WO 2010/ 011176PCT/ SG2008/ 000267 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 Fwel2diogfiil’vent i on [ 0001] The present inventi orCT/sE2008490267
generally to a method and a systemfor deternmning the |ocation
identity of a subject, and a radio frequency identification tag _
assenbly. Background of Invention [0002] A |ocation tracking systemis
used for tracking a location of a person or an asset within an area,

such as A MnrmathnlaAlmm\n q«‘dwlk)laflmmm?]m @HEC]}M)CQVTEON@F A OBIIECT,
used to inplenmept a | trackin em invol ve e use o

signal timng Pﬁ CEBEQ@I@%%AEMWHQMEA%$WS) or
havi ng a network of receivers to detect a beacon signal. [0003] The
GPS is normally used for providing |ocation data in open areas rather
than in an indoor environnment suqReld%ffiiVehdid £ OF of a building. In

addi tion, hardware required for the | mentation is relatively
costly and therefore may i ncrease the cost of inplenentation.

[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 rﬁay 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.



[ 0004] An i ndoor tracking environment can instead be covered by a
network of radio frequency (RF) receivers. Personnel and assets are
attached WWORMHIHILL76é RF transmitters which transmt beaR@iSGOMI27
Trilateration or triangulation, based on Tine of Arrival (TOA) or
Recei ved Signal Strength Indicator (RSSI), can then be used to obtain
the location of the tracked personnel or asset. Such nethods are
conputation intensive and are therefore also not desirable. WO

2010/ 011096FICT/ BéroUYSr00PEs 7200 00TBMitteks sameder wredi ineplaceant] RF receivers and
transmtters can be used in place of RF receivers and transmtters.

| nf r ar edtrgisgitters Ipfrased signals prvide govaly goadrdoas bated dacalidarion ao infrased signals
infrared signals cannot penetrate through walls. However, the

i nf r ar edcannetrpsmittateghropginwhids. Hawievey, thbinfrared dransigittérvas bm.edsily bixsullell ahdthis
the | oss of the beacon signal. [0006] Therefore, there is still a need
for an iwjlresudtdn klededsiobthetbesok siggalsyst em and net hod whi ch can reduce
the manpower, tinme and resources required to keep track of personnel
and assel0806] SunTiirgforef therrMie shill @ AeddOBP ] AerFEVdi 16Gtib® tridkehEiVResi I8 MettRld
the present invention, a nmethod for determ ning the |ocation of a
subj ect whiclpay tedaet. mmmp@moam el YR rcELFRhiYddNS, kel nacli bi!' SdrsonBtl Hld
receivers out of a plurality of receivers, a first signal froma

radi o frgsggency 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 fromthe

radi o frequency identification g‘ﬁgma%h%“g@&%ﬂ si gnal being different
fromthe first signal, wherein S of receivers is

different fromthe first set of receivers; conputing a | ocation score
based on an information about the first signal, wherein the

i nf or ma-t[bﬂf’q aboA@co;dn’Fg F oh& bmBédiRat o'f the ﬂf;lu eﬁkqﬁw%n O: gegr?etl{odrfglt de%ergpn?‘rllg the

and on the first set © recel vers, rther

i nf or mat n about
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on the I catl n sco
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 2010/ 011176PCT/ SG2008/ 000267 [ 0008] Accordi ng to one enbodi nent of
the present invention, a systemfor determining the |ocation of a
subj ect i swWPr20wudedé The systemincludes a first set ofPATSGE2N8E0626DUL
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 uralit[P088] r eAetording tof ane embodimennof the presamn thventipngh systennfor d&ermrfing the
frequency identification tag, the second signal being different from
the fi rslocatiogmdl subjixe isprovitiée Theseteh inelidafa firecet svfecivess ¢lit bf £pRplity of
fromthe first set of receivers; a conputing unit for conputing a

| ocat i onreseivere fdrvaeeiVinga first siphad fioRi 4 Midicdeyiendyi@ertific #lonThBehg assigned to
- wherein the informati on about the first signal is included in the

first sitaaibjacl wherei ehef iadpt fréglndf ideRERIaME Sag B&das;sigﬁé&ﬁrra_ﬁiasﬁéﬁg%g
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an information about the second signal, wherein the information

t he  secoidehtificail tag fehtity; d1686hd st $iiEcchRECHA of b JRANIPHteQiveld Br ?e@@i@iﬂg a
set of receivers; and a determining unit for determning the |ocation

of the sybirGignaPE6H R TalibSrebhRned IdRMRIMERSEE MO HchRE QL Ban% ?iffaf}ﬁt from

enbodi nent of the present invention, a radi 0 frequency Iden I cation

tag asseafbliyst kigndll ANdrE8 Ghe &@&d&%ﬁ%ﬂe_@é’i@éﬂyﬁ%ﬂ‘%&ﬂ% {HeGRld O fi8@ivers; a
assenbly includes a first tag, the first tag having a flrst_?ag _
| dent it Yoonfbu B0 BAIEdr Wmphllfy SREANS £38 1o AP Rid5EANGh LA%: bASHL Satl,
and a second tag nenory portion; wherein the first tag rdentity a
th & 3 o ¢ N ' .
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The radi o frequency I1dentification tag asse Udes a
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envi ronnent.. the radio.frequen 'denﬁification cl.rcuit is )
el ectri ggﬁ“#lgcaélgﬂ ﬁagcﬁsseegﬂ}l}blsg’ﬁoé’l%év\tl}e 13 B&eggency 1dent11£cat10n tag assembly includes

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.

[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



Brief Description of the Drawi ngs 10011]In the draw ngs, |ike
reference characters generally refer to the sanme parts throughout the
di fferent WOw/01THie¢ drawi ngs are not necessarily to sCAIESG2080l0eX7 S
i nstead generally being placed upon illustrating the principles of
the invention. In the foll ow ng description, various enbodi nents of
the invention are described with reference to the foll ow ng draw ngs,

i n which: FIG | shows a block diagramof a system for tracking
a | ocat i envirosteert, thy radio dregudrjcg dentificaiod i dirguit & ele&@riOsHni®Nd ©f the |i§6wer
present invention; FIG 2 shows a block diagramof a radio
frequencsupplyenti fication tag assenbly according 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

t he present invention; FIG 4 show respective front and back

views of a radio frequency BiRnDeickfiibh ofledttadiaentl y according to
one enbodi nent of the present TnventTon, 5 show respective
front and back views of a radio frequency identification tag assenbly
according to a further enbodi nent of the present invention;

FIG 6 fiitel { -
SI0YY NI RS lhkle PR AR Rh 04GR ﬁgie{azlg g_@?‘letg {%25%9‘(% %er\%%/ tlel&oughout

identification tag assenbly 1 n an operati

2‘838; 8'1%?7 %lgféf% gv(%%g% gf%ig S :{21%1}8; art H& n@ée@&ﬁw to is&\fee;\ @}nlpga%is ins\{\egd generally being

placed upon illustrating the principles of the invention. In the following description, various
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 7 shows a flowhart of the exanple of inplenentation of a radio
frequency identification tag assenbly in an operating conplex as
shown i n AVG208/0a¢®r di ng to one enbodi nent of the predREIVSA200880926DN;
FIG 8 shows respective interrogation zones of a coarse |localization
receiver and a fine localization receiver according to one enbodi nment
of the present invention; FIG 9 shows a software architecture
of a nethod of tracking a location identity of a subject according to
one enbodi nedlGot sholve aflowsieant ofithe/eamplef implementatfdnGf a Hifo frauitty show
respective scenarios of a method of tracking a location identity of a
subj ect idemificationgag axsemtdy imrvn@gerarug confpldxhe shevasRITIG] 6126 dings one

FIG 11 shows a flowchart of a nmethod of tracking a |location identity
of a sulbyneedinencofthé prgsenbinogtiognbodi ment of the present invention;
FIG 12A to 12E show a nethod of tracking a location identity of a

subj ect i ncl WG reshass espettilelitedEation @6mdsioP B chbBQNbdiYatibh kdteRer and a fine
predeterm ned group of receivers according to one enbodi nent of the

present lbda¥iedtoh@teiver according kdoneleddbolinehfbt ROt ABLABR of tracking a
location identity of a subject including assigning a wei ght age based

on a recei verrdyr@oRt aeoﬁv%@mﬁfecﬁ?&afa%aﬂomﬁasn H@@Qioﬁ&tﬂu@foﬁhe

present invention; FIG 14A to 14B show pos | e uses

fine | ogg Iy odi nent of the present
i nventi ontjb&%dog&ln%%%k%%gogﬁgﬁlggﬂgﬁég\%tg%g{g% of using weak and

et e L G e
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 ihvention;

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;



FIG 16A to 16C show respective scenarios of a nethod of tracking a

| ocation identity of a subject including assigning a weightage based
on a data wg@elastidé di ng to one enbodi nent of the presaQT/SGROSMINI®N;
Description [00121FI G 1 shows a bl ock diagram of a system for
tracking a location identity of a subject according to one

enbodi nent of the present invention. The system 102 incl udes two
radi o frequency identification (RFID) tag assenblies 104 and a RFID
tag reader 10@GpDGA td IECdhowespedtive SdenhrisdE b Bdthbd 3 trddkehoS8é400h Ideztity of
further includes a plurality of RFID tag assenblies 10f, two fine

| ocal i zak subfect iAc18HME bssighliy ARCghR HEQAIAR daRGHe BrHAR td GfcCmbBliettldt
positioned 1n a second |ocation 114. The system 102 also includes a
control | @k pfeSdny Afverkdd; a database server 124 and an application sewer
126. The system 102 al so includes further | ocations, a third | ocation
116, a fourth location 118 and a fifth |location 120. [0013j The RFID
tag reader 106 provides for a manual |ocalization zone 113 in the
first location 112. The manual |ocahlzatséqn zone 113 extend across
the entire first location 112 in ord%éﬁén—provide adequat e coverage
and is ternmed as such because the zone is resultant front the nmanual
reading of the RFID tag assenbly 104. Each of the fne |ocalization
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i ED t and/ ti RFID tag. Fach Hybrid Tag 104 b
D ached TEdPL AT Erever oot il i EomseJerRbaHIoB ooy B oo beedin PbRORS
Tag 104 i ncl t wor | dwi d [ identit | D), d
Chi's unilE6o8 B oiint B LB Ao T BT dAo eepecer e wen
Hybri d Ta8¥104 is attgched to. Each waridéggﬁglo4 mﬁllfg;riodically

t ransmi t3PPRRUPHSHYRr JdfnThegystsy | @gtlemingludes decationsy @ 1thiFdneptians 1 16ha

coarse |l ocalization receiver 110, which may be terned as a
fo location 118 and a fifth location 120. '

s

[0013] The RFID tag reader 106 provides for a manual localization zone 113 in the first
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 sysfem 102 may be termed the “SmartSense Location Tracking System”.



"Smart NODE", has a relatively wi de coverage area or |ocalization zone
and each coarse localization receiver 110 is used to provide a coarse
| ocal i zat | W@ 28f0/mhg6 Hybrid Tag 104. If a Snart NODE 110 PEUGNe8100%62
I D of a Hybrid Tag 104, then the Hybrid Tag 104 nust be within the
reception range of the Smart NODE 110 and therefore identifying the
Hybrid Tag 104 to be within a pre-defined coarse |ocalization zone.
[0016] To further provide a nore specific location of the Hybrid Tag

104, at [opa4jt OBschfoTehd REID thg astribly 104 Biay BE tekB&H a Q%?idqfag"!’fﬁaﬁthgﬁYd gir
tenned as a "Short Range receiver (SRR)" nmay be used. The SRRs 108

wor ks on164@ays aiiRde bipasive! FEFIBStak Bfd/st R 4cNRDRSIE &9 Eé@%@ﬁ&a&g@mﬁa@ 3

smal | er coverage area or |ocalization zone as conpared to eac

Smar t NODEt , : il i . i el
Coonl | par oo b 3881 ToCuxahlR oHERoh AP el boot MY OB Tig (P includes 3 (ypyem

108 may hewgidmighatResidsty ans éhastﬂf;ila.fcglg 1 il g aslsgcﬁ‘é:t%/d oA th5@dn 8k

identity (ID) based on the ' ocation or cation rdentit

recei ver S . i r 108 are
i st ri bUp” Ser BB Rabtof Rlahigheflo. BUBIIxidTig 100 P RertidBny sl
Iocationﬂ?a¥ V, st one Smart NODE 110 or one SRR 108.
If the | o(mggﬁ§g¥$%ﬁ$%%¥%g&m%§§Teceived by any of the Smart NODEs
20107 01 10V B0t Bbosire 1 BsERIBY Sheamee Hak Vetbamey Jin FBF ¢ Ho®
| ocat i on.r.ox t he ve trackin met hads.. When pi phpoi nt
accur acy Sl?"sa%ﬁ&%ﬁ?’ P 3‘53 % ﬁeéa%{‘)'glg a‘fvﬁgncogfrage ﬁ%ﬂr?rdhf%&mi% Zpne Rﬂﬂﬁ%ﬂlhl gparse
updat ed ,usi,.ng. one_ of .plurality.of RFID tag reader 06. This is
cono! der BeaRieRdfertven ddf et da prohudecs coaern InERpidba ot BabiaJer ot ig
(o1 ng. orEsE Qe 1 EEFR 9° BF ORe FPRS3oF Aihdies HOBOrH] €l Giamost be within
RE D aght BHERG 88 oA SEAPUIDE o JTEOREEE Homiigng s al 04 o be
neémgér ghAth@;ggP%ﬂ%a gﬁégh%gggéégn1hhe rﬁspﬁctive SnErtNODEs 110
an ' : *through the network to the
controll er server_122. The controller server 122 will then store the
data in W] qarTosfstherqapyids a moxe spegidic dogstiown af the Alybed Tag 194at Japt one fine
generate a location of each Hybrid Tag 104 using a software terned a

" Snrar t TRARlZatiog gecetvend Qs pacl of pbichapay b termed a5 g “Bhrst Ranssiecsives (SRR9Y may

124.
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.



1002011 n one enbodi ment, the SRIts 108 may relay received data

t hrough RE nmeans to the Smart NODEs 110, which will in turn be sent to
t he controwoeolgatwer 122. [00211FI G 2 shows a bl ock drcigsGoesmooza?
radio frequency identification tag assenbly according to one

enbodi nent of the present invention. The RFID tag assenbly or Hybrid
Tag 104 includes an active RFID tag portion 128 and a passive RFID
tag portion 130. The active RFID tag portion 128 includes a power

supply ui00d8]132 Tokranos s ke bel giemdfor a9 16caseh pwvided By3the @0 RF tracking
transmtter 136, an active RFID processor 138, an active RFID nenory

por tion inéhodarWien sinpeintls2uragidistregiRaihe 16¢atidd 6f a EibriROBS MR Rldduall
tag portion 130 includes a passive RFID nenory portion 146, a passwey

RFI D pr oggfatedfusihd 8ne Gflthélgﬁl'él’igy b31g:2119) tgéaéeﬁé)u%?@‘hﬁ it EABRRRY gﬁ&oiﬁtoicl:urac

152. WD 2010/ 011176PCT/ SG2008/ 000267 100221In relation to the activ

RFI D t agad@é bystiin 428 had 8% Eall§ H3Rb4tddNi ib& ']
conponent and may be 3sed eﬁglvgo%@;&t hetactlmélgélgg%ﬁtﬁa%gsogg?t&%%n{%l.erto
The nor nRbd the $hRSHRE oh€6khS Pubh | ich {AhiL AR 38
magnet whi checausegtohe SW W&‘h po&gélgﬁ%gsﬂgaﬁﬁ eféﬁlgir‘%wlg%lﬁ?ﬁpta?%‘ﬁ%,&])
magnet i cfikghgd has to be brought close to counter the effect of the
bi asi ng magnet so as to open the switch. An exanple of the normally

i ced. (PL” R SAENOPEL D ety ol R 05 B bR sobfioifin el
ant anna. Taorenii TAR, 3P hcHbed Su? thp e SR TRATRS 110'and W1 63
R D pr ket f0s iyt B AR PR T g RG22 Tnezen e reres
may. bo. 2l g s{oRE iR pR e b ey Thby R apPleaten e b Vb

menory portion.l4 include a nonyolatile mepory, for exanple an

el ectric fﬁtn?n of 5%%#%”%&@ B @ sPUwgresempd ﬁe%WTFéQDR@WFhﬂTWg the

t herm st 44 all o t he brjd Tag 104 to double up as a wireless

t her none‘f;‘éars%orﬁlé‘ d&%ﬁ‘?bﬁﬁeﬁe it [):Jf"'t he RE transnitter 136, the active

RFI D pr or 138 and t.he acgti RELD nenory portion 140 may be

t er med glﬁ&j’iti %FBQE%‘P‘G’H& fhe f&gﬂs IR anay gelawn Facsived %wmeawﬁwmw the

134 is conn to the active RFID circuit 139, wherein the normally

cl osed r%’éﬁ@ﬁﬂﬁi‘g prlli&{??‘d’lﬁrséﬁ to;the Rortyoller sgRen13% i s subj ect ed

to a magn&t' c fligl d environnent, the active RFID circuit 139 is

el ectridl 4‘; difConhoms e plogk, diageam ofedr radippfirquensyi identification taghasseniily

is out of the magnetic field environment, the active FtFID circuit

139 is ceing toypne epbndiment of thepressat ipvantipn.skhs REIDuag asse@bly or Alybrid Tag

addition, using the thennistor 144 to forma voltage divider,

t enper atlf dacduges g agtiyecRIIR tag pprtiom 128 @ind @ pasties BREMD tag poktiont 1361 Fhesactive

144. The ADC of the m crocontroller will sanple the therm stor 144

peri odi GHilPyag rerieEgrinclades a powersypply oniv $32, a hermali@closed (NC) reed switch 134,

2010/ 011176PCT/ SG2008/ 000267 t hermi stor 144 and the m crocontroller

wi | | calackF freesmities 136npreaciive RF1D girongssoh ¢3%reaswtiedREB) tagery pdmion 140, an

cal cul ated tenperature will then be included in the RF data packets.
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.



[0023]In relation to the passive RFID tag portion 130, the passive
RFI D transponder coil 152 may be a weakly coupl ed transfornmer,

i ncl udi ng WOt20eMemi76t er coil and a receiver coil. Si gnaPGI/$(G2808/000267
transmtted fromthe transmtter coil to the receiver coil by
magneti c i nduction. One purpose of the passive RFID transponder coi
152 is to transmt and receive signals by magnetic induction neans.
The anal og front end 150 is responsible for converting anal og signals
recei ved [(ug2} he npasfionao Bkl oriv¢ RREP ktidn0i28, the poivit Qipfllydinttal 4@43%
and converti%g the digital data intgﬁgﬁalog S|gn§I. Thgggassiég REID
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portion 130. The passive ED processor 148 w h a predeterm ne
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tag reader. 106 and ates on i ctive c |]ing, .The information is
bagseq HREAEENHE GRIG: 1S i D ursetip” SbsIE f s dAeyithin the
si gnal ern1hEﬁbRFlD Iaq %ﬁsper 106 WO 2010/ 011176PCT/ SG2008/ 000267
1002511 n?*G¥e BaEPREioe 128 dntoppasioniabeyt theacdye AFIRpag prtiep 128pay be stored in
complying with ipternational standards, for exanple EPCgl obal
st andar d2¢ a4Pg PSRy, Pon d40- \The ptve REIY mepry pertion Jddmawinginden negy
130 and one_active REID tag 128 npy be placed in a single casing, to
form a sYWile memays £ sxaenie ap elsatricglly erpsgble progsammable read-only hupmory
Tag" 104Fﬁ%0026]|n one enbodi ment, each of the passive 130 and active
128 RFLOEERBOMY Theethepster) 144 llows thadiybrdi Fagolt tmidguide |ubs amadwirkless
passive 130 and active 128 RFID tags are not electronically connected
or are ethgmometes| Thy combingtieryof thoRP Fpnsmiterd 36 thoeitive RFID processehi38 and the
complexity for an user, only one 113, either the passive

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



RFID tag ID or active RFIDtag ID, is used. [0028]1n one enbodi nent
the active RFID tag ID of the active RFID tag 128 is stored in the
active RFIWorrerwnyi7@orti on 140 of the active RFID tag 1¥8/sa200880h&67 i n
t he passive RFID nenory portion 146 of the passive RFID tag 130. The
storing of the active RFID tag ID on the passive RFID nmenory portion
146 of the passive RFD tag 130 is done during production. Wen the
Hybrid Tag 104 is read by a passive RFID tag reader 106, IDs of the

active Rihkfhit@ed 142&nante RASHLMR i !
passi ve RFID reader 106(.3 The pars??iE vall}?glgltc)&{tggg%e%ﬁgga%%gh%ﬁfﬁhe?ﬁg%&%d

send t hevoiags it cibillied RagehutOvill e RARGLIR iRELRE fith Cﬂa&eﬁl@d the

_ I .
active RFIDtag ID through the systemnetwork to the controller

server 1[2)325’]” d #f Rl itcptl'{e lr};%ss%t f{lﬁ‘ﬁsﬁg Evgftf‘()ﬁ M 36 2&1&3 é% %eﬁ@&b}’%rxm?%)ég?r%%ﬁ

application server 126 w only nmake e of "the Ive

while i i i ¢ : h - : P
AL | 909 B BRI G B ) B AT 81 B e .
e 20t el 8o P o B BB TS B B o

associ at e east one Tocation
the actiyve Olgglopthge

ti 140 o] ti REID tag. 128 wi l | .
store tHe passiveP %{%lﬁ#itﬁg{%’@gﬁr c&fl &%é] 'g t%ﬁé‘%\é}% asngﬁ‘?"eﬁ’g%l%és B%Mﬂaﬁ'éenc
RFID t 2 i | 2010/.01117 [/ SG2008/ 000267 cont ai th ti
R D § adindetghienns, The FleURBEHS [S15S REPORs o GEUPYPRG e Ealsqeceived

packet he Smar. s 110 or. 108,. the daja packet w || be

t ransni %e °PAYEG ﬁ?nﬁié’f‘affrcﬁﬂﬁgis‘ﬁg d&%ﬁt flaip F“é‘i converfing thepdigital data into
stored in 1}qhe. dg]: ggase serlﬁ:fié 124, Onl%,the passi ve RFI D tat%inletD will
be used,®PRESERYr &1¢ BATHE Procssyey 1¢yis yssd dormrogessing daty withingthe passive
[ 0030] I e enbodi nent, an usage of a normally closed reed switch
134 wit tag.porien 1341Thy P%?@V%B%{I? Biocesse 148 wikh hayve psedetermingd jogic of when
provi ded. The use of a normally closed reed switch 134.with an active
RFI D t ad®Aoyiat treqsdes @yd ‘F%Smﬁe%ﬁgr@ﬁ'il@ abayt the pawsine BidPfag portiom 43¢ may be
t he avail ab] e Bower,. Usi ng the Hybrid Tag 104 as an exanple, as the
Hybrid ijedim4he paspixe RFI)memenirpition Hiénkikp theragtiv BEIDymemgryenortiont 48] de
the normal |y closed reed switch 134 will open and cause the active
RFI D ci magfiYe REDD gpemasy paytinn d46r zeay1 owlude bhaowvelstilei mempry, for example an
di sconnected fromthe power supply unit 132. After the Hybrid Tag 104
has pasddPRIM. gantry and is out of the magnetic field, the normally
closed reed switch 134 will return to its nornmally closed state thus
bei ng ell834 | cdnioye erabpdimens.antimplemenigtioncof agi¢ffpttive RAID 1dcdtion tuwking system
powering up, the Power On Reset bit of the mcrocontroller of the
acti ve RfEemiyolves apluthlity ofiRFID itag asesmblidh] 04, eamh obwrhich imbidesan v RFIDYag
portion 128 to continuously send gantry data packet within a fixed
peri od obrtionnig8 shd erpassivecRFIDhtag Pomion 18D Adesaive RRIDWag porkien ¢2&arr @cactive
10031] The above nentioned gantry data packet contains the Hybrid Tag
| D and tRI#Ddeguis byttery powered and operates on radiative coupling. Information is transmitted using

low frequency (LF), high frequency (HF) or ultra-high frequency (UHF). A passive RFID tag
portion 130 or passive RFID tag derives its power from a RFID tag reader 106 and operates on
inductive coupling. The information is passed back to the RFID tag reader 106 by modulating the

carrier signal from the RFID tag reader 106.
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data packet is defined to indicate that the Hybrid Tag 104 has just
passed t hrough gantry. Wien the Smart NODEs 110 and SRRs 108 received
t he gant r ywoadw/packet s, the Smart NODEs 110 and SRRs 10&1vwd2bosapgeénd
their IDin the data packet and send it to the controller server 122.
The systemw || then associate the Hybrid Tag IDwith the SRR I D or
Smart NODE I D, which in turn is associated with a location. Wth the

| ocati on known and an indication that the Hybrid Tag 104 WO

2010/ 011 CT/ S o . : s L b6,
can thenﬂoiz‘% i cate t%ﬁ:{b@? %ﬁﬁwgﬁﬁ%%ggg%b‘%%g%agggggﬁt{%rggg’hﬁé%%%%mal

f that <Ofr o ] . : | .
mmgneti o oaniechy eupE P CUORE (GRRRE) BB ke I REPE R G198 nc passive

brid . ; i t.h ) ' igld, th
Hybri Tﬁg{ﬂ-&é dll3§ aml (E gct!v@ el%l]é\t,t\n% g%erf%iﬁﬁpl\é\%etd in& SR ggats{ﬁ%, %‘Cﬁm 2 s11:ngFe

normal Iy cl os magnetic re open

RFI D cirgg 4] ectricall I.SC e fromthe power
supply uﬁﬂﬂtf%%.ge%%r%Og{e%ﬁm%ralfsa%ﬁélayigaﬁir@nﬁgni%d fromthe storage
case, th rma} |y cl ased neti.c. reed swtch 134 wl eturn to its
mor mal |y ROPEICcaindheeueoingal BT o Sty Ll g sEie At D penah abe bsbrd
active | D cjrcuit. 139. Upon_poweri.ng up, e Power On Reset bit of
m crocon %Il&eilaso Mt el ué)ﬁ:?‘tﬁ{ H’Srlﬁsgﬁe ig% a@d) petivgel 28eRFIDr tags are not
caused the Hybrid Tag,K 104 to,. contjnuously send registration data
packet s %-‘%"%al @Pﬁ%&e]aﬁ’érafeﬁcmcab}'ﬁ%laﬁflt er which the Power On Reset
bit wll cleared. The system upon receiving the registration )
packet V\ﬁopfﬂi ndﬁ‘d‘é‘t’é”lﬂ%{“"%{%? redeicomBlexity foF aR userpnisooneRs eigher the passive
swi t che . é 033]I.n gne enbodi nent, the RFID tag assenbly 104

i ncl uded%%a aractve R Bedlgis Btsdt i on 128. The active RFID tag
portion 128 inc]udes a power supply unit 132, a nornally closed reed
switch 1692815 Rir ong smbedimery m&s@sveiwﬂa&gﬂwfm aotiys RidBstag 1 281ig Storedyin the
active RF1D nmenory portion 140, an antenna 142 and a therm stor 144.
The contAcH¥t REP teniany prstiop 4R <afithe ative RFID: tag 138 tand alspin the passize KD
138 and the active RFID nmenory portion 140 may be termed an active
RFI D ci reemery pediond 46 of thejpassive i tag £30; The steripmefithe hstive IRFSR dag Beoh the
switch 134 is connected to the active RFID circuit 139, wherein the
nor nal | yagsivssRidDrmaerdory pprtion 1484f the passine REID tag 180 shlond diringtpeeruiction. $hen
subjected to a magnetic field environnent, the active RFID circuit
139 i s dheHybridBig Wp4ds rwedbyepassisice RFEMag eaderotér IDs b teyactivel RFID32g H28chnd
when it is out of the magnetic field environnent, the radi o frequency
i dent i f irassiveoRFID) tag UB@ wilkbe icaptered by theqmeksdive RBEENeaderd 06.0THemsghaRFID tag

supply unit 132. WD 201(1/011176PCT/ SG2008/ 000267
reader 106 will then send the passive RFID reader ID, the passive RFID tag ID and the active

RFID tag ID through the system network to the controller server 122 and stored in the database
server 124. The software 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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[0034] FIG 3 shows an expl oded view of a radio frequency
identification tag assenbly according to one enbodi nent of the
present i nwermioomi17dhe RFI D tag assenbly 104 incl udes adusG20@3062g7
154, a passive RFID tag portion 130, an active RFID tag portion 128
and a bottom casing 156. The top casing 154 and the bottom casing 156
may be nmade of a suitable material for exanple Acrylontrile Butadiene
Styrene (ABS). The top casing 154 and the bottom casing 156 may be
brought  tegsih liesactice REIDNag IDahKE Gepasiver@DNg: fIPMUJMAYElesh HHE dRR DAY Ly
130 and active 128 RFID tag portions. The passive RFID tag portion

130 and tHeespaefNOBESRADRr ISRRsPO8] 1heAath Packt GilPFe A fktdAaRoREEM
in FIG 2 [0035]FIG 4 show respectiav?aﬁ?ron% and back vi gm%l?%?%gﬂoykm

radi o frequeheticr 80dr 22 Gad isRfed! AhA3SHY Yeritt G4 A
enbodi nent of tﬁe prersent irslventli on. The toep o?%%ﬂg?t%}sﬁgﬁge IILEIP tag ID

i ncl ud i , 1 d i al
1l et AEBNRAC 2580, IR AR 8 BAARRI O seriel
(2. asselbbl | i iialR AR O, DAIOSRHOE A Sl G S0

264 for placing a wist strap n"i's secure

wrist |ikemp j | R). . wi,ngdow 266, 1 n gne .
enbodi ment , %a%@B@flgagggﬁads}g%% 5&1‘63%&%“2% GKP f%ﬁ%?’é’ﬂ??ép§ed1;ﬁ%d ftch
wi ndow 2 I . assenbl.y 104 t o, he nfigured throu

| R commg?cgidll g}rﬁaf\%ﬁ]ﬁF{;&tﬁ%@h@\% 0rrel}sgp ecé?'%d ??gom% %ﬁﬁ*gh%"a&cwwg the
of a radj.Q. cy:..identifi catio ag_assenbl ccor.di to .a )
Further  SERHE RUER-Yub B ekl od B SR P b B30 Mg daermige
154 i ncl a LED wi hdow 260 an i ndow,262 for RQarcode.or seri al
nunber | ‘gg"g‘?l.‘ aﬁa‘éE‘“L@f){]@ﬁs nad'BW’f%b%f’@’ fs ﬁ"ﬁﬂ?‘ﬁyacg%*e‘? 6@63 sydgh 14ill ppa and
tag assenbly.is active.. Tk ot.t.o r. C asi ng 156 _includes a
metal cof %.% © i¥e %ﬁ&"ﬂ"ﬂgﬁﬁpgﬁﬁg}éﬁ‘ﬂq‘gﬁlip‘ﬁ?’?b&regedtrﬂ‘]h) disGoRpRsiFdtrmen the
I n one enbodi nent RELD tag . assenbl 4 has a | R transceiver.
The TR RO ol | oA e R o i 106 e poatedatbe ey GBhEY QUi ehe
t hrough IR co nication.  The theymstor is in WO

2010 1011‘?%5(‘:%%@868%6’68& Slgsedt fﬁ@{ ﬁﬂfcglcléﬁt“al% ety ie its Rermetly slosedotiate dhus
268 and t he netal contact 26&;3 in turn in thermal contact with the
subj ect Re§relestrisally gonnsered,iq therpower synply unitrhd2. (YpopHosenne wil the RewenOe
the tenperat u{fﬁ. of the netal contact 268 and as the nmetal contact 268
is a godsEMRldiegPicHconEtier ok the agivg RFTIA poxtiend 2% will besser. Thistpaused to active
substantl%ﬁbl y the same as the skin tenperature. 100371FIG 6 shows an
exanpl e | APUHRhE 2t P sentirously seaf gantrycdatranneket wirkint 4 fired petioshoft i after
assenbly in an operating theatre (OT) conplex according to one

enbodi nerticthe PawerQnReses bif willhsiclesred. The OT conpl ex 162 i ncl udes an
OT reception 164, a plurality of OIs 166 and an OT recovery 168. In
one enbd89Hdnt ,Tlvwéowggqn@eetgmnmda@ Raoket icontaingthe dTybtifk Tagfib rand thEagntry
104 incorporated in the work flow of the OI conplex 162 can provide
pi npoi ntdafacgagkett isrdefined thdndicats tat the Wybrd TagpH04 ks ust passdd throujzly ganady. When
Ol reception 164, the patient's details such as personal particulars
and schdbu$natNOPEe Y aad SRRe 1108 rezdived/the garttyalapatatiens, tHesSma®IEIDES 1i10tand
his designated OT 166, in the above exanple OI 1, the patient's
Hybrid TRRs1®3 willlappdnd tisimlinedtheidata pacKet amt sepdsisb \tiee mboll@aees 1221 The
The RFD) reader P1 will send a data packet containing a Hybrid Tag

| D, a RByiem edldidren hiSodatd e Hybnidalag IDovith tiabRR IDhve SaesNOBERD, RhiciSn turn
portion 128 tracking for this Hybrid Tag ID. At the sane tine, the

|P FC at i oris wsisbdiatlabwitipal hicattbnaWithhike PO ioa%a6Wh didoth Mdibtioh e MeHRbHA Y 04
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[0038] During the time when the active RFID tag portion 128 tracking
of the Hybrid Tag 104 is disabled, the |ocation of the Hybrid Tag 104
Wil be aswocavadi7ed th the [ast known [ocation, which pca/sdeeosmoes?
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 wth
a second passive RFID reader P2. This time round, the Hybrid Tag ID,
the RFI Ehd’sgﬁlﬁls%ﬂ thilbug §i6mtc@n WQEﬁcﬁtQ%@Qﬁé xﬂ: *F%:\)Z@ﬁghas passed
portion 128 tracki ng th brid Tag 104 and the mar t c

al gori t higyotigh haﬁaﬁ,dfgﬁdloﬁgfon. WO 2010/ 011176PCT/ SG2008/ 000267 active
RFID tag portion~128 tracki ng agai n. The exanpl e of inplenent atlgn of
a radio fopesentYor bl cAbrhAl A58 Moo BeALARNAS4 CAT ik, QU
i n any slruﬁbl e bow | di ngs eor r?renu}lsg's S[%g CT {%\ed?i ovvs a (ls)(\)/vc ar
of the ey ngp@ksﬁat@én WIRh SRR Tag:'rp 'is Blob@fin s LbRBYRRE it AR bch ﬁt&hO@

tag asse In an operating C ex-as s own [ acc

EQSi ﬁrsm Wg} °l§§f8t’n¥gﬁ£‘e§£9 8&\/?%{ Wﬁ{}g?éﬂdﬂéltbg iﬁgs’@lﬁ@%ﬁ tlbgr\]ve\ll be

g:;l ggt e%%%ctallgS}spo%gechd %rcg ?ﬁ(el p%gvela supp yautn%tciQZ Q’EQ& tlhte ¥1y%nd tTag 1 1ts Ireenrllgved

from the storage case, the normally closed magnetic reed switch 134 will return to its normally
closed state, thus being electrically connected to the active RFID 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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[0042] Next in step 178, it is deternined whether a passive RFID data
packet is received. The passive RFID data packet sent by a passive
RFI D r eadewocornmirme a passive ID, an active |ID of a Hywmvs2immoder
and a command to informthe systemon 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 RF1D data packet
Is received, the processing proceeds to step 180, where it is

det er mi n¢@d3dhet [FEG. 3 chenabi explodedi Hablof o Rdicaféduu yREbIAHcAnPA tasRhbly
128 tracking. [0043]1f it is determned that the active RFID tag

portion h&@rdiighdkond @mibSdii@nider tHe pARBEHE thvehtih. RPhOREHS 1aBsREAHE EFSint Bdes a
step 182, where the active RFID tag portion tracking is disabled. If

it is dety dubingdsd,nlasiMERBI tay GoRion0 3028h RENE RETD la%%&ﬁﬂg 98 hd! Sbdtfdm

be enabl ed, the processing proceeds to step 184, where t active

RFI D t ag cfgigt 56 NTHet6i- ek ing 158 a0 b&tbm &agﬁéﬁlig ﬂlla{' Eégfn?& (ﬁ{a%gﬁab}%%?t%ﬁg for

184, the processing proceeds to step 186 ere ocation o

current passeReekniR BubRidht g&%@%@.ggﬁ%@% 18990 fiR'vofigth dekiy R

186, the processing proceeds “Where | J aga; o

] [ IS receive I .
o 1 m v SRS R LR Sl BB i i
et R S BORSAETMIABL0 888 ! u0h By HiPer HARE R e i TS

di sabl ed - / SG2008/ 000267 [0046]1f it is determ ned
t hat thedggﬁgeégiéﬁg}%ééQggjtion 128 tracking is enabled, the

[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 allowé 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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processi ng proceeds to step 190 where the Smart TRAC al gorithmis
activated. If it is determned that the active RFID tag portion 128
tracki ng iwodomabigd, the procecssing proceeds to step FAZScr@ezhe
| ast known | ocation is reported. [0047] Follow ng steps 190 and 192,
t he processing proceeds back to step 178 again. [0048]FIG 8 shows
respective interrogation zones of a coarse |localization receiver and
a fine localization receiver according to one enbodi nent of the

present thefabédneidt wikh theGRAil $6nth@ Q88 hiicbeht Bdtal E6Ricy 268 19 in 3HFh NG cddiBot
has a relatively wide coverage area or |ocalization zone 198 and eac

coar se | wigathe 2atjéd® (fof B5iptSthe pdiidnt’s sDEThd ReMiQ¥s Wl ReSOR MRS emperature of
| ocal i zation of the Hybrid Tag 104. The fine |ocalization recerers

or SRRs th@hetal 36nthta V88 RS RE Mk NBal SORLLEI68GOY %g@(g Eorflla efb the measured -

| ocal i zati on zones 200, 202 as conpared to t Smar t

Ther ef or I ' BRRS ;L) vide a finer

| ocal i za@gﬁgg?elfﬁggl%sﬁaﬁﬁg Tagsa%%}fsﬂfec 49 nerﬁ’ . 8, a Hybrid Tag 104

i S posi ty d wihi ; : rovid coarse
0000 P NER borfOor P RBObTES A0 A TG 2

| ocal i zat1 on of the ne coverage ar

| oCal 1 28 ) Rl ISR NSRSk 9 DB STRI
Ser LN g 38 ot 50 B0 i 0 S 55 B
Cover a0t ok 120 SR %R AR e T Ol Tor 14
A - e s RO T Ap NN M AR

Tag 104, SRR.1, 194 will add its ID to the received data packet and

r ebr oad P3RF Hae ﬂ’]’éaﬁ‘&%to‘l’rﬁt veﬁé?ﬁe‘% re?ﬁé‘of‘éﬁic}gﬁﬁaé@f“ehé%géuﬁé‘é personal
meant for the Smart '110. The SpartNODE 110 upon receiving the

r ebr oad @3@‘?%535&5@%@ SUTERTY (agP Y‘i@ﬂo\’ﬂ‘?‘bﬂ‘f* Pptiend s, wheeledintofpedesiggatedn
will th oci.ate the 2010/ 011176PCT/ SG2008/ 000267 Hybrid Ta
IDwith ?%Mﬂag"(ﬂﬁ"ewwgrm thr thepatient's Slybad dag P4 wilhbe spanned it a Hrst
Wth that, the location of the Hybrid Tag 104 is identified to be

wi t hi n RPEsyeRFIDgeaden ddshhg REBhecadsidd grittesand 2 dafa papkst eqntabng 2 Blybed Fag
radi o frequenﬁ@( RFbPr eceiver. It is responsible for receiving data
packet s TPrdRFDEadsy P 2ad 1 seamangto disablefiyeasgtivediF ID tagsportiprel 38dragking for this
data is _relayed to the controller server 122 through a LAN. Each

Smar t NoOblybrid JagilP| A fheesame dimsythe lagatige wilhbe updated as the one associated with the

RFID reader, P1.

S-%

C

[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 .Tag 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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[0051] I'n one enbodi ment, the SmartNODEs 110 are distributed in the

area where the SmartSense Location Tracking Systemis inplenmented.

The syst enwai2bio/ohave a | i st of areas and each area w | IPdesGo0s®n0267

|l ocation ID. Each SmartNODE 110 will be assigned with at |east one

| ocation ID. Therefore, a group of Smart NODEs 110 will represent a

| ocation. [0052] When a Smart NODE 110 receives a data packet froma
Hybrid Tag 104, it will append its IDto the data packet, then send
it to thet¢ORFIDal Pbrtidf N Y& fracking aghh! TheldiEmpi¥ BY inthidAdhtdion 30E rag e h@?‘;
I D, the systenlcaggassociate thegkybrid Tagylgﬁktrlthe IocatlonqL

assi gnedidbitichtton MPsss TN PalsBe B3R AY shiPB1d RAGNMEOL JriibQ, t he
Hybrid Tag 1D, ?he Iocatloﬁ§%F t%e Hybrid Tgéllo4 may ge ﬁgent!f!ed.
0053] Th Rs ; ! p idin

[ 1 Thgo Fi8% 7 shebs %%&%%?3?4 %mﬁ?i&t M%Eenlﬂjafagn?%@@x 0%y

additional data for the Smart TRA gorithmto conp

j f ' h, of th 194. 196
W ey REEhclaR el P b platiy S £3€ hiip 1 FIGED asforfine 10 one
[ 0054] I n..9Rs; EWQQQA %:tﬁﬁ&ﬁ gf the SRRs 194, 196 consist of a RF
a N trangﬁg g

recei ver, er and a mcrocontroller. ThebRFdreceiviB S
i i Vi . d f t I.d Tags. ,
her ot lB0gy; ?Lﬁeﬁﬁ%ﬁe?@???ng%%%éﬁ%c e roﬁmﬁgg?{% Eaﬁ %ﬁ%&gg&ﬁ toa
d b d h t 1. t S rou e
Er anon as an g bGod 5t B RAE K52k HER bR ieime) Prs e

' ' onpared to
,[ ﬁgel Ver[O&&? a 1\?&?5:1 setE:p rl%?, i }slc{)egerrin%gg ?vhgtilercg gz?srsg? %F?Ir) %%tacpaglget is received.

The passive RFID data packet sent by a passive RFID reader contains a passive ID, an active ID
of a Hybrid Tag 104 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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Smart NODEs 110. The RF transmitter has a higher transni ssion power
conpared to the Hybrid Tags 104. Therefore, the SRR 108 has a small
recepti on warrge/amdéa hi gh transm ssion range. [0056] | rPaInss2008/000267
enbodi ment, the coverage range of each SRR s receiver portion can be
adj usted by varying a | ower signal strength threshold and an upper
signal strength threshold. A signal below the |Iower signal strength
threshold will be regarded as outside of the SRR s reception range
while a $0046h1 dbavie detesmingperat shegaaive REIBNG] oo eRIROkkik ik chfbled, the
within the SRR s reception range or coverage. [0057]1n an exanpl e of

a first prptsingpiatédsio step BifRviicie B8 S8RATRAT #ﬁ#ﬂﬂﬂﬂ%@cﬁ@r&&. fF if i 96tk ¥ihed
with a signal strength indication. Based on the signal strength

i ndi cat i et thehetieRRFIDaAg poGIOH Q28 GabiehELRIdiRAPEd ARE BRted@hApRBLHEfoSstep 1
based on the | ower and hi gher signalzftréngth th?ggﬁol .p[0058$fﬁ? 72

| ower ane/hete B 1ast kvl loSdtiof epbried! eshol d val ues can be determ ned
t hrough experinental nethods. A SRR can be set up in the desired

depl oyne [604§et t Folbwind'sitgsa08 Bd 1920 he g}’&%ﬁﬁglg ?&e&ﬁ Bad&o Q%?ﬁ?g%g%}n a

desi gnat ed di stance away fromthe SR I gnal stren

differ entoo_dslst ARRER o%s rr@sﬁpﬁlq: iif(t@ljr%éqgﬁ %r{)%s pggfgg'gé Io%%ﬁfzg}i)(lme ec%ge??ﬁ% a

is placed in a reference position a IS placed a

metres apgy lJcﬁl?z'ﬂi&h?ec?Bg" acoWing! {95k e%broﬁﬂ%ﬁxp of ﬁ{? Er?‘s%g%%atng'ﬁg.g‘gﬁeeéq?iésse

| ogged for a period of about mnutes. Arter a

average RidfaforsSte SOé?th? S%an‘igﬁ?% 1%%,”?13 raéelrselalti%elg 3!'@% lag\%eﬁagé Sagaaog{logavﬂizaﬁgh

t he di stance may be 1 ncrease abou netr
i it o5, “ R & o AR AR e RA g Lo O aff oot e
ot os. 1 aporid T BEPBE oSG0 IEeR B anel B4 oB8 i prsperive galie
i o1 anceevEe iy 8 Eh s Dok sompr g af il 1 Abeire
o A s
Phe. srm OB T @078 Biiioiap T Porione Sphitpbrents Ay S SpATROREG10
t he upper _and | ower sigpal. thresh val ues can then be set to a high
val ue (fBP"ERaffOESe 3?‘;%%90’2 e Fg‘%ﬁﬁﬂén_@%% 10k rthe copemaser e Spire iggmed
wher o a RrAiEtep S ior b SRaROPE 103k brace ihen compret i e repe e eoversee
e ot B i TS RGNS 1L UL St
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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10060] I n anot her inplementation, the SRR signal strength threshold
value for the receiver portion may be changed through the hardware
conf i gur atworeeio0/0iné sensitivity of the receiver is redusegsdlesroirs

i ncreasing the | ower and upper signal strength threshold val ues.

[ 0061] I n one enbodi nent, the | ower and upper signal strength

t hreshol d val ues need not be distinct and may be substantially the
sane. [0062] 1 n the above nentioned inplenentation, the RF receiver of

the SRR MB¥ri€ ¥as b twiflf tha SRRISD RREE H'RAm tIfl@sohﬁt%aXmﬂPAf‘eQﬁa 206 With that, the
i npl enented by adj usting passive inpedance natching conponents 0 a

non r esonRMon\GTHIEHyHNdSg 1108 isaldn8 RBR0dR With 191feat1 h@or eceiver can be
changed to make it Tess gensitive, For exanp e, nge in antenna

size, chawge | NLABAE BRBodiSRA! fe HIRRGDE fll(‘? £ DA% ﬁ' cg]% ?y &Fﬁ recelvei‘ I:It is

attenuator can be added to the antenna o e recel v creas

the thr e?é@éﬂnglbfg rgt%"\lm ﬁ%{tﬁ e@qﬁ&qvﬁgt}ﬁgﬁd ¢ aég g§4 aaflfl aér‘%%t q56 The

desi gn ove the ossy an enn eS|gn IS

i storti ooy R biEo P%%‘éé?@fee@%ﬂq2%&&%@%{%5%% Hiogvill

of a met lew$%g%Eéﬂ9 a location identity of a subject according to

one -enbo nenP resent |nvent|on A Smart TAG server

2Bﬁti8?fgﬁggervero%gégg ggﬁéﬁg ﬁﬁiaﬁégs ﬁ%@ggﬁhégaéggmmlhe
ackets s A1 and stores the _data packets
Pnt 0 a S%’ﬁ?‘?%@ﬁedle ‘g?égﬂ Bl fdmg sptera é‘amﬁﬁ@f prsefrand
in the Database E rver hg n En |ne 208 is found in the
popi 1 car FEHEEEHY Be S5in avarith 12 Faeh SRS G witrhe ok il s st one
proce55| mB dﬂ% ackets stored in the Spart Sense dat abase 206 and

returns JorectHPvRY SRartNQLES 10 \will gepresent gdesatisense Dat abase

206. The ati Engi ne 208 uses the Smart TRAC al gorithmto conpute
the | ocal r eS R & SoENQRE  }18apgesiven@pdaim proketafromrp BlybridyTiag HOf.sit will

al so found in the ﬁﬁpllcatlon Server 126 displays the | ocation
resul t s 3PBFnd itskkto the data packet, then send it to the controller server 122. With the Hybrid Tag

ID and SmartNODE ID, the system can associate the Hybrid Tag ID with the location ID
assigned to the SmartNODE ID. By associating the location ID to the Hybrid Tag ID, the
location of the Hybrid Tag 104 may be identified.

[0053] The SRRs 194, 196 complements 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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[0064] FIG 10A to 10G show respective scenarios of a nethod of
tracking a location identity of a subject according to one enbodi nent
of the prewermmwmventi on. FIG 10A shows a sinplified satgs20068/000067
Smart Sense system Room A includes an installation of three
Smar t NODEs, nanely Al, A2 & A3 and.a SRR, nanely A4 and Room B

i ncludes an installation of three Smart NODEs, nanely Bl, B2 & B3. A
subj ect or person wearing a Hybrid Tag (111) is situated in roomA as

shown i[858} 1QHRe SRAOGRAdVeShasldBmblldr ¥sdepdrBandd @ &aéﬁ%epﬁé‘é(&inﬁaared to the
received by the respective Smart NODEs and SRR. In the Tirst mnute,

H1 transBinkrtNOBES QY The RFatantiaft@r Hﬁ%ﬁghéégﬂsnﬁ%ntﬂbﬁveg@&?aﬁ’@qk e ﬁaoln'd

received by A, A2, A3, A4, BI, B2 an In the second m nute,

¢ i . | ¢ e . . . ,
L5 o ang o g ol A 85 e i

packe!, o | ol ahsaiagn ol o080 T K0

the Strong signal data packet Pl.

o R A ol AR A
0, N BB ORISR CRRAGRPSAL S ESP ol s
e e, BB bl SO BB Bl o s
on the dx%&e%tlgfff‘pa%g or ctobngger ecei ved.
[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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N= Where N = score for Smart NODE or SRR, m =Nunber of data packets
received by the Smart NODE or SRR, A = Weight for each of the data
packet. [O09O3PHWUE1740C shows the score for respective 3nHVIGAVBEGI28Nd
SRR Al received both P1 and P2, therefore, score Nfor Al is 3. A2,
A4, Bl and B2 will have the sane score as Al because they too
received Pl and P2. 2 NA1 m=EA | N4l 41 = P1 + 2152 N 42=
N94=1V181=N132- A 1 m =1+2=3 [0069] A3 and B3 receive only PI, the
score N foos9leaciThebighd saadstiBof b 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 preferred so 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 émbodiment of the present invention. A SmartTAG server application
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NA3 =EA .1=1 Al 43 = Apt NOB = N3 = 1 [0070] Each Smart NODE and SRR
has a factor p for each location. 13 will take into the account the
proj ect ed WORAIWWH76f the tracked subject and al so t he BITEG2008/08¢267
whi ch Smart NODEs and SRRs will receive data packets fromthe tracked
subject at a given position. W) 20101011176PCT/ SG2008/ 000267
1007111 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 ed0smeyidesinthe@dniroliardende 122, and i0fsFespbisiblélior e6llechip @fta pRIKGSRBSived
speed of novement and the l[ayout of the area the person or object is

in. Usi nby tiieS@atNODEST1@ 268 stdie Tha Wafdl ackdtd inité aBSaigeh® Dabis€ 06, The
where the person or object is |ocated next and therefore assigning

mor e wei ghksSdnse Dhghba5eD06 NEHWEE in itk IEbasd Seridd @207 QILEEkiBH ﬂngﬁééom found
[0072] FIG 1013 shows the factor 0 of all the Smart NODEs and SRRs

Room A ih@aef 1@£t1oh%eﬁ'@e'i' 126, a4t ¥ ekspoRsibl Br ikt@prefiflg iaid rdSideCthe data
131, B2 and 8 1 respectively.

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 pabket 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
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[0073] FIG WE 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 rewpeoto/orel7y. [ 0074f After respective N and /3 fRET/Sad2D08/000267
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. 13iN Were n = total nunber of SmartNCDEs and
SRRs in the tracked area. [0075]FIG 10OF shows the conputation of the
score L eightago Pl s a StrohgsighalAlafiackéet andlBl Willi2Ne Aveigho BN A B2 s 34Veak
,PIN"  ft A BINBI + 13 A52N82 | 3 A B3N 83

, (2x3) +( ) ditg Backyt(andd BR Il Kk h(wlekght of [i2) =30 [0076] FI G 100 shows
the conputation of the score L for roomB. LB = fi541N41+ fl B, 42N

A2+ fi Bjod8N ASFar EcivBihaWODEL 3r BRR! B Bbre A8 BilBBNcBilated! BasBd BANhBAata

packets they received.

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. Al received both P1
and P2, therefore, score N for Al is 3. A2, A4, B1 and B2 will have the same score as Al

because they too received P1 and P2.

Ny =24p +2p
N,,=N, =Ny =Np, =N, =1+2=3

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

Ny =4p
Npy =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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41x3F- (1x3) +( I x1) +(1 x3) +(2x3)-42 x3)(2 xl)=. 24 WO

2010/ 011176PCT/ SG2008/ 000267 [0077] The | ocation with the hi ghest
score for WO2MMWd1115¢ t he | ocati on of Hybrid Tag. |n thePGliRG2E08/000267
exanpl e, Room A has the higher score of 30, therefore the Hybrid Tag
isin RoomA. [0078]If 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 on[G0M1]t held omatmbolimed) facol A & dbobednsiddragrojebied niieReVbagsiSon the
| ocation is found in the list of potential |ocations then current

| ocat i onlosation Kistoiydehiht fiefdn ag dbitRt. PIRVIr6jdsted GoRtrh& Wil édﬁﬁdér?ﬂl:t@rsoﬁke

the Hybrid Tag. If the previous locationis not in the list o

pot ent i adirdc@6RbT MOenicRe Bpded B f foksthert @6PhE B ohtbel | et R
| ocat i onslrvvi Il be updatglc,i in tt?e H§/bri d Tg‘:{g}'ost taltbéfaer%dﬁl%gglf% %%‘&{1% o

shows a UkigyhBant odho ofBle MRGborefit i ?@ég#ﬁeﬂg predicPR bk ‘ﬁ?z djeg‘gﬂ bt $Bje~:ﬁ]s el@cated

subj ect according to one enbodi nen the present venti on.

met hod Ofiext A lhdddorR Asggﬁh'g giélf(r:le %@é}éﬂ% Yo E@Ys&&ﬁgéﬁ;egn& RE R IMBRE TRAG ed

al gorithm The nethod of tr Ing a location 1dentity begins In sfep
218. [00@Q)f¥gxt in step 220, it is determ ned whether or not a
predefined tine interval is up. In this enbodinent, the tine interval

ot or i o0 Bnat Ficha0B HbRkESpkt o'de didnd ShafopE apf Srps fot ki g The
it or val O P RERLAZ SRS 2 o AR BT T B LS G BRRRG ¢ h
chocks 1 BUHHle I 4B bne' BePEh o B e SRR BET o SERS oL Bom 5! he
the ProGEa3 SR A K8 A arda Pl IPartls 1 84 B, RS Eatery.> COmPuted
[0074] After respective N and 8 for all SmartNODEs and SRRs are compﬁted, a score L, will

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

and 3.
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 = ﬁA,AINAl +ﬂA,A2NA2 + ﬁA,ABNAS + ﬂA,A4NA4 + ﬂA,BlNBl + IBA,B2NBZ +ﬁA,B3NBJ
=(2x3)+(2x3)+ (2x1)+(3%3)+(1x3)+ (1x3)+(1x1)=30
[0076)  FIG. 10G shows the computation of the score L for room B.
LB = ﬂB,AlNAl + ﬂB,A2NA2 + ﬂB,ASN/ﬂ + ﬂB,A4NA4 + ﬂB,BlNBI + ﬂB,BZNBZ +ﬂB,B3NB3

= (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 with the appropriate weights, /3, for each
Snmar t NODE WO 28/R11170082] Next in step 228, the score L iRCTSGRO8/000R67
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
detem ined that there is only one highest score L for a particular

| ocat i on[007R piTbe beationgwith the deéghesttscors f@yL, 2R, bewheloeatioh ®f H6A Tag) Th $he
reported. However, if it is determned that there is not only a

si ngl e hilgive stangigReoin, A hisahehighee Sciré\6f J0; MEREHS the Wlybiie a2 R4n RWERAS
the location history of the Hybrid Tag is checked. [0084] Then the

processi (P78 oc éfakkse isQiedh € highdst sWbteb@wbdi2 draRce 10R8idnS, allIRObERBns will be
[0085] FIG 12A to 12E show a nethod of tracking a location identity

of a subpasideredad Belipd@nid LGS 4D (BAGELIIAL Rl B mlaBEBY kdvewWthd h}eebr vious
predeterm ned group of receivers according to one enbodi nent” o tf’ue

present joax@atih @ lobdtien tdbiAoBHRe WEbAD TEX ATRLcCoriod biMisE i i
building with two Smart NODES | n\sHt%,aI I edéon eegpcrh l(I) eve%?lsxggrszﬁot geé‘lﬂ of

and 3B ap@ertiablodtioR$lthen cﬁr?elYlﬂocgtion%ﬁ bl I}%ﬁedgfs‘l t@%ﬁi’gﬁﬁfsgé(gﬁtiio{f l';i{ %L Ita%fie of

on level 2 and Smart NODEs | A and 1B are 1 nst

20 B 58 e RSl RS04 P DTG
recei vesjodalod iPRe k&lot potential locations will be updated in the Hybrid Tag’s table.
[0079] FIG. 11 shows a flowchart of a method of tracking a location identity of a subject
according to one embodiment of the present invention. The method of tracking a location
identity may be termed the “SmartTRAC” algorithm. The method of tracking a location identity
begins in step 218.
[0080] Next in step 220, it is determined whether or not a predefined time interval is up. In
this embodiment, the time interval is 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, 8, 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.
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withinits level. Therefore the algorithminvolves identifying which
Smart NODEs receive the data packets and identifying the location in
whi ch the BR2PINDDES i s associated to. In FIG 12B, on BGEEEH20@/000267
Smart NODEs N35 and N35 receive data packets fromthe tracked subject
244. N3A is equal to 1 and N35 is equal to 2. The score L3 for |evel
3 is the sumof N3A and N35, which is equal to 3. On level 2, N2A and
N25 are respectively equal to 0. Therefore, the score L2 for level 2
is the si0A83}f NEheario st 330, Vs ddterintned quh@thet thei@ is GilyrbhetighestaBore @ral. Iflit is
Nl A and NIB are respectively equal to 0. Therefore, the score L1 for

| evel 1 detertined shan théreNk Anin dnd\highesthice®d I Jorrh %ﬁrtﬁﬁldﬂ'locfaﬁorg-thcgﬁrocessmg
conparing the score L anongst the three |evels, L3 has the highest

scor e Ofpr3ceeddt0ish QBE, wHebethé Ioastkonds gbﬂt@p Howdéer GRR iR tdrfiell kat ﬁgre'ﬁé)not
be on level 3. WD 2010/ 011176PCT/ SG2008/ 000267 [ 0087] FIG 12B shows

an exanmungy #bingle highstlscsré LUk ipRiessiH@WRYREds th Rtef D3AGIHAA the locatlon hlstory of
i npl enentati on, data packets may be received by other |evels

Thi's ocaué By¥iETagIsBldcR@DES are nounted on high ceilings, thereby t he
dlstance betmeen the Hybrid Tag and the | ower |evel SmartNODEs is

much sh t hﬁﬂn&ﬁ%r&@e%@]ﬁ@ce@@stt%fé 235’%&714_%% fdcatid 1@1@@ redS
Smar t s ound on the same | evel ten omer ['ev ? imar t NODEs
o] G TR R HARP BB om0 TR o

2”8a5ad%§cke1%é‘%°§ Igﬁgﬁéé%e“%‘s“?%b%f’feﬁ%?ﬂ o B Wi efhfiE g SR

I I t he tot

e L chBolhmelbtl 3ol AR 56T DAL B ol o RS ol s iy

o gor i R %e%ado DS i off gachifel b %@a@@ﬁawb’é AR el

th b h

I%@&%&V%@a o R PSR By Wt

h I d d Fl 12D. F

B carodlg WS IELLO0E o & i Rduced, L ELGoel 80 From

th b . I di cat ed, \ 2B

coﬁs?sfiﬁsﬁﬁs' és%?@?i@ﬂ)t ﬁis' %SS Nt SRIIRG el oplycreesiige catappaskets
t I I e 3A, 3 3 whi I the S t

Resoo! atatins [PvPE S Bretor the e soRebaatbine Hich STABNDDRG desee the
t th I t.h I t th nb dat

acket & P8 EPkF Pl TESHOE iy RSB I ctoibn SPORNCIRNS s peppieied 12 Tife

I t t L Il be the | t f the t ked

Soby ect 13Huon et i, ARGANDRES Wi fud No Feseive dia packsicdran s, irickicambleci 2

a L2 score. of and %evel 1 has a Li score of 0. Therefore, the

subj ect Ns4 isjegpal ito. ) apd,Nyndiy gquabto 2. The score Ls for level 3 is the sum of Nsa and Nsp, which

is equal to 3. On level 2, Ny and Nyp are respectively equal to 0. Therefore, the score L, for

level 2 is the sum of Nj4 and N»p, which is equal to 0. Similarly on level 1, N, and N are
respectively equal to 0. Therefore, the score L, for level 1 is the sum of Nj and Nig, which is
also equal to 0. By comparing the score L amongst the three levels, L; has the highest score of 3.

Therefore, the tracked subject 244 can be identified to be on level 3.
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WO 20101011176PCT/ SG2008/ 000267 [0091] FIG 13A to 13B show a net hod
of tracking a location identity of a subject including assigning a
wei ght age we=ew/an7a recei ver type of a receiver accor dCmsd2008M06267
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 130[o08gpecFic/eliyB sihows ain example€oPfandidelll SRuaBbR EdowWdr! dh Ngh Wik
two Smart NODEs installed on each |evel. Smart NODEs 3A and 3’B are

install eﬂn{\%i)rén@h‘ﬁ@ﬁ data ENGREP RAr&Bded %yaﬁﬁxell 'Tévteﬁl kded 1%% vhen

and Snart s A and 1B are installed on level . Atrac ect

244 i's poshiNODES ax@%&ﬁft’&ll on?‘ %Qeﬂﬂﬁé’sr &erdh? t@%Et}M@%\%@n tl[leog%g{l‘& and -

FI G 13A on | evel 3, 3 are respectively equa

level 2, y,0Npfved MC%MEEF yssrgtaclrj ?Flgx‘?é}tt%a\ﬁ diSigid be{vfegg th??){béf\?/i\ellﬁlg gnﬁl the

Nl A and NIB are respective e score

the sum a%g h scor

for | eve?rt]% i s %:lg) sum o %F ewﬁgeé%ir\élﬂ\ﬂ{eﬁﬁggm%f%% a%NQB%? S T rgﬁelYe more
al so equgé}] The score Li for level 1 is the sumof N2A, N2E, N A
and NM I'C |s' equal to 4. By corrpari ng the score L anongst the

L 5N 0, OO B e YRR
h h .b d b d
R A R i B

| evel 2, N28 0 re Ve On | evel 1,

NI A and B ets b@ﬁ%i?? % ﬂlfﬂbﬁge?drléoﬂg this regardy gymming yp
t he sum 3 05NAand0 N23 which is equal to 6. The score
L2 for ‘B%E’Fa E“Iiﬂggﬁﬁéa‘g BATRS ff‘@ﬂedgasachde‘@ roat usef“éswés totg) scosml Aorlavel
0. 33N13, r@,& 1 %ril tag 5.32. The score L1 for level 1 is the sum
of 0.5NZA, 108 Blevidt A Linds Miezsampnllc thensevirys lgorignp is mlpptednihare Wil bha

score L
decision to be made on whether the subject is found in level 3 or 2 as both 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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WO 2010/ 011176PCVSG2008/ 000267 anongst the three levels, L3 has the
hi ghest score of 6. Therefore, it would be possible to identify the
subj ect i nWBI2040/01886 [ 00951FI G 14A to 14B show possi bl BCTuRGE2808000287
fine localization receiver 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 pacl08ps t r aIG.M3Alted3B shew arRtHE of trédkelg aNobdtiof Wenksy df%fs@ﬁ,é'&%chmmg
the SRR 100961FI G 14A shows that two Smart NODEs 3A and 38, "and one

SRR 3C asgighingtaaldigifagebated\vgla r&elvﬁe%ﬁﬁﬁi DAL AR 028 eﬁﬂ)@dlment of the

installed on level 2 and two Smart s | A and 1B are instal

|l evel 1. préQ@0 7l ERNenS TRE GbdV 8

Smar t NODII)Er or SRR orll1 | evel ga%gcgﬁ/g% g‘{]gla&wm%%é%ngg;%%%&? ﬁggﬂ&h}?

r espect i ¥gh $makNODIERE SachiloaaSEL&ho 'Be&eh?omﬂ‘e H%fwéiagfgr %\t&n%n
espectively.

Smart NODE on | evel 2 received are N2A =

The scor gruNratdd Ltik p[d]lll a packets each Snmart NODE on
| evel 1 rlelceal ve a?e NI% ﬁ%dﬁ{%%ﬁo respectively. [00981As the

SRR has 08" y rlgAraﬁ 1330 'lgﬁ rgsg d&‘%elﬂﬁ&@g&%@ tle 3{ AR s{omygwfg{ilgén with

anot her 1 evel not e receiv here ore

w1 P ol SpARI0 ghegﬁﬁg‘}%ﬁ%%g@ &F 9%0%2@395?%@ ity %ﬁ?ﬁé@%m fipers;

S f

Sar ¢ DR IO BRE 2R dna 2B reglél%é@ .vgﬁvéigﬂﬁﬁﬁggﬂ@?@seve bl g e on
L 1

et ght agerbi- 4 BHed Sulis 2o+ ¢ o BB oR op e il ey o e ODBET 5 s

the hi ghghds) SCOhuc! Ifa, SHILEFS, M4 dnd R. e rdpestivaly equal to 2. On level 2, Ny and

N3 are also respectively equal to 2. On level 1, Nj5 and Njp are respectively equal to 0. The

score L; for level 3 is the sum of N34, Nig, N24 and Nop which is equal to 8. The score L, for
level 2 is the sum of N34, N3p, Naa, N2, Nja and Njp, which is also equal to 8. The score L; for
level 1 is the sum of Naa, Nap, Nia and Njp, which is equal to 4. By comparing the score L
amongst the three levels, L; 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 Nsp are respectively equal to 2. On level 2, N4 and N,p, are also respectively
equal to 2. On level 1, N4 and N are respectively equal to 0. The score L; for level 3 is the
sum of N3a, Nip, 0.5N24 and 0.5N,5 which is equal to 6. The score L, for level 2 is the sum of
Ni3a, Nip, 0.33N24, 0.33N2p, 0.33N, 4 and 0.33N;g, which is equal to 5.32. The scére L; for level

1 is the sum of 0.5N24, 0.5N2p, Ny and Njg, which is equal to 2. By comparing the score L
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WD 2010/ 011176PCT/ S&2008/ 000267 [ 0099] Anot her use of a SRRis to
further segment an area. In one enbodi nent as showmn in FIG | 48,

| evel 3 caWOoR81¥Uiir7per divided by a partition into two REEG200810a67 y
roomA and roomB. A first SRR 3A can be positioned in roomA and a
second SRR 38 can be positioned in roomB. A Smart NODE 3C can be
positi oned between room A and room B. As the SRRs 3A and 38 have a
smal | reception range, the SRRs 3A and 38 will only cover their
respect i sorigente thidedeBIsAL} NoIdEe REhdsSscoR@ b BikrdisE, it WouISBRpos3MIAD Meabty
to upload their data packet to a controller server. As the subject ,
244 i s | theadigett inFIGOME, only the SRR 38 will be able to receive the
data packets fromthe Hybrid Tag of the subject. 1001001 FIG 15A

and FI G (0854 shpig.al1Aq6 1B Qhow PbRHINERK of D ind ok ARGHicH LB er 48 cRding to one
packets on |l ocalization according to one enbodi nent of the present

i nvent i 0gnbolilRent6fthe BRAcEnS IfvaRbnSOAO A oflé‘hﬂlf RegisEich r@&?‘%L 8?81&1*{1 % to provide
Smart Sense systemto achieve a better [ocalization wthout a
sacri fi cehibRerab&ir ; : I S8 trate how
the weak al%gerst T oﬁ"g\‘@%ﬁlg‘iﬁh atg gthgglg%{'%égrg\g? Jr(:)wstn faé‘atg?{ %{% T sh3t
only th i I her be,a situati

Chat t naaraon ingl MerdfleRaBT5 e, kBN apb IR0 o 7L R Bl i kR oy e
spot s, Smart NODEs nust be depl oyed to provide better coverage.
On the other hand, a strong signal data packet will may bring about

of hs,m' e ?ﬂ%?%gﬁw&ggggo éégﬁﬁﬁgféﬁﬁs%%@éi%g%}@t E
246 and 1A RSSO 2R epd 3 el itcneLE Bt o Siay N OI0Rs Lher ¥
tZﬁg gprgrt& éA‘?G lan?’ Smar t NODE 248. ?heal-llyblri d Tag 104291has a weak
si gnal c?zri?lgs%ée el énsn‘i ssion range denoted by a small circle 252

and a st signal d cket transnjssion range denoted by a

bi gger PP o o8 Seort &, Bodb5a R minibise! defe ke o SREANOBE R SR Rpm lavel
packet is transmited, the_é\iegng} may not reach any of the Smart NODE
D46 or STSFITEEE Dre- Lelep — AP DT GTePIRIElY St Bowseton e Aumbes of
strong sjgnal data packet is transmtted, both the Smart NODE 246 and
SMar t ket aeh SAphOLE gmdavel 2 rrepinesl are Now =t © Avd New TrorsEnertinglyt The
Cross-area nsm ssion. . [00102] FIG 158 shows a Hybrid Ta

posi ti oﬁ&ﬂeﬁ?ﬁg@% An Eieiomberet datspagkets @vh SerENPDEAm leyal dregeived are Ny = 0
Smart NODE 248. Simlar to FIG 15A, the Hybrid Tag 104 has a weak

si gnal d8f Nimaleespedtiveliisni ssi on range denoted by a small circle 252
and a strong signal data packet transni ssion range denoted by a

bi gger dP‘P@?e Z5ythe SRR has arvery shosprecention ragp datpopaskétftrapsrhijted Hrommvather
signal data packet is transmitted, the signal reaches the Smart NODE
248. Andevsh®il peicbegesaived byi the SRRd Therefors: ligher weightagesisiastigud to e SRR as
Smart NODE 248 al so receives the signal. This is unlike the situation
in FI G comparad to e BpptNO@DEa $RROAC wilbbavietd bigbel weightege bb 2t évenpared to a
Smart NODE 248. Therefore to prevent the situation where the signal .
may not weightdage pfyl fmefineadMW¥DEy 3 A candr 3B citerefure sthe Iseare |L; ofor davels 3 -ia0eThe
transm ssion, nore Smart NODEs nmay be deployed in order to provide a
better SoaeNOREs 2ZA)0B08Ye EiréSpedtive Aveightag 66T E itherefars NRE §donel SOLRRENI20S 3.
of a nmethod of tracking a location identity of a subject including
assi gni Mhe SmaaNOIDEadA dnddBohave a aespedtise iightagecafor. Théargfokd) ¥ k€ore L, for level
enbodi mrent of the present.invention. [00104] FIG 16A shows a three
st orey hus 0.disTg has thh highest Seoré, tNGIbRcti 228 iih ledl DN each | evel .

Smart NODEs 3A and 38 are installed on level 3, Smart NODEs 2A and 28
are installed on level 2 and Smart NODEs | A and 18 are installed on

|l evel 1. A tracked subject 244 with the Hybrid Tag is positioned on

| evel 3, nearer to Smart NODE 38.
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[ 001051 The Hybrid Tag fromthe tracked subject 244 first transmts a
strong signal data packet. The Smart NODEs 3A, 38 and 28 receives the
Strong si gW&20t1al7packet as shown in FIG 16A. WD PCT/SG2008/000267
2010/ 011176PCT/ SG2008/ 000267 [00106] After transmitting the strong
signal data packet, the Hybrid Tag transmt a weak signal data
packet. The weak signal data packet is only received by Smart NODE 3B
as showmn in FIG 16B. [00107] As the possibilty of a Hybrid Tag

bei ng i n[04A9) nt Ampberatse ofia SBRds ¢f fuathSrsepgi OB areachni onk Rmbbdimeweslshown in
signal data packet is higher than another interrogation zone of

anot her Biari#ROPE! Beerbe furthertdieidat byonppritiogriat teat@npagdselly ro8mi 8fBloom

wei ghtage will be given to the weak signal data packet while a | ower
wei ght agB. Aifirit SBR 3 varbetpositibiedsih FRYA @ 8 3tcol@ SRRPIBCHE be pbdkeS1n robm
FIG | 6C, Xs,,,," is equal to 1 and Xweak is equal to 2. The score N

f or eachBSAwsNaNNODE SC¢ad bapaitdedbervediitobd Ahid obf B sahE SRRE 34hRd 3B
data packets it received. On level 3, for Snmart NODE 3A, N3A is equal

t o Astroige avdialiltedepti@ifitsabe, i SRREGA aﬂ@BtM%Jf&veN&%irirésp&ﬂH?ko&xQ The
the sum of Astrong and kwak which is equal to On level "2, tor

Smar t NOEmaMNODEAG S r uta% foﬁ-l %%SFPFQBA Qhd SRS LI mES N&%E%%&e?ﬁ?ﬂ%?{éoﬁe?

kstrong, which is equa . evel 1, for Snmart

equal t OsefreAN thoSubRRBIANOEatdSin N3 B, SnfIHASRE 38Rk ?%J%]%‘th% E%a
I of eac

score L for each level is calculated by sunmng the score _
| evel arxg&cké@@ﬁ-&rﬁ‘{}ﬁ!erihh‘a%b?thgglwp&it score for L will be the location
of the tracked subject 244. In FIG 16C, the score L3 for level 3 is
the sum A ' [ L2 r..leyel 2
is the s@%dgf N%Ed é%%gﬁZ%%\?\E? c vagff%gsu%fﬁlség W}Q?%%(e%%ég%sﬁl%" {ﬁat? B?CY(ets on
l evel 1 1hsy LR, } i.s.equal te, 0. Therefore,.
t he tra(:1 E%g&igﬁgﬁggr&g%gﬂ @gaﬁgﬂjo aval x\g{hgg reﬁ%’t E%S%éonh% 3’5%1-‘ asfléc?}rgn%?g‘}f.l
[ 00110] ' ri Rl furt her aspects. of .enbodi nent s
of the pirmganfes GeblaB st B siely s BERET-SieB v voigisan
enbodi egfat, d,n ion . .determning, the |ocation of e
subj ect ag(gJ ra%ggt S Fggalts:Aoﬁd;iéioc?Q B Idss H%\ggger Wk ﬁ'@fﬁ?tfonﬁﬁégnalt 8
| ocati o I 3. Unj : 20101011176PCT. 0081000267 [00112]
Accor di R’Sa%gsr gorrlllle‘ﬁ lg*rég{o%%greoﬁlfer'o %“#e%ﬁr%?éﬂWngPF ",‘Stlffé‘zrf&?rﬁd‘&i‘y be a
further hecking a | ocatjon hjst f the radio, frequency
i dent i f isgt‘g‘%qﬁﬁﬁ%a‘éeis ghel ad nof Teksh iy SmarNADES. Jip Qpegsome blind  spots, more
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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[00113] According to one enbodi nent of the present invention, the

met hod further includes receiving, by the first set of receivers out
of a pl ur aWMOX1H1¥ecei vers, the second signal from t hePGTAS26808/000267
frequency identification tag. [00114] According to one enbodi nent of
t he present invention, the nethod further include receiving, by the
second set of receivers out of a plurality of receivers, the first
signal fromthe radio frequency identification tag. [00115]

Accor di nghenothe stongndigial deta tpackket tshenpmittedyrtoth the SaiarNODE 2481 aiff SMAENODE
first set of receivers includes a first interrogation zone and each
of the s28omctiwabe sifnal,eloepébyaesnltingdh crdgsled] sLG0RthréattAEMBGat.i On zone.

[ 00116] According to one enbodi nent of the present invention, the
first i ni08102pgaFiGnSE shevsi asH sl Tagpositicied bbsvese SARMNODEDLE QRPEMAINODE
zone. [00117] According to one enbodi nent of the present invention,
the net hoid, hdardr eSmarMCODEQ48 Sinl1&ab FIG 5B theiHybld Thg 164 hARW Ak sl data
second signal received by the second set of receivers in a controller

server Vgatkdt NradsiisSiofl @hrigdedbnbled oy Btstial adircld 9551 hid aAﬁ%ﬁdél 1 Ethaoﬂ}@kct
ncl udes

enbodi ment of the present invention, the nethod further

storing temisaeeiangsdsiodadl aitlogdr SRISCPAS EnBRY M -151&,01%.1?&3 62 Phe

to one enbodi nent of the present invention, the netho urt her

i ncl udesydak QERESARDpIRE i§ LRhBHS, Q{E?{Ji%rja reathed R éxﬁﬁtﬂl%s S8 VELd ARk the
e data

saving the processed signal 1n th ase server.

2010/ 01 Lid P GEASRAALARGL Gk ORI L. HEERICHED 48 U016 RAPGHL A 1L 1

t he present | nvention, t t hod I ncl'ludes assocl a

ocat o) B Sy S 10AC S SN g ik
eent 2, AR B Ak R S RS OBLAT ooV TR, S 85037
ocor 0 B 05 PO B SRR T B EFR8

froma %%ﬁ%ﬂ”QQBéh%g%gﬁ%Of | ocation history of the subject, direction

of nove spee venent and | ayout of the location. [00123]
Accor di o] e i of the present .invention,, the first .
S onal Houosy, o 3= TR LT s tetpecPs Sibivins of Rimnakios it Baskuecs Jeseien

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. SmartNODE:s 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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[ 00124] According to one enbodi nent of the present invention, the
second signal includes a signal below a second predeterm ned

t hreshol d YQI20W/01113125] Accordi ng to one enbodi nent ofPGTRG2PIBH8¢26GT

i nvention, the second predeterm ned threshold value is | ower than the
first predeterm ned threshold value. [00126] According to one

enbodi nent of the present invention, the second predeterm ned
threshold value is at | east substantially the same as the first

predet er 0K t Afters rerishitting the. stfa@@ 123l Aate paclken)ghé Blybrié Taghedisent wedk
the present invention, the determ ning unit being further configured
t o det er sizmabdata packbte Thowerki signabdaa packet isionlg vk cived BOSRAINGDE 3Bs RBow:Pin
one enbodi nent of the present invention, the systemfurther includes
a checkiFig. w6Bt for checking a location history of the radio '
frequency identification tag if there is no unique |ocation score.
[00129] [aor0R di Ag tieopossikilte BB adiybeidt Tgf beiasin RhaHERgatibY SGle &M STHASNODE
first set of receivers out of a plurality of receivers further

recei ve febsivingandest gigadl dat0padkbeis Mehe? thire SAHRAIRE MnteS&Akiba | '
tag. VIO 2010/ 011176PCT) SC2008] oool2567gh[001301 R 4 553 6P nother

enbodi NMESthar@iOD P SeRivaREt sfr@ﬁ’geﬁ?i-ﬁag rraatatﬁh%ke'i,% ﬂ&ﬂersﬁéi%mge.r\@ﬁl:l}e" ven %“ﬁle

of a plurality of recelvers fur receive the first sig romthe

radi o f r@&l{@%ﬁéﬂ dafi§yatiet WEAS 4 RWet %ghta&@@&lgl;e] gﬁ%ﬁ gc%hg ist?cglgts%nglgc%ta packet.

enbodi ment of the present invention, €ach of t Irst s

recei vermoi08f! UGLPIA 60, I b ChERIG L A £20Eis 30k G50 T‘[ﬂgos&%g]l\?‘?&oé‘a%h

set of receivers includes a second I nterroga |0H zone.

Accor di ngnhdNOoHE 15%91‘3&%?%1119&11%221 t?{lg/%xgﬂlrs o}' %X Iﬁ%% iggcri'(bts tit[]rgcet\i/erggﬁg _level 3,

interrogation zone is smaller t econ rrogatio
00151 secisdhont s, A0SR AERL iy IS RIARED TODERD: e
andl or tRaCER Rty BAIR blch oS3 of B3l SpF P ivarhatal o
wi thin g plerdeshaadobt nfB,i IQ’EAe is’ Q(llu'al t0 Aswong, Which is equal to 1. On level 1, for
SmartNODE 1A, N4 is equal to 0 and for SmartNODE 1B, N is equal to 0.
[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 N3, and N3p, which is equal to 4. The score L, for
level 2 is the sum of N24 and Njp, which is equal to 1. The score L; for level 1 is the sum of Nia
and Njp, 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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[ 00134] According to one enbodi nent of the present invention, the
system further includes a database server connected to the controller
server, thwoaifdslse server storing the received si gnal BCY/SYROGBN0267
Accordi ng to one enbodi nent 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 enbodi nent of the present invention, the system
further [09312]deAcemdiag $monca¢mbugimmit bf fhe prasmdavention) ghemefhod A6k @Bludes
with a predeterm ned set of receivers out of a plurality of

r ecei ver sheckifg a ochtichddstonyiof thetradio frequefiboidedtiithtic tag {Tehddé RH8RMhique location
invention, the conputing unit being further configured to conpute a

| ocat i onscemore further based on a projected novenent of the subject.
WO 2010/ 011176PCT/ SG2008/ 000267 [00138] According to one enbodi nent

of the ploesENt hosoedihg @one! diboRiniinE6f B prRUR TBEhtS, thd GeBoPREGRE: iin%':ludes
dependent on at |east one itemselected froma group consisting o

| ocat i onrebdivih@ry tBE fitsh Set D8 RicEiGErs o SERLHIANYAF FBRKRRE e seRE SEna
movenent and | ayout of the Iocation.tef%omg]q;g\ccor%ng o on%mgfmmthe

enbodi MeRbioGfeqh iRy RleRSEAtiod @Ayention, the first signal includes a
signal above a first predeterm ned threshold value. [00140] According

to one e[@bﬁﬂ] ma.mzcoﬁ{iné Reod¥ &Atmdnl XP&Ei&Q&Bn{[ 159?1%‘88,‘%&% F%lhgg lq'{ﬁrg?er include

i ncludes a signal below a second predetérm ne res

[00141] AceAhgivydnd &c&(@se?gpﬁgéiﬁ{sutc&cf as{l‘\%el\gt&%? ﬁéalniv%rﬁ,\étﬁg I&iifsgtglgneh Bem the

second predeterm ned threshold ue 1s

pr edet erQiipedqh LS8R . [00142] According to one enbodi nent
of the pr esent %ﬁngenﬁ%ﬁé,@ttﬁ% second predeterm ned threshold value is

T

val ue. [001 ccoraing to one e i

the fir (of)! s in communicati.on with the_.second.set of
recei versré‘;e\g;‘iﬁ\i gs fr?’glé‘?% {ri}eéggnzeﬁ}géat}?eazr? ac Ef’fglﬂf %Ecie(‘i?‘lﬁ 1§ °f Eegxes includes a
enmbodi nggéongfimwg%gé esent invention, the second set of receivers is

. thOtllﬁ. . . .
I n conmuni cati on e controller server via a comuni cation

net work '[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, thel method further includes
processing the stored signal in an application server and saving the processed signal in the

database server.
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[ 00145] According to one enbodi nent of the present invention, the
first tag further conprising a first tag nmenory portion. [00146]
Accor di ng VO 28H1EHodi nent of the present invention, tHE/SG2P009247
identity is stored in the first tag nenory portion. 1001471 According
to one enbodi nrent of the present invention, the first tag and the
second tag are electrically isolated fromeach othe [00148] According
to one enbodi nent of the present invention, the second tag nenory
portion 0120e Aewodidg tcagnd emtmdinaemt vhHibatprésentrivventiyn, thé/Method further includes
2010/ 011176PCT/ SG2008/ 000267 1001491 According to one enbodi nent of
t he presasstciitingeadhilocation wéth hiptedeteintiged @Bl rEcepp@fsdu0Bf Dflufaliey IFirdcsivers.ag
is a non-volatile nmenory. [00150] According to one enbodi nent of the

present [00YEN)t i Atcording td biiesémBod@ndn$ of thedstéseMCinehElbR) dofPAHRNE Yocation score
identification tag and the second tag is a passive radio frequency

i dent i f i Beluddtoinp@ing0dAibh sARE RFHErHsdddnAHRoj&ROEIVERIht (Fthd fiSject.
present invention, the first tag is a passive radio frequency

identifi@eiazpn ha@rdngid R aRsoankknt 88 teSprésentfitdn¥in, rtﬁéjlnﬂjgcfeﬁqﬁm%nt of
identification tag. [00152] According to one enbodi nent of the
present B Vet RiepdidBnt@hlat ¥bstloRd fton SEIEAMERGH al FRRILhLGAE! dith b
further corrpf]i ses % thetr m'astosrt. %t(g)%félg? Acg%ra In éfgélﬁﬁgog%% H%%srﬁ?ry

of the DiSRebiebOURRlibLGE mbWeAC Lckeof Afchcht fioriOBLdubh o2t | O

{d4
tag further includes a radio tfrequency I ent|¥ﬁ€§@|on clrcul and a

nor mal | y[og123§ € da &k i to° SN ERbEmd? o B In® iV LR CHeYfirst signal includes a
1T, erein t y Cl ose SW Cth gns

identification circu e nor

configurg apéﬁ%begﬁﬁ{{)}(e@‘%&rdiﬁeditﬁre&% i eed to a magnetic field

envi ronnment, the rad requency i1dentification circuit is

o oL bl L SEORASER LB ACUSEe SHRRL B BE Db et

the magnetic fie I'ronmen reqgue

i it d I t.ed t h ly. [00154] Whi l
IR TR T e S

the i nve cul ar “and described with
shoul d be under,st ood hose

f ific enbodi t [ b
o o T PR, BT B 2P PR SRR g
de th i i th d i f th iri d f th
et L L R R A
i ti .S, th i ndi cat ed th ded c| ai d all ch )
T Sl Ao R i SR et el St

erefqre intended to, he r.aced.
S tﬁreﬁlo?d varl.lueei‘s at least substantl% y 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.
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WD 2010/ 011176PCT/ SG2008/ 000267 Cl ains Wiat is clainmed is: 1. A

met hod for determ ning the |ocation of a subject, conprising:
recei vi ng, VO\VPOW/H1Y6t set of receivers out of a plural i R§I/¥F2008/000267
receivers, a first signal froma radio frequency identification tag

bei ng 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 recei 30] a Asemrding tsongreadbolin@m dfitite prasbhoinfentian elcsecdndast dffréceibis @Gt
tag, the second signal being different fromthe first signal, wherein

t he secobfla phitality of @eatverefustherSreckive e Eindt sighdlMdn thefrhdis E’re@&hcyofdentlﬁcatlon
receivers; conputing a |location score based on an i nformation about

t he flrshg5|gnal wherein the informati on about the first signal is
i ncluded in the first signal and on the first set of receivers, and

further [RSeH ORcARdingHIoHBdnbRdMRAY of Lhe pREGH Ak eRli N Aach WHRLLHR: ts&eof
information about the second signal is |ncluded in the second signal

and on t Reeisqs athdeeh Rl ﬁt@lﬁ:gg[ aM68 Soncdid ééléﬁ &f @é&gﬁgﬂ%f lr%%ﬁ%clgées a

t he subj ect based on the | ocation score. 2. The net according t
claiml, sdh&f RiefogitlofzHAdN Ng the location of the subject based on the
| ocati on score conprises determning if the |ocation score is unlque

3. The niloioy AREQEhEEH & (leBlfieh of HE bl GOMRIhShDref BRGKIMbaTone is

| ocation history o era requency atirontag i

I'S NO Uni o 198 ak'sORdnd ﬁ'l%r%gatlon 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 comput'ingunit being
further configured to compute a location score further based on a projected movement of the

subject.
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4. The nmethod according to any one of clainms 1 to 3, furtper
conprising receiv , by the first set of receivers out of a

pl Lﬂr)al i tygwmpw@éwgrs, the second signal from the radiRHIRHBOARGT
identification tag. 5. The method according to any one of clainms 1 to
4, further conprising receiving, by the second set of receivers out
of a plurality of receivers, the first signal fromthe radio

frequency identification tag. 6. The nethod according to any
one of c?/"cﬂﬁﬂi | Aceprding \ih ereembastimént of thehmedenr myversioh, thé praesidvsment of
includes a first interrogation zone and each of the second set of

r ecei ver theisulyeay dhedependenicomat léastt ape mmyast:lleaad frome. grédup GBhastﬁﬁgtde(d:atlon history
according to claim®6, wherein the first interrogation zone is smaller
than t heofgheemikct, dirention gfiboemeny sgeed 8f méVigneiCinddgycacefhéliobgioho any
one of claims 1 to 7, further conprising collecting the first signal
and/ or t[9013%3c oAcbosdxgglad ofie embodile Yo tthe pesd il efiidn, Me fiRE @igﬂzﬁ lifchidds @

controller server within a pre-defined tine i nt erval .
signal above a first predetermined threshold value.
[00140] According to one embodiment of the present invention, the second signal includes a
signal below a second predetermined threshold value.
[00141] According to one embodiment of the present invention, the 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 merﬁory 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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9. The nethod according to claim8, further conprising storing the
received signal in a database server. 10. The net hod accordi ng
to clai m VOO HEYS conpri si ng processing the stored siRffFAIG209$/040267
application server and saving the processed signal in the database

server. 11. The nmethod according to any one of clainms 1 to 10,
further conprising associating each |location with a predeterm ned set
of receivers out of a plurality of receivers. 12. The net hod

accor di n{0déPlanpcemdingto edeaimtmdiment ofl the prdsent diventtan)hetfirstgagimeMest jodtion
score includes conmputing a | ocation score further based on a _
proj ect edf thefishapts ofontvudatidarb¢eat. 13. The nethod according to claim
12, wherein the projected novenent of the subject is dependent on at

| east on{0LSMm Aetcedingth dne@mbadiglentisf thopSscht inRéntioh, thofat laghs 4 &1iG¢ Mdio
of the subject, direction of novenent, speed of novenent and | ayout

of the | ﬁ&ﬁkn@/ﬁdentlﬁcanon téh‘hnd-ﬁ{b%emhﬁh@ls apaRAM irdiitb rQuekty 1ﬂ’éﬁﬁﬁ94tloﬁ lta%' s

1 to 13, wherein the first signal includes a signal above a first

pr edet er [porsy t Ac@sding t onleH®odiment 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 oneiembodiment 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 ciescribed 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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15. The method according to any one of clains 1 to 14, wherein the
second signal includes a signal below a second predeterm ned

t hreshol d WQI20W/011176 16. The nethod accordi ng to clBETHEG2008/04pE7
15, wherein the second predeterm ned threshold value is |ower than
the first predeterm ned threshold val ue. 17. The met hod

according to clainms 14 and 15, wherein the second predeterm ned
threshold value is at | east substantially the same as the first
predet erm ned threshol d val ue. Cldiths A system for determ ning

t he | ocayy . bj ect, conprising: WO
2010/011%8&&%@881000267 a first set of receivers out of a

plurality of receivers for receiving a first signal froma radio
frequency i delnt Afmethaed hndfttagliltiegﬁthglta:aﬁdxgwfadubjectldmmmuih'gect wher ei n

the radio fre |de ication ta darad| frequency
i denti ficati o%y?&gg i%eh Set O?reggggﬁc?g%‘gﬁ a?g’g&e Ty Gl rﬁff“%’gl from 2
plurality of mdicefragaescyf mlemrf&:aﬁonntaggbcﬁ@ assified b gﬂa|su6166tmv¢h&%u{ a8l Adio
frequency identific ém

he seco naI different from
the first sidgigpene d '?i’t“f’ﬁga t$h 3‘10 W@E‘%‘F’&éﬂgﬂfi@“‘éﬂ fog ideptity;
fromthe fir Srt:cesve:ig, Bif ars&faﬁd y&bﬁrecélvéi@ﬂm‘&fh PRiraliy bf EQhiverd HEééBhJ‘ﬂgxﬁl from
| ocation scorﬁﬁm% on antﬁilﬁ fi)rmatlon about the first signal
wherein the i HafPHITMSL KGRIHRHOL fags the seennd) signal peipg GHEHEHF dromne first
first signal sl @Rerefd@hd ictsid s%%frséewreﬁqﬁalmfeﬁu ﬁaﬂ%efmttsbﬁffr&@i%eg on
an i nfornation about ﬁhe second si wherein the informati on about

the second si’GMANMEs? FWRYWAREETSi I??S?‘ﬁ%n b indorenationy phout ghecfirstnsigiab vhereimthe
set of recei \@bfnatidAhbautdgs %éps@nﬁ'lgls Urdrbdetiah (HERRS g‘gﬁ'ﬂlr}igd toR&hd ﬁps?gétocg

of the subject based on the |ocation score.
receivers, and further based on an information about the second signal, wherein the

-

information about the second signal is included in the second s1gnal and on the second set

of receivers; and
determining the location of the subject based on the location score.

2. The method according to claim 1, wherein

determining the location of the subject based on the location score comprises determining if the

location score is unique.

3. The method according to claim 2, further comprising
checking a location history of the radio frequency identification tag if there is no unique location
score.

4. The method according to any one of claims 1 to 3, further comprising

receiving, by the first set of receivers out of a plurality of receivers, the second signal from the

radio frequency identification tag.

5. The method according to any one of claims 1 to 4, further comprising
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19. The system according to claim 18, wherein the determining unit
bei ng further confr ured to determine, if the | ocation score is

uni que. 20% ?em according to claim 19, further cYmM¥F2898190263
checki ng unrt for checking a location history of the radio frequency
identification tag if there is no unique |ocation score. 21. The
system according to any one of clains 18 to 20, wherein the first set
of receivers out of a plurality of receivers further receive the
second signal fromthe radio frequency identification tag. 22. The

system wherej n.t he secon
st of rcaild R B e PRt by L s h el SRl e
first sigdaﬁhﬁnamwnmmuﬁ@domu@requency identification tag. 23. The
system according to any one of clains 18 to 22, wherein each of the
first set of receivers includes a first interrogation zone and each

of the second. sEhe méthédaoiditigSo bConeDE SladnsSIE6 BNWhérBiher r 0gati on zone.

each of the first set of receivers includes a first interrogation zone and each of the second set of

receivers includes a second interrogation zone.
7. The method according to claim 6, wherein
the first interrogation zone is smaller than the second interrogation zone.
8. The method according to any one of claims 1 to 7, further comprising

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.

9. The method according to claim 8, further comprising
storing the received signal in a database server.

10. The method according to claim 9, further comprising

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

database server.
11. The method according to any one of claims 1 to 10, further comprising

associating each location with a predetermined set of receivers out of a plurality of receivers.
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24. The system according to claim23, wherein the first interrogation
r than the second interrogation zone. 25. The s&a%&g%

zone i s snall
accor di ngng'gzﬁh‘yplbﬁg of clains 18 to 24, further corrprips(fwzﬁ
controll er 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-defned
time interval, 26. The system according to claim25, further
conprising a Hat BH?Q“’Q@?Q?@‘“&‘B&H@E’E%%!W’S héo tombersing er server, the
dat abase server storing the received signal. 27. The system accordi ng
to claim26, further conprising an application server connected to

t he dat aBaRutiggaJesation ssareingindes sempiiing @ lecatiompscorsduren aseth en 8 pwjeetd

signal . Z2Rvenld}f oS kHjacaccording to any one of claims 18 to 27,
further conprising an”associating unit for associating each |ocation

with a predetermi ned set of receivers out of a plurality of

receivers. 13. The method according to claim 12, wherein

the projected movement of the subject is dependent on at least one item selected from a group
consisting of location history of the subject, direction of movement, speed of movement and
layout of the location.

14. The method according to any one of claims 1 to 13, wherein
the first signal includes a signal above a first predetermined threshold value.

15. The method according to any one of claims 1 to 14, wherein
the second signal includes a signal below a second predetermined threshold value.

16. The method according to claims 14 and 15, wherein
the second predetermined threshold value is lower than the first predetermined threshold value.

17. The method according to claims 14 and 15, wherein

the second predetermined threshold value is at least substantially the same as the first

predetermined threshold value.

18. A system for determining the location of a subject, comprising:
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29. The system according to any one of clainms 18 to 28, wherein the

computing unit being further configured to conpute a location score
further bag’(?(f"wplb”groj ected novenent of the subject. RETSGF08NPI6EM

according to claim29, wherein the projected novenent of the subject

I s dependent on at |east one itemselected froma group consisting of
| ocation history of the subject, direction of novenent, speed of
movenment and | ayout of the location. 31. The system according
to any one ofa 8fshpatef rereivers3ot ofvadlusality ofi escivers tforsieggiving iarfu”l;twdgi_ml fiom a
si gnal above g4:fi ). . . d | ue, . .. The :
sygt em accor di nlg {iéofugnf gﬁgﬁgghéﬁe%gtng&ﬁ%qgsﬁqﬁo f %rsglluﬁ“t e ege&g}ﬁdradlo
si gnal i ncl udesuencyiidgtificdtioh tag has swsigoeatha x[adiiecfﬂ:tlesnny ideﬁkitgdzatiasv\iﬁgﬁdiptity, h
val ue. 3 according,to claim and . erein e
second ‘pr edetaes;é(r:r?n-rllizg ! hrgéees ho od’?\(}g B‘é‘gﬂ‘@ qf Segsivets %’Wﬁ‘l‘@%??‘?fm‘i signal from
pr edet er m nedh¢ adés frequdnwaldsatification tag3the stbvddSyghalE BRif€ dffefdnd JrobDthe first

claim 31 and 32 erein the second predeterm ned threshold value is
at |east substefAr :VQ'IEF’TWl tg%%ecg’&fﬁ?t e“teﬁvgrsf‘? ‘S‘%’re? %ﬂ?rfﬁftﬁéﬁfc%ﬁﬁe’é@ﬁbl d
val ue. aXpmphtitg 616 o2 Fomp@itzd 106atioR sehy bABE of) bin SféiniBion 8bduP th3%irst

wher ei n 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
a determining unit for determining the location of the subject based on the location score.
19. The system according to claim 18, wherein

the determining unit being further configured to determine, if the location score is unique.

20. The system according to claim 19, further comprising

a checking unit for checking a location history of the radio frequency identification tag if there is

no unique location score.
21. The system according to any one of claims 18 to 20, wherein

the first set of receivers out of a plurality of receivers further receive the second signal from the

radio frequency identification tag.
22. The system according to any one of claims 18 to 21, wherein

the second set of receivers out of a plurality of receivers further receive the first signal from the

radio frequency identification tag.
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WO 2010/ 011176PCT/ SG2008/ 000267 the first set of receivers is in
communi cation with the second set of receivers via radi o frequenc
means. 36. VP8 m according to any one of clains 18G4 ER8/000267
wherein the second set of receivers is in conmunication with the
controll er server via a communi cati on net wor K.

23. The system according to any one of claims 18 to 22, wherein

“each of the first set of receivers includes a first interrogation zone and each of the second set of

receivers includes a second interrogation zone.

24. The system according to claim 23, wherein
the first interrogation zone is smaller than the second interrogation zone.

25. The system according to any one of claims 18 to 24, further comprising
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.

26. The system according to claim 25, further comprising

a database server connected to the controller server, the database server storing the received

signal.
27. The system according to claim 26, further comprising

an application server connected to the database server, the application server processing the

stored signal.
28. The system according to any one of claims 18 to 27, further comprising

an associating unit for associating each location with a predetermined set of receivers out of a

plurality of receivers.
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29. The system according to any one of claims 18 to 28, wherein

the computing unit being further configured to compute a location score further based on a

projected movement of the subject.
30. The system according to claim 29, wherein
the projected movement of the subject is dependent on at least one item selected from a group
consisting of location history of the subject, direction of movement, speed of movement and
layout of the location.
31. The system according to any one of claims 18 to 30, wherein
the first signal includes a signal above a first predetermined threshold value.
32. The system according to any one of claims 18 to 31, wherein
the second signal includes a signal beléw a second predetermined threshold value.
33. The system according to claim 31 and 32, wherein
the second predetermined threshold value is lower than tﬁe first predetermined threshold value.

34. The system according to claim 31 and 32, wherein

the second predetermined threshold value is at least substantially the same as the first

predetermined threshold value.

35. The system according to any one of claims 18 to 34, wherein
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the first set of receivers is in communication with the second set of receivers via radio frequency

means.
36. The system according to any one of claims 18 to 34, wherein

the second set of receivers is in communication with the controller server via a communication

network.
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