
A Wireless Data Processi ngSystem
Constructed of SAW-Devi ces and Its

Appl i cati ons to Medi cal Cares

Kenji Matsumuray , yy, Gen Fuj i t ay, Tos hi hi r oMas akiy,
Is aoShi r akaway, and Hi r os hiI nadayyy

yDept. Information Systems Eng., Osaka University, Yamada-Oka, Suita, Osak a, 565- 0871 Japan

Phone: +81(6)879-7807, Fax: +81(6)875- 5902,E-mail: ffujita, sirakawa g@ise.eng.osaka-u.ac.jp, masaki@eie.eng.osaka-u.ac.jp
yyKCS Co., Ltd., Naka-Kosaka, Hi gashi -Osaka, Osaka, 577- 0804 Japan
Phone: +81(6)722- 0606,Fax: +81(6)722- 7546,E-mai l : matsu@k-c-s.k-c-s.c o.jp

yyyNational Cardio vascular Cen ter Researc h Institute, Fuji shi ro-Dai ,Sui ta,Osaka, 565- 0873 Japan

Phone: +81(6)833- 5012,Fax: +81(6)872- 7513,E-mai l : inadah@ri.ncvc.go.jp

Abstract

A wireless data system is constructed with the use of
SAW-based transmitter and receiver, whic h have re-
centlybeen conceiv ed dedicatedly for short range RF
link applications. In order to realize the portabil ity
as well as to reduce the power consumption, an ASIC
architecture is devised to be incorp orated with the
transmitter/receiv er so as to implemen t the intermit-
tent drive and comm unication proto col. By means
of the sophisticated drive and proto col mec hanism,
the wireless data system is applied to the monitoring
facil itiesinmedical cares, i .e. the wandering prev en-
tion of patien ts with senile demen tia and the 24-hour
observ ation of portable electrocardiographs.

I. INTRODUCTION

A conventional wireless data terminal, comp osed
mostly of discrete comp onen ts, migh t have a volume
of more than 30-50 cc and waste power at least of
the order of 10 mW, whic h can nev er be of portable
use. However, with adv ances of short range, unli-
censed RF (radio frequency) links, di�eren t appli-
cations have been required, whic h include wireless
securit y systems, remote entry systems, wireless bar
code readers, wireless computer links, and so forth[1].
In order to achieve high performance and miniatur-

ization in suc h wireless comm unications and high-
speed computing applications, the SAW (surface
acoustic wave) device technology has been uni�ed
with the IC technology . Thus, according as a wide
variety of low-p ower wireless applications, suc h as
automotiv e keyless entry, remote util ity meter read-
ing, wireless data links, etc. , are growing rapidly , the
use of SAW devices is accelerated due to the ad-
vantage of the technology to enhance reliable perfor-
mance, small size, long battery life, and regulatory
compliance.
To cop e with conventional inductor/capacitor-

stabil ized sup er-regenerativ e receivers with their in-
heren t problems of poor stabil ity, l ittlefrequency se-
lectivity, and poor sensitivity, the so-called SAW-
stabil ized supp er-regenerativ e receivers and SAW-

stabil ized sup er-hetero dyne receivers have been de-
veloped, and more recen tly another new typ e of re-
ceivers, called ampli�er-sequenced hybrid receivers,
have been conceiv ed to address the shortcomings of
previous receiver architectures in short range RF link
applications[2].

By using a pair of commercially available SAW-
stabil ized transmitter and receiver in conjunction
with an ASIC mo dule additionally devised for in-
termitten t drive and the comm unication proto col,
a wireless data system can be constructed of base-
stations and an IC-card typ e of portable terminals,
whic h is intended to be applied dedicatedly to the
monitoring for medical cares.

The presen t pap er outlines an ASIC architecture
for the intermitten t drive and comm unication pro-
tocol to be incorp orated with the transmitter and
receiver, and then describ es a wireless data terminal
with the use of these transmitter/ receiver and ASIC
mo dule. The main focus is put on how to enhance
the terminal performance and portabil ity to be ex-
ploited for the 24-hour monitoring of patien ts with
portable electrocardiographs.

II. ACTIVE DATA CARRIER AND

PROTOCOL MECHANISM

Our main theme is to construct a wireless data sys-
tem comp osed of base stations and an IC-card typ e
of portable terminals, whic h is intended for medical
cares. To this end, we prop ose a wireless data termi-
nal ADC (Activ e Data Carrier) as outlined in Fig. 1.
In this diagram, Selector is to switc h the terminal
into either the transmitting phase or the receiving
phase. To achieve the portabil ity, ASIC Module is
devised to be incorp orated with SAW-based Trans-
mitter and Receiv er, whic h is in charge of not only
comm unication proto col but also intermitten t drive.
Th us the total system performance dep ends primar-
i ly on this ASIC Mo dule. Fig. 2 shows a block dia-
gram of the Mo dule, whic h is comp osed of functional
units; (i) System Con troller, (i i)Receiv er Con troller,
(i i i)Transmitter Con troller, and (iv) Electro cardio-
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Fig. 2 Blo ck diagram of ASIC Module.

graph Interface, whic h are outlined as follows.

System Controll er: This unit driv es SAW Re-
ceiv er, SAW Transmitter, Receiv er Con troller, and
Transmitter Con troller intermitten tly for 50 ms per
second in the 'idling mo de'. When Receiv er Con-
troller detects a pulse sequence, henceforth called
ENQ Sequence (enquiry pulse sequence), whic h in-
dicates the start of the 'data receiving mo de', it has
to inform System Con troller (i) to driv e all the pre-
scrib ed units, i.e. to switc h them from the idling
mo de into the data receiving mo de, and (ii) to con-
tinue to driv e them un til Receiv er Con troller detects
the end of the data receiving mo de, and then (iii) to
resume the idling mo de.

Receiver Con trol l er: First, it should be poin ted
out that SAW Receiv er is usually unstable for 90 ms
from the start of driv e. Th us, as soon as this Receiv er
Con troller detects ENQ Sequence, it begins to driv e
all the prescrib ed units so as to switc h them into the
data receiving mo de, skips all the receiv ed pulses for
the �rst 90 ms, then resumes reading receiv ed pulses,
and as soon as it detects the end of data receiving
mo de, it switc hes all the units into the idling mo de.

To mak e the total mec hanism op erate precisely , a
state mac hine is mo deled on a num ber of sp eci�c
states, suc h as ACK (ac kno wledge), NAK (negativ e
ac kno wledge), ETX (end of text), time-out, demand
for data transmi ssi on , and on the basis of this state
mac hine a proto col scheme is constructed as sho wn
in Fig. 3.

procedure Base station;
begin

1 Issue ENQ; /*ENQ mo de*/
2 Wait un til a reply is receiv ed or time-out (i.e.

90ms of the unstable state of SAW Receiv er);
/*ID chec k mo de*/
i f no data then bac k to ENQ mo de;
case receiving data of

3 ID: issue ACK;
4 if data transmission is not requiremen t,
5 bac k to ENQ mo de;
6 error: issue EOT and bac k to ID chec k mo de;

end
7 Wait un til a reply is receiv ed or time-out;

/*data receiving mo de*/
8 i f no data then bac k to ENQ mo de;

case receiving data of
9 ETX: bac k to ENQ mo de;
10 data: issue ACK and bac k to data receiving

mo de;
11 error: issue NA C and bac k to data receiving

mo de;
end
end
pro cedure Terminal();
begin /*idling mo de*/

12 sleep 950ms;
13 Wak e-up();
end
pro cedure Wak e-up();
begin /*data receiving mo de*/

14 Wait un til a pulse sequence is detected or time-out;
15 i f no pulse then bac k to idling mo de;
16 Skip the pulse sequence un til ENQ detection

or time-out;
17 i fENQ is not detected then

bac k to idling mo de;
18 whi l e ID is not issued successfully then
19 issue ID;
20 Wait un til a reply is receiv ed or time-out;
21 i f no data then bac k to idling mo de;
22 case receiving data of
23 EOT: Wait T�N ms

(N: 1!A16, generated by random num ber table
T: interv al time between eac h ENQ);

24 ACK: ID transmittion succeed;
25 othres:

end
end

26 i f data is not transmited then
bac k to idling mo de;

27 whi l e data is not transmit successfully then
28 transmit data;
29 Wait un til a reply is receiv ed or time-out;
30 i f no data then bac k to idling mo de;
31 case receiving data of
32 ACK: data transmittion succeed;
33 NA C: transmit data again;
34 others: bac k to idling mo de;

end
end

35 issue ETX;
end

Fig. 3 Proto col between Basestation and Terminal.



Table 1 Main features.
Technol ogy 0. 6�m CMOS 3LM
Chi p s i ze 4. 59mm � 4. 59mm
Core s i ze 1. 94mm � 2. 32mm
Trans i s tor s 14,740
Power di s s i pat i on 0. 98mW (3V, 307. 2KHz)

In thi s protocol a number of typi cal procedures
are speci �ed. For exampl e, whi l e the bases tat i oni s
communi cat i ngwi th a termi nal ,i t shoul dnot i s sue
ENQ Sequence (see l i nes2-11 i n Fi g. 3) . I n addi -
t i on, al though the probabi l i ty i s very l ow, i t ma y
happen that two or more termi nal scan recei ve ENQ
Sequence s i mul taneous l y. I n thi scase,l eteach such
termi nalt ransmi ti t sown IDtothe bases tat i on,then
such ID s i gnal scause a transmi ss i onconi ct ,and
hence an par i ty er ror ,i nthe bases tat i on,and there-
f ore l et the bases tat i oni s sueEOT Si gnal so as to
startthe t i mer of each such termi nal by us i ng ran-
dom numbers ( seel i nes18- 25 i nFi g. 3) .
I t shoul d be added that thi sCon trol l erreads re-

cei ved pul sesby the uni t of 8- bi tdata pl us 1- bi tpar -
i ty, each to undergo the par i ty- check.
TransmitterControll er: Thi s uni tre�nesthe nec-
es sarydata, such as ID data, controldata of ACK,
NAK, EOT, etc. ,and opt i onal l yel ect rocardi ograph
data, i nto the ser i alf orm, and then trans f er ssuch
ser i aldata to SAW Transmi tter .
Electrocardiograph Interface: Thi s uni t i s to
read the data of the el ect rocardi ographopt i onal l y
connectedto the termi nal ,and then to trans f erthem
to Transmi tterCon trol l er .

III. IMPLEMENT ATION RESULTS

ASIC Mo dul e has been i mpl emented wi th the use
of 120 pi ns by empl oyi ngROHM 0. 6umthree-metal -
l ayerCMOS process .The mai n f eaturesareshown i n
Tabl e 1, where i t shoul dbe not i cedthat the power
di s s i pat i onhas been l owered to 0. 98mW at 3V by
means of the sophi s t i cateddr i ve and protocol mec h-
ani sm. Fi g. 4 shows the �nal l ayout patterns .

Fi g. 4 Fi nal l ayout Patterns .

IV. APPLICA TIONS TO MEDICAL CARES

Thi s wi rel es sdata systemcan be appl i edto the mon-
i tor i ngi na var i ety of medi cal cares ,mai nl y because

a data termi nal can be constructedi n the f ormof
an IC- card,and moreover , due to a preci sel yre�ned
set of protocol sf orthe i ntermi ttent dr i ve, the power
consumpt i on of the data termi nal can be l oweredto
300 �W i n the i dl i ngmo de and 9 mW i n the data
recei vi ngmo de.
We have attempted toappl y thi swi rel es sdata sys -

temtomoni tor i ngf aci l i t i esof medi cal cares .By tak-
i ng advantage of the abi l i ty of medi um- sp eed and
short - rangewi rel es sdata transmi ss i on,we have ex-
pl oi tedthi sdata systemf or the 24- hour moni tor i ng
of portabl eel ect rocardi ographs .Wi th the recent ad-
vance of medi cal el ect roni c,such a smal l el ect rocar -
di ographas 118 mm(H) x 64 mm (W) x 23 mm (D)
wi th 150 g has been real i zed.
Thi s el ect rocardi ographhas a f unct i onal i ty to de-

tecti r regul arpul sesof the heat of the hol der ,as wel l
as to memor i ze the wavef ormf or 32 sec i n advance
of the occurrenceof such i r regul ar i ty. Th us once i t
detect any i r regul ar i ty, i t t rans f er sthe memor i zed
wavef ormto El ect rocardi ographInter f ace,whi ch i n
turntransmi tsi tto a bases tat i oni naccordancewi th
the protocol .

V. CONCLUDING REMARKS

Thi s paper has devi seda wi rel es sdata systemcom-
posed of bases tat i onsand an IC- card type of ter -
mi nal s . The termi nal i s di s t i nct i ve i n that a so-
phi s t i catedASIC mo dul e i s i ncorporated wi th the
adopted SAW-based Transmi tter/Recei ver so as to
control the data comm uni cat i onas wel las to l ower
the power consumpt i on. The total power di s s i pa-
t i onof thi ssystemhas been l owered to such an ex-
tent that i t can be pract i cal l yused f or moni tor i ng
portabl eel ect rocardi ographs .
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