We developed the system that enables patients to
be treated at home during their daily life through
digital telemetry and public communication line.
This system records and transfers ECG signals
through wireless digital telemetry unhindering the
patient’s normal activities in long-term recording,
and transmits the processed data, which enables
real-time remote examination via ISDN phone
line. Patient’s image, voice, and transmitted signals -
are transferred to medical experts in remote
medical center interactively.

TelemetryE T A8 AZA|2¢e] 7t

FAE, AAT, YA, DA
NeRen Warg §EH4 4L AATH AT, Aevetn AT o Feraa

Development of Home-care Medical Information System integrating Telemetry

J. H. Ham, Y. J. Chee, S. H. Yim, and K. S. Park

Department of Biomedical Engineering, College of Medicine, Seoul National University

ABSTRACT

ISDN

GMBK

ECG \mp”’ca__g. N-232C [,“320
N = W — " | RZEL
Patient 3 '
ola Z20] vlulyl Axslo = 2| 2~mlo Unit
']—u— 7]3(] aa*]‘ oxﬂ-w-’] oﬂ‘i iy ‘I‘o]
EolAm Utk olo] e s wAse gz 4
2o F7bs A oz Q¥ g wyPoz:
HoHe g7 29 AE AL + Ao 9B
2} 4| 0] A EH AFA =
F2 FAME Su4 Aznd Frne) 4A 45 TE 2 Hekele g A
WAk 714 Avel B89 wAd BR Fol 2
5 T e oo o)lZ £Astn AR Y BRME A PN
7be Heol@t: oAb}, wEe] A3 AbE o] wur F,]a —;:j}}ﬂ] #:; p?: u 01}13]-13 9 g}jonio}% b
2e 3w wR Ale0) BA4Y 4F Amg As  BF aan ase wtaton=
A & Zoleke A shol, BRI ARelA g4 7ol TT R
o Eﬂ Al AEE WA 2 BAL FARY
4. T 22 AT ZE A2d
FAHOR, spgolne] B, Er wope B3 Y
S SR pANUA FAT B¢ Ay ga AN AT A5 8 A2 3y BAE
VS 24 £ 3l B4 9y AR 24 Agr)  0V~ImV $£39 22 A4 A3E g SA
& 2 237 AuEs B4 9 37F azngs =2y A UAEE AY® £ 3le Ay Adzz 34
AEstol oatsle] AN ARE Asapd s 7] 7IE Aolth
=2 MEstach

2 APl AE HAE AEE SR o F 7A
Wl FHOR A FHY Patent Unith 4 o
= i=]

AAR BzE AVSBrA o 20de) FF
A Su, AT Y Folyl HE YAU~
oW 7], A5ZFE7), JJAH WES AASI 9B A
. F oA ZE, FA AR ¥ BAe gam F
TEZ7e & AASY AP wEy Y 4A,
60Hzel ot #&& AA37] 918 Notch-Filter2
o) gl
222700 Y AEE AR WE, Yo 9
o

=]
&, 2AE Az e

13 #F5& AAs7 A%

—295—



19979 $AREd 3

60Hz e AA ZE, 49 &3 ZE(Anti-aliasing

filter 48 % HAFE), 219 23 A€HE AR Fof
AR NG zvle] wi o5& HiFE sy o
SERYE AN AF FEAC AR 3 Ay
2 ZTE Aadloz 9 HFA AR MEE O
7 30 menh

ag 3. FEF FAMSsE AR AR

)

2-3. Patient Unit¢} A/D HE 3

Patient Unit2 1CH A= Z%7)¢s A/D WHF,
RF Moduleg #oJst7] g MCU(microcontroller
unit:16c74) 2 FA o] 9ok

A AEl o] Aol A2 2 MicroChipsAte] 16C7X Al E &
9y 16C74 mlo|aZEEEZE AME3tH  single
CPU BoardE A3, A/D ¥37]= PICI6C749
WA AL ALEste] A

Patient Unit& A4 43E A/D ¥33le] Base
Statione 2 H&E + dv 2E doly ez ¥
$at7] 918 EE:L%‘C’ Ul & ROMeoll A & =2}s}

| Fith. PICI6CT4 = 409 ®lgd<9 8¥]E CMOS
mfo]lm R EZRMAME 192vio]E9] RAMI 33719

VoI E& Al 379l Elelv/7lEE T FHEAA
E2 FHAWF RSt stk vE71A AYgEZE
2 RS232C XEZ A8 £ 93 149 8HE
A/D B&717F W= At
NXIE‘“ 2278 AN vlolazITzHMd WA
7 8-bit A/D HE71E o] &3 250HzZ sampling
?l‘i}. A/D ¥E 9 dolee YA 2H 29X, H
oJH & RF 28 YEdxbol 4800bpsE Y ).

2-4. ‘E‘7ﬂ€] E}Z]Eé TAx 3‘5‘6: )\‘I‘/_v:g]

A A FR AMfA 7 f‘—'.“&]@?l W-g-oj
i1 e Y RS UAE ARE z %
= Alde|t}. Patient Unit< }X]E——i. HolEg &
4800bps2 A4 3o}

txE doleE 4800bpsE AF3E7] HddME &
A WFEREZE ool FlxdH, ol GMSK(Gaussian
Minimum Shift Keying ) %% (MX589P: 0,1 ¢
o)A g dojH & GMSKZ wW3h)& Al&3le] £33

b, GMSKE 714+29dHE B33 & x4 44
A2 2(0QPSK)S] A4 EE A =2 W
g3l AHY QA BEAERES FHAIER 4

=& A9A Alx: 97/5

_‘_14 oz 7(4
TMX7292 /\}*‘lo}",
MHz%-H 447 9874MHz©] 1L FAFIFE
4956125MHz 58] 426.3375MHz7t A o]t} A& &
5 ~ 12 mWeoli, ®BZEREET
1200/2400/4800bps, MSKY 7% 1200/2400/4800bps
ojc}.

&elAl e WxYdoltt RFEEES

o

RF 259 TXVCO% High®

DS 7517‘0 st F-o] e =

T LOCK_OUT =& 7‘“‘3-0}04 17e &

} = 6() msec A Fof TXPWE HighZ 9¥
A

e £48 GMSK dl mg MOD_IN ©xte] ¢
d5® ANTE S8to] Ao Azt
2-5. Base Station?] FA1%
} ELECTRODE | GOMPLTER 1
{,,,4;.* /U ‘
| R N 5 ot FORT
— I T T '—
A R T R R
i SHADC “ i RFa ‘-‘l L'f RF A4 T Hede “ Serial PORT

a3 4. Patient Unit¥ Base Station Al%9] 42
z713 1AL 957 Zoh
RX_ON #& High® ¥¢=3 ¢
A F34E AAS] HE glE PLLE A%
¥ SQ.ON #& AAFY “1"&

dlolE & F4lgt)

Base Station¥ ZHFE|Ze] AL wlo]aRZ L2 A
Ao WAE ALFEAN AdE B8 9600bpse] A
£&5 8 o]FojXth 3 sampling Hlo]E 7} /\15]
W dEHer AFHEE AT deolHY A
RS232C TREFS AE3ATH

2-6. Base Station®] 3} B4 %
AFEAE Q1E] H o] 2= '

LANo|Y d8M Qlo]x 71&9 Mgy o435t
2:9] (2 * B-channel(128kbps)) tA" F4& &
9= ISDN A& A-Ede gyt 7Hgo B
9= PCY 7)¥re] Base Station2 FEFT
2 93] GUIE AE3hE Windows 95 EE T
AN FRElE 4 Z2aWE AZEGArH

ISDNS o) &3 34 3o AadsE md2 3y
G s 18 A|l2H"g ofdiet 2 FHLE

A

=

O

(O H.320 34 39 "oy ¢ +3

O Window 95 <& Tz 2 ALgxt QE H o

!
)
©
o

|



Telemetry & 33t A AR 2o Ak

O 1/4“ CCD #H e}, mlo)a 2 A3 7 Se "gn
tjo} FR 717

‘ COMM STAT: Receiving ECG Signal trom Base Unit...
ISDN STAT: Sending £CG Signal to Clinic Station...

Sigeol

S R4S

A1 AR STE] o) A

& ZRIOYL A F HAe JsE zed
3y} & Base Station®] FalRold Eoj HA o)
EE PCY dolejulol 2ol AHata o]F o] A
el txZFee] st Foluh FAIZE HH A9 Hej
3 dole] & mEsle] SHE AEE MNEE AR
gt HolEHol s g4l A, tlaZEe] A%
=Y 2ucz FHee Aze FAMS BAS
c}.

®oshute] Vs diolHe 4, A%, g
ol¢t tlEo] 9t PCE A%dlE 7solt. A%
Al ISDN9] o g9 128kbpsE FHHg 28317 9
B AH  AzE Zed AIEZH g
down-samplingale] 2]A}e] PC A%l w4 H
Aok a2t AgE T e Eo 2§ 34t
4, AAE Az A EAe ZEFHOE 3Ad
4 gk
ARE AZTE AAZeT BUE 7% UL
ekl S AEA Ad X0 o dblojEs}
&4E 4 ke Relth wka] A7 dgle] Aol
T AL Abgate] diolHe A dEE Ao
I, QFEUAA 2 F BFE ol o}

a2 g

2t % Patient unit®} 74 & &3 2ok ECG &
THE AT Ale #5 ANa"ds AYsidoen, &
Z71e 1AdR stgan, o] 5 200080 thH =
(o}

2 (0.5-100Hz°] t}.

o] a2 X 2 M Mol WFE 8-bit A/D W]l 7
%23 dolg e F£HAXE 250HzZ sampling B
A/D ¥H3E dolHEe GMSK Wyog FA A4F
o Base Station®] AREA AdE& F39 9600bps
o] HEEEE PCol ¢d=)

Base Station®l| A& F4A15&= Ad% 43
o 3t HoFw ISDN st 7]ute]
715 & o] &35t o] AT E 9Ate] PCR

At A ST Yo R AERA
5w gzte] AAZ HAE sy
Base Station®] t|o|Ej o] Zoja M4 wg

S

iﬁ%i

e ol
To &

)
i)

S o g
Ay 2 o -

A LE DR

_tleolH Holx

B ) E>
B A 2 glel g
oWl E e

! ,

£

<H o) E o] 22>
Lk

EEE I -

!

ISDN B4

RS232C X%

<A A F> cqE EAS
2] A o
88! _“ B Win32 TAPI
b AR
; b
\ J
<ISDN &21%->
H.320 Codec
H/WE Ao}
A
]
\/
ISDN = ¢ RS-232C ZRE
a9 5 ZEIY 2R
oo

gle] AjxEe A 7HA FHE $89 § 9tk

A, AN FFEA

A A=

54

)=

U

Azg @A FEE X AE 2 A FUA

& ;esel A

EMG, 28 &47] 52
o8 &

— =

FAe AEA Z7 9 £33y WA
&gl AR E AFE 4 ddrh

4, 49 9 AioA 2iete] 111 #HY JWEE
JbEshAl ste Al2", A ANEE 2Eled M8
Vo E Aistuz B4 Awe AUH A7 A A
o sl o) @92 ARE NAHAN BE F U
A g AA) AEZE 2oz A7 vjFHez A
E5to] Yol A

A, e F A% FA 2 AR Azd #
#B7te] AAE Ao thF Ao dHolE ol
E 71Aa eng olE uigo g AANozr A
HE e NEE FAHCE MY &5 4F
& A F Utk &5 Ago) AAHAE HEE £
g AFE JHow JBHAAE T3 T =
& Foo

|
)
©
ﬂ
|



19979 £AZ<dsy =21 A19A Az 97/5

i

FuEd

il

a

[1] o1&, §&4, BsgE, oF9, waN, “asy
= AAA AR, 9FEE A, vol 18, Nol,
179-183, 1996 \

{21 R.S.Mackay : Bio-Medical Telemetry, IEEE
Press, New York, 1993

[3] M.S.Bruce : The Role of Telecommunication in
Future Implantable Device System, IEEE EMBS
Conference Proceeding, 1013-1014, 1994

(4] Hiroyuki Horio : Clinical Telecommunication
network system for home monitoring,Medical &
Biological Engineering & Computing, 227-230, 1994
{51 JJay : Automatic tracking system of
mniatururised transmit for telemetry of
physiological parameters,  Medicai & Biological
Engineering & Computing, 201-203, 1993

[6] Carl Pieper : Comparison of ambulatory blood
pressure and heart rate at home and on work and
non-work days, J.of Hypertensia, 11, 177-183, 1993
[7] Johannes H. van QOostrom : MEDCOM: A
Communiation Protocol to Transmit Physiological
Data Reliably Over a Modem Connnection, IEEE
EMBS Conference Proceeding, 264-265, 1996

[8] Masa Ishijima, Long-Term Cardiopulmonary
Monitoring in Bed Without Subject Awareness,
IEEE EMBS Conference Proceeding, 503~504, 1996
[9] Toke Hoppenbrouwers, Multivariable
CardioRespiatory Monitoring at Home:
Collaborative Home Infant Monitoring Evaluation,
IEEE EMBS Conference Proceeding, 1092-1093,
1996

[10] M.J. Rodriguez, A Home  Telecare
Management System, IEEE EMBS Conference
Proceeding, 616-265, 1994

—298—



