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Progressive iterative impulse noise detection

. 12 1
Sun Jinguang **, Huang Xu
1. School of Electronic and Information Engineering, LiaoNing Technical University, Huludao 125000, China;
2. LiaoNing Digital Mining Equipment Engineering Technology Research Center, Fuxin 123000, China

Abstract: Objective Impulse noise is the main cause low image quality. The filtering of impulse noise has always been a
research hotspot in the field of image processing. On the basis of theoretical analysis for current switching filtering algo-
rithms in terms of detection time, detection accuracy, and recovery strategy, this study proposes a progressive iterative im-
pulse noise detection algorithm, which can obtain a high recovery effect from noisy images. Method First, we adopt gray-
level histograms that possess global statistical significance to identify the pixel gray value boundary of impulse noise and real
pixels b, , b,. By using these histograms, we can distinguish the suspected points and real points. Second, we use the
method of local structure significance to identify and classify the noise points from the suspected points. These points are
then saved in Table G. Finally, according to the different noise types in Table G, we use 3 different strategies to remove
the noise points. Result The experiments on three representative images with different noise densities and noise intensities

show that our detection time is 5 ~ 20 times and 1 ~5 times faster than that of the two current classic algorithms, respec-
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tively. Furthermore, the proposed method has a detection accuracy of 99% , recover images with excellent visual effects,

and enhances the peak signal-noise ratio to 1 ~2 dB. Conclusion The proposed algorithm can protect the image detail and

recover the original features of the image when filtering impulse noise. The proposed method can also compensate for the

disadvantage of current switching filters in terms of detection time, detection accuracy, and peak signal-noise ratio.

Key words: progressive iteration; impulse noise; detection accuracy; time complexity; peak signal to noise ratio
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W75 true Fon PREREIA K EEARAE
3.4 HEDR

1) X EUR 1, T8 1 — 5K 55 HAH 5 R/ o
K G YRR R P A BN 0, Fon B
FE AL

2) GEAHEE T RS KA 73 A K 5

3) A KB A 53 A A B [ i 22 43 An, =
—n,;

4) B An, ZH B S/ IME R R AR, 75 2% B
WK EEAE b, F b, ;

5)XTEME T A B R A p, 2#EAT HI I, 0
FAZ R IKEAE S, 8 TG b, 0, ], WA Z A
AR RS A A WA R B G, =55

O) MRS B EE p~ , 1 p " IEBOR[E A B 1K
AN TR 4 AT ) b B IAR A K B 25 2 F0 d, d,
dy 0 d, e H P B/ ME D, 5

TYWE D, /NTBMA T, ARz s AR M A5
WHE G, =0, 0, A IZ S WS S #E TR — By
BRI 5

8) %t D, 5 HA 3 ASIIA L %) i B 25 Z FitEA T
Fee, 9 202248 d)  dy F dy, IF45 2 H i s
fH D/

9) G2k D /NT BB T, A% S R P 3 X
MRS L I IZ R D, AR 5 0] s (g A
MORE G =s Hrs=1,2,3,4;

10) R, R G, =0 MLRFFEREREAN
AR G, =5 W R AL B R G, =1,
2,34 DUPARRE Iy 4k BRGD Sx ug i b 2R
3.5 WESERESHT

BDND 555 Fl SAWM 55 16 X R I 512 &R i
EA T A, R L, 6 = o ML SE A N A
1, KR EL 2D M x N, PIND B33 5% 5E L A5
AR HERR , BRI, % A0 R R HL B 11 e 2% B
" G IR BCRECH M x N xp® o JIrlh,
PRI b B e 2 RE BRI, PIND B33 12 17 I i)
D AR % R OR IE AT I A A
BTN R, M R A oy 2 H RS LR L
FF-o

Ny

4 RWEIHS S

4.1 iFHHIEER

R FRAS 2 MD FASE 2 FA SRR W E & 1) 4
i~ Wt 7 G 0 5795 110 1 A, MID T FAL /)N 13 P
PERBRR AT o R RGPS ARSI B ) e 2 12 43T S 08 U
VLI IR 2 2% B BB /0N, 150 M B ] 5 2% B IR
SR FHUAAE (5T L ( PSNR) > 2 00 43 BT 1 6 U 18 9
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MR PERE , IR AN

2
PSNR = 10lg 255

1 2
N x M,Zj: (ri,j - xi,j)

oA, o, F R e USRI S BUR 5 2R
P BIREEMH . PSNROBRR , BRI 5 1 RE AR 4T

s, R OR B R W Vi 2 &
BT YR P S R R M R
4.2 TG

)55 1 508, BREUHESE R 256 x 256 (14
B Lena 4075 4 5 B & Monkey #1-F- 1 &5
Peppers , 73 5l il A [) M 75 %% 15 11 Mgk 7 62 70 3
(m=9),%%< BDND %4y SAWM %4y fil PIND &
T2 AR RS 00 A R W M L LR R RO R s AT
B 1] o

2) 552 AL . X Lena EMZIN AR S AR AL 4
(m=9),7%%< BDND &y SAWM & 3k f1 PIND &
OREAS [ P L A9 7 325 3 Fig

3)55 3 41500, %) Lena [EI{Z I A M S A5 R 1
(p =20) , %% PIND B3k O [F] A T, IR 52
K& 1 PSNR, 55 iF [8] {H 25 B T 4K &2 28051 1)
A

4) %5 4 AL, X Lena R 4370 A K% B2
e 2 BE Y MR SRR 1, 2548 PIND S35 78 2 UA []
RIS RGN T 10 Esf A6 00 88 1 A2 Ak, B0k B 3 g A
D7 1R/ TR AR RS B i 52 7 o

SCERAE VS2010 FHETH C++iEF M
OpenCV LI, iz 1T7E 2. 90 GHz i# Jg Athlon IT X2
245CPU,2 GB NAE) PC AL Lo Sy 1 BEAR Ik vhige 75
FEGS I R A BEAIL M DL S i 38 17 B ) R 22 52
Fp—HLIAEARF 25 T B 17 10 YOFBCEHEAE
R IS R
4.3 KIS
4.3.1 451 41528

1 FAR R, 0 T 430 Lena [E{2, BDND
B B B AR T A 2R e A TR A R, B IR T
HISCA3 BT 1 45 0L s SAWM B3k U A6 28 o i, (H A2
BRRRIE AL F BDND 53k, X & R Ry 784 % IR 45
i 75 SCRT DA R AR 1% A6 22 5 PIND B39 7 45 A4~ Mt
RN AR IR R A M EF DA, AR 4L T
PHASURSE 00 B8 v, A R D o A R B A B T AR R
Tt

(12)

&1 LenalE=#&M MD 1 FA
Table 1 MD and FA of Lena noise detection

BDND %3 SAWM #ik PIND 549
Mg 7 25

MD  FA MD  FA MD  FA
10 0 132 2120 0 0
20 0 133 1 37 0 0
30 0 143 2 11 0 0
40 0 149 1 2 0 0
50 0 144 4 0 0 0
60 0 168 1 0 0 0
70 0 149 2 0 1 0
80 0 209 5 0 1 0

322 B WoR 6 TP R Peppers, TGt A&
BDND 5575 Fil SAWM 5.35 38 & PIND 553k, Hpkfg
HOAE— 2 FREE A WAL, BDND S 7E ok % I
WRIR T LAPRIEZE UG , IR 5 5 T 4 ~ 10 fif;
SAWM B3k (IR R AR R K (H R DR R 1
10 4% DA I s PIND B335 75 /55 85 B W 7 52 1) T i 2k
FREDRG FE A3, AR AE AR MR 75 2 B R AR SR ] LAARIIE
L5 544 R AR TR

& 2 Peppers IE5 MD 1 FA
Table 2 MD and FA of Peppers noise detection

wss  BDND ik | SAWMSiE  PIND Fik
HE  MD  FA MD  FA MD  FA
10 0 1317 5 764 2 485
20 0 1270 8§ 557 2 483
30 0 1151 9 495 2 467
40 0 1018 17 445 3 442
50 0 968 18 438 3430
60 0 90l 2 407 4 400
70 0 850 25 393 4 383
80 0 787 32 390 5370

23 WA, X T4 FE &R Monkey ,3 Fif
SR ik o W 7S ARG 0 ) A 9 BE G T 75 T Peppers
BDND Rk n AR Fr 2 kL , AR W E—
TR I RE 1 s SAWM S39% B AR A AR I 7 2 1 i
H R e, (HU B MR 0 AR T, DRAG A AN T
TR, B2 TR R, 3 X RGP RAE AR
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W REMERR (R T A PRI A IR B B L s PIND 353%
DRASE AR N R AR, o o b e At RN R, A
PIND Bk 85 & T ST Ink MEk Ik, BT LARES A
21 T 1 PR S A bR £ M A
*& 3 Monkey BEE# I MD F1 FA
Table 3 MD and FA of Money noise detection

7 BDND &% SAWM & PIND %43

e
WE MD FA MD  FA MD  FA

10 0 139 1 852 0 5
20 0 139 2 377 0 10
30 0 134 1 123 0 0
40 0 138 1 42 0 0
50 0 139 4 13 0 0
60 0 138 1 4 0 0
70 0 139 4 2 0 0
80 0 134 1 3 0 0

&l 6 B9\ AL br A BDND B3 SAWM 53k FHAH
I 59 DA R AR AR R T Ak PRI P WA £ e
e, AR 4 FL A 7k, BDND 583k SAWM B8 3k |
PIND 533 i1 PR 0 530 75 1) PSNR 5 b 5 e 7 4%
FERHE R AR . SAWM 523 5 Ik, BDND 533
15, 3 P A BDND 503 (1 R A R BLIK - SAWM 5.
Do T G R A X R AR S AN AT AL B, & 5 8L
PSNR AR /N, PIND B3 PR S 6 0 o 1 %6 5, 3L
PSNR i Iy ¢ 15 FRAR RS DU 53 1 R 46 4H 24, &5 BDND
B SAWM BEAHEL, A 1 ~2 dB 9 F, Xl
HEW] T PIND Bk 3

40
o SAWM

38t %« BDND
i o Ay
36 | o
ul @ .
2|
30}
28}
2 |
2}
nt
20619 20 30 40 30 60 70 80 90

Eltl:"‘_n‘_: A
I i o

Kl 6 Monkey Yk & %1% PSNR X 1
Fig. 6 PSNR comparison of Monkey recovery image

VA {5 e Lb/dB
u]
0 %
0 %
oxée
O%é
o% &
0%

7RI 3 R E AR AR B M A O T
REAS AR AT 3t R S VR A I3 o A o 8 T P 1 O

N MHLSERCR B AT DAGR B AR o 2 R 0 1
RIS, (R A SO i A R 38 47 I (8] A
BT AR ) MR P AR %

() 20%:

(b) 70%HM: 7

(©) K (b)BDNDK A I (g) Fl(b)SAWMIKE I (h) I (b)PIND Pk & &
&7  Lena M7S EHR AR E14

Fig. 7 Noise image and recovery image of Lena

3% 4 ¥ 7R, BDND 575 SAWM 5507k Fifi %5

gt 75 285 AR KB AT B[R] AN AR /N (R IR I A

PIND $#% . PIND %4k Al 1F 401 At SCAr B O AR R, Bt

A5 Mg P 2 T 1A 1 R, M RS B A AN BT T 3 K
IBATH R BEZ AR K, 3B BRI
x4 EITRERTEL

Table 4 Comparison of run time

/ms
N 75 255 i SAWM BDND PIND
10 1107 4056 297
20 1092 4034 390
30 1060 4015 452
40 1030 4009 515
50 983 3972 624
60 904 3836 671
70 858 3714 717
80 796 3524 765
4.3.2 B2 MK

25 BlE R, 78 80% YR B A B T
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PR N [R) AR ABCER Mg 7 L ], 80 ] AR 495 558 1 RO A
AERAE . I L, PIND B3 A AG I vy 132 ] D)3k )
FRAERS I ()R , T BDND B3 A1 SAWM 7%

x5 KA I REEGEN MD 1 FA
Table 5 MD and FA of model 3 noise image

M 4 2 BDND 3% SAWM 53k PIND 5%

b5 N MD FA MD FA MD FA

55 25 0 130 4 3 0 0

50 30 0 127 5 0 0 0

45 35 0 146 0 2 0 0

35 45 2 224 0 0 0 0

30 50 0 203 0 0 0 0

25 55 0 161 0 1 0 0
4.3.3 553 455

% 6 NASCERRAR AR RE T, Y2 &4
AP A5 M L AR A, Bt B, % T AN R A 7,
WP RS IROR A —A , B AR B /D kA
] RERE - 2 DX 3ol Fr) MR s o 0 A 120 25 T[] F) WG s
M AT GAKIZTTUE 5 B Z 8 W 5 () L
USRI B B R, kA T RERE 1 2% 7 1) 14 e A
A TR AGHIN DA - HEL DX W 7 A, SR TR A D5 %
2R Fe 2 A i o PRI B PR SR IO T
WP PSR AR A R B O T, %) T Lena &, AT LU
A BEERE 10 72 ROTE S

&6 PBIET, 5PSNRXHR
Table 6 Relationship of threshold 7, and PSNR

/dB
BI{E T,
7 8 9 10 11 12 13
PSNR 31.6 31.7 31.9 32.2 32.0 31.8 31.5

4.3.4 4 Y1528

T BARRW AEAE B R,3 AR/ RS
WE D3R LLGA S O TR/ R, PRk, o 1 ke R
DAELIFES R w =5 RIAT ;3% 8 Bm e Ml , 76 i 2%
FEME RN A g R, TR A I N FE w =9
BF, &R T 0, R, 76 m % MRS R, 7 R
W HA R/ NER DER, & Lk, A A
T2 7 R R G I 7 1 A /IN AT LA TR A R A B ] T
B RSN T A

x7T REERSTRUBESHAXNXE
Table 7 Relationship of detection accuracy and

window size in low density noise

Ui/ R AG 0 0 0

*8 REERFATRUBESEAXRNXER
Table 8 Relationship of detection accuracy and

window size in high density noise

/A
w=5 w="7 w=9
T/ B A 4 2 1
5 &

PIND B33k NBEIE 43 BT 3047 I S 08 U 3 7k 1
AIREZAE  EEA G S5k G 0 3 O R e
bR i v = B AL SN kL3 SRVl AR O NAN
F SR B FRUREURE S 60 110 238 a0 22 A TP S s ) o g s
SRR S i 28T AR A LSS TR [ BAUE T X6) 1 K & 5
W, AT LB XS B AR UG ST Ik o e 7 U B . SE 4K
a3 I, A SCEE 9 1R ARG 0 A 1 5 B T s AT ] B
BDND %7 F1 SAWM Bk 4 HlHE T+ 5 ~20 f5F1 1 ~
5 fi%; PSNR {H k& BDND 5375 fl SAWM 53k 1 ~
2 dBZE A, [RlA, SRR 25 SOk A, PIND 55035 4 Eb
FHANE M A —E 20, X2 o PIND 53% 5
SRIRIBUT AN 14 SR XS AN [] 2 780 174 ok v e 75 2R 4 0K
5 AR R RE TS 2 RN BRI AR ) 254, A itk —
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