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A Study on the Noise Removal Performance of SAMED Filters
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ABSTRACT

The SAMED filter is introduced as a wide class of multi-stage filters which encompass linear FIR and nonlinear order statistic
filters. The output of SAMED filter is linear combination of sub-median outputs. In this paper, optimal SAMED filter is designed
for images corrupted by various noise, and performance is analogized. The experimental result shows that the efficiency of each
order of SAMED filters is depends on type of noise. It is shown that low order filters are effective in Gaussian environments but
high order filters are effective in impulsive case. This result may be used to follow-up research on successive SAMED filters.

=

SAMED filters, Gaussian noise, impulse noise, smooting filter, image enhancement
SAMED ZH, 7h-2 3, 982 33, 259 IH, 94 A

.M 2 oA Ay e} nAY e 474y FHE vt

AR F TR dHY FHS A3s Q=22 IF

Ay dHE 712 F5 840N HH9 Hess 7ol Ui At Ha o] dFHAL o3 o

Holy, JH~ Fgo] EAss 4% vyl dHE 79 ZA}E LWOS ZE([5], FMH[6] ZE, Hybrid
F33 eAEA O %23 vAd dEE[1-4]e] A polynomial E[7] 5ol ANEA

3y JEEd vlgle] 58 A5S Bt 53] 94 LWOS ZHE AR #3] A2 (threshold deco-

Ao ElAE TAEA 71x3 v]AE HEjEo]  mposition property)el 71Z3Fe] o] G Aol A A2

grre] Fask EAQ A XM(edge) BEE Bt} & H= ETBF(extended threshold Boolean filter)e] T}

HES] e B S8 99 A4 Jdrt. A 99 Fd(multi-level representation) -2 A7 F

» MOy ™AE EHkjsong@ks.ac.kr)
HUXE 2012, 08. 16 AMAH )L XL 2012, 11, 21 AME™H LR} 2012, 12. 10

1309



=EA AT A

Atk o] LWOS #HH+= f =
A% Zee WAy ZHE 25 519 @ ¢ A= #
Heg A FxE Alwetr et A
735 2Ne] A A= 7hRIth
SA ZH[8l= LWOS ZE 9 Fxo tigh A9
A2 20" FEZ LWOS HHE 29 (tow-stage)
o] x5 e td ZHE 2149 5 9o, 2
Blo] pxde] ojfow st mjg- AAHem I
B A3 AArEe] ZA(trade-off)o] 7}s3t A
o <ldte] LWOS B¢ 2 FMH FHE 1t §e
& 99& 2= dEoth
A = T Hstage) o2 FAHEH, A
"1 e e AR S A
AE7} AHEE = e ZHe dEHE 7

e

ol

2 v 9
2
OBL_NE_I&
~r1rr

oo

ol wj A WA Thelx] AMEEE HIAE HEo F
Foll wet SAMAX HE, SAMIN 4, SAMED ¥
Eii P EL o5 SA dEve AA Dol ARE-3)
= HFIE(subfilter)d Z7)S AgttozHn HE
A5E tx FAEHA AES FY F U8l
meiA AA A dE 45 ﬁ]L‘%k Atolo] At
FH-o] 7beatnz §8 oo wekA I A
s A 23 Aol Thedk FHE ZH
FdEe] Hg A7 59
FEH A A& 12 A
e A% et =He, RdEe arE dAd 3A
sto] (=9 A7) Nell 7HEA st AA v S

L= = |

4

rlr ol
g N oot

A TS Gk A1) oee] BeEe]
Hel 9%$ 7t 235 s ANE 23
kd

& ¢ Qe uE Fepigrt givkes A3 Alust
SA ZE9 oj#et JHe B} thgdt S8 FYol
A4 5 9l 7127t "

e SA e AAC @I A7 A=
MSE(mean squared error) /‘é% Z7AA SA ¥
#H# AA7} 7FsEi, ol& 4
FANA Fofol #4838 7]5«] 4HE ] Hate] -
T Aes Bl Aol HL?‘% S g
o AME-E= Waﬂ e Ff/d wE *é% W5}
of tigh A% o]FojHrk 1 A Ak
2}4=(order) é e HuAgar7}t a]
BAE7F AHZHSAMAX filter) ZEY H%

1310

(SAMIN)E 598 A%< melt Zow sz,
o) @Hel Hte] SAMED BHE tha the 54
& 7 ol el median) R F59 )
ol vlaldut geld 4 Arks el sleldth

SAMAX ZE(FEE SAMIN ZE)9 SAMED ZEd]
gt vlaedte] A ufe w}E‘ﬂ 3 Fe @F A=
SAMED #E)7} 48 455 BolArk uigd &
7ol kel At *ﬁﬂ"iq olel gk 9]
ARe BT EAH R A4E F7IEIEA 04?“5} A
HEelt), &, x99 A7|7F 5ol 34 FEY A
12 §-4E, 22 #2H, 33 F4EE 257 f&o}#
T24A F2H9 53 FEHE AYGEHolA AT
ASolt). wEkA o] REEES MEH g3 g
35S FrkelelE ofglwol Utk
FE 371 o w H% w3}
|

20| SAMED ZEjo] g gejs) & =gol
A 88 A4 4A P Al 2 49

. SAMED EH&
X(n)S Q8 ANz s X(n)S A7 nolA
AEH(window) Stell Q&= N 9 98 HMEZ F
AEe 49 WE sy 2 (D)% 2k

X(n)
= [Xl(n),...,Xk(n),..,,

= [X(n—L1 ),...,X(n),...,X(n+L2)]t

Xyl (1

71 N=L, +L,+1°1% X, (n)=X(n—1L,
—1+k)olth o] wf 1= A
o g He et vt o}
(notation) & 7+&+3] 3}7] $13to] A2+ Al neS A



SAMED 2] #&A7 Asol tg d+

s, A= el A7)
WEE A Qs 2ol BH

rﬂ hines
£

X=X, Xy @

Q&9 A7|7E Nolz FFH A7t i<l

SAMED &+ 4 (3)7 o] Foizlth
N N
med X) E E E
my =1 my=my+1 m;=m;_;+1
h(ml,-n,mi)med( )
=hZ ()
o171A med( - )= WHA Astztolw, het Z=
27y A4 WE(coefficient  vector)9  #ZEF W

(observation vector)2 K= C, A9& 7}xt) go
2] ool 2 (3)9] ZHE A} SAMED ¥H
(i —th order SAMED filter) 2 HH3}7|Z g}

& Eo] N=5,i=3% A A5 HEe A=
HE = 24 (4)9F 2t

h( X, X, X;) med(X;, Xy, X;)
h(X;, X, X,) med(X;, X,, X,)
WX X, X) | | med(X, X, X;)
WX X X)) | [med(X,, X, X))
h (X, X5, X5) med(X,, X;, X;)
= (XX X) [ Z | med (X, X, X,) “
WX X, X)) | | med(X, X, X,)
WX X, X) | | med(X, X, X;)
WX X) [ | med(X, X, X;)
WX X, X)) \med(X, X, X;)

uebA K= (3)9] SAMED ZEjo] ARgE F-2E

o J15% evlalv], SAMED Feel FaHe] A4
% AT 5 Ut FLF A%} Ak oF So) 4
59 27} 99 A% A AF K oleel

EoF At

E 1. N=9¢2 ZF R=of o2 FEEO 5
Table 1. The number of sub-filters when N=9

i 1 3 5 7 9
K 9 34 126 36 1

9lM el i A A4 SAMED(successive
SAMED) "= 4 5)¢ 2ol 28T 4 9l

= Fp.(X +Fmﬁd(X) ot £ (X) (5)

Ened(l

ot FAW WHow v A AU o

AAsh A% AR MEoZA SAMAX,
SAMIN ezt Aolgeh 4 @)elA & % 9%l
i=19 4% SAMED 2 4% FR 9612 £d

am, i = N3l 790 SAMED ZE& mtjdl &
zdA "oty [9lelA = FEH9 FH(max, min,
med) 3 A gk Wstel] wE A& SA L A5l
AT HAoH, o]F T3kl SA HE AHA tH?& 7]
22 Ttol= 2iels A BT

F50] =2 2] (3) e Folx= SAMED Z
B9} 2 (5)2 FoiA = SAMED ZHE Fi317]9
kel 4 (3)9] HHE ix SAMED ZE(i—th
order SAMED filter)%, 2 (5)9 HHE A} A%
SAMED #H(i—th order SAMED
filter) 2 W37 & gt}

= %‘Droﬂ A= 94 SAMED ZE7F ofd (3)02
2} Ao SA ZEY] Aes Bk WdYst
A Eel }7] skl o7 7HA FE BA A HA
I E A% 1 455 F984 Aol
A o e :%73 |43= SAMED ZEs} the SA
s TUsTHE Aol W ForE 2
SAMAX, SAMIN IHE A<zt
SAMED #Ho| gt =& 53

successive

A

e,
)
il
1o
oXx,
olr e

1l PN E=]
- H3

H 3o EE}E SAMED e o Me

l_ﬁ

B Ao A= 224 delA HA SA dEE A
Ast 1 Aes w43 24 e AdAe
MSE(mean squared error) olg] 7|5 AF&3Fith
[10]. A& AMEE 93-S 27 19 23 "bridge” =
512x512 7|15 7za 8hit/pixele] A4S zH=t)

) AsshlE mlve Bl 457t Feeld et B

1311



O3 1. AYAHridge, 512+512)
Fig. 1 Original image(bridge, 512+512)

e 3ol w2 SAMED ¥E Q] Ao ulstd
olr 7] 9J3te] Al 7}A] e %%%% Tﬂé}@‘v}

HAE 7 fFEoR FFE WX
7F stk F WAl JEa XLQoﬂ rﬂf& *é%— g}

5+ = N=3x3=9°]t}

S EKEE R E R EE

RgHY 27 i

A%l fstel 44 2

@ P71E 5ol @ I

A4 B8 Aelel B4 G40 MBS PONRE
2}

o)

=

A3

)=

T j= =1

1S 91kl salt-and-pepper #&5 F7h akleh 7t
) Ao] salt-and-pepper H3o] od" FHFL (.19]
M, 022 29E FE(pepper &S FE)I 2HE L
de FE(salt F FE)S U3k A WA= &
3 RE s gk A E3UME At A WAl
b2 Zed F AAY dFE s FEol w4
Gl FErkstAth Al 7HA e sl diste (3)
oA Fojzl SAMED ZE9] FIES A7) & W
A7 HA AAE sttt H4 2Y AAE
A BAY 5L 949 Fgor odd 94
9] 4E A5 1/4 F9o2HEH FAH(estimate) st
2

=

2l

R
re
-
e

)

1312

¥ 2. SAMED ZEe| Ms. (@) 7192 &2, (b)

Table 2. The performance of SAMED fitlers (a)
gaussian noise (b) impulse noise (¢c) mixed noise

i K MSE PSNR
1 9 63.0 30.1
3 84 66.9 29.9
5 126 77.6 29.2
7 36 96.3 28.3
9 1 155.7 26.2
(a)
i K MSE PSNR
1 9 377.3 22.4
3 84 152.5 26.3
5 126 104.6 27.9
7 36 102.7 28.0
9 1 158.4 26.1
(b)
i K MSE PSNR
1 9 388.9 22.2
3 84 183.2 25.5
5 126 140.7 26.6
7 36 138.7 26.7
9 1 184.1 25.5
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