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i35 A& : Huang X Y,Zhang C J. MRI denoising based on dual-tree complex wavelet transform[ J]. Journal of Image and Graphics,2016,21(1) ;
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MRI denoising based on dual-tree complex wavelet transform

Huang Xueyou, Zhang Changjiang
College of Mathematics, Physics and Information Engineering , Zhejiang Normal University, Jinhua 321004, China

Abstract: Objective Noise in magnetic resonance images (MRI) lowers its quality, affect the visual effect and computer
aided diagnosis. This paper designs an effective MRI denoising algorithm aim to remove Rician noise in MRI . Method In
the complex wavelet domain through dual-tree complex wavelet transform (DT-CWT) , combined with Bilateral Filter ( BF)
and NeighShrink based on Stein’ s unbiased risk estimation (NeighShrinkSURE) | BivariateShrink, this paper designs an
effective MRI denoising algorithm which fully consider the noise distribution characteristic in MRI and wavelet coefficient’ s

inter and intra-scale dependencies. The performance of this method mainly depends on the estimation precision of the noise
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standard deviation in the coefficients of square MRI after DT-CWT transform, then relate to the parameters of BF and two
shrink methods’ weight factors. In order to make the cooperative method show the best performance, this paper takes mean
square error (MSE) | peak signal-to-noise ratio (PSNR) . structural similarity index (SSIM) as the image quality evalu-
ation indexes to correct traditional noise standard deviation estimation method, determine the parameters in BF and the
weight factor between two shrink methods. This paper designs an effective algorithm that combins three methods in the dual
tree complex wavelet domain. Result The experimental results of image denoising show that in the aspect of visual quality,
indicators PSNR and SSIM and elspsed time, the proposed method’ s comprehensive performance is superior to several tra-
ditional MRI denoising algorithms , the PSNR ratio has improved by approximately 0. 5~ 1 dB, the SSIM ratio has im-
proved approximately 5% ~10% . Conclusion Denoising through DT-CWT transform is superior to the basic wavelet trans-
the use of bilateral filter enhances the

form, the filtering accounts for inter-scale dependency and neighboring similarities ,

low frequency part of image, aiming at removing Rician noise in MRI, the proposed algorithm has better noise reduction

while preserve image’ s margin and detail.

Key words: MRI denoising; DT-CWT; neighShrink ; bivariate shrink; bilateral filter

0 3

][

GRS (MRT) 2 — IR A 9 P2 7 iR 4
AR BRI AR AR I 7 vy TR 4 f S A
AN R 25 AN PR AR T MRI A i, (45
— LA LU AT, 20 Gl A e L), 2
T R AR T BT 23 Bir Ak ) X 5 0 B
Wi, I, MRT £ MR — S A a] A 2B

WO MRT O 12 2 00 A3 35 (ke dml) A Jg%
SEERAY HBREEAT SRR, R X A AR S R 2 AT S
e LI S AR f, 45 310 5 S5 3R R 0 1) S R PR AR K
I, PG A AR , 75 S AR P 5 A B i s
W s Ak M iR (R P B0 |, 12 BESRI (Rician) 73
Aii o AR MR FCR I 2RI A b ) T AR, 2
R AR I, A0 ) F 3 0 A DAL IR T % B A5 1
PG MRI, FIAE GG 2 B v S e P 1) 77 3 R 47 g 7
b LM 2 7= A R A I 2%

FIRT, MRI 20 rh—> 5 5 ) U 08 B A 9
W AVRE WA 3 A7, IR AR R AT
X SERT A A RS 2 M 2| R W 1 P O 2%
MR 3 2R MRI AT 59 . Nowak
P I RS UG A T — D S E S TR
TR ) O, 2/ DN A 80 2 Ml A LR R P R
B, L0 i R ] BT MR i EL 5 IR
PG AR A i BB R0 R 7 20 Al Nowak Rf
RSN ES VN C3 T h WO N N &
RI7 oA eSO 54 5 07 22, FERE AU ZE 9 I8
e B2 5 LA T 1%, A3 B0 T2 S8/ N B 1Y

FMERCR . M A T A i 4 1V FH 3 — 28 MRI
FMET vk B UG R AE R (E L (UNLM) '
Jiffiit ik (CURE) %,

MRI $2 8 LA i) 25 o 2030 43, KAl L4y
PEWG G H 7 IE AR B b 5 9 , BN A AR
WFZ 5 3, DN 7 2 P A AR FE M9 2 Manjon
i N UNLM B3k, 307 AU T RS AE
SRR , AR 27 P AR B a A AR B (H R
KR8 5 Biit O B, Aja-Fernandez %5 A7 1%
Rician 437 A9 F5PE F MG RS RAE O GE S B
W2 R EIE R (H A R/ N
PR A A O AGT EME(5 5 $ 8 T 4tk
/NP % 25 (LMMSE ) 2 M R e, {2
SE T AN BE 8RB a 4n 5 A8 1k, 28 23 40 45
SR L, M B AR 58 25 R, Golshan 25 A2 {1k
T LMMSE 5.3, 82t 7 2% 18R F R AE 1) SR AL H
VeSS, FEAR I Ab B AP A A8 A AR /N
W AE e 22 RO JUART 43 AT , 300 08 /0N 0 1 2 W 5 5
PG/ N AR A L Pizurica 25 A H2 1 T 00 -3
N B N A AR /N (UWT) ZE v,
Song 25 N4 L /N B (7 9k A0 B A9 Wi 4
2 RIS G A e 5 15 8,1 2 S [) X 38 )
PIRN 5k AR, T R T etk A5 30 H R v
BRI AR, Anand 25 A" 7E Nowak (4 5L Al
KRR RS 22 UWT A8 5 e A 45 31 R
i NeighShrinkSURE """ F1 X001 g gt 2 3647 220k,
XoF R A1 2R B AL FROAS PR s AR B TR 5 8 T
EOK S W (Y 10 S LI S s e R iy
R R, T XA e B RO IR R D G i BE 1, T

© b [H B R BT AR A A



106

PEEREEFIR

JOURNAL OF IMAGE AND GRAPHICS

Vol.21,No. 1,Jan. 2016

DA, 1207 2 B DB BR T 75 . Luisier 45
NSRRI MRI AR iR 7 40 A B 4 5
BEXS R J7 a3 A B9 ¥ 07 1R 25 59 JC B Al R k5K
(CURE) , FI IR AT AR A5 1 75 [ 15 0 25 16 i
BB E F L BB T 1 (LET) 25, 5
JEU Y S P AN SRR B T A B RS R P T
RETEMA /K (haar) /INEZZ T B H AT T/ Pk
(9 MR 007745 22 R TAL B8 0 B T S8/ N i A e
o B RO NI A T, R/ N R ek
VLR JT 1 A 3 A, AR TR IR e R B 52
AT SR IR . 5 FIRA2E MRT 207 AR
[7] , AR SCR IO 52 /N A e, K- O B 5
/NI ZR BRI PR 22 A R R S AN TR 2
W7 A B/ INE ZR B, H T U S/ N AT S R AR
MoE B RAE, 727 Pk A TR R,
IRAMEGE/ NP AR AN AL, 7EA AR DR R I 7 1 [+ P A
L DR R A AR5 5 B

1. MRI HRE RS $FIE

MRI Ji a5 JC R i e PR 4R A mT LA PR 0l 5
TR R FIRERE T 9-FJ7 FIRSE AR 5 AR, B

A= VR +I’ (1)
IR A MRS () ER M FoR R
M=/ (R+n.)" +(I+n,)’ (2)

K, n,, ng, RFEIME ARSI w37 B AL AR &
SR L R 0, AR HE2%E oun,. ~ N(0,07)
n, ~N(0,0")

W EL P15 MRS RE < 3 BZ ok 40 ( PDF) Jlie M 3 St

0 20 40 60
G EE eI

(Rician) 705 R, il AR

M2 +42

pM|A,0) = L5, Ay oy (3)
g ag

AP L )2 T RBIEM W ZER TR, u - )2
BB R PR, A/o 5E SCN Rician B i {75 1
L, MR L T oo, Rician S35 8L T i o0 A

1 — (M- /A2 +42)2

p(Mlo) = e 2 u(M) (4)

2
2mo

HIE W B T 0 B, Rician 23 A 3T L T Hi
pixiil

p(M|o) = M5t u(n) (5)
g

T B 7 BS54 v LUE 76 MRI T (E
I, B P B F ) A, TR T X, BT
T = 7 40 A . MRI [ B 7 43 A7 2 545 5 4 ¢
(), B L MR AR R X, Nowak ™ 45 T BIE 197 )7
R F M RO AR R A T — I S AE
5 ICK B o

M = (R+n)"+(I+n,)" =
(R+on)>+ (I +0on,)” =
[ (R/o +n)* + (/o +ny)?] =
o[ (Acos(0)/a +n,)> + (Asin(0) /o +n,)" ]

(6)
K, ny ~N(0,1) ,n, =N(0,1) , N5 (6) ATLLFE
IR AT SR IR NS 2 A AR e R 7
A AL IS B A2/0 R AR O R 5 3

PR, AR 7 B (% B 31 R A 5 22
E(M*) =E(A*) +20° (7)
Var(M?) =4¢° (A + o) (8)

20 40 60 80 100 120
F 5 R R A

Bl 1 MRI MRS oA B 7 14
Fig.1 Noise distribution in MRI
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Fig. 2 Noise distribution in squared magnitude MRI
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