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Image denoising based on modified discrete
lattice Boltzmann method
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Abstract: In order to solve the problem of low image contrast and serious noise pollution in the process
of biomedical image processing, a modified lattice Boltzmann method is proposed. The algorithm
structures the piecewise linear stretching function, and constructed it as the external force factor of
the LBM formula to build the evolution equation. The algorithm adjusts the change factor sto synchro-
nously control the correlation between image noise reduction and contrast enhancement to eliminate
the contrast between noise reduction and contrast enhancement. By optimizing the weighting coeffi-
cients of the equilibrium distribution, the solution accuracy and speed of the tradeoff diffusion
equation are obtained. The edge feature and the iterative step are embedded in the relaxation factor to
realize the non-linear diffusion denoising of the medical image and to solve the contradiction between
the synchronous noise reduction and the contrast enhancement in the medical image processing. The
simulation results show that the proposed algorithm is more effective than other noise reduction

algorithms in suppressing noise effectively.

Y5 B H9:2016-10-20; 83T H#3:2016-12-07.
* @ {8 & A\, E-mail : dingningning1 978 @ sina.com



Bal

T B O T UK 25 8 07 ik Y R 295

Key words: discrete lattice Boltzmann method; image denoising; external force factor; relaxation fac-

tor; balanced distribution

un\:

1 7]

AW BE A KR Ak R B IS 25 5 S BT AE N B
Xf BEAE R AR 1A 2 5 SRR S W, 3l 3 R A
WYy~ RR AT [ e 1 5 B 22, DT 48 5 LR
PLBERCRE o T PTG ek M 15 i 22 1 5 A X 57 A HE
& A TCRRNRJE S 2E NG SR A by ik R A R L 2
ROR] , — B MR AN 58 53, S o ol PR A e 7 35
I 2 B SR 5 W W, 23 TE IR IR PR G 7 T e
JIT LA S Qs A 5 e A ) B 2 TR Ak B b e R 5 T
22 W8 R O7 5 RS N7 R 22 5 SO A 5 v 4 O R
AW B U AL BB S R T 2 —

B F 3% R 25 2 1 (Lattice Boltzmann
Method, LBMD & — Bl AN 7] T 1% G B8 7 %5 A9 it
PRI SRS )5 ¥ 7 AR Ak B 451 8 380 i 15 3 4
JTE R . SCERC3 T A 5 i 4 Be 4 Pk B il R 4R
VE R b I IR %% 2 07 R A6 J 30T, 52 B 5 2 TR AR
F18 i) 2 25 W R sz 2 g i 5 SCHR (4 J7E -1 Ak B b |
A LBM 383, I AR AL C-V BRI AT 43
F IE SR AE S SO E AT 32 IBOER rhoAH Bz
(8 7 AIE 2 4005 SCHR S 13 2o 7EA% 10 /K 2% 2 4% [n] [+
PR BB (g 0O A A5 T A B A B, ST TR
T IR 2% S 45 0] SEVE Y HORE Y L i e T P-M AR Y
FEAERY IR 07 42, Ak 3 485 2R AT B vy ) g
(AR MR L 5 SCHRL6 J7E 3 BORE B L ftlh B, 51 A B
A0 T A A% o) S M O BY L AR S LY HOT
TR TG 3 46 B AL, A Sr it 3, 38 3 LBADM A
RS AR BEAT 43 BIARAS H AR 2> B % 5 SCikL7 148
H— R 5L TAE 1 IR 22 2 (LB) B 1 14144 43 381
Tk Gz AR G A5 BAE N LB Ak
JrRE R R R T, 5] ARG E B AE R LB
AR, 35 N ) A g 3 [ 42 TR 3 S R
(AL . FR I AT DL B O R 22 2 5 sk B AT IR
HEHE | IFAT A B ORS00 A AR A g — PP AR 4
B PDE (Partial Differential Equations) ${ {8 >K fi#
BL . A SR LBM J7 v6 B9 AH OGP s 3210 T
— b AR RS T UK 25 2 DT AR W R TR R
P R

2 Rl HeRiimegssh B F

21 BEFERHEUMMSFE
7 B ¥ 45 16! (Histogram Equalization,
HE) B J5 B 208 85 15l A K B 1) AR 5% e R .
7 X8 5] oy A B TG o DT el 5 145 o L ST AR
JZURME AR S0 ek (9] R B 2K (1) # 47 HE
J7 3K i
D = f(d) = (D — D)
J‘j haOpdy D (D
Hr, D J& R =858 2 fF W EG . d 20 0 K% .
F O RIBERHTTE | hy Cpdy W1

MR E TR, — 8k HE SR@EHLHT .

(DiCEWBEGE E TR A Ry
(pdy;

()L AKX DT — 4504l

I HRAG— A B AL % w0 s B AT o 22 1 o
AR,

i SCiHk[10] 7] %01, PDE ML AT 52 8 HE f9sR
fift it 72 . 2 PDE By SE BT .

IP(s.t) . PG B _
b 7[1 DH]AU A(P(s,t))

9

P(s5.0)=P,(s)
(2)
H, PGy & HE A FE 2 5 BHE, Ay J& 80
B RN, ACH) & Ay AT .
MRAESCHRL 1L I AR O Rz J5 T A

dJ S 9
Pg; t) :[(DmaxiDmin>H(P(Sat>> +
D.owl—P(sst) . (3)
B O — R BT T .
d 5 9 .
P;‘; D p(PGat)) — PGty o (D)

Horbre fCo) o2 mTC B A9 AR K BE B #0705
22 REHBRLE

PRI IR BE 189 43 A1 A5 5L AT Hy 577 B A AR, Y
LT R A T 249 53 23 A R 2 i AR 00 B 0 AR B
Mo 1k 22 358 2 I 1 P A BEAKCR 35 3 B



296 W5 B

o532 %

HRIR A 7R SOR WOy Be 4 M i i i J7 14 Ol e 22
R TR AR R AR

1)K 0 iy P AG 1) Bl 28 X3k B AT 25 5 b 1) 1)
M Bt R AT A — Bt @, iy EH 5B R
RAMEAT G -

DIh(i)~1/M.m € (1,2,....M) ,

e
IR 2AT 27 X TR N A48 R B S P —
OMEBEEAN I BE Wi 2 AR 25 m By
s oy Gn) Fos, AR B d. (m) FoR,
BBk ih e E— BRI 1,84 -
ditm)=d,(m —1D +1,m &€ (1,2,....M) ,
J 2 B i 22 e 0 TR Y AR R i 2

m
D,(m) —M(Dmax

(3 FE- 1 LA A bR &R (d W D) HY L X 4340
BRI IHAAAR (dy (m) Dy Gm ) 5 2K B i A8 b
(d,(m) D, (m)) Z B 4T St 25 [ HRAE .

" (k)=D,(m)+

Dz(?’)’l)id1(m)+1

Hrk=d, (m).d,(m)+1.,....ds(m).m€ (1,
245...M),
X B SR A 20O AR Dy () v A 2 IR B e 4

_Dmin),ﬁ’l 6 (1329...9M) .

> (5)

3 it LBM &) B L ag A

LBM J& —Fp i 40 7 25 . i S ik iy i &
) 55 A4 K, 5 A DA 9 R T o A R L P (=
0s1sesb— D MY HLE ¢, G=0,1,....6— 1B
D, T LBM W D,Q, (a FoR 23 1] 4
6 o g5 D HLE H TR )zt
& D,Q: 5 D,Q, WxREK,

i~2 i=6 2 i=5
=3[« =1 =3 i=1
i=0
=5
Py =1 =4 =8
(2) D,Qs (b) D,Qy

K1 D.Q Y5 D.Qfi ms B &l
Fig.1 Sketch maps of D,Q; and D, Qq

D.Qs 1Y B A FE ] 1 2h
(0,0),:=0
c= - .
c(cos&,sin@),(9:(1'—1)?,1':1,2,3,4
(6)
D,Q, 1 i L 1] 1524
0,0),i=0

c(cos@,sinﬁ)ﬂ:(i—l)%, i=1,2,3,4

2¢(cosl s sind) 0=(i —5>%+% i =5,6,7,8

(D
TEZ5 T8AN 152 g LT . B LBM Y 300
AR IR AT .
P,(s+c: Attt +A)—P,;(s,t)=
w(P)[P,(s,t)—P(s,0) ]+
AtF, (s50) (G =0,1,....b—1), )
Hrr. P, (soo) Rt BEZITE s (BN BA ¢, B
BT B E DA R 0 (P) IS E T, P R
5 A PR F L GO RSN TR A R 198 15
Tl 2 0T 1~ 1E R A
P=>P, => pu . (9)
h T AL IR, SCE DL D.Qy A 9 AT
M AR BT 7 B0 R B B L D, Q. T4 53
BRECR
(1—48, —48.)P ,i =0
P9=1{8,P,i=1,2,3,4 . Ao
8,P.i=5,6,7,8
K., f o, A D,Q, V-1 73 A eRELA Iy 10 1y I
BARE0<C6,,0,<C0.25, D, Qq FT X1 1Y % M AR
LY BT RN
a,P:div((Zé‘]+482)(ﬁ—%)vp)+F )
(1D
LR BN N2 R S LBM AR B Y 4b
J1I
F=c(f(P(s.t))—P(s.,t)) . (12)
S 3 Ay pREOR ETORE T B IO 3 B AR e R
A5 5 TI A st PR = D) 2 5 i~ 7 ) R A L S
FOREAE LLR PR AS /N i oA 0 A eR ORI st
Bl TG A B9 1 48 43 A AR B8 b T 8Oy
T I SR ARG B R0 B BBE B i R IR RN K AR D Kk
K 5t PR T ST G2 R T RS AN R Y W] B



Bal

T B O T UK 25 8 07 ik Y R 297

PR B A EAR AR LR AR
3.1 MmMEF

R T M R ] AR DR A R 2 PR Y 1 S
ik ST PR A5 A 4 32 A5 JE Xk P 1R 9 300 5 R AR
BEAT AL T R A A 120 2 Ak T e A B AL ol [
T AR B P s A P R L O R R
PE N m HEIRLHLAG 25 (8], 32 23 8] v s B 06 20

ap! IP'

3.7( dx +Wdy ’ "‘ +
E)P'H (’)PNI

P dx + 0y

PRI L B A 25 ) rp B 80N

) m (’)i ai 2
MPV:uRﬂU:§j(P®A—P®),

dP=(

dy) . (13)

= \dx dy
a4
, dz1'[ST dx
|dP |*=(dP ,dP)= =
dy TW | |dy
dz " dx
A , (15)
dy dy

A A 1] AT R R

m (7 i 2
S=(P,.P) =] (iidxj

i=1

m a i a i
T=@Jﬁ=2&ihﬂ£®j,

i=1

m IP: 2
W=(P,,P,)=, (Iydy)

i=1

(16)
FEBE A BYRFAE 1 H N .
A =(S+WE./(S—W)*+4T?)/2, (17)
E—FUR s i — S (e ay) s |dP | FRRE
154% 2 AR Ak B RS 7 AL g A T MR AR 1k
W I — A0 [ R B o R A Ak i it DA T B
WMGAFIE . M AT KB KB, R T A B
UG K T B i FH 300 2R Bk PR

3.315 j
(Mz*;{l ‘/90)8 ’

a8
AP R o WOV $2 M B [ Bk o 1 3
B . RIEAXAD TR I D,Qy HEH Ay #
5t A A

h( |A27A1 | )lexp(—

2
w(‘;\g*/l] ‘):

. (Y

D
Hgigmufmb

HRAE DL b dn il R 7 n] LB KO D Ry IEZR
PEY BT R AT A HE S
32 FELIBEH

ST 43 A BRRIO I TR BRI R Ik B R
ARABTEUE . FE R B 8O R HZAH A R
BRSNS 1, W R T ST E s R AL £ X D.Q,
A LB () Sl /A R P S5
B AR F U B R AR &R

M =n. P, (20)
$ 38 (200 A AR () T 72
.

pPit=. 21

2 AT A BB TR B S O T ROk TR
FHAF I, R GEAE T, FATTH 1 23 A R K 3k
W5 P RIS AR — B0 AR s 39 s 5 e 39 moF
7 7315 BRI T 2R B A

1

01 =0:= » (22)
B CORAAKX QAT
2
w(uz_km)71+3Dh(Mz—AJ)'(29
3.3 ARXHEHR

M A2 (12) AT 1, LBM BRI A 4 S 101 F =
o(f(P(s.t))—P(s 1)) XHE F,=¢,F, &
K F=eF”, B4 F,=eF”, BRIEARXCD
CIECE

1
F,-:go,-FZEG(f(P(s s))—P(Gs,t)) , (24
[F] s it 2

b—1 b—1
DIF.=F.>,c.F, =0 . (25)
i=0

R I5E F GETE Ja /N3 A B - o AR A
* H Chapmann-Enskog EAINY: 5
P, (s, t))=P%(s,t)+ePP (s,t)+0OE*) ,
(26)
W r=et,t'=¢c"t,s=es, HH e H/PNS RN L
Hs
XHARK () AL R RIT .8 L O(Ae*) . 4
of — B F A G Al A
9P (s.1) =D F | ¢1)

#*

9P =0 —0.5)At(c,c;9,9,)PO .

(28



298

Bk (27) Xe+ (28) Xe? AR 7 e

d

5P (ss)=div(D, VP)+F 29
Horr Dy S #osk & w]

d
5, =div(D, VP +a(f(PY=P) . (30)

Dij:Z(E,-*O.S)At(?,-e;ej . (31)

(300 R alF 4 J1 B F (1 LBM 2 W2 3K, div
(D, VP) 2l HAT B 26 1 4% ) 5 1 4 {1 17 o e A
W.o(f(P)—P)NpBtERi Mk ESHNH
J5 B8 AR AT AL, BT R R R 25 3, FL R g
5 R 2302 S8 0 FEl .

Z 8 lattice WYXTRRIE R E W T

g, (P)=¢ ,(P)(i=1,2,5,6) ., (32)

B 32 A& AKX 2 il 5y ik &

DN

D,,:%(ZEI—‘—Zg; +2€673)

D;‘j:%(252+255+256*3) . (3%

2
D,‘j :Djizg(gsigfi)

N TR IR R R N O 47 R 2 R B T 2R
fiE , SCE BT 73 A bR KR ot K5, AT AL
{9 - 5 A IAS R K BT v BT R B SR A R
I JEE 4 100 G R AR AL A AR St IR 1
DA 3 B 47 o] P A5 2% it 4 o ek S8 AN AR LM T B
WERY H Y. RS 4 ) BT i 5T LBM B
Y S B PG () A e W 5 i 22 34 i T e

4 GATHEZEESH

R T DR A [R) B0 92 7 RS A B AR O T Y A
] 22 R, {15 B 92 862K ] Matlab7.0 7E PC L (Intel
(R)Core i3-3240 CPU®@ 3.4 GHz 4G W) 1T
S

PIbRHE Lena BURTE IR I 25138 R AL s, =
(0.1,0.3,0.4,0.7)F , B TE AR 3C 8 1k 9 A3 20k 3
SCUGZE R AN 2 TR,

P 2 SR S5 T, M 2 R B R 0.1 F
0.7 I, 5 RGBS 22 R BN 0.3
B, A B ) PRI MR O B A R . MR 22 B R R AL
k0.4 B MG AR B0 00 B A

B AL 75 5=0.3 5,~0.7

B2 AR S 22 4 0 2R B TSR Ak B8R
Fig.2 Image processing effect on different contrast

enhancement coefficient

N T BAEA SCRIE B P TV 5 Y
SR SCRR L1815 s SCER 19 )55 8 5 AR X
BEEE Xk A 0 0 Y S AR R R Y 2 g R AT 5K
%o Hob 22 HE 5 AR K A = 0.5, B ML 7S SR 4y
HR 1,8 K C=3, IR EC 2 k. J7 24 10,
S X AR WA 3 BR

(V) ik [19] Btk T (VD Stk

PE 3 2% v o A A A S A P AR 4 25 IR ZBOR

Fig.3 Denoising effects on different algorithms to

biological cell microscopic images

M (3) LR 25 R mT U 4 Fh B i AR RE AT
RS AT A RP e i ) T A O 2 Y R B
TV 25 W3 5 5005 A 22 M I T 412 BOAY 28 ) 40 i A4S
g - I8 28, L TR s SCHRL 18 1%
AE 20 5 Ak B A Ay O A AT PR () R i
PG b i — LE 201 BEM 25 K 1 5 SCHRL 19 1500k fig
B O B DTy Y LR A X B T
SUPR R 5 AR SCHIE B Lr M ) 1 MR L1 0 I P
F14 [7) B 47 200 121 5% ) 0 % R A 2 BBCA 4 i A



Bal

T B O T UK 25 8 07 ik Y R 299

=

0 35 AT . 200 Ak R R A 2L 4
W 33 T B 1 5 AR S G S A e i
PG AT B2 IR K/ 512 X512 X 25, F
R EIR R A=0.2, m T A AR ME 2l 30,
AR C=3,08H 5 W, LR RWE 4 i,

¢ LB IR T

\s

(D) S E R (I 2 5 R R (D TV MR vk

(IV) 3ciik [18] Sk

Pl 4 2% T3 o I o0 A I Pl A ) 5 MR 2 R

Fig.4  Denoising effects on different algorithms to

(V) 3CHik [19] 33k (VD AR

brain magnetic resonance images

MNIEL 4 5286 25 5T LA L 4 Fh 3k R R
R0 M P A G b it BRI iR ) R
RIS O B R A AR AL BE B, TV £
g 0 5 B0 1 7 X PR 2 M IS e A 1 2880 SR A A
BT A5 S0 26 AT (T Hp & 5 1 DX Ak B 45y
IR S 1E 7 TE = F T S8 410 AS e AR 4 1) Je g, D
Z T AR W s SCERL18 5k  SCRR[19 1583k
AR SRR R W 7S R A A BRI L TV Mg o
SRR B A b AR RS S A W R 1 R
{EA SCR VR AR IE TE A1 = M T8 e 3 X 38 A 45y
A FR T Sy 20 IR M X 2 T AR SO BT
A0 3 PR A 52 B PG R M ) [ I %o o 0 IXC i
AT I 253G 58 B 30 G R A Ak AR D K A A A st
PRI 45 R & A AR e B s e

% {5 {5 M kb (Peak Signal-to-Noise Ratio,
PSNR) FH 2 3 f B & B 45 Ak R B A C
.

PSNR—lOlog[E

x

(P(xyN)—P(x))?
2557 ’

340

Hr P ) R RE WA TG RPHEAR P (x,
NOJE N Wi HAEZ 5 i S . AR SCM il 3 %
T IR PR A5 P T T i — 0 3 A o L R RS A R
D AR M 75 Tl 52 s o i 08 A% 1 2 41 ) 3k
EENN EARUEZE R o i i E1 MR P A ok, 1 S 3
BUS POFME . TEARI M S AR E2E T 4 FhERTE
XTI PSNR B Gn & 5 frzs .

42

40 —a— ik [18] Bk
—o— TVEMUY R
38 —a— SOk [19] 5k

—e— AHH

2410 26 36 4‘0 50 60 70 éo 90 100
W B2
Bl 5 OR[FEE K PSNR X H

Fig.5 Contrasts of different algorithms to PSNR

MBS ) PSNR 7 £k AT, 4 i 505 7R AR
o 0T R R oA 22 T BE A B A 1 R AR L Sk
L1885 Uk (19 ] Bk AR CIRE TV &
WaE 3480 iR RV R -, (EL B o v 0 MR 7 A v 25 3 R, AR
CHIEW PSNR A — H M FHAM 3 # LW
PSNR B , & B A% SCH 1 119 T AR Ak 230 21 4 24
FHAh 3 R,

ASCHIT LBM J5 4 BORS i A5 5 K i 20 Ak
SERE AL PR T — PRt B O TR 28 R Tk
(14 £y = o PR S MR 0 B0 ik X 0 B P T i
PRBCHEAT I 3, OF 18 LBM AKX A4 I+, 1
S PR g 7 e 3d T AR A IR T o [ £ A
PG e M 5 sz 2 48 i 4 R O R HE T B3k e Mt 5
PR e RIS DO WVAPB i PO R N A o LI i) I
I b O R 0 SR R ORS B R G R L o 01 R AT AN
AR AR S A 5 o, 2 B BR 2 AR AR e
PRI 25 M i e R o (R AR Ak B e Y [R] 2 e
J 2 3 i ) 64 2 JE o R T 5 AT A7 T 2 440 1Y 1)
NS RO O BE 38 I 2 BORh 28 52 7 A 1)
L — BT S



300

W5 B 532 %

S & Lk

(1]

(2]

(3]

(4]

[5]

[6]

[7]

[8]

[9]

(10]

[11]

(12]

[13]

[14]

oAb, AR EET WECM 503k 48 MR EHR#) B BT LR & F 3 R 2015, 38(6) :90-93.
HAN H W, MIAO J Q. Application of an improved WFCM-based algorithm in MRI image segmentation [ J]. Mod-
ern Electronics Technique, 2015, 38(6): 90-93. (in Chinese)
BES P EEF R B R XIRGETHE B A TR 2% 2 RS ER L) ] 8 R AL # 4R ,2016,34(1) :49-57.
WEN J L, YAN Z Z, JIANG ] H. A lattice Boltzmann model with statistic region information for image segmenta-
tion [J]. Journal of Applied Sciences, 2016, 34(1): 49-57. (in Chinese)
BES,PREE MER T RIRESITENE MR IF L L MR R[] A A AL & %,2013,34(9)
2197-2200.
WEN J L, YAN Z Z, LIN X M. Synchronization algorithm for denoising and enhancement of medical image based
on lattice Boltzmann method [J]. Journal of Chinese Com puter Systems, 2013, 34(9): 2197-2200. (in Chinese)
R PHEAER.FET BERADS B A FURE R TR P B2 Wik e[ ] £ 4 B 5 T 42 5 3 & . 2009,
30(1):9-13.
SONG Q, YAN Z Z, ZHOU Z C, et al. Computer-aided diagnosis of breast ultrasound image based on BI-RADS
[J]. Progress in Biomedical Engineering , 2009, 30(1): 9-13. (in Chinese)
M B, FPOE & RR A IR TG TR 25 SR g R LR LT )b F 5 4. 2009, 37(3) :574-580.
CHEN Y, YAN Z Z, QIAN Y H. The lattice Boltzmann method based image denoising [J]. Acta Electronica Sini-
ca», 2009, 37(3): 574-580. (in Chinese)
BERL W B, X AR AT OU I A Zh LA ) R RO B R S R DT ) 5 AL A2 5 a9t . 2010, 31 (16)
3666-3669.
TENG G, CHEN Y, WU Q. Image segmentation based on lattice Boltzmann anisotropic diffusion model [J]. Com-
puter Engineering and Design. 2010, 31(16): 3666-3669. (in Chinese)
BES,PREEDER,FAERGLGA K EE LN TRRZSHEBMEGIH[T] 53R FFRZHFRO,
2013,34(6) :687-692.
WEN J L, YANZ Z, SUN Y B, et al. Image segmentation of integrated edge and region information by lattice Bo-
ltzmann model [J]. Journal of Jiangsu University (Natural Science Edition), 2013, 34(6): 687-692. (in Chi-
nese)
&AL H R BT /INBAR I BRI SORT S [T ] ILR T R, 20138,36(4) :89-91.
WU S, PENG L Y. New image enhencement algorithm based on wavelet transform [J]. Modern Electronics Tech-
nique » 2013, 36(4): 89-91. (in Chinese)
ERYAFEME Bt b BRI R A2 kML B2 A, 2008.
WANG D K, HOU Y Q, PENG J Y. Partial Differential Equation Methods on Image Processing[ M]. Beijing: Sci-
ence Press, 2008.
M A, Z k. E KL IR T PDE Ky P8 2 AN 22 358 TR P Bk T ] 4 AL T 42.2009.35(23) £ 224-226.
CHEN Y. PENG J Y, WANG D K. et al. Synchronization algorithm of image denoising and contrast enhance-
ment based on PDE [J]. Computer Engineering » 2009, 35(23): 224-226. (in Chinese)
WAL IR R AT PDE IR LM S]] A& & 5 B 7.2011,26(1):111-115.
HAN X Z, CHEN C D, ZHAO ]. Nonlinear image de-noising and enhancement based on PDE [J]. Chinese Jour-
nal of Liquid Crystals and Displays, 2011, 26(1): 111-115. (in Chinese)
X AR R SRR 8 AR AR TR %62 1 R B BRI ST L) | 38 dg A3 K 52 5 4R, 2013, 28(2) 1 64-68.
LIU Z C, CHEN H L, XIAN D Q. Study of lattice Boltzmann method based image inpainting [J1. Journal of
Southwest University of Science and Technology, 2013, 28(2): 64-68. (in Chinese)
CHANG Q 'S, YANG T. A lattice Boltzmann method for image denoising []J]. IEEE Transactions on Image Pro-
cessing » 2009, 18(12) . 2797-2802.
LYSAKER M, LUNDERVOLD A, TAI X C. Noise removal using fourth-order partial differential equation with

applications to medical magnetic resonance images in space and time [J]. IEEE Transactions on Image Process-



i TIOR8 07 VR I TRR 2 301

[16]

[17]

(18]

[19]

[20]

ing, 2003, 12(12) . 1579-1590.

KE J, HOU Y Q. WANG D K.etr al. An improved algorithm for shape preserving contrast enhancement [J].
Acta Photonica Sinica » 2009, 38(1) . 214-219.

YANG M, ZHANG L, FENG X C, et al. Fisher discrimination dictionary learning for sparse representation
[Cl//Proceedings of IEEE International Conference on Com puter Vision (ICCV), Barcelona: IEEE, 2011:
543-550.

Wi, M, AR L AT ORI A PR TR A K M R D 1R (] S AL 242, 2014,40(6) - 230-233.

JIA D, DONG N, MENG X F, et al. Synchronization method of image denoising and enhancement based on vec-
tor diffusion control [J]. Computer Engineering , 2014, 40(6): 230-233. (in Chinese)

B304 55 Ak, 98 i R Q- NLM RA 7 B2 PR KW iy LT 3 SEAu 242 55 5 R, 2015,51(10) ¢ 174~
176, 181.

XIAO GR, XIEF S, HU H J. Advanced Q-NLM algorithm application in medical image denoising [J]. Com puter
Engineering and Applications, 2015, 51(10): 174-176, 181. (in Chinese)

LIN X B, QIU T S. Denoise MRI images using sparse 3D transformation domain collaborative filtering [ C]//Pro-
ceedings of the 2011 4th International Conference on Biomedical Engineering and Informatics (BMEI), Shang-
hai: IEEE, 2011. 233-236.

X 75 4r, R MBS 5 02 0 T R IR A 2 T RO IR SR AR R R R B R SR T L w2,
2014,22(10) :2806-2814.

LIU Q H, LI B, LIN M. Image denoising with dual-directional filter bank GSM model and non-local mean filter
[J]. Optics and Precision Engineering » 2014, 22(10): 2804-2814. (in Chinese)

EER N T T T Q978 =) L AR A N, YRR, B 58 J7 1« R4 3 5 8503800 . E-mail: dingningning1978 @

sina.com



