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aliasing

aliasing frequencies

sampling rate

blurring 
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zooming and shrinking 

oversamplingundersampling 

continuous images

invariant
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nearest neighbor interpolation

pixel replication

(e)(f)

 

 bilinear interpolation

(x’,y’)

v(x’,y’)
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(x’,y’)

shrinking

(d)-(f)-



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̷̹ 
 

(f)

(c)

a b c  

d e f  
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f(x,y)

pq

pixel neighbors 

p(x,y)

 

pN4(P)

(x,y)P

(x,y)

p

ND(P)

pN8(P)

(x,y)
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Adjacency, connectivity, regions and boarders 

V

V={1}

V

V

v={50-55}

4-adjacency 

p qVq 

N4(P)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̺ 
 

8-adjacency 

p qVq 

N8(P)

mixed adjacency (m-adjacency)  

p qV

 q N4(P)

 q ND(P)N4(P) ∩N4(q)

V 

(b)

{V=1}

(c)
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(a)(b)

(c)

path

curvep(x,y)

q(s,t)

(x0, y0), (x1, y1), ….., (xn, yn) 

(x0, y0) = (x, y) (xn, yn) =  (xs, yt)(xi, yi)  

 (xi-1, yi-1)1 Ò iÒ nn 

(x0, y0) =  (xn, yn) 

a b c 
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closed path

(c)

(c)

connected components 

spq

S

SS

s

RR 

boundaryborders

contoursR

R 
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̸̹̽ 
 

holes and irregular 

points 

regions, boundaries and edges                                  

globaledges
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̸̹̾ 
 

distance measures

pqz(x,y)(s,t)(v,w)

D

 

Euclidean distance p q

(x,y)

rr(x,y)

city block

p q
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̸̹̿ 
 

(x, y)

r(x, y)

(x, y)2

 

D4=1

(x, y)

D8checker board 

distancep q 
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̸̹̀ 
 

(x, y)

r(x, y)

(x, y)2

D8=1

(x, y)

pq



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̷̺ 
 

H

f gabH

K

linear operator

nonlinear operator
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problem oriented
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̸̺̻ 
 

background

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

f(x,y)T

K

(x,y)

(4-1) 
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(x,y)

(x,y)g

gf(x,y)T
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̸̺̽ 
 

gray level transformation function

mapping function

intensity function

rsf(x,y)g(x,y)

(a)

mm

contrast 

stretchingrm

s

m

(b)binary image

thresholding

point processing techniques

(4-2) 
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f(x,y)g(x,y)

mask

windowfilter

mask processingfiltering

a   b 
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r s

s=T(r) T

rs

rs

lookup

t

4

linear, negative and identity transformations

log and inverse log 

 transformationsn

nth power and nth roots transformations

completeness
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image negatives

0,L-1

S = L – 1 – r. 

 

(4-3) 
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(a)(b)

a   b 
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log transformation

S = c log (1+r)

C r 

(4-4) 
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̸̻̹ 
 

(a)

 (0, 1.5) × 106

(b)

c

06.2

(b)

 

(a)(b)

a   b 
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power-law transformations                                 

ɔ
s = c r 

cɔsr 

=1 ɔ c=

(4-5) 
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gamma 

correction

ɔ
s = c r

(c=1)
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(a)

(b)-(d)0.6 0.40.3c=1 

0.60.4

0.3

=0.4 ɔ
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(a)(b)(d)

c=10.6, 0.4, 0.3= ɔ

piecewise linear transformations                             

a   b 

c   d 
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(r1,s1) (r2,s2)

r1s1r2s2

r1=r2s1=0s2=L-1 

binary(r1,s1) 

(r2,s2)

(r1Òs1) (r2Òs2)

s1 s2

gray level slicing transformations
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bit-plane slicing 
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[0,L-1]

h(rk) = nkrkknk

knk

n

normalizedp(rk)=nk/nk=0,1,…., L-1

p(rk) rk
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realtime

rk

h(rk) = nkp(rk)=nk/n

rk
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histogram equalization

Comulative Distribution (CD) CD Function 

(CDF)
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rk

 

L

Sk = T(rk) CDF

(4-7)

CDF

(4-6) 

(4-7) 
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(0, 1, ….,7)

nk rk 
 

     214 r0  = 0 
1119 r1 = 1 

542 r2 = 2 

891r3 = 3 
868r4 = 4 
145r5 = 5 
277 r6 = 6 

40r7 = 7 

n = 64 × 64 = 4096.
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̸̼̽ 
 

 

n

CDF

(0, 1, 2, 3, 4, 5, 6, 7)
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 CDF
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washed 

out appearance

(Gonzalez 2005)

direct histogram specification

Gonzalez 2005)

histogram matching” 
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  ЬЪІЮϜ̻-̸̼ ϣАЂмϦвм дϝϠϦЮϜ ϣЎУ϶жв Мϝвϸ ϢϼмЊ 

 Йв Ϣ̭ϝЎшϜ ϢϸІ.ϝлвϜϼОмϦЂтк 
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local enhancement 

r
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̸̽̽ 
 

[0,L-1]

p(rt)r i

p(rt)rt

momentn r

 

mr average

µ0=1µ1=0

 

 

rvarianceσ2(r)

mean

(4-8) 

(4-9) 

(4-10) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̽̾ 
 

NOT

image subtraction

ANDORNOT



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̽̿ 
 

NOT

8-bits

OR AND

masking

Region Of 

Interest (ROI)

morphological

image subtraction



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̽̀ 
 

f(x,y)h(x,y)

g(x, y) = f(x,y) -  h(x,y) 

(b)

(c)19

(d)

(4-11) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̷̾ 
 

mask mode radiography

h(x,y)

x

x

h(x,y)

a   b 

c   d 

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̸̾ 
 

 (a)

(b)

 .(b)

(a)(b)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̾ 
 

spatial filtering 

neighborhood

subimage

Kfiltermask

kerneltemplatewindow

coefficients

a   b 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̺̾ 
 

spatial filtering

3×3

(x,y)

R(x, y)

m×nm=2a+1n=2b+1

a b

M×N

m×n

 

a=(m-1)/2b=(n-1)/2

X= 0, 1, 2, …., M-1y= 0, 1, 2, N-1

(4-12) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̻̾ 
 

convolution

convolving a mask with an image 

convolution masks



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̼̾ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̾̽ 
 

(4-

12)

 

wz

(4-13)

(4-13) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̾̾ 
 

(2m-1)/2(2n-1)/2

smoothing spatial filters 

blurring

Bridging



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̾̿ 
 

averaging filters

low pass filters



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̾̀ 
 

(4-13)

m×n1/9



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̷̿ 
 

3×3 

7.1

(6-10)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̸̿ 
 

salt-

and-peper

3x3

blurring

 

(a)5x5

 (b)

7x7



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̿ 
 

(a)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̺̿ 
 

(b)

(a)

(a)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̻̿ 
 

b-f 

b

3x3

c

7x7

d15x15

e23x23



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̼̿ 
 

f31x31



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̿̽ 
 

(a)

(b) (f)

a   b 

c   d 

e   f 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̿̾ 
 

(a)(b)(f)

(d)(f)

a   b 

c   d 

e   f 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̿̿ 
 

b  (d) 

15×15192

192

(a)

c (e) 

23×23115

d (f) 

313178

e 

f



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̿̀ 
 

e 

d(eANDd)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̷̀ 
 

(a)(b)(c) 

3x3

a   b   c 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̸̀ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̀ 
 

order-statistics filters 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̺̀ 
 

median filter

3x3{2,6,5,6,4,10,3,2,1}

{1,2,2,3,4,5,6,6,10}

(a)

(b)

(c)(d)3x35x57x7

(a)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̻̀ 
 

(c)(d)

(a)(b)(c)

3x3

(b) (d)

a  b 

c  d 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̼̀ 
 

max filtermin filter

(a)(c)

a   b 

c 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̀̽ 
 

(a) (b)(c)

3x3

(a)(b)(c)

a   b 

c 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̀̾ 
 

operators



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̀̿ 
 

ramp



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̀̀ 
 

f(x)

x

f(x, y)

(a)

(4-14) 

(4-15) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̷̹ 
 

(a)(b)

(c)

(b)profile 

(c)

a  b 

c 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̸̹ 
 

step

step



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̹ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̺ 
 

invariant

isotropic

f(x, y)

xy

(4-16) 

(4-17) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̻ 
 

(4-16)

(a)

(4-19) 

(4-18) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̼ 
 

(a)(b)(c)

(d)

(b)(c) (d)

a b 

c d 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̽ 
 

(b)(b)

38(c)

(d)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̾ 
 

(a)(b)

(b)(c)(d)

a b 

c d 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̿ 
 

(b)(c)(d)

unsharp masking                                                 

(4-20) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̹̀ 
 

 (a)(b)(c)

(d)

 

 fs(x,y)

f(x, y)

high-boost filtering

 

a b 

c d 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̷̹ 
 

fhb(x, y)A

(a)(b)(c)(d)

A0.10.60.9

3x3

A

(b)c) (d)(a)A 

0.10.60.9

a b 

c d 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̸̹ 
 

gradient 

f(x, y)(x,y)

column vector

 

 

 

(4-21) 

(4-22) 

(4-23) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̹ 
 

3x3

Gx = (z8 - z5)

Gy = (z6 – z5)

Gx = (z9 – z5)

Gy = (z8 – z6)

(4-24) 

(4-25) 

(4-26) 

(4-27) 

(4-28) 

(4-29) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̺ 
 

(b)

(c)Robert’s 

cross-gradient operators

(a)(b)(c)

(d)(e) 

a 

b    c 

d   e 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̻ 
 

2x2

3x3z5

x

y

(d) (e)Sobel operators

(4-30)2

(4-30) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̼ 
 

 

(a)

(b)

 (a)

(b)

(d) (e)

a  b 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̽ 
 

(a)

 (b)

 (c)

3x3

edge linking



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̾ 
 

(a)(b)

(c)

a 

b    c 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̿ 
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(a)

(b)

sharpened(a)(b)

(b)

(c)
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̷̹̹ 
 

(d)

(d) (e)

(e)

5x5(f)

(g)

(f)

(g)

(h)c=10.5
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̸̹̹ 
 

(a) (d)

a   b 

c    d 
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̹̹̹ 
 

(e) (f)

 

e   f 

g   h 
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frequency domain

 Gonzalez 2005
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̹̹̽ 
 

2-D Discrete Fourier Transform (DFT) and its reverse 

f(x, y)N×M

u = 0, 1, …., M-1,

v = 0, 1, …., N-1 

F(u, v)f(x, y)

x = 0,1,…., M-1y = 0,1,…., N-1

uv

transform variables frequency 

variablesxyspatial variables

(5-1) 

(5-2) 
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̹̹̾ 
 

image variablesFourier 

spectrumphase anglepower 

spectrum

R(u, v)I(u, v)

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

(M/2, N/2)

2-D DFT

frequency rectangleu = 0u = M-1

v = 0 v = N-1uv

MN

(5-3) 

(5-4) 

(5-5) 
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u = 1u = 

M v = 1v = N

u=M/2+1v = N/2 +1

(u, v) = (0,0)

f(x, y)

F(0,0)

(a)

(b)

(c)

512x512

 

(5-6) 
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̹̹̀ 
 

 

 

 

 

 

 

 

 

 

 

 

 

(a)(b)

(c)

 

 

 

a 

b  

c 
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̷̹̺ 
 

uv

(5-1) F(u, v)

f(x, y)

(u=0, v=0)
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̸̹̺ 
 

(b)(a)

(a)

(b)

a  b 
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(b)512x512

10x100.00038

(a)

u

a  b 
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(a)

10x10 (b)512x512

(-1)x+y

a  b 
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F(u, v)DFT

F(u, v)H(u, v)

(-1)x+y

H(u, v)

transfer function

f(x, y)F(u, v)

 

G(u, v) = H(u, v) F(u, v)   (5-7) 
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̹̺̼ 
 

HFF

HH

F

G(u, v)

(-1)x+y

(-1)x+y

8-bits 

integer 
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̹̺̾ 
 

G(u, v) = H(u, v) F(u, v)

F(u, v)

H(u, v)G(u, v)

Ideal Low Pass Filters (ILPF)                                         

  

(5-8) 
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cut offD0

ILPF 2-D

 

 D0 D(u, v)

(u, v)M x N

 (u, v) =( M/2, N/2)

(u, v)

(a)H(u, v)

uv(b)

ideal filter

D0

(5-9) 

(5-10) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̹̺̀ 
 

(c)

H(u, v)=1 H(u, v) = 0

cutoff frequency

(c)D0

 

(a)

(b)(c)

a  b c 
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F(0,0)

(a)

256x256 (b)

(c)

D0=3

 (d) 

0.024

blurring
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(D0=6)(e)

(f)
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 (a)(b)

(c),(e)(g),(i),(K),(m),(o),(q)

(d),(f),(h)(j),(l),(n),(p),(r)

 (D0=12.8)10%

(g)(h)

(j)(l)(n)

(r)

(D0=64)

50%

a  b 

c  d 

e   f 
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(g, h, I, j, k, l)

g  h 

I   j 

K  l 
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(m, n, o, p, q, r)

m  n 

o  p 

q  r 
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power spectrum

(r)

ϦЂвЮϜ ϢϼмЊЮϜ дв ϣЛϮϼILPF 

 йЛАЦ ϸϸϼϦD0=64 
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(r)

ringing(Gonzalez 2005)

(p)

(r)

ButterworthGaussian
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Butterworth Low 

Pass Filter (BLPF)nD0

D(u, v)(5-10)

(a)

(b) (c)

(5-11) 

a  b c 
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50%

D(u, v)=D0H(u, v) = 50%

Gaussian Low Pass Filter                                                

D(u, v)

ůspreadů = D0

(5-12) 
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̷̹̼ 
 

(a)GLPF(b)

(c)D0=σ

BLPF

BLPF

(5-13) 

a  b c 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̹̼ 
 

high pass filtering

Hhp(u, v)

(5-14) 
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Ideal High Pass Filter (IHPF)                                   

 

D0D(u, v)

(5-15)

D0

(a)D0=18

(b)

(b)

(c)

(5-15) 
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ringing

(a)18 pixels(b)

(c)

c    b    a    

c    b    a    
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40 pixels

80 pixels

Band Pass Filter(BPF) 

BWbp=Dhp - Dlp 

 BWbpDhp

 Dlp

(a)

salt and peper

(b)

(c)

(5-16) 
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̹̼̽ 
 

(d)(b)

 

 

16(a)(b)
(6, 40)(c)(d)

 

a  b 

c  d 
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(a)

(b)

D0=5%

 (c)

a=0.5 b=2.0

(d)
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(a)(b)

(c)(d) 

a  b 

c  d 
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(a)(b)

(c)

band rejection filter
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̷̹̽ 
 

(a)(b)

(c)

    a         

b        c  
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(b)

(a)

 ЬЪІЮϜ̼-̷̹ (a)  йттϼмТ ЬтмϲϦ ϱІϼв ϸЛϠ сЂЪЛЮϜ 

 .ФϝАжЮϜ ϼтϼвϦ(b) .ФϝАжЮϜ ϼтϼвϦ ϱІϼв 

a     b 

a     b 
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(a)

(b)
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x0u

+ 0
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CT

pseudo 

color

pseudo color image processing                                         
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density slicing 

  f(x, y) =   i
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Ml1, l2, é., lml0

[f(x, y) = 0]lL [f(x, y) = L]

L>M>0M+1

f(x, y) = ckf(x,y)Rk ckRk

(a)(b)
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(a)(b)

Red

GreenBlueRGB 

image

(8 bits)

Number Of 

Colors  (NOC)

a  b  
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NOC  = R × G × B =  256 × 256 × 256 = 16,777,216 .

full color
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(Gonzalez 2002)
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morphology

regions

boundariesskeleton

convex hull

set theory

members

Z2 
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tuple2-D vector    

(x, y)

Z3

attributes

AZ2a = (a1, a2)A

aA. 

aA

aA. 
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empty set

∅

{.}

features

 : 

C = { w|w = -d, for dD}.

Cww

D-1

AB

AB

AB. 

AB

AB

AB

AB

A B
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AB

A B = ∅. 

complementA

Ac = { w|wA}.

A B

A – B = { w|wA, wB} = A Bc. 

AB
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reflectionB

 = {w|w =-b , for bB}. 

Az(z1, z2)

(A)z

(A)z = {c|c = a + z, for aA}. 
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(a)(b)(c)

a b c  
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ANDOR

NOT(Complement)

functionally complete

NOT

exclusive OR 

(XOR)
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NOT-AND(NAND)AND
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dilation and erosion 

dilation

ABZ2A

B 

B

zAB

displacementszAB
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Bstructuring element

(a)(b)

(c)

(empty) 

A

AB(d)

(e)
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(a)A(b)(c)

A B(d)(e)A

a   b   c 

d        e 
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(0,0)

(a)(b)x

a     b 
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erosion

A BZ2

 

ABz

BzA

BZ2

Z2

“1”

AB

A
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AB

(0,0)

a   b   c 

d        e 
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Z2

“1”

3x3

(a)(b)

3x3

(a)

 

a      b 
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(b)

15

(c)

openingclosing

 

(a)(b)x

(c)(b)

a   b   c 
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(a)
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(c) a(e)

(a)(g)(a)(i)(a)

bdfh

 a   

b   c 

d   e 

f   g 

h   i 
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b d

 

x

a      b 

a      b 
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(a)

(b)

(c)

(d)(c)

(e)
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(f)

(g)

(h)
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edge extraction 

 a  b 

c  d 

e  f 

g  h 
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A B

)()( BAAA 

)(A

(a)(b)(c)(d)A

Bx

a  b 

c  d 
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A 

B

(a)

(a)(b)
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 a  b 

c  d 

e  f 

g  h 
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(c)

(d)

(e)

(f)

(g)  (h)
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двϝϪЮϜ ЬЊУЮϜ 

 

 

ЬтЯϲϦ  ϣтϠАЮϜ ϼмЊЮϜ 

 ̵ϼЛϦм Р ϝкϜмϦϲв 
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recognition
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image segmentation

discontinuitysimilarity
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staticdynamic
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edges
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Prewitt
 

 Sobel

Laplacian of a Gaussian
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(a)
(b)

(c)(d)
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(a)(b)

(c)(d)

(a)(b)
(c)(d)

(e)(f)
(g)

a   b 

  c   d 
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(a) (b)(c)
(d)(e)(f)

(g)

a b  

c d  
e f g  
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3×35×5

T=10%
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Thresholding

T
 T1T2
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 T object
background 

T1T2
multi thresholding

T

  T =  T[x, y, p(x, y), f(x, y)] (8-1) 
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f(x, y)(x, y)p(x, y)
(x, y)

(x, y)

g(x, y) = 1       푖푓푓(푥, 푦) > 푇
0             표푡ℎ푒푟푤푖푠푒

Tf(x, y) 
p(x, y) f(x, y) 

xy

SEM

(8-2) 
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(a)SEM

 (b)  (c)

  (d)

a 

b 

c

d 
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(a)

(b)

a 

b 
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(a)(b) 

(c)

a 

b

c  



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̺̹̼ 
 

(a)

(b)

Automatic selection of the threshold                  

a 

b 
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T
G1TG2

T

G1G2 

T = 1/2 (µ1 +µ2)

5
T0
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Multi-thresholding 
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(b)

 

(a)
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(b)

T1

T1=79
T2=137
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Dynamic thresholding

global

sub-images

(Gonzalez 
2002)
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        Region oriented segmentation                       

Region growing by pixel aggregation                  
 

seed
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cursor

(a)
(b)

(c)(d)

a b  

c d  
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(a)(b)
(c)(d)

 (a)

(b)
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split and merge
watershed

Gonzalez 2002

(a)

t2

̻ 

̺ ̹ 

̸ 
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t1

f(x, y, t1)f(x, y, t2)

dij(x,y) = f(x, y, t2) - f(x, y, t1) 
 

T

Image representation and description                 
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texture
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chain codes 

a b  

c d  
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(b)

(c) (d)(c)

(d)
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c d  
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(a)(b)
cab

dc
ab

ab
(d)

 
(a)(b)

(c)(d)abcd

signatures 

a b  

c d  
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r(

(a)(b)

a 

b 
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2

nn2

p



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̺̼ 
 

Fourier descriptors 

DFT

(x, 
y)
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moments
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(n=2)
(n=3)

Euler number 

E
CH

E = C – H 

-1

E = -1(a)E = 3b

a b 
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Statistical texture descriptors                           

variance

smoothness

R = 1 – 1/(1+ 2(z)).

R

R

R(0-1)
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Other spectral and structural descriptors            

(Gonzalez 2002)

        Image recognition               
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knowledge based system
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classifiers
minimum distance classifier

 

x1x2
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vectors
objectsregions

x1x2

D(x1, x2) = |x1 – x2| = ((x1 –x2)T(x1-x2))1/2 

T
similarity measure
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x
xi(1 ≤ i ≤ 

 n) nx1, x2, …..xn

 xixxi

D(x, xi) < D(x, xj)

 ( i ≠ j)j = 1,2,3, …, n
vector 

form

x1 =
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x2 

xt 

 

D(xt,x1)=((1-0.9)2+ (1-1.3) 2+(1-0.99) 2+(1- 1.41)2 

+(1-0.89)2+(1-1.38)2+(1-1.1) 2+(1-1.39) 2)1/2  
= 0.766. 

D(xt,x2) =((1.39 – 1.4)2 + (1.1 – 1.4)2 + (1.38 – 1)2 + 
(0.89 – 1.4)2 + (1.41 – 1)2 +(0.99 – 1.4)2 + (1.3 – 1)2 + 
(0.9 – 1)2)1/2 = 0. 5  
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D(xt, x2) D(xt, x1)

n=9 

(Gonzalez 2002)

Using distance measure in verification                

recognition
verification

training learning
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matching by correlation 

w(x, y)J × K
f(x, y)M × N
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c(x, y) = ∑ ∑ f(m, n) w(x+m, y+n) 

c(x, y)

f(m, n)

w(x+m, y+n)

mn

"D"



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̺̻̽ 
 

w(m, n)

 
D
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Artificial 
Neural Networks (ANN)
(Duda et al, 2000) (Rajasekaran S. et et al, 2003) 

structuralSyntatctic(Gonzalez 2002)
support vector machine(E. Boser, et al, 1992)  
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CT

 scintillation camera
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frames

АЧЂвЮϜ ϤϝтАЛв 

АЦϝЂвЮϜ 

ϤϜϼϝАϖ 
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АЦϝЂвЮϜ дв ̭ϝжϠ ϢϸϝКϖ 
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"visible human
(2-3 mm)
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raw dataCT

CT
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rendering
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triangulation

 

(Cylindrical Coordinate 
System CCS) 
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z

z = zj (j = 1,2,…)


rij

iz = zjbuffer 
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(r)
interpolationr r

r

r

Rij = f ( i ,zj) 

ij 
CCS

r

(rij,  i , zj)r

(rij,  i , zj), (ri+1,j,  i+1 , zj), (ri,j+1,  i , zj+1)

(ri,j+1,  i , zj+1), (ri+1,j,  i+1 , zj), (ri+1,j+1,  i+1 , zj+1)

(9-1) 
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r

Christiansen and Sedergerg
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CT

re-slicing

LR

 lcx
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lkk

(xi, yi)
i lk

xi= ( i – n/2) cos  + cx 

xi= ( i – n/2) sin   + cy 

nlk(cx, cy)x y
lc(xi, yi)

(9-2) 

(9-3) 
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CT(xi, yi)

mappingz

7
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87

y

x

(sx, sy, sz)
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d

i

(a)

zi = Sz + (i – n/2) sin

xi = Sx + (i – n/2)cos

yi = same as the original slice 

(9-4) 

(9-5) 

(9-6) 
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(b)

zi = Sz + (i – n/2) sin 

yi = Sy + (i – n/2)cos 

xi = same as the original slice

yixi(a)(b)

(9-7) 

(9-8) 

(9-9) 
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10(a)
 f(p)

f(P) = f(A) (1-Ŭ ) (1-ɓ) + f(B) Ŭ (1-ɓ) +f(C) (1-Ŭ) ɓ + 
f(D) Ŭɓ. 

 

 

 

(9-10) 
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(a)
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 cx, cy R
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CCS
RCT

CR
XiYii 

Xi = R cos (2π (I – 1)/n ) + cx   

Yi = R sin ( 2π (i-1) / n ) + cy  

 

n
z

(9-11) 

(9-12) 
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I = C1 + C2 cos 

C1C2

vector product

(9-13) 
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scalar productvN

N . V > 0

N . V < 0

NVunit vectors

image composition 

(Yasuda 
T., 1988)
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http://ar.wikipedia.org/wiki/%D8%A5%D8%B3%D8%AA%D9%82%D9%84%D8%A7%D8%A8
http://ar.wikipedia.org/wiki/%D8%BA%D9%84%D9%8A%D9%83%D9%88%D8%AC%D9%8A%D9%86
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 Benign Tumor 
 Malignant Tumor
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:

 

Hepatocellular Carcinoma ( Hepatoma or HCC) 

HCC

   Hepatoblastoma 
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Slice
Slices
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Computer Aided 
Detection

 Radiologist

CCL

FCM
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(512×512)DICOM (Digital 

Imaging and Communications in Medicine)

JPG (Joint Photographic Group)

(MATLAB, C++, 

C#..)
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(a)
(b)

(a)
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(b)

̮ЮϜ ϣтвϾϼϜм϶ ФтϠАϦFCM  дв

 ϣЧАжв ϢϼмЊ ϼЊϝжК ЙтвϮϦ ЬϮϒ

ϤϝКмвϮв ϨыϪ двЎ ϸϠЪЮϜ 

 ϣЧАжв сТ ϣϠтϼвЮϜ ФАϝжвЮϜ ϸтϸϲϦ

ϸϠЪЮϜ 

 ϤϝϲϝЂвЮϜ ϤϜϺ ФАϝжвЮϜ РϺϲ

 ϢϼтПЊЮϜ 

 ϼЊϝжЛЮ ϣтЯЊцϜ атЧЮϜ ИϝϮϼϦЂϜ

ϨыϪЮϜ ϤϝКмвϮвЮϜ 

ЮϜϣтЛАЧвЮϜ ϢϼмЊ 

дАϠЮϜ ϣЧАжвЮ 

 ФАϝжв дв ЈЯ϶ϦЮϜ

 оϼ϶цϜ ̭ϝЎКцϜϞжϝϮϠ 

 аϜϸ϶ϦЂϝϠ ϢϼмЊЮϜ ϞтϦЛϦ

 дтϦϠϦЛЮϜ̷̀  м̷̷̹ 

 ϣтвϾϼϜм϶ ФтϠАϦCCL 

 ϣЯЊϦвЮϜ ФАϝжвЮϜ атЦϼϦЮ

ϢϼмЊЯЮ ϣжмЪвЮϜ 

 ϣЧАжвЮϜ Јы϶ϦЂϜм

 ϣЧАжв пЯК ϣтмϝϲЮϜ ϼϠЪцϜ

ϸϠЪЮϜ 

ϸϠЪЮϜ ϣЧАжв 
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    푓∗(푖, 푗) =
         0          if           90  <   푓(푖, 푗) > 200                 

1                                                  otherwise

  

푓(푖, 푗)
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 дϝϦЧАжв

дϝϦϠтϼв 
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푓∗(푖, 푗) =
푓 (푖, 푗) if      푓 (푖, 푗) >     0                 

0                                        otherwise

  

푓∗(푖, 푗)푓 (푖, 푗)

푓 (푖, 푗)
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дмЮмЪЮϜ 

ϸϠЪЮϜ 
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FCM

FCM
fcm

MATLAB 

fcm

fcm
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fcm

Iteration 
Count

Cost Function(obj_fcn)
 

Improvement 
Value (Ů)

1 14324.457117 
2 11095.3851363229.071981
311094.7410250.6441111 
4 11084.445149
510922.407518
68911.165077 
72929.070674
8 1614.482088
91281.112222

10719.559898
11562.817394
12 530.893084
13 523.099320
14 520.991893
15 520.389860
16 520.212805
17 520.159923
18 520.143996
19 520.139177
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25 520.137080
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(AlSamman,         B.,    2011)

preprocessing



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̺̽ 
 

Slices 

Dye

Slice
Slices



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̺̾ 
 

(21,22)
(22-27)

(28-35)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̺̿ 
 

x



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̺̀ 
 

x 

0-255



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̻̻ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̻̻ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̹ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̺ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̻ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̼ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̾ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̿ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̀ 
 

X(i)

 Y(i)

wjjifjY

hijifiX

h

i

w

j

,..2,1),,()(

,...2,1),,()(

1

1











     

XYi
jh w

f( i, j)i , j

(10-6) 

(10-7) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̻̼ 
 

 

 АЧЂвЮϜрϸмвЛЮϜ 

сЧТцϜ АЧЂвЮϜ 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̻̼ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̹ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̺ 
 

x

 

 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̻ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̼ 
 

 

 
 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̽ 
 

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̾ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̿ 
 

a



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̀ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̻̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̻̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̹̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̺̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̽̽ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̽̾ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̽̿ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̽̀ 
 

Pictorial Databases



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̻̾ 
 

Medical 
Information Systems

Content Based Medical Image Retrieval (CBMIR)

computer vision
Computer Aided Diagnosis 

(CAD)



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̻̾ 
 

google

Google 
Scholaracontent 

based image retrievalbcontent 
based medical image retrieval



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̹̾ 
 

content based image retrieval

content based medical image retrieval



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̺̾ 
 

vectors
retrieval 

engine
similarity measuring

GUI

CBIR



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̻̾ 
 

CBIR
CBMIR

  
 

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̼̾ 
 

 

  

 

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̻̾̽ 
 

 

HSL – Hue, Saturation, 
Luminance
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Fuzzy  logic and expert system                        

Fuzzy (possibilistic) logic

P(tall(X)) = 0.75 
predicate calculus

X

AND ORNOT

P1 AND p2 = MIN(p1,p2) (*smaller*)

P1 OR p2 = MAX(p1,p2) (*greater*)

NOT P1 = 1 – p1 (*inverse*) 

REVAL

(R. Forsyth, 1984).

Certainty Factor
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MB[h : e]heMD[h : e]

he

CF-1+1
 ignorance 

MBMD
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CBIR

CBMIR
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bmp
C++
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AdobePhotoshop
Bit Map (BMP)

BMP TIFFHEADER
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adobe

"c
bmp

adobe

C++

matlab
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bmpC++

C++
bmpbmp

ADOBE
ACDCPHOTOSTUDIO

bio.bmp readFile
inimagewriteImage

bioresult.bmp"c:\\RW"
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C++bmp  
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bio.bmp

bioresult.bmp

 

(a)bio.bmp
1(b)Bioresult.bmp

a 

b 
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writeImage(outFlie2)

inimage  outimage

out.write( reinterpret_cast < char * >( &outimage)), 

sizeof (outimage)); // stream. 

----------------------------- 
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imageprocess[i][j]=inimage[i][j]
iminmageimageprocess

outimage
inimage

bioimage.bmp
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adobephotoshop

0.3

(Maan Ammar, 2011)
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(entrance examination) 
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formal

SPIDEWR

high pressure 
regions

M. Ammar
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C++
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C++
MATLAB

C++
MATLAB

C++bmp
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̸̼̼ 
 

C++

C++ 

C++

 

include 
.H 

  main( )
C++MAIN

MAIN

 

ϜϭвϝжϽϡЯЮ аϝЛЮϜ ЭЫЇЮ 

 

 

 

 

 

 

 

 Ь϶ϸЮϜ оϼϮв Йв ЬвϝЛϦЮϜ дК ЬмϔЂвЮϜ сЂϜϼЮϜ РЯвЮϜ ЬϪвт

 Ϭϼ϶ЮϜ м 

 ЀтϚϼЮϜ ЙϠϝϦЮϜ\ ϭвϝжϼϠЮϜ ϣтϜϸϠ 

  ϱтϲЊ ЬмϲϦв дК ϱтϼЊϦA    йϦвтЦ̼ 

  ϱтϲЊ ЬмϲϦв дК ϱтϼЊϦB    йϦвтЦ̹̺ 

 дтЮмϲϦвЮϜ ЙвϮ ϭϦϝж ϣКϝϠАA,B   

ϭвϝжϼϠЮϜ ϣϠϝлж 

#include<iostream.h> 

   void  main() 

{  

int a=5;  

int b=23; 

cout<<a+b; 

} 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̼̹ 
 

 

BMP

BMP
Pixels

bmp
ϣУуДнЮϜ 

бЃЧЮϜ 

 СЯв еК ϣвϝК ϤϝвнЯЛв егЏϧт мbmp :ск м 

̸-       рϽϳЃЮϜ бЦϽЮϜ̹- ϥтϝϡЮϝϠ ϢϼϹЧв ϢϼнЋЮϜ СЯв бϯϲ 

̺-  ϢϼнЋЮϜ ̭ϝЇжϗϠ аϝЦ рϻЮϜ ϭвϝжϽϡЮϜ ϟЃϲ ϣЊϝ϶ ϤϝвнЯЛв 

̻- ϢϼнЋЮϜ ев ϣГЧж Ьмϒ ЙЎнв 

BMP Header 

ϢϼнЋЮϜ еК ϣуЯуЋУϦ ϤϝвнЯЛв бЃЧЮϜ Ϝϻк егЏϧт м. : ск м 

̸-   / бЃЧЮϜ Ϝϻк бϯϲ40 BYTE        ̹- )  ϢϼнЋЮϜ ЌϽКPixel        ( 

̺- ) ϢϼнЋЮϜ ЬнАPixel              (̻- ) ϣГЧзЮϜ бϯϲBits( 

̼--         ϥтϝϡЮϝϠ ϢϼϹЧв ϢϼнЋЮϜ бϯϲ̽- ϣуЮнЦϝЇЮϜ м ϣуЧТцϜ ϣЦϹЮϜ 

Bitmap Information 

(DIB header) 

нУЋв СтϽЛϦ бЃЧЮϜ Ϝϻк егЏϧт м ϼнЋЮϜ ϣЂϽлУЮ ϣвϹϷϧЃгЮϜ дϜнЮцϜ ϣТ

ϣжнЯгЮϜ. 
Color Palette 

 ϣуЯЛУЮϜ ϢϼнЋЮϜ ϣТнУЋв бЃЧЮϜ Ϝϻк егЏϧт м.ϝкϽЊϝзК ЭвϝЫϠ Bitmap Data 
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̼̼̺ 
 

Image_utility.h

Image_utility.h
bmp

 Creatm 
(height, width)

height × width
mallocmalloc.h

 freem

free
malloc.h

 Readimage

heightwidth 
 writeimage
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#include"imageutil.h" 

//  ϤϝУЯв Йв ЭвϝЛϧЮϜ еК ϣЮмϕЃгЮϜ ϣϡϧЫгЮϜ еугЏϦbmp 

 

void main (void) 

{ 

 char *imageFile,*outFile2; 

 ϤϝУтϽЛϦ //ц днЫт дϒ ϣЗϲыв Йв ϣϯЮϝЛгЮϜ ϹЛϠ ϢϼнЋЮϜ етϿϷϦ СЯв м  ϼϹЋгЮϜ ϢϼнЋЮϜ СЯв ̭ϝгЂ

ϟЂϝϳЮϜ сТ етϿϷϧЮϜ БϚϝЂм пЯК дϿϷв ϼϹЋгЮϜ СЯв 

 imageFile  =  "c:\\RWFile\\P1PART.bmp"; 

 outFile2   =  "c:\\RWFile\\brightness.bmp"; 

 

 

////////////////    End of file name adjustment    /////////// 

 

    image s_image;  

ϢϼнЋЮϜ ϣТнУЋв СтϽЛϦ // 

s_image=readImage(imageFile);  

ϼϹЋгЮϜ СЯв ев ϢϼнЋЮϜ ϣТнУЋв Ϣ̭ϜϽЦ // 

 

  

  

  

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϜϹϠ ************************* 

 

Int b_offset; 

Cout<<"Insert a number between -128 ~ +128 "; 

Cin>>b_offset; //Ϣ̭ϝЎъϜ сТ ϰϝтϿжъϜ ϣгуЦ еК ЬнϳϧгЮϜ Ϝϻк ϽϡЛт 

 for( i=1;i<height-1;i++) 

  for(int j=1;j<width-1;j++) 

   s_image[i][j]+=b_offset; 

   

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̼̼ 
 

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϝлж ************************* 

   

 cout<<"end proccessing....\n";  

 writeImage(outFile2, s_image); 

} 
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 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̼̾ 
 

 

×1/9

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1/9 1/9 1/9 
1/9 1/9 1/9 
1/9 1/9 1/9 
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#include"imageutil.h" 

 

void main (void) 

 

{ 

char *imageFile,*outFile2; 

 imageFile  =  "c:\\RWFile\\BARIUM1.bmp"; 

 outFile2   =  "c:\\RWFile\\blurring.bmp"; 

  image s_image, t_image;  

  s_image =readImage(imageFile);  

  t_image=creatm(height,width); 

  

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϜϹϠ ************************* 

 

 for( i=1;i<height-2;i++) 

  for(int j=1;j<width-2;j++) 

   { 

int s=(s_image[i-1][j-1]+ s_image[i-

1][j]+ s_image[i+1][j-1]+ s_image[i][j-

1]+ s_image[i][j]+   s_image[i][j+1]+ 

 s_image[i+1][j-1]+ s_image[i+1][j]+ 

s_image[i+1][j+1])/9; 

t_image[i][j] =s; 

   } 

 

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϝлж 

   

 cout<<"end proccessing....\n";  

 writeImage(outFile2,t_image); 

} 
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0=black

×

 

1 1 1 

1 -8 1 

1 1 1 
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#include"imageutil.h" 

 

void main (void) 

 

{ 

 char *imageFile,*outFile2; 

 imageFile  =  "c:\\RWFile\\BARIUM2.bmp"; 

 outFile2   =  "c:\\RWFile\\ isolatedpoint.bmp"; 

 

 

  image s_image, t_image;  

  s_image =readImage(imageFile);  

   t_image=creatm(height,width); 

   int w[3][3]={{1,1,1},{1,-8,1},{1,1,1}}; 

  

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϜϹϠ ************************* 

 for( int i=1;i<height-2;i++) 

  for(int j=1;j<width-2;j++) 

{ 

   int s=0; 

   for(int x=0;x<3;x++) 

    for(int y=0;y<3;y++) 

s+=s_image[i+x-1][j+y-

1]*w[x][y]; 

   t_image[i][j] =s;} 

   

 

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϝлж *************************

   

 cout<<"end proccessing....\n";  

 writeImage(outFile2,t_image); 

}  
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[0  ~ 255 ]
 

 
 

#include"imageutil.h" 

 

void main (void) 

 

{ 

 

 char *imageFile,*outFile2; 

 imageFile  =  "c:\\RWFile\\BARIUM2.bmp"; 

 outFile2   =  "c:\\RWFile\\ isolatedpoint.bmp"; 

 

 

 image s_image, t_image;  

 s_image =readImage(imageFile);  

 t_image=creatm(height,width); 

 int w[3][3]={{1,1,1},{1,-8,1},{1,1,1}}; 

  

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϜϹϠ ************************* 

 for( int i=1;i<height-2;i++) 

  for(int j=1;j<width-2;j++){ 

   int s=0; 

   for(int x=0;x<3;x++) 

    for(int y=0;y<3;y++) 

s+=s_image[i+x-1][j+y-1]*w[x][y]; 

s=abs(s); 

if(s>255) s=255; 

   t_image[i][j] =s;} 

   

 

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϝлж *************************   

 cout<<"end proccessing....\n";  

 writeImage(outFile2,t_image); 

} 
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#include"imageutil.h" 

 

void main (void){ 
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̼̽̽ 
 

  

 char *imageFile,*outFile2; 

 imageFile  =  "c:\\RWFile\\BARIUM2.bmp"; 

 outFile2   =  "c:\\RWFile\\ isolatedpoint.bmp"; 

 

 

    image s_image, t_image;  

    s_image =readImage(imageFile);  

 t_image=creatm(height,width); 

 int wh[3][3]={{-1,-2,-1},{0,0,0},{1,2,1}}; 

 int wv[3][3]={{-1,0,1},{-2,0,2},{-1,0,1}}; 

  

// **********    ϝЛгЮϜ бЃЦ ϣтϜϹϠϣϯЮ  ************************* 

 for( int i=1;i<height-2;i++) 

  for(int j=1;j<width-2;j++){ 

   int v=0; 

   int h=0; 

   for(int x=0;x<3;x++) 

    for(int y=0;y<3;y++) 

{ 

    v+=s_image[i+x-1][j+y-1]*wv[x][y]; 

    h+=s_image[i+x-1][j+y-1]*wh[x][y]; 

    } 

    h=abs(h); 

    v=abs(v); 

    int s=h+v; 

    if(s>255) s=255; 

    t_image[i][j] =s;}   

 

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϝлж ************************* 

  

 cout<<"end proccessing....\n";  

 writeImage(outFile2,t_image); 

}  
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̼̽̾ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

vector form 
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̼̽̿ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̽̀ 
 

 

CDF

#include"imageutil.h" 

 

void main (void){ 

  

 char *imageFile,*outFile2; 

 imageFile  =  "c:\\RWFile\\P1PART.bmp"; 

 outFile2   =  "c:\\RWFile\\histogram.bmp"; 

 

 

    image s_image;  

s_image=readImage(imageFile);  

  

  

  

// **********    ϣϯЮϝЛгЮϜ бЃЦ ϣтϜϹϠ ************************* 

 

 int freq[256];//  ϣтϸϝвϼ ϣтнЂ ЭЪ ϼϜϽЫϦ ϤϜϽв ϸϹК ϞϝЃϳЮ ϣТнУЋв 

int newgscale[256]; 

 float hist[256]; 

float cdf[256]; 

 for(int i=0;i<256;i++) 

  freq[i]=0; 

//ϣтϸϝвϼ ϣтнЂ ЭЪ ϼϜϽЫϦ ϤϜϽв ϸϹК ϞϝЃϲ 

 for( i=1;i<height-1;i++) 

  for(int j=1;j<width-1;j++) 

   ++freq[s_image[i][j]]; 

 

 float dim=(height+0.0)*(width+0.0); 

//(аϜϽОнϧЃулЮϜ)ϣтϸϝвϼ ϣтнЂ ЭЫЮ ϣуЮϝгϧϲъϜ ϣТϝϫЫЮϜ ϞϝЃϲ 

 for(i=0;i<256;i++) 

  hist[i]=(freq[i]+0.0)/dim; 
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̷̼̾ 
 

//ЀмϼϹгЮϜ аϜϽОнϧЃулЯЮ сгЪϜϽϧЮϜ ЙтϾнϧЮϜ ЙϠϝϦ ϞϝЃϲ 

 cdf[0]=hist[0]; 

 for(i=1;i<256;i++){ 

  cdf[i]=hist[i]+cdf[i-1]; 

  newgscale[i]=cdf[i]*256; 

 } 

//сгЪϜϽϧЮϜ ЙтϾнϧЮϜ ЙϠϝϦ ϟЃϲ ϝлЏтнЛϦ м ϣтϸϝвϽЮϜ ϤϝтнЃЮϜ ЭтϹϡϦ 

 

 for( i=0;i<height;i++) 

  for(int j=0;j<width;j++) 

   s_image[i][j]=newgscale[s_image[i][j]]; 

 

// **********    ϣтϝлж ϣϯЮϝЛгЮϜ бЃЦ  ************************* 

 cout<<"end proccessing....\n";  

 writeImage(outFile2,s_image); 

} 
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̸̼̾ 
 

 
 

 

 

.(оϽЃуЮϜ ϣлϯЮϜ сТм ХуЎ) ϣуЯЊцϜ ϢϼнЋЮϜ аϜϽОнϧЃук 
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̼̹̾ 
 

 

  
 

 

 

  NXi= OXi COS Ö + OYi SIN Ö 

  NYi= -OXi SIN Ö + OYi COS Ö 

 

OXi, OYii
NXi, NYii

Ö

 

:ϭвϝжϽϡЯЮ аϝЛЮϜ ЭЫЇЮϜ 

 

#include "imageutil.h" 

#include<Math.h> 

void main  ()  

{ 

 char *imageFile,*outFile; 

 imageFile  =  "C:\\RWFile\\BARIUM1.bmp"; 

 outFile    =  "C:\\RWFile\\rotat.bmp"; 
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̼̺̾ 
 

 image s_image; 

 s_image=readImage(imageFile); 

 image t_image=creatm(height,width); 

 cout<<" inter the angle between 0~359\n"; 

 int n; 

 cin>>n; 

 float angle=float(n*3.14/180); 

 for(int ox=1;ox<height-2;ox++) 

  for(int oy=1;oy<width-2;oy ++ ) 

   int nx=ox*cos(angle )+oy*sin(angle); 

   int ny=-ox*sin(angle )+oy*cos(angle); 

  

 if(((nx>=0)&&(nx<height))&&((ny>=0)&&(ny<width))) 

    t_image[nx][ny]=s_image[ox][oy]; 

   } 

   

 

 writeImage(outFile,t_image); 

 freem(s_image,height); 

 freem(t_image,height); 

} 
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̼̻̾ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

#include "imageutil.h" 

#include<Math.h> 

void main  () { 

  

 char *imageFile,*outFile; 

 imageFile  =  "C:\\RWFile\\BARIUM1.bmp"; 

 outFile    =  "C:\\RWFile\\rotat.bmp"; 

 image s_image; 

 s_image=readImage(imageFile); 

 image t_image=creatm(height,width); 

 cout<<" inter the angle between 0~359\n"; 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̼̾ 
 

 int n; 

 cin>>n; 

 float angle=float(n*3.14/180); 

// ϢϼнЋЮϜ ϿЪϽгЮ сЂϹзлЮϜ ЭϳгЮϜ сЮϝϳЮϜ  
  int ocx= height/2; 

int ocy= width/2; 

 

 

// ϢϼнЋЮϜ ϿЪϽгЮ сЂϹзлЮϜ ЭϳгЮϜ ϽтмϹϧЮϜ ϹЛϠ  

 

  int ncx=ocx*cos(angle )+ocy*sin(angle ); 

  int ncy=-ocx*sin(angle )+ocy*cos(angle ); 

// ъϜ сЂϹзлЮϜ ϰϝтϿжϢϼнЋЮϜ ϿЪϽгЮ ϽтмϹϧЮϜ ϹЛϠ  

  int dcx=ncx-ocx; 

  int dcy=ncy-ocy; 

 for(int ox=1;ox<height-2;ox++) 

  for(int oy=1;oy<width-2;oy ++ ){ 

//  ϰϝтϿжϜϢϼнЋЮϜ  ϽтмϹϧЮϜ ϹЛϠ  

   int nx=ox*cos(angle )+oy*sin(angle)-ncx; 

   int ny=-ox*sin(angle )+oy*cos(angle)-ncy; 

  

 if(((nx>=0)&&(nx<height))&&((ny>=0)&&(ny<width))) 

    t_image[nx][ny]=s_image[ox][oy]; 

   } 

   

 

 writeImage(outFile,t_image); 

 freem(s_image,height); 

 freem(t_image,height); 

} 
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MATLAB



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̾̿ 
 

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̾̀ 
 

MATLAB

C++

C++

C++

C++

C
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̷̼̿ 
 

C

C++

(Gonzalez, 2003, Image processing using 
Matlab,)

  
Spatial image transformations 

  
Neighborhood and block operations 

 Linear filtering  
  

Image analysis and enhancement 
 Deblurring 
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̸̼̿ 
 

 

 
 imread

I=imread(‘x1.bmp’);                            
 x1.bmbcurrent 

directory Iworkspace

I=imread(‘d:\myimages\imag\x2.jpg’);                     
size(I)

 
 imshow(I) 
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̼̹̿ 
 

Matlab

imshow(I,[low high])
low

high 
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̼̺̿ 
 

Matlab

 imshow(I,[ ])lowI
high

imfinfo  

imfinfo  'Ct1.bmp' 
 
ans =  



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̻̿ 
 

 
           Filename: 'Ct1.bmp' 
           FileModDate: '13- ' 
           FileSize: 220534 
           Format: 'bmp' 
         FormatVersion: 'Version 3 (Microsoft 

Windows 3.x)' 
           Width: 573 
           Height: 381 
           BitDepth: 8 
           ColorType: 'indexed' 
           FormatSignature: 'BM' 
           NumColormapEntries: 256 
          Colormap: [256x3 double] 
          RedMask: [] 
          GreenMask: [] 
          BlueMask: [] 
          ImageDataOffset: 1078 
          BitmapHeaderSize: 40 
          NumPlanes: 1 
         CompressionType: 'none' 
         BitmapSize: 219456 
         HorzResolution: 0 
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̼̼̿ 
 

   VertResolution: 0 
   NumColorsUsed: 256 
   NumImportantColors: 0 
 

 imwrite(I,'m.jpg')

 

[0 - 65 ]
I2= histeq(I) 
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̼̿̽ 
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̼̿̾ 
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̼̿̿ 
 

Matlab 
 
I1=imread('p1part.bmp');//  
figure(1)//  
imshow(I1)//                                             
figure(2)//                                   
imhist(I1)//                            
I2=histeq(I1);//

 
figure(3)//                      
imshow(I2)//                    
figure(4)//                                 
imhist(I2)//                     
imwrite('eq.jpg')//       
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0 -1 0 

-1 5 -1 

0 -1 0 
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̷̼̀ 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̼̀ 
 

Matlab 

I1=imread('barium.bmp'); 
H=[0 -1 0;-1 5 -1 ; 0  -1 0]; 
I2=imfilter(I1,H); 
figure(1) 
imshow(I1) 
figure(2) 
imshow(I2) 

 

  Sobel  

1 0 -1 

2 0 -2 

1 0 -1 

1 2 1 

0 0 0 

-1 -2 -1 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̼̹̀ 
 

Matlab 
 
I=imread('barium.bmp'); 
H1=[-1 -2 -1; 0 0 0 ; 1 2 1]; 
H2=[-1 0 -1 ;-2 0 2 ;- 1 0 -1]; 
I1=imfilter(I,H1); 
I2=imfilter(I,H2); 
I3=I1+I2; 
imshow(I3) 
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̼̺̀ 
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̼̻̀ 
 

Matlabfft2
 

F= fft2(f)

fm × n

Fm × n

F

abs

S= abs (F)

imshow
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̼̼̀ 
 

f=zeros(22,30);

 f(10:12,10:20)=1; 

 imshow(f,'notruesize'); 

F=fft2(f,128,128); 
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̼̀̽ 
 

 fftshift(F); 

F=abs(fftshift(F));

 figure;mesh(F);
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̼̀̾ 
 

figure;F=log(F);                                                       

F= log(1+F)   

I=mat2gray(F);      

imshow(I);
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̼̀̿ 
 

f=zeros(22,30); 

 f(10:12,10:20)=1; 

F=fft2(f,128,128); 

F=abs(fftshift(F)); 

imshow(f,'notruesize'); 

figure;mesh(F) 

figure;F=log(F); 

I=mat2gray(F);imshow(I);

'barium1.bmp'

f= imread(‘barium1.bmp’); 

imshow(f); 
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F= fft2(f);
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̷̷̽ 
 

S= abs(F);

mesh( S);

 

Fc= fftshift(F);

S2= log(1+ abs(Fc));

figure;mesh(S2) 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
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I=mat2gray(S2); 

imshow(I); 
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5

N×M
uv

M/2, N/2
D0D

D (u, v) =  (u2+v2)1/2    :D0
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D

 

f

 

H

 

G

 

F

 

g

 

 

fft2 

ifft2 

D0
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̷̻̽ 
 

D
f

fft2H
Gifft2
g 

Ddftd(f)

function [D]=dftd(f) 
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̷̼̽ 
 

[m,n]=size(f); 
u=0:(m-1); 
v=0:(n-1); 
id=find(u>m/2); 
u(id)=u(id)-m; 
id=find(v>n/2); 
v(id)=v(id)-n; 
[U,V]=meshgrid(u,v); 
D=sqrt(U.^2+V.^2); 
mesh(D); 

f [m, n]=size(f)
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btw

D0=
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̷̽̾ 
 

H=lpf(f,10,'btw',2); 
F=fft2(f); 
G=H.*F; 
g=real(ifft2(G)); 
g=mat2gray(g); 
figure 
imshow(g); 

D0=10
D0=20

D0=80
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D0=10

 
 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̷̽̀ 
 

D0=20 
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D0=80 

 

H=1-lpf(f,10,'btw',2);
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D0=10D0=20

D0=10
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D0=20



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̺̽ 
 

H=double(D<=D0)                                         
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H=exp(-(D.^2)./(2*(D0^2)))                           

D0
ů

D0
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H=1./(1+(D./D0).^(2*n))                             

n
n

 

 

 

 

n=2 

n=1 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̸̽̽ 
 

 

 
 
 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

n=4 

n=3 
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̸̽̾ 
 

 
D=dftd(f) 

LPFMAAN
runprompt

lpf 
LPFMAAN

D0=80

"ideal""btw" "gus"

lpf
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.LPFMAAN 
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lpf 
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LPFMAAN
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H=double(D>=D0)
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̹̹̽ 
 

H=1-exp(-(D.^2)./(2*(D0^2)))

 

H=1-1./(1+(D./D0).^(2*n))

 

 

 

 

n=1 
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3

n=3 

n=2 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
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lpf
"1-lpf"H=1-lpf(f,50,'btw',2);

HPFMAAN

D0=50

n=4 
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D0=50
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accquisition 

acoustic 

adjacency 

agent 

aliasing 

artificial intelligence 

assist 

attribute 

automatic selection  

average 

averaging filters 

axial 

background 

backward 

band Pass Filter 

band rejection filter 

bandlimited 

base 

based 

benign Tumor 

bilinear 

binary 

bit map  



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̹̽̾ 
 

blind search 

block 

blurring  

board 

boarders 

boundary 

box 

breadth first 

bridging 

brightness 

buffer 

butterworth 

camera 

card 

Certainty Factor 

chain code 

checker board effect 

classification 

classifier 

clinical 

closed 

closing 

coefficients 

color 

column vector 

complement 
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completeness 

component 

compression 

computed 

computer 

computer Aided  

computer science 

computer vision 

computerized 

comulative 

connected component 

connectivity 

content 

content based  

continuous 

contours 

contrast 

convex hull 

convolution 

convolution masks 

curvature 

curve 

cut off 

cutoff frequency 

Scylindrical System 

cyst 
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data 

decision making 

declarative 

density slicing 

depth first 

description 

device 

diagnosis 

diffusion 

digital 

digital imaging  

digitization 

digitized 

digitizer  

dilation  

direct  

discontinuity 

discrete 

displacement 

display 

distance 

distribution 

domain 

domain expert 

dot per length unit 

dye 
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dynamic 

edge extraction 

edge linking 

edges 

electron 

electronic   

Element 

emission 

empty 

empty set 

energy 

enhancement 

equalization 

Euclidean 

Euler number 

exclusive 

expert system 

fact base 

facts 

False 

false positive  

far 

feature 

film 

filter 

filtering 
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formal 

forward 

Fourier desriptors 

Fourier spectrum 

fovea 

frame 

frequency 

frequency domain 

frequency rectangle 

frequency variables 

full color 

function 

functional 

Fuzzy  logic 

Fuzzy (possibilistic)  

game  

gamma 

gamma correction 

Gaussian 

Gaussian Low Pass filter 

Generated 

global 

gradient 

Graphic 

gray 
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hardcopy 

hardware  

header 

health care  

Hepatoblastoma 

Hepatocellular  

heuristic knowledge 

heuristic rules 

heuristic search 

heuristically 

high pass filtering 

high pressure  

high-boost filtering 

hight 

histogram 

histogram matching 

hole 

Hue  

ideal filter 

Ideal High Pass filter 

Ideal Low Pass filter 

identity 

illumination 

image 

image description 
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image features 

image management 

image recognition 

image segmentation 

image subtraction 

image variables 

imaging 

individual 

inference control 

inference engine 

infrared 

integer 

intelligence 

intelligent 

intelligent system 

intensity  

internal 

interpolation 

invariant 

inverse 

irregular 

isotropic 

Joint Photographic Group 

Kernel 

knowledge  

knowledge based  
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Laplacian 

law 

learning 

level 

linear 

linguistics 

Lisp 

local enhancement 

Log 

log transformation 

lookup 

low 

lumen 

luminance 

machine 

magnetic 

malignant tumor 

mapping 

mask 

mask mode  

masking 

mass 

matching  

max filter 
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mean 

measure 

median filter 

medical 

medical information  

member 

merge 

meta knowledge 

microdensitometers 

microscope 

microscopy 

min filter 

minimum distance  

mixed adjacency 

modelling 

modules 

moment 

monochromatic 

monochrome 

morphological 

morphology 

Magnetic Resonance  

multithresholding 

multiresolution 
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near 

nearest 

negative 

neighbor 

neighborhood 

networking 

noninvasive  

nonlinear 

normalized 

object 

on-line 

opening 

operator 

oriented 

origin 

oversampling 

path 

pattern 

perephiral 

personal 

phase angle 

Photon 

pictorial databases 

picture 

piecewise 

pixel 
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plane 

point 

positron 

power 

power spectrum 

predicate calculus 

preprocessing 

Principal Analysis  

problem 

problem domain  

procedural 

processing 

production rules 

profile 

Prolog 

pseudo color 

pseudo color image  

quantization 

radiance 

radiologist 

ramp 

range 

rate 

raw data 

ray 
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realtime 

reasoning 

recognition 

reconstruction 

reflection 

region 

region growing  

region of interest 

region oriented  

rendering 

replication 

representation 

research 

reslicing 

resolution 

resonance 

restoration 

retina 

retrieval engine 

retrospective 

RGBimage 

ringing 

rods 

rule-based expert system 

rules 

salt-and-peper 
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sampling 

scalar product 

scanners 

scan 

scene 

segmentation 

selection 

SEM 

semantic networks 

semi-thresholding 

sensing 

sensor 

set theory 

sharpen 

short 

shrinking 

signature 

similarity 

similarity measure 

skeleton 

slice 

slicing 

smoothing  

smoothness 

Sobeloperators 

software 
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sort 

source 

spatial 

spatial filtering 

spatial variables 

speech  

spell checker 

SPIDEWR 

split 

spread 

standalone system 

statements 

static 

statistical 

step 

storage 

streaching 

structural 

structuring element 

studies 

subimage 

super 

supportvector  

suspicious  

syntactic 

synthetic 
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technique 

template 

temporal 

term 

texture 

texture features 

therapy  

thresholding 

tilt 

tomography 

training 

transfer function 

transform variables 

transformation 

transmission 

triangulation 

truly intelligent  

tube 

tuple 

ultrasound 

undersampling 

understanding 

unit vectors 

unsharp masking 

user 
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variance 

vector 

vector form 

vector product 

verification 

visible human 

vision  

visual 

visualquery 

visualization 

waighted 

washed out  

watershed 

Wavelet Transform 

wavelets 

Waves 

Width 

window 

wisdom 

X-ray 

zooming 
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computer vision 

connectivity 

checker board effect 

procedural 

global 

monochromatic 

Fuzzy (possibilistic)  

statistical 

image management 

retrospective 

hight 

displacement 

edge extraction 

restoration 

sensing 

visualquery 

interpolation 

reasoning 

radiance 

X-ray 

emission 

illumination 

frame 
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display 

visualization 

reslicing 

reconstruction 

sampling 

oversampling 

undersampling 

closing 

nearest 

convolution masks 

machine 

electron 

electronic   

full color 

tilt 

forward 

diffusion 

automatic selection  

selection 

ramp 

visible human 

reflection 

discontinuity 

on-line 

ringing 

Euclidean 
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butterworth 

research 

blind search 
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 ϽгК сТ̽  аϝК ϣЯϚϝЛЮϜ Йв ϤϜнзЂ̸̺̀̽. 
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̸̸̀̾  ϣтмжϝϪЮϜ ϣЯϲϼвЮϜ сТ-

 ЀмАϼА- ϝтϼмЂ 

 

̸̹̀̾ ï ϣЂϸжк ϞЮϝАï ϣжЂ

пЮмϒ- ФІвϸ-  ϼтО ϣДϲЮ сТ

.ϢϸтЛЂ 

 

дтϸЮϜмЮϜ ϤтϠ сТ  ϣтϼЧЮϜ сТ- ̸̻̀̾ 

 

(ФІвϸ ϞϼЦ РтЊв) дϜϸмЯϠ сТ ̸̼̀̾ 

 

 ϝтϼϝПЯϠ сТ ϝтТмЊ ϼϝАЦ ϣАϲв сТ

ϝтжϝвЮϒ дв ϢϸмЛЮϜ ϸжК ытЮ -  дϸЂтϼϸ

 свтЯЛϦ сϠыА ЬϸϝϠϦ ϢϼϦТ ̭ϝЎЦ ϸЛϠ

) РЊжм ϼлІ ϢϸвЮ слтТϼϦ сϠтϼϸϦ̻ 

 +дмϼϦЪЮцϜ аЂЦ дв ϞыА̿  дв

оϼ϶ϒ аϝЂЦϒ (-РтЊ̸̀̾̽. 

 

 ϝтмОϝж сТ ЬϝϠЧϦЂϜ ЬУϲ сТ

дϝϠϝтЮϜ-  ЙтϠϼ̸̺̀̿. 
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ЦнЫЃуЃжϜϽТ дϝЂ ϞϽ сТ̸̺/̸̹/ ̸̀̾̾  рϸϜм сТ ϣуϡтϼϹϦ Ϣϼмϸ Ьы϶

днЫуЯуЃЮϜ.  
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 ϝзϠϼϹв Йв)ϹжыуЯуϮ (Ъ ЅϦϽуЃтϼ рϼϝϠ ϣЪϽІ евеуЇуЫужнувн  ϹзК йϧϮмϾм

рϼнϦϝТϽтϿϠϒ ЩуЮ" ϹЊϽв" .ЀнЯуϯжϒ ЀнЮ ϞϽЦ ϝужϼнУуЮϝЪ сТ ϽулЇЮϜ 

 

 сТ ϹжыужϿтϸ ϞϼϹгЮϜ Йв ЀнЯуϯжϒ ЀнЮ сТ ϹжыуЯуϮ ХϳϧЮϜ рϻЮϜ ϩЮϝϫЮϜ ЉϷЇЮϜм

.(ϽлІϒ ϣЛϠϼϒ) ϣуϡтϼϹϧЮϜ ϢϼмϹЮϜ сТ ϝзϠ 
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Fig. 1 A part of the article appeared in the famous 

ñmainichiò newspaper. 

 

Їϧузтϝв ϢϹтϽϮ сТ ЬϝЧвс  сТ ϣтϿуЯЫжшϜ пЮϖ йϧгϮϽϦм ЙуЦϜнϧЮϜ ϩϳϠ Ьнϲ ϢϽулЇЮϜ ϣужϝϠϝуЮϜ

 ϟжϝϮчЮ ϝтнОϝж ϣЛвϝϮ ϣЯϯв̸̀̿̀ .(РϽЇгЮϜ ϺϝϧЂцϜ Йв ϢϼнЋЮϜ)  
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ϼϝгК еЛв рϼнЃЮϜ ϟЮϝГЮϜ ϱзв еК ϢϽулЇЮϜ ϣужϝϠϝуЮϜ сЇϧужнЇϦ ϢϹтϽϮ сТ ϣЯвϝЪ ϣϳУЊ пЯК ϣЮϝЧв  ϣϮϼϸ

 бЮϝЛЮϜ сТ йКнж ев ЬмцϜ нкм ϝлЯуЯϳϦм ϢϼмϿгЮϜ ЙуЦϜнϧЮϜ СЇЫЮ аϝЗж ϽтнГϦ сТ иϜϼнϧЪϹЮϜ̸̀̿̀.  
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  ϼнϧЪϹЮϜ иϿϯжϒ рϻЮϜ аϝЗзЮϜ еК ХϚϝЦϸ Ёг϶ ϢϹгЮ сжϝϠϝуЮϜ днтϿУЯϧЮϜ сТ ϽтϽЧϦ

 ϼϝгК еЛв рϼнЃЮϜ̸̀̿̀. 
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 ϣЮϝЂϼ ев ̭ϿϮϣϛзлϧЮϜ ϩϳϡЮϜ сТ ЭгЛЯЮ ϢнКϹЮϜм ϣугЯЛЮϜ ϤϜϾϝϯжшϝϠ  ϤϝтънЮϜ сТ ЁтϼϹϧЮϜм

 ϣуЫтϽвцϜ ϢϹϳϧгЮϜ̸̪̀̿̀аϝК в ев ϣлϮнвЮϜ ϣгЗзϣуЫтϽвцϜ ϣуЮмϹЮϜ ϣугтϸϝЪцϜ ϤϝвϹϷ. 
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 сТ̺/̾/̸̷̀̀  ϢϼϝтϾ ϢϽϧТ ̭ϝзϪϒ Шϼнтнуж сТ ϣтϽϳЮϜ ЬϝϫгϦ ϹзК ϣгЗзв

 пЯК РϽЛϧЮϜ сТ ϽІϝЛЮϜ сЮмϹЮϜ ϽгϦϕгЮϜ ϼнЏϲм  ϣуЮмϹЮϜ ϣугтϸϝЪцϜ ϤϝвϹϷЮϜ

 сТ АϝгжцϜсϧуЂ ЩуϧжыϦϒ йуТ сЮ ϩϳϠ ̭ϝЧЮш. ϥжϝЪ ϢϼϝтϿЮϜ)"ϢϼϜϽІ"  ̭ϹϡЮϜ

ϝЗж ϽтнГϦ сТа ЙуЦϜнϧЮϜ ϢϹЧЛв ϢϼϝтϾ ϥжϝЪм ̪мϣϡЪϽв(. 
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еуугЮϝЛЮϜ ϢϼϝϯϧЮϜ сϮϽϠ ЭϠϝЧв ϣтϽϳЮϜ ЭЛЇв днЫЯϠ пЯК-  ϢϼϝтϿЮϜ ЁУж̸̷̀̀.  

 

ϣтϽϳЮϜ ЭЛЇв ЭϠϝЧв еуугЮϝЛЮϜ ϢϼϝϯϧЮϜ сϮϽϠ ϱГЂ пЯК-ϢϼϝтϿЮϜ ЁУж-̸̷̀̀.  



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̽̿̾ 
 

 

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̽̿̿ 
 

 

 



 ЀϸжлвЮϜ ϼмϦЪϸЮϜ ϺϝϦЂцϜ      ϝкϼϝлДϖм ϣтϠАЮϜ ϼмЊЮϜ ϣϮЮϝЛвϼϝвК дЛв        ̸̸/̸̸ /̷̸̹̽  
 

̽̿̀ 
 

 

 ϝтϼнЂ сТ ϼнА рϻЮϜ аϝЗзЮϜ ϼнІмϽϠ ев ϢϼнЊ̸̼̀̀  еуЋЋϷϧв ϞϻϧϮϜм

.ХЇвϸ сТ нϡЦ пЮϖ еууЫтϽвϒм дϝгЮϒ 
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 ϼнЋЮϜ ϣϯЮϝЛв ϽϡϷв еК еуЮмϕЃгЮϜ ев ϸϹКм ϣЛвϝϯЮϜ ЁуϚϽЮ ЌϽК сТ

 ХЇвϸ ϣЛвϝϮ сТ  аϝК йϧϳϧϧТϜм йϧЃЂϜ рϻЮϜ̸̀̀̾  .ϝлϧУЮϒ сϧЮϜ ϟϧЫЮϜм 

 

Ϧн ϣЪϽЇЮϜ ̭ϝЇжϖ ϹЧК ЙуЦ ХЇвϸ сТ (ЌϽЛЮϜ) нгтϹЮϜ ϢϹкϝЇв ϹЛϠ̸̀̀̿. 
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 ХЇвϹЮ ϢϼϝтϾ сТ сЮмϹЮϜ ϽтнГϧЮϜ ХтϽТ̷̷̹̿ ̭ϝЇК ϣϠϸϓв сТ. 

 

) ϣЛϠϼцϜ ЬнЋУЮϜ ФϹзТ сТFour seasons ХЇвϸ сТ (̷̷̹̿. 
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 ХЇвϸ сТ рϼнЃЮϜ ϽтнГϧЮϜ ХтϽТ̷̷̹̀. 
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International patent of the ASV system. 
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 ϣЛвϝϮ сТ ϣТϝЏϧЃгЮϜ ϢϽЎϝϳгЮϜ ϹЛϠ

 еуКϜϹЮϜ ϢϻϦϝЂцϜ Йв ϝтнОϝж

.ϢϽЎϝϳгЯЮ 

 

 

 

 

 

 

 

 

 ϣТϝЏϧЃгЮϜ ϢϽЎϝϳгЮϜ

Invited Lecture 

 ϝтнОϝж ϣЛвϝϮ сТ

 пЯК ϣЯЊϝϳЮϜ ϣужϝϠϝуЮϜ

 сТ ЭϠнж ϿϚϜнϮ ϨыϪ

.ϣуЎϝгЮϜ ϤϜнзЂ ϽЇЛЮϜ 
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 ϜϹуІнт ϢϹуЃЮϜ :ϼϝЃуЮϜ ев ̪̭ϝЇЛЮϜ пЯК ϢнКϸ сТ ̪ЭϲϜϽЮϜ иϜϼнϧЪϹЮϜ РϽЇв ϣϮмϾ

ϤϝузуϧЃЮϜ сТ ϽгЛЮϜ ев ̪нзуОнЂ ϢϼнϧЪϹЮϜ ̪̹̾  ϜϼнвнЪнТ ϼнЃуТϽϡЮϜ ̪ϢϹКϝЧϧв

 ̪ЙугϯЯЮ сϲмϽЮϜ ϞцϜм ̪ϽуϧЃϮϝгЮϜ ϣЯϲϽв сТ сТϽЇв)̼̿ ̪ ϝжϒ ̪(̼̽ ̪

 ̪сϠϝжϝϦϜм ϼнЃуТмϽϡЮϜ̸̽ ЙугϯЮϜ .(ϢϼнЋЮϜ сТ дмϽлЗт ъ ЍЛϡЮϜ) ϽϡϷгЮϜ ϺϝϧЂϒ ̪

ϒ ϢϹϲϜм ϣЯϚϝЛЪ ϜнжϝЪ .дϝϠϝуЮϜ сТ сϧЂϜϼϸ ̭ϝзϪ 
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ϣуϦнϡЫзЛЮϜ ϣЫϡЇЮϜ пЯК ϣЪϽЇЮϜ ЙЦнв " дϜнзК ϥϳϦеϳж ев дϒ еуϡт рϻЮϜ "

 Йв ϣЪϼϝЇгЮϝϠ ϥЃЂϒ ϣЪϽЇЮϜ ϿтϿЛЮϜ сЧтϹЊ "нЪ аϝЂ" ϹуЃЮϜ сТ ЬϝгКϒ ЭϮϼ)

.сКϜϽϧ϶Ϝ ϼϝгϫϧЂъ (ϣуТϽЋгЮϜ ϤϝуϯвϽϡЮϜ Ьϝϯв 

 ънЮ йжϒ йтнзϧЮϜ ев ϹϠ ъ ϸнлϮ нЪ аϝЂ ϹуЃЮϜ ЩтϽЇЮϜ ϣужϝЫвϖ Шϝзк дϝЪ ϝгЮ

ЮϜ ϣуЂϝЃϲ ϟϡЃϠ ϣуЫтϽвцϜ ШнзϡЮϜ сТ аϹϷϧЃт сЯЛТ аϝЗж Ͼϝϯжш ϣϛуϡ

 блϧгЯК етϻЮϜ ϞыГЮϜ ев нкм рϼнЃЮϜ ϽтнГϧЮϜ ХтϽТ дϒм ̪ϣуТϽЋгЮϜ

 ̭ϝЏКϒ дϒм ̪ϣуЮϝϳЮϜ йϧПуЊ сТ аϝЗзЮϜ Ͼϝϯжϖ сТ аϝлЮϜ ϼмϹЮϜ блЮ дϝЪ ̪блϧϠϼϸм

 йЏтнЛϦ еЫгт ъ ϼмϸ блЮ дϝгЮцϜ ХтϽУЮϜ .ϣуЫтϽвцϜ ШнзϡЮϜ аϹϷт аϝЗзЮ ϣϡЃзЮϝϠ

ЮϝϠ ϽтϹϮмϻ ϩуϲ ев ИϜϽϧ϶ъϜ Ϣ̭ϜϽϠ ЭуϯЃϦ ϹЛϠ ϜϽуϫЪ ϼнГϦ аϝЗзЮϜ дϒ ϝЏтϒ ϽЪ

.̭ϜϸцϜ ϩуϲ евм ϝлϠ анЧт сϧЮϜ СϚϝДнЮϜ ϸϹК  
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 ЙуЦϜнϧЮϜ СЇЪ аϝЗж аϹϷϧЃϦ ШнзϠ ϝлуТ сϧЮϜ еЪϝвцϜ 

) ϝЫтϽвϒ сТ ϢϼмϿгЮϜ ϤϝЫуЇЮϜм аϹϷϧЃт ЙугϮ ϝуЮϝϲϤϝтънЮϜ  нϳж ЉϳТ бϧтм

ϝувнт ЩуІ сжнуЯв(. 


