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Blurring Process7t U ¥ 4 92,

¢ The relative motion between the camera and the
onignal scene,
® An optical system that is out of focus
¢ Atmospheric turbulence
¢ An optical system with abbreations
¢ The nonlinearity of photographic film
—The density of silver grains on developed film
varies approximately logarithmatically with the
ncident light
¢ The transmission noise by a noisy channel
® The recording medium noise(film grain noise)
¢ The quantization error of the data for
storage
3. Image Restoration &% £}
® Astronomy :
—Atmospheric  Turbulence, Out of Focus,
Aberrated® Optical System© 2 2€) Blurré

images 24¢.

® Meical Images

o Satellite Photographs, Remote Sensing
¢ Enhancing Historically Important Photographs
® Motion Blur Restoration(ex, x&¥3 24)

o Periodic Noise A7 in Frequency Domain

4, Image Degradation(Blurring
Process) Model

Onginal Image {7} Blurring Process H9 Noise

Fel B¢ : Image Restoration

 Process No| 913 Corrupted (Blurred) Image g7t 44
L gs 342 19 13 2o 29 FdY £ 9L,

o

Blurring Process H - a4

: 1% 1. Image Degradation Model

: o714 f:0nginal Image Matrix, H : Blurring
(Degradation) Process Matrix, n: Additive Noise
" Matri g : Corrupted(Blurred, Degraded) Image
Blurring Process HE Convolution OperatorZ o] &3}
£ Linear Process$t Nonlinear ProcessZ %
ko] Blurring Process H7} Linear Process,
variant2 X d8o HW 1R
n()3 22 4oz F8% 4 48

h(i, 4G, §) + n(, j)
**: 2—D Convolution Operator

g(i, 3) : Degraded(Corrupted) Image,

h(i, j) : Blurring Process function, Point
Spread Function(PSF)

f(i, j) : Original Image

n(i, j) : Additive Image

Convolution ** operatorg A93l7] GAMA WA

Linear Process, Time InvariantE A%3l® o3 7
[+]

.
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41, Linear Process

Linear Process@ oj® A28} Input Signalsg 7}
3%9¢ 9 Output Signalsel 7z} Input Signald] o
Output Signal® A 23 22 99 A29< Linear
Processgt 2 §.

4.2, Time Invariant Process

Time Invariant(Shirt Invariant) System o} Input
Signal o] Time Shift H%-¢ ®e Output Signal o,
499 Shft §4 &2 Input Signals 7+ A dojA
© Output Signal¢ Shiftdtel 2 A% AAHL Time

Invariant Process&tal &,

4.3, Convolution

gheko) Al 2¥o] Linear, Time Invariant3l® AJ2¢
7t8¢ A Output Signal2
Convolution OperatorZ &%,

of Input Signald

g )= [[ £, Y hix-x y~y )ax' dy

= f(x,y) ** h(x,y) (2)

h(x, yi7t x|, ¢ M5202 lnvertd 3 x, y
ofFAIEA flx, y)ok & HH Fof glx,

r2
oy

Equation(2) & 13902 ZA 39
g(x)= H fx'Yh(x— X' )dx'

= f(x) * h(x) (3)

olge 1802 149 convolutond YehfH 28 2

1o
% 23
F{L )
)
“
a
1 1
(2) (]
£(-a) #x = a)
" Vi
[ g1 .
-1 -F x
) 1]
flagtx - @) Jiowgtx — o)
DK% 122
1 1
‘A
"%.
¥ a
~1 x ¥ L I R
© (0]
Fixyng(ny

2%_ 2. Continous 1-D Convolution

5. Discrete Time Image Degrada-
tion Model

a#lels H9% Image Degradation ModelZ%H
459 equation{1)42 ImageZ Digtal DataZ A%
A2 A Integral Operator2#¥ Summation Operator
2 u¥o &3 7¢ Discrete Time Convolution
Model 422 yeid ¢ 4.

g N=, Y FF, )1, j=J )+ )
it J

= 1(i.j) *»* h(i.j) + n(i,j) 4)



%99 2¥ : Image Restoration

1D signale) 7% . 6. Discrete Time Convolutiond
x-I.Q.
0= 1= 400 ~ Image Processing %% 9
) » h() + n(i) ) ® Smoothing(blurring, Low pass filtering)
2 Yehd, Discrete Time Convolution Al f(1, j), h(, j) fl): 12 12 120 120 120

data7h @450l Q7] W] Output Image Data 4§ hii): 1/3 13 1/3
£ #49 %.

2% Poing Spread Function(Blurring Process i) 12 12 120 120 120
Function) 9] Data 44 Original Image f(i, )9 Data = h(-I'):  1/3 1/3 1/3
AFEY 20 42 2 660 bagert 01 A, 0
CB. MG, PSP 01 (G0 (5 (D 2d A)) - gli)=Summation (f(7 ) xh(i-i')
CB) D9] REERE] =4 8 43 88 120 80 40

Equation(4)2 13l 449 Blured Image gli, ))

12 t2 120 120 120
hOi<A+C10<j<B+D19]data7H*—E—§ o |73 |13 |13
M. 4 5, Original Image £, 1) 71 256 x 26, | ("t Tis T
) 5 x 5P 2 56 £ A4 gl = o
o(4) 3 s 1
300 x 300 Data size & 7HAA 2. i e s |1s |1
. . . . : / /
2% 32 1-D Discrete Time Convolutiond] & o2 o s
HEr,
o Edge detection(High pass filtering)
i) 12345 h(i): 1/6 2/6 3/6 (', 1)
n(i'): 1/6 2/6 3/6 10 10 |10 |10 1o

10 10 10 10 10
10 10 10 10 10

h(—i'):3/6 2/6 1/6

ali) = 1) * hli~i) £ l1w00 |100 [100 [100 |100
{234 : 100 100 |100 {100 |100

5 :
6 2/6 1/6 v axs | (100 |100 {100 [100 |100

g(0)=1/6, g{1)=4/6, g(2)=10/6, g(3)=16/6, g(4)=22/6

a(5)=22/6, q(6)=15/6 O S A B *
[0 Jo o .

19 3. 1-D Discrete Time Convolution?] ¢t9f | |+ |10 [10 {10 |~
» 1360 1360 |360 |«

. Jo o Jo .

* * * * *
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h(i.j) : Sobel Edge Kernel
h(i,j) h(i,—j") h(=i', =ji")
] =)' —j'
i 1 Pl l-1f-2]-1
-i
0O |0 |O 0O 10 |O 0O (0 |O
-11-2]-1 -11-2(-1 1 2
Image) & 248 Image Statistics Model2 HE 24

7. Blurring Function H Estimation

Degraded® ImageE Restored’] SlgjMe @A
Blurring Function h(m, n)& Blurred Image2 3¢
Estimation aj¢k3. o] Original Images] W& Ay 2
AAR2Z o[ &% %71 ¢l7] &l Bluring Function
HE Estimationdty A& A9d 1%9 4849
Image Processing Mode& AM43HA Hof, dwtdoz
HE F48= A& o $ o ¢ 99 whoke) Bluring
Process 2% tjs A4 Ane odyg
Process £%9 W& Blurring H Parameters&
Estimation & 4 14, 4% S9 Bluming Process7}
Image Sensor% E£#7tY $AYSZ oJual Motion
Blur 7+ 471 A% Blurd} #%3 A 33,
Image Sensor7} Out of FocusZ ¢3to Blur7t A7)e
7% Out of Focusd] 99} WAE & 3437 ¥

gutd o2 Blurring Process 59 o d A}ZJ Ay
7t FAAR %7 429 259 Image Model
Equationg AHg-3o] H & 243 ghoke) Corrupted®
AWA 02 Image Statistics?] Hl7} B
9 g o7 79 Non-Overlapping SubimagesZ £&
el Frequency Domainol A & H#dol #og 13
H HE #43871% .(Blind Deconvolution) 22y} g
9] Image Statistics®) #3t7} A& uj(Non-Stationary

, Blurring

Image g7t

]'.

jats)

Image Restoration® Estimated® HYl Inverse Filter
ol HEHH %8 Wiener Image Restoration Filter
g H§5to Image 15 543,

g2tq duH o2 Image Restoration Blurring
Process HE Estimationste €3 Inverse Filter,
Wiener Fiter & 3489 ImageE Restoredte 7
o2 Ui,

Wiener Filter o]9]o] Recursive & image Modele
o] &3 Kalman Image Restoration Filter, Iterative
Image Restoration Filter, Neural Network Image
Resoration Filter, Fuzzy Set Image Restoration Filter
%9 Image Restorationd] 20| g3 9o Hzd
o Sets 9 images ZRE 0|43 Imaged
Restoredt& Multichannel Image Restoration o] A7}
b

O.

rir

8. Image Restoration in Frequency
Domain

Equation(4) 2 Fourier Transformg #37 w4
Convolution Operationo] ofgf¢ 7+o] Multiplication
Operation 2 89A4 =



Flg(i, 1)) =F(£G, 1)) xF(h(, ))+F@(, )
Gy, v)=F(y, v) H(u, v)+N(y, v)

7|4 F& Fourier Transform Operatorl,

m2HA Spatial{ Time) Domaino]A| Convolution 74
of B¢ FAOZ AMHo A4to] e,

h(m, n)¢ Estimationd}e} Fourier Transformg #
444 248 Hy, v)2 equation(7)€ o] Fy,

V)& ol o o] 34,

Glu, v)/H(y, v)=F(y, v)H(u, v)/H(u, v)+N(y,
v)/H(y, v)
=F(u, v)+N(y, v)/H(y, v)
Z Restored ¥ Image:
Flu, v)=G(u, v)/H(y, v)=N{u, v)/H{y, v)

(8)
(9)

22 Ed9Y oy 1/H(u, v)E Inverse Image
Restoration Filtergty 22

gutdo g H(y v) £y v) 37244 3& gdg
AA A Hof fEE(u, v) FLoIM Fo] i FA
b 00 2. gebA Ny, v) /Hly, v) gol d$ ARAA
Ho} Noise 7} $Z¥o] Noise 7} IW8A Corrupted®
Imaged] 4% 4 4

olfd EAHL By 98 Noise, Image Signal
9] Statisticse &£3te}, Original Image 9} Estimated
g WiAtol9 Ermorg MinimizeA# $T8 Wiener
Filterg o] &,

Wiener Filters Inverse Filter$} Noise, Original
Imaged) StatisticsS &&3te] THE,

Corrupted Image G(u, v)7} Noise FreeAl Wiener
Filtere Inverse Filter7} 2,

sl

Frequency Domain®|A] Image Restoration& Spatial
Time Domaino]4] Convolutiono] ©<8 Multiplication

%2 B4 Image Restoration

232 A 94 g&9 Inverse Frequency Image
Restoration Filter, Wiener Frequency Image
Restoration Filter 5o dg 290y F2q
Computerd d458ol HAE3 Spatial Time
Domaind| A Algebraic 87 Image Modele 2434
Restorationd} Spatial Restoration Filter |7+ g
3o dz}, A Imaged FrequencyE M¥Hoz
Filtering 3% o #2 &4,

1% 4= Frequency FilterZ
Periodic NoiseE A A, Restoreshs

AHg et Imaged
42 59

Freqs

=

—| rr g:{
P

Oriyinal Image uency
Domai
Image.

33 4, ME1X9Ql Frequency Filtering

9. Algebric Image Vector Model
9.1, 1-D Signal Vector Model

Equation(5)9]A gli), £(i), n(i) & Column Vector
2 MappingA Equation(5)® Matrix Formo2 %8
9. 9% g9

f(i) = 121212 120 120

hil) = 1/31/31/3
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n) =0 3¢
f(r) 121212012012 0 0
h(IT)00001/31/31/31

9.2, 2-D Image Vector Model

g(i) = Summation(f(i') * h(i {")

Blurred signal g(i) & o} ¢ 7+& TableZ Jeh ™

Equation(4)old g(i, j), (i, i), n(i, })& Column

Vector2 MappingAl equation(5)E= o}fi g 7
Matrix Vector Formo.2 384,

G=HF+N

12 [12 [12 120 [120 [0 o . . .
o= 173 |17 (173 3 wtoro] Original Image (i, ))9 Size7t
o= {0 |13 |13 [i13 8 MxM, Blur Function Size7} NXxN(N ((
o= 10 |0 |13 153 |3 12 M)l A% Blur Process Matrix H=(M +
o@=1lo [o o [wa [13 |13 48 ‘
gw=1Jo [o Jo TJo [ws [1a |13 88 N1 x(M+NDY Size & 7149 G,
g(5)= 0 10 0 0 1/3 [1/3 [1/3 80 F, N & zHZH{MN-1) x1 9 SizeZ 7}3.
ol6)= o fo Jo [o [ws [z |13 [40

L
w2}A Blurring Process He Matrix Formgl (i)
2 3 |4
/3 |0 |0 0 [0 o 7 18
1/3 {1/3 |o o |o o o e
173 |13 {13 o |o |o s e
0 {13 {113 {13 [0 (o |o 18114
o o |13 |13 |13 [0 |o .
o Jo Jo [ws Jus [uws o : h(i)
o o fo Jo TJu3 [z [u3
L9 |19 |19
1/9 | 1/9 | 1/9
y L 1 [ i
2 e, Inverse Filters o H Filters) Inverse TR
Matrix2 A9Y¥ H Inverse Filter7} &A)8%
Original Image {7} H Inverse Filterd] )& Restore :
9. 44322 HY Noise StatisticsE &43 Wiener Zero Padding f(i)
Image Restoration Filter W7} dg] 24,
4 Jo Jo
Wiener Restoration Filter : i 0 0
lener ,e oralor: 1ei. o 1T Tz To 1o
W=RH' (H Ril'+R) {1314 |15 [16 o o
o o o Jo |o
i o jo fo Jo Jo |o

188




2-D Blurring Matrix H:36x36

130 0 0

0 0 0. oee...
Y313 0 0 0 0 0. veiree o, 0 :
Y31/31/3 0 0 0 0. 0
0 1/31/3 1/30 0 0. ...

G:36x1, F:36x1 Column Vector

YuA0Z 2D H matrixe 0% Zo| L33 9ol
Inverse7} £33} ol A& =Z Wiener Restoration
Fiter} W¥¥ Wiener Filterg % %8 2-D [mage
Matrix HE Original Image Size®) #2402 747
oo Spatial Domaino]A Image Restoration #AHE
B st o ANAYL BeaA g

0.2

Image Restoration& Original Image7} Image® &7
U, 444 Noise7t B7he| Ak Image Sensor®t 3] AH
79 AA $Ad0z s EAHUS Ho F
o} A Corrupted(Blurred) Image o< 7
Imaged] 7HHA Eddte A& B3

Image Restoration Image Enhancementy} 222
22 g2 AL, Image Enhancemente ZoJR
Original Imaged] Filter $& A &3t A7te) £ B
O o 2 597 98 Processo]® Image Resoration&
Onginal Image A ¥ 8lo] Corruptedd Image®te 27

3 d

2+7 Onginal

)

&

Blur Functiong Estimationdte] Image2
0o
Mua.

Image Restoration® Image Processing9) &131¥°]:
FAM 7HE Bol £349 Image Modelinge 20} 2
< 49 Datag A ool 37 HEd Image

2’02l B : Image Restoration

Processing £k oA 7H 1AAQ Fopoly ofe]
& TR ol g

H29+ Neural Networke o]£34 Original
Image 9 AR E o]&3td Corrupted® ImageS 29
#71% 8, FqQ Corrupted Images g 79
SubimagesZ #8389 Blur Functiong 274, Restore
o}‘ Blind Deconvolutiono] Aero-Optics #okd] o
& Recursive Image Modele 43 Kalman
Image Restoration Filter, Multiple ImageE 43
Multichannel Image Restoration Filter, Image Entropy
W3 e 0|48 Maximum Entropy Image Restoration
Filter, IterativedtA] Optimal Image Resotoration Filter
£ T8 lterative Image Restoration Filterd] ojst ¢
T7H AYH I S

o] do Imaged Illumination 24, Image7}
Geometricst Al 392 o Shape XA, Noise AA by
Lowpass or Median Filter o] W& 9u)qA Image
Restoration ¥ofef Tz 42U Original
Image2 243+ A3 Blur Functiong #H7beir &
st A A Image Restoration Hof2 ®B7lde A
A B3

H78Y
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