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Algorithm of Removing Multiplicative Noise Based on Partial
Differential Equation

ZHANG Hua-peng,REN Shao-mei

(College of Science,Nanjing University of Posts and Telecommunications, Nanjing 210046 ,China)

Abstract : Image denoising is the most basic problem in image processing and also the current research focus. In recently years,there are
a lot of researches on the multiplicative noise removal by domestic and foreign scholars. Based on AA model ,many models for removal of
Gamma noise in synthetic aperture radar image are proposed , which can remove the noise effectively, but the common disadvantage is loss
of the original image’ s detail and slow computing speed. Aiming at them, introducing weight function,a new variational model based on
partial differential equation is proposed to remove the multiplicative noise. An alternating minimization algorithm is introduced to solve
the problem for the model. What’ s more , the convergence for the variational problem is illustrated in theroy. Experimental results show
that the proposed model has a good denoising effect and restrains the “staircase effect”. Compared with the other models, the algorithm is
faster and greatly decreases the computational time.

Key words:image denoising ; synthetic aperture radar image ; Gamma noise ; Partial Differential Equation ( PDE) ;alternating minimization

algorithm

51 &
B BRoA B KR 5 B SR BAR U N

PR AN ( Gamma ) Mg s
ThnE s L SAR RIG AL BRATU 1Y) 1 B2 m) R,

Vol.26 No. 11
COMPUTER TECHNOLOGY AND DEVELOPMENT Nov. 2016

o PRI, Ann] 7 255 s 25 B
EErin5

M R AB R AEAR B AT AR AR K, (2 R b i 2%
Mg s T E SR 1R R B e S0 PR AR 25 R
WEE, RIS 555 Z R R, BR s
FTLAGR R - SRt M P RN e P Ferh | S P Mg
I AETE T A L FLFE B 3k ( Synthetic Aperture Rader,
SAR) UG, Qo] A % 2B SAR IR rh iy e v g
J& SAR G A BRI A A 52 (i FA T
SAR &5 b (1) e M M 5 e AN 2 ( Gamma ) 734

¥ fs H#A:2016-01-23 &= B H7:2016-05-18
E£WA . HEKARFEEES W H (11301281)

WRPS (R 7 VEA BT/ MBS 8 T IR R T i il
77 7 (Partial Differential Equation,PDE) 7' Hi Jt
TR 53 T A 0 25 MR Ok el o AR A i AR S BR
SAR FEUZH M B SR A A AR TR 35 T 25 R A
LTS H R AE AE W 5 A < B R A% 7, R A B
PRIt , i 2 A 2 1% ) 2 An ] 7 £ BRI A R AN
PR b e E MR AR I N P s R

T R R FE SRR [ 4] rh R AR AL Y B |

[ 2& H kiR B 18] :2016-10-24

YEF BN AL (1982-) 35 BIBZ, 1+, WF50 7 0] I ARNZ e 3 H7 AT/ 56 (1989-) , Lo B WFE A, BIF5E 1ol o UG b B
[ & H AR b - hetp . //www. cnki. net/kems/detail/61. 1450. TP. 20161024. 1117. 080. html



5511 3

FIASERE SO AR I T — R0 5B SAR ]
R P RME N P A AR |, AZ AT s A T
W RO T B R RN, T HL REAR 4 PR 3 1A R Y
NGRS 5 BORRE  Ia AT AR

1 EBREE

UTAESK PP L2243 AT 00 Th e s i 1 TR 23T
Tt or 75 B i 25 A AL Rudin %42 T RLO
PR AF — 5 R b nT DA M H 2 o B Bk
JWi”, Alubert Fl Aujor MR 45 5 KI5 S A2 7 AA
BERY  Huang 2571 FHXHEC e 42 1 T HNW LD,

minf(z+fe’z)+a, ||z—w||§+a2f\vw\ (1)
it [t oy BRI o) [z - w2 21D
PRI [ | Vo | R TE I,

T RHSCHRL 9 ] iR, 255 SRR B a ()
a(x):(l_ 1 )1+kM” 2)

Hr, 6, (x) = (1/4ma)expl — |x|>/40° | ;M =
sup,_o(G, *f) (x) 30 > 0,k > 0,p > 0 ESH,

"B IR FH 2 300 5 G0 4 ) 2 MR s (1 5

AR SCHR[ 47, 5 1A Y I NI, I25 5 Vh R o,
lz—-w] ;,1§fﬂﬂﬂ7:ﬁ/‘]§ﬁ*ﬁﬂ

minf(z +fe7) +a, ||z—w||§ +

e [V [InCt + | v ) (3)
Ho ay 0 RIEMIESHL,

2 EREERWSES R

SZICHR[ 4,10 ] B8 &, R 28 B e /N gk
( Alternating Minimization Algorithm, AMA ) 3K fi# [n] i3
(3) o B w, RHWILRELE R AF T 50 WAL Ak 0] 8

R(WWI) =z, = minf(z +fe™) +aq lz-w,_, ||§

4)

S(zm) =w, = mina, | z, —w | i +
e [ |V |nG + [V ) (5)

R A e /MU SRV 1) VAR, SR A i 452 180 F 0 1
.

Stepl : ¥ kfk. HhESH a,, 0, k,p,t LINY]
AR w, , 7% m =1,

Step2 : A4 A= kA, R (4) KA 2,

Step3 ARE LA fL 5 35 IR R R (5) SRk

w, o

A IS | 3T 2 R A TR 1 M s s R Bk .91 -
Stepd . 5 & A0 R 2 1 3, M4 2 1% AR Ik A 1
k+1 k
% < 0.000 1 B, &%,
u

Step5 - i 11 F MR J5 Y EA

NHEAEEACT I w2, 0, ,2, 00w, 2, BIIK
8, M (4) X (5) A, w, =S(z,) =S(R(w,_,))
=T(w, ) ,HIAE e,

SERL L X TAE WA B w, , AT G 3 I
SF(3) ML

HRAE SCHR[ 4,117, 0] LASE T d LA 51 380E B @
P NIRRT E R 1,

11T RN, BT S & 12— Pk
B ST TR K

G2 Y lw,, —w, || 5 RS,
=1

S 3 M (2 ) 4 AT B S
B 4T T B R

3 XBRERESMH

R T SRR Y () A RO B AT AT AR K AE AR R
AR ML S5 B T R 1] MATLAB R2009a X} Lena
il Babala FIQSEAT U5 B2, b 1€ B LA, A
T 4 A B A PR REFE bR < {5 M LE ( Signal to Noise Ra-
tio, SNR) . 44X} 1% 2% ( Relative Error, ReErr) | W& {H {7 Mg
It ( Peak Signal to Noise Ratio, PSNR) . ¥ 5 1R i 2
(Mean Square Error, MSE) ., & #X, SNR Fl PSNR 7
K, RO 4 s MSE 1 ReErr i/ | &MU BT
S v 43 6T PR R AR S I &k 10,30 .50 694
MEFE JF 5 AA BRI RLO BEAS HNW BRIHEAT AL,
FMEROR U 1 ~3,

JiAh, R ~3 g TR ~3 X LM S
(2R FRAE

(a) I % (b) {2y 75 (5 (L=10) (0) AA MR LB

(d) RLO %M (e) HNW Bl J:ig () 3OS Je

Bl ZEuER1



292 . HRVBAR SRR 26 &

(a) 0T 1% (b) AT ES(L=30) (Q)AA H2Y 21
(d) RLO ) S (&) HNW A1 g () ScHpfsasd S

A2 ZEIuR2

iy

(a) MTER (b) fincy i E R (L=50) () AA F

. IJE )

(d) RLO HE2 Ji 1 (e) HNW AL Jim () SCH TR 2

B3 SRIRZER3

L0 g

WS

A1 B BAFHER

15 AL Y SNR/dB ReErr PSNR/dB MSE B AT ]
AA FEHI 6.415 4 0.3217 15.535 4 0.028 36. 883
RLO #E# 8.426 6 0.265 8 17.194 2 0.019 1 32.509
Lena 10
HNW #%1 10.464 5 0.184 7 20.357 8 0.009 2 20.353
SCHRR Y 11.554 0.096 3 26.051 5 0.002 5 5.198 7

%2 BH2MBMAFHER

15 WAL (el SNR/dB ReErr PSNR/dB MSE BT[]
AA R 4.641 1 0.405 6 13.5229 0.044 4 28.901
RLO #7 6.430 1 0.428 6 14.795 3 0.040 8 31.858
Lena 30
HNW #i71 10.123 2 0.2283 20.623 8 0.034 4 9.764
e 12.783 5 0.097 2 25.969 3 0.002 5 6.848

%3 BA3UFMEEHER

R EL Y SNR/dB ReErr PSNR/dB MSE Sy aning |
AA PRI 4.4059 0.416 6 12.981 4 0.050 3 17.44
RLO #%i %1 6.236 5 0.397 8 13.381 4 0.0459 19.171
Babala 50
HNW #51 8.547 3 0.206 7 19.100 9 0.012 3 6.236 9
SCHR Y 10.350 6 0.120 1 23.8213 0.004 1 3.329
MAFE 1 ~3 0] LU HY o 0 T T A A i 2 e s
Fb# SNR, PSNR i, 3¢ rf A5 7Y R =y F Al 455 78 i Sk

ReErr, MSE {HI I T HARBAY 55 5h, SCH BRI 1

4 HRiF

SCrh B AGHT Y TE W5, #E S T —ANE B B SAR
VL 4 A0 T MR 7 7S SRR | I Do T MR W T
TR,

B S Sh TS R T AR T Hb D e 7
I RN« BB

[1] Rudin L,Lions P,Osher S, et al. Multiplicative denoising and
deblurring ; theory and algorithm [ M ]//Geometric level set
methods in imaging, vision,and graphics. New York: Spring-
er,2003,103-119.

[2] Aubert G, Aujol J F. A variational approach to removing
multiplicative noise [ J]. SIAM Journal on Applied Mathe-
matics,2008 ,68 (4) :925-946.

[3] JinZ,Yang X. Analysis of a new variational model for multi-
plicative noise removal[ J]. Journal of Mathematical Analysis

(T#% 96 )



. 96 - R AR KR 06 &

% ﬁ% )& 4k o [ J]. Information Sciences,2014,279 :60-76.

(6] ZEMAFE, % Wo EETHMFTI LB ATTR[]]. B
4 BB #%,2016,3(3) :249-257.

VT . B EAREE . A P Ry
A (B A3 7 7 1 e o gt A2 T o O T AL B itk 1.2008 .44(9) : 107—108.
J& K S it B 45 424 1) 28 A P AN B st i BRALA . SCrp e B (8] Bt LAt EFIHT. — PR AT R 2 2 U2 4 ) %
P ] FROB A A, X5 X S T B A [ B A28 4 O SRk AT (1] FEHLT R 2013,39(9) :167-169.
TG T SRR TR e M T T EL [9] BUNE 360, — 3 BAT AT 2 27 25 4 7 &
Gamal EFHIAYSR AT 2 2T L T E, 2T EEAE [T WL Tl oR27274R 2011 ,26(2) :126-130.
AT T2 2P AT S T 22 4o b [10] W4, BT —FhiTI -5 1% S BT 4 R ()],
PG4 L AR 254, 2014 ,41(2) :71-78.

BT (117 # Rk, BUER, SFA0. =ANET e A 44 05 Ay 2

SVESHT ] A EAL T AR S N ,2015,51(7) :98-100.

[12] Rwdy, THM,XRE. —F B 1% e 48
Z[I1]. AL ,2003,29(8) : 122-123.

[13] 2 0, &, e, — R LT84 07 £145
FrSuc#E[ 1], HEHL T ,2006,32(16) :146-147.

[14] 3 1E, RS0 FT ElGamal BRI 0] 22 425544 07 0945
M5k [J]. AR S AR 2009,15(6) 1 1459-1460.

[15] BN Bl 2 25055445 BT Sk [ )] 3 H 5L
S5 E4AK,2012,20(1) :45-47.

[16] XUNEHN , Z8 /M, BEHT A, 55, ZE TR m 19 n JT AR A BT 1] 22
PRTEA TR S]], W 4E 54k, 2010, 31
(6) :82-88.

[1] Anderson R. Two remarks on public key cryptology[ C]//The
fourth annual conference on computer and communications se-
curity. New York:[s.n. ],1997.:151-160.

[2] Bellare M, Miner S K. A forward—secure digital signature
scheme[ C ]//Advances in Cryptology — Crypto “99. Berlin:
Springer—Verlag,1999 .431-448.

[3] Burmester M, Chrissikopoulos V,Kotzanikolaou P, et al. Strong
forward security [ M ]//Trusted information. US: Springer,
2001.:109-121.

(4] BRI XISCOF W25, T 22 4 i 8 SORME R T8 i
BWHRLI]. WIE¥M,2014,35(7) :38-45.

[5] Yu Jia, Kong Fanyu, Cheng Xiangguo, et al. One forward—se-
cure signature scheme using bilinear maps and its applications

(E#EF 92 W) partment cam report. [s.1. ] :[s. n. ],1996.
and Applications,2010,362(2) :415-426. [9] Dong G, Guo Z, Wu B. A convex adaptive total variation

[4] Huang Y,Ng M,Wen Y. A new total variation method for mul- model based on the gray level indicator for multiplicative noise
tiplicative noise removal [ J]. STAM Journal on Imaging Sci- removal[ C]//Abstract & applied analysis. [ s. 1. ]; Hindawi
ences,2009,2(1) :20-40. Publishing Corporation,2013.

[5] Donoho D L, Johnstone M. Adapting to unknown smoothness [10] 240, 5k i ¥ 5. FE TR 7 T 28 4325 A 7Y
via wavelet shrinkage[ J]. Journal of the American Statistical [J]. iFEHLN FH ,2012,32(7) :1879-1881.

Association, 1995 ,90(432) :1200-1224. [11] SR TS, —FP 2Bk Gamma e B 75 (%) 42728 A A5

[6] Geman D, Geman S. Stochastic relaxation, Gibbs distribu- (1], IR 22240 . TRERL4 R, 2014 ,46(2) :59-65.
tions,and the Bayesian restoration of images[ J]. IEEE Trans- [12] Wang Y,Yang J,Yin W,et al. A new alternating minimization
actions on Pattern Analysis and Machine Intelligence, 1984 algorithm for total variation image reconstruction [ J]. SIAM
(6):721-741. Journal on Imaging Sciences,2008,1(3) :248-272.

[7] Rudin L, Osher S, Fatemi E. Nonlinear total variation based [13] skerse IR TE. A4 ER & I f PDE M9 S X FHLE(E 52
noise removal algorithms[ J . Physica D: Nonlinear Phenome- B T TENL TR SR ,2006,28(6) :44-46.
na,1992,60(1) :259-268. [14] Shen J, Chan T F. Mathematical models for local nontexture

[8] Strong D M,Chan T F. Spatially and scale adaptive total varia- impaintings[ J ]. SIAM Journal on Applied Mathematics,2002,
tion based regularization and anisotropic diffusion in image 62(3) :1019-1043.

processing[ C]//Diusion in image processing, UCLA math de-



