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Adaptive Switch Weighted Mean Filtering
for Salt and Pepper Noise Removal
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(1. Dept. of Applied Physics, Hefei University of Technology, Hefei 230009;
2. National ASIC System Engineering Research Center, Southeast University, Nanjing 210096)

Abstract This paper proposes Adaptive Switch Weighted Mean(ASWM) filtering algorithm for salt and pepper noise removal. A new noise
detection method is adopted to separate the pixels in the image into signal pixels and noise pixels. The noise pixels detected are removed by using
the signal pixels with the weighted mean filtering, while signal pixels hold their gray values and are output unprocessed. Experimental results show
that the algorithm can suppress noise effectively and preserve the image details. Contrasted to the Traditional Median(TM) filtering and its improved
algorithms, ASWM has a better filtering performance.

Key words salt and pepper noise; noise detection; noise removal; adaptive switch; weighted mean filtering

1 2 ASWM
(1)
(2 (
( )
( )
( )
(Traditional Median, (3)
™) ™
(SM) M
(PSM) 2 minmax
[3] (EM) [4] 2
(IFMLED) Bl 1
Fe———=——=—=—- |
S EN e EPTEE
! ! J_—>| Wik |—>EA9->| Wk R
minmax L ASWM
EM IFMLED
EM (JSICK0405)
(1984 )
(Adaptive Switch Weighted Mean, ASWM) 2009-03-12 E-mail feng84chen@163.com

—210—



2.1

1
2 1
(1 1
RxC
XIx, 1 X (i, J)
min[x ;1 max[x ;] X, 2
@, 1) X,; = min[x, ;] (i, j)
X,; = max[x; ;] @i, ])
()]
X[x ;1
L] fii (%))
(Y] X,; = min[x,;]
fii=-1 (.1 x;=max[x ;]  f, =1
.0 fi;=0 ()
=1 % ;=min[x ;]
fi’j =11 x,;= max[xi’j] (1)
0  otherwise
2) 2
. )
f;=0
0 255
5x5
2
()] 5x5
Ci)j
C =X ju | 2=5=2-2=t=2 (i,j) e X} (2)
fij#0 Ci; min[x; ;]
max[x; ;] K D,
D ; :{fi+s,j+t | fi+s,j+t # min[Xi‘j] and
fi+5,i+‘ # max[xi,j] fi+s,j+t € Ci,j} (3)
1) K=0
Nmax[xu]
oMl =3 i
P x5 P (.3
2) K=#0 D,
mean(D, ;)
1
mean(D, ;) = KLEEDH fios (4)

f;=0 X mean(D, ;)
T
P f; ‘XH —mean(D,vJ)‘ >T and f;#0 5)
o otherwise
T
D, ;
1 2
T= ?f ZeD (fi+s,j+1_mean(Di‘j)) (6)
2.2
3x3
1 1 21
h :E 2 0 2
1 21
1) fi;#0 0
(2 h
f., =0 h
w
3) 3x3 w f;=0
M M =0
f;=0 M =0
4) hxw
hxw f;=20and M >0
Yij = . (M)
X,  Otherwise
f. M=0
fo=q4M 8
" { 0 M=0 ®
(5) Y[yi,j] Y[yi,j]
R C
Yyl 2X[f;[#0
i=1j=1
Y[Yi,j] X[Xi‘j]:Y[Yi‘j]
R C
Y[yi,j] Y[yi,j] Zizl fi,j =0
i=1 j=
YLyl
3
Lena ASWM  TM, PSM, IMFLED
3.1
™ PSM, IMFLED, ASWM

—211—



5x5
ASWM  IFMLED
PSM
ASWM
T
IFMLED
ASWM

ASWM

PSM IMFLED ASWM PSM IMFLED ASWM

PSM

IMFLED ASWM

0.0999 0.0999 0.1171 0.0999 0.006 7 0.000
0.1987 0.1918 0.2041 0.1987 0.0133 0.000
0.3000 0.2867 0.3015 0.3000 0.0205 0.000

0.4007 0.3802 0.4010 0.4007 0.0288 0.000

0.5003 0.4709 0.5003 0.5002 0.0404 0.000

0.599 4 0.5538 0.5994 0.5993 0.0632 0.000

0.7004 0.616 6 0.7004 0.7003 0.1158 0.000
0.7985 0.6318 0.7985 0.7975 0.2138 0.000

0
0
0

0

0.0000 0.006
0.0000 0.006
0.0000 0.007

0.000 0 0.008

45776
e-005
6.103 5
e-005
6.103 5
e-005

0

0

0
0

0.0010

0.011

0.017

0.032

7
5
2

4

0

6

1

0.0172 0.0000
0.0054 0.0000
0.0014 0.0000
2.899 2

o004 0:0000

3.0518

o005 0-0000

15259

oos 0-0000

0.0000 0.0000
0.0471 0.0000 0.0000

3.2

PSNR

2
PSNR =10lg 255

R C

. 2
RXCZ(:)]EO(yI] XI,])

4 PSNR
ASWM  PSNR
IFMLED

4 ASWM

Yij

3

IFMLED

PSNR/dB
(9]
[

™
PSM
IFMLED

ASWM |

0.1 02 0.3 0.4 0.5

02,0508 4

—212—

PSNR

(9)

ASWM

(@)
3 Lena
(a)T™M (b)PSM (c)IFMLED (d)ASWM

4 4 3(b)

(2)T™ (b)PSM (c)IFMLED (d)ASWM
3(c)

(@)™ (b)PSM (c)IFMLED (d)ASWM
6 4 3(d)

[1] Sun Tong, Neuvo Y. Detail-preserving Median-based Filters in
Image Processing[J]. Pattern Recognition Letters, 1994, 15(4):
341-347.

[2] Wang Zhou, Zhang David. Progressive Switching Median Filter for
the Removal of Impulse Noise from Highly Corrupted Images[J].
IEEE Transactions on Circuits and Systems: Analog and Digital
Signal Processing, 1999, 46(1): 78-80.

[3] Wang Junghua, Lin Lianda. Improved Median Filter Using Minmax
Algorithm for Image Processing[J]. Electronics Letters, 1997,
33(16): 1362-1363.

[4] , , . 1.

, 2001, 6(6): 533-536.

[5] , , .

[J1. , 2003, 15(4):
397-401.



