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Abstract

A wireless data system 1scomstructed wth the we of
SA W-based tramsmtter and receiver, wic h have re-
cently been conceiv ed dedicatedy for short range H'
lirk applications. In order to realize the portability
as well as to reduce the power cosumtion, an AC
architectwre 1s devised to be incorp orated wth the
tramsribter /receiv er so as to impleran ¢ the intermt-
tent drive and comn wrication proto col. By mmars
of the soplisticated drive and proto col mac hamsm
the wreless data system isapplied to the romtoring
facilitiesin madical cares, i.e. the wandering preven
tion of patien ts wth senile deran tiaand the 24-howr
okserv ation of portable electrocardiographs.

I INTRODUCTN

A conventional wreless data terrmmal, comp osed
metly of discrete cop oren ts, mgh t have a volum
of more than 30-50 cc and waste power at least of
the order of 10 MY  vhic h can rever be of portable
we. However, wth advances of short range, wli-
cereed R (radio frequency) links, different appli-
catiors have been requred, wic h include wreless
secwrity systern, remte entry system, wreless bar
code readers, wireless computer links, and so forth[1].

Inorder to achieve high performance and mmm atur-
ization in such wreless comn wicatios and high
speed compting  applications, the SAW (surface
acostic wave) device techmlogy has been wnified
wth the IC techmology . Thus, according as a wde
variety of lowp ower wreless applicatiomns, such as
atorotiv e keyless entry, remte utility mater read
ing, wreless data links, etc.; are growng rapdy, the
we of SAW devices is accelerated de to the ad
vantage of the techmology to enhance reliable perfor-
mance, small size, long battery life and regulatory
corpl 1 ance.

To cope with conventional inductor/capacitor-
stabilized sup er-regererativ e receivers wth their 1n-
heren t problera of poor stability, littlefrequency se-
lectivity, and poor semitivity, the so-called SAW
stabilized supp er-regererativ e receivers and SAW

stabilized sup er-hetero dyre receivers have been de-
veloped, and more recently amother new type of re-
ceivers, called arplifier-sequenced hybrid receivers,
have been conceiv ed to address the shortcomngs — of
previows receiver architectures inshort range R link
applications[?].

B wing a par of comarcially available SAW
stabilized tramsmtter and receiver in comunction
wth an AIC m dule additiomlly devised for 1n
termtten t drive and the comm wication proto cdl,
a wreless data system can be comstructed of base-
statios and an [Gcard type of portable terrmmals,
vhic h is intended to be applied dedicatedy to the
mmitoring for mdical cares.

The present pap er otlines an AC architecture
for the intermntten t drive and conm wication pro-
tocol to be incorp orated wth the tramsmtter and
receiver, and then describes a wreless data terrmmal
wth the we of these tramsmtter/ receiver and SIC
m dule. Te min focas isput on how to enhance
the termmal performance and portability to be ex-
doted for the 24howr mmtoring of patien ts wth
portable electrocardi ographs.

II ACIVE DATA (AR AD
PRAOGKL MEHANSM

Qr min therm isto costruct a wreless data sys-
tem comp osed of base statios and an IGcard type
of portable termmals, vhic h isintended for madical
cares. To this end, we prop ose a wreless data term-
nal AL (AtiveDdta Gurier) as otlired inEFg L
In this diagram  Selector is to swtch the termmal
into either the trammtting phase or the receiving
phase.  To achieve the portability, AC Modie is
devised to be incorp orated wth SA Wbased — Trams-
mtter and Receiv er, whic h isin charge of mot only
cormn urication proto col hut also intermmtten t drive.
Th w the total system performance dep ends prinar-
ilyon this MIC M dille. Hg 2show a Hock dia
gram of the M dule, vhic hiscop osed of functional
wits; (i) System (on troller; (ii)Reeiv er (n troller,
(iii) Tramsmatter (én troller, and (iv) Hectro cardio-
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System Controll er:
ave, AW Trasrttter,

Trasitter (h trdler intantten  tly fa 50 m pe
secad  in the Vidig m . W Rav e @
trdlee dtets  a plse sequare, leeefath cdled

ENQ Sequence (eqiry  plse  seqene), wic h in
dedes  the stat o tle 'dta recaving m &, it s
to iffam Setem (@@ tdle (i) to div e dl tle pe
saib ed wits, i.e to swtc h thm fran tle idig
m & into the dta redvig m & ad (i) to o
tinte to divetlan wmtl Reav e @ trdle  dbets
tle ed o th dta redvitg m & ad tlen (i) to
resua tle 1diig m &
Receiver (n troller: Hist, it slald be panted
at tht AW Rav e is wdly ustdle fa 90 m
fran tle stat & dive h B @ soam & ths Kav e
 tdle dets ENQ Sqere it begs  to dive
dl tle pesaib ed wts so & to swic h tlem into tle
da revirg m & sk dl tlhe reav od plss  fa
the fist Y m thn resus  redig  redv ed plsss
ad 3 som & 1t dets the ad d dta redvig
m & it swtc hes dl the wits into tle iding m &
Tomk etle tdd mc lmsm @ ade peasdy | a
stade 1 hre 1s m ded @ a nunba d spefe
stabes, sr h & ACK (x ko vedg),  NAK  (egtiv e
aho vede), ETX (ad d text), time-out, denund
for data transmssion, ad @ tle lwis o ths stae
me he apdo od sclam  is castruted & sowm
in g 3.

N —

procedure Bse _stdiar

begin

e BQ /RO &

Wat wntil argly isredv od o timat (e
Oa  d the ustdle stde d AW Rev  e);
/D clee k ma &/

ifro dta then bx kto HQ m &

case reavirg _Ha of

3 ID e A,
4 if dta  trasnssian is it reqireen
5 br kto BQ m &
6 ara: isse OT ad bx kto ID clee k m &
end
7 Wat mtl argly 1sreav ed @ timeat;
fiha  redviy o &
8 ifm da then he kto HQ m &
case recavirg _Ha of
9 MIX: lxkto HQ m &
0 dta ise A ad bx k to dta  recavirg
m d
N ara: isse M Cad he kto da  reaving
m d
end
end
o cedwre Temd();
begn fidig 1w &
12 dep Ym
13 Wik e);
B uf)
o cedare Wk e);
begin fila recdving m &Y
¥ Wat wm til a plse 1s dteted @ timat;
B ifro plse then b k to idig m &
6 Sp the plse sqgare wtl BQ dHetian
a timat;
7WifBQ i1swt dteted then
e k to idilg m &
18 whileID is it issed sweessfuly  then
19 isse 1D
2D Wat wntil argly isreav ed a timat;
2 ifro dta then he k to idiig m &
2  case reavirg _Ha of
B KX Wat TxNm
(N 1'AG greaed by ratbn  num be tdle
T intavd tim betwen ex h BQ
A A ID trasattian surceed
5 dhes:
end
end
B ifdta is mt  trasited then
e k to idirg m &
% vhile dta isrmt tramit  scessfuly  then
R trasnt  Ha
D Wat ntil argly isreav ed a timat;
P ifo da then ke k to iding m &
3l case reavig _dHa of
¥ AW ddHa trasattia surceed
B M C tramit dHa agn
3 dless be kto idilg m &
end
end
P isse FX
end
Hg 3 Prdo od betwen Beestdion ad Teand.



Table 1  Main features.
Technol ogy 0.6um CMIS 3LM
Chip size 4.59mm x 4.59mm
(Core size 1.94mm x 2.32mm

Transistors 14,740
Power dissipation0.98mW (3V, 307. 2KHz)

In thisprotocol a number of typical procedures
are specified. For exanpl e, whilethe basestations
comm uni catingwi th a termmnal ;i tshoul dnot issue
ENQ Sequence (seelines2-11 inFig. 3). In addi-
tion, al though the probabilist is verylow, itnay
happen that two or nore termnal scanrecels ENQ
Sequence simil taneouslylnthiscase,l eteach such
termnaltransmtitsowmn IDtothebasestationthen
such ID signal scause a transmssionconfli ct and
hence an pariy error inthe basestationand there-
foreletthe basestationssuelHOI' Signal so as to
startthe tiner of each such termmnal by usingran-
dom numbers (seelinesl8-25inFig. 3) .

It shoul d be added that this(bntrollereads re-
ceied pul sesby t he uni t of 8- bi tdat a pl us 1- bi tpar-
1ty, each toundergo the pari ty- check.

Transmitter Controller: This uni trefinesthenec-
essarydata, such as I D data, controldata of ACK
NAK HOI, etc. and optionallelectroardi ograph
data, 1to the serialform, and then transfersuch
serialatato SAW Transmtter.
Electrocardiograph Interface: 'This unit isto
read the data of the el ectroardi ographoptionally
connectedtothe termmnal and thentotransfethem
toTransmtterController.

IIT IMPLENINT ATION RESULTS

ASIC M dule has been inplenented with the use

of 120 pi ns by enpl oyi ng ROHM 0. 6umthree- netal -
layer(MB  process.The nmain featuremreshown in
Tabl e 1, where 1tshoul d be noticedthat the power

dissipatiohas been laveredto 0.98nW at 3V by

neans of the sophisticatedriwe and protocol nec h-

anism Fig. 4 shows the final | gyout patterns.

Fig.4 Finallaout Patterns.

IV AHICA TIO¥ TO NDICAL s

This wirel esdatasystemcan be appliedothe non-
itoringna variey of nedi cal cares mainly because

a data termnal can be constructedinthe formof
an I G card,and moreover,due toa precisel yefined
setof protecol sfortheimtermtten drive, the power
consunption of the data termnal can be 1 overedto
300 uW inthe idlingw de and 9 nW inthe data
recei vingm de.

We have attenptedtoappl ythiswmrel esdatasys-
temtononi toringfacilitiefnedi cal cares.By tak-
1ng advant age of the abiliyt of nedi umspeed and
short-rangew rel esslata transmssionwe have ex-
ploited hisdata systemforthe 24- hour noni toring
of portabl eel ectroar di ographs Wth therecent ad-
vance of nedi cal el ectroni such a snall el ectroar-
diographas 118 mo{H) x 64 mm (W x 23 nm (D
wi th 150 g has beenrealized.

Thi s el ectroar di ographhas a functional ytto de-
tectirregul apul sesof t he heat of t he hol der ,as wel 1
as to nenorize the waveformfor 32 secinadvance
of the occurrenceof such irregul ary.t Thus once it
detect any irregul arg,tit transfershe nenorized
waveformto K ectreardi ographlnterfaceyhich in
turntransmtsittoa basestatiomnaccordancew th
the protocol .

V dONIUING HMIKS

This paper has deviseda wrel esslata systemcom
posed of basestationsand an I G cardtype of ter-
mnals. The termmnal isdistinctevin that a so-
phisticatedSIC no dule isincorpratedwth the
adopted SAWbased Transmtter/Receier so as to
controlthe data comm uni catiomas wel las to 1l over
the power consunption. The total power dissipa-
t1onof thissystemhas beenloveredto such an ex-
tert that itcan be practicallwsed for noni toring
portabl eel ectroar di ographs.
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