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A Novel Algorithm for Removing High-Density Salt-and-Pepper Noise
Based on Fusion of Indeterminacy Information
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Abstract: To solve the contradiction of image denoising and detail-preserving under high-density salt-and-pepper noise,
this paper proposes a Neutrosophy-Gray filter by using the fusion of indeterminacy information. It has a two-stage scheme:
noise detecting and noise removing. In detecting stage,to improve the accuracy of noise detection, Max-Min algorithm is em-
ployed firstly, then noise candidates are judged again by the dual criteria of Extreme-Compression-Grey-Correlation-Degree
(ECGCD) and Ordered — Indeterminacy ( OI). In filtering stage, the algorithm applies the multiplicative fusion of ECGCD and
indeterminacy to measure the similarity of pixels,and a Neutrosophy-Gray adaptive weighted function is presented. Experi-
ments show, for different images, the rates of noise eliminating change between 0. 1% and 8. 8% ,and performances of denois-
ing and detail-preserving of the proposed algorithm are superior to current filters even at high level noise (70% ~90% ).
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%:‘?z*iw . DBA ( Decision-Based Algorithm ) & w1 MD-
BUTM ( Modified Decision Based Unsymmetric Trimmed
Median Filter) & 3:'* FBDA( Fuzzy-Based Decision Algo-
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BRI F12 B ECGCD 8454
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TR B - 78 5 20 X3, a0 S S A g R s, 1
ECGCD — 2] 2 /NF MEDy, X A [HE K 2, A
AsE /N ABAE 1 2% X35, 3B 3 O R R R IR, 20
Fh AR 2 A AR A R, XE LU S S 75 o B S M7,
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FLG2 R G3 L0 RE R A Sl X Bk 1.6 Fl
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98 103 106 r0.44 0.57 0.337
Gl = [98 0 105] E1=|0.44 0.02 0.39
97 101 255 L0.37 0.94 0.024
1.14 0.88 1.48 r0.01 0.02 0.037
A1=[1.14 21.15 1.28}U1= 0.00 0.38 0.02
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194 255 69 L0.33 0.23 0.624
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A3 =[0. 9% 1.17 1.08] U3=(0.07 0.13 0.25
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FUEE , AR SCH R 2 10 e M il A5 V6 0 AR (U B s R A,
JOF A AR e PR RN T
s(p,q) =1(p,q) (1 =y,(p,q)) (10)
Her I(p,q) HEE (p,q) WP R AHEME, v (p,q) H
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() A, 2 T(p, q) BEREE, X w(p,q)
Ny, (pLg) REF KRS w(p,q) Bk
h & — AR E B S, © A H G IR A E 1Y
JRFERE. R X IT 50 HRARHERMGINK, & IR % B o
TE10% ~80% JulE PN, h BLS5. 5 Al 3R 15 A R fE e LL ;2
o 7T 80% ,h HL 0. 8916 NI AfA5 4 =i {5 W b {H X {5 Y
EMEAKUL , o AT FUAIE, R T 25 h & PEE, 75 ZEXT
o FEATHIAL . B EURGR R SECh M, AR R
MM, R KO o AR AL TR
Mnuis?
- Mall
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3.3 HHAKEN

A R W 0 LR A F

Btk R (2) ) IR TR AT E

S5 I Max-Min SEREHETTE P95 KoL
M BRI MW7 00 R A M, b
1 0.

B DL M, R R L
33 B 1A R %1 ECGCD 1L MEDy, 48 /5 1 2
(7) LR A fi

B A >3 WU R E R M,
BRICH 17 X A <3 HGEREFS (53, R ECGCD-O1 BT
SR UCHIE, AR B (R R 1.

CEE N CENIEN el I -

YK 58 52
FNE XM PRRE T BB RIS |

(11) BEAT A BB , B e R R A S 5 AL g
T T AR RS S W7 {5 3R B L i v Ak 3
1 4 MR I EE

4 ZRMESER

RS AS SCREE WA R R E 2 R BUR AT
OS2 By, 523 BR 8% O MATLAB R2013a, CPU ¥ %
2. 4GHz, 7E% 8GB DDR3L RAM.

T 2 ~
-8
3%

‘. S : k-2

(a) Lena (e) House

(c) Pepper

B2 WAES

(b) Baboon (d) Crane

4.1 ECGCD-OI IEE#iNg R

JH ECGCD-O1 J5 ZE X%t M., (i HEM: PSR R 1T —1K
O , B DI PR M P 8l T . O M 75 1 50 5 o e 7
B2 RS, R 1 R E 2 RFREUR M SIBR .
2 1 AU A [R] R AEAS [ e 75 1 0 T L5 Bk 23 S AN )
f). Lena 55457 EG 09 5 BR 2R 5K, 7 House 45 23 i

F BRI R R .
F#1 ECCCD-Ol EABIBRE
R P19 1 7 R (% )

o Lena Baboon Pepper Crane House
10% 0.05 0.43 1.06 3.16 8.84
20% 0.10 0.37 0.79 1.76 5.42
30% 0.15 0.33 0.59 1.27 4.21
40% 0.15 0.35 0.44 0.88 2.79
50% 0.14 0.80 0.41 0.66 2.12
60% 0.10 0.83 0.33 0.40 1.10
70% 0.05 0.22 0.25 0.28 0.67
80% 0.87 0.18 0.16 0.16 0.47
90% 0.03 0.18 0.10 0.10 0.35

4.2 EKIEEMRELEER

SBGAIEAR SR A R 5 MFY NSEFH |
DBA"™ FBDA'" DBTMF'* %% g HEAT He . AR SCH % |
DBA iy FBDA 231 DBTMF &5 5 1 3 % 77 11445 3
x 3 AR s MF SRS e 7 4% B[], S A U8 7 LI 7E 3
x3 59 x9 Z [ ARk ; M KT 0. 4 B, NSEF B9 (1)
FEUEW R 118 3 x 3, Hp il Bl 5 x 5. |53 [&l 4 M
BELE 90% 15} 7S Fl 32 6 Lena 1 Man 195 i L 10 0% 85
. R g DBTMF 87 FIAS SR X 10 25 S5 4 19 1 DR
PERE, 0 E 3 H Lena MEF 112 F1E 4 H Man 5 1-1E
R BURFR R I TR & S A%t g i Jry B s R .

&3 & 4 [0, 7E 90% M7 %5 fF T MF  NSEF
PR GA L 347 B A R A M 7 e, S IR M LA B A
DBA vk i F M 4 R i 2 A BT AR
7 s FBDA B = i 3k 1 D8 AR A B B s, (E7
A 53 W S R B R T 1 ; DBTMF 5503 FlAS SCR ik 1y
A IE BRI (HNIEL S (o) AU S (o) Jr i K e m]
UL, 7E B 38 53, DBTME S35 A7 AE B AR B0 1) B 14 R
Y, T AR SO A G 2 U AF 6 3. X i AR
SCO TR AR M RS I R B B TR A O W A SRR R AL
B X0 % 18 TR R RHEAE S, X e 5 it xF 1
SEANT 5 B B R 2 AR AR B — 2 AR B L RS A S
SRRV R T PR B v R 1 2%, {H A XF DBTMF 8.3
ARV IRISHRE BE 015 218 SR IK.

Fi%n it B ) PSNR AR S M BE 2 P E N A
F2 3 BT SR BN Lena 25 B4 It 45
B AT WL, 7 10% ~ 90% W s S il Y, A SR ik
] PSNR #RAR-454E 20dB L) |, W7 KB AE 10% ~30%
ZEATEF, DBA Bk %) PSNR B0 SCHIL A T d &, (HAE
40% ~90% N [l P, AR S 95 19 PSNR I w5 1 4
BILF L.

B2, b SO AN ] [ 7E A ) M 7 R 8 R 1Y =
ST 1501 7 WA o AT AL, A SC 0 I MR e g 20 1 1%
R ARt T H B R AL,
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(d) DBA

(e) FBDA (f) DBTMF (g) A8 (k) Lenal& &l
B3  Lenal{R7E90%MIHE e s T & kU i

(¢) NSEF

(e) FBDA (f) DBTMF

4 ManBIRFEI0% MU EE IR 75 T % SLIL IR S

(a) DBTMF (b) SCASL: (c) DBTMF (d) SCABH:
E5 PifhE BN Lena 5ManiE ik B4 KR BOCE
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®2 AEHEEI Lena BEHMAIRER
PSNR  for Lena image (dB)
MF NSEF DBA | FDBA | DBTMF | A & ik
10% 34.01 | 30.81 | 42.10 | 37.50 | 39.88 42.56
20% 29.59 | 30.01 | 37.99 | 36.28 | 36.89 39.38
30% 27.90 | 29.94 | 35.00 | 35.19 | 34.75 36.95
40% 25.42 | 28.68 | 32.78 | 34.29 | 33.21 35.18
50% 24.29 | 27.98 | 30.38 | 33.00 | 31.73 33.29
60% 22.66 | 26.14 | 28.08 | 31.59 | 30.56 31.56
70% 20.55 | 24.14 | 25.77 | 29.83 | 29.14 30.15
80% 15.26 | 19.80 | 22.80 | 27.71 | 27.34 28.15
90% 9.37 11.43 | 19.29 | 24.75 | 23.87 25.12

Noise
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PSNR  for Man image (dB)
MF NSEF DBA FDBA | DBTMF | A &%
10% 28.63 | 27.18 | 36.93 | 31.26 | 31.83 36.27
20% 25.95 | 26.15 | 33.14 | 30.12 | 30.51 32.78
30% 22.15 | 26.28 | 30.67 | 29.16 | 29.31 30.87
40% 17.94 | 25.58 | 28.56 | 28.15 | 28.15 29.12
50% 14.39 | 25.12 | 26.57 | 27.15 | 27.13 27.79
60% 11.50 | 23.70 | 24.83 | 26.07 | 26.03 26.74
70% 9.22 19.88 | 22.87 | 24.90 | 25.05 25.86
80% 7.33 17.24 | 20.74 | 23.72 | 23.12 23.96
90% 5.84 10.27 | 17.71 | 20.92 | 21.39 22.13

Noise
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