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ABSTRACT

Many researches have been processed to reconstruct corrupted an image by noise in fields of signal
processing such as image recognition and computer vision, and AWGN(additive white gaussian noise) and
impulse noise are representative. Impulse noise consists of fixed-valued(salt & pepper) impulse noise and
random-valued impulse noise, and non-linear filters such as SM(standard median) filters are used to remove
this noise. But basic SM filters still generate many errors in edge regions of an image, and in order to
overcome this problem a variety of methods have been researched. In this paper, we proposed an impulse
noise removal algorithm which is superior to the edge preserving capacity. At this time, after detecting a
noise by using the noise detector, we applied a noise removal algorithm based on the min-max operation
and compared the capacity with existing methods through simulation.

7=

impulse noise, standard median, min-max operation

1. 2 A 912, AWGN(additive white gaussian noise)
I P2 Fgol hEHojr).

A2 dejvltel IRFA slgo] st dg  AWCNE AASY) ANE B3 BE S 7144
81, o] S o] 88 thokd Mul 2} BAs el wap & BE, AW UH T34 22 A¥LEd g A7
tAd dolele H&H He WS tet a7 JHEEI AAH2 3ok
7} 612 @8] A3 Qo Jex JdEA F2oe salt & pepper 9

a# 3 dolglel & 85, 44, A% 7lee) ¢ random-valued JE2 FEo] glon, TEHOZ
92 o), 9L BAEA 2 94 3 ge rpop  SM(standard median) H el 7] 2‘5} oz 7}x] ¥
g Rokol A 11 ARG o) Zybsta Qo) gHs  FEHHS %Ei o] A|A1H
zae]% AM o2 7tA Aol o8 Faishgyst  SM UElE dU= RS S *11713}71 A

3tk o)ald Aste] =g Ygle Feom gy BT LejolAul, FAb9] ol R AHE o 3}

=
4

253
o a3

- 1001 -



AP H A 2006 FATHEEU S

2 @A whel gAY FAARE FaA de
Folol e HE8 & gt mabA] dE2 FEE
AAETH FA ) F3) A BES REST AT
29 Y Eo] A s A oH1]-[4].

2 A3 A min-max Q4] 7]¥3 A 22 )
Ay P & Agstg e, o|df o] 3 He{ gy A4t
£ noise detectore]] &3] A AEH ZL Fdd s
A FYHERE gt a2 Al B ol &
o Wu¢t BEEH 1 A5 S vnsigch

I EA ZZ HAH LoelE

1. Standard Median Filter

SM ¥EE 982 482 AA A% VL 2
@& Feo) vy geojth Yoz SM LE
£ A ()3 2ol EAHY, Y9 vp2aF AHEF
o I Y 2o 3 $7F S Adste A 9o
A, G FHE 9B~ {2 AAG

y(i,7) = med{x(i—s,7— (s, t) €W} (1)

G714, y(i,/)E 982 g, (4, )= 9
3ta gold, (s, £)e A utaa WRo (85
vepdot 2832 med{ )= T 3% 49 434
o, We 2717} @N+1) x @GN+ 1) Y9 4
=& ez, 4 ()¢} £t

W={(s, Dl — N<s<N, — N<t<N} )

2. Center Weighted Median Filter

CWM ZHE I 9= W $¢ 32 &
of 745X & Arkate Ag)ste Fel2A, th&o] 4
Bz #d5= dutE) WM(weighted median)
HH2RE A2 5 A

(3, 7) = med{h(s, t) copies of |
G
x2(i—s,7j— Dl(s, t) € W}

WMYE € Z 849 g 2(i—s,j— HE 7HFA
h(Z, )rE AT F, 7HF A7 H8&4 v ol E oA
3 g Addad. & w={(0,0), (0,1, (1,0}
ola {r(—1,0),4(0,0),k(1,00}={2,3,2}} &
o] 74 E AHEAE o, 29 yv(4, )e @
z2o.

¥(i, 7)) =med{ x(i—1,7),x(i—1,7),
x(2,7), x(4, ), x(4, 1), @)

x(i+1,7), x(i+1,7)}

o] W, £ 29 71E5A 1(0,0)=2K+19]
o, (s,H%*(0,0)¢ A%, ks, )=1%0 WM IH
& CWM ZEjg A st o Ao 2 Fojh.

¥(i,7)=med{ x(i—s,j—¢)
2k copies of ()

Wi, D(s, ) e W}

A71A, ke Fo] AFoln, k=09 3+ CWM
ZeE SMIHZ 53, J8d =% W F 3t
a4 2L+ 1R 12 26+ 19] ZAY ZA HE,
g gL 59 HA gk

olg}g CWMdl A FYstio] E 7FA171 A7t
29 g A JEA A BE P2 F53A
A, FE AAAE TAZ A

n. derst gnelE
JEA AL #AAA 4L B4y 98 24
£ noise detectorol] 9% F& A& 3% 3 min-max

o 71e e ARRR 2 Yiroi Tt

1. Noise detectord] 2]3 2 A&
gAozRy Fgs AgFyog ¥y Y3
Al WA b9 2 (6)3 Zo] HAE FETh

Dy= | C¥**1(i, /) — x(3, 1) ©®)

Nemuy, CHYI(i,)E 2kNY $UH2
7t 27k5)0] Htjeh H2)E s CWMEEE e
Wol, D& olelg CWM HE s 2vts Aeigs
o) #ake ehao

a3 gode) £ FA Holw shfol thalA
Dy T8l 23 BashA 519, 2 AW S Feo
2 gushl B, ol T,& 4 (7)3 2o,

Ty= s+ MAD+ w, %

2oz, 59 w,e NFEXNEA, s=0.69]
o, {wy, w, w,, ws} = {40, 25, 10, 5}el=,
MAD<= 4] 8)3 o] A9 ulo] 49 SM 2
Bl o] Hatol] 3§ ot grojo.

MAD = med{lx(i—s,j—t)
(8)
~ C'G, D, He W}

- 1002 -



5 2X9 48> I3 FRMY 94 B9 duEd A% 47

2. Min-max 7jute] F-S-AA ¢ E x(1,7) &= U

Qe Ha (7, )N B @& x(i, ) o , .
8, 271 MxMS) =37} o] H4E THsHE 4 = min ey, min ey, )
20] = N(= M?2)o|t}. olu), 247}e] 9IRS B , min(zy, x(4,7))...))
inner Y= -8 38 W2 EAF
) 282 °l ™, 7} inner 92 $-o] EE %‘—Zﬂiﬂ A (19% 2(i, /) & min(uy, 2(3,7))9) W2 2
v A = outer T k th a2 FY8A (i, 7)< v, 2 Aol g

ehdch 3, 2 g4 (4, 7)00 tislA, F 4259
z}el) 23| A WA E N7\ 9 surrounding band 7}
A9 HY, A 9)¢} 2ot
B,=WwW0O,—WI,, k=1,2,-,N )
olwf ¢)2]§ 2} surrounding band 2] ol zta} H
AgE 42 w9 v, 2 YEiE B9 4 10)%
Zol 8% 4 gt

{ u,= max (x(m, n)l(m, n)EB,)
(10)
v,= min (x(m, n)|(m, n)=B,)

BeA 999 A @& (i Nl o) At B
Hel 23 y(i, /)t gg 4oz gHch

iff x(7, 7)) 4 e

U min »

iff 2(7, /)< U oy (11)

(
y(i,i)=l ¥ x>
[x(i,j),

otherwise
A Aoz Ry o 3 v T ST 2o
= min(u,| k=1,2,...,N)
12

{umln
Umae = max(v,lk=1,2,...,N)

ax $9] 2 (1) A B3 2 o2 §
AR E 133 Y = Uk o)7L 2L &
H94-& AAdske diA, g g4 ool ge
ddlolEste Hej2 A, thgo 4] 13) 2ol B
@ 4 Ut
iff x(7,7)> # in

umm ’

(
x(i,j)ﬁjlvm iff 2(2, /) <0 gy (13)

x(3,7),  otherwise

a7

a8l x(4,7) > u gy,
9} Zo] X 5= A}

4 (2% 4 19

M x(4, /)= max (v, x(4,7)) 9] ¥H8 43 & %
) AR 23 glole] sid g, NAg
surrounding band7} 27] th& $}A}9)) 1o B2, 9
o 4 (13)& NAY & XA surrounding
band B= WO— WI& —',:~_1_, band 9] z} 9] x}9) o
a4 A (15)E Agdtad & 5 Uk 2o gXE,
u = max (x(m, n)|(m, n) & B)oln], TY3}
A v = min (x(m, n)| (m, n) € B)o|t}

(u, iff x(4,7)>u
x(1,7) & l v, iff x(4,7)> v (15)
[x(z 7)., otherwise

Ao A 22 HARHE L inner YT F-9] 5
g Fa=2g, 499 g (4,7)0X9] sha g
x(4, Do g &8 y(4,7) = x5(4, 7)o, ol
N& inner 99 & Jvehict &, inner 9=
-,—,] 7} N A%, k=1,2, -, N—1 9] 3

t Yol thA) gYo = A}%EIB% k=N4 3
T«} Y3 ol g3, a4 g él&%wiz}%ﬂt}

r

V. AlE2fo|M & Znt
E =EdAs 9482 FeE AAS g4,
min-max GAtd] 7]¥HgE 22 vl A Y LEE A
sl e, ol FEo 2 PobE = sliol gisiA F
Ei‘“*“’] FYPHEE 3pF T 282 AU e A
=8 Hrlslr) 93, HAE Ao 2 A 512><512-4
Baboon A& AL-£-3l¥ T}

213 18 Baboon G4te) w3l A|E# o] A @-‘4‘2
el ok 2@ 02 RE (a)E 89409, (b)
+ 5%9] random-valued 982 F-Lof 93] &
Aotk 22T ()9} (d)= 22} 5x5SM HE] o] o]
&) #H&o] AAY B33 YA Bol3 g}k =
3 (e)F ()= 5x5 CWM e o 9§ Az J43
A4S Jetdz gle, (g)s} (e B =FddA
A erst Wejoll o) A2 AlAHE G4} o] A9 A}
gag volx Atk 2 @), (), 9 F94L &
zho) wiie] o3 ME FAT @ FA R
i3t AE 4u] 77 FAolnh

- 1003 -



SR TS 2006 EAFTUEH3

(c) SM(5x5) (d) Difference image(SM)

e CWM(5><5 6)) Diferenc ima(

(g) Proposed method(7x7) (h) Difference image
Fig. 1. Denoising results.
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Fig. 2. PSNR with variation of window size.
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