same result




Example:

» Consider an 8-level 64 x 64 image with gray values
(0,1, ..., 7). Thenormalized gray valuesare (0O, 1/7,
27, ...,1). The normalized histogram :

K I n, P(r)=n/n
0 0| 30 0.0036
K

1 | u7| 50 0.0061
=T JZ:(; P (5) 2 | 27| 100 0.0122

3 | 3/7| 1500 0.1829

0<k<L-1

4 | 47| 2300 0.2804

5 | 5/7| 4000 0.4878

6 | 6/7| 200 0.0243

7 1| 20 0.0024




4C1eee

k
o Applying the transformation, s =T(r,)=>p,(r;) wehave
=0

0 n.
5=>0-To_ 9 5005752
o nh n 38200 7
1 n.
5= Toth 3940 _ % _ 40052
j=o N n 8200 8200 7
§-Y i _Motnen, 304504100 _ 180 0
j=o N n 8200 8200
Sg_inj 30+50+100+1500 1680 4
i-o N 8200 8200
< _Z“:n,- 30+50+100+1500+2300 3980 _ 3
=2 8200 8200 7
s, = 25: N, _30+50+100+1500+2300+4000 _ 7980 _ o n 7
=0 N 8200 - 8200
6 n.
5=y _ 30+50+100+1500 + 2300 +4000+ 200 _ 8180 _ o007
io N 8200 - 8200 7
57_27:”,- 30+50+100+1500 + 2300 + 4000 +200+20 _ 8200 _, 7
j=o N 8200 - 8200 7






X K n K
k n ,Z_(; N, ;# s = (L —1)122(;”—”‘
0) 30 30 0.0037 0.0256
1 50 80 0.0098 0.0683
2 100 180 0.0220 0.1537
3 1500 | 1680 0.2050 1.4241
4 2300 | 3980 0.4854 3.3976
) 4000| 7980 0.9732 6.8122
6 200| 8180 0.9976 6.9830
7 20| 8200 1.0000 7.0000




Example
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Histogram Equalization

» Histogram equalization may not always
produce desirable results, particularly if
the given histogram Is very narrow. It can
produce false edges and regions. It can
also increase image “graininess” and
“patchiness.”
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