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New impulse noise filter based on weighted detection
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Abstract: Based on the analysis of the principles of noise detection and noise filtering, an effective image denoising

algorithm was proposed to restore images corrupted by impulse noise. The proposed algorithm utilized the d'ﬁ@"al difference
ints

to decompose the window into four subwindows, and then accurately distinguished noise points fro s"@
the absolute weighted mean value of the differences between the center pixel and its neighborﬁék@»
a predefined threshold. According to the directional correlation-de; % al

preservation filtering method to reconstruct the value of the co

proposed algorithm can obtain higher Peak Signal-to-Noise%
n

Key words: impulse noise; weighted detectio

0 ‘@'X

%El@f%%é’ﬂl%ﬂ%%ﬁﬁﬁtﬁé$ﬂﬁﬁa§%l i
R R (0 5 A BT Ak SO, ) 40 30 2
B T f%@%ﬂﬁe?\a VR {30 WA 15 08

(Peak Signal-to-Noise Ratio ﬁ ) 21K 22 B 15 4b T8 ] B DA 41
M EE SR, mﬁ%@ﬁm%@m,mﬁ@

By E) A GAGI RRAETR IS IS S AL P TR I BB AE
FFHER MR R R E -5 AR BB R EBA P B AR
Flo PP ORI Fhy T AT ) Bk e I 1) R RE T A 300 )32 4
AR R B R G 0T H FER ST T R 7
LR R AR R, E R L PR B R IR R 4
TR N THRX — M, L2 F R T Wt R e IR
W SCERI2 ]8R A (B B R, e R T U
Yo A OB E AR R BB 0, EH 25 R A8 77 B 0
B FEABUA RS I T 5 SCAK (3 ] 48 AU U e 3k, e
HEATWR S S AL OB DY, BESR R AR AP R A 15 I BE T, (ELX FA
FRIGAE TS L I R R R R B2 SCRR [ 4 ] 4R Hh A T4
RN 5 P (B BRI A% 5 SCHRL S 92 Hh 2 T U SR B h (R I 45
XELIR B — BRI R TR, BB LR
Bk A R

ARTCHR Y T — B T hnASRG I 0% Bk U8R P R I8 % 1R R
Pt —Fh B B R R T B R A TR BR R R BT A
WEFS , REBOERN I X 23 5 5 SURTNRAS (3, 3 RN AR S A 7 1

5 HE5:2010 - 03 - 12;{& 6 H #4:2010 - 05 - 15,

EBE T EXO(1984 - ), B ILIRFETN BB 5 A, EERTH 07 - A T4 R A 0IR

[ S, RESTS T AT R AR

by comparing
1n four subwindows with
P
T

@

ndd, the gorithm adopted an edge-

imental results demonstrate that the

d Yixet. T
) val reserve more detailed information.
?é’ s Nilter

\)ﬁ%%%ﬂ‘ﬁiﬁ%‘io A VARYE Oy ) 22 SRR I 8 O 20

K\

RASFE H 8T AT OB TR R R SRR R
TR BEAR 22 22 K9 AT 48, 5 B PO BT #4848 X0 {E
i fae/IME -5 G S SCRY BELHEAT LA, RE VR A )t K o
MR . SRS FIREET O I A SO A T B 7 s T
PRATEREROKEME. BEGAESREN, B EREF
BT RREROR , 38 T BRI ERcR .

1 AR B kb o = o S R 2

AR BT A 5 A RPN PR B ol
H T 16 22 Fe PR I MR A I 7 ¥, X5 Bk R A B BT A R
R RHATRI, H HBOET L A (55 R AR 55 SR S5 X
U0 HE B R P 5 AT G R FR IR
L1 A

XS A RCER I A R AT B 5 20 B R A 15 B A
R REGE LGAZ N A R 1 AR e B AR K B2 B8, Ty L
MR LA X R A 1) B P RA R R RZ 25
B, MOHA S R BE R AL ;2) B R R AR EEE 4
TR B B BRAR 3R A R BE AR, BE A/ T A 4B SR R Y
R

B FNEE 1 (6, ) MR R SR EZE, A 1 W,
PR, j) Ay, RANK Ly x Ly, Wy = {(i+s, j+ 1),
- (L - D72 <50 < (L - 120 W, PRITARRILMK
JE (BB A UCFP A T HER o AR SEARER ik b R A5 O ARPAIE , MRS

FF (1964 =), B ITHIEA, HE,

ZRUAF(1983 - ) 5B W A O BB e A, RS Ir W TR R A,



2816

P HEAL B

5 30 %

— B FX A I H P B F, RIS A KA
BRI, M O W, PR BERIR RS R E N

S;=dG+s,j+0)(i+s,j+1) ew; A

v ju SFN frojue = Fo) (1

Bz = L, x L, JRIBIKPUEFS 92880 r B — BRI,
l<sr<(z+1)72, N FIV 3HIEFS ek,

WA R R T R DL AT B (R R RR RIEE N %
771675 AHIE B K B o ) P BGR 3 5k — R e T LU B R0 4
AREIUERE SR S BT I ok B L, = 3,8 ER D W,
BN E 1 Fs 4 ~F5E O i EWIZEFHRL, 25,
XA R, BRI B R R, AR Z T,
I RERRERENEL T, RERNERENER R
MR R A IR L, = 3, BRERT O W, 534 13 x 319
R O o &8 WA | 0 4 A5 1) F8 B 450 LT

W, =1{(i,j+s), (i,j+s) ew; A (i,j+s) & S;}

(2)
W, =1{(i+s,j-5), (i+s,j-3) ew; N
(i+s,j-s) &8, (3)
W= {Gi+s, ), Gits, ) ewy A(its,)) g S,
(4)

We={(i+s,j+s),(i+s,j+s5) ew; N
(i+s,j+s) eéS

e

(b) (c)
B 4MRN 443 x 3 HoRs
BEATA—A Wi FEOH, a/\a"—%’mhlﬁm
HARSIME R AR EﬁZﬁB’Jﬂm¥ﬂJﬁ%éﬁX@ TﬁnT.

E ‘ wi+.\',j+tdi+s A

Pbs. ] k
(i+s, j+t) swp

‘{\, wﬁ#@

=
&, = W, (6)
(i+s, j+t) by

F_..-F, wy = O

He. o Rna % Qv jot TN S, T Sy, o Z 32, BIRIAME R
IREESHBBRERREEZE 0., 0 B dy, 0 BB T
B, ;. FERATRB/MIBCESEBIRZE RESRIGE
%%,E Wiy, jre FRUNT

Oss e = 1/ (1 4+ dyy 1 17) (7)

WD, ; =min{d ;, 1 <k <4} K4 MIACEHEMLEST
{E B ME. R R R ERAE TG, D, ; WK 2R
KTE 4 MR TE O, £ B f,, 0 222, B EER K
EESHSGERKEBZZSMBRA, Rk, 4 S EEBS
TR AW B, 2 R R BR W 5 B ad, AR ] —
ANFE O W PG R AT IR EE, BT 4 mESHR
AN, XES D, REWE RN FIRE B, iR PR E S
BRI ERE D, WSV, B gab
BHR 4 S PE T —MERD

M3 T LLF W, D, 1T LA A i DU e 75 i — i
F D, GTdee BB T 7 W, ik D, ; = 7,0
(G, ) AR SRR, BRI, =1 ﬁ»\,ﬁﬂ
B/D,; <TG, ) AMEREEGGESER, A, =
PRI EFEMRE B b B T AR/ B A SOl E’J'fﬁ

AE X R G ) AT H, G55 RTE0 < T < 104
TR BT RO B 45 R B -

0,f,;, H&Sm, D, ;=T
{19f;,j SRS D, <T
1.2 IRFEJEH

ASSCHR M A3 G AR B K R PR S MR AR R T R T

1) FE DA ) BRI J7 85 , 07 ¥ R AR TN XA AN TR 77 1) Y
BEARMSERE X TFE— MR, A SCHOE I35 2k S
WHEARATT 1) EBIL % RIS BB AE BT R R
REMEEFEW,  HIBEEREEO, RN X3 EOW, ; H
FEBRRFRINT . Jict i fry o Fimt ets Jijors fogs i
fi+1,j-1 , fi+1,j, fi+1,j+1 oL %y 1%y, %5,y %5 4% ,%; %y TFHIRINGR
#* Sict 10 Sistigs St gers fijas g Jijmrs Jitjors fings
Sen, o BURBE(E X SEARRARE LU R MER £, A,
W 2 FE7R JEUBMEE 0 W, shaoB R S WRE, oS
AN 2SR, X T 2SRRI

{El = |x4 —x8|+ |x1 —x5|

b. =

y

(8)

E, = |x, -2, |+ |2, - x| (9)

15
I

2 x |x2_x7|

S
= |x2—x6|+ |9c3 x7o+ (\
|x3 ~nl "”5’6*'0\
”\\
SO

(10)

P X | X X

i+1 X, Xg Xy
B2 ACEHEEAW,
BAED W, PERIMMER x5 ,2,% %5 5350 %5 B 1)
bi jursbit o sbia %ﬂbn e A LR 1, WX R B R
FHHEL B P BT IS g o OHY , AR E B E S BN M ER,
EEAEWEEENS2HMWE, \E, .E, lE; 2F/3H%T
512,40 B, f E, hEDG —MEN 512 BARR fiar 0 R
R MRS BTG G, W25 [E 3 n— AN 7 [ 22 57 E, SR GEEUR I
FRE T, AR E, R E HRDF —MENS12 HBRES 0 4
FAMES 5, M BN 3 — T 6 2257 By o Hor E; 71 Dy 5E
XA
{E7 =2x |x, _x8|

(11)

E8=2X|x3_x5|

X BTT MR R E/ME E i o XA B/ N7 1 22

A RRPR e e L AT REE — il gk, F Ik, X
MEREFISRGER £ WK «, | BERN
(%, + 3, +25 + %)
4 s Euin = E;
X, = (12)
’ (%, +2x, +2, +2x5)
’ Emin = E2
4
w £, -E
% ;= (13)
’ (x2+x3+x6+x7)E -E
4 » ~min T 4
(#y + x4 ;'xs +x6)’ E. =E,
X, = [ (14)
' (%, +25)
mE By = B,



% 10 41

FAAE BT ek 64 BRob R B ARk B

2817

(xI;xS)y win = E7

% = ( ) (15)
%5 + %
- E, =E;

Hobx,  FREPRBR £, KB IR E,,, 1{ER 512,

NHEE f; L+ -~ -1 Jin Vi M fn Lj+l AR SRS BT 5 4 TR

JX%'H*/RT A BN G MU, B TSRMR R S, MK BE(E

i AP Z A E A A B BRI R A SRR fio a0 M

f,-,,-_l B IR B (L 1 T Y (B R A o B
% ;= (2 +2,)/72

2 KXHEEN

A SO R P R TR 7 R 7 1 2 2 SR T
—FEET 5 22 S P A IASURE O 7 s , oA T e Ay MR 7
H PR ZR AT PN , M A b 2 R LR T MR AR A IR R TEAR B AR
SRR, AR AT I BB A P i T LUAR 4
HeUBBRSZ Bk bR P A R R B v e ) [ 1R, BEA U AR KR I8 R

(16)

W%, AIERRE R, BT ERME AR N B LR,

1) —43 x 3 EERE O W, Z£E R EW3, Fik—ME
.G O0ONBBRNAL FAFR, BIELT A, BT RGN
PR BE Ao

2) W, IR 3 SR IR R B (E 3 I T AT HER 2R
JEHE W, R4 NFE D WH(1 < k< 4) 3R 3
ﬁ’h“?ﬂﬁlﬁl W, Al BER MRS AR R AL AU r = 1,

3) iR (6) M) FHTESNSFEA W, fi
RS HA MR E R A 2 22 AT %
{8 d ;B d},d; ,d5 i d B/ —MEN D, y0

4) TS L —MBE T(0 < T < 10),% ﬁij
S HES A B =084 D, , < T, Alf&ﬁ";%

b, ; = 1#4riH,

5) g, f; HES A ”' B, g IR
{1538 £, ; JBF 45 AJXJ‘E:& g&fi ﬁm;imgﬁo

6) TEURIE 1 W, BE S WRE,HR9) K
(10) ﬁtﬂ/\/l\ﬁﬁi% {E FIWHRE S, jo1 ofinr, jo1 ofir FA
S o SRR RLRY b AN 1, 2R, WIS L 1R R Bk 7s
Brisge, B HEEN E {HE N 512,

7) MR E, FIE, ZE2DEFE—AEHR 512 HBE fin ju F
MR FTE Y, MR (1) E—A R E, R, d
B—PFEER By

8) HctEEm/ NI I 2 7R BRIR A ek, B (12) ~
(15) REMPWREFITREBER S WREME 1R E,, BE
H9 512, W (16) KEH «, ;.

9) fRULAEHE, AR IRB LR SRR 2) ~ 8) HfTabH,
RENR S WK M EG, R R BRI OR S B 5.

3 EBEZRE

HEIE AR SCHE LR, 1% 4% Boats Peppers , Girl = i $i1.7l
WITRHE R B X A SC R AT T LR %, = IEE R
8 fIEEAY, R/NHy 512 x 512 43, IR 256 4. &, A
T Bk I S % 5 0.2.0.3.0.5.0.7.0. 8, LI A~ S 3k
WR XA B MRS BRI AR . DURE SR LK PSNR 1
R RS R A FE AR, PSNR B R RN BE MR ML, B
FrifEP{E 38 ( Standard Median Filter, SMF) & ¥ SCHER[ 11 ]
P2 A8 %5025 Bk B4 o Bk e R S () 40 AR R B8 (Efficient

Detail-Preserving Approach, EDPA) . SCER[ 12 ] 12 H Ay =R
Bk bR R B BT X A1 AL 2 BB R 42 (Interval Type2 Fuzzy
Logic System, FLS) 4R J7 ¥k \SCHR[ 13 ] 52 i A B TR S 4 )
BB BR B8R v Bk e 15 7S 1 7 B 9B I B ¥k ( New Effective
Filtering Algorithm, EMF ) 5 7s 3L 32 H i) & &5 ( New Impulse
Noise Filter, EIF) i#47 HL3

A SCELU A Boats ., Peppers | Girl = i J& &1 1543 51 5 fin gk
AT HA0.2.0.3.0.5.0.7 F1 0. 8 (HER B, 1k FH
PSNR {EAE R PENPRUER LB AN R M IR PR, U
SERBURIME 1 PR,

F1 FRAREEETIMEREEEN PSVRILE  dB

W PSNR
I @ SMF &z EDPA FIS Bk EMFE®R EIF &

0.2 27.41 32.18  33.39  34.04 34.91
0.3 22.83  30.02  32.09 31.99  32.71
Boats 0.5 15.24  24.68  27.67  28.50  29.54
0.7 10.05 17.65 19.17  24.74  26.54
0.8 8.22 13.97 14.53  22.38  24.41
0.2 29.33 35.16 36.77  35.90  36.78
0.3 23.92 3221 34.83 33 85 34.84
Peppers 0.5 15.24  25.17 5{\ 0.3  31.51
9.80  17.55 26.03  28.48
8.00 139&"« 4.43  23.15  25.91
® x\ky%é' 34.03  35.04  37.19
33.47  31.47 3415 35.11
@ 25.72 26,09 31.21  32.43
( 9 61  17.88  18.05 27.62  29.48
e 7.67  13.86  13.69  24.85  27.28

B2 1 R SERBARE AT A, A SCRE LA 5 S U R R
YL, PSNR AR R T 8. DL Girl B G514 SL 5 4k
P, AEWR 7S B R0, SHT , R A SCH RS B Y PSNR {8, AH H 38
F SMF B 1425 T4 17 dB, I, EDPA 275747 dB, I, FIS
HiEBY 6 dB A4, Lk EMF FikE B 252 dB A£F . H4b,
WA R TR T RS, A SCHE M) PSNR {HI B T H b

B 3 AR B 5 H AL R B R R
0.5 B HRAERCRRT o T o0 B R 1 2 R 41 5 AR 4
B HAEBUR TR RIEAT B . BB B, SMF B3k i 2 s
R, BB SRR EHH KR HBEH; EDPA X E & 1
G ARSI EE, FF ERR S RGEAEE I T EFEN
BEHe  FLS A R I 4 7 TR R A X, (R 25 R 5 T
BB T DV /N BER ; 2 0 75 9% K i, EMF Bk
BEARMEER IR G S T ARG, BRI B HA I i,
RAR RIS 5 AT v & B B 45 1 4019 S A0 AR REAU R AR 4, Bl
TENGAE = TR E, /MBS . WERRTLLE ], &
SCE PR SRR r 0 R, %o 1 15 i 2 A S T A
HE BRI, R IR A BB RS .

4 HiE

B 52 AN I R B AU R P 75 e KK T 5% 2 e ) AL, A=
SCHE T — M R BR bk s i) BRI A% o IRUB TR
LUF e - 1) %5 BT B8 3K B A G, SR I T 07 1) 22 33
A MR AR I J7 0 , BETRASRIE/IN, We T UE DR 5 2) B AR
DUET O bR B B ZSASJ7 1 22 50, 4% H AR SR A e M
MGRR REMBEIRAEG G R WRIEE;3) HHE S E,



2818 LR A

5 30 %

HTEH. TREGERIEV, ALFEERS T EREZRHN
PSNR {H, % Tl p i o HA AR 58 (1938 i e, H R UT s fR$ 1
BB % SECR TR B, 7T LUE T AR 232 R R
TG RR IR

HER kiR

(2) FE (d) EDPA

(b) EIREG

(c) SMFHi%

B3 BRAEMEEEN 0.5 W EIB SR
BE

[1] BAR L, KIRYATI N, SOCHEN N. Image deblurring in the pres-
ence of impulsive noise [ J]. International Journal of Computer Vi-
sion, 2006, 70(3): 279 -298.

[2] KOS]J, LEEY H. Center weighted median filters and their applica-
tions to image enhancement [ J]. IEEE Transactions on Circuits and
Systems, 1991, 38(9): 984 -993.

[3] WANG Z, ZHANG D. Progressive swiiching median filter for the re—
moval of impulse noise from highly corrupted images [J 1.
Transactions on Circuits and Systems, II: Analog and
Processing, 1999, 46(1): 78 —80.

[4] ARAKAWA K. Median filters based on fuzzy rul

ts aﬂ@‘

tion to image restoration [ J].
(1): 3-13.

[5] CHENT, MA K K, CHEN L H. Tri-state median filter for image
denoising [ J].
(12): 1834 —1838.

[6] SRINIVASAN K S, EBENEZER D. A new fast and efficient deci-
sion-based algorithm for removal of high-density impulse noises [ J] .
TEEE Signal Processing Letters, 2007, 14(3): 189 —-192.

[7] LUO WENBIN. Efficient removal of impulse noise from digital ima-
ges [J]. IEEE Transactions on Consumer Electronics, 2006, 52
(2): 523 -527.

[8] ZHANG XUMING, XIONG YOULUN. Impulse noise removal using
directional difference based noise detector and adaptive weighted
mean filter [ J]. IEEE Signal Processing Letters, 2009, 16(4): 295

-298.

[9] AIZENBERG I, BUTAKOFF C. Effective impulse detector based on

TIEEE Signal Processing Letters, 2004, 11

Fuzzy Sets and Systems, 1996, 77

IEEE Transactions on Image Processing, 1999, 8

rank-order criteria [ J].
(3): 363 -366.

[10] CHEN PEI-YIN, LIEN CHIH-YUAN. An efficient edge-preserving
algorithm for removal of salt-and-pepper noise [ J]. IEEE Signal Pro-
cessing Letters, 2008, 15(2): 833 -836.

[11] LUO WENBIN. An efficient detail-prese proach for removing
impulse noise in images [ J] . IEE Msmg Letters, 2006,
13(7): 413 -416.

[12] % FTM‘J 5 IZIETJ%JZ HOBI R G0 0 P S0 7

91_"37/{% 2004, 41(9): 1507 —1513.
Ei S5 AR BRE R P Rk R BT BRI
LA BT 5 BT Ak 2 R, 2003, 15(4): 397 -

“‘f] ?%TF'JQI ELI. B ORGP B A BRI FIE S )] &

LN FHBFSR, 2009,26(3) : 1198 - 1201.

NJ
(L5 2780 W)
BREUBA R WL B AT o

Y
en g B SRS A B L
ke JBk Koo S5 A R

Te—x(ny,n,,n,)
x(ryngn,)—x(k ko k)
x(ny,ng,n)<T

C&EF D
&l 6 x(npnz,ns) g

BE

[1] COOLEY J W, TUKEY J W. An algorithm for the machine calcula-
tion of complex Fourier series [ J]. Mathematics of Computation,
1965, 19(4): 297 -301.

[2] OPPENHEIM A V, SCHAFER R W, BUCK J R. Discrete-time sig-
nal processing [ M]. 2nd ed. Beijing: Tsinghua University Press,
2005: 629 -677.

[3] DUHAMEL P, VETTERLI M. Fast Fourier transforms: A tutorial
review and a state of the art [J]. Signal Processing, 1990, 19(4):

259 -299.

[4] HARRIS D B, MCCLELLAN J H, CHAN D S K, et al. Vector ra-
dix fast Fourier transform [ C]// IEEE International Conference on
Acoustics, Speech, and Signal Processing. Washington, DC:
IEEE, 1977,548 -551.

[5] HONG P P. Fast two-dimensional Fourier transform [ C]// Proceed-
ings of the Third Hawaii International Conference on System Sci-
ence. Honolulu, Hawaii, USA: [s.n.], 1970, 990 —993.

[6] MOU Z ], DUHAMEL P. In-place butterfly-style FFT of 2-D real
sequences [ J].
Processing, 1988, 36 (10):1642 —1650.

[7] WU HR, PAOLOAI F J. On the two-dimensional vector split-radix
FFT algorithm [ J]. IEEE Transactions on Acoustics Speech and Sig-
nal Processing, 1989, 37(8):1302 -1304.

[8] WU H R, PAOLONI F J. The structure of vector radix fast Fourier
transform[ J].
Processing, 1989, 37(9):1415 —1424.

[9] JOHNSON S G, FRIGO M. A modified split-radix FFT with fewer
arithmetic operations [J].
2007, 55(1): 111 -119.

[10] #geye, Rz, H k. SR E — gk i i 5t 48 Bt 2k i
[J. fﬁlﬂkj{’?“?‘?ﬁ, 2008,27(6),47 -50.

[11] CHEN ZHAODOU, ZHANG LIJING. Vector coding algorithms for
multidimensional discrete Fourier transform [ J]. Journal of Compu-
tational and Applied Mathematics, 2008, 212 (1):63 -74.

[12] Rz, $RyYeIR, HEW, & Zdme St B B[], 3
B YL, 2009,29(2): 618 - 621.

TEEE Transactions on Acoustics Speech and Signal

IEEE Transactions on Acoustics Speech and Signal

TEEE Transactions on Signal Processing,



