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Abstract:  This paper presents an experimental system of ElectroM agnetically Induced Themo Acoustic ( EMIT A) . Focusing
on the signal extraction of EMITA, several treatments are adopted to improve the compatibility of the system under high power elec
tromagnetic pulses. To improve the transition of the microwave energy to the biologic tissue, the cross section of the vessel front to
the microwave is designed as bevel; to decrease the electromagnetic impose of ultrasound transducer due to the microwave pulse, the
coupling liquid is used after careful study. In order to extract the EMITA signals from low signatto noise ratio ( SNR) background,
wavelet analysis with soft thresholding is used to filter the strong noise. Experimental results indicate the effectiveness of the wavelet

analysis in the extraction of EMITA signals.
elecromagnetically induced thermo-acoustic ( EMITA) system; wavelet analysis; threshold denoising method

Key words:
EMC) . , EMITA
1
( Eledromagnetically Induced Thermo- A-

coustic, EMITA) ( ) s

, . EMITA EMITA

[+ 31 :
, EMITA ( ;

40 kW ) , ; EMITA

lTlV N )

( EledroMagnetic Compatibility,

: 2007 04 29; : 2008 01- 16

P



1131

2 -
. EMITA ,
- 14,
( ),
H(r, t) R
H(r, 1)
H(r t)=A(r)*1(t) (1
A (1)
. p(r.t)
[5]’ - [6] ,
H(r, t) p(r.t) [
1 9? B9
Vp(r t)= 5aap(r )=~ g all(rt (2
B ) K C, .
V (Ko kg). H(r, 1) ,
. (2
p(r.t)
(r, )= iﬂ[ _Ar ) (3
PO g, ) vicoeipete=rra™ '
, |r—r,|=(t—t/)c
7t/7 r/ 7t9r
2 C 2
1.45 ~ 1. 55mm/ us'¥. (1) (3)
p(r.t) 6(t) ps(r.t)
I.(t) ,
pro= [ Tho- pr 9aT (4
p'[(r, t)
a 1 frd
ps(r. 1)= g[ﬁﬂ_”:apo(r)dcz} (5)
dFor lre-rl= LN
ct - Ps Po»
r, r/, r6 Q/
1 >
2 B 1 & ERERE A ERR
Ps .
Po(r) (1) ,
po= 14 (6)
A= HBF, I/ em?®, %3 s

em L F s

Jan’. T= B%C,

( Griineisen)

04

03

0.2

01

0

mag/V

-0.1

-0.2

-0.3

04 O (R S T il e
0 02 04 06 08 1 12 14 16 18 2

Us x10°
B2 LA 8(r) 75w
po(r), [8] , 2.45GHz
, h= 17mm, (6)
A 19,
A=E/(S*h) (7)
E, , P, T
N )
, C,= 3. 682e3)/ (kg*K), B= 3.8e- 4/
K O(r)= 1.07e3kg/m’.
40kW,
lus, .
50mm X 50mm, h=
17mm, ( )
I'= 0.23 A= 0.9412m])/ an’®, (6) Do
= 216.47Pa.
3. 34uV/Pa,
0. 723mV,
1.0223mV.
3
, EMITA
, [10, 11],
3:
ri'.!dlu‘d’-' T
wawrnra] 52 [ O

—

X ——z

e ]
AYRERES | WFrRE [
M3 LRENE
2450MHz, 0. Sus~ 2us,



1132 2008
500Hz~ 2kHz, 40kW,
108mm X 54mm, TEip. 4(a)
, EMITA 100kHz ~ , lus,
3MH z, 25MHz ,
s s 0. 4mV,
, 5V, lus 0, 0. 6mV.
; , 1. 0223mV,
0. 84mV, 4
, (b) )
) 3mm  PP( ) ( s IMHz~ 3MHz, 2MHz,
2.2~ 2.8, ), ,
45 ,
VSWR PP 10. 69 IMHz~ 3VIHz
2. 71. , , ,
(107 ¥ cm) 1121, )
> ( 40kW 0.03
lus s 5V). , 0025
L _ _ 0.02f
(€=73.983 0= 1.6, oorsh | L 8mV MR G
50% ).
5 oo
s 0005
, PP 300mm, E o
7%, -0.005
0.2% 001}
0015} |
’ -0.02}
, , 0.07
0.06
0. 84mV M
v i P
3 7d 7D 2 / FanlE T e
L PP . -
c¢= 1.5mm/ us D to .
t : 0.01
D= c*( 1= 1) (8
2 4
H# /MHz
4 (b) B G157 55 15 8
4
, EMITA , , 113,
, x(n)=s(n)+ e(n) (9)
s , ’x(n) ,s(n) ;e(n)
4.1 4.2
Aa).  ALD) EMITA )



6 1133
, (112102 (10)
f, 4.1 EMITA
LA ; 00, >1/2 ’ (
Heisenberg 4, IMHz~ 3MHz) s(n) e(n) ,
, ¢ i EMITA ,
) ) (SURE) ny, )
, s(n
(n) 5
Daubechies , 3
N, 2]V; . ’
, 50 % S0mm s d= 3mm.
5], D= 235mm. 1. Smm, 1MHz,
, 1. SMHz, 3.34uV/ Pa
116 7 f,= 25MHz, 5012. ,
lus, 40kW.
g %x10° x10™*
4 fe SR NP :dB4
' o . 1 LKL
3 1| B ML 08217 | TR D)
2 05
z 1 Z 2 ) M |
) = ™ 0 | W
E £ E s} S MR =157.96ps
) p SR R
3 1 =156.04ps
4 1.5}
0 756 158 160 162 164 166 168 170 172 156 158 160 162 164 166 168 170 172 156 158 160 162 164 166 168 170 172 174
i1 6] /us I 1] /us it 1) /us
(a) RAEMAE 5 KRB B (b) MR =2 (D3) 15 B (KI5 SR (c) % “J* (D3)SURE Bifif J: M i &bt 4 1%
B S /e E
5(a) 0.6mvV. 5
. 5(b) .
Daubechies 4 5 5 :
(1) 5b) 5(a) ,
2 2 2
, 3~ 4 D3
, 4 1. 5625MH z~ 3. 125MHz
, 4 . (10), ,
j=3, (D3) , 1. 5625MHz~ .
3. 125MHz, [20] (2) 5(b) Q0 8217mV,
1. 223mV, 17mm
3, 5
5(c¢) 5b) . (3) 5(c) , (D3)
4.2 4.1 , ( SURE) SURE




1134

2008

. 5(¢)
D) = t,% c= 234.06mm, D=
235mm ; Dy =1,
X c= 236. Ymm, d = 236.94— 234.06=
2. 88mm; d= 3mm
4
PP ,
, 5(c) ) ,
. (3)
, EMITA
6
EMITA ,
EMITA ,
EMITA ,
EMITA
EMITA

[1] James C Lin. On microwave induced hearing sensation[J] .
IEEE Transactions Microwave Theory and Techniques, 1977,
25(7) : 605- 603.

[ 2] Kim Hwa, Qing H Liu. Thermo- acoustic tomography modeling
with spectral element method[ A]. IEEE Antennas Propagat
Symp Dig[ C] . Orlando: IEEE Press, 2002. 1409.

[3] RA Kruger, WL Kiser, et al. Thermo acoustic CT technical
considerations| J |. Medical Physics, 1999, 26 (09) : 1832 -
1837.

[ 4] Karen H Chan, James C Lin. Microwave induced themo elastic
tissue imaging| A] . IEEE Engineering in M edicine & Biology
Society 10th Annwal Intemational Conference| C]. New Or
leans: IEEE Press, 1988. 0445 0446.

[ 5] Yuan Xu, Lihong V Wang. Effects of acoustic heterogeneity in
breast thermo acoustic tomography| J| . IEEE Transactions on
U krasonics, Ferroelecirics and Frequency Control, 2003, 50(9) :
1134- 1147.

[ 6] Heodore C Guo. Microwave induced thermo acoustic effect in

dielectrics and its, coupling to, external medium —a themo dy

namical formulation| J] . IEEE Transactions on Microwave The
ory and Techniques, 1984, 32(8): 835- 843.

[7] Minghua Xu, Lihong V Wang. Photo acoustic imaging in
biomedicine[ J]. Review of Scientific Ingruments, 2006, 77
(4) : 041101 I-22.

[8] . [M].

,1990.6- 8.

[9] Minghua Xu, Lhong V Wang. Pulsed microwave induced ther
mo acoustic tomography: filtered back projection in a circular
measurement configuration| J] . American Assoc Phys Med,
2002, 29(8): 1661 - 1670.

[10] R A Kruger, W L Kiser, et al. Contrast enhancement of breas
cancer in vivo using themoaco ustic CT at 434MHz[ J]. Radr
ology, 2000, 216(1):279- 283.

[11] Geng Ku, Lihong V Wang. Combining microwave and ultre
sound: scanning themoacousic tomography| A]. Proceedings
of the 22th Annual EM BS International Conference| C]. Or
lando : IEEE Press, 2000. 2321- 2323.

[12] . [M].

, 1989.71.

[13] . [M].
2003. 19.

[ 14] Stephane Mallat. A Wavelet Tour of Signal Processing| M.
Beijing: China M achine Press, 1999. 56— 63.

[15] . Matlab [M].

, 2005.7- 20.

[16] . [M].
2002. 386— 388.

[ 17] Donoho D L. Denoising by soft thresholding| J|. IEEE Trans
Inform Theory, 1995, 41( 3): 613— 627.

[ 18] . [M].

,2005.43.

,1976 10
, 2006

E mail: chenguoping@ uestc. edu. m

,1983 7

. 5 mail : whyu_ cem@ uesc. edu. en




