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Impulse Noise Decection Using Self-Organizing Neural Network
and Its Application to Selective Median Filtering

XAR - Z2EE-FE2F -0 R FT
(Seung Min Song - Chong Ho Lee + Sung Soo Dong -+ Jae Woo Wee)

Abstract - Preserving image features, edges and details in the process of impulsive noise filtering is an important
problem. To avoid image blurring, only corrupted pixels must be filtered. In this paper, we propose an effective impulse
noise detection method using Self-Organizing Neural Network(SONN) which applies median filter selectively for removing
random-valued impulse noises while preserving image features, edges and details. Using a 3 x3 window, we obtain
useful local features with which impulse noise patterns are classified. SONN is trained with sample image patterns and
each pixel pattern is classified by its local information in the image. The results of the experiments with various images
which are the noise range of 5-15% show that our method performs better than other methods which use multiple

threshold values for impulse noise detection.

Key Words : Median Filter, Impulse Noise Detection, Pattern Classification, Self-Organizing Neural Network(SONN)

1. A

r

dAE g A AFeln P42 FLT HEQ viA
ojtt. QI+ V1B FH o2 27} 7|HE Bdta] HRE PolE
ol3 olg A3tsd 2 FAME AL HF 1=9 7
o2A AZAEY HFL 9T &l

Alge] 2 44g 9 ¥ 7ARYEYH §
22 EAY E£& 7AZ 94E S5t ANy o
874, 7149 A7IHA MY A £ 53 949 AFE
T A HAHNAM A B Ao YA ¥
& ko]lz7} EAsA ©roh 94 E-Y(image restoration)
< oA & Ao AE F4d HS A B
A#Hed FHAHoln 94 F4(image enhancement)S FA4
4

3 oAb

o

0

2
=
Ll

[=]
=
T
A

[t}

N,

i

BE o axzez oss}y] 43 FHAHA fAHog o
T 7MAE 94 A gn o

Uxg gy xolzg PuH= o8 stAg JEeld #
oem YA xolZ(impulse noise)d A& HEHQ H)
Ay F(spatial) B8 L F<d vdd LE1]E A83)
o AAY 4 Qv vigdd YEE H7Fg(mean) YHRTG
AL 9 A FUNE F2 JEX w02 #A: FTH
AFsrAT FA] B2 o]z AA HAAM e
A blune AT F+ Uk 4 B9 wEED d=
ko2 FaAFIAT MY F23F 5 (feature)
B 343 dATe e AL HEF d¥ 24

o > fob alo

-+

HAAA, BEGR © K LXK FBBELER HE:

E-mail : dukefirst@hanmail.net

* E & B CHK TXK HHRETLEN 3R - TiF
»= [ & B :ECBEX dAY9EFHERS 88 - TH
=+ £ & 8 (K TK EETEN TH

BXZHS © 20044 118 268

BT - 2006 28 17H

£ YA & F U

PE2 wolZ2 A EFH= FASFHEAM G49 zYyA =
DAE BEs7] HE My 9x99 F4 A JMFEXE
5E 4% 7M% vldd YE(center-weighted median
filter, CWM)[2l& 71& €xed 2o &4 94 29 4
5% BdFYrh H o= 2E A4 gistd Hsx @
3 A2 xoj2E HEdd MYHosr AL Hu &
Tl wPEe] LAFHT gk PP2 ko2 HEAe o
2] WEE Al HI Jen E53FH FEHA TAHYH
(fixed-value) ¥H=2 xol2Ug didor st A 5(314]1%
o) dutd Hed J 9 A (random-value) YL ko2 EF
ddez A stv ASBI6ITE itk oA AF3 wYPE
2 st e I o4 oF BEHZC sxde JdEA =
o2& HEdn AYHoz nigdd EHE LAY vy
d FE drngFdA gAY HES LA AHEY A
7+e BHA dg2a o]z HAS HY T [Aane] #A
7t A4 HAde 24 Bolxol HAR FRIe #HAR
HEH 54 HEE F23W JE2 xo|Z HEL JY BF
o] A7t dct

2 =Ed9ME 994 d¥2 xo2 HESLE 939
Self-Organizing Neural Network(SONN)[7]1Z o] &3}= ¥
& At} SONNE G949 XH23 Az RE H4 P4
HEED] dP2 wol2 WA AYES BEFS Fo #AEd
dEL xol2= mgd FEE H LA AA A

22 B
21 gEHA Sojx A

g FAlA xelze Fad Ae I F

At
t
rir



AEAARAA BTG G4 AN e 94 5344
oA #FAzAN Z& g Y, TE CCD(charge-
coupled device)Z& AA 42 A9 FA o7 FFL
T3 AF FZdME HEE d8 AHL" AdaNg 74
o7 3ty HAYSIE o YBA ko|ZE ZHE 4
o] 2AY FAA 0(HL&-pepper) T 255(F 4 -salt) 9
F MA S4¢ gHE 243 uAX Y2 o] R(salt
and pepper noise)7t UL YH2 =ol=9] gro] F3HY A
d Y9A YE2 xol&7 ek B =FAAE o dury
¢ FHEHY 49X dE2 xolZ i YN GEEE
o},

Un)S S8 I3 4 gelm, I A5 #§§
SHE OB 256AF0] 9] Q1ele] gh( (y)) 22 YHZ ko=
7F EAY 9 d¥2 w027t e A4 HA @& (n)S
()7 o] FHEE

x(n)z{v(n), with probability 1 —p ,
A n), with probability b, 1)
22 ojcjgl HE
ngd dEE FAIGAMY 94 B WPz o9
g4 Fdd e Zﬂ?}%l 3799 RE HASS dWYn
geoz ALsln FF(median)e 2 dRse Aoz A%
3 Al (order-statistics) WE|9] & FHoln uAdPHY A3
E4S A 28% 2 ¥ 9 J@O)=2 899 e
FTRAd NS HAS|T
y=nedax |, %2, X5, ..., X)) )
2 12 93M S8old A= $E 589 nodd gy
g MEste fFolct T de AL FHoez FH 3
x3 =S8 HEHA TS Holth. A FF FA(60)
& AGH FA# BE RAAA A
101535
12| 60| 40 €08 352 iR
32|36 |42
Sliding window

(10, 12, 15, 32, 35, 36, 40, 42, 57)

t t ?

Trans. KIEE. Vol. 54D, No. 3, MAR, 2005

7b el Role ASH B % RIEE MR ddAdE
HHES AA2HA iGN 28 FEE A Hoh 1981
d dgEe dY7 FHYEY KR ZZW(Teuvo

Kohonen)oll &3 A<¢t® SONNL sF#E|(G. A. Carpenter)
9} 2= 2w (S, Grossberg)® ART(Adaptive Resonance
Theory)(8]9 &7 ¥®]ZAF A7 9 (unsupervised neural
network)e] WEZAQ Bdol|tt A7 Z 3 3(self-organizing)
@ TgF AAAA Y A giste PatE 3o Ve x
£ HWEHZE FHsE Aol oyt Ay 222 I}
HEYAE FAY F e FHE sy ojAe A% Ay
A Al2dg B wi 2daE Roln,

2.3.1 SONNel 33 st&(competitive learning)

3ol SONNE 823 8% = 3sdsoz &
g 2718 Fo2 19 2% Zo] YAFY wHEo I
29 g 7HEd ¢ dA(fully connected)® o] Ut

. Input layer

®

Kohonen layer

a3 2 SONNe| 7=
Fig. 2 Structure of SONN

Aq7A FEE Age g A% gy £¥% & 23
WZe] FAES 234 oz -?‘“54“‘] g AAAA ¢
g el et ZxWF Z wHE M2 AL A
48 Hge] s ke wHel "313}" A% w3
(winner neuron)® AHGF wHET] AAE FF deo
o] 3 EEt a28ln HAA VEYAI FAY doe &
A =7 (winner take al)22 %A} Faulo] £3 A3E 1
g & gl

232 SONN9| & &
SONN®| 712 g5

duFe AL g FA gl

min median mAX [ a9 38 SONNY st YneE BEE lwl Epsy
Ao AHER ARAA FH 5 7 Zol},
92 133 HESE o2 ajciel He Ao AHE |73 FAE g 7€ FHolg
Fig. 1 Median filtering using 3 x3 window AAREY %78 (Weight initialize) : 42 29 2 ¥ a
EL 3z wHEFS &d dd5o] oy AAR=E
2.3 SONN (WE SEoldol 0% 14bolel dele) goz x7l3 At
Bold A Fot HA &2 oy Y 2 RFVE W)
$r HHE A2 2Y, ol A LA YA ob] Wi, 9(0) = Randord0, 1) ®
Self-Organizing Neural Networks O| 83t B A Toi= H&ER MHH ojcjdd Y X 167



ERBERXE 5408 3k 2005%F 3R

AEANA ARZES ok (v, )E FTE () FH »
AN ZENE (p 242 WA (x )22 92 BAS Y
Ebd

No

13 3 SONN && ¢duels 885
Fig. 3 SONN training algorithm flow

N2 98 38 A A (Presentation of input pattern) @ A
€ 5o B2 sty g AAR

AXNE 48 dHAhe] oigt BE FHEY
(Calculate Euclidean distance) : €2 &l of
Zr FHEY FAZE A7 AN FEHUQ
T3},

Dit (0 B binD=010ncn®®

A@AM 2 dHZ Y Z7loln, pu FEZA AAH
= HE P et

2 739 e (Select winner neuron) @ AMAJE ¥ =
Hof disted 713 {FARE v & {2t Agsr b
Ze wAg Agad g AAHANE s v dHI
FAEY 48 Hed g3 g 7| E Rosta AAl 4
EfAzt 331 dol= 3 wHE AR E dAHo.

Winning Kohonen neuron () = min(Dist . y(t)) 5)

H 7o d273% A=A (Weight update) :
T 3

239% 2349 7S FIA 54 A% AW AL
dstel AEHEES Az

Wi nsk, (x, y)(t+1)=
Wi nt, (x, y)(t) +A(H(p in O—w i, nok, (x, 3) ) (6)

2BYell A g SHEEE FA) (t)Q] &g e £ B &
A7 (Q% 271 &4%E (Biii), 3% TFE (B A
Z ®E8% F

at)zﬂiniw_é(ﬁiﬁMI_ﬂM) )
290 B¢ A wAY WP (P 27 AW WA
(Hud A AA g A8 54 35493 92 a3
WA 14 g2AA AFHoz 54 R gAND g%
SIEE A A 0]
2.4 SONN2| M 514
Age) oz 94e ¥ W QB2 molz: Fu WA
9 ¥ ogR2 Fad £ gy wy a2y 49 Zo] &
A BAE AAE FAC) FA9 249 F94e AR F
F AL ERAE 4l AM & £4, $%, 28T ¢ A
Aol Fag T4 A Ao e d¥ez o AR
B3 YV~ xo]z YA Y PHE AsAT
x1 [x2 | x3
x4 C|x5]||x4]| C|x5
x6 | x7 | x8
x3 x2 x1
C C C
x6 x7 x8

a8 4 2X¥ FE
Fig. 4 Local information extraction from 2-dimension region

ododollAd Xjodxd X4
oA X| )

o ™M | T o

232"8AM AAE TE THE AL AY A g
nE F&E & 1% 2o ¥ 19 o8 getvy g ¥
4ol M9t 2L ARH AYE FE3h] SONNY dgez
AHEEE7] f3 WA ¥ EF 2r1g 2T A ZE 9
oy gEE JPAATIEAN €8 29 23 golth

Mo

o
=



= 1 SONN9| &t& mialo|g]
Table 1 Parameters for training of SONN
setely FH setel g g
g=s 27| m=4
2EWE A7 k, (x=5, y=5)
z7) &8 B initir=0.5
HF 58 B na=0.02
7] ¢ W3 H =3
9H A gA F R=100
3 @s 3 Q=3000

gt TRle 256 x256 2719 @ulE a#lo] ~AY Lena
FAoA ANgH HARE F£2E 5 e LRy HYH
AL AYF 254 x254 Fho HAAHez AT 10%9
BE2 0l 25571219 oo #E 7HXE YE2 ko=

=

643278 ©12 F¢ Hdo] FHY AHL 5808470 of .
25 SONN® =t Ext

58 &gg wAL A dde] di 23d ZEZAF
s@3ls 22E Ued a9l

/\

N

T

\
i

:

Q

v
q

»

=

3 5 MA & me6451670)o e msulE 2
selgle 22
Fig. 5 Distribution chart of each neuron’s winning number in

Kohonen layer for the whole training patterns(64516)
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Fig. 6 Distribution chart of each neuron’s winning number in
Kohonen layer for the normal patterns(58084)
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Table 2 MSE and PSNR(dB) for each original image
Lena Baboon Boats
MSE PSNR MSE PSNR MSE PSNR MSE PSNR
Median 47.90 31.33 313.39 2317 127.56 27.07 150.70 26.35
CWM 22.35 3464 167.03 2580 66.12 29.93 73.98 29.44
SD-ROM 15.22 36.31 162.36 26.03 57.78 3051 58.39 3047
DCWM 14.56 36.50 158.53 26.10 52.18 30.96 54.42 30.77
Proposed 5.30 40.89 129.24 27.02 28.02 33.66 37.80 32.36
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Table 3 MSE and PSNRI(dB) for each noise image
. Lena Baboon Boats Bridge
Noise .
Ratio Filters
MSE PSNR MSE PSNR MSE PSNR MSE PSNR
Median 56.51 30.61 321.26 23.06 138.12 26.73 160.61 26.07
CWM 33.96 32.90 220.74 24.69 80.44 29.08 92.54 28.47
5 9% SD-ROM 25.24 34.11 201.19 25.09 78.08 28.21 72.15 2055
DCWM 2493 34.16 195.02 25.23 73.50 29.47 69.78 29.69

1951 3523

30.40

Median 66.61 29.90 331.41 2293 148.69 26.41 176.56 2566

CWM 45.33 31.57 239.30 24.34 9712 28.26 11387 2757

10 % SD-ROM 3H.14 32.67 221.58 2468 91.24 2853 93.38 2843
DCWM 35.08 32.44 216.21 24.78 83.87 28.64 94.02 2840

Proposed 3235 33.03 197.27 2518 76.87 29.27 88.90 28.64

Median 81.10 29.04 343.27 22.77 166.46 2592 195.85 2521

CwWwM 64.41 30.04 248.08 24.18 124.94 27.16 141.25 26.63

15 % SD~-ROM 50.02 31.14 24553 2423 11824 27.40 122.41 2125
DCWM 49.83 31.16 24325 24.27 11314 2759 123.55 2721

Proposed 4789 3132 231.04 24.49 100.67 28.10 120.05 2734
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