(Digital Image)

(image function f(x,y))
(array) (matrix)
(row) (column)
(element) / (image element  picture
element) (pixel) (pel)
(gray level)
(Digital Image)
(digitization)
(image sampling)
f(x.y) MXN (M N

0)
fxy)
(‘gray level quantization ) (Gonzalez and Woods, 1992)

(sample)

(gray scale)



(a)-() 1024x1024,
D12x512, 256x256, 128128, 64x64, 32x32
( Gonzalez and Woods, 1992 35)



(@)-(d)
16, 8, 4,2
( Gonzalez and Woods, 1992 37)

(resolution)



(false  contour)

(Digital Image Enhancement)
(Gonzalez and Wintz, 1977; Gonzalez and Woods, 1992; Lim, 1990)

(Lim, 1990)

(time domain methods  spatial domain methods)
(frequency domain methods)

(Gonzalez and Woods, 1992)

g(xy) = Tlf(x)]

fx)
g(xy)
1] (operator)
( neighborhood ) (xy)
(xy)
(xy)



11
f(xy) T
(gray-level transformation function)
function)
(point processing)

1«1
processing) (filtering)
(filter) (window) (mask ~ template)
(xy)
(xy)
Woods, 1992)
(xy)
g(xy)
(convolution ) f(x.y) h(x.y)
1992)
gixy) = hxy) *f(xy)
(Gonzalez and Woods, 1992)
R = Wir+Wh9+.+ nm

-1 Vi

g(x.y)

(mapping

(mask

(linear filter)

(xy)

(Gonzalez and

(Gonzalez and Woods,

@)



filter)

(Fourier transform)

transform)

(sharp)
(blur)

Woods , 1992)

(transfer function ) H(u,v)
(Gonzalez and Woods, 1992)

G(uy) = H(uv)Fuy)

10

(nonlinear

(inverse  Fourier

(Gonzalez and
G(uv)
F(uv)

C))



gixy)
(convolute) f(xy) h(xy) ( 2)
gixy) = hxy) *f(xy) ()
hixy)
( 4)
G(uy) = Huv)F(uv) (6)
H(u,v)
hxy) hxy)
H(u,v) (impulse response) (Gonzalez and
Woods, 1992)
h(xy) = Fl[H@y)] ™

Lowpass

(a) (b) (c)

( Gonzalez and Woods, 1992 190)



(3

(spatial convolution mask spatial filter) (Gonzalez and Woods, 1992)

2

L (Gray Scale Modification)
(Rosenfeld and Kak, 1982)

(gray scale )

11 (Gray Level Correction)
(Rosenfeld and Kak, 1982)

, To print correctly with the current printer, either change the

(Rosenfeld and Kak, 1982)
glxy) = e(xy) f(xy) )
fixy) (xy)



(contrast

13

e(xy)
e(xy)
0 ge (xy)
(Rosenfeld and Kak, 1982)
gc = cle(xy)]
C(X, 9
e(xly) = .g.--.(_-.)f.). ©)
(8)
_ g0y g(x.y)
9= eixy) = cyeey) 0
12 ? (Gray Scale Transformation)
(Rosenfeld and Kak, 1962)
)
121 (Contrast Manipulation)

(Gonzalez and Woods, 1992; Lindley, 1991; Pratt, 1978; Rosenfeld
and Kak, 1982)



3
contrast image)

(good-contrast image)

(high-contrast image)

(background)
(mapping)
(Rosenfeld and Kak, 1982)
= T(r)
]
T()
r T(r)

14

(low-

(1)

[rl, R



(a) (b)

Gonzalez and Woods, 1992 168)



(requantization)
(Rosenfeld and Kak, 1962)

(reverse scaling)

( )

(sawtooth scaling)

(Thresholding)

2 (binary image) ( 4)

16



(Image negatives)

Gonzalez and Woods, 1992

167)

17



18

122 (Histogram Modification)
(Embree, 1991; Gonzalez and Wintz, 1977; Gonzalez and Woods,
1992; Lim, 1990; Rosenfeld and Kak, 19682)

(histogram)
p(f)
f f (Lim, 1990)
(discrete
probability density function) p(rk) rk
p(rk)
rk (Gonzalez and Woods, 1992)
p(rk) = ki/n (12)
Ik k
k rk
p(rk) i
n(rk) rk

(bar graph )

(low-contrast image)



Dark image

l Ill“”lu
(

a)

p(rk)

Low-contrast
image

p(rk)

Bright image

Al

h

p(rk)

(b)

Gonzalez and Woods, 1992

174)

19



20

=T
T()
(single-valued and monotonically nondecreasing
function)
T(r)
1221
(Gonzalez and Woods, 1992; Lim, 1990)
p(rk)
rk
pr(t) (
) ps(s) T()
pr(r)
ps( ) ()
(Lim, 1990)
=10 (13)



distribution function CDF)
Ps( )
Ps(s)

1990)

Gonzalez and Woods, 1992 182)

(cumulative
pr) ps(s) Pr(r)
(transformation function) Pr(r)
Pr)  Ps() (Lim,



22

PrCr) = £ p r(k) = pr(r-1)+ p(r)
k=0
! (14)
Ps() = 2ps(k) = ps(s—1)+p(s)
k=0
1222 (Histogram Equalization)

(Embree, 1991; Gonzalez and Wintz, 1977; Gonzalez and
Woods, 1992; Lim, 1990; Pratt, 1978; Rosenfeld and Kak ,

1982)

(uniform  histogram)
(histogram  flattening)

(histogram equalization)

r
[0,1] r=0 r=1
r [0,1] (Gonzalez and Woods, 1992)

= 100



23

r=T1() (16)
™) ' r 0 < <1
T T1()
0<T(r) <1 r 0<r<l  0<Ths) < 1

0< <1 pr(r) ()

(elementary probability theory)

ps(s) = Pr(n) (17)

si = T(ry)

( Gonzalez and Woods, 1992 175)



24

=T = Jepr( ) (19
Pr(r) COF r
[
pri>= S pr(’) (20)
CDF (monotonically
nondecreasing function) 0 <Prl) <1 r
T(r) (Gonzalez and Woods, 1992)
19
i (19 r
A= Pre 1 (21)
(1
Ps():-[';é\(). =1 0< <1 (22)

(uniform density)



(c)

30K

25K

20K

15K

10K

SK |

15K

10K

SK

128 255
(b)
128 255
(d)

Gonzalez and Woods, 1992 179)

25



26

(Sharpening  Edge Detection)
(Gonzalez and Wintz, 1977; Gonzalez and Woods, 1992; Lim, 1990; Rosenfeld
and Kak, 1982)

(edge) (boundary)
(contour)
(Lim, 1990)

(sharpening)

(Gonzalez and Woods, 1992)

(object identification)

(averaging)
(integration)



i j <k
| 7o \,/ T
) 27

~ 7 ol
T

“nsaie”

(differentiation) ’ (Gonzalez and Woods,
1992)

| Image

R

Profile of a
horizontal line

J sl |
i

w derivative w ‘

} .
\ Second

] derivative 1

(a) (b)

( Gonzalez and Woods, 1992 417)



28

(Gonzalez and Woods, 1992)

(Rosenfeld  and
Kak, 1982)
(time domain)
(frequency domain) (boost)

21 (Gradient-Based Methods)
(Gonzalez and Wintz, 1977; Gonzalez and Woods, 1992; Lim, 1990;
Niblack, 1986; Rosenfeld and Kak, 1982)

(derivative)

(first derivative)

(magnitude)

(Lim, 1990)

1
6lfy)]  mag(c] vgBIJY +(i‘f) 2



G[f(xy)]
(Gonzalez and Wintz, 1977)

GIfy)] = [{T0xy)-Tx+Ly)32 +{T(x,y)-(x.y +1)}2] 12

(absolute)

GII(y) = [F0cy)-f(x + Ly)l+ [f(xy)-f(x.y + 1)

2
fxy)
h(xy) (Lim, 1990)
df(x,
S ) o i)
WO ey

29

(%)

(&)



G[f(x,y)]

G[f(x.y)]

h(xy) X
h(x.y) y
-1
= 1 -1 hy(x,y) = |
(Lim, 1990)
12

{T0xy) *hx(x.y)y2+ {H(x.y)*hy(x,y)}"

= f(xy) *hx(xy) + fFOy)*hy(xy)

11
( Gonzalez and Woods, 1992 200)

GIr5] = |rs—relt 5. 16

(Gonzalez and Woods, 1992)

30



3l

Gr5] = |(r7+ 2r8+ r9) —(ri+ 2r2+ r3)| + |(r3+ 2r6+ r9) —(ri+ 2rd+ r7)|  (30)

1 =2 -1 10 1

0 0 0 2 0 2

1 2 1 -1 0 1
12

( Gonzalez and Woods, 1992 200)



32

(b)

(a)

— ~— ~—

(30)

421)

Gonzalez and Woods, 1992

— ~—



2.2

V2 f(

Xy) = V{\Wf(x,y)} - dz';(xxvY)Jr d2f(x, y)

(Laplacian-Based Methods)
(Gonzalez and Woods, 1992; Lim, 1990; Rosenfeld and Kak, 1982)

(Lim,  1990) 10
( )
)
( 2ero-Crossing )
f(x.y)
(Laplacian) v 2(x,y) (Lim, 1990)

dy

L[f(xy)]
(Rosenfeld and Kak, 1962)

33

(D)



34

LIF(G YD = v 2f(xy) = Axflxy) +Ayf(xy)

v 2f(xy) = Exx(xy) + fyyxy)

[Ex(ctLy) - fx(xy)] + [Ty (cy +9)-fy (xy))

[{f(x +1y)-f0xy)} - {F0xy)-f(x-1,y)}]

{00y +1)-Ty)} - {Fxy)-f(xy-1}
[F(x +1y)-2f(x,y) +f(x- Ly)] + [f(x,y + D -2f(x,y +f(x,y -1)]
[f(x+1y) + (-1 y) +E(xy + D+ 10 y-1)] - 4f(x.y) (2)

f(xy)
h(xy) (Lim, 1990)

L{f(xy)] = f(xy) *hixy) (33)

(Gonzalez and Woods, 1992)

fH = f (34)

fH (highpass filtered image)
f (original image)



35

fL (lowpass filtered image) (Unsharp
image)

(unsharp masking) (Lim, 1990)
(Gonzalez and Woods, 1992)

fHE = 'fL
= (A)(f) +f-fL
= (A-)(f) + fH (35)
'He
(high-frequency-emphasis image)
'
A
A 1
A> 1

LIEy)T = [fc+ Ly)+ £0c-Ly ) + 10y -1) + 10y + )]

+ [HAf(xy) + 5E(xy)] —5f(xy)

[+ Ly)+ fx —=1y)+ f(xy) + Ty =D+ f(x,y+ 1]
-5f(x.y)

S0y ) -0+ Ly)+ f(x-Ly) + f(xy)
+E(x,y- )+ f(x,y+ 1)

(36)

oi 4 C2M



36

( Gonzalez and Woods, 1992 425)

(Rosenfeld and Kak, 1982)

foay)-LIFOGY)] = f0cy) + s[fxy) - {f(c+ Ly) + f(x - Ly)
Hixy) 1y + D+ E(xy -0}



37

(37)

foy) - LI = 10ay)+ 201 y) - - {Hlx+ Ty) + fc=Ly) + f(xy)

1y + D+ f(xy- 1}
= focy) + 5fx ) - [Fx+ Ly)+ f(x- 1y)+ fxy)

0y + 1)+ f(x,y-1)}
= 5f(x, y) —f(x + Ly) —=f(x —1y) —f(x,y + J—f(x,y =)

(Rosenfeld and Kak, 1982)

fxy) - LIFxy)] = flxy) * hixy) (39)
Tawil
gasadag
h(x,y) = A Y
0 -1 0
hxy)
h(xy) (Rosenfeld and Kak, 1982)

2.3
(Highpass Filtering)
(Gonzalez and Woods, 1992; Lim, 1990; Lindley, 1991; Myler and
Weeks, 1993)



38

(highpass filtering)
(Gonzalez and Woods, 1992)
(noise)

(filter transfer function)
(highpass filter)

2
fx.y)
F(u,v)
Huv) @)
G(uv) = H(uv)F(u,v) (40)
(inverse Fourier transform)
G(uv)
(cutoff frequency) DO
Dq Dq
(Gonzalez and Woods, 1992)
Huv) =0 D(uv) < Dq
=1 D(u,v) > Dq (41)
Dq
D(u,v) (V) (origin) (frequency

plane) ((24v2) 12



39

(circularly
symmetric filter) (Myler and Weeks, 1993) ,
DO
(ideal highpass filter)
)
:
0 D, =
O
15
( Gonzalez and Woods, 1992 212)
Dg
(Butterworth filter)
(cutoff)
(smooth)
H(u,v) (cutoff frequency) D(uv) = DO
H(u,v) 1/V?2
H(uv) (Gonzalez and Woods, 1992)
1
H(uv) = o (42)
Do
1+ 0.414 D(u,v)}

D(uy) = Dg H(u) 1 Al



0571
D(u, v)
0 ! 2 3 Do
@ (b)
16
1
( Gonzalez and Woods, 1992 213)
(order)

(Myler and Weeks, 1993)

o
o

Filter Response

0.6 1

0.4 4

0.2 4

C C.5 1 15 2 2.5 3 3.5 4
Nomnalized frequency (R/Rp)

17

( Myler and Weeks, 1993 160)

40



41

high-frequency

(

)

1992

Gonzalez and Woods

(

s)

emphasis

(b)

463)

Lim, 1990



42

( inverse

Fourier transform ) H(u,v) ( (2))

g(xy) = hixy) *fxy)

h(x.y) H(u,v)

(spatial highpass filter)

(frequency response) (0,0) 1 (Lim, 1990)

(Smoothing ~  Noise Clearing  Noise Removing)
(Gonzalez and Woods, 1992; Rosenfeld and Kak, 1982)

, (false contour)

(3)

(Rosenfeld and Kak, 1982)



(xy)

31

(Averaging  Mean Filtering)
(Gonzalez and Wintz, 1977; Gonzalez and Woods, 1992; Rosenfeld and
Kak, 1982)

(xy)
(neighborhood)

(xy)

(Gonzalez and Wintz, 1977)

(lowpass spatial filtering)
(lowpass filtering)



19
(@)
()
( Gonzalez and Woods, 1992 194)
3.2 (Median Filtering)

(Gonzalez and Woods, 1992; Lim, 1990; Rosenfeld and Kak, 1982)

(impulse)
(salt-and-pepper) 1
, (Lim, 1990)

(sort)

(median filter)
(Rosenfeld and Kak, 1982)

44



finl

1.0 &

45

gin)
J
1.0 |-
D oo 0 0 00 4 4 4
5 -5 0 5
20
( Lim, 1990  473)



1 (horizontal direction)
1 (vertical direction)
(seperable median filtering)
(cross-shaped)
) gin)
A A
1.0‘!- 1.0
T hd Py ® . >n [ 20 2P T I [
-5 @ 0 5 -5 0
@ b
gin)
A
1.0"—
adensse >
-5 0 5
9
2 1-D
(@)
()
©)

Lim, 1990 472)

46



47

{en

@

474)

Lim, 1990

T

(b)

194)

Gonzalez and Woods, 1992



33

(Rosenfeld and Kak, 1982)

/ (Min/Max Filtering)
(Rosenfeld and Kak, 1982)

(background)



49

(Rosenfeld and Kak, 1982)

(h, h)
(¢, )
(d, d’)
24
@)
(- (@d)
1
2 3
( Rosenfeld and Kak ~ 264)
34 (Mode Filtering)
(Rosenfeld and Kak, 1982)
(mode)



50

( Rosenfeld and Kak 262

35
(Out-range Pixel Smoothing)
(Gonzalez and Wintz, 1977; Lim, 1990)

(Lim, 1990) [ f



51

(a) (b)

(a) 1

()

( Gonzalez and Woods, 1992 477)
3.6 k

(Rosenfeld and Kak, 1982)

( Rosenfeld and Kak,

1982 )



3.1

(Lowpass Filtering)
(Gonzalez and Woods, 1992; Myler, 1993)

(lowpass filter)

52



( 4)
G(uyv) = H(uv)F(uv)
G(uyv)
F(u,v)
H( )
transform) G(uv)
(cutoff frequency) o
Dq

(Gonzalez and Woods, 1992)

Huv) = 1
=
Dq
D(U,V) .
Dq

g(x.y)

D(uy) < Dq
D(u,v) > Dq

(ideal lowpass filter)

53

(inverse  Fourier

(45)

(frequency plane)



54
H(u. v)
H(u, v) A
L
M . 5 =16
(a) (b)
21
( Gonzalez and Woods, 1992 203)
(Butterworth filter) H(u,v)
(cutoff frequency) D(uv) = D0
1/*]1 H(u,v)
(Gonzalez and Woods, 1992)
H(uv) = - (46)
1+ 0414 OOV
Do
H(uyv)  D(uv) = D0 1/ 2
H{u, \y
Hl\) 'f
0.5

( Gonzalez and Woods, 1992 208)



(Myler and Weeks, 1993)

Filter Response

Ko 2 2.5 3 3.5 4

0 0.5 1
Nomnalized frequency (R/Rgp)

( Myler and Weeks, 1993 160)

(inverse Fourier transform )
H(uY) ( @)
gixy) = hixy) *f(xy)

fixy)
H(u,v)

(spatial lowpass filter)

55



56

(Lindley, 1991)
1 U

(bl

30

( Gonzalez and Woods, 1992 211)
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