A METHOD AND A SYSTEM FOR DETERM NI NG THE LOCATI ON OF A SUBJECT, AND
A RADI O FREQUENCY | DENTI FI CATI ON TAG ASSEMBLY Fi el d of Invention

[ 0001] The present invention relates generally to a nethod and a
system for determning the |ocation identity of a subject, and a
radio frequency identification tag assenbly. Background of Invention
100021A Il ocation tracking systemis used for tracking a |location of a
person A iR idal i Ski

For xS A D TN R CATION P 4 SUBJRET,
tracki ng syst WD ivBAMH O FREQIENEY ADFNHFICATIONTAGASSEMBIAh as a
G obal Positioning System (GPS) or having a network of receivers to
detect a beacon signal. [0003] The GPS is normally used for providing
| ocation data in open areas rathgr_ fhan in, an indoor environment such
as an interior of a building. InE 1omar dwar e required for the
GP Sinplenentation is relatively costly and therefore may increase
the cost of inplenentation. [0004] An i ndoor tracking environnment can

i nstead be covered by a network of radio
[0001] The present invention relates generally to a method and a system for determining the

location identity of a subject, and a radio frequency identification tag assembly.

Background of Invention

[0002] A location tracking system is used for tracking a location of a person or an asset
within an area, such as a hospital, a logistic hub for example. Current technologies used to
implement a location tracking system involve the use of a signal timing analysis such as a Global
Positioning System (GPS) or having a network of receivers to detect a beacon signal.

[0003] The GPS is normally used for providing location data in open areas rather than in an
indoor environment such as an interior of a building. In addition, hardware required for the GPS
implementation is relatively costly and therefore may increase the cost of implementation.

[0004] An indoor tracking environment can instead be covered by a network of radio
frequency (RF) receivers. Personnel and assets are attached with mobile RF transmitters which
transmit beacon signals. Trilateration or triangulation, based on Time of Arrival (TOA) or
Received Signal Strength Indicator (RSSI), can then be used to obtain the location of the tracked

personnel or asset. Such methods are computation intensive and are therefore also not desirable.



frequency (RF) receivers. Personnel and assets are attached with
nobile RF transmtters which transmt beacon signals. Trilateration
or trianguvetznmnwiibased on Tinme of Arrival (TOA) or Regaitvaesodsiogasy
Strength Indicator (RSSI), can then be used to obtain the |ocation of
the tracked personnel or asset. Such nethods are conputation
intensive and are therefore also not desirable. WO

2010/ 011176PCT/ SG2008/ 000267 [0005] I nfrared recei vers and

transmit [0005] cahflardusedvirs sl agmsaftteRc&L®ei Wed Sinaplektet HRARFTrdcERES - and
Infrared signals provide a very good room based | ocalization as

i nfrar ediraisgitelss IS igRENHOVAE Q Yeiy Q6@ robRl bised IRUBMESN ad Nrared signals
infrared transmtter can be easily obscured and this will result In

t he | osscaghottpbetiareigwaRaHowtRE AR ihR&e8 i@hSittdreh Be Lalilp b gfﬂﬁﬁﬂ
for an inproved Iocati%lﬁ tracﬁvivng syslt emeand rrelt r{od V\%i c#%%h&r?% uce

t he rranpamesuhtij,f}ﬁ1@@@f&@5@4¢5§§§ngl.equi red to keep track of personnel
and assets. Summary of Invention [0007] According to one enbodi nent of

the pres@ide)l NVERMAOHR, there r{?hﬂp&' née‘arft)ﬁﬁ{e @ﬂ&\;}h ﬁ&:a{ig}?tr%c)%ﬁ%ts%&&m d gi{eth&d

subj ect Is provided. The method | nc receiving, |r,stans

recei vergg ' of: [ A1 IS Lgnal, froma
radi o fr‘zlalggF]&(l:nglfeidgcgﬁt%l???dll:‘g%‘?(%’na?ggﬁ%g%éggl%%ss%ﬂ%%egd%t%q? 5Cks eé%%nf’el and
wherein fhe radio frequency identification tag has assigned a radio
frequency identification tag identity; receiving, by a second set of
receivers out of a plurality of receivers, a second signal fromthe
radi o frequency identification tag, the second signal being different

fromthe first signal, vvhereinghe secqnd set of receivers is
different fromthe first set ofAEgg%%Qiig@ggﬁputing a location score
based on an information about the first signal, wherein the

information about the first signal is included in the first signal
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on the laop(il?'r%fitg ot ?e%(c?irvee{s, a first signal from a radio frequency identification tag being assigned to
the subject, wherein the radio frequency identification tag has assigned a radio frequency
identification tag identity; receiving, by a second set of receivers out of a plurality of receivers, a
second signal from the radio frequency identification tag, the second signal being different from
the first signal, wherein the second set of receivers is different from the first set of receivers;
computing. a location score based on an information about the first signal, wherein the
information about the first signal is included in the first signal and on the first set of receivers,
and further based on an information about the second signal, wherein the information about the

second signal is included in the second signal and on the second set of receivers; and determining

the location of the subject based on the location score.



WO 20101011176PCT/ SG20081000267 [ 0008] Accordi ng to one enbodi nent of
the present invention, a systemfor determning the |ocation of a
subj ect i swprowideds The systemincludes a first set ofpdea2odstce®ut
of a plurality of receivers for receiving a first signal froma radio
frequency identification tag being assigned to the sUbject, wherein
the radio frequency identification tag has assigned a radi o frequency
identification tag identity; a second set of receivers out of a

pl ural i tpoos] r epetording td alie eirfdo@iméh¢r the HIREANhvERtDHAA systefTok h&eﬁlﬂﬂh@ the
frequency identification tag, the second signal belng different from

the fir Slocatiogddh subjbr isirbviddde TR SRR BELdQfa AOGRI St &ivess ok b §gﬁ&'iity of
fromthe first set of receivers; a conputing unit for conputing a

| ocat i Onesi@re R 3R n Aft éi?ﬁa@ IR 4 %i@@&f&nc}yh&enf:ihEa%{oBgée%G@krg assigned to

wherein the informati on about the first signal 1s Inc
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an inf ortggt% ilﬁgﬁ&éggﬁeh{"ﬁag ?ggoﬁgﬁg?%]ge%gﬁ?aﬁ t easlfs%%%ér]gﬁta %gnﬁeg’g% r}?’
t he sec j lnd SiahtGl i o) i . on the second
Sot of  rocuteBftal g Bohlf d dEthd & deleee RS o4 BB AR HIS; BEGHREA
of the | . L QN [re 009 cordi ng ta.one
erbod e P RaH i adib bl OB LRS00 S B A G% Bl R o
tag ass L r oWl he radio frequen i tification tag.
{29, assabike bl QMR e {08 GOSN RI R BTl e
and s esRytLEREER okt BRANG RY, i 805 R Eeltn PR et dpaL
the secqnd t.ag i.dentit re stored in the second_ta nory portion
of t he. SRiertihef/S Rttt Pt ab P tenelis oM BB BUF Aineicn Sbhin Pedeung of
i nvention, .a radj requency identification ta ssenbly i s provided.
The. r ad G B A By RNE B A ogecagoauBe send Rerbaubran P drigmtion
to e Aa S teaendReyT P AR inie FesALERs Fad OryRE Fesph ek 68 YRR R
closed switch.is c?nf'cured such that when it is subjected to a
magnet | ACEFBINREANL; fd#?F%H‘P}ﬂ&‘h“e‘OFa&'apaf the sehiest bysed am Heilocation scevs-
circuitd¢&¥ilectrically di sconnected froma power supply and when it

i s out e mfGAEIe: 19 | ey smbgyimeato of) 1the 7RrRESH Styeptien,0e0mdip frequency
environqigkﬁcthe radi o frequency identification circuit is
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electrid LG RSP s PHRYIYsdviBhe radip Sreguengy jdeptifbatien fap pisemblyfinoludes
Draw ngsé first tag, the first tag having a first tag identity; a second tag, the second tag having a second tag
identity and a second tag memory portion; wherein the first tag identity and the second tag

identity are stored in the second tag memory portion of the second tag.
[0010] According to one embodiment of the present invention, a radio frequency
identification tag assembly is provided. The radio frequency identification tag assembly includes
a radio frequency identification circuit; a normally closed switch connected to the radio
frequency identification circuit, wherein the normally closed switch is configured such that when

it is subjected to a magnetic field environment, the radio frequency identification circuit is

electrically disconnected from a power supply and when it is out of the magnetic field



[0011]In the drawings, like reference characters generally refer to
the sane parts throughout the different views. The draw ngs are not
necessari | wot2o1ogaal7€, enphasi s i nstead general |y bei ng RiTSG2dospaa7
illustrating the principles of the invention. In the follow ng
description, various enbodinents of the invention are described with
reference to the follow ng drawi ngs, in which: FIG 1 shows a
bl ock di agram of a systemfor tracking a location identity of a

subj ect emdronmlémgtht aadio requdsiidafilication (diuip isLa8dticdlPV@nhdcRd: to the power
FIG 2 shows a block diagramof a radio frequency identification Fag
assenbl ysupglyor di ng to one enbodi nent of the present invention;

FIG 3 shows an expl oded view of a radio frequency identification tag
assenbly according to one enbodi nent of the present invention;

FIG 4 show respective front and back views of a radio frequency

identification tag assenbl ym&@gg_*}ggoﬁgfm@gr%%gi ment of the
present invention; FI G5 show T ont and back views

of a radio frequency identification tag assenbly according to a
further enbodi ment of the present invention; FIG 6 shows an
exanpl e i1pl ' [ [ tification ta
assenbl yﬁib%]i]an %ﬁ%‘?‘?’iﬁgggﬁé5%?’%@6%’%%%&5@56%%&8 ithnegsa?lg PES OQghom
enbodi j-nventiqn: 0104011176PCT/ SG20081000267
"o afferch{iol P e R b Beesses O Al BB TR et b g

FIG 7 hart
frequeng Ozliga i.hf\é\g.ar{ﬂg . gseﬁgl% in an qpegating conpl.ex as
shown i n‘M ?—‘% PO%‘ lacscob%é)na ﬁg‘n@nseo eRbBUTMHRN Iné?e {oﬂgw SEHPOT, YEAHAUS o -

embodiments of the invention are described with reference to the following drawings, in which:

FIG. 1 shows a block diagram of a system for tracking a location identity of a subject
according to one embodiment of the present invention;

FIG. 2 shows a block diagram of a radio frequency identification tag assembly according
to one embodiment of the present invention;

FIG. 3 shows an exploded view of a radio frequency identification tag assembly
according to one embodiment of the present invention;

FIG. 4 show respective front and back views of a radio frequency identification tag
assembly according to one embodiment of the present invention;

FIG. 5 show respective front and back views of a radio frequency identification tag
assembly according to a further embodiment of the present invention;

FIG. 6 shows an example of implementation of a radio frequency identification tag
assembly in an operating theatre (OT) complex according to one embodiment of the present

invention;



FIG 8 shows respective interrogation zones of a coarse |ocalization
receiver and a fine |localization receiver according to one enbodi nent

of the prewermivmyvEati on; FIG 9 shows a sof t warrcTzsG2histoeadsur e
of a nmethod of tracking a location identity of a subject according to
one enbodi nent of the present invention; FIG 10A to 10G show

respective scenarios of a method of tracking a |ocation identity of a
subj ect according to one enbodi nent of the present invention;

FIG 11 showsFIa. 7 limwshdlotvchdrt of theedamglealf impla@ihtiigbnafla 0484 frfuehdlent i ty
of a subject according to one enbodi nent of the present invention;

FI G  12Ademifitafonshpaysantip il bperatihg @skile0asahbwe AEIGNG Ad6Mtdglyy o 2
subj ect including associating each |ocation identity with a

pr edet erémbpdingit 6ftRe Plesane@mOéntidhS accordi ng to one enbodi nent of the
present invention; HG 13A to 13B show a nmet hod of tracking a

l'ocation i derHIG! §/stdlvs Pespabhil € mberfoBatodFod o3 ShAEH lﬂ&li%tm!r&gﬁ%g%gg?ﬁxgd

on a receiver type of a receiver according to one enbodi ne

present JoéhieationQEseiver accordinf |t§bnée§ﬁoﬁfﬁ1e]1f‘€f @ gﬁg%eﬁ%%{?ﬂoﬁ- uses of a

fine localization receiver according to one odi ment of the present

invention;  giG, 9 sholEa sdffbard B@Pgeggfé&%%géxw&%&c%{a% g fc{c%t%g‘é@eaﬁlﬁtyaor}%

strong signal data packets on I zat1 on accor

embodi Mafibielfacl L UnbbdMERdf AL prealf iRRARLQ11176PCT/ SG2008/ 000267
6C sh i

FIG 16A to 16C w respective scenarios of a’nethod of tracking a
Locat] o, denielibat oSl RakahDELURLAR P2 SL0R ARl RS RRERS
a subject according to one embodiment of the present invention;

FIG. 11 shows a flowchart of a method of tracking a location identity of a subject
according to one embodiment of the present invention;

FIG. 12A to 12E show a method of tracking a location identity of a subject including
associating each location identity with a predetermined group of receivers according to one
embodiment of the present invention;

FIG. 13A to 13B show a method of tracking a location identity of a subject including
assigning a weightage based on a receiver type of a receiver according to one embodiment of the
present invention;

FIG. 14A to 14B show possible uses of a fine localization receiver according to one
embodiment of the present invention;

FIG. 15A and 15B show effects of using weak and strong signal data packets on

localization according to one embodiment of the present invention;



Description [0012]FIG 1 shows a bl ock diagram of a system for
tracking a location identity of a subject according to one enbodi nent
of the prewenbiovmvesnti on. The system 102 incl udes two riEci/sGRhisagosgncy
identification (RFID) tag assenblies 104 and a REID tag reader 106
positioned in a first location 112. The system 102 further includes a
plurality of RFID tag assenblies 104, two fine |localization receivers
108 and two coarse localization receivers 110 positioned in a second

| ti 114. clsEbnhib ¢ '
ocation FIGN €64 ibsf-dﬁ@h%@?reéi‘)leéﬁl IsEnhiil&s 3 g} ﬁf%gg? 8%41@%@@%%?# id%%@ty oft

dat abase server 124 and an application ser

ocati on' LT LReVAE s AR ORof o' A R egk e 1 ol B

provi des .localization zone 113 in the first |ocation
112. Themﬁgﬁﬁatﬁﬁgggjfzation zone 113 extend across the entire first

| ocation 112 in order to provide adequate coverage and is termed as
such because the zone is resultant fromthe manual reading of the
RFID tag assenbly 104. Each of the éne.localization recei vers 108
provides for a fine localization z ithin the second | ocation
114 and each of the coarse localization receivers 110 provides for a
coarse |l ocalization zone 117 in the second |ocation 114. The coarse

| ocal i zag | 1 y, extend across the entire second |ocation 114 in
order t oBFy i BT 4iia £ooek Graam of frutes ki Barkiens iosiopadenbheala subiee
"Smart Sense Location Tracking _Systen. WO ) )
2010/ 01 1%F7%EEE/ 1R P6 FEMeauaRY of dhrLRIcERE nvertion, Theysystem 92 Higeludas| tyo madio
may be tgernmed a "h%brjd Tag". Each brid Tag 104 may include a
passi ve PRy AeFPHHERI9R (gﬁﬂ%)c‘?g geemplies) 104 gnd pRIAD tpgreader 19§ pegitionedyin a
be attached to a _subject, for exanple a person or an object. Each
Hybrid T leeptiop AL3- (e sysiern 03 ferthen inclides amlpxality of RIEDetag aksembliey 104, o
and this_unique IDw |l be associated with the person or object that
t he Hybriing localjzation receivgrs; I8tpad twe coqmedncaligation decpivgrs104 nekitipned in a second
periodically transmt its ID through radi o frequency (RF) neans.

[ 0015] Edesption | 1 dhe systese 102els0 inpludesarrontaeller saaver 122, a detvibase sewpr 124 and an
ternmed as a "Smart.NCDE', has a relatively wi de coverage area or

| ocal i zaPPlfgtion paverridbeBhhsystear & hle icludest fugtherrlecations 2 thitd ldcatians H®, a
to provide a coarse |localization of the Hybrid Tag 104. If a

Smar t NOBpurthlgeatien 18 and & fifh lopativh 130.Hybri d Tag 104, then the Hybrid
Tag 104 nust be within the reception range of the Smart NODE 110 and

t her ef orl@013lientTheyRIFIY tagageddehl 06 poagled 6 a mainal Wichldation zpeet deini the dirst

coarse | ocalization zone. _
location 112. The manual localization zone 113 extend across the entire first location 112 in

order to provide adequate coverage and is termed as such because the zone is resultant from the
manual reading of the RFID tag assembly 104. Each of the fine localization receivers 108
provides for a fine localization zone 115 within the second location 114 and each of the coarse
localization receivers 110 provides for a coarse localization zone 117 in the second location 114.
The coarse localization 117 may extend across the entire second location 114 in order to provide

adequate coverage. The systém 102 may be termed the “SmartSense Location Tracking System”.



[ 00161To further provide a nore specific |ocation of the Hybrid Tag
104, at | east one fine |ocalization receiver 108, each of which may
be terned wWe2010/08t166t Range receiver (SRR)" may be use®CTR®0BRRR6108
wor ks on the sane principle as the Smart NODEs 110. Each SRR 108 has a
smal | er coverage area or |ocalization zone as conpared to each '
Smart NODE 110, therefore, the SRR 108 wll provide a finer
|l ocal i zation of the Hybrid Tag 104. 100171The SmartNODEs 110 and SRRs
108 may (9014]7 OURRH of GRHHID ta@idderRts]§ 204 AhPHe Whdl AtHYbRATLg® RecH AR B
identity (1 D) based on the location or |location identity the
e

recei ver f4 SR S5R0¢ § pakiveIRITB! thd Yndid: a%%ﬁ{ré\%tr?é.ﬁgacﬂ bnl ﬁgﬁ e

distributed across a |l ocation I%}hln one enbodi t ent

|7 Che 1Ty afeddS p SIS Tor il «rBASS oL R T raL Sk a0 MR e
R TR M
accur acy Tt b id Fi RO Sddhed (IR 1390 wlPPioRicailpipic i
coni der S RRBBRsreab Ry AR Bt Gy et em ucer has to be physi cal Ty

cor! oot { Tkl AP YapeElefln, S55L, U0, S, 48, e L,
L BT L By il TR o S e
e i P S et S e el et S Tobal i 8
oL e INE Bt E5HE okl 3l 5 bt A
generate a | ocati on of each brid Tag 104 using a software ternmed a

" Srrar t TRARTECERtigR rangs of thei e Bd{Qang herefpre jdentifying sheubrid Eagr 10drto be
124. 1002011 n one _enbodi nent, the SRRs 108 may rel ay received data

t hr ough REik@Bilefiped gearse localization zone.
[0016] To further provide a more specific location of the Hybrid Tag 104, at least one fine

=

localization receiver 108, each of which may be termed as a “Short Range receiver (SRR)” may
be used. The SRRs 108 works on the same principle as the SmartNODEs 110. Each SRR 108 has
a smaller coverage area or localization zone as compared to each SmartNODE 110, therefore, the
SRR 108 will provide a finer localization of the Hybrid Tag 104.

[0017] The SmartNODEs 110 and SRRs 108 may be grouped together and associated with at
least one location identity (ID) based on the location or location identity the receivers represents.
A plurality of SmartNODEs 110 and SRRs 108 are distributed across a location ID. In one
embodiment, the entire location may be covered by at least one SmartNODE 110 or one SRR
108. If the ID of a Hybrid Tag 104 is received by any of the SmartNODEs 110 or SRRs 108, the

Hybrid Tag 104 must be within the location.



Smart NODEs 110, which will in turn be sent to the controller server
122. [0021]FIG 2 shows a block diagram of a radio frequency

i denti fi cawbamotcap7assenbl y accordi ng to one enbodi nentpaaisd2bes/000267
present invention. The RFID tag assenbly or Hybrid Tag 104 i ncl udes
an active RFID tag portion 128 and a passive RFID tag portion 130.
The active RFID tag portion 128 includes a power supply unit 132, a
normal ly closed (NC) reed switch 134, a RE transmtter 136, an active

RFI D prof0essjor T3Rranse hactd ¥e gRiehDofRADIotaist bicdied 4R, (R0 KM Rackiy
and a therm stor 144. The passive RFLD tag portion 130 includes a

passi ve B%EHSUWKthpiﬂﬁﬁiﬁti RbBurddbis @qﬁ%ﬁ,sihEQO%J)tPopﬁ\?\%%ﬁﬁofaglfbﬁ’is @hnually
anal og front end 150 and a transponder coil 152.

2010/ 01 L4 aRREh4inseRA08AH0 ity FaA D!  fNT1:0 5 Aact iy I
portion 128,e th“egggomer 38%%71;/ uni télt%{e?r%‘%t ‘bdea 2&9652{6‘?3 sg?f/:&lc ln%@gtea%‘ﬁ&%

and may RehdiSREn! GseP QYED ﬂeﬂﬁigﬁéﬂk‘\iﬁ-l&i{ﬁgu\%iggtgg %El%gi e%s?)% or ;)rlgeect in n%rgtﬁretp

normal ly closed reed swtc y I nc n 1 nbu Irasrng

whi ch ¢ A e or el nditi.on. A .
magnet | o 6 st bAD! e ML ATKHBMASCAR! 0B wRERH ity BppsiveiRrD
bi asi ng tgg%ggér so as to open the switch. An exanple of the normally
closed re swtch 134 is the R 5B-S reed sensor from RRE | ndi a
limted. REmt 1 i [ Jh36 ,i ed f.or ansmtting i nfornation
fromt he[ogc ive a%ﬁ%solrlhaé’ﬂ IR%%%@JF“"P@ lbﬁé’errgst?g‘ft\)'@g's""{“fﬁ’@gﬂ&f lorad

i cr ocorfE ol E R FAD AT P B Ea SrLH BTG SPASDES HepndoRFPates
RFI D processor, 138 i s used for. processi data within_the active RFID
Lag por (PERLL98 Tay ecsebiosEh sgierkde B epveslRioyar dge piiecpprpliosrer

may be s

red.in the active RFElI D menor ortion 140. The active RFID
nenory pléﬁtv\“@ fhen 4t97¢. g %Ftﬁé‘f t gatébﬁﬁ?)?ﬁ‘iﬁ);ég‘f' b anlisation sepyier B30 | genesgte a
electricallly eras pr.ogrammubl e read-only nmenory (EEPROM) . The
Cher i BT Gt SOTHGRATBIPaE PG 108 Eeds BRENTBAS aFoiviassthe

t hennonefer. The copbination of the RF transmtter 136, the active
RFI D pr dREstosed i 4se ajaseveEld%ve RFID menory portion 140 may be
t er med inﬁ’ﬁmi ve RFID circuit 139. The normally closed reed switch
134 is d8%%%ct 4 ope emhediment; the SRR 08 may seley negeived dnta tirqugh RE meansitel thy
closed reed swtch 134 is _configured such that when it is subjected
to a magWATNOREsY1G, whigh wilhindpmn besent toythe pensrofensprver F2uit 139 | s
electrically disconnected fromthe power supply unit 132 and when it
i s out d?"ztli:e Fagnét $hewsi e bleck fidgrasn 9 it radiohBequendyy slemifi@tion taguissenitdp
is electrically connected to the power supply unit 132. In addition,
usi ng t Hecardipg i encoimbgimeng of thernresentdhyentjen. diheiRFIPD, tag esspreblyton HybodFag
be calculated fromthe voltage across the therm stor 144. The ADC of
t he tni dPédeshidesph eptivg RFIDs@ewbionH@8 tahé arpassier REMMtag goitindi 18] The 4ctive
measure the voltage across the WD 2010/011176PCT/ SG2008/ 000267
t her mi stRID tagspostiah ¥28anchidss @ powenmsopple nniti 32, a oainaallly atosed (NC) rexdp@itel 184
usi ng the nmeasured voltage. The cal cul ated tenperature will then be
i ncl ude@ Rin tratsgnitRE 1361 an paivk REID pro@HAB]38) an akiate RFID Meinbsy s MO, an
RFID tag portion 130, the passive RFID transponder coil

antenna 142 and a thermistor 144. The passive RFID tag portion 130 includes a passive RFID

memory portion 146, a passive RFID processor 148, an analog front end 150 and a transponder

coil 152.



152 may be a weakly coupled transfornmer, including a transmtter coil
and a receiver coil. Signals are transmtted fromthe transmtter
coil to theorewa#ilvigé coil by magnetic induction. One purquuaRoasiootZae
passive RFID transponder coil 152 is to transmt and receive signals
by magnetic induction nmeans. The analog front end 150 is responsible
for converting anal og signals received by the passive RFID
transponder coil 152 into digital data and converting the digital

data i nt meagal o &iidalte tHENRLERARBILY B FohidnPRe ' i
processi [r?g ata within ?he ptallssi ve RE:%[%) Pé‘gzg’g'?té gﬁerjlsglgl?l&ﬁrlﬁgslggésa ng 2

RFI D pr 06&&sPkondfbRett dnll AVR SeB1EPSHE" dL Q&Qﬁ 'ﬂ@bqag\[;oﬁﬁgﬁribénﬂw%%auy
to receive and transmt. [I'nformatiOn about the passtve I'Dtag

ti t ' Sssi-ve. REI s ti 146,
[Te. Che Se o By R Red ol A0S bidok ulIREP i R2blse U 4750 o be
port1 on_ 48 WeriEhH d8n Al ¥BLALL HETRIR bl O SXEBLS. 20 LERIM

[ 0024] I n one e I'ment, an i nplemnen i'on o

| ocati on Ki system often invol ves a ur.al it RFI D t .
nasen! 1 2% DG MR Sh ENermeR Tersbi G xmple o s gty iy et P ig
and a passjyV ID tag portjon .. An active RFID tag portion 128 or
an activ@ %%@Egr‘?e Fﬁf"(’eﬁ?}“p%@grlgﬂlaa ”‘Eﬁipgl;hﬁtégtfﬂ‘n‘g'flg'ﬂf d?g\}é used for
coupling, Information.is trapsmit sing l.ow frequency (LF), high
fr equenctﬁa“f'ﬁ}f?“%?’}‘fﬂnf‘?%ﬂ fiPgring petiys 3&&'5 t?gﬁqu Re8oHd do 3&5 TRgefvOTY, thpush the
portion 130 or 78 sive %ta derjves its power froma UM tag
reader 196"A* 3‘3‘."4’%@ PRGESEP 3 8dpaypinelHde @ miosontralerayihosn anglogue-
passed b(?c.k to the @FI(St g reader 106 by nodul ating the carrier
signal fPBACARY R BRGy The adive KB proaggson b3%ois wsed: ok provessinz cloB/ widu 6
[0025] I n one_enbodi nent, off-the-shelf passive RFID tags 130

conpl yi rstys RAID tag eprtign i1 2% dnforunation abep theraghive REIRpgpariiany] 2§1yagy be stored in
standards, are used with an active RFID tag 128. One passive RF1D tag
130 and Hfectiye RER memory pergon H40. hhg agrive @F&é’ E$oRy PErtiom tdemexisiciude a non-
forma single RFID tag assenbly 104, which is also termed a "Hybrid
Tag" 104volqtilro 2eqmasy.o i exAseds raanelectdiaaly efasabire ppeesanimabld 3gadeerdy amerhary
128 RFID talgs of the Hybrid Tag 104 has their own unique |IDs and the
passi ve (EBBRQND. dbei thermistgr R4 pllows shetiybridtTagl H¥ toodpdde lup sorneTtle
or are electrically isolated. [0027] I n one enbodi nent, to reduce

conpl exithgmpgetey Thg sembingtign of sheeRF Bansaiittérd 8 6,ttheeactiss BFIR piafésiprt 13§ ahdthe

or active RFID tag ID, is used.
active RFID memory portion 140 may be termed an active RFID circuit 139. The normally

closed reed switch 134 is connected to the active RFID circuit 139, wherein the normally closed
reed switch 134 is configured such that when it is subjected to a magnetic field environment, the
active RFID circuit 139 is electrically disconnected from the power supply unit 132 and when it
is out of the magnetic field environment, the active RFID circuit 139 is electrically connected to
the power supply unit 132. In addition, using the thermistor 144 to form a voltage divider,
temperature can be calculated from the voltage across the thermistor 144. The ADC of the

microcontroller will sample the thermistor 144 periodically to measure the voltage across the



[0028] I n one enbodi ment, the active FtFID tag ID of the active RFID
tag 128 is stored in the active RFID nenory portion 140 of the active
RFI D tag 1w® 2810181760 i n t he passive RFID nenory porti arcTistBosfooedes
passive RFID tag 130. The storing of the active RFID tag I D on the
passive RFID menory portion 146 of the passive RFID tag 130 is done.
during production. Wen the Hybrid Tag 104 is read by a passive RFID
tag reader 106, IDs of the active RFID tag 128 and passive RFID tag

130 wi | | tHegisieptivs ealdbitie trhigrobasmilive wilf | cRchBRdfk *RGeratiie uBAS The ekdd
tag reader 106 will then send the passive RFID reader 1D, the passive

REI Dt agvdifgathe LhguIREd iotpcR-Ouliptir R hALAWGH widier Ssjempet vork to

the control ler server 122 and stored in the database server 124. The

sof t war ergosjt herPARPibs 3 itlﬁ%a?s?\revﬁﬁ]#'e’&g Witldn @%%%&%e@D%%%%ﬁg coil

active RED tag ID while ignoring t ssive tag |

i ch' i S Pnmed bp* Rk PN RnfoRat. 1ttty b GlinfcSt S8} Rl f1E con
one-enbodEhth it BrATAEr i ah e Mo Rl o0 PRy PR A5y Tpalechiiviotads
the act i Sure b SatB BPHathoies oot 5 73 GRter bt Bt b maencie
¢ ecetvi g Rt ek The malSHpt B Sl FRDRD I g SO osmRbnalogsiepherrited

packet wil] be tr itted thro t.he netwqrk to the control] er .
server 1 lhgﬁass&eglﬂitg' FARSROT, erocé’%iglgﬁéﬁms‘&“i?mati?ﬂg GHETing e %&‘é idgia mto
RFID tag I D wil | 3% used, Fk[e)refore tg t he yser, only the passive
RF1D t ag™f 198388k 4 he paisss 1 FiDatecesion da% mewed foppracestjae dita avithisy tha ppspive
cl osed r g)switc.h }ljg(ﬁ With an_active RFID taﬁ portion 128 or in a
Hybri d T@@ 182 Brgion il Thepessiye BEGP processernid Wil bipvsapredetamingdqgiapf vaen
with an acgtive RFID tag, portion _128 or in the Hybrid Tag 104 can help
to conseldevhente meelys 4 wansitenformationyabont theypassive RED tagpomien 430 may be
exanple, as the Hybrid Tag 104 is passing through a gantry that has a
magnet i S9rEGinthe pasgive BFIR megnopy prstiep e Hﬂ‘ﬁfm v gﬁﬂﬁmemommnuo, the
cause the active RFID circuit 139 of the Hybrid Tag 104 to be

el ectri REFHYE &FLR ORFMBRIY cRPTHIH A6 HBaY Hisdude sty pen-yolatilet memory, A examphee an
Hybri d T‘%&’ 104 has passed the gantry and is out of the nagnetic
field, tHERMnally closed reed switch 134 will returnto its

normal |y cl osed state thus being electrically connected to the power
suppl y uf934] 132In opp embeshiment; angmplsmentatiorPof parefieptiveRIdD lixatiornfracking system
m crocontroller of the active RFID portion 128 will be set. This
caused taftendnvolves Rpiuplityaef RIBP ttagassenitdies b04; eavhiofi whishlinchsienah ayting RFID tag
data packet within a fixed period of tinme after which the Power On
Reset biportign| 128(zad @ rassieedRFIDOGS poifive 13DoAe activetR FiDedg gamtibn yt281at an active
packet contains the Hybrid Tag I D and the gantry data packet is

def i ned REIDitaglisbattery ponatred el deglates dn Tadiatii® 4odpding | Informtivadedarsiited ghing
gantry. Wen the Smart NODEs 110 and SRRs 108 received the gantry data
packet s, lowHeq@meay (NODRhfidquerg (BRRer d118-highl frequpips@HH).EA IpassRei RFIDNG
data packet and send it to the controller server 122. The systemw I%
t hen asgoticat B0ton padshyd IRFUD Tapoderibesnitd povieh EroSRRRFID @i &gy 109CQRE opates on
which in turn is associated with a location. Wth the | ocation known

and an iindlictiad ¢oaplitgThe inREmblydd i Pasi@balRh the RFID tag reader 106 by modulating the

carrier signal from the RFID tag reader 106.
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WO 2010/ 011176PCT/ SG2008/ 000267 has passed t hrough gantry, the system
can then indicate that the Hybrid Tag 104 has passed through gantry
of that | owet2ow1117003211 n one enbodi nent, the nor mal | yeaal/sERea 000267
magnetic reed switch 134 can al so be used for registration. Wen a
Hybrid Tag 104 is placed in a storage case with a magnetic field, the
normal Iy cl osed magnetic reed switch 134 wll open and the active
RFID circuit 139 wll be electrically disconnected fromthe power

suppl Yy Upiobsil321n diembolineid/ Qfﬂtge-;rlﬂz?' éué%‘f'vei ﬁl@ﬁ%ﬁ&'sﬁ@%g ?ﬁtlpﬁﬁt?%lgtlﬂ)[%gl

case, the normally cl osed magnetic SW t

normal |y [ ectr| Ly C t .
ot ve RETHay orrFinle BB st e bkt BAVE RS b G posyve
m crocon ry2Qf j F j 28 will be set. This .
Caused T REt B2 anl dfis Bhe ISP LRCRA) BLORER s ingd¥ s igniociap o sinele
packets wiid | per.i,od of ti ter I, t he Power On Reset
bit wl I%@% 5%?%56%%‘%%‘%{55%06%%3?Zic(g?r{}ji1\9% ﬂ)}‘e regi stration

packet w i ndjcate that the j oned rid Ta s been .
SWi t C he\c’i\i"l‘)’%ﬂ [ oB‘z%T mbogimeh %‘%QI&EW%SS‘Y?WBW‘%PZ%@%W of $he Hybrid
i ncl ude anl active RFID t portion 128. The active RFID tag
portion ¥8¥9€E7’Su§'8‘§ W ytRare Z]gi)ﬁﬁ“i/ thenpassiye 330 and, a¢tg) 128 RFUL dags o got
swi tch @4, a. F‘P)EPtransr&itter 136, .an active RFID processor 138, an
active REFTIORSADHSPRBEed Bareddestically saketsAna 142 and a thernistor 144.
The conb{ong,}i on_of th% RF transmtter 136, the active RFID processor
138 and VOR&1act Inanesmbpdiment fQ refesercrmnlexitniogay usse anby oredDapithss the\pessive
RFID circuit 139 as described previously. The normally cl osed reed

swi t ch 1BWD tag M practive BFI)tag AR, ig@tsdve RFID circuit 139, wherein the
normal Iy closed reed switch 134 is confi qured such that when it is
subj ect @08 a egsempedimey the asfiveRditRiag ID of itke agtive REIDRPE M2 &is storddtin the
139 is electrically disconnected fromthe power supply unit 132 and
when it 38voREIRmamasy pagioat 4@ dfi the @t RFIBntae 28 anthalsoddithe passiya RFED
identification circuit 139 is electrically connected to the power
suppl y uR¢mory portion\AS 26 thg/passiveRIHDTASEID Tbe 6002671 the a6 REID t4 Bhomthe
an expl oded view of a radio frequency identification tag assenbly
accor di rigssivs RiAD memerdipanion 146 of the pprsivs RFID tag\idis done diftirgs fRbduictiora §Vhen
assenbly 104 includes a top casing 154, a passive RFID tag portion
130, an theHyled TazFi08 is regd pya passive RFID tagaeadei®b: Bmof theiantve D a6 28t anp
casing 154 and the bottom casing 156 may be nmade of a suitable

mat er i alpapsive RRE@aE d 3Aovil} be maptuiedl by Bhrt prdsienRFIB! yendend 06.ATHS) passiieR Fllptag
casing 154 and the bottom casing 156 may be brought together to form
a wat er pealsf 10@mwilhtheh sendhtbel passiye t(RRID pealer I tH3passin€l RAID itagelDL AR tRE-hddive
tag portions. The passive RFID tag portion 130 and the active RFID

t ag por tRED i@ dreughsthelesteni ewomkrte etdodtryller Berbdr@22 and 61028 il tHe.datdbase
show respective front and back views of a radio frequency

i dent i f isepkt 4. Thgsoftware in the application server 126 will only make use of the active RFID tag

ID while ignoring the passive RFID tag ID. From the user’s point of view, the Hybrid Tag 104
will only display one ID, which is that of the active RFID tag 128. In addition, the passive RFID
reader ID is associated with at least one location ID.

[0029]  In one embodiment, the active RFID memory portion 140 of the active RFID tag 128

will store the passive RFID ID instead. A data packet sent by the active RFID tag 128 will
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assenbly according to one enbodi nent of the present invention. The
top or front casing 154 includes a LED wi ndow 260 and a w ndow 262

f or bar codwoaniomeriveal nunber | abel. The LED wi ndow 260 pca/dq2oisndieat e
to a user that the tag assenbly is active. The bottom or back casing
156 includes a slot 264 for placing a wist strap which in turnis
secured to a subject's wist like a watch and an infrared (I R) w ndow
266. In one enbodinent, the RFID tag assenbly 104 has an IR
transcei ¥@itain Heucti RFIMOGWIZ GAd ale! a¥ve ISDRE B ARdn 28R the 404
configured through IR comunicati gg. [0036] FI G _ngnslhoyv r speect?ege&e%
front antheRedeNOISINSI 10for SRRAIE, the A HAG%: WK {r;.dsﬁxﬂ{e'd%}oﬁﬁigt‘:gigm %
according to a further enbodi nent of the present I nvention: e top
or front neashidiel vrNebUse StofdE b oW 26
barcode or serial nunber Iabé)Fe. The%ﬂ%q% %g%\qu%oﬁ?lgﬂl{%palssﬁvl%g{de){ag&D

a user t alud ig b S HRler] b piive R BRUPQILQ! back casing 156

i ncludes a netal contact for’ a ermstor and an"infrared (IR)

e L R U TN R
ot our £ Sl %y SIS o TS BT SO0 S
265 and LW R 7ok, 8 e b T o SR8 i e

the tenperature of ihe tal. conta 268 and as the npetal contact 268
is a goo%’a@%)x%ﬁ%‘?’%r b?)’flg ﬁgea}??'b’ldg@aﬁnﬁ(gsiﬁ %’de’iagﬁﬂ%ef‘%lflﬁr%yqf’é Tagel 04 is passing
substantjal ly the sanme as the skin tenperature. [00371FI G 6 shows an
exanmpl e F}Xﬁlgé?@h thasie mrengte fighdg r“@&ﬁaéWc%}Oﬁe&Jéﬁ?@isP"Ptelaﬂi*‘bWﬂi eppn and
assenbly in an ope ing theatre (OI) conplex according to one

embodi ne‘f‘?{‘se&ge ?ﬁ?&e Bﬁ!@ é'%‘i““i 139 ehthedivorigfag ¢4 todipslestricalipdipoeanastpddroanthe
OT reception 164}, a plurality of Ols 166 and an OT recovery 168. In
one enbRHNFENEPPLY MRt J3&sAfter e HytridoTeo 104 b5 pasecdothe tgaatryipid fig odtaef the
104 incorporated. in the work flow of the OT conplex 162 can provide
pi npoi nt™4ggets figid the nermally glosedrreed sxritsh 134 vl iretpm to jits sermadly iclpsedattate Has
Ol reception 164, the patient's details such as personal particulars
and sche¥igedectifally conngeted (o thef paser sygpdy, unih ¢3% dffosrmowesngvmehe Bowert On
his designated OT 166, in the above exanple OT 1, the patient's

Hybri d et pifof e micpsortrolisnelthepetive RFLD pertiop 428 wilkberfer. Thiscaued to Riive
The RFID reader P1 will send a data packet containing a Hybrid Tag

| D, a RAMIDrtagprition 384agontinsovahnserd gantdi datanacket athinc fixed pRiEdd ofaime after
portion 128 tracking for this Hybrid Tag ID. At the sane tinme, the

| ocat i orvhigh the BewereReset itswillths clpadassoci ated with the RFI D reader,
P1. [0038]During the time when the active RFID tag portion 128

t r acki nd0@¥1] t helheyabevedmardignddganiry ddtagmbket dontsihethle Ghybtid ag O ahdd ehe gantry
Hybrid Tag 104 will be associated with the | ast known location, which
i s the ol packedis defin¢dorotiidicapathei the HybtidTage afchias jise fask@l th@agh pdiery. When
Hybrid Tag 104. [0039] After the operation, the patient will be

t r ansf ernthefmirtN@REs OD and SBRa1198 td@8ivedihe gantry data packets, the SmartNODEs 110 and

SRRs 108 will append their ID in the data packet and send it to the controller server 122. The
system will then associate the Hybrid Tag ID with the SRR ID or SmartNODE ID, which in turn

is associated with a location. With the location known and an indication that the Hybrid Tag 104

12



patient's Hybrid Tag 104 will be scanned again with a second passive
RFI D reader, P2. This time round, the Hybrid Tag ID, the RFID reader
| D and a cwomrawhiiios enabl e the active RFID tag portion paidi@nli2en
for the Hybrid Tag 104 and the Snart TRAC algorithmw || be used for
WO 2010/ 011176PCT/ SG2008/ 000267 active RFID tag portion 128 tracking
again. The exanple of inplenentation of a radio frequency
identification tag assenbly nay also be carried out in any suitable

U1 O 0 s b gannd K8 U dbtFcar aBhOSodte I Wb OFod 1 FXAOLS

of inplenentation of a radio frequency identificati ag asse

an oper Wﬁg},ggﬁ“ﬁ"’ﬂﬁaﬂ%ﬁa wn in FIG 6 according to one enbodi nent

of the pres vention. [ 0041] The i npl enentation begins in step
176. In 1786, borj d 1 kS _hssued. to atient and

net hod o@aﬁac klgnoélg E&Ibg%glte%nbtr@i gﬁ@@t%l/osg n%aﬁ%glﬁa{ﬁdgsﬁgmhdg? & alSo b used
execute 042] Ne in . ste 78..,.t s determ ned whet her a passiv
RFI D da’%grlpe léf{aez‘t%oni )g&hreréc? eﬁ’(%@. 'llai;ﬁl 46%gf§fvemlﬁlﬁtﬁa%ea?a§e N, K"e'f’a%‘é{‘)ﬁ ﬁ%g} 'ge
assive RFID reader contains a.passjVve |ID a ctive 1D of a brid
Tag" 104 "RAEFY SEPAPTIS 1T SV he VeRe B (GhestHERRB il 2o il be
di sable active RFID ta ortion 128 tracking for the particul ar

Hybri A ey disqonpeciedoiom R Aeaopl Saitd g2 Y hen e Py b Tk emaed
dat a packet .is received, the pr cegsi ng proceeds to step 180, where
it is defom Hestegsaten WB“@B{&E‘?S@ Bleeprtic Aeadeswitgh 134 wll eetymp fpity poymally

portion#28 tracking., [0043]If it is determned that the active RFID
tag por (YU Y28 histekeripericalipoaectydiaesgtive REID circuit 139. Upon powering up,

the Power On Reset bit of microcontroller of the active RFID portion 128 will be set. This
caused the Hybrid Tag 104 to continuously send registration data packets within a fixed period
of time after which the Power On Reset bit will be cleared. The system upon receiving the
registration packet will indicate that the mentioned Hybrid Tag 104 has been switched on.
[0033] In one embodiment, the RFID tag assembly 104 include only an active RFID tag
portion 128. The active RFID tag portion 128 includes a power supply unit 132, a normally
closed reed switch 134, a RF transmitter 136, an active RFID processor 138, an active RFID
memory portion 140, an antenna 142 and a thermistor 144. The combination of the RF
transmitter 136, the active RFID processor 138 and the active RFID memory portion 140 may be
termed an active RFID circuit 139 as described previously. The normally closed reed switch 134
is connected to the active RFID circuit 139, wherein the normally closed reed switch 134 is
configured such that when it is subjected to a magnetic field environment, the active RFID

circuit 139 is electrically disconnected from the power supply unit 132 and when it is out of the
magnetic field environment, the radio frequency identification circuit 139 is electrically

connected to the power supply unit 132.
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processing proceeds to step 182, where the active RFID tag portion
tracking is disabled. If it is determned that the active RFID tag
portion 12§0t0®dKiNg is to be enabled, the processing prawsEdes/ e’
step 184, where the active RFID tag portion tracking is enabled.

[ 0044] Fol | owi ng steps 182 and 184, the processing proceeds to step
186 where the |ocation of the current passive RFID tag portion 130 is
reported. [0045] Followi ng step 186, the processing proceeds back to
step, 1780084pr e FIG. 3 shawgabm egilbdudnviae chfwheidRefrequerdsbmicRidEDtag ads@mbly
packet is received If it is determned in step 178 that a passive

RFI D dat acdoatitgeto dng endbdiiaeofhel preséif idlefES ThOQFI 460RsnH1Y 164 fBludes a
188, where it is determ ned whether the active RFID tag portion 128

t racki ngtdpscasinghb£c fssich RBID @g. portitn B0 kil d RENSCT4S2RA81 0046 bottom
[0046] If it is determined that the active REID tag portion 128

t racki ngcastge3abiRdop ¢d3Rg 184 B5ELHSE bf‘l}@r@éé@ﬁx@qg§ daf b& kGl J‘fﬁaosu 2 ¢ fatel18) for

Smart TRAC al gorithmis activated. it I's determ ned that e active

RFI D t ag enfipld Abrylbafrile mtddidAd Styteft GHY) Sfhe tapsasg%gt%ggﬁ& H%oRORESES 156

to step 192 where the last known |location is re

L0 T] F ol e Bidupl SSEDR B a WferpblFeaBh RS I8 BE BRESET P BRHCLC 1os

step 178 agai n. FI G 8 shows respec gatron zon

a coars eRk:ﬁft%E 'paﬁltohso Fhé ﬁgsgfvg %Iﬁ?a% Portion 130 and the active RFID tag portion 128 are as

described previously in FIG. 2

[0035] FIG. 4 show respective front and back views of a radio frequency identification tag
assembly according to one embodiment of the present invention. The top or front casing 154
includes a LED window 260 and a window 262 for barcode or serial number label. The LED
window 260 is to indicate to a user that the tag assembly is active. The bottom or back casing
156 includes a slot 264 for placing a wrist strap which in turn is secured to a subject’s wrist like a
watch and an infrared (IR) window 266. In one enbodiment, the RFID tag assembly 104 has an
IR transceiver. The IR window 266 allows the RFID tag assembly 104 to be configured throﬁgh
IR communication.

[0036] FIG. 5 show respective front and back views of a radio frequency identification tag
assembly according to a further embodiment of the present invention. The top or front casing 154
includes a LED window 260 and a window 262 for barcode or serial number label. The LED
window 260 is to indicate to a user that the tag assembly is active. The bottom or back casing
156 includes a metal contact 268 for a thermistor and an infrared (IR) window 266. In one
enbodiment, the RFID tag assembly 104 has a IR transceiver. The IR window 266 allows the

RFID tag assembly 104 to be configured through IR communication. The thermistor is in
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fine localization receiver according to one enbodi nent of the present
invention. The coarse |ocalization receiver or SmartNODE 110, has a
relativel ywoia/aower age area or | ocalization zone 198 mngka@assnooze7
coarse |localization receiver 110 is used to provide a coarse

| ocal i zation of the Hybrid Tag 104. The fine |l ocalization receivers
or SRRs 194, 196 have respective snmaller coverage areas or

| ocal i zati on zones 200, 202 as conpared to the Smart NODE 110.

Ther ef or @ernfd ot REWAR tHe\theta? andXtRe W ' |

| ocal i zati on of the Hybrid 'Ilggigae}gééﬁ [Oeéiﬁ%%ali %&lgegﬁg?ﬂla&wﬁhegm}gamw
104 i's pQmh iHeQMGELt ok Bkampf¥ ﬁ@ggﬁengpgdn)Tgﬁe tﬁ%%}t&% rilléagurgrtl?evtgrqge?a ¢ of
coarse |l ocalization of the Hybrid Tag 1 as the coverage area (also

ter med | e ot 2R 26813d o0 T il SRELNGR%: 1 H3od Sl BEAPE AL he megsred

conpared to the respective coverage areas o

196. The, NP, q?ﬁ rge area. of coverage, Zone 1, 198, of

about 10e§2gtyrﬂ§éls ragijs%lss%.t ﬁ{&&f@%ﬂ%@e %"i/r%m?eéspecti ve small area
of cover Ar 1200 and Area.2 ,202 .of aroupd.5 netres radi us.

Si nce th@gfe? ea @ § BASY e’faénpiengﬁ mplqmicntatiopo iéﬁl,% fsaueney }dggﬁfcﬁ“‘m tag

recei ve dat ackets if the Hybrid Tags 104.is in close proxinity
1 e P FAT ofespins el D0 tomAR acchating 40, CREETPRURFRTRL thy Hrepent
Tag 104,. SRR 1,.194 wi | dts I D t he recei ved dat acket and

r ebr oadcREPHPHd hS??é‘n‘i?&?ked‘:'gg "I?ll’@ﬁ%‘i“. 6?!‘3“@?%%2&@5@83 039?% 160 andan G
meant for the @gﬁ t NODE 110. The Smart NODE 110 upon receiving.the

r ebr oadd§€Y e a&b"%eeﬁ‘a odiment,the passpys REID fag pogtign, k30 ofthe Hyhwd Jvg e
will then assocjate the ht)[\D 2?%}%/011176PCT/ SG2008/ 000267 Hybrid Tag

I D wi t h PP 1 Beyetklqvh of thenOT complex 162t @a mpYife pingeinf locgtpg. of the
Wth that, the locatjion of the Hybrid Tag 104 is identified to be

wi t hi n Aakiept1Whenpmpatienffiseh amivedt died)h Erarntiont. 64+ thepatieat s deais suchas ipersenal
radi o fre&_uency ((jRF) receiver. It is responsible for receiving data
packet s PRrisHiaEsHad sghisApigd surgery pomvenfigd. Sidhen the patiend ds wirpeledrintodiis/dagiguated:
is relayed to the controller server 122 through a LAN. Each Smart NOCDE
110 wi | IOh4%% in the abgie examglecOT b, the patient’s Hlybrié Tesrid04 Witk be scapred with a first
Smart NODEs 110 are distributed in the area where the Snart Sense

Locat i owasspadi&iIRgeaes (Fd T he RFHhreadas Ml awill seiba dyte packetdntaitisg @ Hyblid Tog
of areas and each area will be given a location ID. Each Smart NODE
110 wi | IDpeREBXeades 8D whd & cemminskie disahle the actine) RIIDI tag portierr EX8araekingfor this
group of SmartNODEs 110 will represent a |ocation. [0052] Wien a

Smar t NObEbid Tag dBe Ay e samgdinze, thecdkertion mathbe upifased ds thagnd @sbpciated wiith|the

RFID reader, P1.

[0038] During the time when the active RFID tag portion 128 tracking of the Hybrid Tag 104
is disabled, the location of the Hybrid Tag 104 will be associated with the last known location,
which is the one relating to the passive RFID reader used to read the Hybrid Tag 104.

[0039]  After the operation, the patient will be transferred to the OT recovery 168. The
patient’s Hybrid Tag 104 will be scanned again with a second passive RFID reader, P2. This
time round, the Hybrid ATag ID, the RFID reader ID and a command to enable the active RFID

tag portion 128 tracking for the Hybrid Tag 104 and the SmartTRAC algorithm will be used for
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append its IDto the data packet, then send it to the controller
server 122. Wth the Hybrid Tag ID and Smart NODE I D, the system can
associ at e wbheotdyhrived Tag I D with the | ocation | D assi grnaxd/sGzodsieoze7
Smart NODE | D. By associating the location IDto the Hybrid Tag 1D,
the location of the Hybrid Tag 104 may be identified. [0053] The SRRs
194, 196 conpl enments the Smart NODEs 110 by providing additional data
for the Smart TRAC al gorithmto conpute a nore accurate | ocation of

the Hybraddvd RED h@portledqbs GhckidprgdRRBheldmplt [%g iéuéﬂl%dlmed?ﬂ%ﬁ °?ﬁ#§3?ﬁ’n§q,a‘%@y

and will be associated with a location ID. 411 n one e

each of {BgincRRn tﬁ?%?enltﬁTﬁ gﬁ%gﬁb 8t cffiePoltin Jng%ﬁiita‘éf‘é bbnflgin ol grafRg tter

and a m crocontro recelrver 1s responsi or recel vl ng

RF data agdfet Srig omuhe iRl B4fe Hipid BEinTGEAERNA o'l ShioYddhency

t hen append 'the SRRID to ata packet and roadcas

ks AoRERMBE ML sy o8 T s e n

receptio anas rage area conmpared to the SmartNODEs 110. The
RF transér?rllﬂ{ot er Ha?lf'rsth‘g&\él%élﬂe?’erf%rog‘nsm ssion power conpared to the Hybrid

nron  + SRRRTIS SRR PriclSigtiesit o 35 T B L B biBna B iya el go
P L e e N e e N

outsr de W14 he Ykl Sn L0 ISR e & PSrn VTR SGPERS upgered
R et e e

ral i.s i.pped with a receiver
genera ofa }Fy%gd q‘gg ?OAM and a command to inform the system on whether to enable or disable active

RFID tag portion 128 tracking for the particular Hybrid Tag 104. If it is determined in step 178
that a passive RFID data packet is received, the processing proceeds to step 180, where it is
determined whether to enable or disable the active RFID tag portion 128 tracking.

[0043] If it is determined that the active RFID tag portion 128 tracking is to be disabled, the
processing proceeds to step 182, where the active RFID tag portion tracking is disabled. If it is
determined that the active RFID tag portion 128 tracking is to be enabled, the processing
proceeds to step 184, where the active RFID tag portion tracking is enabled.

[0044] Following steps 182 and 184, the processing proceeds to step 186 where the location
of the current passive RFID tag portion 130 is reported.

[0045] Following step 186, the processing proceeds back to step 178 where it is again
determined whether a passive RFID data packet is received. If it is determined in step 178 that a
passive RFID data packet is not received, the processing proceeds to step 188, where it is

determined whether the active RFID tag portion 128 tracking is enabled or disabled.
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with a signal strength indication. Based on the signal strength

i ndi cation, the SRR can choose to reject and accept data packets
based on twe bmwerizand hi gher signal strength threshol cecbBbdire7
| ower and upper signal strength threshold val ues can be determ ned
t hrough experinmental nethods. A SRR can be set up in the desired
depl oynent settings. A transmtting Hybrid Tag can be placed at a
desi gnat ed di stance away fromthe SRR The signal strength at

di f f er en{00déjst antirss deermiieed ent iheehdfive D N ?dnioﬁorzs%f%mg Gs eﬂabgal,:%he

is placed in a reference position and a Hybrid Tag is placed about

netres apryeshing procbdds pRitep HawifkOh8 ISmaiTRAB lpokitim Raehvai ﬂ”iﬂ@ﬁ&@r%nﬁ%e%

| ogged for a period of about 15 m nutes. After about 15 m nutes,

aver age fia0ihg lactile! TEFID! the BbrtidRAYE trackI®y & Ysal 8§ | C
t he di stance r?;y be inc%gasled to a%ou s?%ﬁg??ggégﬁg&%ﬁgg g'{%%éﬁg{m P fbo

strengt hwh&k tRash kibhAoLABK Rrehcitch099ed for a period of about 15
m nutes. Again the average sighal strength value at about 4 netres is

| cul at Thi g, \ t VIt - ) 29 bat10
ot s 1 SO o ERNAEEGs b0 i B Ll Biockil e ARG S P o

it ancou PG B 3 951 rEReFL IR FEB et gl it
e’ sik DSl A B R Ne s ot firal o et B8y, i CSie
Fre sar FElaRacy e o RPRANERES EROHE Do vl i b
vaue” (167 TR e ocoi i Fecrlyds RefOno i o il o e
uner o a Wi B0k s et bt o Sl BL g9 e
Cpper s HEAES HPRSOTAICE 265 BB cambrma o ISP b Toemre,
changed EHFBRE A Tl e GRS 6 gione eyl edgor ¢ he

v angt HOM S HBHGO, &R b remmeitimiet 1. J0e S ioRE 110
e e s tAMEes  roRHe lasalation of the Tybrid Tag 104'%5 e coversge area also tommed

localization zone) of the SmartNODE 110 is larger when compared to the respective coverage
areas of the SRR1, 194 and SRR2, 196. The SmartNODE 110 has a large area of coverage, Zone
1, 198, of about 10 metres radius. The SRRs 194, 196 have respective small area of coverage,
Area 1, 200 and Area 2, 202, of around 5 metres radius. Since the area of coverage is small, the
SRRs 194, 196 will only receive data packets if the Hybrid Tags 104 is in close proximity with
the SRRs 194, 196. Upon receiving a data packet from the Hybrid Tag 104, SRR 1, 194 will add
its ID to the received data packet and rebroadcast the amended data packet. The rebroadcasted
data packet is meant for the SmartNODE 110. The SmartNODE 110 upon receiving the

rebroadcast message sends it to the controller server 122. The system will then associate the
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[0062] I n the above nentioned inplenentation, the RF receiver of the
SRR may consist of a |lossy antenna. The | ossy antenna is inplenented
by adj ustiwg2pmgsiwe | npedance mat chi ng conponents to a0IEG20BR0RANt
val ue. Al so the antenna design of the receiver can be changed to nake
it less sensitive. For exanple, change in antenna size, change in
antenna | ength, change in antenna shape. Also a RF attenuator can be
added to the antenna of the receiver to increase the threshold of

si gnal | elybfi¢ TagMD adihahé 88R 19D Whieh RRuAl i aMahRH WIBSARY 10960, Wil€ihat. the
| ossy antenna design is that the RF attenuator reduces the anﬁlltude
or power1&5&@&&1&@%@1&?99&isq&%ﬁé‘d@lglsmhns 51/7g 1 ts waveform

100631FI G 9 shows a soffware architecture of a nmethod of tracking a

| ocat i onygos@nt i i ot erfiboiiitPérft Chhe %ﬁﬁﬂwﬂy} i@ isofﬁad%ns\%ﬁewgwfreéegeen It is

present 1 nvention. A Smart TAG server application

122, ancrerye RE ISHINP AR pacieh, FER ETbi0 1o XREAGT xRl O VY e
Dt abase SBE. et et MelSnddfs (1P BEENESR Utk e RarsiP i wan

Server 124 .A Locatiopn Engine 208 is found in the Application Server
126 -and ‘?‘I%e#t%"wgégléiﬁ%% e for interpreting and processing the data

packet s ed in the rt Sense, da e 6 and returns the

conput edﬁ’ggati noqeeglﬂ%@r‘ﬂgt %%ﬂ?ﬁ@@%ﬂf@gﬁs@s t“&*gd%éheze@? wiises the
Locati ongEngi ne 208 uses t.he Smart TRAC al gorjithmto conpute the

| ocat i onS’P@%f es‘?“?ﬂ%‘ ‘Eﬁ?ﬁ‘?‘{‘%ﬁﬁé"éﬂ Wégﬁ]ﬁﬁ’ﬁi"g‘géllflﬁeéwtﬁov‘ﬁﬁ?w lisg ofypregs and

found in the ication Serve 6, di spl ays the |ocation results for
Loors. | [BORAFEIEL bS GHeR  IFGESTE oo SHRRNDDE Ubarlihe gssigred aibea ioes o

tracking a |l ocatjon _identity of a subject according to one enbodi ment
of the %P‘é%‘@ 'h\?éﬁg‘?r&f’ng.m‘m@S“NNMO&’%FW?’FP&PaB@%Up of the
Smartﬁledr;@fg sys':@[gl Room A_includes an installation of three o
Smar t S2lhanthen A SmaNQDRJ 19 feceivessppdaty, pagkety from 2 Habmb dag 804, it will
includes an jnstallation of three Smart NODEs, nanely 81, B2 & B3. A
subj ect BPeRSdfssiBhto\the fatn gacket shepisendingp theiegntiodersservend 2% With therHyhrid Jag
shown in FIG 10A. [0065]FIG 108 illustrates the data packets

r ecei vedDPord feapNORECID.\ibe spsiere NapRssosintd tBREIybrid Tagell¥ witht therilovatien ID
H transmt a Strong signal data packet (P1) and the data packet is
recei vedpsfigneg| to tho Smam > 1B By Bsogistingthe lopation elDs tec thedHyhriduTag Il the
transmt a Wak signal data packet (P2) which is received by A, A2,
A4, Bl dagtigpof the Hylid Tag104phay t@ddenified. ve the Strong signal data
packet Pl and the Wak signal data packet P2. A3 and B3 only receives
t he StrdA@3Ei griie SRRsal Yatd6etomplements the SmartNODEs 110 by providing additional data

for the SmartTRAC algorithm to compute a more accurate location of the Hybrid Tags 104. Each
of the SRRs 194, 196 will have a unique ID and will be associated with a location ID.

[0054] In one embodiment, each of the SRRs 194, 196 consist of a RF receiver, a RF
transmitter and a microcontroller. The RF receiver is responsible for receiving RF data packets
from the Hybrid Tags 104, the microcontroller will then append the SRR ID to the data packet

and rebroadcast the data packet to SmartNODEs 110 through the RF transmitter.
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[0066] Each type of data packet may have a different weightage. For
exanple, the Strong signal data packet will have a | ow wei ghtage and
t he Weak sworalo/datre packet will have a high WO PCT/SG2008/000267
2010/ 011176PCT/ SG20081000267 wei ghtage. Pl is a Strong signal data
packet and Pl will have a weight of 2=1 and P2 is a Wak signal data
packet and P2 will have a wei ght of 2=2. [0067] For each Smart NODE or
SRR, a score N, will be calculated based on the data packets they

recei ved[00B5)1ZA) The SRRVIee@iNer 5804 SmhlRd: @&% R corTike arfd ConAPRRY the
of data packets received by the Smart or R,
SmartNODEs 110. The RF transmitter has a higher transmission power compared to the Hybrid
Tags 104. Therefore, the SRR 108 has a small reception range and a high transmission range.
[0056] In one embodiment, the coverage range of each SRR’s receiver portion can be
adjusted by varying a lower signal strength threshold and an upper signal strength threshold. A
signal below the lower signal stx.'ength threshold will be regarded as outside of the SRR’s
reception range while a signal above the upper signal strength threshold will be within the SRR’s
reception range or coverage.
[0057] In an example of a first implementation, a SRR in general is equipped with a receiver
with a signal strength indication. Based on the signal strength indication, the SRR can choose to
reject and accept data packets based on the lower and higher signal strength threshold.
[0058] The lower and upper signal strength threshold values can be determined through
experimental methods. A SRR can be set up in the desired deployment settings. A transmitting
Hybrid Tag can be placed at a designated distance away from the SRR. The signal strength at
different distances are respectively determined. For example, a SRR is placed in a reference
position and a Hybrid Tag is placed about 2 metres away from the SRR. The signal strength for
each data packet is logged for a period of about 15 minutes. After about 15 minutes, the average
signal strength at about 2 metres is calculated. After which, the distance may be increased to
about 4 metres and the signal strength for each data packet is logged for a period of about 15
minutes. Again the average signal strength value at about 4 metres is calculated. This process

will continue until a distance of about 10 metres for example is reached. A larger sample size of

Hybrid Tags can also be used for better estimation of signal strength at various distances.
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A= Wi ght for each of the data packet. [0068] FIG 10C shows the score
for respective Smart NODEs and SRR Al received both P1 and P2,

t her ef or e, wpooiowiN76or Al is 3. A2, A4, Bl and B2 w |l ﬁ@yﬁ;zbmo@@fre
score as Al because they too recei ved PI and P2. 2 N1 =EA | .1=1
41= An +2p2 N42 =N44 =N21=N22=N41=1+ 2 = 3 [0069] A3 and B3 recei ve
only PI, the score N for each of A3 and B3 is 1. 1 N43 =EA .

[0059] The signal strength of a Hybrid Tag is an indication of how far the Hybrid Tag is
from the SRR. The lower and upper threshold values for SRR receiver portion can be set at
various values as desired. If a deployment of the SRR requires it to be very accurate in
pinpointing a Hybrid Tag, the upper and lower signal threshold values can then be set to a high
value (for example. within 2 metres range) which allows the SRR to detect Hybrid Tag within a
small proximity. In another deployment where a wide area of coverage is preferrea S0 as to
minimize the number of SRR required, the range can be set to the minimum lower and upper
signal threshold values.

[0060] In another implementation, the SRR signal strength threshold value for the receiver
portion may be changed through the hardware configurations. The sensitivity of the receiver is
reduced thereby increasing the lower and upper signal strength threshold values.

[0061] In one embodiment, the lower and upper signal strength threshold values need not be
distinct and may be substantially the same.

[0062] In the above mentioned implementation, the RF receiver of the SRR may consist of a
lossy antenna. The lossy antenna is implemented by adjusting passive impedance matching
components to a non resonant value. Also the antenna design of the receiver can be changed to
make it less sensitive. For example, change in antenna size, change in antenna length, change in
antenna shape. Also a RF attenuator can be added to the antenna of the receiver to increase the
threshold of signal levels. An advantage of the RF attenuator design over the lossy antenna
design is that the RF attenuator reduces the amplitude or power of a signal without appreciably
distorting its waveform.

[0063] FIG. 9 shows a software architecture of a method of tracking a location identity of a

subject according to one embodiment of the present invention. A SmartTAG server application

20



i=1 N3 = N 23 = N3 = 1 [0070] Each Smart NODE and SRR has a factor #
for each location. # will take into the account the projected

| ocati on ofvot2oe/titiaeked subj ect and al so the profil e ofpaaios/000267
Smart NODEs and SRRs will receive data packets fromthe tracked
subject at a given position. WO 2010/011176PCT/ SG008/ 000267
[0071] I n one enbodi ment, factor O can al so consider projected
novenment based on the location history of the person or object. The

pr oj ect edoRYGIER the't dntrot@ReHILT 22f %ﬁf ﬁfs%esk)bxﬁﬁ)lﬁfo; @&lfe!c d)aftzi %%K&F{%@éived

speed of novement and the |ayout o) ea the pers

in. Usingy thesARNGPENIE R s B G Phckd:d hngé fl%él?ag“%hs% lt)atalpase ng U The

where the person or object Is [ocate ext a e assig

(0072 1 e PR H s 38 Pl fi Sk k@%&eggh%%%%é@sffwd

Room A. [Thg.f and A3 or A4 is, 3 and
131, 82 ;a}-}n %519&& 55515'\835 CI?IS @)z)t IS responsxhl% t%f interpreting and processmg tﬁ'xe data

packets stored in the SmartSense database 206 and returns the computed location results back to
the SmartSense Database 206. The Location Engine 208 uses the SmartTRAC algorithm to
compute the location results. The SmartSense web application 210 which is also found in the
Application Server 126 displays the location results for users.

[0064] FIG. 10A to 10G show respective scenarios of a method of tracking a location
identity of a subject according to one embodiment of the present invention. FIG. 10A shows a
simplified setup of the SmartSense system. Room A includes an installation of three
SmartNODEs, namely A1, A2 & A3 and a SRR, namely A4 and Room B includes an installation
of three SmartNODEs, namely B1, B2 & B3. A subject or person wearing a Hybrid Tag (H1) is
situated in room A as shown in FIG. 10A.

[0065] FIG. 10B illustrates the data packets received by the respective SmartNODEs and
SRR. In the first minute, H1 transmit a Strong signal data packet (P1) and the data packet is
received by Al, A2, A3, A4, Bl, B2 and B3. In the second minute, H1 transmit a Weak signal
data packet (P2) which is received by A1, A2, A4, Bl and B2. Al, A2, A4, B1, B2 receive the
Strong signal data packet P1 and the Weak signal data packet P2. A3 and B3 only receives the
Strong signal data pécket P1.

[0066]  Each type of data packet may have a different weightage. For example, the Strong

signal data packet will have a low weightage and the Weak signal data packet will have a high

21



[0073] FI G 10E shows the factor 0 of all the Smart NODEs and SRRs for
Room B. The factor O for Al, A2, A3 and A is 1, and for 131, B2 and
83 is 2 rewpeotoindly. [0074] After respective N and (3 frarr/sd2b08/000267
Smart NODEs and SRRs are conputed, a score L, will be conputed for
each location. L for each |location can be found by sunm ng the
product of N and 0. L=tANi Wiere n = total number of SmartNODEs and
SRRs in the tracked area. [0075]FI G 10F shows the conputation of the

score L Wweightageoii & a $tfong sighalAlaflphcidt and P1 Wil AZNe Adveibhlei ABMI is a Weak
P4, 44N 44 + 13 A BIN Bl / 3 A B2N 52 + 13 4, B3N 53 =(2x 3)4(2 x3)+ (2

x1) +( 3 xSgna( Hata Packétnd P2 RAKhEE aHigh00f @1LB! G 10G shows the
conputation of the score L for roomB. LB = 13 B,AIN Al B, 42N A2 +

B, ASN A3[0044 B, RetNattt Smb3ROBPENBSRRIA £old2N Bein & gﬁ&lﬁg’d based on the data

packets they received.

m

N=>1,

j=1

Where N = score for SmartNODE or SRR,
m = Number of data packets received by the SmartNODE or SRR,
A= Weight for each of the data packet.
[0068] FIG. 10C shows the score for respective SmartNODEs and SRR. A1 received both P1
and P2, therefore, score N for Al is 3. A2, A4, Bl and B2 will have the same score as Al

because they too received P1 and P2.

Ny=2p+2p
Ny =N, =Np=Ny=N,=1+2=3

[0069] A3 and B3 receive only P1, the score N for each of A3 and B3 is 1.

Ny =4p
Np3 =N =1
[0070] Each SmartNODE . and SRR has a factor 8 for each location. 8 will take into the

account the projected location of the tracked subject and also the profile of which SmartNODEs

and SRRs will receive data packets from the tracked subject at a given position.
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= (1x3)+(Ix3)+ (1x1)+(Ix3)+(2 x3)-F(2 x3)(2 xI). 24 W

2010/ 011176PCT/ SG2008/ 000267 100771The | ocation with the hi ghest
score for wp2uoldittbe the | ocation of Hybrid Tag. |n thecTsmu®000267
exanpl e, Room A has the higher score of 30, therefore the Hybrid Tag
is in RoomA. 100781If there is tie in the highest score between 2 or
nore |ocations, all the locations wll be considered to be potenti al

| ocations and the decision will be nmade by review ng the previous

| ocat i onfoomt hen egatmBHihah! fcRl fHR AdnddddRojebtd tﬂEbereﬂEﬁvﬂaQéﬂfon the

|l ocation is found in the list of potential locatiions then curren

| ocat i onjoWdtioh }Qﬁm-?/d(ﬁnﬂ'xia fﬂe%@n%? dbjeet. AhE -rayéed 91%%&1&1@ Viriﬂl %ogsd%?tgétgrs qgkc

the Hybrid Tag. If the previous Tocation”s not 1n the

Pocar one T A A kit A0S By Sl oot e
SUb St CABLBRRL o IR A4S O e s

. T
Subj ect according to one e resen 0]

met hod i j Ldentit Yo be ed "Smar t TRAC!
ot gor ¢ st PAE et BEhy Hhat S ¥ BRYSmNGENY b Bige o8 e Pty
218. [Oqgg%ggxt in step 220, it is determ ned whether or not a

pr edef ne I'ne interval is up. In this enbodinent, the tine interval

3 2 TP PERTo5 SR ] o ST S g o
o occc g PR R RS ST A A R 2 T e e
checks 1P0TEe SIET DR GBOWT the heibiok ohi it SRmSOEs and SERS deichocrn B, The
the ProGERs! A R 268 W und Al Pand tor 1) 53 na B Shespecrivery.> “O™ &
[0074]  After respective N and 8 for all SmartNODEs and SRRs are computed, a score L, will

be computed for each location. L for each location can be found by summing the product of N

and 8.
L= Zﬂ;N i
1
Where n = total number of SmartNODEs and SRRs in the tracked area.
[0075] FIG. 10F shows the computation of the score L for room A.
LA = ﬂA,AlNAl +ﬁA,A2NA2 + ﬂA,A3NA3 + ﬂA,A4NA4 + ﬂA,BINBl + ﬂA,B2NB2 +ﬂA,83N83
=(2x3)+(2x3)+ (2x1)+(3x3)+(1x3)+(1x3)+(1x1)=30
[0076] FIG. 10G shows the computation of the score L for room B.
LB = ﬂB,AlNAl + ﬂB,AZNAZ + ﬂB,A3NA3 + ﬂE,A4NA4 + ﬂB,BlNBl + ﬂB,B?.'NBZ + ﬂB,B?:NBS

= (1x3)+(1x3)+ (1x1)+(1x3)+(2x3)+ (2x3)+(2x1)= 24
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for each Smart NODE or SRR Following this in step 226, for each

| ocation, Nis nmultiplied wwth the appropriate weights, 0, for each
Smar t NODE W0 28RR111700821Next in step 228, the score L iFECTeSsIpstoects?
based on the total nunmber of SnartNODE and/or SRR for each |ocation.
WD 2010/ 011176PCT/ S&2008/ 000267 [ 0083] Then in step 230, it is

determ ned whether there is only one highest score for L. If it is
determ ned that there is only one highest .score L for a particular

| ocat i on[007Te pThekesiongvif te Gpsst seors FRIL, 23R be \WrAb&utibh 8f HYBAd TOH) Ih $he
reported. However, if it is determned that there is not only a

si ngl e hatghestanfple) Reoh A hddehdHigHep Scord\6F 30! BERAAStht PyBli€Pagkis fn RIS AE
the location history of the Hybrid Tag is checked. '[0084] Then the

o5 M7 T e 8 ale MK R LOflhE o AL B8 it o
Dt cdet o e o R T Y RS0 Pl BOmb et e Frqions
DUt i ng e it 8 ocatth RO IO T8 T Bl il ISR Eare gt of
and 38 aﬁo@eﬂti?%l%@éﬁi%n?s?%%c&l;@i{?ﬂocﬁi n?@ﬁﬁag W?ﬁ@ﬁd{iﬁt@n %vzlcl)3 sgégiafii)qg tﬁcla {a%ﬁ!: of

on |l evel” 2 an A an are on

36 [ ooshy IHERS 88 gy PRRbld 2022‘%[?313 %ﬁéﬁ*&i‘%ﬁgéﬁé?ﬁ%%@é@an? F*%W%t
ol veay e e o) Qe BB et b R oy lker < anc

e R TIE  = SN R LRI
o P B 3R o W St i) P RNAESr o o

| tq,3..0n level 2 N tjvel ual to 0.
e Sy o S B S S Sl s

i's equa“)to 0. Siyplarly on level 1, NTA and NI B are respectively
equal t OB APt 'Bre, the score LI for level 1 is the sumof N A and
N19, whi is glso.equal to.0. By conparing the score L anpbngst the
three |é§@1"i, L xh&’sg?m%zohf‘dﬁéﬁfﬂ%%eér@e&w 8r nof yepredefipegd time, interyad dycery In

subj ect 244 cap be identified to be on |evel 3.
s embodiment, the time interval 1s predefined to be 2 minutes but it is not so limited. If it is

determined that the 2 minutes time interval is up, the processing proceeds to step 222 where all
records within the 2 minutes time interval are selected. On the other hand, if it is determined that
the 2 minutes time interval is not up, the processing continuously checks if the 2 minutes time
interval is up.

[0081] After step 222, the processing proceeds to step 224, where the score N is computed
for each SmartNODE or SRR. Following this in step 226, for each location, N is multiplied with
the appropriate weights, 3, for each SmartNODE or SRR.

[0082] Next in step 228, the score L is computed based on the total number of SmartNODE

and/or SRR for each location.

24



WO 20101011176PCT/ SG2008/ 000267 [0087] FIG 12B shows an exanpl e of an
i deal situation. However, in an actual inplenentation, data packets
may be rec@Ovenw/myi7et her | evel s too. This occurs when SrarSGIOBES02ET €
nount ed on high ceilings, thereby the distance between the Hybrid Tag
and the lower |evel SmartNODEs is nuch shorter than the distance

bet ween the Hybrid Tag and the Smart NODEs found on the sanme | evel.
Oten, the lower |evel Smart NODEs nmay receive nore data packets.

[ 0088] | n[0B83p. 17PKen ifi Step 2X@ il GetriisdddetettiafthbiRs SAPBnSIEEREt bielTor L. If it is
Smar t NODE 3A and 3B also receiving 1 and 2 data packets respectively,

but t hi sdetérfitheSrthitt INelEs 201y 66 hiphsst Scstal B HAE kRkRulal JodaQbn, | BY Plocsssing
3, L2 for level 2 is 3 and Li for level 1 is 0. In this regard,

SUMT Ng procdeierolsth 252, iERSthe chat%ﬂ@re?@ﬁ&@ﬁ%w%@&ﬁﬂﬁgdc?%ﬁnﬁf%ﬁ Eha:: &\élx%'iiiéo’%

not useful as the total score L for level 3, L3, and r leve
i s the SsHRea sihflehiiheR sE3k QUth &%s‘xﬁg‘lﬁbd SdAd b 994, | q\;{xblﬁ
decision to begnaggeoﬁ mhefhg?kthe subjé%t 'S Pouﬁd @%@ g@%%h og&EOf

as both theughs Ve chdigegsane total score L. [0089] Therefore, a
| ogi cal grouping 1 nstead of physical grouping of the Smart NODEs is

1090980 P S U Sy R SRR o0

when a su e Ion as pre
i ndi cat j ' iy Vi the.d ts..
her of orovsFc 0PI BRI HERIERERETM tack iR 8 okt (85 L 5B e

2B whi | . i ated with | 2 is.2A and 2B. ..

[ 0090] reisioam i Bty oEirRn PRER. S4ce et AR 3 rener e ' ae
Saen 119 etibolinfnl SIS 4BL ABRGI G, (£ RS an oty ot a e S0GsPudng pith
each location In : 1°62a oW R © & liqin

be the locati th ked,subject 244. F Fl 12E, |evel 3
s nCL 498 BeRcfied iMoo St 8oh PG harf{OES BRng, 4B piecimpaledsloel 5

score ofg 0rnOBET 5% 28 1% SHNEGh 1bve1 h ST S NODES R an 1B are installed on

level 1. A tracked subject 244 is positioned on level 3 and nearer to SmartNODE 3B.

[0086] In FIG. 12B, it is assumed that each SmartNODE will only receives data packets
within its level. Therefore the algorithm involves identifying which SmartNODEs receive the
data packets and identifying the location in which the SmartNODEs is associated to. In FIG."
12B, on level 3, SmartNODEs N3, and Nsp receive data packets from the tracked subject 244,
N34 is equal to 1 and Njp is equal to 2. The score L; for level 3 is the sum of N3, and N3, which
is equal to 3. On level 2, Ny4 and Njp are respectively equal to 0. Therefore, the score L, for
level 2 is the sum of Ny, and Njp, which is equal to 0. Similaﬂy on level 1, Nys and Np are
respectively equal to 0. Therefore, the score L, for level 1 is the sum of Nj and Njg, which is
also equal to 0. By comparing the score L amongst the three levels, L3 has the highest score of 3.

Therefore, the tracked subject 244 can be identified to be on level 3.
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WD 20101011176PCT/ 82008/ 000267 [0091]FIG 13A to 13B show a net hod
of tracking a location identity of a subject including assigning a
wei ght age wasew/en’a recei ver type of a receiver accor damgsd200300e67
enbodi ment of the present invention. The above al gorithm can be made
nore generic by introducing weights on each Smart NODE for each

| ocation. The benefit of introducing weightage to the Smart NODE i s
illustrated by contrasting FIG |13A and FIG 138. [0092]FI G 13A and

FI G 138[008gpecric/elyB siows aih example€oOfanidelll SR1aBbR" EbwRikr!
t wo SmartNgEs install ed on eachaxlﬂgve? agrr:artNODIgs 3A and Bf’Bqllép& \%&JQ

i nstall eﬂ?%én&‘ﬁﬁﬁ data SPRKESGREP E%Arég%c?%lygfﬁeﬂ mﬁl kdod lﬁ% e\gl%

and Snart ‘and 18 are installed on vel . Atrac

244 i s pOSLANGPES :@ b Y& on?'hxgﬁ"E!el rﬁlrerébgectl W{l l{eoﬁgb%‘ldo'qag and

FIG 13A, on level 3, N3A and e res

level 2, bEQ e GadiGDRL E%Jc‘ﬁ%ﬁ&?ér'%ﬁ %}99‘% bbefn 12 ,{bé\vge:{ag e

N1A and N1B are respectively equa e score

For 1 everngiaDRd s okt it INGE ORep fhe R e ?ﬁmaﬁﬁ%gé g Gore

al so equ&v\}éag e§ The score L1 for level | is the sumof N2A, N2B, N A
and NI B ]ﬁ |s equal to 4. By corrpari ng the score L anobngst the

be. it 11 BOP  oP 0y O el Siente o aro eai v}éﬁéﬁ%ﬁﬁ%ﬁﬁéAm

wei ght age have .be sj gned, based an .t receiv

recei vers Sodgcﬁ“g%(l? agélal\é?% %‘iﬁetf\l?gpeﬂ%el?’g?& “i‘}‘ég é&QE B ref‘“"@ﬁ data
| evel 2, N23 ectl vel y. equal On | evel 1,

NI A and R4f tsaié %i??"réa ig Hans Llfﬂbleg‘%drléotls ‘thig Fegpidy gymming gp
the su g(Ji 0 5N2A and g 5N23 which is equal to 6. The
score LZ‘E‘F ota r of data pagkets gersivse bgach leyshis ngt ‘?Sf‘di?? the tosad igpage L for level

0. 33N1A amd ?Nig which is equal to 5.32. The score LI for level 1
is the strhofdofsigl 20lsNsthe same. Ahthe mrasiousrplaonthng isedeated; B, willybe a
conpar ndgecxtsxgg tosl():eorl;lSdeLon v\\lr\fgtl%eg ]th()e/ s?x%ﬁé%ttg lf:':)grl;{i 181161%83 83/09 %Oag %Zth levels have the same
total score L.
[0089] Therefore, a logical grouping instead of physical grouping of the SmartNODEs is
introduced in FIG. 12D. From site surveys, it can be determined that when a subject is located at
the above position as previously indicated, SmartNODE 2B is consistently receiving the data
packets. Therefore, the SmartNODEs associated with level 3 will be 3A, 3B and 2B while the
SmartNODEs associated with level 2 is 2A and 2B.
[0090] Having established the association, the algorithm involves the summing up the
number data packets received by each SmartNODE for each location in FIG. 12E. The location
with the highest score L will be the location of the tracked subject 244. From FIG. 12E, level 3

has a L score of 6, level 2 has a L, score of 3 and level 1 has a L; score of 0. Therefore, the

subject is located in level 3.
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anongst the three levels, L3 has the highest score of 6. Therefore,

it would be possible to identify the subject in FIG 13B. [0095] FI G
14A to 148wehow/posei bl e uses of a fine |ocalization raaayse2008/000267
according to one enbodi nent of the present invention. One use of a

fine localization receiver or SRR is to provide a higher accuracy of
the location of the subject. This is due to the fact that SRR has a
very short reception range, therefore data packets transmtted from

anot her [0e9gl WFIG. 13Atto N8B sRFLH HREhoR YT riingHocdt3R Whii g@f % Yﬁng
that two Smart NODEs 3A and 3B, and one SRR 3C are inst e

3, two SisighiNeRReeighfagsBesed 3n @'i-&eiv@ﬁttyﬁé Lieéjregé?vér%f’&l’%% @rbqle Q?Bodlmﬂ\t of the

Snmar t NODEs I A and 1B are installed on |evel he scor

el vod et R, The HRNE RBAIGE SutRE B BOINEREODy ﬂ?ﬁf@%%’éﬁw on
b d 15%)

ooel voor e SRty -Eoﬁén%ﬂt&%%@ﬂ% BefeRE b PG i Sl 33 e Shacipopis
the nur’rbm{lsé‘g{edgg, gmpa%ﬁ}%e%}g ?ﬂg% ggDE on level 1 received are NI A

= 0 and NI respect the SRR has a very short
2oepll ofugfnee ﬁ?dqéﬁﬁ*?@ ﬂ?é Spafetiply ?%é’%“w eg&ea e Sy utlipg s
%Fgﬁ’f*?ge ﬁ%%ﬁ% b %} t%‘%ﬁaﬁ%@%? & Resdosaled omipvaes.
a2 eapecti GRECHS 3@%%%%1%@%2&@?18#2 ? anﬂ?‘ngagﬁfb@ﬁ? B {1 i on
Ther of orEhe 1o Pagp DRt s ?@avréqn%i of ieQSl” EREE e
2826/6 01 1[?%;“ bj e%@og’folﬁg é%rg \Qf Iand3 Nisp are respectlvely equal to 2. On level 2, N,4 and
Ngp are also respectively equal to 2. On level 1, N and Njp are respectively equal to 0. The
score L3 for level 3 is the sum of N3a, N3g, Noa and Ny which is equal to 8. The score L, for
level 2 is the sum of N3a, N3p, Npa, N, Nj4 and N;g, which is also equal to 8. The score L; for
level 1 is the sum of Naa, Nag, Njs and Njp, which is equal to 4. By comparing the score L
amongst the three levels, L3 and L; have the same score of 8. Therefore, it would be difficult to
identify the subject in FIG. 13A.
[0094] | In FIG. 13B, weightage have been assigned based on the receiver type of the receiver.
On level 3, N34 and N3p are respectively equal to 2. On level 2, N, 4 and Nyp are also respectively
equal to 2. On level 1, Nj4 and Ny are respectively equal to 0. The score L for level 3 is the
sum of N34, Nip, 0.5N24 and 0.5N,5 which is equal to 6. The score L, for level 2 is the sum of
Nia, N3, 0.33N24, 0.33N3p, 0.33N)4 and 0.33N;, which is equal to 5.32. The scbre L; for level

1 is the sum of 0.5N;4, 0.5N;p, Nja and N, which is equal to 2. By comparing the score L
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[ 0099] Anot her use of a SRRis to further segnent an area. In one
enbodi mrent as shown in FIG 148, |level 3 can be further divided by a
partition woteistoma7é oons, namely room A and room B. A fROTSG28RR0®A7
can be positioned in roomA and a second SRR 3B can be positioned in
room B. A Smart NODE 3C can be positioned between room A and room B.
As the SRRs 3A and 38 have a small reception range, the SRRs 3A and
38 will only cover their respective room The Smart NODE 3C i s

requi r edarhégsttthethRBRS eBAL i el denti
controller sger ver. As theﬂsjmtjlglj;glécl Sﬁ&??g?'glglg{egoégié}%ﬁ?‘ggrgﬁggéss%%ltgqeﬁtéf}f
SRR 3B Whé kuth@: a6, {3B.recei ve the data packets fromthe Hybrid Tag
of the subject. [001001 FIG 15A and FIG 158 show effects of using
weak an on ' I ' ion _according (.o one
erbod; M (e A s i ShAE pRite Gl bRl Rl oGt e e

packets gnahles, ﬁ e ﬁ@eﬁﬁ ﬁ@%ﬁﬁmséﬁé N ﬁr?‘eclh%;a i\égtio?xégcgté%ele Kﬂ SRR isdo proxide

| ocalization wthout  a sacrifice In the coVv

FIG 158 . h d i | . d t

Coml i ne A BB oF 1o €Ak Siect LD sk S8 013kl RECHS yemiptor
th ityati t hat .t i gl t

Siar ¢ NoBEEeB Barvafbe, HRtd R ah Rl rsriE] a0R hartheedmyel wib, et b eecaivp by e

to provi better coverage. On the other hand, a strong signal data
packet wTI'l" may bring about cross |level transm ssion. [00101] FIG

15A and sh a rali of S S 246, 248 and 250

posi t i or{é@%gpagﬁlg' h‘g‘{if’ °“Fr%¥%§ﬁ‘%b§%£ﬁla&d 3B 2nd0ne\WRRe3 ¢ pts rinsiplivd gn
104 posi,ti oped het rt s 246 and Smart NODE 248, at a

ol ab v APt Seite A SR g PRI on FHYE S R P b and 15
Smar t NCDE 248 Thz Hgbri d Tag 104 has a weak signal data packet
transm %‘Bﬂal}egr?ﬁ evgbhoted by a small circle 252 and a strong signal
data packet transm ssion range denoted by a bigger circle 254. FIG
15A shol@0%hat The sease I based qia e mumbanof dgiatpackstscieel SmartV@REonSRRe, level
the signal nmay not reach any of the Smart NODE 246 or Smart NODE 248.
And  WD3Zeeedyed ﬂelN@Ptt/Té@znéall@U@czﬁ? rodnediivelreThet scoregN, diagpdadn tiatember of
packet is transmitted, both the Smart NODE 246 and SMart NODE 248

r ecei ve dptRdagkelirparh SpaeNOBE erlayek 2 rrgeived oe dbs = @ewml Nor = rregpsetivelya The
transm ssion. [00102] FIG 158 shows a Hybrid Tag positioned between
Smrar t NOBtore g basediosthg mumbeirofdes, paskssy each SmasN@PENGDEVeR 4 8eceBiedrated 4 =00
FIG 15A, the Hybrid Tag 104 has a weak signal data packet

transni 984 N 7 regeecieglnt ed by a small circle 252 and a strong signal
dat a packet transm ssion range denoted by a bigger circle 254. Unlike
FI G 15/009B] G ApSBe SRBuvisas jaf vegy hyort tveeptiem kangé,glatel padiedt arapsmnitted fioM another
transmtted, the signal reaches the Smart NODE 248. And when the
strong divghaill nRitbe recoled tbyitbe SRRN Therefoeed hightrew S deNOREsi g8 taliRBRR as
receives the signal. This is unlike the situation in FIG 15A as the
Hybrid Tergpat@itd shepSraartNODEd SRRaBEr willohdvhen Mighért Weikltaged 8f 2 Tdvaipafearts a
to prevent the situation where the signal may not reach any Smart NCDE
or to pmeightage of dsfor |SmaedNQDESC S A Smid BB A hefefods thée S8 L, 6F RvanRid NOPEs
may be deployed in order to provide a better coverage. [00103] FIG
16A to SHGNDDEsRASPBHtaly £ repefiaé weph@fe 6f 1MahBREr&fthd §cafki,or Rvel 2 is 3.
| ocation identity of a subject including assigning a weightage based

on a datrhe SxpENODESN AliaAg 1BTa08 & rdphradd wa@ﬁtggefoftlhsrh&a%?e?mesww Fdr Yel
[00104] FIG 16A shows a three storey burlding with two Smart S

i nstal | g @.r)\sqgchhsd]su%hest&&é,k}{}!@@%&é&mm&é gre installed on level
3, Smart NODEs 2A and 28 are installed on level 2 and Smart NODEs | A
and 1B are Stalled on level 1. A tracked subject 244 with the Hybrid
Tag is positioned on level 3, nearer to Smart NODE 38. [00105] The

Hybrid Tag fromthe tracked subject 244 first transmts a strong
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WO 20101011176PCT1SG20081000267 [00106] After transmtting the strong
signal data packet, the Hybrid Tag transmt a weak signal data
packet. Thwowemloisirgnal data packet is only received bycSrsu2003008263B
as shown in FIG 16B. [00107] As the possibilty of a Hybrid Tag
being in an interrogation zone of a SmartNCDE receiving the weak
signal data packet is higher than another interrogation zone of

anot her Smart NODE receiving the strong signal data packet, a higher

wei ght agmo9s]l | AeotBeriRe of # SRRAs Weakhé s8fiAdnt %B&a%%@%mmi%%g%élgw in

wei ghtage will be given to the strong signal data packet.

FI G | 6GFIGX34B.0B&] B Safbiilthdr@iidty 2 PRfionlisto ?x?é’ %onﬁ%aﬁlem-rljagm?& %Ldgromn

for each Smart NODE is cal cul ated by sunm ng a the weights o

|
data pacKex firdt SRREPELMI -poSodel Y loon A TRl %E@E@%@h bgg()%itio‘%ref ?%g‘lom

to Astrong, which is equal tol. For- Smart I |s|equa
t he sumgf gg/\&al;% i I t ey r
Smar t N(DER %ﬁ,ﬁkﬁg%?g@gqual tsgﬁgag?]#?eg?g mﬁxrfé @"ESEE,%A ;@Sﬁ% %ﬁ:ﬁ%\q .3B
to Xstr ' .Sy |e 1, r Smart. , S
cqual 1 alge sl dedeliditiifbe bt SRR af;% Bqfiorheod® ?lsemﬁsnﬁ?m hﬂjé*e
re L e | C i e _score of eac
Tovel i RIOPE6RY faul RIS P Bl PR W ehd Gy ﬁatf,gacecprewlar@gwuﬁa
f the t ubject,,.244, |.n, FIG 16C,, the e, r |l eve is
Phe: comERengR B BERERA T et o T2 i f’“s‘/ﬁ*b%‘?"ﬁirﬁé ':ﬁh B able 0 i thg dyte
2 is the_sumof N2 n ich is equal to 1. e score or
Iei/ZI 1 Rag ef%%%%%“ﬂllfg%ﬁ eNl%E‘fCt'\/\hi ch is equal to 0. Therefor e],c .
L0110 IDFLt0Re HG1 1oL e ST cbeurR e R et BUSePE R e Pkt
f th esent invention will be explained. [00111] According to one
gnbodie ?r*ﬁa 15ttop ﬁ‘é°°ﬁ‘£& Ié’n‘i“ei“’m}’@a‘f‘]e&h?f t@%r@zﬁﬁt m;ﬁghqnhxhq weak: a:cné ﬁﬁ@ﬁg signal
bj ect based on the |ogation score includes determning if the
| ocat | o 2E2arEtS ety ‘hﬁémmw‘?w@rm pebsEETISeloedz000 26thopiagdrifice in
According to one enbodi ment of the present invention, the nethod
further THEQVGE8E rAngeckiGhd 54 #dchIG. JiBnillystents/ hey thehweskaenidostiong sigonalcgata
identification tag if there is no unique |ocation score. [00113]
Accor di Rl wrplimepoeachwtier-Jf onlyethp rveask vignphdath praket, istised, thrhiony be a
further includes receiving, by the first set of receivers out of a -

pl ur al i Sijuatien thatdhe siggal MR nek &gl any FmeartNQIEs. tTocovesadms Blindgspetsc ynore

identification tag. )
SmartNODEs must be deployed to provide better coverage. On the other hand, a strong signal

data packet will may bring about cross level transmission.

[00101] FIG. 15A and 15B show a plurality of SmartNODEs 246, 248 and 250 positioned
spaced apart from each other. FIG. 15A shows a Hybrid Tag 104 positioned between
SmartNODEs 246 and SmartNODE 248, at a relatively equidistance away from each of the
SmartNODE 246 and SmartNODE 248. The Hybrid Tag 104 has a weak signal data packet
transmission range denoted by a small circle 252 and a strong signal data packet transmission
range denoted by a bigger circle 254. FIG. 15A shows that if only the weak signal data packet is

transmitted, the signal may not reach any of the SmartNODE 246 or SmartNODE 248. And
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[ 00114] According to one enbodi nent of the present invention, the
met hod further include receiving, by the second set of receivers out
of a pl ur awptzgioofilrecei vers, the first signal from the rc@aBa2008/000267
frequency identification tag. [00115] According to one enbodi nent of
t he present invention, each of the first set of receivers includes a
first interrogation zone and each of the second set of receivers

i ncludes a second interrogation zone. [00116] According to one

enbodi mewhenOthe stiéhg NI GHE Bita padkeNtsi tARsmtBE Hold b ShHROTIY M4 2 FHANGBE

smal | er than the second interrogation zone. [00117] According to one

enbodi mepg redeivieiife REHRE Atkebly P8Rk YMerodsEvlBE %Qgrafréért{agﬁfxiséi&gl udes

collecting the first signal and/or the second signal received by the
q . . _ g i .
Cime | ot PRSI o Bt ined BEREn Wik ODR 26 Sad Sl
i nventi bherg:l O . [ i ved sjgnal .in
ot aben SaRr EPSARMQRE pRE Sl R 130 bl THELETAE FEFI Syelk B anp
i ti t el udes,pr.ocessj ng,the stored, si gna
nan agapit ARnERGE ke Bbred 1) LRRINRAC I B oSt ot e ol
dat abas 4011176PCT/ 008/..0 6 1 Accordin
to one ?@%%ﬁé%{m%&%%ég B r 326 e ‘I“ff\l/e(f%i gﬁ{,lketoﬁé' i@%h‘ﬁg f ﬁ% thogrs 1 °nlly e
i ncl ude Latin ch, locati w.t h, a predeterm et of
recel vor B3I BT e eRhie helidpd) Bahen S SraraNaBe 3k o e bsmene
enbodi ment_of. th resent jnvention, €O i ocatjon score:
ol uded et QB PRER & g e RO ¢ alsg recatvgr oy cumnaly This i
novenent he. subj ec 12 ccording to one enbodi nent of the
present ‘ﬁnﬁgﬁe is‘(S‘_f?',ﬁOJE thpﬁ' E}?gé‘ﬁ ﬁiﬁl{f@nﬂ% 1%6fls pefEicpbpesr to ShefuprsNRDR
on at I%%gt on§ |ten1seleﬁted froma ﬁésup consi sting of |ocation
hi st ory 28¢ THETergdp @rvent dhe sipatiom where by, grah may 319k £l Any Smari@PE o5 do
| ayout of the |ocatjon. [00123] According to one enbodi ment of the
present PGPS ":V"Jt PeCregsrasta EANSTRISFION, (eqre EartONEg meay heslsployed injardar to
predeterniqfd t hreshol d val ue. [00124] According to one enbodi nent of

the prePEi9saRFEFRSO¥H28% he second signal includes a signal bel ow a

second predetern ned threshold val ue. _
[00103] FIG. 16A to 16C show respective scenarios of a method of tracking a location

identity of a subject including assigning a weightage based on a data type according to one
embodiment of the present invention.

[00104] FIG. 16A shows a three storey building with two SmartNODEs installed on each
level. SmartNODEs 3A and 3B are installed on level 3, SmartNODEs 2A and 2B are installed on
level 2 and SmartNODEs 1A and 1B are installed on level 1. A tracked subject 244 with the
Hybrid Tag is positioned on level 3, nearer to SmartNODE 3B.

[00105] The Hybrid Tag from the tracked subject 244 first transmits a strong signal data
packet. The SmartNODEs 3A, 3B and 2B receives the Strong signal data packet as shown in

FIG. 16A.
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[ 00125] According to one enbodi nent of the present invention, the
second predeterm ned threshold value is | ower than the first

pr edet er mi wocotolmeghol d val ue. [00126] Accordi ng to onercErdmdisropos7 of
the present invention, the second predeterm ned threshold value is at
| east substantially the same as the first predeterm ned threshold

val ue. [00127] According to one enbodi nent of the present invention,
the determning unit being further configured to determne, if the

| ocati on[totedle AferiBaubting Okl &EdngAcERl dith Patilt, GRS H%'BH&’@'aEEtﬂlhsxﬂft al WEik

present invention, the systemfurther includes a chécking unit for

checki ngsignal eg@padex. Mhéwedkysigial &d@@pd’cﬁ&h?oﬁlg RILOOLYy SHSRIODE SR s Wovh G

if there is no unique |ocation score 9] According to one
enbodi mepiG. 9éBt he present invention, the fi rst set of receivers out
of a plurality of receivers further receive the second signal from

t he radi goigreques f
2010/ 0111961 /sezmtgl’odé’/g sgg% é’lggql[l%bg‘?sg mg\(;%?&n Aterrogation zone of # MEAINQPE

the presg@divih W%stgféhedﬁaeﬁﬁ&gtﬂ X s r. thé® (%ﬁ?errsmol ?gxa g e 9 anotlt'léf-

of receivers |uther ei ve S|gna

TN AP gy R R SRR TR

t he present 1 nvention,” eac

first i IS t ch o the econd .s t recej

 ncl ude?‘%&%%d Al FAe STy lﬁ&tage[ SRR A2 B afong Sl packer.
enmbodi t e |nven the first interrogation zone i s
smal | e?elt% t hgl sgtgzo i e o@"éﬁ?qg % m['@(?ﬂ%%l]m,&c%f:cﬂ’?fﬁ N dorpeagh
enbodi med) i nvention, the, s further includes a

controll enrlarés?\fe(%l\sgr Cgfcﬁ%{%@tbgﬁu‘f‘@"} l@%%ﬁﬁtség{h ?Ptarpé‘&gfs\}'eﬁe%‘e“’efih@n level 3,
control ler.se ect e first, sign and/ or the second

si gnal réce’??’%@gghg”s‘é%@%& @éﬁ“&lawﬁlrc@ o %r‘% 1. p% $martNORE 8By i i egual
time |nterhval 28013?# Accogphng t o one enbodi ment of the present

i nvent i G MESHE of frepmedidr e cqualdas. Qn leveld, for SmegNODE 2 Nre ds cstialite
t he cont e dat abase server storing the received

si gnal . 0[6‘6;1%] §’R€@§¢Bﬁn¥ﬁ gzlb??ee‘é‘}?béﬂllf\;@m "@f“h!t ﬁge‘iﬂﬁle@eh{ dnxl?@ﬁtl offer
t he system [ i.n¢cl udes an application server connected to the
dat abgs ege“?é‘wﬁé]ﬁg %Aéﬁﬁﬂ“iﬂléapla%ﬁgMNO&Fo%%B HWeauH & &t ored si gnal .

[00109]  Then the score L for each level is calculated by summing the score N of each level

and the level with the highest score for L will be the location of the tracked subject 244. In FIG.
16C, the score L3 for level 3 is the sum of N34 and Njg, which is equal to 4. The score 1, for
level 2 is the sum of N4 and Nyp, which is equal to 1. The score L, for level 1 is the sum of Nia
and Ny, which is equal to 0. Therefore, the tracked subject 244 is in level 3 as L; has a highest
score of 4.

[00110] In the following description, further aspects of embodiments of the present invention
will be explained.

[00111]  According to one embodiment of the present invention, determining the location of

the subject based on the location score includes determining if the location score is unique.
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[ 00136] According to one enbodi nent of the present invention, the
system further includes an associating unit for associating each
| ocat i on viwDhom/oprigelet er mi ned set of receivers out of aqilsezedsiobozeDf
receivers. [00137] According to one enbodi nent of the present
i nvention, the conputing unit being further configured to conpute a
| ocation score further based on a projected novenent of the subject.
WO 2010/ 011176PCT/ S02008/ 000267 [00138] Accordi ng to one enbodi nent
of the p[08sE2)t Ansoedihg anonet disbopinne6f M praaua ThvEhtie, thd BethoPR8GEr inSludes
dependent on at | east one itemselected froma group consisting of
| ocat i onchetlah®4 JocaiontHidtors WPiHR Gddio ﬂb«j’lﬁﬁ%‘ 1@EhtiHcatBAUESTE Mere 18 A6 8HiqRE location
novenent and | ayout of the |location. [00139] According to one
enbodi megebreof t-he present invention, the first signal includes a
signal above a first predeterm ned threshold value. [00140] According
to one ebod) MeAtcoRiing RFonR! RHBBimeh\WERL gférs]cnt iRNSGE ‘Bﬁ%gh&f‘ her includes
i ncl udes a signal below a second predeterm ned thrésho val ue.

00141 [ ' f [ tion. the
[ | BCEAREHNS ArsP 1R of ARAYBA of A bl RIFFEERrs! Y SR Nigndt Mom the

second predeterm ned thres val ue iI's an

predet erxﬁﬁi@?ﬂqﬁéﬁ%ﬁl@&hﬁﬁ&hﬁ%- [00142] According to one enbodi nment
f In se

of the present ention, t cond predeterm ned threshold value is

vl uo. [1O0AERE) "Rl o 1R SRR b oSl R FES Th o0 T Pl

val ue. [001 0 one enpodi

e ol vorkodifibe, By (ERRINEERof Sedbr QY oRAS Re ctifont 16: BREHRSw Toin &6

receivers viar requency neans.

enbodi . [ nt _i.nvention, the second set of receivers is
in congﬁg%gg%w%ﬁsﬁﬁpﬁﬁ%ﬁgﬂégﬁtroIIer server via a conmmuni cati on

et o oG e PR 0 R TR PSR o e ot
porti ON. receivers includes a first interrogation zone and each of the second set of receivers includes a
second interrogation zone.

[00116] According to one embodiment of the present invention, the first interrogation zone is
smaller than the second interrogation zone.

[00117]  According to one embodiment of the present invention, the method further includes
collecting the first signal and/or the second signal received by the second set of receivers in a
controller server within a pre-defined time interval.

[00118] According to one embodiment of the present invention, the method further includes
storing the received signal in a database server.

[00119]  According to one embodiment of the present invention, the method further includes

processing the stored signal in an application server and saving the processed signal in the

database server.
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[ 00146] According to one enbodi nent of the present invention, the
first tag identity is stored in the first tag nmenory portion. [00147]
Accor di ng WO 20re@1dnbodi nent of the present invention, tHE/SG20681000287
and the second tag are electrically isolated from each othe [00148]
According to one enbodi ment of the present invention, the second tag
menory portion of the second tag is a non-volatile nenory. WO

2010/ 011176PCT/ SG2008/ 000267 1001491 Accordi ng to one enbodi nent of

t he prespo120] nva&dordifig td S dniiodimdn@Of HRPRdsknt RAVhiG) 1 mbi6d hirthet inkRGes
is a non-volatile nenory. [00150] According to one enbodi nent of the

present isgatpding @dth 16dafion With b predbteinSin@ikePEfrbdtRelsaAlt OF 4 f164 Yeceivers.
identification tag and the second tag is a passive radi o frequency

identifi@aidipn A&QrdihdBlorkleriMoanhdht 08 e HrOBft ﬁ@éﬂgl&é E&é&lﬁﬁegnéc )i})%ation score

present 1nvention, the first tag Is a passive ra

i denti f iﬁahaéa@omgin%{agoéaﬁsn §&?@mgér%gséd%n%ﬁaé@gﬁ%l\é 0 @%@P%f;tﬁ{%@%&‘?y

identification tag. 0152] According to o

resent ti . i had TV tificati ta
Purthor (DLBT; RRordilfRole iboaitgyb oL BRI al A0} b4 )88 s s o

Cag fur (R D5 on ot WSy aE R D Cin RSP o R ot e iy
dent 1L BeRE R dhfich SORRERC wive ERmeRIep Cor S0 L e esreon

i T onrBR ¢ HateD el A Pos bR R ah e PRSPt el L Frpssietal includes a
he. morePrietptEs BRI Famied e oeRE lis o cquency T denti ficati on
e ok TACo SRS S bR etiR b6l et
SKi 11 od SHERIEERGE e UEFAGEE N for m and det ai| may Do
made therein without departing fromthe spirit and scope of the )
et | I el S Shrit o oo

whi ch cdimeshpid vafus it lewertham thsdirst pepdetsrmiaedythreshipld valveancy of the cl ai ns

are therefore intended to be enbraced. dains
[00126] According to one embodiment of the present invention, the second predetermined

=]

threshold value is at least substantially the same as the first predetermined threshold value.
[00127]  According to one embodiment of the present invention, the determining unit being
further configured to determine, if the location score is unique.

[00128] According to one embodiment of the present invention, the system further includes a
checking unit for checking a location history of the radio frequency identification tag if there is
no unique location score.

[00129]  According to one embodiment of the present invention, the first set of receivers out of
a plurality of receivers further receive the second signal from the radio frequency identification

tag.

33



What is clainmed is: 1. Aradio frequency identification tag
assenbly conprising: a first tag, the first tag having a first tag
identity; Wosewond7é ag, the second tag havi ng a second RGISG20@80026y
and a second tag nmenory portion; wherein the first tag identity and
the-second tag identity are stored in the second tag nenory portion
of the second tag 2. The radio frequency identification tag assenbly
according to claiml1l, wherein the first tag further conprising a

first tamoisgror KcRdihk &one3mbdditreh@FHR fréRURERYor, 4&Neddnl SATE ARdeil @9 out
assenbly according to claim?2, whereinthe first tag identity Is

stored i §r 4 PRrality Sl rededrI RN eRelthOfrst signal front'the }zﬁfz gr?ﬂigﬂci 1?%9%@5}%

identification tag assenbly according to any one of .
wherein &Ee first tag and the second tag are electrically isolated
from each ot her. 5. The radio frequency identification tag

eSS YRR NSl O e el ol S S B BRI o
receivers includes a first interrogation zone and each of the second set of receivers includes a
second interrogation zone.

[00132] According to one embodiment of the present invention, the first interrogation‘zone is
smaller than the second interrogation zone.

[00133] According to one embodiment of the present invention, the system further includes a
controller server connected to the second set of receivers, the controller server collecting the first
signal and/or the second signal received by the second set of receivers within a pre-defined time
interval. |

[00134]  According to one embodiment of the present invention, the system further includes a
database server connected to the controller server, the database server storing the received signal.
[00135] According to one embodiment of the present invention, the system further includes an
application server connected to the database server, the application server processing the stored
signal.

[00136] According to one embodiment of the present invention, the system further includes an
associating unit for associating each location with a predetermined set of receivers out of a
plurality of receivers.

[00137] According to one embodiment of the present invention, the compufing unit being

further configured to compute a location score further based on a projected movement of the

subject.
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6. The radio frequency identification tag assenbly according to any
one of claims 2 to 5, wherein the first tag nenory portion of the
first tag we2aiman7¢ol atil e nenory. 7. The r adt@/dG2eepe0sy
identification tag assenbly according to any one of clains 1 to 6,
wherein the first tag is an active radio frequency identification tag
and the second tag is a passive radio frequency identification tag 8.
The radio frequency identification tag assenbly according to any one
of clai m00138]o Bccosttiaged dné betbddimé: of @F présedt MASHioH Cthe PEjQtdd BEWEREY of
identification tag and the second tag is an active radio frequency

i denti fi thatsilject ivdependent on at Jeastl0ne ie@AbRctbd REMS rYud RRbd (ffgx;c'a@& 1i&8ry

assenbly according to claim7 or 8, wherein the active radi

f r equencyf thélabjdct, diradtioR Bf inBeenidnf, SHRH of AP RE Sndd 3?&%’?5%@ fog£tion.

10. The radio frequency identification tag assen%_y according to
claim?7 mo18d) WAeéRdifg tt@%n@-@ﬁxbd@m&ﬁqﬂfghé En% B Robndi e Hd I’nlsf ?itgxlx gnéh?(gs a
further conprises a radio frequency 1dentli |ca]'E|on ¢ircuit;®and a

nor mal | yg; i t radi o frequency '

dent {1 aEipaRde Sk pRCCMBE ARl Ve, 1\ C ol bead sw ich s

confi gur ch : en Il .is. ' to.a ngtic fi.e .

envi r gn rr@ g%mt héwrbgacﬁl%%f (?Lg qu'gr? g‘fﬁ“ﬁ%ﬁﬁ% ? | (s:%'? oR (L,ol%r @ﬁisfcolng Signal includes a

el oot 11 Cblaoend G OARGE bEMuLE A HRGURF  RYUPP! ¥ and when T8 is out of -

t he magnet| el d environne € radi o frequency identification

circuit ['Oﬁl‘ﬁk eCAEJO?(ﬁJ’]é Yo ggengx%l():otd%gentt %f ttl?eeplgge\ﬁ? rmv%rlljtpcgll, ¥h'e second predetermined

threshold value is lower than the first predetermined threshold value.

[00142]  According to one embodiment of the present invention, the second predetermined
threshold value is at least substantially the same as the first predetermined threshold value.
[00143]  According to one embodiment of the present invention, the first set of receivers is in
communication with the second set of receivers via radio frequency means.

[00144]  According to one embodiment of the present invention, the second set of receivers is
in communication with the controller server via a communication network.

[00145]  According to one embodiment of the present invention, the first tag further
comprising a first tag membry portion.

[00146]  According to one embodiment of the present invention, the first tag identity is stored
in the first tag memory portion.

[00147]  According to one embodiment of the present invention, the first tag and the second
tag are electrically isolated from each othe

[00148]  According to one embodiment of the present invention, the second tag memory

portion of the second tag is a non-volatile memory.
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[00149]  According to one embodiment of the present invention, the first tag memory portion
of the first tag is a non-volatile memory.

[00150]  According to one embodiment of the present invention, the first tag is an active radio
frequency identification tag and the second tag is a passive radio frequency identification tag.
[00151]  According to one embodiment of the present invention, the first tag is a passive radio
frequency identification tag and the second tag is an active radio frequency identification tag.
[00152] According to one embodiment of the present invention, the active radio frequency
identification tag further comprises a thermistor.

[00153] According to one.embodiment of the present invention, the active radio frequency
identiﬁgation tag further includes a radio frequency identification circuit; and a normally closed
switch connected to the radio frequency identification circuit, wherein the normally closed
switch is configured such that when it is subjected to a magnetic field environment, the radio
frequency identification circuit is electrically disconnected from a power supply and when it is
out of the magnetic field environment, the radio frequency identification circuit is electrically
connected to the power supply.

[00154) While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes in
form and detail may be madé therein without departing from the spirit and scope of the invention
as defined by the appended claims. The scope of the invention is thus indicated by the appended
claims and all changes which come within the meaning and range of equivalency of the claims

are therefore intended to be embraced.
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Claims

What is claimed is:

1. A radio frequency identification tag assembly comprising :
a first tag, the first tag having a first tag identity;
a second tag, the second tag having a second tag identity and a second tag memory portion;

wherein the first tag identity and the second tag identity are stored in the second tag memory

portion of the second tag.

2. The radio frequency identification tag assembly according to claim 1,
wherein the first tag further comprising a first tag memory portion.

3. The radio frequency identification tag assembly according to claim 2,
wherein the first tag identity is stored in the first tag memory portion.

4. The radio frequency identification tag assembly according to any one of claims 1 to 3,
wherein the first tag and the second tag are electrically isolated from each other.

5. The radio frequency identification tag assembly according to any one of claims 1 to 4,
wherein the second tag memory portion of the second tag is a non-volatile memory.

6. The radio frequency identification tag assembly according to any one of claims 2 to 5,

wherein the first tag memory portion of the first tag is a non-volatile memory.
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7. The radio frequency identification tag assembly according to any one of claims 1 to 6,

wherein the first tag is an active radio frequency identification tag and the second tag is a passive

radio frequency identification tag.

8. The radio frequency identification tag assembly according to any one of claims 1 to 6,

wherein the first tag is a passive radio frequency identification tag and the second tag is an active

radio frequency identification tag.

9. The radio frequency identification tag assembly according to claim 7 or 8,

wherein the active radio frequency identification tag further comprises a thermistor.

10. The radio frequency identification tag assembly according to claim 7 or 8,

wherein the active radio frequency identification tag further comprises

a radio frequency identification circuit; and

a normally closed switch connected to the radio frequency identification circuit, wherein the

normally closed switch is configured such that when it is subjected to a magnetic field

environment, the radio frequency identification circuit is electrically disconnected from a power

supply and when it is out of the magnetic field environment, the radio frequency identification

circuit is electrically connected to the power supply.
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