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Design and realization of an EEG amplifier based on body surface

potential map measurement scheme
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(1.School of Information Science and Engineering, Fujian University of Technology, Fuzhou 350118, China;

2.School of Instrument Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract; An alternative method was proposed for generating BSPM by connecting two 64-lead electroenceph-

alogram ( EEG ) amplifiers in series for the collection of surface potential signals. A digital zero-phase

bandpass filter was adopted to filter interference, and then the processed signals were used to reconstruct the

BSPM according to the corresponding location of each lead. Experimental results show that the proposed

scheme can effectively help obtain the BSPMs corresponding to the cardiac electrical activity. It indicates that

the proposed approach has great potential in the diagnosis of complex cardiac diseases.

Keywords: body surface potential map ( BSPM) ; electroencephalogram ( EEG) amplifier; electrocardiogra-
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Fig.1 Electrode locations of BSPM
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Fig. 2 Lead electrical model
Ziy(Npp + Ny + N + S + D)
) (Zew+Zes +Zix 2, + Zyy) ()
Kb, Zo o WSHQMAEMEYT, 2, , NiEES
FH ) FERET, Z,, 0 Z,, SRS kR
R ) FEL A 22 fih BEL B A R BELATE, 2, W BOR AR Y
FABHYL, Ny o T AR N, EEALFE L AR
PR R g AR P 5 N, R ARRATIR 75 32y R i L)
L NSBB8 5 S St U L 35 3 7 A Y LS4
RIALES, D NG DL b 7 it o7 5 55 K 3R
AR B MR R TR i e A BB R
T10 GO ARG B 5 B2 Ik A #2 Mk B BT /) T




553 3]

B, G RO SR AR A LI B S 283

80 kO AR FELZLBHBT/NT 3 Q SERME, UK
i A BELAC 28 378 TR 56 2 A B e - R 28 ) g BHL
W Zy>Z,> 7, . BIEES0HE TIERE
F, R I AR AR B S T
I=Ngyp+N;+N +S+D (2)
WRIGFEE T 50, A (2) P &1ES 2 b TE
ARV BE o Ny AR T 45 50 Hz N, Fl Ny {5
SHRH/NF 0.5 Hz FIKTF 100 Hz, S F 5
FEHRTE 0.5~30 Hz B HAE S M8, D N
VA, PRI, RT LG R IR AR TR S
FHT BSPM HA4, A T HRIIENENE 5 28 iE ] R 25
KA SN AR R Z AT Bk
11 0.5~30 Hz iy il A 50708 B 2R S BLR e
(AR
3 EHEMAHFIREE
VTR 25 0 BRIk o b e 37 ) T X
h(n) o XA AR EC T IR a B OB R
y,(n)=x(n) X h(n),
y(n) =y, (N-1-n),

~ (3)
ys(n) =y,(n) X h(n),
y(n) =y;,(N -1 -n).
XA (3) # AT Z A4
Y, (2) =X(z)H(z),
Yz(z)=Y1(1/z)ZN71,
(4)

Yi(2) =Y, (2)H(z),

Y(z)=Y,(1/2)2""".
VAN AL DI

Y(z) = X(2)H(z)H(1/2) (5)

i z=e”  H(")=|H(e") [ FI H(e™) =
[H(e”) [ 15

Y(e) =X (") |H(e") | (6)

WA (6) ATAL IEWG(H S Y(e”) S8
VRIS X () TR R, HRIEAR(3), %
RS 50 I el 5 2 ) SR B

IR HRASE S x(n) HRBEIT HEAT 8
W, W5 h(n) BEERLAEE] Y, (n) .

L2 BT BTSSR v, (n) U
TR, BN v, (n) A y,(n) Ja 5 h(n) HEE,
55 y,(n)

B3 WA vy (n) 13 B A U8 I 45
Ry(n) .

W FEANN B UG e 25 T 2 S R R (R 5
Mg 7 17 ) Ak 3 T DA SRS B 25 A 07 2R B i o )
1), RERS A DRIE 8 B Ab B AT IS 15 5 (R A TR 4

R T AR F AL IER 19 0.5 ~30 Hz 47l , 1%
P08 P 2 i — A 0.5 Hz 7 FIR A AT — A
30 HzAIKiH FIR B U8 I 2R AT, BLA,
H TR IR AR ENE S ERREAE, K
SR e B A O kY ke S R N BT Uk
WA LN R AT T AL BE G ARy
FEAEH i AR S B R O AR PR S X =
[x(1),2(2), -, x(n) ], BH{E 7 EHEY 3NN
4 FIR U a8 RECK I,

F=2x(1) —«x(1 +z) 1.2, 3N

A=2x(n) —x(n —1)

(7)

Ko PR A G3OG5S,
NHEEFACIEE G TR [ F X A] , IR
g R EFE RS 3N DA N X IR B4
S ST s 25111 BUIR B Rl 5173 T S | W
(Kriging) fffE 52", R IE IS B(5 5 7 LA
4 i BSPM,

4 SCIGHER

TSRS D U7 ZRAUE S AL B R B A A
PE SRR T — A @RS A (24 %)
KT — A5 80 JE I8 . R AR 807
TR AR B AT T AL EL A3 Hr T BSPM 253 JF
F T BSPM 5 Lux 88 45 H B fl 3 bR i 45
RUOTIAT TR L,

4.1 FHUAHBFERELELER

K 3 R RAER I E LR VI Al X SBE S (4
N PE 1 bR A7 ) RN e AR A B e i Ak B
JEAE S IXT g R, EE 3(a) h JRIRE SR T
O HLTE 35 S B B SR R B AL AR A iR A
ORI BE 19 B B RIS FER 3(b) L g
W55 W P B 8 R A5 5 R R R i HL
HAMEGRTE 5 ™ 4 —BUW A A, AR B A5 5
[ [A] 20 e RS LS5 AR T 2 AH 0 40 08
WAL BT B A
42 BSPM #£R

SEEG X HE T AE Q-R R R-S ] M P A 1
BSPM FISCHR[ 10 1 HRA5 FUARHELE R . B 4 1 Q-R
1 R-S [EHAP A BSPM K H X R 1 B HLfE 5



9416 %

284 i TR B 2 Al
5.2 «10¢
5.1
> 5.0
E 494
= V1 SECEAR A I RSB
® 48}
4.7 F
16l X SR RLAE W B B
4.5 L
0 0.1 02 03 04 05 06 07 08 09 1.0
t/s
(a) JBHH{ES
500 T T T
0
X SECEMAHERRERES
Z -500f
%-1000 Fl W1 SEBEHAHEREERES
-1500
-2000

0 01 02 03 04 05 06 07 08 09 10
t/s
(b) MiLR
B3 FHEBTFREER
Fig.3 Results of zero-phase digital filtering
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Fig.4 Coomparison of results between Q-R and R-

S intervals
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Fig.5 The subject’ s BSPM results corresponding
to the intervals during the 4 stages of the

cardiac electrical activity
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