A METHOD AND A SYSTEM FOR DETERM NI NG THE LOCATI ON OF A SUBJECT, AND A
RADI O FREQUENCY | DENTI FI CATI ON TAG ASSEMBLY Fi el d of Invention [0001] The
present iweeniam7eel ates generally to a nmethod and a Syetr8EG2§08/000267
determning the location identity of a subject, and a radi o frequency
identification tag assenbly. Background of [Invention [0002] A |ocation
tracking systemis used for tracking a |location of a person or an asset

wi thin an area, such as a hospital, a logistic hub for exanple. Current

t echnol Qg i J i i I use
of a o SMETHOS AN A S PERLEOR DETERRYNG THE BT KR & abiry;
havi ng a net woANDOA RADH) FREQUBNGY IBENTIPRSCTION TG ASSEMBBY The GPS is
normal Iy used for providing |ocation data in open areas rather than in an

i ndoor environnent such as an interior of a building. In addition, hardware
required for the GPS inplenentation is relatively costly and therefore may
i ncrease the cost of inplenent at ifield of hnentiomn | ndoor tracki ng environment
can instead be covered by a network of radio frequency (RF) receivers.
Personnel and assets are attached with nobile RF transmtters which
transmt beacon signals. Trilateration or triangulation, based on Tine of
Arrival[0Q0npA) The pressnt sdntioroiehites eherally to 4 NEthodtaad a(sFS&h)for dadmlifag e
used to obtain the |ocation of the tracked personnel or asset. Such nethods
ar e corpeitioh iddAtity ifaREb¥e, aitth AR frdiRERliiRcaRnaE asdemblabl e. [ 0005]
Infrared receivers and transmtters can be used in place o0f RF receivers
and transmtters. Infrared signals provide a very good room based

| ocalization as infrared signals cannot penetrate through walls. However,
the infrared transmtter can ki?aciﬁ?&ul o?lixsngel{:rn%g and this will result in the
| oss of the beacon signal. — —

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

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

[0004] An indoor tracking environment can instead bé 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.



[0006] Therefore, there is still a need for an inproved | ocation tracking
system and net hod whi ch can reduce the manpower, tinme and resources
requi red wo 2kmapi1treack of personnel and assets. Sumary pofi/siGasmsnvezen [ 0007]
According to one enbodi ment of the present invention, a nmethod for
determ ning the [ ocation of a subject is provided. The nmethod i ncl udes
receiving, by a first set of receivers out of a plurality of receivers, a
first signal froma radio frequency identification tag being assigned to
the subjoegs), WiffaRdd) récBRrefsadh® tHanSANRAC Xad dRNhih GAHIRL JrRAFNAR.ReR! gRed a
radio frequency identification tag identity; receiving, by a second set of
receiv f I t i q | f tthe radio
Srahsfiterd .Illgﬁarg(ll @igﬂkl![s g?ﬂ{i%%e‘\%g}ééﬁéﬁ gciogx}]gﬁéégrlgcaﬂz%ln)?xf as fn?njtg} (e

frequency identificati el ng eren e

first sj I rein the.second set of receivers is.different fro he
first sdégg %fﬁe lrlﬁ\f,aéhr(:agel t\%‘reoru hwalbdl ‘?'er?'éer’gﬁti lé’%rﬁfelgEWH%WEC%A’&‘?&S‘&&%“F%P‘g}r{li‘éﬁi on
about the first signal, erein the information about the first signal is

i ncl ude‘ﬁﬁirﬁsuthﬂgt]?eilg?tOféli‘%Fo%ﬂ%f‘ n the first set of receivers, and further
based on an information about the second signal, wherein the information
about B0 ecohbereforsa thers is stiflcq nreddor an improvesclopationitrpaking shistern and mmethodc ond
set of receivers; and determ ning the |ocation of the subject based on the
| ocat i owhigl earerddoc8ie mernomer,ntime end mesourcbo diquzed tokeephizadhr efSgem¢onnelvamdt i on,
a systemfor determning the | ocation of a subject is provided. The system
i ncl udesssess.first set of receivers out 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 radio frequency identification tag identity; a second set of

receivers out of a plurality ofguhfashvéavifion €CEI Ving a second si gnal

fromthe radio frequency identTTTEﬁTﬁ%ﬁ‘TﬁgT‘rhe second si gnal being

different from _
[0007] According to one embodiment of the presént invention, a method for determining the
location of a subject is provided. The method includes receiving, by a first set of receivers out of
a plurality of receivers, a first signal from a radio frequency identification tag being assigned to
the subject, wherein the radio frequency identification tag has assigned a radio frequency
identification tag identity; receiving, by a second set of receivers out of a plurality of receivers, a
second signal from the radio frequency identification tag, the second signal being different from
the first signal, wherein the second set of receivers is different from the first set of receivers;
computing. a location score based on an information about the first signal, wherein the
information about the first signal is included in the first signal and on the first set of receivers,
and further based on an information about the second signal, wherein the information about the
second signal is included in the second signal and on the second set of receivers; and determining

the location of the subject based on the location score.



the first signal, wherein the second set of receivers is different fromthe
first set of receivers; a conputing unit for conputing a |ocation score
based on wo 20nfanrvat i on about the first signal, wherei npChasGz2ofseoerati on
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

det er m poog) t hact@amkiteBnOEmboBmeUrand plRasH thwftidd & éy@cGﬁtfgxo@et ifig the?009]
According to one enbodi mrent of the present i1nvention, "a radio requ%ncy

i denti fy I t i i The i requency i denti.fication
tag aseornry F assade BRI, ol RO ad PRER R LERUE U oL FR LY 6
identity; .a secaond.t.a e.second tag. having a.second tag , dentit nd a
second rtxgeéveﬁ%g%rrﬁceb%?g %{r{? %‘é‘f@?’ﬁ 3 yg r?“é’teg‘fya’éle YRR t%al??&Pgt He @@@nd
tag ideptity are stored in the second tag nenory portion of the second tag.
[ 0010] ‘H‘E SBbigetn gvhers iy fhe &adie dramusicyordentificaipn dag has psdigredon radio rzrguency
frequency identification tag assenbly is provided. The radio frequency

i dent i filentfication tag ideatibpBIsgcond seturfaeceiverselit of & méuralitof récgbvatsi fbr ativiog a
circuit; a normally closed switch connected to the radio frequency

i dent i fseeend; signat fromthe radishfreqiencyt identiforation tag, thessaohdsignakhbeingdifforchi fromed
such that when it is subjected to a nagnetic field environnent, the radio

f r equerthy firstisighalf whateirthe Gedondistt dfsre€diees id diffeteyit fomahe fiest iseithofire@Nes; ROVWer
supply and when it is out of the magnetic fieldenvironnent, the radio

f r equenoyputes hit if6raddniPutial aCletdtion scole@fabéd 6@ lah YnfoARNRM! Aduf Mhelfist HOWET
supply. Brief Description of the Drawings [0011] In the draw ngs, |ike

r ef er eRgR-GHMAREEM %ﬁmhaihuﬁrgt%fg%m i Indiltfed 34 fﬂ@trsti%ngg Prgp&gtﬁg gﬁst&-&eof

ati
different views. The draw ngs are not necessarily to enphasi's
I nst eaqe&%%, %Jl ¥ur91%1‘ B&ed 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.
[0009] According to one embodiment of the present invention, a radio frequency
identification tag assembly is provided. The radio frequency identification 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 1s 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



pl aced upon illustrating the principles of the invention. In the follow ng
description, various enbodi nents of the invention are described with

ref erencewp@0tfd1¥76l | owi ng drawi ngs, in which: FIG 1 sRO6ERSGA0UsI06€47 di agr am
of a systemfor tracking a location identity of a subject according to one
enbodi ment of the present invention; FIG 2 shows a bl ock diagramof a

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

i dent i févabhieht! 8@ AIRCFE WnAE iRnlfifWioh itlR i€ BROF AR tofectel o Hﬁ@?g{%r
invention; FIG 4 show respective front and back views of a radio frequency

i denti fguf,%i_ on tag assenbly according to one enbodi nent of the present
invention; "FIG 5 show respective front and back views of a radio frequency
identification tag assenbly according to a further enbodi ment of the
present invention; FIG 6 shows an exanple of inplenentation of a radio

frequency identification t .assenbly in_an operating theatre (OTI) conpl ex
according to one enbodi nent—@fiﬁéﬂﬂ-ﬁ@%@mm&'&%n; FIG 7 shows a
fl omchart of the exanple of inplenentation of a radio frequency
identification tag assenbly in an operating conplex as shown in FIG 6
accordi ng to one enbodi nent of the present invention, FIG 8 shows
r espect POH]i nt brthedeaviings, likawstererice sharaciers genenalhi refeata the saree partsathroagitbua i ne
| ocal i zation receiver according to one enbodi nrent of the present invention;
FI G 9 thedifereat siows.Withedmwiipstascial hecesdaridy toatilotngthatis atlead gererdIBMRirgoN
identity of a subject according to one enbodi nent of the present invention;
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 10A to 10G show respective scenarios of a nethod of tracking a

| ocation identity of a subject according to one enbodi nent of the present

i nventi orWORDPW®/0111IT6shows a fl owchart of a nethod of tra®kil(s¢2608/06€287i on
identity of a subject according to one enbodi nent of the present invention;
FIG 12A to 12E show a nethod of tracking a location identity of a subject

i ncl udi ng associ ating each location identity with a predeterm ned group of
recei vers according to one enbodi nent of the present invention; FIG 13A to

13B show a rmEGhoehdfs 4 lGdaR @ the exambiedT imPRMehiadoRbf Aradidti@ftndyNC! udi ng
assigning a wei ghtage based on a receiver type of a receiver according to

one enhadiiRMiorthe hEmBIySS SR bpdratti tonlex & sﬁow&%ﬁfg géaléﬁ.@ég]{ag\gf pssi bl e uses

of a fine localization receiver according to one e e present

i nvention: A w effects of using weak and strong signal
dat a paec é)flgh%ﬁo oggfe{g%a{tjn?gﬁﬁ%gcor ding to one enbodi ment of the present

invention;Fhﬁ@_%ﬁ? to 169.shom/re%ﬁ§ctive scenarkfs.ot a met hod of _tracking
a | ocation i'dgn? PIQFSIPSPECLGIPETeEation gnes Ry agoarsg incalizationssceinerd afii¢ed on a
dat a t%gg_according to one enbodi nent of the present invention; Description
[ 0012] lpgatizationdpeser acqgrdipktofing grbeflneny okihe pessemtdnventieniki ng a | ocat i on
identity of a subject according to one enbodiment of the present invention.
The syst em HG. 9 shawsdesoftvars areldicotute efcaoetbgd ptimavkirfz adacdtion ideRFtyDf at ag
assenblies 104 and a RFID tag reader 106 positioned in a first |ocation
112. Thebjsstsiceamtdihg 2o bner ¢nbdimert bofithepresept invationy of RFID tag assenblies
104, two
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. 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;



fine localization receivers 108 and two coarse | ocalization receivers 110
positioned in a second |location 114. The system 102 al so includes a
control | ewoerman17é22, a dat abase server 124 and an applpcTaGzas/s@sver 126.
The system 102 al so includes further locations, a third |location 116, a
fourth location 118 and a fifth |ocation 120. [0013] The RFID tag reader
106 provides for a manual |ocalization zone 113 in the first location 112.
The manual Iocalization zone 113 extend across the entire first |ocation

112 in order i S a ecause the
zone is resui tbgndt% r o t]ﬁﬂ&%‘éﬁé cﬁvggcggéﬁo%%f%{r? Shed qlfz%ag%fl §6§°c§§%%(€gnm¥0

Each of t% ﬁ}loca zatloniﬂﬁfelve S d@ provi des..for %

| ocal i ZAt1PHTY T8 ding pssighipg p weighlage bassd o aslata tyemaceeuling(g Oé‘ﬁéﬁ’ gdimeprfcoar se
| ocalization receivers 110 provides for a coarse localization zone 117 in

t he sedgﬁaﬁﬁﬁﬁﬁP*BW”&l4 The coarse localization 117 may extend across the
entire second location 114 in order to provide adequate coverage. The
system 102 may be terned the "Smart Sense Location Tracki ng Systeni.[0014]
Each of the RPID tag assenbly 104 may be terned a "Hybrid Tag". Each Hybrid
Tag 104 may include a passive RFI DDecriphel or an active RFID tag. Each
Hybrid Tag 104 nay be attached to a subject, for exanple a person or an

obj ect. Each Hybrid Tag 104 includes a (system or worl dw de) uni que
identity (ID), and this unique IDw Il be associated with the person or

obj ect [obe) t hEldMhots haockQitagram AF h 8¢ fdrQrackeag R 158480 Sichag, &Q‘Eu%‘e&l

periodically transmt its ID through radio frequency ( nmeans

RF
Each Ofac&;}ﬁm%%r&% J:rﬂ?@dlfn%ﬁt bPthe d&@?e'ny Glventidh, MY %Jgteﬁg ? qnél egqgvoal%dlao

"Smart NODE", "has a relatively w coverage area |za 1 on zone and

each, C9R gy BAITER PR BI Sl St e A RERLRe Tof 385%md o of
Hybrid f:r atgloca%oh 1t19 e'?hé[ shyeé\tem ?& gm];exglnc u esnygfuratflty M‘ }{Ehg tag assemblies 104, two

fine localization receivers 108 and two coarse localization receivers 110 positioned in a second

location 114. The system 102 also includes a controller server 122, a database server 124 and an
application server 126. The system 102 also includes further locations, a third location 116, a
fourth location 118 and a fifth location 120.

[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 systém 102 may be termed the “SmartSense Location Tracking System”.



t he 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 furthevogpwviltiéa nore specific |ocation of the HybrPEGT/B&300BOMA926At | east
one fine localization receiver 108, each of which may be terned as a "Short
Range receiver (SRR)" may be used. The SRRs 108 works on the sane principle
as the Smart NODEs 110. Each SRR 108 has a snmller coverage area or

| ocal i zation zone as conpared to each Smart NODE 110, therefore, the SRR 108

will pregifle aphinsifmd Rﬁfi}% %&%&&@1&&04 Hﬁygwfyrﬁlgd %aﬁyﬂﬁ)(f'"fa D814 lt-lglﬂﬁ,\;r% At

Smar t S 110 and SRRs y be” grouped together and assocl a

| east o ti i I sed on t catl gn J.qcation identity
the r ecgﬁvljlej%g ﬂjrc ieu(érg easp(e;g{]i% kﬁl]% Ilt% %ﬂt()? ryanoﬁcggﬁgﬁmtya%i@% &ﬂﬁ q%ﬁF%Q 1o % e
distribyted across. a Locatiqon ID. In one . e dj t, fhe entire location .
. be HEGHAIA GyPIEch B ECTRIRG PRIl PRBTRISCI 0o FREY R 190 eiides pfooiem of a
Hybrid Tag 104 is recejved by any of the Smart NODEs 110 or SRRs 108, the
Hybri d Wa\gorimd??u@M%ld@wm(i/PL rsad |this aniqus [P0walB be Tefosiatedcwithy she peysazeoryi ven
for the |ocation provided by the above RF tracking nethods. \Wen pinpoint
accur acpi¢cs that theiHybad Tagd O aaftached tof EachHjyhridiTagat41will pesiodigallpatrinsmitiickat ed
using one of the plurality of RFID tag readers 106. This is considered

pi npoi nD thomgh axljo frequehey R menmsiser has to be physically co-located with
the tracked person or object in order to read the ID using one of the

plural i[0g13)f REAR tofigthecacss 166dizatidti GBceivert Y10, Cahich «iha!io)a?oéi wembt 42 taag
reader. [0019] The Smart NODEs 110 and RFID tag readers 106 are respectively

connect@ehatNGDEQGR A8RHNEY WAHK dobvARdbe aldieofdAlizfioh! Y {dd0BdhNEoarse

respective Smart NODEs 110 and RFID tag readers 106 nay be sent through the

net wor Kol izkde ©0RLE o8k & Yoefyro%ai%' a I&h@secf%@zglfzgli(gr? bt ﬁl%rﬁ%rid Tag 104. If a
SmartNODE 110 receives the ID of a Hybrid Tag 104, then the Hybrid Tag 104 must be within
the reception range of the SmartNODE 110 and therefore identifying the Hybrid Tag 104 to be

- within a pre-defined coarse localization zone.

[0016] To further provide a more specific location of the Hybrid Tag 104, at least one fine
localization receiver 108, each of which may be termed as a “Short Range receiver (SRR)” may
be used. The SRRs 108 works on the same principle as the SmartNODEs 110. Each SRR 108 has
a smaller coverage area or localization zone as compared to each SmartNODE 110, therefore, the
SRR 108 will provide a finer localization of the Hybrid Tag 104.
[0017] The SmartNODEs 110 and SRRs 108 may be grouped together and associated with at
least one location identity (ID) based on the location or location identity the receivers represents.
A plurality of SmartNODEs 110 and SRRs 108 are distributed across a location ID. In one
embodiment, the entire location may be covered by at least one SmartNODE 110 or one SRR

108. If the ID of a Hybrid Tag 104 is received by any of the SmartNODEs 110 or SRRs 108, the

Hybrid Tag 104 must be within the location.



122 will then store the data in the database server 124. The application
server 126 will generate a location of each Hybrid Tag 104 using a software
termed a wlrmerwoiRAE' al gorithm using the data stored i npCiisGcdeisabase server
124. [0020] In one enbodinment, the SRRs 108 nay relay received data through
RF means to the Smart NODEs 110, which will in turn be sent to the
controller server 122. [0021] FIG 2 shows a bl ock diagramof a radio
frequency identification tag assenbly according to one enbodi nent of the

pr esent [gopaient i F . i.6 T 4.inc S ,an

et ve [T Okt ST b, BT RO, toliph WRpied 9, AS RO RITRER v
RFID t ti 128 includes a power .s ly unit. 1 . ormal.ly cl osed
o) oBeEls (e BobRE pkFRy e R Fer. PR Godain 4 b iee b e busipaliag,
an active, RElI D menor ortion an antenna 142 and a_ therm stor 144. The
passi ve'ReRcH UsRg OBSP%(F‘%rPhEé’@‘YiOﬁ&EBé%g readexs L06, I hisrip ponsidased pipeintaserraas, a
passi ve RFID processor 148, an analog front end 150 and a transponder coi l
152. [ 002he pysteme usarihap to be physically icpdoqiadpvithy theprcked pers@gor elijest poowder tuppl y
unit 132 nay be a battery conponent and nay be used to power the active

RFI D t ai§adihe fPowingz@e of e pharality|of RFED cagedadere t06 wikichhis typdcaltay passtletRIEDan

i nbui It biasi ng nagnet whi ch cause the switch to be closed under nor mal
condi t itagreadermagnetic field has to be brought close to counter the effect
of the biasing magnet so as to open the switch. An exanple of the normally

closed (068 SWIheSmiRNODEstING affd RBIIPtdpa8slesCIpe fdspeBiElG chitie@d kd fMokad-
The RF transmtter 136 is used for transmtting information fromthe active

RFI D t i v ' y
afFePREVLAN(T1R7). Ottle ddta tRE E@Q§Wﬁ{e%e%f§%%t§?ngﬁﬁﬁsew%lﬂd4ﬁlD Ql%

active RFID processor 138 may include a m er w

Spgl:gg;i'i@%isg%gtﬁilaﬁls\f tgﬂlgﬁ{titﬁéum)rrewﬂ}ﬁ t(?‘ﬁlteic\égtrgi@r[s)egrgp ??ZS Sl%re c]o'xcl)’éolie? séjréeerd for
122 will then store the data in the database server 124. The application server 126 will generate a
location of each Hybrid Tag 104 using a software termed a “SmartTRAC” algorithm using the
data stored in the database server 124.

[0020] In one embodiment, the SRRs 108 may relay received data through RF means to the
SmartNODEs 110, which will in turn be sent to the controller server 122.

[0021] FIG. 2 shows a block diagram of a radio frequency identification tag assembly
according to one embodiment of the present invention. The RFID tag assembly 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 unit 132, a normally closed (NC) 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 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,



active RFID tag portion 128. Information about the active RFID tag portion
128 may be stored in the active RFID nenory portion 140. The active RFID
menory powvoi20n/0ag6may i ncl ude a non vol atile nenory, f@CTSGAMSI08028N
electrically erasable programmble read-only nmenory (EEPROM . The

therm stor 144 allows the Hybrid Tag 104 to double up as a wreless

t hernoneter. The conbination of the RF transmtter 136, the active RFID
processor 138 and the active RFID nenory portion 140 nmay be termed an

Pt ve R <1 iEdnch B o705 ASCAB LSRRI SRl LY I SRS,

to the active RFID circurt 1 e nor ree c

is configured such that when it s subjected t netic.fjeld

envi ronir)ratqatr‘l3 " CQrpRongat an emﬁlzgf)ué?dr OUP?W?%SC AEIg| IgFCI?)r %%W’Hiliéc%mamf rom
t he power su uni 32 an en.it js.out of the magnetic field

envi r oﬁﬁgﬁ?ﬁ,ggﬁwa& iﬁéfé | lscdle ¢ @ ipbuils pigsecmagse i §RUE iRV ieh toobq he
power supply unit 132. In addition, using the thermstor 144 to forma

vol t ageclasedivader normplronditioneAdpggnsic Helddas it kabronghhclase to eguntagsheefifess of t he
therm stor 144. The ADC of the microcontroller will sanple the therm stor
144 perthodiasimgimagnet sosade ppent the swisth. dgecxamplse thhperaitlyickised rekd 4witctd13he

m crocontroller will calculate the tenperature using the neasured voltage.

The calisuthatRIBtEnpal atnsbe fitink IRRI elndiaelimited. utied R trahenilRer d36 ds pRek Ebs .
[0023] In relation to the passive RFID tag portion 130, the passive RFID

t r ans potdemit€ifg infdSeatidhYrdae tie JWEK IRFID QuPh&f ok 128 ShOINBE redelVelsUflidigh dhe
transmtter coll and a receiver coil. Sighals are transmtted fromthe

transm iri&ia Q2| THLadHE mﬁeﬂr&%sls&oli3|8 hYy fﬁ@ﬂlﬁ@rairﬁic}({aggtgﬂiep Rith D ariiighose of

t he passive RFID transponder coil 152 1S to transm recei ve sighals by
conver (SRR LBF ABET P IR ERE BrodeRiah 138 0 o FSGRERRaB e 150
pasel veRtes BFfF bR a8t s mon SFofl i asPes AP madedioh B st ve
the active RFID memory portion 140. The active RFID memory portion 140 may include a non-
volatile memory, for example an electrically erasable programmable read-only memory
(EEPROM). The thermistor 144 allows the Hybrid Tag 104 to double up as a wireless
thermometer. 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. 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 portion 130. The passive RFID processor 148 will have a
predeterm ned | ogic of when and what to receive and transmt. Information
about thevpasw/uel’RFI D tag portion 130 may be stored i nPCHSGR88082¢7 RFI D
menory portion 146. Like the active RFID nenory portion 140, the passive
RFI D nenory portion 146 may include a non-volatile nenory, for exanple an
EEPROM [0024] In one enbodi nent, an inplenentation of an effective RFID

| ocation tracking systemoften involves a plurality of RFID tag assenblies

104, eag P Rfiopisg haﬂdnﬁleugx?éo&'ﬁtraﬁéil é’ﬂ% Egicglatea%ep ?Jfggpﬂur%zt?sug%eag%%%?@/ te ag

RFID tag portion 130. An active portion or an tiv

is batt re gperat es. . radi.atiyve, .c ing. Information is

t r ansni ‘?‘i’%&%ﬁﬁ&&%@ ?rgﬁeﬁagtﬁrgyw@&h—sn, %F@‘H&%‘BE@%@@%H&@“’ ul tra- hi gh
frequen UHF). A passive RFI D ortion 130 or passive RFID tag derives
its pom@zﬁr on&’hreﬂﬂfﬁ’ﬂ to4he P%Sé’d’érﬁl%%G ag Pertipe 3% die passive RTEP) ABsRBdR Foly.
The information is passed back to the RFID tag reader 106 by nodul ating the
carri er 1% gyayIber # sypaklyecompled) trangformer drcluding [a0@aBMmittey Qﬂﬂeafégbdmemntcpﬂ-

of f-the-shel f passive RFID tags 130 conplying with international standards,
f or exaviphals ERCpnerbiled Stoam thetrhasmigter caib todthwir¢deivanceit by wagiPichndwtod. ABe One
passive RFID tag 130 and one active RFID tag 128 nay be placed in a single
casi ng, purposk of thegasiingREIIRirhn3pbader a6it @ 5D isyto kddsmitiahd Feckive 3lgasls be mmgdetit
"Hybrid Tag" 104. [0026] In one enbodi nent, each of the passive 130 and

active jhdétioiimahaThe @halbf Grohly&iid B50Tis eespitkitl@ forl AT drtiAMnalsY Sigtfld Beeivdad t he
passi ve 130 and active 128 RFID tags are not electronically connected or

are el agf theGakdive REM ef%%@ond&%aﬂ 1150 @it QM alﬁg%nvérﬁ,ﬂg aféwﬁgttaq QR g ty

for an user, only one , elther the passive RFID tag or active D tag
ID, 1s alﬁ§ﬁ>§'signal. The passive RFID processor 148 is used for processing data within the passive

RFID tag portion 130. The passive RFID processor 148 will have a predetermined logic of when
and what to receive and transmit. Information about the passive RFID tég portion 130 may be
stored in the passive RFID memory portion 146. Like the active RFID memory portion 140, the
passive RFID memory portion 146 may include a non-volatile memory, for example an
EEPROM.

[0024] In one embodiment, an implementation of an effective RFID location tracking system
often involves a plurality of RFID tag assemblies 104, each of which includes an active RFID tag
portion 128 and a passive RFID tag portion 130. An active RFID tag portion 128 or an active
RFID tag is battery 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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[0028] In one enbodinent, the active RFID tag ID of the active RFID tag 128
is stored in the active RFID nenory portion 140 of the active RFID tag 128
and al so WA 201&1pHSsi ve RFI D nmenory portion 146 of the BaETSGREISRHIWTt ag
130. The storing of the active RFID tag I D on the passive RFID nenory
portion 146 of the passive RFID tag 130 is done during production. Wen the
Hybrid Tag 104 is read by a passive RFID tag reader 106, IDs of the active
RFID tag 128 and passive RFID tag 130 will be captured by the passive RFID

eader [T2Sh o BREHNRIH LR SERME R s, f%rﬁ%%?%g bR RPRRRL e

system etvvo K.toO r seyrver nd st or tabase
s)e/rver ardgy for £x4 W&/ﬁﬁi?agi?%f’*t a‘H%B{r?fgt“F W F‘Qé?tlvf;%:% rfgffrl TRREVGse
of the tq}ve REID tag I D while ignoring the passive RFID tag ID. Fromthe
user's %ﬁt agqi3 \Anévvnetq‘ieverr%tl? tpeTkd mev bevplacedin § siaelsesipeordforma sitgleh i s
that of _the active RFID tag 128. In addition, the passive RFID reader IDis
associ aREWD tag apseably Kds whinhds hlse tererha [HybridiDad]10#n one enbodi ment, t he
active RFID nenory portion 140 of the active RFID tag 128 wi || store t he
passi velORES]ID | Dr omesembamliméntdedch of slekessise 30 ind ddtiee 428 RFED Rigs Df ttleegH $8i
willcontain the active RFID tag ID and the passive RFID tag I D. Upon

recei viTap 10w haatikipaekainidié MhcardTtiet piskis 130 GndracBRRS 28 OBFIDE Bigs dd Aot
packet will be transmtted through the network to the controller server 122

and StOéléiﬁrohi&aﬂyhébxﬂ@été@ﬁﬁﬁre%&Eﬁﬁﬁllyll%élate@‘| y the passive RFID tag IDwill be
used, therefore to the user, only the passrve RFID tag ID exists. [0030] In

one eenqg Gt iR AinOl, § RIIRbI e 28 dn R8¢ omYIcE i Athel ik baflive |

activ tag portion 12 In a rid agrs pr

nor mal Iﬁ@@gfﬂfgg&gewlbq f@ﬁsﬁ\getdh an active RFID tag portion 128 or in

the Hybri can heI conserve the avai I abI e power. Using the
Hybrid [-5898]104h1aosneaérr]nb%>élainn£1t, the active rf{(—‘FIIB%agr llDdof tﬁg actlve RF?Deg'gs ﬂS ig stored in the

active RFID memory portion 140 of the active RFID tag 128 and also in the passive RFID

memory portion 146 of the passive RFID tag 130. The storing of the active RFID tag ID on the
passive RFID memory portion 146 of the passive RFID tag 130 is done during production. When
the Hybrid Tag 104 is read by a passive RFID tag reader 106, IDs of the active RFID tag 128 and
passive RFID tag 130 will be captured by the passive RFID reader 106. The passive RFID tag
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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through a gantry that has a nmagnetic field, the normally closed reed switch
134 will open and cause the active RFID circuit 139 of the Hybrid Tag 104
to be el ewprvmaliiyedi sconnected fromthe power supply umrct/sG3dsodézer the
Hybrid Tag 104 has passed the gantry and is out of the nagnetic field, the
normal Iy closed reed swwtch 134 will return to its normally closed state
thus being electrically connected to the power supply unit 132. Upon
powering up, the Power On Reset bit of the microcontroller of the active
RFI D pogdd A TR ty Fl.D rtiogn 128 to
E&dtzﬂﬂ tﬂt’%ﬁtl\% khl? ?angg and tl% %a&%ﬁ?ﬂﬁl 8%%?| t)gé(%l @céwmgqg? nga H%C g

continuously send gantry a packet w peri o I r

whi ch t t bl (M4 | e cleare 031]. The abgve nenti oned
gantry @gtiﬁ%ﬁﬁéﬁs ?gfl ralsgisis tlﬁée? tllﬁ/ g?tiaé’ acerl?b chljlﬂ)bg &ni‘{‘l‘ °‘S§‘H’P¥ ‘gﬁf‘ﬁt“f%lé Kt is
defined,to indicate that the hrid Tag 104 has just passed_through gantry.
vhen ¢ nibeganfolgmegen b aiderban thsudeiihugs seren, 14 Dabt g rassive REUREECID ( he
Smart NODEs 110 and SRRs 108 wil|l append their IDin the data packet and
send i t Wilbbe wred.thsrefons todhe user.\paly the passive REDIeeM okists. t hen associ ate the
Hybrid Tag IDwith the SRR ED or Smart NODE I D, which in turn is associ ated
with a lﬂﬂgﬁt i ofn ony embedimentpeatusage dhowormmlly desed mekdcswitahnl 3hwith ahectiedr i d
Tag 104has passed through gantry, the systemcan then indicate that the
Hybri d REP @@4oktas }2Rsman atHyboiddhaggiaptavwdedf Thérade dfec@iringlly cloS¥d3REd bwitane
enbodi ment, the normally closed nmagnetic reed switch 134 can al so be used

for regiBt withia@rctiVREIR tady Pértien iag okQft the HRbAE Adgi 1@46«:&%%@%%&@&% wWdh a
magnetic field, the normally cl osed nagnetic reed switch 134 wll open and

the actj i ' g ' Yacdi fir .
power SUpply. o T a2 Uner the Ty bt o Tag il PEESRT RN RS age

case. | | BRuBRLTBhIY otk 330 HRABR 6! BEhEAC Bodddthell i il Qode 800 o

normal 'y cFosed . eing el ectrically connec
crreul tcailléegthe %J Rie lﬂ%ecﬁr'cﬁ‘g ly& bf the Hybrid Tag 104 to be electrically disconnected from the

power supply unit 132. After the Hybrid Tag 104 has passed the gantry and is out of the
magnetic field, the normally closed reed switch 134 will return to its normally closed state thus
being eléctn'cally connected to the power supply unit 132. Upon powering up, the Power On
Reset bit of the microcontroller of the active RFID portion 128 will be set. This caused to active
RFID tag portion 128 to continuously send gantry data packet within a fixed period of time after
which the Power On Reset bit will be cleared.

[0031] The above mentioned gantry data packet contains the Hybrid Tag ID and the gantry
data packet is defined to indicate that the Hybrid Tag 104 has just passed through gantry. When
the SmartNODESs 110 and SRRs 108 received the gantry data packets, the SmartNODEs 110 and
SRRs 108 will append their ID in the data packet and send it to the controller server 122. The
system will then associate the Hybrid Tag ID with the SRR ID or SmartNODE ID, which in turn

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

12



t he Power On Reset bit of mcrocontroller of the active RFID portion 128
wll be set. This caused the Hybrid Tag 104 to continuously send

regi stratwonotatiau7zpackets within a fixed period of tinepaftserooshneds7t he
Power On Reset bit will be cleared. The system upon receiving the

regi stration packet will indicate that the nentioned Hybrid Tag 104 has
been switched on. [0033] In one enbodi nent, the RFID tag assenbly 104

i nclude only an active RFID tag portion 128. The active RFID tag portion

e tr el GHER sRRR ke Whidsm BAFi BRI b e IRBR) G 1B et

portion, 140, an a nna 142 and a therm stor 144. The conbi nation of the RF
transnﬂppﬁgh§§gp”gﬁ§“§E?PW% RFI D processor 138 and the active RFID nenory
portion 140 may be ternmed an active RFID circuit 139 as described

previ oU8932l Thin onsrstadimentoibie moreally dosed epagnsuc resd swiple d34ean ¢sq beussdt i ve
RFID circuit 139, wherein the nornmally closed reed switch 134 is configured
such t Hex registration. Whensa blybod dagtl®44s plagerkini « storage dasnwith armagmetic fibld, tet | ve
RFID circuit 139 is electrically disconnected fromthe power supply unit
132 anchowhdly tlbsédsmegretiofreddhewinahgiiet will bpexl shdethei acaverBFID cirbeit 139livall be
frequency identification circuit 139 is electrically connected to the power

suppl y elettricall 3 isEhéikd Fofn thd psWwersupaly el 320 Wthel itAH Phri BT 42 H040;s réRaMe@NCY
identification tag assenbly according to one enbodi nent of the present

i nvent ifRyin thENGorEEd Edst afle aSHAMR! dos@@ﬁa%gﬂ&lc%@@ sWitdP B3 LRI Reurd 2 its ﬁorﬁﬂﬁ@i ve
RFID tag portion 130, an active RFID tag portion 128 and a bottom casing

Lo, OBl ot O GeSR0 30 ST RS TS Bl Byt 01
194, 20y U5, hORLEER R T R s 453 bk By S PRT 0
passi V%auRslgtli Iale;[ ﬁgbr?c? Elé 64 %‘039011%?1901}5 yesegg trég\{setralglcznll %a;[aei)gzlc e(%sr E’Vllt 1r1]1 alglgedage?'iogs

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.

13



described previously in FIG 2 [0035] FIG 4 show respective front and back
views of a radio frequency identification tag assenbly according to one
enbodi renwoabiwher7pr esent invention. The top or front casirsg2dBdhoezwe! udes a
LED wi ndow 260 and a wi ndow 262 for barcode or serial nunber |abel. The LED
w ndow 260 is to indicate to a user that the tag assenbly is active. The
bottom or back casing 156 includes a slot 264 for placing a wist strap
which in turn is secured to a subject's wist |ike a watch and an infrared

(IR w flﬂ)@Xﬂ 261Gl B sPB&s eRPAGh JRA tview NG ﬁé&% E@@Jeﬁgf ?&gﬁﬁﬁfégﬁoﬁgfagﬁgnebll}a

transcelver. The IR wi ndow 266 allows the ag asse

configu . u iecation.  [0036] ElG show respective front
and bacé&glre %o(?{%aénrﬁé) ?ga#?)lefg%e v Efg’r?flﬁl%'}‘gjélf i%f};ﬁD {188 aﬁg?iﬁ%f(iﬂ inchudesg ng
to a fupther. embodi nent he present inventian. The top or front casing
154" ncloddsng 1983 Btis HEIRO R R uBheats HEIP Bapeole B Ber Wtominber
| abel . The LED wi ndow 260 is to indicate to a user that the tag assenbly is
act i ve. 28 198t TRsrirp Fasgcko4andthgybottom ¢asingid6 snay beapagie of 8 suisable matgrisldor o

therm stor and an infrared (I R) w ndow 266. In one enbodinent, the RFID tag
assenb| §xanple Ageylanitrile ButadiseeBiyeene (ABS).| Fheiop dasing2 b8+ aidl thevbottdre cREhDI 56 g
assenbly 104 to be configured through IR conmunication. The therm stor is

i nt her maay beohtaaght togdtherttd éormed avhtequodfaating 6& Hvnsing ke prediad 13004HdaRtive 6 i S
in turn in thermal contact with the subject (for exanple the patient's

ski n) . KR tageorticht.OfheWabdivelREEM{a@ poRfont IB0RAE M bcBvORFIN agPtin LRMrasd 268
and as the netal contact 268 is a good conductor of heat, the neasured

t enper agditgbddprévicusBuaTIen i al |y the same as the skin tenperature. [0037]
FIG 6 shows an exanple of inplenentation of a radio frequency

L aent ! 110035y oNEI@ s ARSPIIbdelE ARt BRPEAL VIbhd BERHIRo fHlent? TGRS U "9
assembly according to one embodiment of the present invention. The top or front casing 154
includes a LED window 260 and a window 262 for barcode or serial number label. The LED
window 260 is to indicate to a user that the tag assembly is active. The bottom or back casing
156 includes a slot 264 for placing a wrist strap which in turn is secured to a subject’s wrist like a
watch and an infrared (IR) window 266. In one enbodiment, the RFID tag assembly 104 has an
IR transceiver. The IR window 266 allows the RFID tag assembly 104 to be configured through
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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invention. The OT conplex 162 includes an OT reception 164, a plurality of
Ols 166 and an OT recovery 168. In one enbodi nent, the passive RFID tag
porti on 180 20fo/tibesHybri d Tag 104 incorporated in the wech/sG2asod2et he OT
conpl ex 162 can provide pinpoint |ocation of the patient. Wen a patient
first arrive at the OI reception 164, the patient's details such as
personal particulars and schedul ed surgery are verified. Wen the patient
is wheeled into his designated O 166, in the above exanple OI 1, the

pat i ent ' ' ith.a fi passi.ve RFILD reader,
b e Pdty 438 GRPfhclt Long R8P AR e Bptack 68 s RTR A Boebaigoh] T o
a RFID reader J|.D dac nd.to,di.sab he active RFID ta ortion 128
t r acki n\gﬁf or SP‘HF%F%E%F‘?‘BPO"?% REHentyy Sl?‘ﬂelrg%l#@"f“is% wi H&aftlﬂ?:ﬁ{eg SERHTC Ye
updated, as the one a E%ﬁiat d m%ﬁh the RFID reader, PI. [Q038] During the
time wiBhmerd Ca%tﬁ?‘\ﬁésg ﬂSttgﬁnﬁ CPYACt 208 if g0 rgnéuctarrf heptythegmyasyredos i s
di sabl ed, the location of the Hybrid Tag 104 wi |l be associated with the

| ast kriefperayeas thersubsipntialy ithe seine ap fhe skl tampergtre t he passi ve RFI D reader
used to read the Hybrid Tag 104. [0039] After the operation, the patient
wi || bd0037Ansf BIG. édshowstaneex@fipleefauplemehion Tie adiol feejuencyHdbutifitaflagtag04
w Il be scanned again with a second passive RFID reader, P2. This tine
round, asseebiy it bnl ope@tihdthcatre (OF) CompRe eiccorBingne @&Meﬂt%f&ﬂ@?fc@eﬁthe
active RFID tag portion 128 tracking for the Hybrid Tag 104 and the

Smar t Thi¥enfibfl AHetdIMeshplbx 062 ihsRided £ @THE4pHdH 163, b PUrBRY bF OTs 168add ACHTNY

again. The exanple of inplenentation of a radio frequency identification

tag asseihby 16 1IR30 cfboddient, Gfle ?H%sﬁjenRﬁﬂy t%uﬁ%rﬁgrlk ?r%ﬁ W legh ﬁ?ﬁnc? rTa? rgq ses.

[0040] FIG "7 shows a flowchart o e exanpl-e enmentation of ‘a radio
L SN G20 R RBT 2B ERBh ol 1
patient. When a patient first arrive at the OT reception 164, the patient’s details such as personal
particulars and scheduled‘ surgery are verified. When the patient is wheeled into his designated
OT 166, in the above example OT 1, the patient’s Hybrid Tag 104 will be scanned with a first
passive RFID reader, P1. The RFID reader P1 will send a data packet containing a Hybrid Tag
ID, a RFID reader ID and a command to disable the active RFID tag portion 128 tracking for this
Hybrid Tag ID. At the same time, the location will be updated as the one associated with the
RFID reader, P1.
[0038] During the time when the active RFID tag portion 128 tracking of the Hybrid Tag 104
is disabled, the location of the Hybrid Tag 104 will be associated with the last known location,
which is the one relating to the passive RFID reader used to read the Hybrid Tag 104.
[0039] After the operation, the patient will be transferred to the OT recovery 168. The
patient’s Hybrid Tag 104 will be scanned again with a second passive RFID reader, P2. This

time round, the Hybrid 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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[0041] The inplenentation begins in step 176. In step 176, the Hybrid Tag
104 is issued to a patient and a nethod of tracking a |ocation identity of
t he pati eNO 20M01b6execut ed. [0042] Next in step 178, i PCISGAesapeched
whet her a passive RFID data packet 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 informthe systemon whether to enable or
di sabl e active RFID tag portion 128 tracking for the particular Hybrid Tag

104. | fackibe REIIS Bloolidieds! tfhcﬁh%%gﬂ&ﬁe{%%m?%%ﬁ?ﬁ l\éﬁ'leﬁﬁkign 974 AdRAE %Eéla(!ys

recei ved, the processing proce to s ere It 1s determ

whet her; it 0. { ctive RFID t rti.on 128 tracking.

[ 0043] lflélﬁllﬁggt?@ tgég %F%bﬁlggé}tﬁﬂ%{]% %é'n%c?ult\l/nemﬁlﬁuﬁgqlggu%%?ﬁ BRTYES r acking i s
to be dj | ed rocessin raceeds to step 182, where the active RFID
t ag po?@ﬁ tr Iccilhﬁﬁl?qvgs %Ii%éﬁ’l‘}ﬁgg.ogﬁe frampse Bét“gl’lﬁ?‘ﬁ’étan?fhaf atRdio JfX4GUEREYRFI D
tag por.éi o.r} 128 traCkir}%% is to be enabled, the processing proceeds to step
184, wHEFRIICHIoN, tag; Ysserpiply Oint 3y OpRtingD FOwplsk Idsndova BnBKF-e@l ac¢ayding|to one

Fol |l owi ng steps 182 and 184, the processing proceeds to step 186 where the
| ocat i c¥befimdansottle peasentpayestion RFI D tag portion 130 is reported. [0045]
Foll owm ng step 186, the processing proceeds back to step 178 where it is
agai n de04tlni nElk mipd¢rhentatmnbagms weste-1 16. dastep P2E; kiet Hileid B4e1 0466 isstidd tbta i S
determned in step 178 that a passive RFID data packet is not received, the

pr oces giatigntphd 6 erdidiof natidpg 4 Eatimhidemtity bf ihe pdeéne kidy e Ex¥hieidner the active
RFID tag portion 128 tracking is enabled or disabled.[0046] If it is

det er mi[pe4d] t haedtg sept 1768itRE|dotehAMe® WHeltRP 2 JA&idd ﬁﬁiﬁl QGtal pacRR 30 LR Bived. NE

processi ng proceeds to step 190 where the Smart TRAC al gori'thmis activat ed.

RN = T e I S R Y
| ocati U ail-fyb;iﬁp[%rgtl%g 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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[0047] Following steps 190 and 192, the processing proceeds back to step
178 again. [0048] FIG 8 shows respective interrogation zones of a coarse

| ocal i zatwonoreeaeiréer and a fine |ocalization receiver aceeGdissgoie7one
enbodi ment of the present invention. The coarse |ocalization receiver or
Smart NODE 110, has a relatively wi de coverage area or |ocalization zone 198
and each coarse localization receiver 110 is used to provide a coarse

| ocal i zation of the Hybrid Tag 104. The fine localization receivers or SRRs

194, 19 e i ; CAYV: a, I Lzatk i 00,
202 a5 e i TR FHAD B orln, 126 Habiily 10 AE 7"

196 wil [ [ I [ ' idT 4...[.0Q049] .In, FIG
5, a BTyl @Slp 198 ?‘&ﬁéﬂ%ﬁ?ﬁﬁ‘%&?ﬁ%{%ﬁ@dﬁ?g%ﬁéeﬁsmlf b
rovi de coaJ.se lizatio he Hybrid Tag 104 as the coqverage_ area
(pal so télra frfjlr'iahﬁ afé%ea#%%gcﬁ?ﬁ%g%é)&?&?%‘%ﬁﬁ}’&@% PIaq§cysng P&P?jégs fRndep 192
conpared,to the respective coverage areas of the SRR, 194 and SRR2, 196.
The SnmaPifiedhe lastdnpwe logation isgenoried. of coverage, Zone 1, 198, of about 10
metres radius. The SRRs 194, 196 have respective snmall area of coverage,
Area 1, 10960 andollewiag stepotid angf193; hantpcsssmetnreseedsibtickido st htfeagahe ar ea of
coverage is small, the SRRs 194, 196 will only receive data packets if the
Hybri d [PA48] 10F1G.s8 shoved msmecpvoxiterrdgation tones hd aSkRasse 10¢alizAtm. reb§iodt and a
receiving a data packet fromthe Hybrid Tag 104, SRR 1, 194 will add its ID

to the fischicaledtidmtrecepert kedording t6 @ne Gathodhtent RE therprdad dadntioRatketoarsthe
rebr oadcasted data packet is neant for the Smart NODE 110. The Snmart NOCDE 110

upon r eleeilizhtich tdREivECH SRGRRODETE 56 A0S aSFe'Miﬁlelyt wide éob@r_a%@ QFe%QJrhS%li%gtfo\ﬁer_
122. The systemw |l then associate theHybrid Tag ID wiTh the SRR 1D which

o 2 383RFLR St AR RO WD g R B I

enbodi nﬁ%rid tFQE 1%@&%\‘% lgféa(i)izjit§onarerc: igiar% grr SRRS %X, ﬁgg:}laxtee?ees'\li)e\{:%(zé srlntallicrs
coverage areas or localization zones 200, 202 as compared to the SmartNODE 110. Therefore,
the respective SRRs 194, 196 will provide a finer localization of the Hybrid Tag 104.
[0049] In FIG. 8, a Hybrid Tag 104 is positioned within Area 1, 200. The SmartNODE 110
provides a coarse localization of the Hybrid Tag 104 as the coverage area (also termed
localization zone) of the SmartNODE 110 is larger when compared to the respective coverage
areas of the SRR1, 194 and SRR2, 196. The SmartNODE 110 has a large area of coverage, Zone
1, 198, of about 10 metres radius. The SRRs 194, 196 have respective small area of coverage,
Area 1, 200 and Area 2, 202, of around 5 metres radius. Since the area of coverage is small, the
SRRs 194, 196 will only receive data packets if the Hybrid Tags 104 is in close proximity with
the SRRs 194, 196. Upon receiving a data packet from the Hybrid Tag 104, SRR 1, 194 will add
its ID to the received data packet and rebroadcast the amended data packet. The rebroadcasted

data packet is meant for the SmartNODE 110. The SmartNODE 110 upon receiving the

rebroadcast message sends it to the controller server 122. The system will then associate the
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responsi bl e for receiving data packets fromthe Hybrid Tags 104 and SRRs
194, 196. The received data is relayed to the controller server 122 through
a LAN. Eawb 28meriiN9DE 110 will have its own unique |D. po@sthodsmoaee

enbodi nent, the Smart NODEs 110 are distributed in the area where the

Smart Sense Location Tracking Systemis inplenmented. The systemw || have a
list of areas and each area will be given a location ID. Each Snmart NOCDE 110
will be assigned with at | east one location ID. Therefore, a group of

SnarthK¥@§ I cat.l on. 005

receives-a ditQ%\\fbé%:llt(}{e fro MD&G{)% df‘%lsf%szfcm Vwﬂhg i”?‘gd’t W%}%&ethe
dat a pagket, the en at troll rve 22. Wth the Hybrid Tag
| D and n%{}qn]\?é%gnlﬁ%) ‘ﬁ‘] g@s‘f 5%’%@#8?56”& elaHeE?—@bri d Tag IDwith the
Iocatioaﬁé&h_ ?qgﬁ H@O t he Spart NCDE | D. By associating the location ID to
the Hybt%0 ogligeat, ithh SrrtNQDE 19 ia Tadio frquensy (BE) irersiver-fIf é.
[0053] The SRRS 194, 196 conpl enents the Smart NODEs 110 by providing

addi t i oFespongiRieafar gieceiviag Sletar paIRAE 50y oht tHybridoTagsni4t enda SRBs el %¢ 4 06.aTkee

| ocation of the Hybrid Tags 104. Each of the SRRs 194, 196 will have a

uni que teCeiwgttidata isl relgedivstbe cattmdlenserver d 22 doatghom L AN. Fal) SthhrtNODRNE10 will
enbodi nent, each of the SRRs 194, 196 consist of a RF receiver, a RF

t r ansmi hdveiits avgl uvaiqiedDocontrol | er. The RF receiver is responsible for
receiving RF data packets fromthe Hybrid Tags 104, the m crocontroller

wi |l t h@osHPPent ohd @mBBRindat, Me (SHRarBROBEP Al e ARG %Wﬁxtea Lerd @
packet to SmartNODEs 110 through the RF transmtter.[0055] The SRRs'

recei ve§m hesenge BOBYLE Ffrﬁc‘rﬁg%@r%sféﬂl is qﬁgfenﬁﬁ O'ﬁ eJr Qggn%ﬂﬁh%% SF afeds dHE

Smart NODEs 110. The RF t tter ransm ssi on power conpared

to the QXE eg wWitdR sé\%h a loggtgo%fﬂ eﬁ?ach gma%lj]]io ?16‘| &2l Be 3 assxgned w1ﬁxe£tlc|3acs)tnonreange

and a hig ransm

location ID. Therefore, a group of SmartNODEs 110 will represent a location.

[0052] When a SmartNODE 110 receives a data packet from a Hybrid Tag 104, it will
append its ID to 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 compleménts 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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[ 0056] In one enbodi nent, the coverage range of each SRR s receiver
portion can be adjusted by varying a | ower signal strength threshold and an
upper si gnel2oakmerrgt h threshol d. A signal bel ow the | owecTsicgomloossy engt h
threshold will be regarded as outside of the SRR s reception range while a
si gnal above the upper signal strength threshold will be wthin the SRR s
reception range or coverage. [0057] In an exanple of a first .
inplenentation, a SRR in general is equipped with a receiver anh a signal
st rengt fhosedi Ca4.L epn B t i h indication, the SRR can
choose Pgs$eje?Pb§§§Sa%%§g% Sﬁggﬁikgggép %géﬁg%ﬂrkﬁgh%%ﬁg?(§ﬁgmﬁ#§ﬂ§he
si gnal [ t.h h 0058], The .| r and .upper signal strength.
t hresho I{qa@g&&%& lég.ﬁﬁggﬁ%gés@ﬁelﬁastﬂpg@e\sﬁragmw AV ©9 de ghe dS‘R‘F@ can
be set in the desired deplqynment settings. A transmtting Hybrid Tag can
be pl act‘ggsa@“'a é‘g?rﬁn ggﬂdf%t @ dmailasreptighiapsicandriugh fansgissing ranger engt h
at different distances are respectively determ ned. For exanple, a SRR is
pl aced 1085€ r efterB® carbgdignant, othe 9ayeragepracdofT aarhi SRBIsaresdivabportion qapt bees
away fromthe SRR The signal strength for each data packet is |ogged for a
peri od asfustgdchit vargingiaowerssignl strengilio duresholl andrant wper $ipmal atrengily éhrashgldalA
strength at about 2 metres is calculated. After which, the distance may be
i ncr eassghal belbotte Wweetsighal améehgti ehrsslhhiwil theertghided @6 R@kde dRkR PRRKEL S
| ogged for a period of about 15 minutes. Again the average signal strength
val ue afecphion farde WRIIE @Signsl b8l € tHeaipPek sigial StrdRbMGREShOM Will 6ORithidUBe SRR} @
di stance of about 10 netres for exanple is reached. A | arger sanple size of
Hybri d Zagsio fhgbsvefgtised for better estimation of signal strength at
various di stances.[0059] The signal strength of a Hybrid Tag is and
i ndi caty of ho | IS f t.ne SRR. The | gwer, and .u
005721 S Cxmele® o AR fplekiheqchny § SRR R Gttt S

t hr esho | ues recei v 1 oh can
i . i it tq. ver curate in
desir ed\ivxtﬂ L 51agna %Blﬁaggltﬁn%caggn.tﬁgeg" ORlllq tl{eesqgriai gt?enlgt 1tn 1czti)t?on, ?hey Slﬁ% can choose to

reject and accept data packets based on the lower and higher signal strength threshold.

er
as

[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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pi npoi nting a Hybrid Tag, the upper and | ower signal threshold values can
then be set to a high value (for exanple within 2 netres range) which
al | ows t hwoSRR/t1m17det ect Hybrid Tag within a snmall proxipgirisg2odsmoesnt her
depl oynment where a wi de area of coverage is preferred so as to mnimze the
nunber of SRR required, the range can be set to the mninmum | ower and upper
signal threshold values. [0060] In another inplenentation, the SRR signal
strength threshold value for the receiver portion may be changed through

t he har ec [ ] . eIh 2nsd LI vit f .the.recejver js reduced

t her ebyﬁpﬁgc]r eag\lﬂrﬁSgé‘td%lg&*egg%rdaangly%g%?? : S rf&%csatn? B 08 R #?F gl%ehigi"lﬁp‘gif‘%éss.

[ 0061] ln _ape iment, the | ower .a er sjgnal strength threshold
val ues %&Hﬁgm%@W%%&Wrmﬁdﬁg‘P ¥§B§ﬁ éﬂ’it#Rg{] FSFEtvVRE PAXioR cap hsesy a4 n

t he above nentjoned |nplementation, the RF receiver of the SRR may consi st
of a | oQEpusYelshas desised o6 depleaneny qfsthe YRR reqniteg ibyio i) veryi asguiptesisi ve
i npedance mat chi ng conponents to a non resonant value. Al so the antenna
desi gn mppairiing eHabyéTagthe bpper had tpover signaletheeshald veluss sartben b et téahigh
exanpl e, change in antenna size, change in antenna |ength, change in

ant ennavaiiied(fe. exainple. witRia ZAtiegeuahgy) widch dbvadie SRRaotderceHy it Ragwithina
receiver to increase the threshold of signal |evels. An advantage of the RF

at t enuaintil] presingity. O @hothBe dégisENend WIRANA WIS afd dfScdvBAlze i) Brefirredl doCAURL OF
reduces the anplitude or power of a signal w thout appreciably distorting

its wavginghize thORGberldf@RIO r&fMRuS the AL \Wah Be JECHI the Blikinfin?io 5%%21&?&8;

tracking a | ocation identity of a subject according to one e .
the pr I thkddUEALaRRs. A Smart TAG server application204 resides in the
Control l'&r Server 122, and it is responsible for collecting data packets

rsﬁ;?i ggﬁ%@i’f D;Pgbagng)ﬁl;reté 'S%}%ES eét]agor% qge §f{ﬁr selgsnai rs]’t(?endg?lg B35 e\t/a?uei E)tr hereceiver
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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Smar t Sense Dat abase 206 is found in the Database Server 124. A Location
Engine 208 is found in the Application Server 126 and it is responsible for
i nt er pretWOgowyidiyypocessi ng the data packets stored in PRESSA80BATE e

dat abase 206 and returns the conmputed | ocation results back to the

Smart Sense Dat abase 206. The Locati on Engi ne 208 uses the Smart TRAC
algorithmto conpute the location results. The Smart Sense web application
210 which is also found in the Application Server 126 di splays the | ocation
resul t spdPfesid@sinthe CORRALr Sdrler 159 udd0t 1%(% ff(ﬁ'%%ﬂgét g%gﬁﬁﬁ@%té x%%ex%d a

met hod of tracking a Iocatlon identity a su ject acc

¢ EE"%' o B b OPEE A AN PEidel r%‘ﬁki‘%fetiﬁ"a | sﬁ%%%a%géﬁét
SRR . A4 R
2?”&%@“%@%1?{%%@2%6%9% P8 toegbes Serugiof A | %gfin ng%&@ée? gl o

Hybrid Tag (H ). is situated |n roomA as_shown in FIG 10A [0065 FIG 10B
i 11 ust rift W8 AR, SHXek b6 aP‘Eé'elsv’é’ﬁP%‘ylbl%@rrlé@ﬂt?%ttf}gvén@ﬂmcﬁ eglith SRR
In the first mnute, H transmt a Strong signal data packet (Pl) and the
dat a pakaekets ptoreddn éhev%uarb%ﬁnm datgimse 200 antlretuBis, thpomputedBcation tehdtsdracloted
mnute, H transmt a Wak signal data packet (P2) which is received by A,
A2, A4,thB SmatSend2Database AD6. Ahe IRicatidd? Enginei208 uske thst SmanTRAGNalgosithinato
packet P | and the Wak signal data packet P2. A3 and B3 only receives the
St rong cinged thd dbaatipacisalts.PThe SRBESInsERRD spyRatioh 2datwhiglaikdto Bid have a

di fferent wei ghtage. For exanple, the Strong signal data packet will have a
| ow wei ghiirakorrSvdrnges Waplays inadatidRtduRa®kalersM | | have a hi ghwei ghtage. Pl
is a Strong signal data packet and Pl will have a weight of | =1 and P2 is

a Weak [%b@ﬂal ARS. 2 (R2¢E QoW %es\ffe&l:tiveh&gﬁarﬁ)sw IMetid Bf 'ﬁ%cking 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 SmartNODESs, 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 Al, 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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[ 0067] For each Smart NODE or SRR, a score N, will be calcul ated based on
the data packets they received. Wiere N =score for Smart NODE or SRR, m =
Nunber ofwoaba/packets recei ved by the Smart NODE or SRRpCXms\@Righbokor each
of the data packet. [0068] FIG 10C shows the score for respective

Smart NODEs and SRR. Al received both Pl and P2, therefore, score N for Al
is 3. A2, A4, Bl and B2 will have the sane score as Al because they too
received Pl and P2. Al = j A2 =N =Nm =NB2 NAI =| +2=3 [ 0069] A3 and B3

recei vew&bhMad Pl id D6t %\&%d&g aﬁé@&has a aCt & %gl?to}'ﬂﬁl %nd|P271s%Mkb n B

=NA =| 70T Each Sma or eac ocati on

Wi | | ag[fgl F]Qétgp %g P chgé d,l ocation of the tracked subject

and aI o) s“and SRRs wil| receive data packets

fromt ack d su j ct positiqn.[0071] In one enbodi nent,
fact or h@oé{a‘ %roe ﬂﬁbB%o?egﬁgd ass0endht Withbe Falshlatedebased oni e dafast or y
of the person or obj ect The projected novenent will consider factors |ike
di r ect i RGkSS thewp vesived., speed of nobvenent and the |layout of the area the
person or object is in. Using the one or nore of the factors, it is
possi bl e t]\p_;i«idi ct where the person or object is |ocated

J

Where N = score for SmartNODE or SRR,
m = Number of data packets received by the SmartNODE or SRR,
A = Weight for each of the data packet.
[0068] FIG. 10C shows the score for respective SmartNODEs and SRR. A1 received both P1
and P2, therefore, score N for Al is 3. A2, A4, B1 and B2 will have the same score as Al

because they too received P1 and P2.

NAI :ﬂm""lpz
N, =N, =Ny = Ny, =N, =1+2=3

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

Ny =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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next and therefore assigning nore weights to the Smart NODEs and SRRs in the
projected |ocation. [0072] FIG 10D shows the factor b of all the

Smar t NODBsoanth/i@R®s f or Room A. The factor b for A, A2pamsGAdsiosod; for A4
is 3 and for Bl, B2 and B3 is 1 respectively. [0073] FIG 10E shows the
factor b of all the Smart NODEs and SRRs for Room B. The factor b for A,
A2, A3 and A is 1, and for Bl, B2 and B3 is 2 respectively. [0074] After
respective N and b for all Snmart NODEs and SRRs are corrput ed, a score L

will b ut L r h loca L san f ound
sunmi ng[ tﬁ or gg 8%%) gn?g‘ﬁnlehp rfgétbﬁ\ﬁ cal’i afls% _cq %% et proeﬁ%) m8?lelge%q} F\%;EE
SRRSlnl agetr cked %0075 1G:.shwsthe con utatlon of thk
score LOFaSon HiERY p'?fs -‘ﬂCtl f RroiRFted mayement Nilhsongiderypagiors dlike
+bA, BXN, B X +b_A, BlN B+ AB3NB = (2 ¢3)+(2x3)+(2 cl)+(3x3)+(l ¢3)+(

c3) +( | xqisectionpf l[ﬂeb%f]m’ﬁpesd afany andythie dayppuet: a‘é’? area ghe pereonserabiect isfipy
roomB. LB =hbB NA +b B,A2 NA2 +b B AN A +b B, A A4+bB,B +b B B2N B2 +b
B N Using the one or more of the factors, it is possible to predict where the person or object is located

next and therefore assigning more weights to the SmartNODEs and SRRs in the projected

location.

[0072] FIG. IOb shows the factor 83 of all the SmartNODEs and SRRs for Room A. The
factor B for A1, A2 and A3 is 2, for A4 is 3 and for B1, B2 and B3 is 1 respectively.

[0073] FIG. 10E shows the factor S8 of all the SmartNODEs and SRRs for Room B. The
factor 8 for A1, A2, A3 and A4 is 1, and for B1, B2 and B3 is 2 respectively.

[0074] After respective N and § for all SmartNODEs and SRRs are computed, a score L, will

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

and S.
L =iﬂiNi
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.
Li=BanNa+BraNu+BiasNas+ByssNas+BusiNo+ BusiNas + BypsNa
=(2x3)+(2x3)+ (2x1)+(3x3)+(1x3)+(1x3)+(1x1)=30

[0076] FIG. 10G shows the computation of the score L for room B.

Ly = BN a+BsiaN s+ BsasN a3+ By usN as + BossNoi + B paN oy + o sy Nos

=(1%3)+(1x3)+ (1x1)+ (1x3)+(2x3)+(2x3)+(2x1)= 24
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= (I'x3)+( I x3) +(1 xI') +(I x3) +(2x3) +(2x3) +(2xl )= 24[ 0077] The location with the
hi ghest score for L, will be the |ocation of Hybrid Tag. In the above
exanpl e, YWROa@MoN1hHS t he hi gher score of 30, therefore t RETHEROEBOONREY is in
Room A. [0078] If there is tie in the highest score between 2 or nore

| ocations, all the locations will be considered to be potential |ocations
and the decision will be nade by reviewi ng the previous location in the

| ocation table of the Hybrid Tag. If the previous location is found in the

li st of [apotent iTat 1dcaGat WRRShd m@ﬂeswwr@%rﬂ%ﬂtueqﬁe \mchhmpsf ng&aa Thi of AS the
previous location in the table of the brid If the prévious | ocation

s notiguk Q;@zm!xﬂlf ‘el R%?&%'hi’gﬁelg%% me‘l%el%r[)r o RO AT

list of potential’ [ocations w

[ 0079] ows d of trackin Iocatl on

dentt (OGN o IEBREY, R Y RRG e ﬁéwsw%ar RerrioGionn ! fedSeens LR i on.
The rrethoddof tr cki n alioocatlon identity ]3( be ternmed the "Smart TRAC

al gor i t ¥ARFidesd tonbe pgtentpl Yorafiops agd 4hg ?Fé%“i"bwl Q& Mpade\bypisyieiang thegqirayioys g,
[0080] Next in step 220, it is determ ned whether or not a predefined tine
i nt er valocgtion jp thy WC@tmnsta'élﬁwédhmerbnd fae X ithreprenions laghtignsis fpenteii thedist of be 2
mnutes but it is not so limted. If it is determned that the 2 m nutes

ti me i npatengial locationp thenivarrpatdeesion mgll pe ddeptified xths pegyidia 2ocatien in thk tabledr ds
within the 2 mnutes tinme interval are selected. On the other hand, if it

i s det etheiHybddtTagt If the Revivusuloeationi igmot i eevidt df pofdtiallldcatione tRenOte FHking
continuously checks if the 2 mnutes tine interval is up. [0081] After step

222, t hec4ion e theilisQofiPotaafdscdtions WiPbedfHatcdhe iR Hgﬁbﬁd%gfsqa&lel s conputed for
each SmartNODE or SRR Fol | ow ng this in step 226, for each location, Nis

mul ti pljoegb)wi t frd.ha $BRS APHLRHRVEH HRlefhod f tIancmE%Ccha?HBrlH&WoP b S%Rct

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, 3, for each SmartNODE or SRR.

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

and/or SRR for each location.
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[0082] Next in step 228, the score L is conputed based on the total nunber
of Smart NODE and/or SRR for each location.[0083] Then in step 230, it is
det er m nSNORPEYHEY/6t here is only one highest score for BCTISG2008/006267
determ ned that there is only one highest score L for a particul ar

| ocation, the processing proceeds to step 232, where the location is
reported. However, if it is determned that there is not only a single

hi ghest score L, the processing proceeds to step 234, where the |ocation

hi st or y(og% gt heThbbinisttp D30, lkﬁ&%ﬁﬁﬁéw&&gﬁékr Qeﬂl tohe hghgagé&le ok IDIOT eds

to step wher e the | ocation is reported. 008 Ato ow a

ot N0 @eri2a401Erd AOBhOGhel AEALY (ord'y Fop gg}jaerﬁ&garnfac&l hngESRs ggﬁlsg{g'n ggt 3

each location identit eterm ne receil vers

one e i.hvention

t hree "3’?0‘%‘3@ B e|p025 ng F ﬁ'etq\% PUSTS FoRRTSES ﬁoﬁ"ﬂ’%ﬂ ﬁé‘d‘s gﬁtegﬁ‘c‘,‘ﬁ‘?ﬁ@g@fm is ot
Smart S 3B are jnstalled on |evel t NODEs 2A and 2B are

i nst al 19 6&“‘5 eﬁt SCREF Lartis PIQEEISIE PAOCSRES tI°I§t‘?i’r7é"'r W@P‘Eﬁl the lpcefipn listary of A
tracked subject 244 is positioned on |level 3 and nearer to Smart NODE 3B.

[ 0086] th %HF$Q§TWQBC hgeked.s assunmed that each SmartNODE will only receives
data packets within its level. Therefore the algorithminvol ves identifying
whi ch 380841 NODEkenrthe piovessing@rataeds tpaeckE82, velrede the dodtatibty isrgpdried. | ocation in
which the Smart NODES is associated to. In FIG 12B, on |evel 3, Smart NODEs

N3A and0085p r eEll.  eAdatlaE phewk atsethdddf tidtRingladokidn SAdNBEST 2dbjecNAblulimgequal
to 1 and N3B is equal to 2. The score L3 for level 3 is the sum of N3iand N

B, whi alsochitifigath 1deaffon (denli§VRith % pliddeiiHed\NERuB! 6F FBEPGS tacVdilihe GHURE 1O
0. Therefore, the score L2 for IeveF is the sumof N2A and N2B, which is

sl b ekl oot 38 i oy om0,

two SmartNODEs installed on each level. SmartNODEs 3A and 3B are installed on level 3,
SmartNODESs 2A and 2B are installed on level 2 and SmartNODEs 1A and 1B are installed on
level 1. A tracked subject 244 is positioned on level 3 and nearer to SmartNODE 3B.

[0086] In FIG. 12B, it is assumed that each SmartNODE will only receives data packets
within its level. Therefore the algorithm involves identifying which SmartNODEs receive the
data packets and identifying the location in which the SmartNODEs is associated to. In FIG."
12B, on level 3, SmartNODEs N34 and Nsp receive data packets from the tracked subject 244,
N34 is equal to 1 and Nsg is equal to 2. The score L; for level 3 is the sum of N34 and N3p, which
is equal to 3. On level 2, N5 and Nyp are respectively equal to 0. Therefore, the score L, for
level 2 is the sum of Ny, and Nyg, which is equal to 0. Similarly on level 1, Nj4 and N,g are
respectively equal to 0. Therefore, the score L, for level 1 is the sum of N4 and N;g, 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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al so equal to 0. By conparing the score L anongst the three levels, L3 has
t he hi ghest score of 3. Therefore, the tracked subject 244 can be

i denti fi esot2o1dmai1e | evel 3.[0087] FIG 12B shows an exaoplse2ais/oase? dea
situation. However, in an actual inplenentation, data packets may be

recei ved by other levels too. This occurs when Smart NODEs are nounted on
hi gh ceilings, thereby the distance between the Hybrid Tag and the | ower

| evel Smart NODEs is nuch shorter than the distance betmeen the Hybrid Tag

d th h | Level
%ﬂarimgﬁwﬂ?’gie?%@%ﬁ’%% BIAE, o 48 ‘1?%8‘]%?‘%?“ RS W axuth o

consi derin set nd 3B al so receiving 1 and 2
dat a pagﬂ’é‘%g “F“g‘é’ rc@favé’la etsblfi'fayt Fsref:%’\l% Vel 1R ditise 9CRurg o hen
packets. L for Ievel is 3, . L2 for level 2 |s 3 and Li for level 1 is O.
In thi ssm@g& REs @{?nwpwe@ gnthigh eeilings, therabarthe fispacabgswermthe Hyhrid Tagiansl
each level is not useful as the total score L for level 3, L, and for

| evel 2the lowerilevel SmagNPDEs|is mush sheresyitinsheligtanéd brtween the dhybed Taghed ¢heni | |
be a decision to be nade on whether the subject is found in level 3 or 2 as
bot h | eseértNO@BEe faund anathe samat déveb (@fitan, the 1p@BRY el BirarcNODEs néayl rogdiveainore
groupi ng i nstead of physical grouping of the Smart NODEs is introduced in
FI G 12data fackérs.site surveys, it can be determ ned that when a subject is
| ocated at the above position as previously indicated, Smart NODE 2B is

consi st[@oss)y rﬁpmllaa meeq B QR f h SROPRCDE
aSSOCIJ?edIMAth | evel A Be 3A§h§%E%%gQ%%€£ﬁF gm?hngnart %nd3B

associ a&lﬁ)dreg\éx{nﬂéll al2 aat | nv gp %%%%s Idﬂ'x\é'é}g (t)ﬁg ngecgl %&‘? data,

associ at1 on gorlt summ ng up 1 e nu a” packet s

recei Vep%c@fs.i??or l§n? SN% E grleve is ; ancfa]EI 8? lelvgl F s% h} Lf's re-!g-g lsucl)i(l:na%ltnlg%r}])

the total number of data packets received by each level is not useful as the total score L for level

3, Ls, and for level 2, L,, is the same. If the previous algorithm is adopted, there will be a
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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with the highest score L wll be the location of the tracked subject 244.
From FIG 12E, level 3 has a L score of 6, level 2 has a L2 score of 3 and
| evel 1 hweai0diigeore of 0. Therefore, the subject is lporaiGedsionodsevel
3.[0091] FIG 13A to 13B show a nethod of tracking a location identity of a
subj ect including assigning a weightage based on a receiver type of a

recei ver according to one enbodi nent of the present invention. The above

al gorithm can be made nore generic by introduci ng wei ghts on each Snart NODE

1 st r ooy PRS0, RSk e ALubBLl BIUEH2 i BaSy bBs WS o °

13B res ect:vel ow .a of a three storey .buildin

Smar t §10RS a?lglé tﬁlseéa?fhm&/‘é(?r YRR ?ﬁfﬂﬁ?a\?ﬁ&&ﬁ’é t%Bn%g‘Eg\g?‘{ﬂ@F%fYq\?él& on

| evel 3, Snmart NODEs %@ % éB are installed on level 2 and SmartNCDEs | A
and | B BP0t HYPRHne Jhg abpys, agorithmacan be made sons generis by ingogusang weishls on

l evel 3 and nearer to Smart NCDE 3B. [0093] In FIG 13A on level 3, N A and
N B ar esafl SpeNQRE joregemlocationy Thoherediy of inrodweingweightaBe &y te SmetNODE is
respectively equal to 2. On level 1, N1A and N1B are respectively equal to
0. The idugrated byfwntrhstingFIG. 134 aideFIGLUASEBY N 3A, N3B, N Aand N2Bwhich is equal
to 8. The score L2 for level 2 is the sumof N3A, N3B, N2A, N2B, N A and
N1B , wj0De2] i SFHG.SIGAeapdHIGt D318 respiigively@héwlah ekhple®Y @lthrée btorelMRilgmpwath N2A,
N2B, N1A and N B, which is equal to 4. By conparlng the score L anobngst the

three |tGM°$r§artNOE!E@ ihstalkdVeh ERB 1EWIESHEANODYs A J@%‘Bemrlﬁstal'léd (‘ﬁp whel pe
difficult to identify the subject in FIG 13A [0094] In FIG

ht t r f
Iovel Zﬂﬁa@i‘“%ﬁ%@%éﬁ?eg?ﬁ%sﬁ%??&e% gkt ﬁﬁﬂ%@ﬁ&xf*@ﬁ 1 %mésifﬁ Fos

are al Sigvegqsg%u(e\ﬁesjug eﬁt?‘ﬁfﬁ 1t§)nf39§n e%ef%and nearer to § artlw(].')BEa’or]f respectively

equal to he scor PEVE
[0093] In FIG. 13A, on level 3, N3, and Nsp are respectively equal to 2. On level 2, N, and

Nyp are also respectively equal to 2. On level 1, N5 and Njp are respectively equal to 0. The
score L; for level 3 is the sum of N3a, N3g, N2a and Ny which is equal to 8. The score L, for
level 2 is the sum of N3a, N3g, Na4, Nog, N4 and Ny, which is also equal to 8. The score L; for
level 1 is the sum of Nys, N, Nis and Nyg, 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 N3 are respectively equal to 2. On level 2, N, 4 and N, are also respectively
equal to 2. On level 1, Ny and N are respectively equal to 0. The score L; for level 3 is the
sum of N3a, Nig, 0.5N24 and 0.5N, which is equal to 6. The score L, for level 2 is the sum of
Nia, N3p, 0.33N34, 0.33N3p, 0.33N;4 and 0.33N;p, which is equal to 5.32. The scbre L; for level

1 is the sum of 0.5N2a, 0.5N2g, Nia and Njg, which is equal to 2. By comparing the score L
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sum of N3A, N3B, 0.5N2Aand 0.5N 2B which is equal to 6. The score L2 for

l evel 2 is the sumof N3A, N3B, 0.33N2A, 0.33N2B, O 33Ni A and O 33N1B,

whi ch i s wqualo/d10176. 32. The score L1 for level 1 is theprswscabosdodl 2A,

0. 5N 2B, NlAand N1B, which is equal to 2. By conparing the score Lanobngst
the three levels, L has the highest score of 6. Therefore, it would be
possible to identify the subject in FIG 13B. [0095] FIG 14A to 14B show
possi bl e uses of a fine |localization receiver according to one enbodinent

of the nt| se of a fi | 0 ati recejver RR is
to pr OVaI?ﬁ% S’ﬂh L W e‘é%%u gc%syﬁlg;ﬁ %ehﬁ%t SF‘ESQ# Fe’r-'PeB‘? Oﬁeh WOU] UeRosst |t81 e§“ ue to
the fac a very short reception range, therefore data packets
transmtk“?é‘g’ B‘rpﬁg’iqg?}ﬁ | evel will not be received by the SRR [0096] FIG

14A shovvs t hat _two SmartNODEs 3A and 3B, and one SRR 3C are installed on
level 30093l SREG{INADESI4Bashenitipassibls uses Ak fing dagabizatipe vedeivar agndrdingto one
Smart NODEs | A and IB are installed on level 1. [0097] The score N, based on
t he nurevehodohend of the pmsk@tlsvmgm Grrawrse NODEno focgifatiom received orSRResab prdider e N
A= 1, N B= 2 and N3c 3 respectively. The score N, based on the nunber of

dat a pachighe ae«andmy&rfahet NeRonoot thesitljec? Thixcieidue th e €adh2t SRR 3 d WABsho#s
respectively. The score N, based on the nunber of data packets each

Smar t NeB¥ep@ion tayelthekefoRC&ity patkats frahbrhifted FBmAMGHNLRBva Wil s BE rdckived ¥y ﬂ{e0098]
As the SRR has a very short reception range, data packet transmtted rom

anot herggevel will not be received by the SRR Therefore, higher weightage
i's assigned to the SRR as conpared to the Smart NODE. SRR 3C wi || have a

hLahet BT 6 4 45PNy SPaf PSR oHR 5o SRSE IR0 A
level 3, two SmartNODEs 2A and 2B are installed on level 2 and two SmartNODEs 1A and 1B
are installed on level 1.

[0097] The score N, based on the number of data packets each SmartNODE or SRR on level

3 received are N3a = 1, N3g = 2 and Njc = 3 respectively. The score N, based on the number of
data packets each SmartNODE on level 2 received are Ny = 0 and Nog = 3 respectively. The
score N, based on the number of data packets each SmartNODE on level 1 received are N;5 = 0
and N;p = 0 respectively.

[0098] As the SRR has a very short reception range, data packet transmitted from another
level will not be received by the SRR Therefore, higher weightage is assigned to the SRR as
compared to the SmartNODE. SRR 3C will have a higher weightage of 2 compared to a
weightage of 1 for SmartNODEs 3A and 3B. Therefore, the score L; for level 3 is 9. The |
SmartNODEs 2A, 2B have a respective weightage of 1. Therefore, the score L, for level 2 is 3.

The SmartNODEs 1A and 1B have a respective weightage of 1. Therefore, the score L, for level

1 is 0. As L3 has the highest score, the subject 244 is in level 3.
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Smart NODEs 2A, 2B have a respective weightage of 1. Therefore, the score L2
for level 2 is 3. The Snmart NODEs | A and | B have a respective wei ghtage of
1. Ther efWpao1yfigl76core Li for level 1 is 0. As L3 has PRESG2¢1888926Fcor e,
the subject 244 is in level 3.[0099] Another use of a SRRis to further
segnent an area. |In one enbodiment as shown in FIG 14B, level 3 can be
further divided by a partition into two roons, nanely roomA and room B. A
first SRR 3A can be positioned in roomA and a second SRR 3B can be

posi ti ofpego]i N MABIRePuseAF AR m&&rcsaﬁlnlaﬁ aR0Rdal _!:P&?eded?%d\ﬁﬁgrﬁgg gﬁ&#ﬁ”

roomB. As the SRRs 3A and 3B have a snma reception range, 2 fand
3B wi || h¥RC I L ct i room T IS requjre or
he SRIEGAMBTEVIR CA%, E‘FE*%EW%P?%P&'&S%’&E%@@ o%%r‘*@(zo%?ﬁe% P AP ae

t he subje j s, l.ocated.in room B, ,only the Wi e.able to
recei vgﬂ; 't'%tgr%a a %Aég%éﬁesp Ftomed Héro%‘?‘iaad%‘ﬁ&co&g%?ﬁbﬁgﬁﬂ} ]%ec]??slltfo(ﬁ‘e‘id B’O‘]‘)"Pikq[
15A and, F 1 effects .of using weak and strong signal data packets
on | oc gﬁ;'i égﬁam gﬁcﬁaﬂﬁelpBS‘Bﬂ%ﬁdg?‘Pb‘B%ﬁnrféﬂ‘P A end pronpBeds the $hRedh iaph 3BThe
weak and strong signal data packets enables the Smart Sense systemto

achi ev g’aéie Bemalreeeptign range; ba SKRshband 3Bawill ¢nly eoven theierespactivagem. sFtge.
FIG 15A and FIG 15B illustrate how the weak and strong signal data
packet SeaRPPR isaaqiredtfbethe SRRsoiA ynd BB tovmaload ittgiradatadpacketpa akaintroBerus ed,
there may be a situation that the signal may not reach any Smart NODEs. To

over corservet.iAstthe pdfject 24 isdoiat i Mubdr B, Wit thd SREEIB GYIEBe itde ff RVdiethE @atac!
coverage. On the other hand, a strong signal data packet will may bring

about qracless frevahe HybTASS i tRdsubjdef 101] FI G 15A and 15B show a plurality
of Smart NODEs 246, 248 and 250 positioned spaced apart from each other.

e 0l S it
localization according to one embodiment of the present invention. The weak and strong signal
data packets enables the SmartSense system to achieve a better localization without a sacrifice in
the coverage range. FIG. 15A and FIG. 15B illustrate how the weak and strong signal data
packets compliment each other. If only the weak signal data packet is used, there may be a
situation that the signal may not reach any SmartNODEs. To overcome 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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Smart NODE 246 and Smart NODE 248. The Hybrid Tag 104 has a weak signal data
packet transm ssion range denoted by a small circle 252 and a strong signal
dat a pack&0 2010énsrbssi on range denoted by a bi gger cir clPETES2008BD@67 15A
shows that if only the weak signal data packet is transmtted, the signa
may not reach any of the Smart NODE 246 or Smart NODE 248. Andwhen the strong
signal data packet is transmtted, both the Smart NODE 246 and SMart NODE 248
receive the signal, thereby resulting in cross-level or cross-area

t . inOfRe s Hda i ifte | els bl
r ans miwidnOfe stk Ghald Ng[%a%ﬁa § aUSniRed MR th s@}ﬁl\@@éégggmg%%bwmanﬁ c

Smar t NODE 246 and Smart 248, nearer to Snart ar to

15A, t g?%%‘i\ieqh% ana]}ptﬁrljgggge%ul\gﬁ%ﬁa&é%q@%lgggr%s ogcket transm ssion range

denot e a small “citc rong srgnal "data p%lsé%t transm ssi on

range d i gaer cjrcle 254...Unlike FI 1 I 1 shows i f
only tﬂgﬁlﬁg k @%ﬁé’;? Sgg?'%\a %ié%ﬂgt ag 8"%1?%(}?9:‘??&‘“{6&8?1‘16&3@?15 ﬁ% a‘l“ggﬁl OPKe
Smar t 248. Agd mgggwize str?n% signal data packet is transmtted, the
Snar t » BEAECT 40 Sppapt 8. Shilaite Kp. 156 the HybridTagd04thes a syeak signal datan
FIG 15A as the Hybrid Tag 104 is positioned nearer to the Smart NODE 248.
Ther ef dreket gragsmission rapge giﬂl@fﬁ@fi ibyna et ecirdle 282 cand| a retrpng signakbdata packet
Smart NODE or to prevent cross-level or cross-area transm ssion, nore

Smar t NOREsmissipn bangd dphasgdbly a higgem@rcld 264pUnlikel BIG 154 FEG. L5B/shoagéf orl 03]
FIG 16A to 16C show respective scenarios of a nmethod of tracking a

| ocat i oveakdégnbl data phcket Sulpdresiittddn tHelsilgnap reaskdsghé BehaatNGDE b2 oendasadmen a
data type according to one enbodi nent of the present invention. [00104]

FI G 1Gfoid eighal adatd pR%eSHs QFMYmitel] theEnaMNODEWASSIRY tNGPES tHe N8dral. e /N
each level. Smart NODEs 3A and 3B are installed on |level 3, Smart NODEs 2A

and 2B iﬁﬁﬁe iHastRddRdn FG! 9L Ls ale%ﬂorﬁrg{gt mioéiéoﬁéadnelaﬁr% fhe' Slﬁ&rﬁ\}(')ﬁﬁ on

| evel tracked subject 244 wt
248. Therefore to prevent the situation where the signal may not reach any SmartNODE or to

prevent cross-level or cross-area transmission, more SmartNODEs may be deployed in order to
provide a better coverage.

[00103] FIG. 16A to 16C show respective scenarios of a method of tracking a location
identity of a subject including assigning a weightage based on a data type according to one
embodiment of the present invention.

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

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

FIG. 16A.
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Hybrid Tag is positioned on level 3, nearer to Smart NODE 3B. [00105] The
Hybrid Tag fromthe tracked subject 244 first transmts a strong signal
dat a pack&¥0.20d18aart NODEs 3A, 3B and 2B receives the BCT®6300810g¢?a7 dat a
packet as shown in FIG 16A.[00106] After transmtting 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 shown in FIG 16B.

[ 00107] As the possibilty of a Hybrid Tag being in an interrogation zone of

a Smar t j§ODES) " e aiey itrafsrhilte @R Ksudhg ?ﬁ%&‘éﬁs@ pagkdt Clhel ﬁyﬂHcﬂlﬁ% tla @it %]“&ggf;

i nterrogation zone of another Smar ‘receiving the strohg signa

packet , gighaDHAR ShKME ITHE Ll ' S| ta packet
Wi Lo s o RackeE 1HE SRR it aaB AL obR bl e T SR PR s

[ 00108] 1@15156 16C, Istrong is equal to 1 and Iweak is equal to 2 . The
score I\F or "each Smart NODE is cal culated by summing all the weights of the

data p it received,. el, 3, for Smart NODE 3A, N3A is equal to

| str ongl,%m chff §heea‘ﬂFé1%ﬂfy08.1a %@%H@ﬁ%ﬁtb@g@s@, infgmegationcenng | of taSmprENOD of

| strong and | weakwhjch is equal to 3 . On level 2, for Smart NODE 2A, N2A is
equal ti6cedviagdhe greakpignaNdpie pasketN3shigkeretham another intertagationzpush of snetheral t o
1. Onlevel 1, for SmartNODE IA, N 1A is equal to O and for Smart NODE | B, N
1B i s eYuaiN@BEQecdiviog Gled stidngrsigiad detaopagkét, & diighen eleightage | willsbec givenikatied by

sunmmi ng the score N of each level and the Ievel with the highest score for

L will voektstgnal datepacket vefiletaiowtr weighdgs wil] Begivelried.thd sironp Gignidlfata pdaRetsCOr e
L3 for level 3 is the sumON 3A and N3B, which is equal to 4 . The score

L2 for [DemB] 2In FIGheeCUM,GE M efuatnsl IN&R AWh] &edul &AYAThE Qcdre N Br 8487 € Li
for level 1 is the sumof NiA and N 1B, Ich is equal to O . Therefore,
the tragkRINODRE AL by sunining %@l thd wehtsdr HRSdata Mcgggﬁtreceived. On level 3,
for SmartNODE 3A, N3, is equal to Astrong, Which is equal tol. For SmartNODE 3B, Njgpis equal
to the sum of Agirong and Aweax Which is equal to 3. On level 2, for SmartNODE 2A, N, is equal to
0 and for SmartNODE 2B, N,, is equal to Astong, Which is equal to 1. On level 1, for
SmartNODE 1A, N4 is equal to 0 and for SmartNODE 1B, N3 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 L; for level 3 is the sum of N3, and Nsp, which is equal to 4. The score L, for
level 2 is the sum of N4 and N,p, which is equal to 1. The score L; for level 1 is the sum of Nia
and N, 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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score of 4 . [00110] In the foll ow ng description, further aspects of

enbodi nents of the present invention will be explained. [00111] According
to one emvodoanti17éf the present invention, determ ningrcisGhasabizen of the
subj ect based on the | ocation score includes determning if the |ocation
score is unique.[00112] According to one enbodi nent of the present

i nvention, the nethod further includes checking a |location history of the
radio frequency identification tag if there is no unique |ocation score.

[ 00113] [0f¢£g" diAkBorkif qg%ngmgg&ﬁﬁiﬂ{ ?P{he G xﬂ?&ﬂltonl &\é%&h&d‘@nﬁl £ m@i%dhOd

further includes rec |vrng I rs recelrvers ou

ont | 11tehe h HEE el ccorf%r TN Haiags bevie

i nvention, the nethod further |nclude receiving, by the second set of
receivé?g out of a plurality of receivers, the first signal fromthe radio
frequency identification tag 00115 Accordrng to one enbodi nent of the
presentl0 hr’@é nt A6FPTdiBE dp oBe e{nh imeptef e ppresentyipraitipay the imethaddfsther iilndes
interrogation zone and each of the second set of receivers includes a
second Teefiving.dyathe dinst sonef. refedders 64t facpinmlitygoft ecavers,ethd eatond signa ffrdni ¢he
present invention, the first interrogation zone is snaller than the second
interrogémﬁhnpmmyaknﬁﬁ&ﬂEthﬁccording to one enbodi nent of the present
invention, the method further includes collecting the first signal and/or

the seqoomidsi gnatordiag e vae emoalhﬁnﬁepﬁﬂq)rés%ht RiveRt®me theChethbd ke Mchide! €F
server wwthin a pre-defined tinme interva
receiving, by the second set of receivers out of a plurality of receivers, the first signal from the
radio frequency identification tag.
[00115] According to one embodiment of the present invention, 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.
[00116] According to one embodiment of the present invention, the first interrogation zone is
smaller than the second interrogation zone.
[00117]  According to one embodiment of the present invention, the method further includes
collecting the first signal and/or the second signal received by the second set of receivers in a
controller server within a pre-defined time interval.
[00118] According to one embodiment of the present invention, the method further includes
storing the received signal in a database server.
[00119] According to one embodiment of the present invention, the method further includes
processing the stored signal in an application server and saving the processed signal in the

database server.
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[00118] According to one enbodi nent of the present invention, the nethod
further includes storing the received signal in a database server. [00119]
Accor di ngvoaowvidiyabodi nent of the present invention, tRETHS2BH09267t her

i ncl udes processing the stored signal in an application server and saving
the processed signal in the database server.[00120] According to one
enbodi nent of the present invention, the nethod further includes

associ ating each location with a predeterm ned set of receivers out of a

pl ural i fog1] ' Re&drifkSo ohl Ahbddinfdar of gl!eﬁgibshlgt BO&tIBHP@Lginﬁ‘eptHéq RlthERcREES Nt

i nvention, cConmputing a |location score I es conputing a | ocatlion score

further | e he.subj ect.. [00122]. According to
one e rrbaosgﬁ ?r%%g %(Q)qfhalto E%%S@Ehe%?@éég‘ﬁ?%do% 0# i cee“f)err %i)‘gé) #zea & Euﬁ%l \11/t g r#;; 8™t he

subj ect | ependent on at |east one.item selected froma. gropyp consisting
of | ocal¥ DT Fesding o onE caAimant of e ipseBing Patiegy ERFRPHINESh oga QR score
novenent and | ayout of the location. [00123] According to one enbodi nent of
the pr dBelHdesicRBREnGH location sepredprthgr basad anpdirpigeisd moxpment|of shespbieat. f i r st
predeterm ned threshold value. [00124] According to one enbodi ment of the
pr esent (00Kt Aseprdingdo ae smbpodimentpf theairesgasinyertiogn the iyejeoted ancvementdof
predeterm ned threshold value. [00125] According to one enbodi nent of the
pr esentthe subgert isodependeat sreatdnabt pnedeh selattad frombar grotypbahsistihgl ef logaticavigstotyhan
the first predeterm ned threshold value. [00126] According to one

enbodi nafnlic wibject) dirpetdaoifindvement] speed of MEvenamo al Iayad of tieTbda@dnt hr eshol d
value is at |east substantially the sane as the first predeterm ned

threshqpg1283! UBccdriflg 34 Jonbeaodiniat b (RN BreSsR GV eNROS, ME frftesiplaf $Mides a

invention, the deternmning unit being further configured to determne, if
the | Ocs'?édapﬁbo%ggrﬁ?st \predéttiflihed threshold value.

[00124] According to one embodiment of the present invention, the second signal includes a
signal below a second predetermined threshold value.

[00125] According to one embodiment of the present invention, the second predetermined
threshold value is lower than the first predetermined threshold value.

[00126] According to one embodiment of the present invention, the second predetermined
threshold value is at least substantially the same as the first predetermined threshold value.
[00127]  According to one embodiment of the present invention, the determining unit being
further configured to determine, if the location score is unique.

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

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

tag.
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[ 00128] According to one enbodi nent of the present invention, the system
further includes a checking unit for checking a location history of the
radi o freyoeauyolientification tag if there i s no uni quECITSEGAISHAV2ST O €.

[ 00129] According to one enbodi nent of the present invention, the first set
of - receivers out of a plurality of receivers further receive the second
signal fromthe radio frequency identification tag.[00130] According to one
enbodi ment of the present invention, the second set of receivers out of a

pl urali r i ver . i i . Si . i

Fr equenty U], ARFirdEicio bl SARSGBERD IR rEnl ik Bhiol, BB Reohd OLE RSN AR
present J nvention. each aof .the fir et of receiyvers. includes,a first

Pt or r o3t oD REreRicts Ritpep receivs Yoo B el PR heCtalioErashet dhatshcon
second i nterrogation zone. [00132] According to one enbodi nent of the
presentmgﬂvention, the first interrogation zone is smaller than the second
interro&ation zone. [00133] According to one enbodi nent of the géesent

i nvent i G131 he Asgerding, ouprchembedimenidet the prasent dnyventioneeaghr ofc theniawst set eH t he
second set of receivers, the controller server collecting the first signa
and/ or rehaveeamiuies iadirsl intepgationdzdmg anfieeaste obthe ssedndofet pE ceeivens Snaliiddsian a
pre-defined tinme interval. [00134] According to one enbodi nent of the

pr esent secondeinterogatidnt@n&yst em furt her i ncl udes a dat abase server connected
to the controller server, the database server storing the received signal

[ 00135] [ode32r diAkEoriiig A6 8 BaBstiRERL ofQhe praSenl (BSRIEn, VST hRRogitlt Hxsiem
further includes an application server connected to the database server,

the apply R} ihaR HREYSH iReREE%oh Bond he stored
[00133] According to one embodiment of the present invention, the system further includes a
controller server connected to the second set of receivers, the controller server collecting the first
signal and/or the second signal received by the second set of receivers within a pre-defined time
interval. |
[00134] According to one embodiment of the present invention, the system further includes a
database server connected to the controller server, the database server storing the received signal.
[00135] According to one embodiment of the present invention, the system further includes an
application server connected to the database server, the application server processing the stored
signal.
[00136] According to one embodiment of the present invention, the system further includes an
associating unit for associating each location with a predetermined set of receivers out of a
plurality of receivers.
[00137] According to one embodiment of the present invention, the compuﬁng unit being
further configured to compute a location score further based on a projected movement of the

subject.
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signal. [00136] According to one enbodi nent of the present invention, the
system further includes an associating unit for associating each | ocation
wi th a preoepsyvetitied set of receivers out of a pluralit PCHSG2e08H026T S.

[ 00137] According to one enbodi nent of the present invention, the conputing
unit being further configured to conpute a |ocation score further based on
a projected novenent of the subject.[00138] According to one enbodi nent of
the present invention, the projected novenent of the subject is dependent
on at | @a$IsIoNaActédingS8! detdtholinm af Qfe%}gseﬁpﬁfﬁeﬁtridd?ghé) rojaeggatrh%n{}htséf) ry
of the subject, direction of novenent, speed of novéenen nd l'ayout of the
| ocat i | i of the present..invent.ion, the
first gt:ﬂa rﬁ%ﬁ&ftﬁ%?e e‘g&gg}é ?glﬁéﬁ? Ogggslggglggkggﬁa&par érggy Pm nes 0% horcgté?ﬁr)]lingowal ue.
[ 00140] cordi ng.to.one enbodi nent .of the present invention, the second

si gnal ?tﬁﬁé Hiss Eguglctboﬁlacf? VPR, SREEL 8%1‘&5‘0}5‘?‘% f’%‘fﬁ?ﬂ‘gd’%ﬁml@%‘wd val ue.

[ 00141], Accordin 0 one enbadi nent of the present invention, the second
predet P4 ﬁﬁf?‘ﬁéﬁglta Qi‘&l"t?g’ngn‘?%\%rth‘i REFSCRt HBVENPR; the fastesignaliindudes a

t hreshol d val ue.é100142] According to one enbodi ment of the present

i nvent i B#nal ahpve adugpaedstesmined thiesheldl Yalireeshol d val ue is at | east
substantially the sane as the first predeterm ned threshold value. [00143]
Accor dil86140d oAecardingdo wpeembéditrient gfr the preserit iveentiomrthe tdvend sigail isctdesfa
receivers is in communication with the second set of receivers via radio

f r equersignahiedos a spénd piddeftemined ithirgshbld vane. enbodi ment of the present

i nvention, the second set of receivers is in communication with the

cont r ol [per41§$ er Meordling 18 ohe EMbdIdfiAdnt @f e pMBES -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 membry portion.

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

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

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

portion of the second tag is a non-volatile memory.
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[ 00145] According to one enbodi nent of the present invention, the first tag
further conmprising a first tag nenory portion. [00146] According to one
enbodi merWOoa@pP1tigl7pr esent i nvention, the first tag i denPCTEG2e0880e¢R62d i n
the first tag nenory portion. [00147] According to one enbodi nent of the
present invention, the first tag and the second tag are electrically

i solated fromeach othe [00148] According to one enbodi nent of the present

i nvention, the second tag nmenory portion of the second tag is a

non-vol o4 MNXREMink A0 LA Emb6ERTe HGmE (Bre?&ﬁ iﬁvr%lﬂgﬁ,qﬁghrs?{taglggrﬁgﬁ_e;\ﬁl)gﬁ%an[ ile

invention, the first tag nenory portion of the Tirst tag

rrem)ry.O%Rgégplag%%?&gi@gtg%gnﬁbgﬁenbodi ment of the present invention, the

first ta an-activ juency identification tag and the second

tag is sive radi o frequen i d ification tag. [00151] Accarding to
one enb@g P nt A&for?‘r?g(%% PRS %ﬂgo‘ﬁ%\?‘étrﬂ%i%%f,’ref%“w’i‘tﬁ“’ thg firstdagispnactiyeradin o
frequen identifjcation tag and the second tag is an active radio

fr equenfg%vﬂuieafemfimft?a??fbtﬁg P%fgt.he perond 29 1aa passieradie dregwracy ifdsotfication tags t he
present invention, the active radio frequency identification tag further
conpr i si913 1t h&cearding to onenBBlimertcd thi prgsenbinyesioanthe dirstaag isafpasties pdsent

i nvention, the active radio frequency identification tag further includes a
radi o flremesscdentdeatdnf tag atd tha sedond tegtis amaciva ratio fragueyicyldentfication tagh
connected to the radio frequency identification circuit, wherein the

nor nal | POT32)s e A csotling o iohe @aTboUFNE Bf SCHrebdh@invahifoh, ithe h&tiveUalliBChr&flend @
magnetic field environment, the radio frequency identification circuit is

el ect rijdaldfitatbrSag Rirdief Esindrised teRARY. SUPPl Y and when it is out of the

magnetic field environnment, the radio frequency identification circuit is

el ectri [@GBSY According to one embodiment of the present invention, the active radio frequency
identiﬁc_:ation tag further includes a radio frequency identification circuit; and a normally closed
switch connected to the radio frequency identification circuit, wherein the normally closed
switch is configured such that when it is subjected to a magnetic field environment, the radio
frequency identification circuit is electrically disconnected from a power supply and when it is
out of the magnetic field environment, the radio frequency identification circuit is electrically
connected to the power supply.
[00154] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes in
form and detail may be made 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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connected to the power supply. [00154] While the invention has been
particularly shown and described with reference to specific enbodinents, it
shoul d bewOrdwydied by those skilled in the art that vEETSG0EHEIRgES in
formand detail may be nmade therein w thout departing fromthe spirit and
scope of the invention as defined by the appended clains. The scope of the
invention is thus indicated by the appended clains and all changes which
come within the neani ng and range of equival ency of the clains are
therefore intended to be enbraced. O giff,sWhat is clainmed is: 1. A nethod
for determning the |ocation of a subyect, conprising: receiving, by a
first sWhatosclagoed sers out of a plurality of receivers, a first signal from
a radio frequency identification tag being assigned to the subject, wherein
the radio frequye i i fication t h assigned a.radi o frequency

i denti ficati %nxtlgétx?%go%@%{ewﬁrﬁl ctg? W?‘g‘{“@fﬁ‘sﬁ Jf‘étgf)%présé?g’of receivers out of
a plurality reieiviagebywefisst set sfaecdivkrs baetl a plugdlity bErdcade®, h fied Upnelfrom a
identification tag, the . secqnd, sitgn | being different fromthe first
signal , wherd{ &%&‘eg%é “géiitm&f asg‘zf‘éﬁlgxéﬁ%gqeé @i theepubigets wherpinhthef fadiot  set
of receiver enRUhéd i ' ; r - j ' out the
first si gna?feq&mer e?%ﬂfﬂiﬁglcinﬁ? %&%ﬁ%f%ﬁé&aﬁrgﬁ?ﬁg f#@%ﬂt@%{%&gﬁg% fsag?tﬁ luded in
the first sirgeraVingyy agigcerdesef ofirseeivars owsfof p pbuwality o€ recaiversf aisecomel sigmb fdmon  an

i nfornmati on . Q i gnal erein the infor i on, abo the
!second s: gnatﬁp?&s&? tg%ﬁlﬁ%‘gg llgﬁu?llﬁ%w%ef@%’\r,\\@‘esslegoﬁlgl Sl%'hahi %Swgt”(ﬁge%e&: grﬂﬂ‘u Ett{}ﬁtf
recei vers; aighaljetherdin therecontl getlcbeakivers iofiffehait Sub e firdd o6& o reabiverse

| ocation score. . . . . . .
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 éignal 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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2. The nmethod according to claim 1, wherein determning the |ocation of the
subj ect based on the location score conprises determning if the |ocation
score is WA2QUWN1186 The nmet hod according to claim 2, fuPCHSG2e80pI26%I ng
checking a location history of the radio frequency identification tag if
there is no unique |ocation score. 4. The nmethod according to any one of
clains 1 to 3, further conprising receiving, by the first set of receivers
out of a plurality of receivers, the second signal fromthe radi o frequency
identification tag. 5. The nethod according to any one of clains 1 to 4,
further conprisingreceiving, by the second set of receivers out of a

pl ur al i tegeivhg,rbyabe veepnd set bfrekeivers osi efraglluhlityraf rdveivesdihe firstaignan@ym the
identifjcation ta n? The net hod according to any one of clains 1 to 5,
wher ei nraglgglf?qg?m?'ﬁ%e lf“F%t’ton%ﬁ 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 claim6, wherein the first

i nterrogatidh Ib%@ei@ aegording to anypne Eclgimsonie 5 whereitogat i on zone. 8. The
met hod according to any one of clains 1 to 7, further conprising collecting
the first signal and/or the second signal recei ved by the second set of

r ecei vegash pfiithe fics setrod kdceivessanchades wifirkti inteArogution dexd andcbath ofthe pdcend/ sdt of 9. The
met hod accordi n urt her conprising storing the received signal

inad ar{:%‘eb\éegsemglgfi?ﬁeq. SCCOH({TI]I]?CITOgatIOIl 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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10. The method according to claim9, further conprising processing the
stored signal in an application server and saving the processed signal in
t he dat abdeeowenyys. 11. The nmet hod according to any on@C#fSGe0sione61t o 10,
further conprising associating each location with a predeterm ned set of
receivers out of a plurality of receivers.12. The nethod according to any
one of clains 1 to 11, wherein conputing a | ocation score includes
conputing a |location score further based on a projected novenent of the
subj ect. 13.13TMe MRAHVAGCAGERE® B &t JFlcBimt 12 1¥RARIL the projected
movenent of the subject is dependent on at |east’ one Item selected from a
group consisting of location history of the subj ect, direction of novenent,

sheeq ok BUFIRThcaOF ALl Sy hRSALLE s fF R BSEREALT .05, e

a firstmpvenkeit ef theselgedthr eshol d val ue. 15. The net hod according to any one
of clains 1 to 14, wherein the second signal includes a signal below a
second predeterm ned threshold value. 16. The nethod according to clains 14

and 15, MherﬁiHhéhﬁﬂ&ﬁgaaﬂdmgﬁﬂ&hﬁﬁﬂiQﬂﬁn&ﬂr95h0|d value is |ower than the
first predeterm ned threshold value. '17. The nethod according to clains 14

and 15, wherein the second predeterm ned threshold value is at |east

subst an[?jg ?Hd%téd}%\%%gﬁt ?ﬁh& F\ﬁ)&c;clt fsséep%(ﬁg £L€ rtrﬂ:a@f one 1%%§eﬁ' %gfmén ?%ogfi 8. s ef\ of

system etermnin ion o
r ecei vesomsisting offloatiph hrstdry bglthefsuwjeaﬁdmsatlsn f)DxlhoV@xﬁIe'ﬂt \sp&l of nidvemkentsdngnal from

a .
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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radio frequency identification tag being assigned to the subject, wherein
the radio frequency identification tag has assigned a radio frequency

i denti fi caOi20n/t1ag6i dentity; a second set of receivers @®GI/SGRO/Op267 al ity
of receivers for receiving a second signal fromthe radi o frequency
identification tag, the second signal being different fromthe first
signal, wherein the second set of receivers is different fromthe first set
of receivers; a conputing unit for conputing a | ocation score based on an

i nformation pRhAWker dFerefdivedt o an@blurémlff bEtdelBs ﬂoPEéEEHH{g' Q@ir&?%ﬁsl fbg first

signal is included in the first signal” and on the first "set of Tecelvers,
and further mdioeftegieney identificationi tag lading) tasdigred stoc thedsubjegpnaivheraine thei radiohe

RCGRIY TN IR R e

the second setl ot r'ede) VEI!S,

| ocation of 4 deomluek 6Ciectifge dunst 4 pleraligCetire@ivesCRF Baceilthg als¥omy SERMNrom
according to clajm18, wherein the determ ning unit bei n_(i] further
configured tBe datie frsnencyjidentficaton tag; the sseendesigral (hsingudifferzgt frometheyfirstem
accor di ng t qjglafiReddn thfelééédﬁﬁrsetcﬂ?melv%fsqgg@fe%?%anHenytgetfo?gecgngﬁ,k' ng a

| ocation history of the radio frequency 1dentification tag I there is no
uni que | ocata exmpiting ainit far conpitiog sitlecatian ceordibagpdton anpfametiof alduaihesirdt t o

20, wherein t fi.rst set. of receiver ut of .a pluralit recej vers
further rec eslE gl’t“hheereé%glg AROSPY abloPtotﬁ? ?’FFE stengfiis, BFF‘E‘&% é‘hﬁ‘)‘??{rﬂéfﬁnia’f? &0 on
tag. 22. ThehsYisst et ateo¢idémgarddofuathyr bu3ed 6h aflinfofBatich dbdulihe WB&Ideipnd he

second set of receivers out of a plurality of receivers further receive the
first si gna|wl}eir%tliq~|1élfonnatlon about the second signal 1s 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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radio frequency identification tag.23. The system according to any one of
clainms 18 to 22, wherein each of the first set of receivers includes a
first int\NOrROYaAtiA zone and each of the second set of PETSGREBYH0026T] udes a
second interrogation zone. 24. The system according to claim23, wherein
the first interrogation zone is smaller than the second interrogation zone.
25. The system according to any one of clains 18 to 24, further conprising
a controller server connected to the second set of receivers, the
controller server collecting the first signal and/or the second signal
recei ved by the second set of receivers within a pre-defined tinme interval.
26. The syst2nilhesystem aggordingfoznynols of ¢laintshidrto 22 mplidrsinng a dat abase server
connected to the controller server, the database server storing the
received signal. 27. The systen1accord|ng to claim 26, further conprising

an appl ¢achbf te 32 kuef reeiverihddddsa firtentabalRaeofeindedach bhde 3edhil Satofon
server prqcesslp% t he stored signal . 28. The system according to any one of
udg

cl ai ms TEERIYYS prpludes 3 saqgand ’(‘,‘Eﬁ"ﬁﬂgi’%‘?q@nﬁn associating unit for associating
each location with a predeterm ned set of receivers out of a plurality of
receivers.29. The system according to any one of clains 18 to 28, wherein
t he conput i r2$. ¢ systsei angording thetaim@3f whereid t 0 conpute a | ocation score
further based on a projected novenent of the subject. 30. The system
according to claim?29, 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, fux‘thef comprising

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

plurality of receivers.
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the projected novenent of the subject is dependent on at |east one item
sel ected froma group consisting of |location history of the subject,

di recti onwof2oromaervent, speed of nmovenent and | ayout of the/siceesiovezs7 31.
The system according to any one of clains 18 to 30, wherein the first
signal includes a signal above a first predeterm ned threshold val ue. 32.
The system according to any one of clains 18 to 31, wherein the second
signal includes a signal below a second predeterm ned threshold val ue. 33.

The system -%Qgﬁ%fﬁgcc%kﬁgﬁot K%Pg?s%aimm?tfe’g?’r#ﬂg second predeterm ned

t hreshol d val'ue 1s | ower I prede 2d 't hreshol d val ue. 34.
The system according to claim 31 and 32, wherein the second predeterm ned

threshold value is. t.Ieésfl substantially the sane as the first
pr edet e PRI LRSI WyEheonkgpredrigcomiputedloeation sertr durthsr hspd ena of

cl ai ms grdjetRd 3fbvereht sTithd fiBjeki.r st set of receivers is in comunication with
the second set of receivers via radio frequency neans. 36. The system

according to any one of clainms 18 to 34, wherein the second set of

receivers i j i i b1 h ntroller server via a
conmuni cat i ?rﬁ" gggg%r E L%@Q%Pafﬁ% zPrgla%glrrllcy identification tag assenbly

conprising : a first tag, the first tag having a first tag identity; a

second tag, .the second t havi n second tag identity and a second tag
nenory %SBW%TF% %‘@F‘é‘i“hoﬁﬂﬁ 4 "r"%g ‘%Bﬁf‘qeﬂte‘?ﬂ ‘?‘ﬁlif‘“a‘??d’ ifepeselested Apm agrovpent i ty

are st joRsistiny df6catiss ARtbrY 85thdBABEN, 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 tfxe 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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portion of the second tag. 38. The radio frequency identification tag
assenbly according to claim37, wherein the first tag further conprising a
first tagworomotiperti on. 39. The radi o frequency i dent pCirsatimnoiay
assenbly according to claim38, wherein the first tag identity is stored in
the first tag menory portion. 40. The radi o frequency identification tag
assenbly according to any one of clains 37 to 39, wherein the first tag and
the second tag are electrically isolated fromeach other.4 1. The radio

frequen identification.tag assenbly .according to.any one. of .clains 37 to
2o, oY e SR ket Rty i RS S SRS o fthst ST Kig TS fRaleney
non- vol mkadse nenory. 42. The radio frequency identification tag assenbly

according to any one of clains 38 to 41, wherein the first tag nenory
portion of the first tag is a non-volatile nenory. 43. The radi o frequency

| dent 111 cat i Theg,RaPRABIINAGLAY Shoor HAnR1Y 038 Wlergh ! B 37 10 42,

wherein the first tag 1s an active radi o frequency 1dentification tag and
the second tag is a passive radio frequency identification tag. 44. The

2010 TR b 5 S B AR A e SRS

tag andhethi@ksecond tag is an active radio frequency identification tag.
37. A radio frequency identification tag assembly comprising :
a first tag, the first tag having a first tag identity;
a second tag, the second tag having a second tag identity and a second tag memory portion;

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

portion of the second tag.

38. The radio frequency identification tag assembly according to claim 37,
wherein the first tag further comprising a first tag memory portion.

39. The radio frequency identification tag assembly according to claim 38,
wherein the first tag identity is stored in the first tag memory portion.

40. The radio frequency identification tag assembly according to any one of claims 37 to

39,

wherein the first tag and the second tag are electrically isolated from each other.
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45. The radio frequency identification tag assenbly according to claim43
or 44, wherein the active radio frequency identification tag further

conpri seswe 20tvanm7st or. 46. The radi o frequency identi f iPcatSiGaostoageeassenbl y
according to claim43 or 44, wherein the active radi o frequency
identification tag further conprises a radio frequency identification
circuit; anda normally closed switch connected to the radio frequency
identification circuit, wherein the normally closed switch is configured

such that whgnit j , magnetic.field.environne .the,radio
frequency i d@hﬁl % fa{gg ?o e%l%}rlggrllt{ffjcfl{siloneﬁaggfsﬁn%gf chiorgf%g%ﬂ’ég?ee C?‘?"Bﬁgatopomer
supply and whed0,jt is out of the magnetic field environnent, the radio
frequency identification circuit is electrically connected to the power

supply. 47. A radio frequency identification tag assenbly conprising : a

radi o fwRGHAAEYsecolith tiehdly fuHi6h bEME Secoftd MY iEE Irxbﬁ(—vﬁﬂ_aﬁf%qgelﬁ&%.t ch connect ed
to the radio frequency identification circuit, wherein the normally closed

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

envi ronment , 44t ' [ e | ificatjon circuyit is electrically
di sconnect ed ?gerﬁtag%p%%té'? I?cgﬂg%%‘mggo%n\ta/\ﬁ 3Snserlng)1yi aceord lngg? apyeneplg ﬁ’é‘?f g?m el d
environnment, tWe radio frequency identification circuit is electrically
connected to the power supply.

wherein the first tag memory portion of the first tag is a non-volatile memory.

43. The radio frequency identification tag assembly according to any one of claims 37 to

42,

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

radio frequency identification tag.

44. The radio frequency identification tag assembly according to any one of claims 37 to

42,

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

radio frequency identification tag.

45. The radio frequency identification tag assembly according to claim 43 or 44,
wherein the active radio frequency identification tag further comprises a thermistor.

46. The radio frequency identification tag assembly according to claim 43 or 44,
wherejn the active radio frequency identification tag further comprises

a radio frequency identification circuit; and
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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.

47. A radio frequency identification tag assembly comprising :
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 environment, the radio frequency identification

circuit is electrically connected to the power supply.
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