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Numerical Simulation of Magnetic Resonance
Elastography for Brain Tissue Study
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Abstract: Magnetic resonance elastography (MRE) is a new solution to detect and visualize the biomechanical prop-
erties of soft tissues. Brain lesions often lead to the changes of biomechanical properties. Therefore, the study of brain soft
tissues by using MRE has great significance. However, the study confronts of the complicated brain structure,as well as the
costs of MRE scanning. It is thus attractive to develop an effective numerical MRE platform which can depict the propaga-
tion of various elastic wave probes through brain tissues. On one hand, the results lead to the quantitative evaluation of the
efficiency of various elastic wave probes. On the other hand, they can support the study of new MRE algorithms for elasticity
reconstruction. A series of quantitative experiments have been carried out,and the results validate the effectiveness of this nu-
merical MRE platform.

Key words: brain tissue;elastic wave ;magnetic resonance elastography ; numerical simulation

1 5|8

PP AR A R e — L s e —
Rl A I T B, 75 Hh 7Y PR I R 5K B vh AR R 4 EOR
(PR 2T A 2 S RE R PR T 3 16 2% L A — Pl
A WA A 5 85 IR SRR B AR AR S — Bl 7L )
RERURBA , BEWS 1 Ak 41 25 1R IF 28 b B0 WL A9 3 1
Hi Bl AT RO T RS s D AR T AL G5 2

Wik F 397:2016-09-30 5 & [7] 1 411 :2018-03-06 ; T AT 4 - 1) 22 5%

BORA TR HOE S B, B3R R g vk
IO P T 22l 241 2088 B 1 T RE VT AG % e R 12 I F 98 o
it ATLe T Lt w g R o L o pg
TN R TR B R B 2 —, R YRR i — A
PSR S A2 2 R Y A R L IR R R
T SRS AL T8 255 3 0 28 15 B, BB JR K I SR
£10 22 0 2= £ 1S 17 1 0 0 30 2 kg T8 £ 11 T 9 A 2R 1
LIS i 5 B S A 5 R J5 ¢ B L) A R A 7E

AT H FHF [ RBHER 4 (No. 61271123 ,No. 61571176, No. 61511140099 ) ; 22 45 785 H 7 4E B2 3£ 4x ( No. 1608085J04 ) ; %4045 [ Pkl 45 &

FEH-H1 ( No. 1503062015)



1208 B

2 iR 2018 4F

5 S LI T LT UL 3 A 7 G S s U B2 W
T AT AR A Ay g L10-15. 160,

O — o] 101 s S R 3 A
b X S P AL e Kl T A MRS (1) B2
P53 2ok — 2 PRI T 0K iR 20 % 2 2 i A 3
THPEACRIE S b, 3A 5 5 I A4 BT 05 1 i 4R 35
(2) Rk Jpek, OB AEMR % F R ], P A e A
7 160 ERAE B0 5 20 D 154 1 P 4 B0 A K o ) 2
TEAEGE 51 (Al b, 389 1 AR 57 SORBE B2 X6 ( MSG) , 7
AR 22 52 IE 0 T S A B B PR G e v R —
VEBE T B R A (I AIDE ) 1R 3 990 2R Ak 1
(LFE) AR5 21 5 7 8% $308 5 i R A i 3 5 R4 2 36
P .

BT BB 98 0 58ty 7 — 26 [ 50 . ply T i 26 2 40 0
Al ] 5 R M R 4 R AL ) TR R S LA 2 2
GBS ML AE P P NG 2 2 P A A 3 A O
52 BT 0 5 2 2L 2R 465 W ) B A BLBR B i
2 3 A LK B A 0 TR A2 2 O IR L R b 2
JB . AR S B [l R, B AR A T R R T
T TR 55 5%, 318 WG L 4R 2R 45 b R4 B v B 14
iz R M5 LU . LR R AR 05 BT DLTE
A AL IR AR R GG DL T, A ) PR AL 1645
B A5 20 5 SCBR BUR R AT A 1O 75 D AR ST 1L 3% A
AMREERE. BT O S — 8 R B 5 3109 43 7 Ak 31
S5 DV 7 M 7 AR AT G A s SR AR AT
5% AR R IR R R 7 B2 2% HR VR B, R 9 H
S, A TR TS 0 R R 2245 g fT B o
L JR HL NG 4L 27 (1 5 2 e B g e 18 21 e AR RS
o, AR AL IR AR 58 CT 49481 4% 21 79 fisi 28
YULERE] 1 Tmage] 1221 S & vf b 8 % 1 41% il 41 2L v
AL AT RS | AT e iR E A 1 B & 1 B

2 BEig5AH%E

AR SCHR H A R AIR I 4 2 P OB 5 5k
C S B 2 2 e S A O 2l PR 0 3. >4 i A 4 5 19 i
FRASAL P AR LU ] 5 5 1) A, 3 o 9 35 L A
FH e A g X A7 L B DD A B B D B A
PR SR JE MO B 7 FRoR A 5 0k, 5Kt AL v 2% DXk
RS (A5 B B B AL [T 1 il sl PR BOR e

M2t A Pl B A pRE

TG AT IR BE(E SRAFN B iR

KL pshE SRR

AR TR G ) I 3l 7 5 SR A — A
SRR . R I R A Ak 2 s O R e R
3 i) TR B A 2y T R B R o R

DAL R RS I — R A2 L BOR ) 6 N A
WL L V)5 R 2 5 2R B s e,

o =Couens  (ir,k,1=1,2,3) (1)
FCH 0 Cpg e 80 464 7 T OV ) K54 s
o AR LA 3K A 45 T A . o i B
Cfe— OB, 4225 ) A 374 = 81 AMs it [
U, R A R L S5 BB 2 ) S L 2. o
3o B AR 4% 16 R ), T4 9 2 B0 51 2
AV At B N T A AR S PR R A RS
o 57 RS 0 BTV A g 3 01 3 5 A
Ry

UL] :Z,U,Eij + )\ekkﬁij (2)
RS- G RH 5 -
Ju; oJu;
o= (G 52 =123 (3)
’ 8xj ox;

Horb w; R x; J7 1) WL RS. KRG DL AE - A% 1 56 2R, f
(2) JEIF T L SR R A

8u1 E)u1 8u2 6u3
o1 :2M7+)\(7+7+7 R
axl axl 6x2 6x3

aul 8u2
o1 =0y :M(E-'-E)
duy du;  duy Juy
=2u—+A(—+—+—),
I 'uéxz <ax1 0%y ax3) (4)

BU/@ 6u2

= = ;+7
023 =03 M(axz ax3)

dug du; duy, Jug
g33 :ZM@-}_)\(%-F%-F@ s
dJu;  Jug
031 =013 =M(@+E)
Horpog,1=1,2,3 FoRH KR AR ZR A9 AL BR 0 o, 18
Pzl Jyoprh 5] A m R GELEA BURTT P Y Navier

BB T e -

60'11 60'12 80'13 f 62u1
+ + + =
ax] 6962 BX3 P 1 p atz
60'21 60'22 80'23 62u2 5
+ + +ple, =P (5)
ax] 6962 BX3 ot
60'31 60'32 60'33 f 62113
+ + + =
ax] 6962 BX3 P 3 p 8[2

Horh f NIy, p FTR A TR BE (— B 1000kg/m?
WETFRINEE P R4 AT R(S) , /T4
1 ) A PV e PR RS S A 55 o i D sl e 2 9
FIA MW 133 .

(W+A))VV s u+uViu+pf=p

’u

P (6)

Horp u A8 R AERE IR AL R o B RS UK



%5 M H BRI ZH AR AR ) B B 1209

s EP B =0, HVu=VV cu=-V xV
xu, W HFFE(6) AR N
82u

()\+2M)VV'u—MVXVXu=p7 (7)

AR (T) FORTEL M 4% 1 FI M /NB S 40 T, eIk
25 F RO 9 377 7 1 B 2%, BB 8 5 K i
FUIESS

SRR 2L 480 o L IR 43 B R 1) P
AT AL P2 50 A0 . SRAR TR0 TT DA %2 o < 9K 3
A T I 2 T L 4 o B D A R £
B 7B AL, A SCTERE A AT R T AL I
I RS it w T LA u(r,p,2).

LIS IR T F A R R A 0T Ly, =0,
T LUREIR(8)

v _uzLa(ru,) +8u1’
ror 0z (8)
ou, .
"~ oor )i
ELA=V - u,Wj=V xu AR5 T AT LA i
NP I7 WY o iRk =
AT
A 2z ror (rW) +pw’u, =0, 9)
dA oW

/\7+M87+pw u, =0

HESRAT AF1 W50 T A R Rk
E’ﬁlﬂéﬁrﬁéﬂﬁﬂ%iﬁﬁ%-

au,

Bz

zz=(A - 2,u,)A+2,u,, zr ,u( ) (10)

W B AW RIS
po’ 29 rﬂ)_kz(kz_z)i(r%)_ 4 A

M2 == r oor 0z r or or Y azz
2

po” _ 9 1w 2 °A

= () =T 2y

(11)
BE LA
z=P,(r<a),zz=0(r>a) ,zr =0 (12)

X H Fourier-Bessel 283 1,(10) ,2(11) ,2(12) 153

2 %Ay aWp,
CrEm =Y +7 (7 =2)8Ay,)

2 22 Jz
2 2 dA
pw (2 2y 2w 13
ey = = (o W) (13)
aly ({a)
zp, = . arg, =0

TRt Ay, B0 Wy,

2 /12 _ A2
_pw k5 =2L o, (Za)e ™+ R

Ap, =

Ay F () (14)
2 2 /2_k2 5 5
Wy, = p(:F(é) “a)) (fa)e = #VE ks

o3Il B A (A5 T SRS -

ng -z -k
Uop, = MF(;)“M@)(ZK Ve

(K -2 e VER)p,

_NQD) R e R
U, =R () 2

+(B -2 e sV -R)p, (15)
T4l Fourier-Bessel 10 A8 4 | W] PSR A543 #8204 -
a*e " Reosh(y* —2sin’p)

Up = P;,
R 2,u R Fy(sing) (16)
ia® 'y e R sm20«/'y sin%@ -
uy= -

2u R Fy(ysing) P

SR b3 e O A KA Dk T LA 80 R S % DX 3
TEVZAREN 25 AF R 77 AL WAL RS o 4% 8 40 &5 R AT 2
BN, w] LIS B R 2 A IR s KA.

3 LWRER

SR B IE R B A S ] SR, R SO K IR T
FRIR R, I CT 45 EC 8T, ik MR 43148 1 A= il sk
Wegh &, A MRE) T HA 52 B0 PR 5 A, 30 uF 3Pk
B sh B P5 525 R
3.1 MAERR

ASCAFF phantom pREUA: BURLIN B AR , He w5 =

AR BEAEAS R BT P i (ANl 2 Ca) TR ), 43 5%
FEATR) A B (R N 2 21, AR 32 243 Ry DO A X8, 5 HL Y
AN DI B DI 25 AN AR ], FLBUE 23 0l B A X
3 1:1kPa, X182 :2kPa, [X 18 3 :3kPa, [X 18] 4 :4kPa. £
ST LB FE 58— & 1000kg/m  JHFA LE 0. 4999.

FERERRN, T AR SCHE B0, 1 B AR B 1 S8,
RIAT 5 20 5 PR Sh . 7R 2 s i) S 5 v, 3 9K 3
P42k 0. 03m, 3K 3 45 % & 100Hz, FOV 4 0. 2m, 15
SRR S EI I 2(b) B, NI shIE el LUE
LR H PUAS A 7] DX 857 38 45 AN A [ ﬁEF%@ﬁcB’JE
SRS, R Z B X — IR S A A R R R — 3

jjih’ﬂﬂﬁﬁﬁiﬁﬁzﬂﬁﬁxﬁri,é}jallflm/\li
S BT DR T A (E DL S bR v 2. {8 AIDE Al
LFE PR RL R T S i A, 15 B U sk o3 A 1] 43
AMAE 2(c) FE 2(d) Fros. 1 Z2BT A EHISE S
AIDE 1 LFE W il 5 4 55 32: 15 2] E’J;&ﬂ]*ﬁ%ﬁ%wﬂf 4
A XS . "] LVE Y JCie A& i i AIDE 55k 08
LFE 503, 5 B4 21 21 (&1 ) 25 4 25 A0 5 3y {Eﬁéh



1210 H, ¥

S ¢ 2018 4

(a) JiEBHR (b) Wezhlal

(d) LFET %

(¢) AIDEHE K4

&2
—%.
F1 HNBETHYEEECESERIYIEETLE
X3k 1 [X 15 2 X35k 3 [X 35 4
P, 1 2 3 4

AIDE | 1.0024 +0. 0158 | 2. 1543 +0.0035 | 3. 1052 £0. 0313 | 4. 1353 +0. 0490

LFE | 1.0035 +0.0448 | 2. 2552 +0. 1812 | 2. 8609 +0. 0587 | 3.7940 +0. 0830

3.2 mECTHE

FEABIE T, A5 28 8 FH phantom pR RS i CT
i A B AL BRI R A% (3 (a) ) - Horp R A
Al AN , 451/ B 2 i 3 A [l 1 2. %
TR R DY AR B, FL BT AR R ] e B < IX
3 1:1kPa, [X5 2 . 2kpa, [X 1, 3 :0. 5kPa, [X 1 4 .0. 5kPa.
A HR S D9 1000kg/m , JAFA EE K 0. 4999.

(a) 1jEAR (b) 100HzEFNA

(¢) AIDEFEFy4%

( d) LFEE*’J
13

i AR, BB WSl IR~ 42 D 0. 03m, BR By 5 4y
100Hz,FOV 75 0. 2m  7EM SBT3 2 P Sl AN 3 ()
Bz, 435 ffi F AIDE 1 LEE 3 ffr 244 853 75 21 gk 43
A (B 3 () MBI 3(d) ). 32 2 B PUASANR] X AR fE
FIE AR A XS L. AT LA B, B AA 15 31 A 5 R 5 B9
{ERATRGE 1) — Btk , RWIA; 57 & 0] DU S0k

52 7R ) 31 Bl 1.
x2 WECTHEONNARARSEREMEHENTLE
[X 45 1 [X 5§ 2 X 45, 3 [X 15§, 4
LAY 1 2 0.5 0.5

AIDE | 1. 1041 £0. 0086 | 2. 1541 +0. 0053 | 0. 6032 +0.0049 | 0. 6000 +0. 0060

LFE | 1.0009 +0.0592 | 2. 0306 0. 0927 | 0. 4789 +0.0033 | 0.48% =+0.0197

T 100Hz (3R B4R, B AD B IA AR REAR LAY X 43
KB G2 ZURE B 5 SR 1 X F /N U B, AIDE Fl LFE
AN RELE I 1 25 5. 3L A BTN R, 20 S I,
KA, A3 HERAR, ME LSS B /NP 1 5 T 24 s D 4
FAARL A A ve BsF A R, 23 R . TR I, g K Bt AT R
1o, AT DASRAS S A 10 43 3. FRATT 1 — 254 0K 3 451 3
# k) 150Hz , fRFFH A S B S 3+% Fi AIDE il LFE 57
FAFEN EAISOR (B 4). AT LUE H o 4505 A s il
PREF AT S A 10 4 BRSO AR, 76 52 B v AN BE
T2 T R 1R BR Sl A RO AR AR AT 1 4y B R, TR AR
T NRGLZUE— R E A, 31 O A A 4 2o 7 o
SN TR, AR 1 T v 2 S BOE PR . R,
AT BT A0 24 AR Ul 114) 6 2R 2 s LR 3L ol 15 R Bl 2
EFFE I — X A5 0]
3.3 f%#E8 MRI AR

ARSI T A6 B 5 MRI 9 #5455 >k B Brainweb.
Brainweb J&—~7E £k /) I G IR 0 B8O 12, mT A4
8 = 2 i 4 2 L A R R S PR A T A
BSHON IEF N2, R ] SFLASH Hz]wﬂlﬂf“ﬁﬂ (5] 95
6] 10ms, 42 i 8] >4 18ms, i 5% ff1 o4 30 £, 22Ny
Tmm, =42 T IS (B 5 (a)) . K B R B T3R80
24247 0. 03m, BRF 45 % 100Hz, FOV 4 0. 2m [ EL 5
BOR A5 20 0 s bE B s | an i 5 (b)) FEoR. 4 B E AT
AIDE il LFE Wi Fp 575 B AN 15 2 g vk 43 A 1 (B 5 ()
MS5(d)). ATLAE T A% BSR4 A ik 5 4
21 A B & [RRE AT LA 85 0y 5 e dpk 7 i
AL T L.

A, TG N i S R (& 5(b) ) ik J& AIDE &
P (B 5 (c) ) Al LFE A E (B 5(d)) LAS v LA
H B B A, SR e R A DR Ry B iR
SR AER 5 e, Ao B PR sh A s, b T
iR A4 ) A, AT LA o i i 22 A R SR Sk DA SE BB
PEPE A B 8. 1B 5 (e) FEL S (f) 7 1 2 76 ik 4




%5 M H BRI ZH AR AR ) B B 1211

P B 0 it S0 41 2 4% S 100Hz PR 3 1Y AIDE Al LFE
R AR ZE . AT DL I, 26 P AR Sl 5 R VR P, RE 8
5 M R 7 B A MR L, TG e A 5 R T
M. Xt T 2 RSN IR U, 7R A 2 A 1 i Bl 3 5
A3 k. X}, 38 <L A S 1] I 2% (directional filtering) ,

(a) 150Hz)% 3N

A AR A R

f
33

(e) XWIHAIDETE 45 R

&4

&5

4 #ig

o AR A AR i S A 1SR Y BIF S B AR T —
T i AEUE T 45 4 1) S 2 1 i s i A
AR ARG B AT 5 BIVAR e 14 6 i i 0 4 6 0 58 1 ol
BALTEIRBI R ARy 51 LR R B3 A BT
TE I 5 1 2 PR A 81 b A S A 1 2 I A S B
SHBETE A AR SR AT (1 2B RCRAE AR AT
T X i R R A AR A, FRATTEE S TR T
AR AT R R 5 0T K 1 AR L ) ISR 2, RE 6 47 LA B
SRR IRAT I A S P L 7 O R 2 R 2
ARSI S5 EL, BB AT 03t 543 1 U AR i 2 R 5 1 1R
R Bl e E AN AR EAY SRR I BT S T A

S 3k

(L] VEACAE. A8 BE /N RS A BRI BE ST [T ] L 724,
2014 ,42 (10) :2086 —2091.
Wang You Sheng. Research on small strain mathematics
model of vessel wall[ J]. Acta Electronica Sinica,2014,42

25
2
18
4
05
0

(b) AIDEET’LH

YLLK R 2% B 0 1 O A AN [R5 1) A R Y o0
FERSEEA 7 F B AR B AR KA A 1 0 4 Al 4R
FIe AR BCOIAS AL £, BB A6 A A fie ik B DDA ik ) L A

BB R, WA S (g) #1 5 (h) PR

50 100

(¢) LFEE%E

150 200

Ni

(¢) %EAIDE@%*% (d) BJRLFEFR AL

%0 20

(f)XXd?ﬁLFEET’J B (g)mmfw*'AIDEEﬁ S (h) FEIIEIELFESE Ry 45 R

(10) ;2086 —2091. (in Chinese )

[2] Chaitow L. Palpation and Assessment Skills: Assessment
through Touch[ M ]. Elsevier Health Sciences,UK,2010.

[3] Venkatesh S K,Ehman R L. Magnetic Resonance Elastog-
raphy[ M ]. Springer New York,2014.

[4] Plecha D M,Pham R M, Klein N, et al. Addition of shear-
wave elastography during second-look MR imaging - di-
rected breast US:Effect on lesion detection and biopsy tar-
geting[ J]. Radiology,2014,272(3) :657 — 664.

[5] Venkatesh S K,Ehman R L. Magnetic resonance elastogra-
phy of abdomen[ J]. Abdominal Imaging,2014 .1 - 15.

[6] Bohte A E,Garteiser P,Niet A D, et al. MR elastography of
the liver:defining thresholds for detecting viscoelastic chan-
ges[ J]. Radiology ,2013,269(3) :768 - 776.

[7] Lee Y,Lee J M,Lee J E, et al. MR elastography for nonin-
vasive assessment of hepatic fibrosis: Reproducibility of the
examination and reproducibility and repeatability of the liv-
er stiffness value measurement [ J]. Journal of Magnetic
Resonance Imaging,2014,39(2) :326 - 331.

[8] Chang J] M,Park I A,Lee S H,et al. Stiffness of tumours



1212 B

2 iR 2018 4F

measured by shear-wave elastography correlated with sub-
types of breast cancer [ J]. European Radiology,2013,23
(9) :2450 —2458.

[9] Sahebjavaher R S, Frew S, Bylinskii A, et al. Prostate MR
elastography with transperineal electromagnetic actuation and
a fast fractionally encoded steady-state gradient echo se-
quence[ J]. NMR in Biomedicine,2014,27(7) ;784 - 794.

[10] Kruse S A,Rose G H, Glaser K J, et al. Magnetic reso-
nance elastography of the brain[ J]. Neurolmage ,2008 ,39
(1):231 -237.

[11] Schregel K, Wuerfel E, Garteiser P, et al. Demyelination
reduces brain parenchymal stiffness quantified in vivo by
magnetic resonance elastography [ J ]. Proceedings of the
National Academy of Sciences, 2012, 109 ( 17 ) : 6650
—-6655.

[12] MMRAE/RTE( Greenfield S A) 3 A HEHL, 55, . A=
¥ (The Human Brain: A Guided Tour) [ M ]. | ifFF} 2~
TR L, 2012.

[13] Murphy M C, Huston J,Jack C R, et al. Decreased brain
stiffness in Alzheimer s disease determined by magnetic
resonance elastography [ J ]. Journal of Magnetic Reso-
nance Imaging,2011,34(3) .:494 - 498.

[14] Bradley W G, Whittemore A R, Watanabe A S, et al. As-
sociation of deep white matter infarction with chronic
communicating hydrocephalus ; implications regarding the
possible origin of normal-pressure hydrocephalus[J]. A-
merican Journal of Neuroradiology,1991,12(1) .31 -9.

[15] Jamin Y,Boult J,Li J,et al. Exploring the biomechanical
properties of brain malignancies and their pathologic de-
terminants In Vivo with magnetic resonance elastography
[J]. Cancer Research,2015,75:1216.

[16] Zorgani A, Souchon R, Dinh A H, et al. Brain palpation
from physiological vibrations using MRI[ J ]. Proceedings
of the National Academy of Sciences, 2015, 112 (42)
12917 - 12921.

[17] Xiang K,Zhu X L,Wang C X, et al. MREJ: MRE elastic-
ity reconstruction on ImageJ [ J]. Computers in Biology
and Medicine,2013,43(7) .847 —852.

B3 J,1991 AR 11 A TILRAE &
T, 2014 AEARRREED T 5 HE Tk K2 A9
BR2E TREL L, BUN & ML AR B 1 2R HFFE 4
WL T2 S R R BRI R
WG BAGATE, JE R IR AR 1R

E-mail ; ericshanhf@ foxmail. com

[18] Braun J, Buntkowsky G, Bernarding J, et al. Simulation
and analysis of magnetic resonance elastography wave im-
ages using coupled harmonic oscillators and Gaussian lo-
cal frequency estimation [ J]. Magnetic Resonance Ima-
ging,2001,19.703 - 713.

(19 ] Bidd. 3R SR A5 110 52 38 B A N\l 1) 90 28 F 52
[D]. B#PEERIR,2007.

[20] Li B N,Chui C K,Ong S H,et al. Modeling shear modu-
lus distribution in magnetic resonance elastography with
piecewise constant level sets| J]. Magnetic Resonance Im-
aging ,2012,20:390 —-401.

[21] Li B N,Shan X, Xiang K et al. Evaluation of robust wave
image processing methods for magnetic resonance elastog-
raphy[ J]. Computers in Biology and Medicine,2014,54;
100 - 108.

[22] Schneider C A ,Rasband W S, Eliceiri K W. NIH Image to
Imagel ;25 years of image analysis[ J]. Nature Methods,
2012,9(7) :671 - 675.

[23] Doyley M M. Model-based elastography: a survey of ap-
proaches to the inverse elasticity problem[ J]. Physics in
Medicine and Biology,2012,57:R35.

[24] Muthupillai R, Lomas D J,Rossman P J, et al. Magnetic
resonance elastography by direct visualization of propaga-
ting acoustic strain waves[ J]. Science,1995,269(5232) .
1854 - 1857.

[25] Glaser K J,Manduca A ,Ehman R L. Review of MR elas-
tography applications and recent developments[J]. Jour-
nal of Magnetic Resonance Imaging, 2012,36 (4) 757
-774.

[26] Galdi G. An Introduction to the Mathematical Theory of
the Navier-Stokes Equations ; Steady-State Problems[ M ].
Springer Science & Business Media,2011.

(27 ] REZHT, 2N, (6] JG8. TAT fi 0 2 % 5 e 5% 1 6 {7t
B 5 JAEFE [T ], W7 2 4, 2017, 45 (6) : 1483
- 1489.

Zhu Xia Li,Li Bing Nan, Xiang Kui. Numerical modeling
of magnetic resonance elastography[ J]. Acta Electronica
Sinica,2017,45(6) :1483 - 1489. (in Chinese )

EWhm( BIEEE) 1978 455 Jik
FULIRAE FINT. G A8 ol K2 AR 50k
L T RR 2B T A 0, R LR R 2
TR K IEEE Senior Member , 7 [ Hi,
-— THamP . RSB AR 7% 5K

S— - FRERAR, ERAFEEIHRAR SR, B8
“ TE [ WA REARIBI 60 KA, HiE & W] L F
L HAPEARRGE 20 T

E-mail ; bingoon@ ieee. org




