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TECHNI CAL FI ELD [ 0001] Vari ous enbodi nents relate generally to a system and
a met hod w0 20r1a8kiong 5obj ects in a space area. BACKGROURDT[SGRQAJ0Pa®S| ve
radio frequency identification (RFID) tags and active RFID tags are
generally used to track itens or objects. Passive RFID tags, which are
battery-less, can 10 only be turned onl when they are within a reading. range
of a RFID reader. Thus, the read range of passive RFID tags is limted, and
Is thus not suitable for real-tinme tracking of itens of objects. However,
passi ve RFI D t echnoPBSVEMSANDMETRODIQE TRACKINGABIELTS [ 0003] On t he

ot her hand, active RFID tags have on-board battery. Thus, active RFID tags
are always on and have a | onger tracking distance. As such, active RFID
tags can be 15 used for real-tinme tracking of itenms or objects. However,
using active RFID tags for |ar (REGHNICALIFIRL®Vel tracking of itens or

obj ects woul d i ncur higher costs as conpared to using passive RFID tags.

Further nqoge1]i t WaNowd &ifbddnéRafdldtt @ehRalb B RA6YdtoR alfif laDnbdE§ of Fra8SHE
applications. For exanple, it is not safe to use active RFID tags for

carryisng dkcRaaadpitie’ardadf t i n aviation |ogistics application. 20

BACKGROUND
[0002] Passive radio frequency identification (RFID) tags and active RFID tags are
generally used to track items or objects. Passive RFID tags, which are battery-less, can
10  only be turned on when they are within a reading range of a RFID reader. Thus, the read
range of passive RFID tags is limited, and is thus not suitable for real-time tracking of
iterns of objects. However, pas;ive RFID technology is preferred due to its low cost.
[0003]) On the other hand, active RFID tags have on-board battery. Thué, active RFID
tags are always on and have a longer tracking distance. As such, active RFID tags can be
15 ﬁsed for real-time tracking of items or objects. I—iowever, using active RFID tags for
large-scale item level tracking of items or objects would incur higher costs as compared
to using passive RFID tags. Furthermore, it may also be feasible to use active RFID tags
in some applications. For example, it is not safe to use active RFID tags for carrying on
board aircraft in aviation logistics application.
20 )
SUMMARY

[0004] According to one embodiment, a system for tracking objects in a space area is ‘

provided. The system may include a plurality of passive radio frequency identification



SUMVARY [ 0004] According to one enbodi nent, a systemfor tracking objects in
a space area is provided. The systemnmay include a plurality of passive
radi o frewoeocyosimentification 2 (RFID) tags, each pasecyscRHiDodoag bei ng
di sposed on an object; a plurality of active RFID tags, each active RFID
tag being disposed at one of a plurality of checkpoints or on one of a
plurality of nobile handling equipnents in the space area; a plurality of
passi ve RFID readers, each passive RFID reader being disposed at a '
respective checkpoint or on 5 a respective nobil e handling equi pnrent and
bei ng conRFHYY tads,teack passivei REHD: tagi idmgodispased woran ahgéar b pthrplitysifiaetii’-1 D
tags; a plurality of controllers, each controller being disposed at a
respect i \RFIDh&g pavhnicties RBID fagbeimpalidposed atohe bfa plardity 60chRakhoite ot orand
bei ng configured to conmmuni cate with the correspondi ng passive RFID reader
di sposed @k of BPLEMRG P RioBile BhndMhg @ipiiRRis i tHeapald 416a;2031RNBISS padsifl Ural i ty
of active RFIDﬁlom?gaders, each gg@ige RFI D reader be?ﬂg agggifated wth
one of a ral i ' N6snLdi RQQF |
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checkpoints_and/ or the act.ive RFEID tags of one or .nore nobile handling
cau phentesmear ot i pAdnY Salbar A kehe DRfieden i SRR HRPN, T
anot her enbodi nent, .a neth f trackjng.obj.ects in a space rea i s

o ovi ded O R dEisd TRV R i Rlyrdics hreanielety fophaorlor e
frequency identification (RFID). tags, and disposjng each passive RFID tag
on an objdisppsed atiarspechye chackpginger ar ajrgspegipjermpbile handline saupaenhandeach
active RFID tag _at one of a plurality of checkpoints or on one of a

pl ur al i t yeing qephgyred Frupeimmpgicet Wignibacerresponding ppuiie RFlbhreaderi digpoged
plurality of passive RFID readers, and disposing each passive RFl D reader
at a at the checkpoint or on the mobile handling equipment; a plurality of active RFID ‘

10  readers, each active RFID reader being associated with one of a pluraﬁty of predefined
zones of the space area and being configured to communicate with the active RFID tags
of one or more checkpoints and/or the active RFID-tags of one or more mobile handling
equipments located in the associated predefined zone.

[0005] According to another embodiment, a method of tracking objects in a space

15 afea is provided. The method may include using a plurality of passive radio frequency
identification (RFID) tags, and disposing each passive RFID tag on an object; using a
plurality of active RFID tags, and disposing each active RFID tag at one of a plurality of
checkpoints or on one of a plurality of mobile handling equipments in the space area;
using a plurality of passive RFID readers, and dispésing each passive RFID reader at a

20  respective checkpoint or on a respective mobile handling equipment such.that each RFID
communicates with one or more detected passive RFID tags; using a plurality of
controllers, and disposing each controller at a respective checkpoint or on a respective

mobile handling equipment such that each controller communicates with the



20 respective checkpoint or on a respective nobile handling equi pnent such
that each RFID conmuni cates with one or nore detected passive RED tags;
usi ng a pvorallasylosf controll ers, and di sposi ng each coRCTSIG2e/089003
respective checkpoint or on a respective nobile handling equi pment such

t hat each controller comunicates with the 3 correspondi ng passive RFID
reader disposed at the checkpoint or on the nobile handling equi pnent; and
using a plurality of active RFID readers such that each active RFID reader
is associated with one of a plurality of predefned zones of the space area
and conmuroresgoadingi paksivehRFIAL teader didposdt 2t glee deckpointer onthemobide kqndling s
and/or the active 5 RFID tags of one or nore nobile handling equi pnents

| ocat ed iequiphtengSadcusimiged phiraligf ofeaktizve IRFIDBRaldrs BESCRIaP BaéMNacive TRIEIIDRAW NGS
[0006] In the drawi ngs, like reference characters generally refer. to the

same par trgaded i$ RésotiaiR@UVith bie of hfphir@ldy ofi F¥@efintd Qofkisovf fhg SspadeCare®tand
necessarily to scale, enphasis instead generally being placed upon
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vari ous e iments of the invention are described with reference to the

f ol | ow : . Coh: 71 Bl _ : - ¢
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i nvention. %&%gg%ﬁggure 2 shows a schematic diagramof data flow of a

syst em f dF°

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] In the drawings, like reference characters generally refer to the same parts
10  throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various gmbodiments of the invention are described with reference
to the following drawings, in which: -
[0007] Figure 1 shows a schematic diagram of a system for tracking objects
15 aﬁcording to one embodiment of the present invention.
[0008] Figure 2 shows a schematic diagram of data flow of a system for tracking
objects according to one embodiment of the present invention.
[0009] Figure 3 shows a schematic diagram of a processor usable in a system for
tracking objects according to one embodiment of the present invention.
20 [0010] Figure 4 shows a schematic di;gram' of a system for ﬁacldng objects
implemented in an aviation logistics environment according to one embodiment of the

present invention.



obj ects according to one enbodi ment of the present invention. [0009]Fi gure
3 shows a schematic diagramof a processor usable in a systemfor tracking
obj ect s MO@PUI/N3gIoH0 one enbodi ment of the present i nveRCIEG2012000005

[ 0010] Figure 4 shows a schematic diagramof a systemfor tracking objects

I npl emented in an aviation |ogistics environnent according to one

enbodi nent of the present invention. 4AD 2011/084104PCT/ SG2011/ 000005 4
[0011] Figure 5 shows a flowhart of a nmethod of tracking objects according
to one enbodi nent of the present invention. DETAI LED DESCRI PTION 5

[ 0012] Enblé81Hent Eigufe & shopet @ Avwehirtofrremithad of tiackiog ohigcis mcewrdingup lohe be
described in detail belowwth reference to the acconpanying figures. It

wi || be aquodimeit eflthiclpadsettinveanibmdi ment s descri bed bel ow can be nodified in
vari ous aspects w thout changing the essence of the invention. [0013]Fi gure
1 shows a schematic drawing of a system 100 for tracking objects. The

DETAILED DESCRIPTION
5 [0012] Embodiments of a system and a method of tracking objects will be described
in detail below with reference to the accompanying figures. It will be appreciated that the
embodiments described below can be modified in various aspects without changing the
essence of the invention.
[0013] Figure 1 shows a schematic drawing of a system 100 for tracking objecté. The

10  system 100 may include a plurality of passive radio frequency identification (RFID) tags
102, a plurality of active RFID tags 104, a plurality of passive RFID readers 106, a
plurality of active RFID readelfs 108, and a pluralify of controllers 110. The system may
also include a processor 112 and a location determiner 114, e.g. impléménted as a
location determining circuit.

15 [0014] In various embodiments, a "circuit" may be a programmable processor such as
e.g. a microprocessor (e.g. a Complex Instruction Set Computer (CISC) processor or a
Reduced Instruction Set Computer (RISC) processor).

[0015] In various embodiments, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purposé circuitry or a processor executing

20  software stored in a memory, firmware, or any combination thereof. Thus, in an
embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex '

Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer



10 system 100 may include a plurality of passive radio frequency
identification (RFID) tags 102, a plurality of active RFID tags 104, a

pl uralitywofpassiode RFID readers 106, a plurality of aetmse26flobosaders
108, and a plurality of controllers 110. The system may al so include a
processor 112 and a |l ocation determner 114, e.g. inplemented as a | ocation
determining circuit. 15 [0014]1In vari ous enbodinents, a "circuit" may be a
programuabl e processor such as e.g. a mcroprocessor (e.g. a Conplex °

I nstruction Set Conputer (ClSC) processor or a Reduced Instruction Set
Conput er (REBQ@rogesswps4dcircuif’ GEay5ilsobesmprocessoraxbatingsnftwarege. tcamyckind " may
be understood as any kind of a logic inplenenting entity, which nay be
speci al pffcpmpatet progttini,feyg. @rcomppted pRJEMI using 6 Wirtuad) n¥chinetode@sirhat efged in a
menory, firmmare, or any conbination thereof. Thus, in an enbodi nent, a
"circuit"JabRY A8 athepkild\of @dple@ehttiéh 0E Uhd r@pedivie! RAEERIHIBRhRh Wl e Ci rCui t
such as a progranmabl e processor, e.g. a mcroprocessor (e.g. a Conpl ex

| nst ruct i &gl i RERYE&S] 6&5‘%%@%&%&Qfersfe&odaas%e%eﬁgvein%waﬁﬁée%éet

Computer 5 (RISC) processor). "A "circult” may al so a processor

execuki n%saﬂgﬁlweee s dinetNY ki nd of conputer prop-am e.g. a conputer
program using a virtual nachi ne code such as ‘e.g. Java. Any other kind of

i mpl ement atjon of, the res tive functions ich will be described in nore
dorai | bdPoHT oy s G358 R0 oPRY s waalelemied o, o cRBEURIC o h 5 an
al ternative embodi nent. [d(z)lgg-e6]W1T e V%%/isltlemm%ggimrreas ba(?e iin ds&%nghed iﬂrgorvari ous
envi r onmEAYEONmagHE, 1 accor ous € op
environment and aviation logistics environment. Figure 1 shows the system 100 being
implemented into a shop environment 120. The shop environment 120 may héwe a
10  plurality of objects 122, a plurality of mobile handling equipments 124 and a plurality of
checkpoints 126. The objects 122 may be boxes of items or individual items. The mobile
handling equipments 124 may be forklifts and trblleys. The checkpoints 126 may be -
storage shelves. Further, the space area of the shop environment 1.20 may be divided into
a plurality of predefined zones 128.
15 [0017] Each passive RFID tag 102 may be disposed on a respective object 122. The
passive RFID tags 102 may be used to identify the respective objects 122. Each active
RFID tag 104 may be disposed either on one of a plurality of mobile handling
equipments 124 or at one of a plurality of checkpoints 126. The active RFID tags 104
may be used to identify the respective mobile handling equipments 124 or the respective
20  checkpoints 126. ) |
[0018] Each passive RFID reader 106 may be disposed on a respective mobile

handling equipment 124 or at a respective checkpoint 126. In one embodiment, the '

passive RFID readers 106 may be fixed to the mobile handling equipments 124 and at the



environments in accordance with various enbodi nents are industrial shop

fl oor environnment and aviation |ogistics environment. Figure 1 shows the
syst em 10801e11Mg410dpl enment ed i nto a shop environnment 12@CTHGR0IHOEOS
environment 120 may have a 10 plurality of objects 122, a plurality of
nmobi | e handl i ng equi pnents 124 and a plurality of checkpoints 126. The
objects 122 nmay be boxes of itens or iendividual itenms. The nobile handling
equi pnents 124 may be forklifts and trolleys. The checkpoints 126 may be
storage shel ves. Further, the space area of the shop environment 120 may be
di vi ded icheckpaingd 126l In yfaof)uSple ediment, thneassiZ8RFID feadrry) B4c mapabsi ve
RFID tag 102 may be di sposed on a respective object 122. The passive RFID

t ags 102 handhelbdraadersl Eawhicdatndller \ 10 hmyrbesiisposéd/en alvgspedtsre IRdhileHmollimct i ve
RFI D tag 104 nay be di sposed either on one of a plurality of nobile

handl i ng eglipimRAEIR4Sorlat 4 réspedtive@REck@binfl176. Bash téntrodler CIERKPBE Bbsfighdél The
active RFID tags 104 may be used to identify the respective nobile handling

equi prent§ cdrthuficate\Rith BRPQHbpORIRS ;ﬁbﬁ%ﬁ@m&&d@moa hi% dtliERGhe ARSI ve

RFI D reader 106 may be dlsposed on a respective nobil andl i ng equi prrent
124 ok at Ry gﬁ&gﬂ ane. e dlnent the passive RFID
reade?s fggckkaépg%?l@ggp to t gﬁﬁreo ?hn%éhrlf mgqgﬁw prrents 124 and at the
6 checkpgj n..va t he D rea 106 may
e handhdV T eadeich YRRy P AR % aslotf e%ﬁﬂst%ggeea?%hﬁa s o e
nmobi | e han 124 or respe he 126
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passi ve RFID reader 106 di sposed at the sanme 5 checkpoint 126 or on the
sane nobil? EOTRBHMCALE QVI@Cfb‘F ﬁ‘r?é(ﬁlRF@ Aags 104 of one or more checkpomts 126 and/or the

active RFID tags 104 of one or more mobile handling equipments 124 located in the

10  associated predefined zone 128. In one embodiment, the positions of the active RFID
readers 108 may be the same in the associated predefined zones 128. For example, the
active RFID readers 108 mayAbe positioned in thé centre of thg associated predefined
zones 128. In various embodiments, the positions of the active RFID readers 108 may be
different in the associated predefined zones 128.

15 [6020] When the objects 122 are moved by hand, the objects 122 may be tracked by
the passive readers 106 disposed at the checkpoints 126. When the objects 122 are moved
by the mobile handling equipments 124, the objects 122 on the mobile handling
equipments 124 may be tracked by the passive readers 106 disposed on those mobile
handling equipments 124.

20 [0021} In more detail, each passive RFID reader 106 may commuﬁicate with the
passive RFID tags 102 detected within its reading range. For example, a passive RFID
reader 106 on a mobile handling equipment 124 or at a checkpoint 126 may communicate .

with the passive RFID tags 102 of the objects 122 disposed on or near the mobile |



[ 0019] Each active RFID reader 108 may be associated wth one of the
plurality of predefined zones 128 of the space area. Each active RFID
reader 108oray/dseiogonfi gured to comuni cate with the actcrscRHiDoways 104
of one or nore checkpoints 126 and/or the active RFID tags 104 of one or
nore nobi |l e handling equipnents 124 |ocated in the 10 associ ated predefined
zone 128. I n one enbodi nent, the positions of the active RFID readers.108
may be the sane in the associ ated predefined zones 128. For exanple, the
active RFID readers 108 _rmay be positioned in the centre_of the associated
pr edef i ntpndiipgequiprment |12+ obhe checkepigh 47 ¢reh pignalmpay Rrosent framseagh detreledict i ve
RFI D readers 108 may be different in the associ ated predefined zones 128.
15 [ 0020]pAssYe REED dhg 462 do 1he pagsevenBHEY readen 4061, At ignabjase teachl detegted, be
tracked by the passive readers 106 di sposed at the checkpoints 126. Wen
t he obj eqiassit@RFH} tigrtf2 ¢al thgypassine REID) teeddrd 06 maygndgde miiemtasiod ilicative
objects 122 on the nobile handling equi pnents 124 may be tracked by the
passi ve refadheidsntifitatich apmbadofothe tabasaatadndbjec 12antH vagouws embpdanéss, 1R«l. 20
[0021] I n nore detail, each passive RFID reader 106 nmay conmuni cate with the
passi ge EEF%IQI nag nchi adeiisrdl eskowhitiinutl & & LatleNgthlofBighal, FOmeSWAARAS, a
passi ve RFID reader 106 on a nobile handling equipnment 124 or at a
checkpoi ng W i i . f
obj ects IR R RIS g 1D 2R Wk gATS S or the
checkpoi 6 ' t 0, j ta

o s CRrh HaREl od ol PR RAIDNIEMAR o AELERLF S BPT ek S | 2°

102 to the passive Si gha passi ve

ndi cat | BPRAE eREP R I oh TR dmath ko e ME W38 |,

various enbodi ments, t : . C P
corresponding contrcr)]l?er 110- may include information indicative of the identification

10 numbers of the objects 122 and an identification number of the mobile handling
equipment 124 or the checkpoint 126. In other embodiments, the signal may include
additional information such as e.g. strength of signél, a time when the signal is sent from
the passive RFID reader 106, and a time when the signal is received by the controller
110.

15 [0022] The mobile handling equipments 124 and the checkpoints 126 are tracked by
the respective active RFID tags 104 communicating with the active RFID readers 108 in
the respective zones 128. That is, the active RFID tags 104 of the mobile handling
equipments 124 and the checkpoints 126 located in one zone 128 may communicate with
the active RFID reader 108 of the same zone 128. A signal from each active RFID tag

20 104 to the corresponding active RFID reader 108 may include information indicative of
an identification number of the checkpoint 126 or the mobile handling equipment 124. In

other embodiments, the signal may include additional information.



5 signal may include additional information such as e.g. strength of
signal, a tinme when the signal is sent fromthe passive RFID tag 102 and a
ti me wherwOnReligisgeal i s recei ved by the passive RFID reRG&SG20B/00848 h
passive RFID reader 106 may then send a signal to the corresponding
controller 110. A signal fromeach passive RFID reader 106 to the
correspondi ng controller 110 may incl Ble information indicative of the
identification 10 nunbers of the objects 122 and an identification nunber
of the nobile handling equi pnent 124 or the checkpoint 126. In other
enbodi nerl08231t heTh¢ pioagssemll 2; of ¢he systemdi0 manesceive pignata fioamthe phisality of . g.
strength of signal, a tinme when the signal is sent fromthe passive RFTD
reader 1Q®ntrolias 410 amkthetphralithef sctiea FlDsrendare il 08 dlHeyplodabtycafivontbllees 110.
15 100221The nobil e handling equi prents 124 and the checkpoints 126 are
tracked byotdnd thephedity vEaaize I RIEEDREdderd BASmaP derplodignaly ©athe Ppepcessoh 11he
active RFID readers 108 in the respective zones 128. That is, the active
RFI D t agsoafifucablyt Me pddal ErohnBathi dbatrE6RdH PIER thelgibcdtSslt | e nfalyeinkingd nts 126
| ocated in one zone 128 may comuni cate with the active RFID reader 108 of
the S3e ig@Rfatidiindfiadcifithe [d-AARGRGH nafibn Sr B GBidc01 20 wifediichlity

er ude fnformation

correspondi ng active RFID rea 108 may 1 nc ndi cati ve of

caui prenti5A of e HaERoifh ' RSESTE Wbl ohubBR [P shBulitidl

information.. 8.[0023] The processor 2 of th S 00. receive

o gnal o (TR RS 21 AP Y GTERaDR eI TR Sher kBTl {10 THE QIR FYB $hctict  ve
RFI D readers 108. The plurality of controllers 110 and the plurality of
active ReECH'G BEHR rf%adfbgomthg PIRFeEPH A L Daydneipde prormatiop indiqative gfithe,yous y.
The signal fromeach controller 110 to the processor 112 may include 5

i nf or mat iidentifiseficnanpmberosl theechieekpeintfi26aen e mabile handlingt epipingns ch24, 122,
the identification nunber of the checkpoint 126 or the nobile handling

equi glentstredgth ofthe sigyel and a time whiey thel signahis senttfrome theteetive REIX regder 10Bs sent -
fromthe controller 110. The signal from each active RFID reader 108 to the
pr ocessorln bilizr smbodimehtsdthe isighals neelyi indiudenaiditiinal/mfaatibee sucheasteld. iaamid on
nunber of the checkpoint 126 or the nobile. handling equi pnent 124, 10

st r engt h wientthesignal areceiddbyahé prdBeswbier12t he signal is sent fromthe active
RED reader 108. hi other enbodi nents, the signals may include additional

i nf or mat i{pgR4} UChTRS IRaflon BetbinfiBer1@Nof h8 sH5tBMEMmal UelchfifleI66htidNs bPGhe
processor 112. [0024] The | ocation determ ner 114 of the system may
determi n%hé&f)@ﬁl'tso 156 Ofnd! Meations of the mobile handling equipments 124 based on
15 information indicative of the identification numbers of the checkpoints 126, the
identification numbers of the mobile handling equipments 124, and the strength of the
signals sent from the active RFID readers 108. In one embodiment, the location
determiner 114 may receive the information from the processor 112. In another
embodiment, the location determiner 114 may receive the information from the active
20  RFID readers 108. In one embodiment, the location determiner 114 may be a real-time
location system (RTLS). The loéation determiner 114 may determine the locations of the

checkpoints 126 and the locations of the mobile handling equipments 124 based on a '

triangular-based localization approach.



checkpoints 126 and | ocations of the nobile handling equi pnents 124 based
on 15 information indicative of the identification nunbers of the

checkpoi nve 202)8410e i dentificati on nunbers of the nobi PETISGRON1/0NOS

equi pnents 124, and the strength of the signals sent fromthe active RFID
readers 108. In one enbodi ment, the |ocation determner 114 may receive the
information fromthe processor 112. |rp another enbodinent, the |ocation
determ ner 114 may receive the information fromthe active 20 RFID readers
108. In one enbodinent, the | ocation deternminer 114 may be a real-tinme

| ocat i on [8928em Therlogstiondetermenienl i 4 may be cpignsed to1ANRY argnal inditativee

| ocations of the checkpoints 126 and the | ocations of the nobile handllng
equi pnentaf ti@kbchtims af dire checkpoanty dPGrthd esrespbmling ideatification ppmbarshof the

[ 0025] The | ocation determ ner 114 may be configured to transmt a signal

i ndi cat i wheekpointe 1R6Calid docatiofis tofiethe hmokikoihahdling? @quiphenton 24;s ped dherg
identification nunbers of the checkpoints 126, the | ocations of the nobile

handl i ng ReeépeaBiRE Siddmificafiéit! nhiBers Q81T @8 NAGKlieN Bardia Rt dgipamintO M2 N uslige s of
the nobile handling equipnents 124 to the 5 processor 112. In other

enmbodisme rHr?cesM §18i18 '?)ﬁler @Bﬁoﬁlﬂﬁhﬂdﬁe @‘%qbltrhﬂnﬁit:luhg fa&’&xﬂ@ﬁeﬂ HForhidnR8cHE - 9-

strengthof the signal, a tine Ne signal is sent fromthe |ocation
det er mi ney, t [ sor
112. [ 0035 él‘s‘fren%“% gl P U5 ~° en%gg g5 5 Tt B ol BRERGEEPCY,

t he syst . A Si 202 |nclud| nf ormat i |nd|cat|ve of the

dent 111 v B b EPET e e 1i&°8wf€@¥bﬂef§%efﬁ°ﬁ3ﬂ%tory D), the
identification nunber f the bi | e _handl i n ui p Source | D), and
a time wilfbhe Kigwisa showsacyshematicliagramof aﬁ&y S DB AL RSB | 2
handl i ng eaU|pnent 124 to the processor 112. A signal 204 |nclud|n

i nf or mat i 186 Antdgnah20% inchiding wfermation indicative of ﬁhﬁﬂﬁé‘i‘%ﬁ“@fm? nembw@étﬂse 122

(I'nventory ID), the identification nunmber of the checkpoint 126 (Source
| D), 18nd ahjectsni@2\(irentone IR, dhreaidentifications pymber Tif (e mehily handlingeequipment r om t he
checkpoint 126 to the processor 112. In one enbodi nent, the signals 202,
204 may He4qBoirce H3)pand atmhey whemthetsignat srseno(Timestdrhf) mby tbh semrdfioorh ¢hehandl i ng
equi pnent 124 and the controller 110 of the checkpoint 126 to the processor
112. mobile handling equipment 124 to the processor 112. A signal 204 including information
indicative of the identification numbers of the objects 122 (Inventory ID), the
identification number of the checkpoint 126 (Source ID), and a time when the signal is
15 . sent (Timestamp) may be sent from the checkpoinf 126 to the processor 112. In one
embodiment, the signals 202, 204 may be sent respectively from the controller 110 of the
mobile handling equipment 124 and the controller 110 of the checkpoint 126 to the
processor 112.
[0027] Further, a signal 206 including information indicative of the identification
20 number of the mobile handling equipment 124 (Source ID) and strength of the signal
(RSSI — received signal strength indication) may be sent from the mobile handling

equipment 124 to the location determiner 114. A signal 208 including information -



[ 0027] Further, a signal 206 including information indicative of the
identification 20 nunber of the nobile handling equi pment 124 (Source |ID)
and st rengbhoofostive signal (RSSI - received signal strergirisGaadiooa@bson) nay
be sent fromthe nobile handling equi pnent 124 to the | ocation determ ner
114. A signal 208 including information 10 indicative of the

i dentification nunber of the checkpoimbo 126 (Source ID) and strength of the
signal (RSSI) may be sent fromthe checkpoint 126 to the |ocation

determ ner 114. [0028] In one enbodi nent, the signals 206, 208 may be sent
r espect i vedigativieyhthenidentifientian husmbet 06 thefchetkpoint H26 ESdvagediD) ragd styerigtineht - 124
and the controller 110 of the 5 checkpoint 126 to the |ocation determ ner
114. | n ghosipesl (REBD diaydbeatsenttfiven the gherkpoid0B26 Bk lveatidnaleteeminer ébpect i vel y
fromthe active RFID tag 104 of the nobile handling equi pment 124 and the
active RA0@8]ag Ihléneoémbdiémeretk Binals 2085208 nialther REPRSpdcYiQ@elgTrdny ¢heRFI D
readers 108 and then fromthe active RFI'D readers 108 to the location -
det er ni n@obnidifer 110 blﬁhe%@&ikbeharﬁlﬁhgdé fent (10§ idOfe! onaBffer P15 oM@ be sent
in both manners. 10 [0029] A signa §1 including information indicative of
t he ident.fd i : I%Fll-glgrb'l'e ahsid ' . d the
checkgoi tr?%lgd@g{éﬁ ?%%l%g;gqél;%)uggggtgt e IiolgétIé]ons %;w?lﬁgﬁhmg’i : %9%1%};%%]2_?% o
equi pnen h j . i ocat i : : t fromthe
oot on “aecasy BEGet By ep el T Kk R OT, BP0 b8 138 Rlne O
schemati c _di agr of .the pro r 2..The proc 12 15 may include a
first datABREENLLS 4nd b Cﬁ?’? ﬁgﬁ? %ﬁ&ﬂ’%ﬁﬁ%ﬁ%ﬁﬁ’."@ij?@éﬂ TERFCOREDE a group
consisting.of the jdentification nunb of the jects 122, the. .

Caont i 11 coBridigy W @b, fmdRe fiYE RO Teade 1 Rl G kot db BRI STnber s
of the mpbile handling equi prents, 124, and the time when the signals are .
sent frorhtHHB Yebaofhst Frapedimery, thesignals S06,20§mayibe septin bothymaners,de a second
dat abase 304 for storing information indicative of the |ocations of 20 the
checkpoi h9029] 26, A sigmalcl]Orinclydinglindermatien indi¢agize ob theridgavificatiops numhers of ‘
checkpoints 126, the | ocations of the nobile handling equipnents 124, the
cor r espottli nbile drandling: equipmentsiiBérandothe t dheckpoiits d2haSdiicagiBoandpthent s 124,
and a tine when the signal is sent fromthe |ocation determner 114. 11

[ 0031] Théoqatiome 9§ he Iiidbilkbkandfidgt euipneentsnflo4 naidi ¢ie sherkpainisn 1261Ghidr st

dat abase 302 every tine a signal is received fromone or nore controllers:
110. The [REATRS ERY bd teht fiRdyh tHe Urbord deterinided 1 MR td B8 pfdcesseel1in the second..

dat abase 304 every tine a signal is received fromthe |ocation determ ner
114. [0030] Figure 3 shows a schematic diagram of the processor 112. The processor 112

15 may include a first database 302 for stoﬂng information indicative of any one of a group
consisting of the identification numbers of the objects 122, the identification numbers of )
the checkpoints 126, the identification numbers of the mobile handling equipmeqts 124, - | :
and the‘ time when the signals are sent from the controiiers 110. The processor 1 12 may -
also include é second database 304 for storing mfofmﬁtion indicative of the locatidnsg qf; : L

20  the checkpoints 126, the corresponding identification numbers of the éheckpoihts 126,
the locations of the mobile haﬁdling equipments 124, the corresponding identification
numbers of the mobile handling equipments 124, and a time when the signal is sent from"

the location determiner 114.



5[ 0032] At the time of updating the information stored in the first database
302, the processor 112 may al so determ ne the | ocations of the objects 122
based on wo 28i1g8siothm which is based on fnding the best pomtschingodoosest anp
within a configurable tinme window for an identification nunber of a nobile
handl i ng equi pnent 124 or a checkpoint 126, and nmay store information

i ndi cative of the |ocations of the objlects 122. In other 10 words, the
processor 112 may. determine the identification nunber of the nobile

handl i ng e%uipnent 124 or checkpoint 126 based on received jinfornmation

i ndi cat i V&938F ¢ nideipgessesor il L4 maynpdate s wioraatiomspored iyths firstidatapse 308 si gnal
is sent froma controller 110. The processor 112 nay then select the '
| ocat i onery time anpgnal is reemividi fngm ege ppwers contralless 164 ddiepapgessor 262 maym t he
second dat abase 304 based on the corresponding identification 15 nunber of
t he nobi bhpddtathdlinfogmatinn gored in h24camdchbkedldtevéddimad signel iseeteivedt ch of
the tinme the signal is sent fromthe controller 110. The processor 112 may
st or e i nfrormnht loeatiomndbtearatinerd14f the | ocation of the object 122 in the first
dat abase 302. [0033] Further as shown in Figure 3, the system 100 nmay" ‘

i ncl usle poo33pr iAMtRE hiafeeofaflatin HedtfoRatdiestbre@GR WD irsl UdtababBSORSRE -
interface 306 may be configured to allow users to 20 query |ocations of one

or more gRiceEhS1 1baRay dIBE diteRhiné HeAbdaBbms ofifec DB;4ciq 22 badel Thlle @ranRPut er
whi ch allTows users to query the locations of t'he objects 122 via a web
browser. ' : L&C : &0hd Wi P, %E%§§ may be
displayegigﬁ %q%?%%ﬁgyﬁé%% 2%90 ﬁfhgééééﬁhga.ef'g%%ﬂ§66&) . F%O%%%Figure 4
shows a sg¢h ic di am of the st em 100..i mpl enent i iation

ogi ot | ¢ SURETIDG i deROABELR by X e A g S ERRRE P B BB L0 ot o
| S9L2t S TR AR BB SRl L YEHAA B 300RR 02 I
and e bui)d up area. The 5. objects 404 may. be pallets and. cartans. The
oo 10 e 1hg PERTSBHrbI B Ry e i9eBrRFHtep aufnber ?fﬁtﬁﬁ?ﬁgﬂf Prglipge
pall ets and the cartons 404, The checkpoi nts 408 may be_ respective exit:

poi nts ofdWiRmAENti B4 ef cherkpoighd20bpsed mowsfl%svﬁv@lmm%gvi 96tthe hown)
may be di sposed on the pallets and the cartons 404. Active RFID tags (not
shown) , plesgficationp! M elientd 22 andstimmcvhsnaisignk] 1e:ssnt(fwm a controller 110. The

processor 112 may then select the location.of the mobile handling equipment 124 or
checkpoint 126 from the second database 304 based on the corresponding identification
15 nﬁmber of the mobile handling equipment 124 or checkpoint 126 and the best match of
the time the signal is sent from the controller 110. The processor 112 may store
information indicative of the location of the object 122 in the first database 302.
[0033] | Further as shown in Figure 3, the system 100 may include a user interface 3b6 Z
coupled to the processor 112. The user interface 306 inéy be configured to allow Eusel-"sgto '
20  query locations of one or more objects 122. The user interface 306 may be or include a
computer which allows users to Query the locations of the objects 122 via a web browser.
The location of the object 122 stored in the processor 112 may be displayed on a display .

screen of the user interface 306.



10 shown) may be di sposed on the respective nobile handling equi pments 406
or at the respective checkpoints 408. The passive RFID readers 106 di sposed
at the chesokpoiosi®s+408 nay be handhel d readers. Active REIRGreawesms (not
shown) may be di sposed at the respective zones 402. [0036] The passive RFID
tags di sposed on the pallets and the cartons 404 may be 15 scanned by the
passive RFID readers 106 of the nobil g handling equi pments 406 and the
checkpoi nts 408 before | eaving the various zones 402. |In short, the passive
RFI D readers 106 of the nobile handling equi pnents 406 and t he checkpoints
408 in or@3Abne Pigwre4 swsmsdumatioididgram of piaes system RHY Dmplgentidsipamed  on
the pallets and the cartons 404 in the sane zone 402. The passive RFID
reader s hoBtiomyogisEpenviramhgnt AN imikiaembudiieng a2&pacerareas ph ki avgativant r ol | er
di sposed on the same nobile handling equi prent 406 or at the sane

checkpoi hdgi#i38 envilchnlen030( Mg baddividel R B phagiy of zbhe 402biThe Zbagsdozng

equi prents 406 and the checkpoints 408 may conmmuni cate with the respective

active Ripldy ih@adtans wiichpeelle dcefvily 784 theZtdtSeetlica addqgéﬁ.lufchgp hieg. axfueons of
t he nobi | e handli ng eqU|pnents 406 and t he checkpoi nts 408

det er g1 negicbi dbal AEAbL AMAELA] Qargb% 10 qusnpggadlmgm&g@nr% @gg' errented

by a Iocatlon termning circul i ncl udi ng
i nf or mat e of |de iLon. nu of t he I s and the:
cartons %8glhpgen§ fg the nu %§¥ecﬁgnﬁn I %3%%*?%%9 %@gﬁﬁ%ﬁ? 406 - or
t he chec 0|nt 4 d atine en th |gnal is sent may be respectively
sent fro élVSSﬁI?P%lP€€f§%%9?ff et‘f‘?éle?‘r%(ﬁl e 10 handling equi pnents 406 and
t he cont 416 o he ts 08.to RF| D server a processor
422. S gi@iﬁ. o s RF I et SRt ispasegron g Relfets &n e faiitbor o of

t he paIIets and the cartons 404, |dent|f|cat|on nunber of the mobile
hand! i ng#®4ubpiienREED gagsr (nptehovde RRwIve: REBL readers 106 pie copierllern&dsi gnal i s
sent nmay al so be sent fromthe active RFID readers to the RFD server or .the
pr oc & sophapay maysbe dpposed o @A aespectivenmybilre hangdling feguipments. 4Q6her plasi ve RFI D
reader 106 or fromthe controller of one nobile handling equi pnent 406 or
checkpoi respetige checkp@n®RA0B. The passiverREIPerepdars ¢8G dispded & dhe clckpdifite

| ocation or to query the status of the pallets and the cartons 404. A

si gnal 4268 inaglbediatidheldifeadei®tAdive RRIDaaidevse(nof sholwa) nxetiel dispased hthdie St at us

of the pallets and the cartons 404 may be sent fromthe RED server or the
pr ocessofespive Gorlef @020 passive RFI D reader 106 or the controller.

[0036] The passive RFID tags disposed on the pallets and the cartons 404 may be
15 séanned by the passive RFID readers 106 of the mobile handling equipments 406 and the
checkpoints 408 before leaving the various zones 402. In short, the passive RFID readers
106 of the mobile handling equipments 406 and the checkpoints 408 in one zone 402 =
commuﬁicate with the passive RFID tags disposed on the pallets and the cartons 404 in .
the same zone 402. The passive RFID readers 106 n-layérespectively commlmicélt¢ Wlth a k -
20  comresponding controller disposed on the same mobile handling equipme;nt 406 or at the -

same checkpoint 408.



[ 0040] Figure 5 shows a flowchart 500 of a nethod of tracking objects in
e.g. a space area. At 502, a plurality of passive radio frequency

i dentifi owbizon/sRkD) t ags may be used, and each passi vecREGRytiagooomy be
di sposed on an object. At 504, a plurality of 14 active RED tags may be
used, and each active RFID tag may be di sposed at one of a plurality of
checkpoints or on one of a plurality of nobile handling equipnents in the
space area. At 506, a plurality of passive RFID readers may be used, and
each passive RFID reader nay be di sposed at a respective checkpoint or on a
respect i V@03Fbbi | 'Bres a¢timedRFHY tegpuiof rthe1tmehiteh hidwding eambiprrinitd 406 nandn izat es -
with one or nore detected passive RFID tags. At 508, a plurality of

cont r ol | eheckpamiyitsb8us s cormndniege Ivithoft répb&iveRMvORFUD 3&8@@%%5&1 at
respective checkpoint or on a respective nobile handling equi pment such

t hat eackheGamizohd £02. conmuni cates with ‘the correspondi ng passive RFID
reader disposed at the checkpoint or on'the nobile handling equi pnent. ‘At

510, a plooss] i t YriRfockBoRCsf e BE#IPm[rﬁﬁﬂ Eui arfaith pgch
active RFID ireader (i)s gssoci altned W t o%eagﬁgm%lgg?a |t3§/ldg%k%(?§§e ged zones
of the sSpace.dy | e g@ active REID tags of one or nore
checkpoi ntg gngﬁg}l&?ﬁg?g%@g&g{ﬁ%‘ﬁ% 0%%%‘3’3 %hrlghrrrtﬂ%gﬁﬁrﬂﬁllse@eﬂtﬁﬁgﬁ ng -
equi pnen t in.the. assqgi at ed., or fined ie. [0041] The -above
dascri bon e RpR, b s ol ot db il S0ttty Womster) b
technol ogi.es..to track_objects in a_space area, Thus, the above _descri bed
syst em n&&‘}lwﬂgv"t 8% tlggatlgnh‘é{ng’reﬁb%é@ugﬁm prdy theneartons Wfo eptifisieT) . The
above descri bed system and net hod can provide a real-tinme continuous
t r acki ng™yRoer 198 thgmepie hawdling egejpment 406 enthe checkpoist AQS.Hod 1 time whassi ve and
active RFID technol ogi es. The above descri bed system and net hod can provide
an acti viee Rl tiy semti may dfe tesrestivaly samid framp theséanerol¥eis D} 161 of tROmobdeki ng of
inventory. 100421The above described system and nethod can use a high -
vol ukfe | ling egptipoents #0fadidghpemsiollers4d§ of thy chéckpnings a8ty aiRKIDsefver
identification; a | ow volunme higher . »

or a processor 422. Signals including information indicative of identification numbers of

the pallets and the cartons 404? identification numﬁer of the mobile handling equipment ‘
406 vor the checkpoint 408, and a time when the signal is sent may also be sent from tﬁe
active RFID readers to the RFID server or the processor 422.

15 [0039] A signal 424 may be sent from e.g. the péssive RFID reader 106 or from the
controller of one mobile handling equipment 406 or checkpoint 408 to the RFID server or
the processor 422 to track the location or to query the status of the pallets and the cartons |
404. A signal 426 including information indicative of the location or the status.of fﬁe -
pallets and the cartons 404 may be sent from the RFID éerver or the processor 422 fo fhc .

20  passive RFID reader 106 or the controller. i | |
[0040] Figure 5 shows a flowchart 500 of a method of tracking objects in e.g. a space

area. At 502, a plurality of passive radio frequency identification (RFID) tags may be

used, and each passive RFID tag may be disposed on an object. At 504, a plurality of



cost reusable active tagging of nobile handling equi prents and checkpoints
for 15 localization, and | oosely coupled synchronization of

i denti fi owmbi2on/md4| ocal i zati on. The above descri bed sysgtemcand/oomikhod can
provi de a higher tinme accuracy of |ocation tracking of objects when the
object is noved by a nobile handling equi prent as conpared to when the -
obj ect is not noved by a nobile handliyng equi prent (e.g. by Shand).

[ 00431As real -tinme operational visibility on e.g. a shop floor is becomning
nore inportant for manufacturers, retailers and logistic providers to

i ncr easeaatiive iRFiIBrtegs may bopis¢dyiand ebeks aative REIDaag asayshe dibposadhavendeder.i bed
system and net hod whi ch have tracking capability can help in reducing

costs, dsiumisy; ofylekkpdints®s onnshe s pluratifdof Mmobile haaBingEqhPnidatsomahput . The
above descri bed system and nmethod can provide real-tinme visibility in

busi nessspapesh.i AN506, Btudhgver ghesee RPEY réadsisahay? bel usdt had cschpdtioyi de I‘OW
cost | arge-scale real -ti ne tracking of inventory itens on e.g. a shop .-

floor. IRPAIMAE! Gna§ BROHisPERE St O rds nb@\éﬁs@kre,a b@ Qere eB@e hl%Hhé‘” y.-

t
shown and described”wth reference to -specific enbo s, It should be

e Rl LAGERdSnBl ALERATE S b 0 U AL
PR B el T FESCBR0BE i RGBT,
E gebgeg%?)gh%%gpéeg gt a respect(i]ve cheL en% o(r)]:)n ta rr]eesp(e:c!tl%le rglso %ancsll%rgegqg{pglehp ' endAed :
such that each controller communicates with the corresponding passivé RFID reader
disi)osed at the checkpoint or on the mobile handling equipment. At 510, a plurality of
10  active RFID readers may be used such that each active RFID reader is associated with
one of a plurality of prg:defmed zo.nes of the space area and communicates with the active
RFID tags of one or more chec_kpoints and/or the aétive RFID tags of one or more mobile.
handling equipments located in the associated predefined zone.
[0041] The above described system and method integrate both passive and active
15 RFID technologies to track objects in a spaée area. Tﬁus, the above described system may
be termed as a heterogeneous RFID network system (HERNET). The above described
systein and method can provide a real-time continuous tracking of the passive RFID tags
(i.e. objects) using both the passive and active RFID technologies. The above descn’bed: )
system and method can provide an active RFID tracking of location and a pass_i\?e RFID
20  tracking of inventory. i |
[0042] The above described. system and method can use a high volume lower cost

consumable passive tagging of inventory items for identification; a low volume higher

cost reusable active tagging of mobile handling equipments and checkpoints for



16 CLAIMS What is clained is: 51. A systemfor tracking objects in a space
area, the system conprising: a plurality of passive radio frequency
i denti fi owbi2on/igRGED) tags, each passive RFID tag bei ngpdirspasashomos an

obj ect ; a plurality of active RFID tags, each active RFID tag
bei ng di sposed at one of a plurality of checkpoints or on one of a
plurality of nobile handling equi pnents in the 10space area; a
plurality of passive RFID readers, each passive RFID reader being di sposed
at a respective checkpoint or on a respective nobile handling equi prent and
bei ng coleFsliatien and leesahvneuplad synghranizstien of identification eod decaliastiiny #h&F| D
tags; a plurality of controllers, each controller being disposed at a :
r espect i abwve hiesdabed rsystéd and mathad roas previde @ hiphérl mé ancliracyg of detdafoent and
bei ng configured to communi cate with the correspondi ng passive RFID reader
di sposedrakinghef objeispwhdit ther oljectt Remowdd bg anbile Mgn@Bn REPIent as a
plurality of active RFID readers, each active RFID reader belng associ ated

Wi th onecoadpaedPloUwhdn the &Hjedpied6l ndosh BReobile hmlﬁg%aﬁifpaeﬁa (@pdypei ng
configured to 20 comunicate with the active RFID tags of one or .nore -
checkpoiyhg).and/ or the active RFID tags of one or nore mobile handling
equi pnents located in the associ ated predefned zone. ‘ B .

[0043] As real-time operational visibility on e.g. a shop floor is beboming r'no'_.reE :
important for manufacturers, retailers and logistic préviders to increase efﬁciency‘aﬁd :
optimize business processes, the above described system and method which have tracking
capability can help in reducing costs, delays, cycle times and waste, and in increésing
10  throughput. The above described system and method can provide real-time visibility in
business operations. The above described system and method can provide low cost large-
scale real-time tracking of inveﬁtory items on e.g. a.shop floor. |
[0044] While embodimenté of the invention have been p;nicularly shown aﬁd :
described with reference to specific embodiments, it should be understood by those
15  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 écope of the invention is thus indicated by the appended claims and all changes" :
which c;,ome within ﬁe meaning and range of equivalency of the qlaims are therefo-rej
intended to bc; embraced. | |

20



17 2. The systemof claim1, wherein a signal sent to the passive
RFI D reader from each detected passive RFID tag conprises information

i ndi cat i weoabiias4iodent i ficati on nunber of the object. 5p8r/Eeomyssesn of
claim 2, wherein a signal fromeach passive RFID reader to the
correspondlng controller conprises information indicative of the

i denti fication nunbers of the obj ect 946and an identification nunber of the
checkpoi nt or the nobile handling equi pnent. 10 4. The system of claim1,
wherein a signal fromeach active RFID tag to the correspondi ng active RFID
r eader hﬁﬂﬁgés information indicative of an identification nunmber .of the
checkpoint or the nobile handling equipnment. 15 5. The system of any one of
claims 1 to 4, further conprising: a processor configured to receive
signals fromthe plurality of controllers and the plurality of active RFID
r eader s. WhatlihelaByasttiem of claim5, 20wherein the signal fromeach controller
to the processor conprises information indicative of any one of a group
consisting of the identification nunbers of the objects, the identification
nunber of the checkpoint or the nobile handling equipnment, strength of the

signal, @and & bysiln MR EACKiNEoBEAO R a dpacSHBY, tﬁersc&gle%nﬁﬂﬁy ol l'er. . 18

a plurality of passive radio frequency identification (RFID) tags, eacﬁ :p_a-s_sijve‘g j
RFID tag being disposed on an object; | |

a plurality of active RFID tags, each active RFID tag being disposéd at one of a
plurality of checkpoints or on one of a plurality of mobile handling equipments m the

10  space area;

a plurality of passive RFID readers, each passive RFID reader being disposed at a
respective checkpoint or on a respective mob.ile handling 4equipment and being
configured to communicate with one or more detected passive RFID tags;

a plurality of controllers, each controller being disposed at a réspective checkpoint

15  oron arespective mobile handling equipmént and being configured to communicate with
the corresponding passive RFID reader disposed at the checkpoint or on the mobile
handling equipment;

a plurality of active RFID readers, each active RFID reader being associated w1th
one of a plurality of predefined zones of the space area and being configured to- :

20  communicate with the active RFID tags of c;ne or more checkpoints and/or the aciiﬁ/e
RFID tags of one or more mbbile handling equipfnents located in the aséociatéd -

predefined zone.



7. The systemof claim5, wherein the signal fromeach active RFID reader
to the processor conprises information indicative of any one of a group
consi sti nyoabitwdseloudent i fi cati on nunber of 5 the checkpecmsGaoiitoh@osobil e
handl i ng equi pnent, strength of the signal, and a tinme when the signal is
sent fromthe active RFID reader. 8. The systemof claim?7, further
conprising: a |location determ ner confiigured to deternine Iocatlons of the
checkpoints and 10 | ocations of the nobile handling equi pments based on

i nformati on indicative of the identification nunbers of the checkpoints,
the idendifi cthd ystemafistain lof the nobile handling equi pments, and the
strength of the signals sent fromthe active RFID readers. 9.- The system of
cl ai m 8, 15whehetin atsignal spobtoithepaisive REID esadérsfram ehdhydeteetedtmassiecRFIE t he

i nformati on fromthe processor. 10. The system of claim8,

wher ei n taf eohprisks infornek@ion fididk€ive bSarCidexiti fiFdfiGfimingbdr OF te\objdche | nf or mat i on

fromthe 20 active RFID readers. 11. The system of any one of clains 8 to
10,
5 3. The system of claim 2,
wherein a signal from each passive RFID reader to the .éorresponding contfol_lerf |

comprises information indicative of the identification numbers of the objects' and an

identification number of the checkpoint or the mobile handling equipment. A

10 4. The system of claim 1,
wherein a signal from each active RFID tag to the corresponding active RFID
reader comprises information indicative of an identification number of the checkpoint or

the mobile handling equipment.

15 5. The system of any one of claims 1 to 4, further comprising:
a processor configured to receive signals from the plurality of controllers and the

plurality of active RFID readers.

6. The system of claim 5,

20 wherein the signal from each controlfer to the éprocessor comprises infc'):rmati:on: :
indicative of any one of a grouﬁ consisting of the idenﬁﬁcation numbers of the .objec{ts,
the identification number of the checkpoint or the mobile handling equipment, strength of '

the signal, and a time when the signal is sent from the controller.



19 wherein the | ocation determner is configured to transmt a signal
i ndicative of the locations of the checkpoints, the correspondi ng
i denti fi ca0i2on/08ewber s of the checkpoints, the | ocati on®CHSG2éd/00e05 | e
handl i ng equi pnents, and the corresponding identification nunbers of the
nobi | e handl i ng equi pnents to the processor. 5 12. The system of claim 11,
wherein the processor conprises: a firgt database for storing information
i ndi cative of any one of a group consisting of the identification
nunbers of the objects, the identification nunbers 10of the checkpoints,
the identification nunbers of the nobile handling equi prents, and the tine
when the signals are sent fromthe controllers; and a second dat abase
for stori’ng i Thosysen ofitlaimdi,cati ve of the | ocations of the checkpoints, the
correspondi ng identification nunbers of the checkpoints, the |ocations of
the nobi | e hawdéreingthe WignAIEFIns eadt ectber REBD @edden & itlete pfctds6atompriseenunber s
of the nobile handling equipnents to the processor, and a tinme when the
si gnal i mfs@iitioh ifiedive of afRbhoBf Q%}(ﬁfprﬂoﬂﬁgﬁnglg’f thEN@ed¥RAEIR Almrdrm 12,
wherein the processor is configured to update the information stored in the
firsts 20 E 15| i hV, 0mi0 :

5 m@%&é}@& BVEE indbl I Rl fif ggﬁﬁ@, EReBin &%é. SRANCAR aotﬁmwhgn

controllers. The system
the signal is sent from the active RFID reader.

8. The system of claim 7, further éompﬁsing:
a location determiner configured fo determine locations of the checkpoints and
10  locations of the mobile handling equipments based on information.indicative of the
identification numbers .of thg checkpoints, the identification numbers of the mobile

handling equipments, and the strength of the signals sent from the active RFID readers.

9. The system of claim 8,
15 wherein the location determiner is configured to receive the information from the
Processor.

10.  The system of claim 8,
wherein the location determiner is configured to receive the information from the -~ .

20  active RFID readers.

11.  The system of any one of claims 8 to 10,



WO 2011/ 084104PCT/ SG011/ 000005 20 wherein the processor is
configured to update the information stored in the second database every
time a siwoabiwsroacei ved fromthe | ocation determ ner. pto/iscima/osyss em of
any one of clainms 5 to 14, further conprising: 5a user interface coupled to
t he processor, wherein the user interface is configured to allow
users to query |ocations of one or mgpe objects. 16. The system of claim
15, 10wherein the processor is configured to determ ne the |ocations of the
one or nore objects based on the |ocations of the checkpoints and the

mobi | e handl i wierelgdhqleeation deteFmingr issphiaghred tot transiitragigia) indicativerofths pace
area, the nethod conprising: using a plurality of passive radio frequency

i dent i f i loedtions of REcB)ckpaigs, tha neirdspohdippilenificadon nprdbers vLthBchékpaigtspn an

obj ect ; using a plurality of active RFID tags, and di sposing each

active RhtIbdatignabf tremobilehldus@ leiplipmehts CRARE Hie CdomleSpddbingidemficafior
plurality of nobile handling equipnents in the space area; using a

pl ur al i taanersts¥Rd MBbitt hdrdliSAdRPiner® e thH SBOSLEY each passive RFID 20 -
reader at a respective checkpoint or on a respective nobile handling

equi gment such that each RFID) conmmunicates with one or nore detected -
passi ve RFID tags; .

12.  The system of claim 11,
wherein the processor comprises:
a first database for stdring information indicative of any one of a group.
consisting of the identification numbers of the objects, the identification numbers
10 of the checkpoints, the identification numbers of the mobile haﬁdling equipments,
and the time when the signals are sent from the controllers; and
a second databage for storing inforniation indicativ_e of the locations of the
checkpoints, the cone;ponding identification numbers of the ch'eck'points,- the .
locations of the mobile handling equipments, the corresponding identiﬁcationj
15 numbers of the mobile handling equipments tb the processor, and a time when the

signal is sent from the location determiner.

13. The system of claim 12,
wherein the processor is configured to updafc the information stored in the first

20  database every time a signal is received from one or more controllers.

14. The system of claim 12,



using a plurality of controllers, and di sposing each controller at a
respective checkpoint or on a respective nobile handling equi pnent such

t hat eachwoantwesskioar 21 conmunicates with the correspordirsgpassice RFl D)
reader disposed at the checkpoint or on the nobile handling equipnent;
using a plurality of active RFID readers such that each active RFID reader
is associated with one of a pluralityoof predefmed zones of the space area
and 5 communi cates with the active RFID tags of one or nore checkpoints
and/or the active RFID tags of one or nore nobile handling equipnents

| ocat ed in t hehegiadhe proeessqrrieestfigneed to update (he infoteativetstayed of the bevond 17,
further conprising: 10transmtting a signal conprising informtion

i ndi cat i database every thantisfgnalat reerivad fromrthefocativm dessmirient ed obj ect from each
detected passive RFID tag to the passive RFID reader. 19. The nethod of
claim 18, further conprising: 15transmtting a signal conprising
information indicative of the identification nunbers of the objects and an

i denti fipati orheysbRlofahy b amE B 14, fR¥thdri6mPRBLLE handling equi prent
from each passive RFID reader to the corresponding controller. 20. The
system of cl aj Welifiterfatld I:&x%[edqg Y Proder,

wherein the user interface is configured to allow users to qﬁery locations of one or

more objects.

16.  The system of claim 15,
10 wherein the processor is configured to determine the locations of the one or more

objects based on the locations of the checkpoints and the mobile handling equipments.

17. A method of tracking objects in a space area, the method cémprisingﬁ
using a plurality of passive radio frequency identification (RFID) tags, and
15 disposing each passive RFID tag on an objéct;
using a plurality of active RFID tags, and disposing each active RFID tag at one
of a plurality of checkpoints or on one of a plurality of mobile handling equipments in the
space areé; |
using a plurality of passive RFID readers,l and disposing each passive’ RFID.- :
20  reader at a respective checkpoint or on a respéctive mobile handling equipment such that .
each RFID communicates with one or more detected passive RFID tags;
using a plurality of controllers, and disposing each controller at a respective '

checkpoint or on a respective mobile handling equipment such that each controller



20transmtting a signal conprising information indicative of an
identification nunber of the associ ated checkpoint or the associated nobile
handl i ng wouopmsrto4f rom each active RFID tag to the corpespondiingooast i ve
RFI D reader. 22 21.The nethod of any one of clainms 17 to 20, further

conpri si ng: receiving signals fromthe plurality of controllers and
the plurality of active RFID readersayia a processor. 5 22. The net hod of
claim 21, ~wherein the signal fromeach controller to the processor

conprises information indicative of any one of a group consisting of the
i dent i f i watmancatesmigh the ehrrespendibg passive RMP reatlentlisposedtat the checkpeint of -t he
checkpoi nt or the nobile handling equi pnent, strength of the signal, and a

ti me whesh thbmobilghaldling eqépherdty om t he controller. 10 23. The net hod -of
claim 21, wherein the signal fromthe active RFID reader.- to the

Processor  CONRHgSL plurlitp ofBki e RFiredletsVicR th@rsachnetied RFIDreatier GONSI sti ng
of the identification nunber of the checkpoint or the nobile handling-

equi penfssociiid R RE 60a SLEMRY, ofHedfhbd e onbe Ll BN 8pslednh hid Sent
fromthe active RFID reader. 24.  The nmethod of claim 23, further

e o P L BLTLRAS RS el e SRAGHRRL Mhgont et o7 ©

i nfor mit]ilp[ﬁ Itang%ll N E)xlle\:/ or Oxilo}ehrei\lo ﬁlee qlta{l lincgateclluqlr)]ments located in the associated

predefined zone.

18.  The method of claim 17, further comprising:
10 transmitting a signal comprising information indicative of “an identification
number of the associated object from each detected passive RFID tag to the passive RFID

reader.

19.  The method of claim 18, further comprising:
15 transmitting a signal comprising information indicative of the identiﬁcati:on' :
numbers of the objects and an identification number of the checkpoint or the mobile

handling equipment from each passive RFID reader to the corresponding controller.

20.  The system of claim 17, further comprising:
20 transmitting a signal comprising information indicative of an identification
number of the associated checkpoint or the associated ;mobile handling equipmént frc:)mf .

each active RFID tag to the correspbnding active RFID reader.



20 nunbers of the checkpoints, the identification nunbers of the nobile
handl i ng equi pnents, and the strength of the signals received fromthe
active RRvD2weaderos. 25. The nmethod of claim 24, WD  PCT/SG2011/000005
2011/ 084104PCT/ SG2011/ 000005 23 wherein the information is received from
the processor. 26. The method of claim?24, wherein the information is
received fromthe active RFID readerg2 5 27. The nethod of any one of
claims 24 to 26, further conprising: transmtting to the processor a signal
i ndicative of the |ocations of the checkpoints, the correspondi ng

i dent i fi2hti ohhamethed of asfy anh of clamaskiyoto R0sfurthbrecdmprisiigons  of t he’
checkpoints the nobile handling equi pnents, ‘and the corresponding -

i denti fi cat i orecei@ing sighals froaf the pRiratind of eoruwiieisiang tieoplufatigndfactive RFID

readers via a processor.

5 2_2. The method of claim 21,

wherein the signal from each controller to the processof comprises information
indicative of any one of a group consisting of the identification numbers of the 'objec;ts,ﬁ |
the idéntiﬁcation number of the checkpoint or the mobile handling equipmént, strength of
the signal, and a time when the signal is sent from the controller. |

10

23. The method of claim 21,

wherein the signal frqm the active RFID reader to the processor comprises
information indicative of any one of a group consisting of the identification number bf ,
the checkpoint or the mobile handling equipment, strength of the signal, and a time when

15  the signal is sent from the active RFID reader.

24.  The method of claim 23, further comprising:
determining locations of the checkpoints and locations of the mobile handling
equipments via a location determiner based on infor@ation indicative of the identification
20 numbers of the checkpoints, the identification ‘numbers of the rﬁobile 1:_1andli'ng;

equipments, and the strength of the signals received from the active RFID reader_s{ '

25. The method of claim 24,



28. The nmethod of claim 27, further conprising: storing in a first
dat abase information indicative of any one of a group consisting of the

i denti fi caDi2on/asureber s of the objects, the identificati eaTrsGatrosooos the 15
checkpoints, the identification nunbers of the nobile handling equipnents,
and the tinme when the signals are sent fromthe controllers and the nobile
handl i ng equi pnents; and storixdg in a second dat abase information

i ndi cative of the l|locations of the checkpoints, the correspondi ng
identification nunbers of the checkpoints, the |locations of the checkpoints
t he nobi | e hawh¢remgheipforpration & received fonr thepoordssog | dent i fi cati on 20 .nunbers
of the nobile handling equipnments, and a tine when the signal -is sent from
the location determ ner. 29. The nmethod of claim 28, further conprising:

WO 2011/ 084104PCT/ SG2011/ 000005 24 ~ updating the information stored

in the f26.st Tiaimbdics@or)ahy24,i me a signal is received fromone or nore
controllers. 30. The nethod of claim 28, further conprising: 5Supdating the

i nformation syRereid thdlinfdafiGERIELARY HOASRe GURIREID Raders| gnal is recei ved
fromthe | ocation determner. 31. The nethod of any one of clainms 17 to 30,
further conprising: _
27.  The method of any one of claims 24 to 26, further compn'éing:
tfansmjtting to the processor a signal indicative of the locations -  of the
checkpoints, the corresponding identification numbers of the checkpoints, the locations of :

the checkpoints the mobile handling equipments, and the corresponding identification -

10 numbers of the mobile handling equipments.

28.  The method of claim 27, further comprising;
storing in a ﬁfst database information indicative of any one of a grbup' consisting .
of the identification numbers of the objects, the identification numbers of the
15 checkpoints, the identification numbérs of ihe mobilé' handling equipments, and the time -
when the signals are sent from the controllers and the mobile handling equipments; and.
storing in a second database information indicative of the locations of the
checkpoints, the corresponding identification numbers of the checkpoints, the locations of
the checkpoints the mobile handling equipments, the corresponding identification
20  numbers of the mobile handling equipments, ;nd a time when the signal is sent from the

location determiner.

29.  The method of claim 28, further comprising:



providing a user interface for allowi ng users to query the |locations of one
or nore 100bjects. 32. The nethod of claim 31, further conprising: .
det er ni niwg 2bh@skmaat i ons of the one or nore objects baged/sonotifseodoscati ons

of the checkpoints and the nobil e handling equipnents.

24

updating the information -stored in the first database every time a signal is

received from one or more controllers.

30.  The method of claim 28, further comprising:
5 updating the information stored in the second database every time a signal is

received from the location determiner.

31.  The method of any one of claims 17 to 30, further comprising;

providing a user interface for allowing users to query the locations of one or more -

10  objects.

32. The method of claim 31, further comprising:

determining the locations of the one or more objects based on the locations of the

checkpoints and the mobile handling equipments.



