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== Abstract =
Design of a Digital Modem for ECG Data Transmission

Myoung-Ho Lee, See-Dole Hwang, Ho-Yong Shin, Jae-Bong Ann

This paper represent the design of a digital modem which transmits the ECG
data from an ambulatory arrhythmia monitor over the telephone lines to a large
hospital for the instantaneous interpretations.

The digital modem provides on-line communications between the patient and
the central computer located near cardiologists. For commercial telephone lines,
the transmitting error rates of the digital modem were measured 200 times at a
speed of 300 baud.

In those measurements, the block errors-results, due to the misinterpretation of
start and stop bits, did not occur. The data bit errors which were due to a single
bit interpreted incorrectly were 0, 78(bits/10°). Since the acceptable data bit error
limit is 10 per 10° bits transmitted, the digital modem designed in this paper
can be used for the clinical applications without any difficulty.
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Table 4-1. Summary of digital modem performa-

nce.
. <47k ¢l Bit  Block
A A =74 error error
A3 % 200 198 2 0
o E8(%) 100 99 1 0
Bit ¢3¢ 0.78
(bits/10°)

TFRIERIT BaTa | KECEIVE DaTd
o 4
[ i -4}
] L4 1
§ -5 “4§
1 1 L L ¥ -5 49
. TRRIGKIT §iint 1 3 il
8 -t -4l
3 -¢! -t
o -él -4
11 -tb b4
1t -6 43
-6 -69
b - -t
H [FIE] -
I -13 <11
-8 -3
| 1 L L B -8 B3

B, RECEWE  S1CmL
(a) Patient no. 35

| [TRANSXIT DATA RECEIVE DATA

B

1 ! I
A, TRAMSKIT SiCAL

! 1
B ORECTIVE  SidL
(b) Patient no.39

-
TRUSKIE DATA | RECTLVE WaTA
- ! B
e 7 -§3
1 e i3 -8
- { -18
$ 44
it i -3
f. TRUSHIT SICKAL 1 -3
} -3
§ 1 -1
=83 -4
[ -1
NI 8
R IRTHE -1
-0 -8
B [ -1
1 -n -8
o -9 -5
L 1 4 ! HE ] -9
B, RECTIVE. SICHL

(c) Patient no. 48
a2l 3-4. AFAE Ak 3 vl AFad
Fig. 3-4. The waveforrns by long distance tele-
phone transmission

A A AlA ZRe] ASAdsE Foskgrh F9 3
Ze) 2 IBM PC-XT & 48319l ox =<3 vo] e}
b AL vlolel-E wl bytevhe} wmatylel,

o] *a‘ o Hg AdE E 4-13 e

33 gzt D

A4 vloletF 25070 &

2% 3-3(a) & FAE AL} Ay, 335 4w
transmit signal & =437
4

plot & Ao}z, =& &t receive signal-2 vl
o %—3].0:] 413 dlel el & plot & Zl o]k
olE F ad =k shye YWl AETol AT



—oly 3 9

Zold wANZ 499 A
1870 & F3te] o] & Aol wistd] AFsls] A9 4
AE vﬂ oleb gk FAT 7 wlojel ghe Tz A4

=z ud AL sl AES &
oz al m}%uaz At wmwot o d g} Eo 9
3wl A uEe]l Aol ek, 2" 3-3(b)
= W A4y Ased oy
a2t xm s & 7@@%} ! z%isme A¢ ECG

et .131139} FF I VPEWr St ZM%‘ ix}‘aiOI
AgeHA dlolebrl FAl= b, 1d 3-3(0) A4
e e 7§~°ri E B B - e R B e e
olebrb A= dAstgeh, 28 3-4% AAF} ¥ o]
EFE 4 i‘& st2A 2y 3-3% ¢l epstA|
= A8 AF54e 29+

=3 AW E vl ol el A F2 sk 9 = o) 2] 74 0,78 bits/
B 2 #4 exgAl 10bits/108 Bt
A AL Feolma X Tl Aaar Zalo] 4
AAd = vlelete] AFel A&st7] AGahete Al 4
e

\m ru}L N'

10802 o]

32

35

4. 4 2

% A E Bobed P e

FARAH 2 A5 ﬁ@ 24 % A, A
O

ohdza Adol weke A&
om ojtra AHLFowE
AL} B ) A A5 A

e
N
N
fo
id

2
&
rd
fr of
o2 g
o
U oy
o,
2 A
32

fz
bt
ri}‘l_l
OH'
2,
L
of
=,
W
a4 X

2 AAE AZS} A deleke A% AQ A3k,

)

Eoll2lsh o4 g sluct A ke 0,78 bits/10°2 o
AAAE vlelele] Aol Agrar Aol Y4FH At
3. 1CA% 3k Ahgote] AAstgdonm F3)57}

el Fag EvHel 44T 4 g 498 By

A AR dolel AEE P mdl A A e

BY AT

of W&l A FAE + Asich
B QAT 19859 E 5 sbeA sl IBRD Abaped
Aoz o] Fefal T AT Az 73 2

& AA4E =

T

L

B

et

b o2

1) W.]J. Tompkins Design of microcomputer-based
medical instrumenation. Prentice-Hall Inc.,
Englewood Cliffs, New Jersey. 1981.

2) J.E. McNama, Technical aspects of data com-
munication. Bedford, MA. Digital, 1977.

3) P.W. Macfarlane, An introduction to automated
electrocardiogram ieterpretation, Butterworth
& Co., LTD, London, 1974.

4) R.J. Tocci, Microprocessors and minicomput-
ers. Prentice-Hall, Inc., Englewood Cliffs,
New Jersey, 1982,

5) N.V. Thakor, J.G. Webster, and W.]J. Tomp-
kins, “Design implementation and evaluation
of a microcomputer-based portable arrhythmia
monitor.” Med. & Biol. & comput., Vol. 22,
bp.151~159, 1984.

6) W.J. Tompkins, “Trends in ambulatory elec-

trocardiography,” IEEE Frontiers of Engi-

neering in Health Care-September, pp,1~4,

1981.

Misscha Schwartz, Information transmission,

modulation, and noise. McGraw-Hill Book Co-

mpany, New York, 1970.

8) W.p. Holsinger and K.M. Kemper, “Poriable
EKG telephone transmitier,” IEEE Trans Bio-
med. Eng., Uol. BME-19, pp.321~323, 1972,

9) A.A. Schoenberg and H.E. Booth, “Errors in
digital and analog FCG telephone transmission,
“Comput. Car diol., IEEE Comput. Soc., pp.

383~386, 1979.

7

~—



