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ABSTRACT

According to the increase of demand for diverse multimedia services, techniques to use images as the
tool of information transmission have been rapidly developed. However, impulse noise affecting the
reception of image and signal error occurs in the process of digitalization and transmission of images. In
order to remove this impulse noise, a nonlinear filter is generally applied and a standard median (SM) filter
is representative. However, SM filter degrades the quality of overall image by error of the edge component.
Therefore, in this paper, to restore the corrupted image by impulse noise, a nonlinear spatial filter based on
Min-max operation was proposed and was compared with conventional methods through simulations.

)=

standard median filter, impulse noise, nonlinear filter

Bu)

ag gundEd ¢ FAA 4ve W
= SM(standard median) HE7} 7HF YuEE

(S

i

i

A7, 9L ARADY Suoz Agsly] L2 AREHI L
A% #d y)Ese] F438 M o 29 a2 olaid SM FEe 49 F7AY &
U gatel AxEst AE 9Re 2 9%g vlx AEL neldhA @z, AAIEl dsN $LD
= zteo] dae gAHRAY Adsts By YETE HAEP g, 4 cAFRAA 2
M A3 wastn ok g olgd e TS TAAMAh gebA olHd dHS AU
2 AASY) 98 BE A7Bo) Pads A A, AFY FE SM FE 50 AAHAH,
ZEinla Bol SollA ks MPs 3z ok WM(weighted median) HE}¢} CWM(center

w2 32o dynamic rangeo] Huo) EE H  Wweighted median) YEE G492 53L& HEF
sztel ZE wAHH, olald ASS AAsyl WA F¥2 FFE AASI] A, A= 4

HAaE gy AHgEd. =3 Sad AEXNE FHgsgoz a3y M¥dE

f

Yo, dwrdo

- 750 -



g2 FEBANAM LY FRYEE o187 FIEU BF 97

SM gETo| dejed tg AE HHL T
FEE AA w2} gL IMANDNE s
g} webA olg 22 —gxﬂa fAsn n5Q
Aol o8] Y2 Fee AASFE Min-max 7|
R Hg'ﬁ%ﬂ zﬂ‘&ﬂiitwﬂ-

Qso] A9, WEE LS o8 WuY 2
498 AdsAT. 2dn FIAA e
3l7] 98, PSNR(peak signal to noise ratio)<
olg3tal 7129 WS vt

SN2 ¢dualE

1.SM 9§

SM ZE = noisy G 02 RE JB2 FES A
Ad7] A% A R Q) vl g ILIHEAN, 9
=49 AFHS I4 L8R ga, Asiet F
Hslrg e F3 9 gage it

ASAAE A3l Mz stao Fugtho] AL
T 9 We 2 ()3 2o ¥

W={(s,t)|I-N<s<N, —N<t<N} (1)

A7, 929 7= (2N+1)X (2N+1) o),
(s,0) = ATE 9% 9=$ W9 HFolth olw
SM dEj= 4 ()¢} 2] A= Wl A&t 3
25 FAAN £03E dd g

Y(,j)=median {X(i~s,j—¢t)[(s,t) EW} (2)
Hozng, X(45)= FE (5,7) A 994l
g stazteln, Y5 e FSAA Fof 29 3
2gkolth ® & median {-}-& 73 Ad dXAS

vebd

2.CWM ¥ g
WM HE = QS Wile) 2 sho] 4 @) 2
ol REEE AFAE A, oo g HEE
£ 28902,

Y wist)=cC ®)

(s,tyew

Aoz RY, wis,t)e ZE (st)d I3 sh2
o g 71EAE Uehle, O 7153 49 9
B BEY RS F AZolTh o)A AFH) HE
o €3 WM e 4 (4)sh 2o FAA

¥(i,5) =median {w(s,t) O X(i—s,j—t)
4

l(s,t) € W}
o714, O & HEAARS Uetdo gels 99
2 (e 99 7 A9 AGste J=HI

X(i-s5,j—t) & 71FA wlst) WF 44 A4
%, 849 & g Cd vt SM ZHE F43
Z 4 gkolch
23 WM dEle] 538 392X, 4 5)9 2
o}, 243 4o v M 7ER) w(0,0)=2K+1 5
Agstan, Fugid e wist)=1& H§
3 HE & CWM e g g 2].

Y(i,5) =median {X(i—s,j~t), 2K0 X(4,5) _

s, ) e w)

3. Min-max ¥ E]

A= $ oM FHBIAET v, g
Hoge Jehls 28 345 S cuttingd filling
A3tE 53 2 2715 A 33 Peak-and-Valley I
He 4] (6)3} 2ol E?‘;%C}[ I
max {X{i—s,j—t)},

if X(4,5)>max{X(i—s,j—t)}
Y(ivj): min{X(i—S,j—t)}, (6)
if X(4,5) <min{X(i—s,j—t)}

X(i—s,5—1), otherwise
Aogre, max{-}& Hdg A9 QAo
min {-}& Hig A9 dazpo|n). a3 HA) of
Hg Hdigka HAgE o] &3k, A2 AAEI]
A% ge o] A7 AUTH4]

. ®etst gne|&E
B =Rdre Qg Zed o) ¢ 94
B A3 fal, Zhwrard Eol g Aoz 4
< 0|83}, X2l gla 9] AV E AT} EF YT}
Ao HFE (4,5) AN dHFay XG,5) &
z23st= (5x5), {@N+1)x (2N +1), N=2} =
719 =95 19 16) Yeh AT

oo

Fig. 1. Processing window (5x5).
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- 752 -



q,

B2 FE8AA HAY FHLEE o83 FEAd Bd

r
-

i‘

30 La— T T T T T

20

PSNR [dB]

-~o— SM filter (5X5)
—o— CWM filter (55, K=2)
15} —a— Min-max filter (3X3)
—=— Proposed filter (3X3)
—e— Proposed filter (5X5)

10 20 30 40 50 60 70
Impulse noise [%6]

Fig. 4. PSNR with variation of impulse noise.

A2 R, AL wye] ZE FE Fdd
A 53 A4S Y2 S-S #AE 5 A
on, B3 9599 ays x5)d o, o
AXE d3E JeEU

v.z =2
2 =gdAE J¥a wed os A48 o
o Bqsl A8, $BY JUE o 8T WA
A E AFFACE, A AN ]
s slastdc
Agdold AHERE, N1E PSS 9
S g & SHUFE A A2
3 e A8 TR AT T B £F
AN AR WHe Do) AANES HEGH
A JBA FLL BHRHOD AANA, BE
Fe AN $5F 45 YR TdeA
A WP JeANE HRD AFHNA
A% Bejold YU A& AR A%
g3 HgHeieh ARk

N ot ox

19

oX

18

r

{1] L. Yin, R. Yang, M. Gabbouj, and Y. Neuvo,
"Weighted median filters: a tutorial", IEEE
Trans. Circuits Syst., vol. 43, pp. 157-192, March
1996.

[2] S.]. Ko and Y. H. Lee, "Center weighted median
fillers and their application to image
enhancement”, IEEE Trans. Circuits Syst., vol.
38, pp. 984-993, Sept. 1991.

[3] P. S. Windyga, "Fast impulsive noise removal",
IEEE Trans. Image Processing, vol. 10, pp.
173-179, Jan. 2001.

. A [4] M. Werman and S. Peleg, "Min-max operators in

(f) Proposed filter (5%5, PSNR 24, OO[dB]) texture analysis", IEEE Trans. PAMI, vol. 7, pp.

Fig. 3. Filtering results. 730-733, Nov. 1985.

- 753 -



