56 9 2007 9
1000-3290/2007/56 09 /5180-05

Vol.56 No.9 September 2007

ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.

2006

PACC 1110 4100 8770

EPSP
EPSP Na®

sink

source .

* 60577020
T E-mail eqwu@bjtu. edu. cn

s
100044
10 24 2006 11 8
78
Kamousi
surface Laplacian filtering time
frequency analysis noise normalization
independent component analysis
9
5
10
Po A . na
Ero = 3 2costé, + sinfe, 1
dregr
Po pO ’ér
=3 A e, e,
0 p, e 1
1
45
cosf sind e, e, 1 =
fp p=f"E
1
E=fp



5181

,ér
/ér
’ér
3 p;
1
E = 5 MP
dregr
1 p = Zpi
6 M
p=/"E " "
rxyz
Bx” — 1 3xy 3xz 0O
10 2 2 0
M = 72% 3yx 3y —r 23yz 2%.
1 P 2, e, 3zx 3zy 327 - r
Po = pocoste, — p,sinbe, . M
1
2 1 ,
7 M=M M
= e 3pocoste, — p, . .
0
pocost = pg @, 2
Mxvyz =M -x -y -z
E = 3 2’éré\r - I pO
dreyr
M=326 —1I 3 2
q Bx” - 1 3y 3xz O
E = . 1
dreyr 'Po ‘M| = FE 3yx 3)/2 _2 3yz S
5 3 U 3z 3zy 372 - U
1 Do =2.
Po Do 4 M
Do 1 M 2 7'750
2 M
O- 3y +3z - r 3xz O
_ 20 0
M' =5 37 +327 -1 3yz .
r % 2 2 2 %
- 3x" +3y" -1
M~ 6

po = dne,rrM' r E r .



5182

56
Dxé X0Yo XoZo[]
5 0 2 O
rory = D%)’o Yo yOZOE
0 2
X020  YoZo 20
Mp, = Ap;. 11
xy  xyo  XZo[]
M A=—-1 2. 0 0
rry = nyo YYo YZOE
Uz z 2z, U
1 - y0 1 O z[] 1 %] 0 Yo 0
10 O _ 1040 _ 10,0 [ox Xo¥ %o2[]
Pi="g*pgP=70%gP =97 O O
Oo O 0, O 0,0 I = /¥ Yo) YoZg 16
12 Uzgx  zoy 202U
p: P €, p; €, P D = 1 3 % rr+rorg—rrg—ror — 1
A ey’ L7’
er pl p2
Po e,
E=Mrr,p,. 17
5 17 ro,=0
Do D D
1 17
E = — 13
47'(60r3p0
_ -1
Po P Po=M rry Er 18
E = Lp 14 18
dre,r T E = ZM rrop,. 19
Xy z '
P, P, Ds 4
3. 18
A B A
B 3
r, 2.
f}’o
o
5 0 A X
2
3
3 e, é, r=r-
r, e, =r'lr 3 A B r, a 00 rg —a
1 00 AB 2a A B
:W?rr+roro—rr0—r0r—Ip0 E, E,. « E, E,
15
Do ry x y
* xy  xz[d z Po= pP. Py P: !
o= Sxy yz yzg 17
Uz yz 20 E, = AM,p 20



5183

1

E, = BMyp 21

1

= 5
dre,r)

ri#0 ry#0
Bx-a’-ry 3y x-a 3zx-ap
M. = g 3 3,2 2 3 a
1= y x—-a Y — T ¥z B
U 3:x-4a 3yz 32 - 2 U
Bx+a’-ry 3y x+a 3z x+a [
M3=53yx+a 3y = 1} 3yz E
U 3z x+a 3yz 32 -4 U
20
BM/E, = AM\E, . 22
22 Xy z
Fg X y z . rg x y z 18
Po-
1 E,=E;=E, 22
rp x y z =0
AB . M,
M,
[Ra’ 0 0 O
H 2 U
M, =M; = - 2
A B EO a 0 E 3
u 0 _ U
23 21
[Ra’ 0 0 O
H 2 U
Ey= "> - 24
0 47[60(15@0 “ 0 Bpo
o 0 -aU
0 Eo. O
= 2reod’ E— 2E,, S. 25
0-2g, U
1
2 E,= E3E 0" E;= E
-3E0" 22

= 5
dte,ry

2 2 2
x—a  +y +z

2 2 2
x+a+y +2z.

yz = 0a0
8re,a’E 00 "

AB AB
Po AB 8rnega’ E.
5.
N
6N
2N . l
k
19
N
E, = EMM- rpr,p, 1=1 N 26
=1
N
Ejsz;M_,-k rrrop. j=1 N. 27
3N x3N
U= M, sy Vzmljk 3Nx3N
E; E, D E,
E, P
E, = UP 28
E, = VP 29
U'E, = V'E,. 30
22
6.
17
18
24
2



5184

56

He B Musha T Okamoto Y 1987 [EEE Trans on Biomedical

2005 54 1950

Engineering 34 406 7 Hara ] Musha T Shankle W R 1999 IEEE Trans. on Biomedical
Salu Y Cohen L G Rose D 1990 IEEE Trans on Biomedical Engineering 46 125
Engineering 37 699 8 LY LiH HeR RaoL Wu@Q XuG Shen X Yan W 2004
Cuffin B N 1995 [EEE Trans on Biomedical Engineering 42 68 Proceedings of 26th Annual Conference of the IEEE EMBS 1903
4 Zou L.  7Zhu A'S Zhang Y C 2003 Foreign Medical Sciences 9 Kamousi B LiuZ He B 2005 IEEE Trans . on Neural Systems and
Biomedical Engineering Fascicle 26 103 in Chinese Rehabilitation Engineering 13 166
2003 26 103 10 Chen N 'Y 2001 Electromagnetic field and electromagnetic wave theory
5 Wan HM Xu R X Fang D X Yuan H S 2006 Chinese Journal of Jfundamentals  China Railway Publishing House p38 in Chinese
Neuromedicine 5 410 in Chinese 2001
2006 5410 38

6 Xiao C'Y Lei Y Z2005 Acta Phys. Sin.54 1950 in Chinese

Study on the localization of the electric dipole sources *

Wu Chong-Qing"  Zhao Shuang
Key Laboratory of Luminescence and Optical Information ~ Ministry of Education ~ School of Science
Beijing Jiaotong University — Institute of Optical Information ~ Beijjing 100044 China
Received 24 October 2006 revised manuscript received 8 November 2006

Abstract
The research of dipole source localization has great significance in both clinical research and applications. For example the
EEG recording from the scalp is widely used for the localization of sources of electrical activity in the brain. This paper presents
a closed formula that describes the electric field of dipoles at arbitrary position which is a linear transformer called the transfer
matrix. The expression of transfer matrix and its many useful characteristics are given which can be used for the analysis of the
electrical fields of dipoles. This paper also presents the closed formula for determining the location and magnitude of single dipole
or multi-dipoles according to its electrical field distribution. A calculation result for a single dipole shows that the dipole will be

located at the midpoint of a line segment if there are equivalent fields at its two ends.
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