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Dual Tree Complex Wavelet Image Denoising Based on
Neighborhood Statistical Detection
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2.Management Science and Engineering Research Center, Jiangxi Normal University , Nanchang Jiangxi 330022, China)

Abstract: In order to overcome the defects of existing filters in impulse noise removal performance and computational efficiency,a dual
tree complex wavelet image denoising method based on neighborhood statistical detection is proposed. Noise detection is performed by u-
sing the statistical characteristics,i. e.,intensity characteristic of noise, majority principle of neighboring pixels,and intensity deviation. By
taking full advantage of the excellent characteristics of dual tree complex wavelet transform,the noisy image is denoised by adopting smooth
differentiable threshold function and adaptive threshold in the dual-tree complex domain. Finally,the noisy pixels in noisy image are re-
placed with the corresponding pixels from the denoised image,so as to obtain the final denoised image. Experimental results show that the
proposed method is superior to some newly proposed methods,showing better denoising performance and fast computational efficiency.
Key words:image denoising;dual tree complex wavelet transformation ; EPI; neighborhood statistical detection

EEACC.7230;6410 doi:10.3969/j.issn.1004-1699.2023.04.015

A 55 95 e T B XU 55 /)8 i A

2 1 oA s 1% 1,2
KA, FIL T EF
(1. BT #b 5 R 5 N TR AR, 1T B9 5 330108 ;2. 7T 75 Ui fl KA MRl 22 5 TR Jut TP B35 330022)

B OE AN EERREEE R R RFT AR E LS R T ETHRA RN RHE DR EREEH
o AR R AR R S BUR N DL RO B R & S TR AT R B R, 75 o LR R BN O et AR A
M EXMENERFALETROAERE AR B EN BN FAREATEELE, REALEEG TG R, H4%
FHEGE AN EFGREUFE AN LR EG, SREREEA, TREN T ER TH O RFTREGE X, BART N E%
P g o ik By T A

KB B k% DR B /DN ROR s 3 G RFR AR 0 AR SR AR

HES XS . TP391 SCERARIAED A XEHTS :1004-1699(2023) 04-0608-08

SRR FNIREE S5 (Y 5 ), BEUGAE LG ORI Ak 3
PN SN A ) T QU Yl SRR N UL Y
O T Ik e 7 RN AL ok e s T 7 ™ 5
e PR AL 35 3 B, % 3 31 2 (B Dk e g P
(¥ 7 12 Ay 7 BELA e ELDE D SRR R A B v i
PEPEA XM R R S AR AR R | 2 IR AR e 75
BENFIRE R, T &, Jayaraj 2 3 TS
ARG A8 T G PP B8 B B3 12, ANO0T M P 4 3R R A 2 Mg
SRR, PRAP T AEME SRR SCIR[3 TR A SE T
BRI OC (B8 A , R ) @ 3 b Y A B2
15 BAAB U R AT 3 40, LIRS R R R AT K
K, Varghese 25 L A 3R ) O P DG D

I B kiR . VL P BT H A AF & TR H (20192BBEL50031) 5 VL PE 48 20 E TR 8 R BFST 30 H ( GJJ202502) ;B & T.2% b7

BT Wi H (NGKJ-22-01)
Wi A E7.2021-11-12 &5 B #4.2022-06-28

S v AR A (BT 5 MR LR A TR A (H
S FHY DX 350 A A 00 MR 7 3 PR ARG 0 ) o Al 4
Suid 5 HR I AR S IR IR DL ST, AR S 1Y
Sk o s ARG i A I PR IR S AR, ST EA
P8 S MR  ok nf  P 1 AG IM0 A7AE ASf E 1 ,  l)
RS T B PR R 2 A B2 B TR AR TR AL, Zhang
LT T ol e T AR 4 SR R R OAS I 1 F
TR T BB A, i B T T g A B
{14 22 D) o e e P ARG 7 %

P A5 P 450 DX I ) 1 A [ i P 2 1) e
G, HR 2R A Y A S A E R B R 2R
SCHR[ 7 ] 48 9 e /DN B r A 1Y 1 o B A 2k

=



% 4 3

FRE B, Z 0 SUSF L ARG T AR ) 04 S B/ ok B AR ek 609

W, AR Qs R P R R R, 1 3
ANFE S X M A AR R A TR . Zhang 55 42 1
(18366 U1 3 17 P s v R I8, ASUOR T O 4l v
AR SRR R AR R AT IS, R s VA A P
UEPE LA T MR Ve RE . X T v 5 BE MR 75, AR 4k b B
U F B A RUF B AT B 2R /D R AT Y 48 58
A 30U05 S, 23 20 5 PERE (M 32 =, Bania %5
ST — b I A 2 BT (R R A e R
R PR B A RUE BT RS R R HATIRE . AT
fifp ke 25 W & el b T AT R AR B AT A R R) A, Garg
SFUOVER T 3 I IS BT P R R S 2448
AR TR RN R El 9 E £ WAk PR 15
RN FARRIATIRIL . o0 1 TE 2 BRE AY [m] I
AR RIS A9 %% , Wang Azl T Sobel 27
I Oust 3510 (B0 25 MR R T 2R 1 0

IAC B LI R EUA BLAR G R 5 bR R
FRARSCHE AR TR P, A P {E X R A AR R 1Y
PRI AEAE A A S e, SCER[ 12 ] 42 Hh Y B
JSEANA B HE B2 | 3 07 4608 58 ) o AR b %
W PR R AT, (HJR AR SR R I R B2
[ 1Y, M LA I AS [R] ) AR OR AR X ), Khan
AEUUVHR ol Sl TS R SR AL Mg 7 A
D EE XA R BCGHEAT S0, HA B4 A
R HEFIEEEME . Chen S5 5 M — Bl 38 1V (14 I
FE A A B R B s, FH RS 3 A1 3o 1 DU A ) g
IR B B TS . Garg AT 4 3
{18 e/ BRI B AR T3 L T 20 8 JEE AR DG i TE M P 4
2RO AE DA 25 iR R AR R B A DUEL
B2 HR R ) R MR IR Tx 7, W ] 2 1 X i
W REMR R Y L BRVERE

— Ml A S LRI Y SA(EL IR, R bk g 7
) R BRI 2 (H R et i L R P A 1) 2474
PSP BAT B0 L e P fig . STk 16 142 Hth iy
E | SIS BT RN =R/:53/: 2 R- I I E TR A UK 31 #ri g
g PRGN, T oy 950 47 1 0 I8t 4 L A M P R 3% 1 K
FEAE, S T 300 A 2 MR . Vasanth 2517 2 4
AR XS FRAE B T JL AR 1 X 505, ARl M A 110 J 32
FRAEAS I M PS5 7 A R 5 DA R X R 1B 35 45
TEJUAR] - X5 {0 M P AR R AT IR BE AR, (HL HAY
R AR MR P DR AL ARG T M P %o PR 1 PR 1 DX
SRR YRR AR, SCHER [ 18 ] $2 i iy 2 A AL
PIMEDEP L R0 R R AT R AR A 34 (L
P, LAk A S5 BN AR

M P 2R 5 T G A0 T R R A AR A, R 24 3 LA
Wi, BARER I B X I G A0 (R FRE IR T

B0 BRRBCRIEIR AT, NI, B T T ARG
TR P OB A2 /NI 25 MR Bk | AR Bl I 7 A K R
oA L BRRAE  HTIRRE fre/MEL A R R AL DL B A s 5
TEIT LA TR PSR, L XU 52 /Nl 3 b i DG )
114 1R PR KSR 1 3 7 o X M P AR R R T A

1 Bt R E = Ha
8 37 PG I [ 2 (L ok o e 7 e A g 1

0 MWMENd
f(x)=14255 HEHENd (1)
o WEFEH1-24

(o) IRFR x IR BEAE W75 1) K (B LA A 55
FIMER d L O Fil 255, 0 HTEMEIR R B IKIEAE, 0 €
[0,255],

R (76 7 Pk e M s R 75 ) K R R AR
P R 2 75 U/ I B e (B A M 7 A 0, A
(R 7 R T ARSI HE R AU AR R T 4 P4 R
Tl 0 e [0,255] A %0, AR MG 1R /-8 F A nl
FIE HRUR /N R {1 e R 38 (L, 3o gl (5 745 (AR 3
JEE 5 /IMEL R R K L A Mg 7 A T 7= A s R AR R
X2 K 43 B A e Lkt 4 ) ) A

— i, X T ICME R R R S AR R 5 HAR
I A 15 2 ELAT B AR DG R K B
FEAFRAYE X5 Jok b i A g Pl A, — A W e AR
FHHABEAR Z R B A e, K 25 R 8K,
AN — R AR TR AR P A (X
HETE SR IR E K 255 845230 255, W HEATs
YL (1 fok o e 7 2 A B B M PR (K B Ry 255 11 I
PR T, R IR N O R ) 5 X T )5 G BHE
T SR DX R, AL

T, ARl Tk e P (1 BSR4 AT
FATHE T —Fh 3 T 20 3 GE T B4 W s 4G v,

BRI
QO B2 M e/ IMELAN B R ABL B R 3R UM D o e
M

QX T — e e 7=, an SR K FEEE Ry 255 H
3x3 SR IR K 4 255, Bl HOKEM o 0 H.
3x3 SRR R R 0, K HAR R AR A5 )
AN

QX TR e | 4 H 5x5 LRI AR B
UNEEBSON LN EMENIR NI EE 3 UNEE S -oN|:]
G R IIME p FARHE o, ISR MRS —u | <o, ¥
fEEe Mg PR TR Sl FE MR R 5 U A MR s 2 H 55
RN AR IR N AR R R R Ot —
SNy ol



R

#HOA F R

610 chinatransducers.seu.edu.cn

% 36 %

@HNSRAG VMR P K JEE B 255, H. 5x5 485
IKEEAE 9 255 B Hol g —F , sl HOKE(H
0 H 5x5 &RBH KB 0 B R A Bo it —
A R AR

QAR M W 75 1 2 I W

A BRCOARAE Jk st 7 1) R JEE — 2y foe /DML A
DRARL, AT LIRS BITAT 4 K e s G o ok | (EUR HL P
R 73 I Bt/ ML R 5 R L ) G MRS A 0 S e
PP IRQ) ~ @R BRI A 9 1R R R U
T, ANRRAT 1R XN R R, LR~ @
] LA A MR RS AR R, IR R 5 R
AIRORRL, AHRE L RQOM@IRIATT LI L 5B R
PR IO

2 WHENEEEEER

PN AR G AD BT ELAT 2253 28 ST R
JREBA AT IR 5 FL 2 ) B LA A (R s - P
SR b7 [ S R R R IR 3 . /N5
/NI A AT A 46 L4725 3 0 ROEE A 43 i
HA AL A, Ho /NS 0 50 52 11 Ko 3 B8
YRR , T A VAR PR 5 A o R AE
T 5 RS 1 30 17 e PATS | FLAT IR TR S A e
I S X 07, T 2 25 PR A5 5 1 04 %6
(L FLAR SR A At/ N A 40 T T I 40 1 0, 7 3
LN T AT NS B A 5 LA T
B AR 207 [ e M IS 2 A, TR,
A% SR PRI 5L /N B 25 Wy o o M 74 4 2230 £
WA,
2.1 W E/NETH
SNEEE XN
W ()=,(1)+ir, (1) (2)
ATy, (0) B, (1) 43 590 S B8 3 2 1
I
HURE 52 /1N FH VG B FEAT 09 /N AR B, — B 44
T ARSI, e T AR L S/
A I PR [ B e 2, ] 1 R —
GUEH L SR A A, 1R £ (n) RIS (n)
7R SN B A 4 1 HE T TF S U MBS R Fy ()
F\(n) R HER /NS B 0 AL 0 B4 JE B 20, | 2
FORWRIERRE . SIS f,(n) LS, (n) XF LRGSR
RO BB @, (1) R/ INBBREL o (1) 7E SCH
o (1)=42 Y, fo(n)e (2i-n) (3)

Y ()=22 Y, fi(n)e(2t-n) (4)

@ (1) F/NEPREL o (1) :E LR
e (1)=4/2 Y, Fy(n)@(2t-n) (5)

P (1)=42 Y, F (n)e,(2t-n) (6)
i folm) {42
i) (12
film (2
film {12
Fomp{12 )~
{2

Fo(n)—{ 12
Fy(n)—{ 12

(2
1 WS REEREE

OB B2 7N i1 788 4 A0 0P B 1 e 8, A6 — a8 R
b R T SR R RO R /N ISR /N
WA [R) B K S e e A AT (B AT
Z R AE B A8 1R 28 D, AT Ikl RURS 52 7N 3 A 46 11
INB AL A B A R B, U A2 /N A e B
SR MG AT AN SRAE , DT 3B G T B S /N i
TOCIREE B 15 B FE G AR DRI SR A R A /N
T AN RE R FH B S /)N I A8 0 19 8 % 2% | AR SCR FH SC
BRI 19T $EH 1Y Q-Shift YL R

FH T 8% 4 7 118 7N 725 ol S %) SOUARS 42/ i AR 46
T 2 S8 A FEAR AR, AR 7R T /NI AR 8 1 B A ) 5 Ak
IR AT HER AT SR AR TR Se il T /N AR
g BbE , A PR A M 2 07 n i #E (£15°,
+45° +75°)  BE T A SO X EGR 847 9 55 o | b
TIRRIRH G, 58 HY o PRIAR  5 AF 40 5 5o B
454
22 HEEXBRIER

150 (L FH T TR 1 /N 2R 505 R 75 T /N R 8
XA FEK  /INT A A A S R 50, R T BIE R R T
W R /N 2R B, /N (S e e e R B
LB, KT TCME B /INE BB | {H R AE (R A B
AT, ToME /N RS H /N RO A — A
IV, B FR B R B T AR AL B BIE B A IS N
PEFIERf AR 2 B2 7F— o FR L e g
IR . B S — BEy .

T=0,/2log(MxN) (7)
K MxN R ER KN, o, R EER B b5 T
2 0] S A O e A A
median( 1C, |)

T 0.6475
ArfC, W — R R /N R 8

ore

(8)

a-n



% 4 3

RIE, Z 0 U ARRGE I A SR B/ ok B AR e 611

T 40— B, HH W A B E AE T = Al
P, MRS B /N R B2 B il RURE (38 R T s o, HH
[RIRE 9 B DX 20 [R) RUBE 9 /N R 8, 51 il PE
ARG, N T 3R BE 0 A SO ERs 1, AT
BT RN T R B E N B E, s (9) B
7, RTINS A ot RUPE R 388 R T 3B
o,/ 2log(MN)
L= (9)
i Ao RE
FH T 70N 15 (1 2 M A 3 %) i ) R0 11 PR A i 1)
{BL BB LA T 2P 3 R e > e o) bR B R
fEAD B0 R BT 2 | MR RIS IR D s TR
PRIBCEEARRAIL T /0B R B MR A, 250 G s B A
RIS 5 A B R 2 %o R B 1 R ) e
(R TE B (AL B 2R 50001 1 o 1, 25 M A E 2
B IR G R . ARIELL Lo, AT T
— eI T S B PR A, X (10) B
Ple)= e e
A e HEMRI/INEREL, @ N BE LML IS 9
INBEREL 1B (x) B SR
0 «x<0
(x),= i (11)
A (10) (W BIE PREC— 7 LRG0, BAA ST Sk,
F3—J7 T R )/ IV ZR B a3 St/ N R B
yell T I BB PR B, B R e
X M P52 AR 38 5 1 %) Mg 7 R ) 7 v g e
G ZR RGN HH R[] B X 7 M 1458 FHDOSURY 42 /)N 0% 1 41
PEAT M 35 X 5 Mg G A (R MR s AR 25, G Iz AL
WA /NIl 2 M G b (AR 28 B 3, T AR MR AR R R
FEAAL TS 2 B Jm 19 e G . AR SO 3%
AMUARUE 2 FiR .,
| |
W TR

I l
AL REE N
e 75 b

| !
S LW

| |
S F RS
R 714 3%
|
BRI
LW %
B2 AXHEmREE

(10)

3 Lo

MELHELE Set12 BEAILIE BGH 43 FG L K6 4 B
“ERMGAE R SL g B, il 3 s, DL (S B Eb
( PSNR) ML L AR FE 45 £ (EPT) LA S5 RCRAE
JE AR bR, FEERAE R B8 8 Windows10, CPU 2 i5 -
10400F , NAE24 8GB THAMLIAT L . DLk &
RAYSCHR[ 6] [ 10] ([ 15 ] FI[ 18 ] H 4 th i J7 A4
h S B H BT AR ik B R RE

(c) Spine_mri

B3 SSBE®

(d) Mammogram

3.1 BE&REM

PGB 8 R AT A e 25 RS g
EUGIERA Iz W T84T, e B s A v
HEAA DU AR BRI 5E B e 4% 7 ik i 24
M RE

BTN SRR N 0.7 FLIREIE mammogram
LM ER AN 4 s . L 4(a) AT LA Y, 2
BN 0.7 MFLIR EHMEORE 73 15 B B SR,
HAEE W R MFEE ., SCER 15 ] 0907 AR AE —
EREE FRE T ERE R bR, (L2 E AR 7B 6
T 558 . SCHR[ 10 ] ANRESE 4 R BRMe S | J i &
BAME SRR , SCHk[ 6] F1[ 18] HUfS T A & 2Bk
R R SCHER [ 6 ] ) ik O B 2630 2k ) {4
ARG A w4 (R B Strh gl A T #2510
5o AR AR SO B B ROtk T R R
H AR SRR 7 H AR BT, i ob, £ BIR
Niff) PSNR 1 EPT {5 WAL SERORTH ) Y4510 3 A
IR/

BT SR B R 0.8 AYEIME monarch 2%



#HOA F R

612 chinatransducers.seu.edu.cn

% 36 %

W PR ANIEL S J7R ., 7E 80% I M5 B B IR
THOUT 2T R REAE AN [F) AR L L X [RR 54T 1K
5, AHZ, TR 10 ] Y735 AP, 221 154
WORAT MR B, [R)RE ML, SCHR [ 6 ] A 25 e 18 45
AT L YLD MR AT, SCHIR[ 18 ] R A A

(d) SCHK[15](22.48, 40.89)

(e) XiHk[18] (24.92, 37.77)

BRI, AERTHE, SCHR [ 15 ] FAS ST 125 10 25 Ik
BRALAT | 25 M MG TR W , SO 2 A T AR R
19ARGE . 740, 25 UG T B 9 PSNR Fl EPT {B S
LEFET UL RS, ARSI A% A PSNR AT EPL
EE T 55,

(f) ARCT7 1% (28.99, 43.05)

4 WWEBRZFE 0.7 HIE 1% mammogram BIEIEE %

R

a) & 1§0.8Monarch

-
(d) SCHK[15](22.45,56.00)

(e) iik[18](21 .38,51 75)

o A
(F) AR SCICHR(23.66,60.18)

E5 XSBRZEE 0.8 HE 1% monarch HIXIRE %



% 4 3

IV, % 0 SUE AR P 0 S I 9 P A 613

3.2 BEBRMEHLIER
T R AR R R B MR RE A R

FHF5 45 i 4% B2 ok b W 75 19 &4 parrot T spine _

mri, THE AR — K MR 151 PSNR R EPT {H, 44
PIE G e s T ' 6 FEl 7,

HRAEE 6 Hi Xt parrot [ 2B AT LLE H, B
A M B P R O, T TR I M RIOR — OE IR,
SCHR[ 8 XTI, s BE Ay M, bk 22, 5
Hofh 5 A — g M ZERE I X T e 2 B e | HL o g
PEREAL T &%, SCHR[ 6] [10] AL 15 ] % A&,
5 I MR P 11 MR AR R A 25 R R, (LR X v 2 e
7 SCER[ 10 ] BRERGEAR, M SCHk[ 6] N[ 15] 4 T
SEIKAF-, AHXT Hiy X4 P 2 B AR SO IR
T HAb 7 ¥, H PSNR H1 EPT il £k 5 HoAt 5wk 4
LUIRARFR G —E N2,

45

—o— JLifik[6]
—a&— SCHR[10]
—#— k[ 15]
—e— k(18]
—o— A5k

4
401

35+

PSNR/dB

30t

25t

N

20
01 02 03 04 05 06 07 08 09

I i
(a) PSNR
100
4 —o— k6]
90 —&— k[ 10]
—*— Ak[15]
—e— k(18]

80 —o— KI5k

70

EPl/%

60

50

40 — —
0.1 02 03 04 05 06 07 08 09
e 7 2
(b) EPI
6 IREEEEEEES parrot X
& PSNR #1 EPI

B 7 B T 48R 6 g L IR G spine_mri 3]
FMRZEIR ML i 4 0 B BORR B T LU A SR
(0 2 MR AR 22 AR K X TR, v 28 B MR SR
[ 18] 1% 2 M A0 R 45 2, W2 SCHR [ 15 ] Fn SRk
(6], X T @ M s, SCHR[ 10 ] FISCHR [ 6 ] 1y 25

WA REEAG, ASSCITiEM PSNR A EPT{H IR T
HoAth J7v: ,— 5 T80 PR Ry B 48 G0 T N i) Mg 7 A )
1 R T Y0 b A M P AR A R ey T
IUERAME 3 55— 7 T B T 0 ol 5 BIE sR 5 S A 38
o7 [ (1 P SURRE A2 /0N I8 25 e | % X M 75 R 2% 11 K B
HEAT SR 50T HERA KA

45 T T
—o— k(6]
—&— R[10]

404 —x— CHR[15]
—e— k(18]

—o— AT
35

PSNR/dB

30

25

N

20
0.1 02 03 04 05 06 07 08 09

W
(a) PSNR
100 T T
—o— k(6]
9()? —&— k[10]
—#— JR[15]
—a— k(18]
80 —e— ATk
8
= 70
m
60
50
X

40 : —_—
0.1 02 03 04 05 06 07 08 09
e 2
(b) EPI
B 7 XMAEESREEER spine_mri
M2 PSNR #1 EPI

3.3 HUTHE

SR I PRAT R AR A D L A (N3
PRl , SIS R 530 TR 2 45 T O T 5 Y, 4% Sk
oI RS 2% b IR P T R R/l 512 %512 i g AR 1]
1% spine_mri ﬂfﬁ?”:”%ﬁ&ﬂ,@?ﬁ'% BT R an % 1
7R o —FBcHt RE TR BE MR P | o 4 E MR 7 [y
SVLTE EAL R R T S 2 AT A]
SCHR[ 18 ] A5 R et R O 1 A
Jrik FETERZ o SCHRL6 ] 975 15 ] T IR UEHERE, By
ARG S BRI . SCHR[ 10] ([ 15 ] B9 J7 i 5ARSC
INE TR AR, A SO I TR RCR A
PRITE T H 2 AL 12— 20 B i HiE it AL 3, TR AR
R B AL B TAE A R TR A AR G b
HATE R 2T HAl 515



&
614

#HOA F R

chinatransducers.seu.edu.cn

% 36 %

£1 XNAFESEZEE% spine_mr ERHITERE

$ﬁ7:5
Wepso ok Scek ScEk ok ES'S
wE (6] (to]  [15]  [18] Jrik
0.1 1.17 167 323 243 1.84
0.2 228 231 385 3.4 2.23
0.3 316  3.06 413 485 2.97
0.4 421 401 454 619 3.19
0.5 534 493 497 821 3.59
0.6 632 562 544 105 4.28
0.7 742 610 597 12.7 4.57
0.8 8.62 643 634 143 4.86
0.9 9.97  6.65  6.78 15.4 5.32
4 #ig

PR T R ARG S I ) XU 52 /N PR 2=
MR | )P ok oo Mg 7 5 A M 7 5 3R A K My A
EBARTRIRAE AR BGE T8 5 VR AT M P A DM 5 5
B, FE 53 F SO B2 /N AR 4 A DL F5 R 1, 60U 52
ISR T T S 14 R L e R 3 07 % e
BEHATIRIL , SEBAEN] T Bl 5 kA T3
T30 BAT S 0 25 MR RE AT 80 XA R B
QG AN TR (M7 2 S 2, A U 1) S MR AR,
ARICTT R T8 7 (L ) K v M P B AT R ) 25 BR AR
R X7 A2 R K N T REATLIE A bk
MRS RN — RIS T AR

SE 3k

[1] Muhammad S, Zalhan M, Norazlin 1. Enhanced Median Filter for
Low Density Salt and Pepper Noise Removal in Lead Frame Image
[J]. International Journal of Applied Engineering Research,2017,
12(24) :14638-14644.

[2] Jayaraj V,Ebenezer D. A New Switching-Based Median Filtering
Scheme and Algorithm for Removal of High-Density Salt and
Pepper Noise in Images[J]. EURASIP Journal on Advances in
Signal Processing,2009,2010( 1) :690218.

[3] Ayyaz H, Muhammad H. A New Cluster Based Adaptive Fuzzy
Switching Median Filter for Impulse Noise Removal [ J ].
Multimedia Tools & Applications,2017,76(21) :22001-22018.

[4] Varghese J. Frequency-Domain-Based Switching Median Filter for
the Restoration of Images Corrupted with High-Density Periodic
Noise[ J]. Scientia Iranica,2017,24(3) ;1312-1324.

[5] Suid M, Ahmad M, Hanif I, et al. Universal Impulse Noise Sup-
pression Using Extended Efficient Nonparametric Switching Median
Filter[ J]. MATEC Web of Conferences,2018,214(4) ;:01003.

[6] Zhang Z,Han D,Dezert J, et al. A New Adaptive Switching Median
Filter for Impulse Noise Reduction with Pre-Detection Based on
Evidential Reasoning[ J]. Signal Processing, 2018, 147 (2018) .
173-189.

(7]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Varatharajan R, Vasanth K. An Adaptive Nonlinear Filter Based on
Median of Minimum Distance for Salt and Pepper Noise Removal in
Mammogram Images [ J ]. Current Signal Transduction Therapy,
2018,12(2) :124-131.

Zhang X,Kang Q,Cheng J,et al. Adaptive Four-Dot Median Filter
for Removing 1%—99% Densities of Salt-and-Pepper Noise in Ima-
ges[ J]. Journal of Information Technology Research, 2018, 11
(3) :47-61.

Bania R, Halder A. Adaptive Trimmed Median Filter for Impulse
Noise Detection and Removal with an Application to Mammogram
Images[ J]. International Journal of Image & Graphics, 2020, 20
(4) :2050032.

Garg B. Restoration of Highly Salt-and-Pepper-Noise-Corrupted
Images Using Novel Adaptive Trimmed Median Filter[ J]. Signal,
Image and Video Processing,2020,14(8) :1555-1563.

Wang M, Zhang B J, Zhang C P, et al. An Edge Detection
Algorithm Based on Fuzzy Adaptive Median Filtering and Bilateral
Filtering[ C ]//CSPS 2020:9th International Conference on Com-
munications, Signal Processing, and Systems, Changbaishan,
China,2020:1196-1204.

Faragallah O, Ibrahem H. Adaptive Switching Weighted Median
Filter Framework for Suppressing Salt-and-Pepper Noise[ J]. AEU-
International Journal of Electronics And Communications,2016,70
(8) :1034-1040.

Khan S,Lee D. An Adaptive Dynamically Weighted Median Filter
for Impulse Noise Removal[ J]. EURASIP Journal on Advances In
Signal Processing,2017,2017(1) :67.

Chen J,Zhan Y, Cao H. Adaptive Sequentially Weighted Median
Filter for Image Highly Corrupted by Impulse Noise[ J]. IEEE Ac-
cess,2019,7:158545-158556.

Garg B. An Adaptive Minimum-Maximum Value-Based Weighted
Median Filter for Removing High Density Salt and Pepper Noise in
Medical Images [ J ]. International Journal of Ad Hoc and
Ubiquitous Computing,2020,35(2) :84-95.

Zhang H W, Zhu Y, Zheng H Y. NAMF: A Nonlocal Adaptive
Mean Filter for of Salt-and-Pepper Noise [ J ].
Mathematical Problems in Engineering,2021,2021:4127679.

Removal

Vasanth K, Ravi C, Nagaraj S. A Decision Based Asymmetrically
Trimmed Modified Geometric Mean Algorithm for the Removal of
High Density Salt and Pepper Noise in Images and Videos[ C]//
4th International Conference on Smart Computing and Informatics
(SCI 2020) , Hyderabad, India, 2020 147-154.

Chen F Y,Huang M H,Ma Z X. An Iterative Weighted-Mean Filter
for Removal of High-Density Salt-and-Pepper Noise [ J ].
Symmetry,2020,12(12) :1990.

Zhang X, Morihara H. Design of q-Shift Filters with Flat Group De-
lay[ C]//2012 IEEE International Symposium On Circuits And
Systems (ISCAS 2012) Seoul , South Korea,2012,2337-2340.

Ho J,Hwang W. Wavelet Bayesian Network Image Denoising[ ] ].
IEEE Transactions on Image Processing,2013,22(4) :1277-1290.
Gao H Y. Wavelet Shrinkage Denoising Using the Non-Negative

Garrote [ J ]. Journal of Computational and Graphical Statistics,

1998,7(4) :469-488.



% 4 i FRERR 2 0 SUSE L ARIR SR Al 6 AR S0 ok B3 AR 615

SKERA (1979—) , 5, @i LA A A
&, BB, WEFE T ) TR A
5o FFETH,42311997@ qq.com;

FD X (1982—) lIRAEE 93 1T
BEN AL, Hetz  WH9E 7 [ iU
JE# 55 B AL, 10968369@ (q.com;

FEB(1976—) , B KRS A\, 1H
& B, EENG R A B i
R TSRV BE AR S AL B T BT ST,
wanliyong@ 163.com,,




