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Development of a High-Resolution Electrocardiography
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ABSTRACT

Most of the conventional electrocardiographies fail to
detect signals other than P-QRS-T due to the limited SNR
and bandwidth. High-resolution electrocardiography
(HRECG) provides better SNR and wider bandwidth for
the detection of micro-potentials with higher frequency
components such as ventricual late potentials(LP). In this
paper, we developed a HRECG using uncorrected XYZ
lead. The overall gain of the amplifier is 4000 and the
bandwidth is 0.5~300Hz without using 60Hz notch filter.

Three 16-bit A/D converters sample X, Y, and Z
signals simultaneously with a sampling frequency of
2000Hz. Sampled data are transmitted to PC via a DMA-
controlled serial communication channel using RS-485
and HDLC protocol.

The noise level of the developed HRECG is less than
SUVims, r11. In order to further reduce the noise level,
signal averaging technique is implenented utilizing
template matching method. The SNR of the developed
HRECG is high enough for the detection of LP.
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A AAE 13 o]9 e, ventricular late potential(LP)
B 2e By nFue oA 33 72 HEol 7}
xS @ HAAE 1= AAAMRECG,
high-resolution electrocardiography)2} $r}. 3#)dx
AAAE A3 2 9EA ool Frlstn Yo
o, 2 d2& LP 9 AE, mid-QRS oA nFu}
N3 Ag, 15799 4% A% A Fol ok
£ =RdMe F2 LPY &L EFHoE 9
ANEF nHZE AAAA deto 7)&d)

ATAS 3y T, 38 FA AAE FolA
Ad wdz 2o pRwoz g FALY HFA
o] e FAE FEIH: WHozA LPY HE
ol AAHAAJ. AB7AA AZANE BdAE 2%
s, ALFHA AANAE yehdie @49
60~90%°1A LP7F FAEHL on, whdd A4
9 ASAME 0~7%2 7F wol LP7t AEHAU
o2 HaHAck [1,2) o2, HRECG 9 4 %9
ggol LP &9 Aol FolAL PAlA
o] $¢ 7|¥o] AMAHY, LP 9] T840 & F
Z¥atEler dddd.

AF7HA wEA wpel Q3pd Lp e 7A@
O35 o A2 A 42 AAd AA JE
Yo e 2EAo g wAsE 397t g o]
9ol BEAHYQ Y AILS YSuzd A4
EE gosn, o8 WAEE AT 43



19963 = £ A3 <9 3

Ao AZIAE Hstd AAFo Yehdch e
A, FEAHA A2 AL A2ojA e ANAE A
e AAQAIn ARE&EE =gAs: Ads
ZHP =Y, FTHAQA A2 WA 93
9] fragmentation ©] L3t AT & Fo¢

ok rz.
ot

LPE R¥ QRS9 Fdo)A WA, 1 2
717} 1~40 pv o] 31, 25~250 Hz ¢] H| 23 & F
F AES AL AZolt) oy LPY AEEL
Aste] AF FFYPo] 7HF Bol AHEHI glon,
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Fig. 1. Block diagram of HRECG.
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A FEIE dZBse gol= ML +F
A3t 60Hz o WaAI7 FYHE AL A4
st AE AL Hd ULE JAAE /A3
WA FAYPo] YEF 8o, FS(motion artifact)
o1} 23 &(muscle artifac)2] FAL HA3s ).
golE A =3 FAH EFd F3F0]A] ¥=EF 1
Attt EUER 539 JAx FEI9e &
2 Y4y BRI E ALESA = ¥t

ZE7)

X, Y, 2 Z gol=9 348 FF7E o=
Aol FEAH, 29 ¥, d4d IC AFEFE7),
g, ¢ FdFL7E #4849 A5FEF72e
9 IC A5EFFHIIE A8, 110dB °]3Y
CMRR & 2& & UESF At FF79 F2
AlgE g9 R 13 2o

® 1. HRECG & $F7|9 F2 A%
Table 1. Specifications of biopotential amplifiers.

o5 ALY
Ad 3
g@lo]= Al~® | Uncorrected XYZ
R 2.5 ~+2.5mV
48 d9dx | >10MQ
Aol 5 4000 .
FuFEA 0.5~300Hz (3dB 3} 9})
CMRR 110dB
e < 5PV img rTE
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Ho o yW&E PCY FHRIE HEd7] 9
3o, vlolA2Z2AA9 PCE BHE FH3ME
A AHHES) polling B4& T A2 A
ojAl 3o o3 dHolHE P} E 33}

Asgg ¢undF

AFAE AEZdFI(NR)Y FFE& A5t
o A3 Fo] drHog Pt A, HRECG &
SAECG(signal-averaging ECG)gl1 % ¥-23 & 4
Holth. 28 HEdY FoAME 7 g 9T &
A 71EFE MR W), dAxE 43 7]
FHE 222 AFEn YA gorvg, 4z A
Az APEL FFse o] "Wy Fad =
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EH4EY S P A T a9 E 7LAYA, v
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o 4GEgE 7AA Bt WA JFA Y B
A7t #¥AE 719 agtel FFH Yok
£ =i AL AE FF ¢ndEFe, §
A2 R-3 AE3 2 o]F el template matching 713
o 7123 AL 7R AA WY& VLR F
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ATh 2000Hz £ RE3 @ HAEE 200Hz 9 B&
3 FysE W@ QRS HEV|A d¥FHn
QRS A&7+ AL 7|&R AR "agd A
7IERe2A R-%e HAE YT 2000Hz 2
FEs @ 49 A3 2 9A JEH 4H2
50ms §<He] vlolet M9l WelA, A7] =4l 7
RS /I de Hzx A9 A=Y A2E
AAZ Alo]o] FAFT-E T o] 5ol F
g7t He AXE FopA, A2E YHEY 32
NERoZ Awrt o] &5 el HAAZE YA,
2 el 098 Btk FL ALdE HoleE ¥k
5 3R (1] '
olZAgted +025ms e 3 HH WelA A
2 7]1&do AT NAY HAEE FE¢ F,
o]|E9 HFL T3 template 2.2 I Hx A
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Fig. 2. Generation of template beat.

Az Gl AT BE A5 Az A
TE AT AL 1EFY 2R template BA
HAQ 7 Fdsitt. &, FBESY At ALEE=
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Z ol W2 AD 71FH] BVl M (R
F 100~30071¢] A= FHlEHY, o]ES 1 7]
FHoz REst Z Fol= EE JF & FEh

A% B olFd 3= LP ¥R At
Wy 35 ¢ndEFL a1y 30 HQ wis} o,
9E 3o A, 29FH o5, R P
QRS A 2 FH &5, ¥FEY @ F5, 2 @
A wHoz FAAC [10].
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Fig. 3. LP detection algorithm.
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Fig. 4. Measured ECG and beat alignment.
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Fig. 5. Results of signal averaging and LP detection

window.
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