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Abstract There are always interferences in environment, especially power-line interferences, when we
collect biomedical signals such as electrocardiogram, electromyogram and electroencephalogram. Moreover,
the noise amplitude is usually much larger than that of the physiological signals, making the subsequent signal
analysis and processing very difficult. The conventional methods are to pass the collected signal through
a software filter for reducing the effects of power-frequency interferences. However, it would cause the
reduction and distortion of the target signal. In order to solve this problem, this study proposed a novel design

of hardware circuit based on the shielding technology, which can intensively inhibit the power-frequency
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interferences mixed in the original signal in analog front end. The experiments of both electrocardiogram and

electromyogram acquisitions carried out on TI ADS1299 platform showed that the power-line interferences

could be significantly suppressed when the electrode was electronically shielded. By comparing the conditions

when the shielding layer was connected to different driving signals, it was found that the attenuation of the

power-frequency interferences could reach as high as 35 dB when the electrode was shielded by signal itself.

The shielding technology proposed in this study could be used in a variety of biomedical signal acquisitions to

reduce power-frequency interferences at the initial stage, and therefore it could essentially enhance the signal

to noise ratio of biomedical signals.

Keywords biomedical signal acquisition; shielding technologies; power-line interferences

il

1 35

AR SIENANE SR ARSI E
LiRbr, HWECHW ZHTERET . &
SR SN A DL R R LA A A
Horr, .OH (Electrocardiogram, ECG) FIJLHL
(Electromyogram, EMG) & H 1 B H & A 2 1
ABAAES . O HAE TR RO B R A
O LEAHSMNE S EREDBRES, BEE
FEI LT 0 Rk S B S IR AR, PR R A
DL o 25 B DA S 0 R 48 % 00488 B IR A,
A et B T AR . RN SR
JVLPAI Y 5 77 A R S AR F A A8 2 TR 32 T 238 0 T s P
AFEESY, HACEMAN e T LA
DIRe R EAL VP E « L5477 16 D) RE B B2 1) vEAG
DL K 2 ThEG BB i B vt b

SR, NAREC AL RSB S S )8 T
A5 S, KRR RGN R BEEFPTT M
REZR LUy (RN RS R s, X
TP BREUR, A 5 TR . 75 % K0
AT, REAFEMEER 50 Hz THAT R0
K T H TR AR SR A B A S
Tl & AT S BAnfE SR G . BT LA
HER, WRAMUEATALE, ERaEEERA
RAEEE S, MEECRERANERL.
O HUE ARG, HIEEH A 10 pV~5 mV,

T FLE FRAEAE 1 AT PR e B T LA B L E AR
HEHRY . WlbfE Sthaew sy, fn Eszgim
B FRBABTAI LN, FLEE — AN 100~200 pv,
N F TARTPRAIEAE T . T TR 75 1 17
7, TEERLIE T L RTL FE SRR 1 T S R U
P WATAELRIE O BRIV HAE 5 R AR, R
A R b el FE B B 458 o g S R S e A, AT
PREMMB e, RN RER R —D

H AT, S0 AR S S TR RN AT
T 2R, RN, — MBI & IE A 2R
BEAG B RIS AR A, B 7E B Jfk F 48RS AN
FE HAR b i T R A T TR A R k- B Al 2 1)
IBEE™, AT RS S A5 , (EH oz
SRTAEEES T, XANEERCRER. Xt
TR AT BES, &I H
FEXHE ST S T uE s . (B A S T A
RIEEH R 7 50 Hz B TH T,
LI TG Y 0.05~100 Hz™, WLH ARG
4 30~500 Hz, 1M H 2R 21380 Hika
FRBRYE. 5 F I8 BRI g . oAl
FRE R LIRS . EE NIRRT SFIEUE
BRI, A FRR DY, SR SOR BT, (BT
FE—SERIHIEAE R o rhoCo AR [ 5 (R BELDE U 2%
JEHL A R, B RE B H B 50 Hz TART-#,
HAEAE “RERERE” DL, [ N 2% 0



6 11 FEUK S BT BRSNS AR 3

PR RE G BRBE T3 5 PR im AR A T B 211
TR AT, (AFRER NS5 (5 5iHiE,

SRR R A, MU T e b3 Ak,
M T THF AR 84l 50 Hz, Hhid@ s+

B U o) DL R DA FRL X A B2 T 3 s 1 G At e
P, BB 50 Hz U M ie s s, U
WRRIFAF . [N, TS S KL
HTHTHE SIS RS, MBS SRLENE
B LA R B 20 il B AR E 5 1R 3R, T
LB D I 45 TC VAT B R HL ﬁg@@%%im
HAt TR BTN, mRTEES
BE R AR R G HTk Be i B 4R 15 5 IR LA
T, HRARERENARBES, BRAXKAED
TEIE S AL

PRI, A SCER M T — o (0 B8 A1 i i B0 5
TR, SLIAE AL F ity i KPR B2 M4 1) BR 4R 15
H CAIT RS o B R IR B R AR I 5N B i
JEAT 5 KT R AR A 2 1) 43 A r BELAT HL 25T >k
AR, T AR 5 SR R AT R TT e b
BEEAR AP MRS, 38 G0 J5 B R D8 Uk 5 1k

PS5 R AT 3 FBFREE ST
X, AP RENEOEFMILEAGS, By
KRR BE 5 10 I B T AN A [, S00IE B ki R 3
HL B0 T AT SR A R I EEACAN ) B i
77 R 7+

2 SLIGHE

21 ZidE

A SIS TE [ B} 2 B R I e ik AR F B Y
(222 R R D R S R 2 il 10 &4 b B3 &«
ZIREK S ), FRAE20~30 &, TR 25
Bk ZRE OIEIhREIER, AR ThRE
W, HIGINENRRAG, X SRae A B R I EE AR
HAT 7RG R A o ARSI A 0 18 S 06 = gk
17, B SARE SLIRF AL K 2 20 8. SEIG

g, ZE R LE, BRI RS
LR 27 BE R DI 5 1 R AR B 7 B A\ A4S 5L 18 R0
(SIAT-IRB-130124-H0015) »
22 XBRPRE

N T B UEARSC AT BT 0 B i IR B L T LA
RUPRARR A A AR A 28 HL A 5 VRN AT,
AKICTFRE T PIANSEES, 73 70 SRR AR AL
HAES. ARG HEESESRERBES
Bk, PR ESEEE, —H AR AR
Yo AN SRIGHE T IB S i = AT . BT LA
AL SRR R AR R, LI E AT
[ R AEAEAE S A G, X e LRG3 T DL H
WL . ERI LR AR b (1078 28 [0] 2% BN AR 20 A H
BN BARE S, RS2 a6 R A7 A e
T

SRR E 1 R, NMERAEER S S B
I N A 57 I 2 T 14 P AR A PR D A3 3 ) SR
£, WG 2R BRlCRSE. SREFIRE ST
AL 5 Zed A\ ADS1299 F4LL AT, FH Arduino
HLRHLZ USB #2 N A BN, &)5F H
MATLAB 27 % R4 1) 1) A4 3 iS5 1 Fl
BRVEREAT 0BT SRR B RT3 R Texas
Instruments ) ADS1299, 7EXEAFHEE S /M
HAE®ZMMH: 8 MIUEAE RSP REEE, WL
ZEE RS T AP R AR 24 fLE 7 #F ADC,
PRAE T AR B HAE S RS B — 110 dB LA
I LU FTAR ARG P P S P, 3B B 1 iR B ) A T
Py 1~24 fEHIAH PGA B3k, w2 ANF
H IR $L 16 kHz FIRFEZ, fRIE T4
LSS I0H 5, ARRIRSh R R,
yﬁwT%ﬁ¥%oE5Ammo$HM£ﬁﬁ
Pz, TRIE T BRI K B R .

KRR T 4 FOFEATRE: 1 RO
K B MOk B (P HRZED , 5 3 FERR A BF i ol
. 3 FhBRIKEN 7 NEE LA AT, (HSR AT
ANt M ) B 2B 5 51 07 SR B



4 £ ok 0 R

2016 4

iR FH VY JE T8 R AT, DA B BRI AT
PHRR . L RE W E 2 R, B4R £
N (DE 1 BIERAHEMRIE, ARG
LI BFZE S CFCRM L A )5 218
R IE. R G BERZEE S5, A
F| ADS1299 AL ET K] GND iy (T ST f&8IFK 7 25
B), FIFH ] e A AL 22 A B PR R T H
;)2 3 MK IE. FHE G2 B2 G
S5, BEAF ADS1299 AT Y BIAS_SHD
B (R SCRIFR T C)» fF ADS1299 HLERHR |
R4 P 5 A OQ oA, A L B Ak IR B 3 4 T A
(4) 5 4 JEEWGIE. BT LI BERUEE S5
H, BB A5 RS EROC A B CF SCRiR

ADS1299
HL

J73E D), T4 Rl A0 2 E 1 R S T B
= ERIHEE .

KAENAR O AN RS 5 P SC IR mT, A
K5 AR A2 o U AR Ak 1) B Bk, TR AR B iR
HLUE, DAk B k- s AR 2 TR BHT . S8 R
VU SEE [ B RS S, JEH A — AN, e
W HEE, HRREESIIANESES
JBOK 284 o K SR B 1O BRI LA 5 R
MATLAB 4ilif {1 GUI #4704, REER U HE
92000, MM 24, S 1 CREOHES, K
1B BRI . AT, AAERiER
FAEXTAR, AT 1E S8 (0 BT DT RS ™ . 0
I FE, ZRE R SR 2 SRENHE

Arduino

AL

MATLAB

B 1 SCIBIEREIER

Fig. 1 Diagram of experimental data acquisition
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Fig. 3 Temporal waveforms of ECG signals under different shielding conditions
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Fig. 5 Temporal waveforms of EMG signals under different shielding conditions
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