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may need to exit the transport ve to scan t
such as a fork truck, reach truck, lift truck or pallet truck, receives a set of printed

stocking or picking orders, typically generated by a computer, and executes the orders
by visuaily identifying the loads and locations and transporting the loads to and from thé_
locations specified on the orders. Insucha sySteng especially m large-scale warehouses
with a large number of locations and loads to handle, there are numerous opportunities
for errors. - o
Some warehouse management operations use bar codes whiéhﬂ are affixed to the
loads or which mark specific locations. In a typical example of such a system, the
operator uses a hand-held bar code scanner to read the bar code on the Joads and, in
some cases, on the stock locations. “Although such a system is an improvement over
purely visual processes, it can be difficult to comi)letely implement, due partly to the
need for direct line of sight, close proximity, and proper alignn"lent between the scanner
and barcodes. It also requires the operator to participate in the load-identification
process. In some case, the operator may need to exit the transport vehicle to scan the
barcodes manually, slowing down warehouse operations. Certain locations, for example
high storage shelves and loading docks, often are particularly difficult places for using
bar codes because of the need for close proximity between the codes and the reader. As

a result, loads in those areas are often visually identified instead.
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conventional obJkcinterrogatdd may by At gortabie 8eviP3Mich & ﬂ%eﬁ‘xl%bgﬂt fledr &5 ?%sotfo be

the inventory itegs and sonetinmes their locations, they are not efféective
for tracking an@P®rommayibeg stadonasy deviee, wifich reads theviags es heytazebrought to the

interrogator, as in the case of tagged library books being returned to a return station that

is fitted with an interrogator, RFID tags may also be affixed near a location as a
location marl_cer. After detecting both a tag attached to an inventory item and a location
marking fag, a processing unit associated with the interrogator may determine that the
inventory item is positioned near the tagged location. While these conventional objer*
tracking systems are capabie of keeping a record of the inventory items and sometimes
_their locations, they are not effective for tracking and/or managing the movement of the
mventory items. _ |
There also exist warehouse inventdry tracking systems that include fixed RFID.
| interrogafcors at various Jocations to detect RFID-tagged items when they are positioned
near thg interrogator-equipped locations. For example, there are warehouses with RFID
interrogators positioned at or near the Jloading dock gates. Such systems are capa"t;le of
tracking the arrival of tagged items at the various locations, but are not capable of
detecting errors remote to these locations. For example, if a fork truck picked up a
wrong load because the truck was ciriven to a wrong pick-up location, the error would

not be detected until the load had reached the gate. This delayed error detection
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| ocations with fix Interrogators.” I'n one enbodi nent of ‘the

i nvention, a transport vehicle, such as a fork truck or reach truck, has
nounted thereon, an RFID interrQgator.. RFID tags are attached to objects
(such as palle In 108 o Iocatlons (such as a storage |ocation,
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i nformation transm tted rom tag may | nc |dent|tyo
system, preferably for use in warehouse management operations, without the need to

outfit numerous locations with fixed RFID interrogators.  In one embodiment of the
invention, a transﬁort vehicle, such as a fork truck or reach truck, has mounted thereon
an RFID interrogator. RFID tags are attached to objects (such as pallets and loads) and
to locations (such as a storage location, paés—through location, or loading dock). In the
~ case of a pallet, the information transmitted from the tag may include the identity of the
pallet, the weight of the pallet, and an identification of the items on the pallet. In the
case of a location, the information is indicative of the location, such as a location code
or coordinates. The RFID interrogator transmits interrogation signals to the RFID tags.
Each of the RFID tags transmits a signal ;ancoded with the information particular to the
tag in response to the interrogation signals when the vehicle is sufficiently close to the
tég, though not necessarily within a direct line of sight. h
A pfocessor is operatively linked to the RFID interrogator for processing th;
signal received from the tags by the interrogator and deiennﬁning the identity of the load
and position of the detected location RFID tag, The processor may be located on board

the vehicle, at a remote site, or at a combination of both.
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such as the movement history of an object, to the RFID tag on the object. The RFID

tag stores the infomlatit_)n, which may be subsequently read, for example, by an RFID
interrogator at another site. Similarly, the interrogator may be instructed by the -
processor to send information to the RFID tag at a location, which is then stored by the
location tag. -

In another embodiment of the invention, the interrogator is capable of
identifying, and thus reéding information only from, the tag that is the closest in distance
to the interrogator. This is accomplished by dynamically reducing the pbwer in the
interrogation signal until only the RFID tag closest to the interrogator responds. The
'probability of incorrectly identifying a ]odation or object is thereby reduced.

In this embodiment of the invention, the processor may generate a signal,
perceptible by the operator, which is indicative of the minimum interrogation signal
strength required to detect the RFID tag being sought by the interrogator ‘(the target
RFID tag). The minimum interrogator signal strength may be represented ﬁs a
confidence level (the lower the minimum signal strength, the higher the confidence Jevel)
or as an approximate distance between the tag and the interrogator (the lower the

minimum signal strength, the shorter the distance.)
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tags. |In additi sipgnal résleniisredunettitg the magnetic signals from the tape. The processor onboard
the vehicle is operatively connected to both the RFID interrogator and the magnetic
signal reader for determining the identities of the objects and optionally locations from
the signals received from the interrogator and iocations from the signals from the tape |
reader. ' _ |
‘ In another embodiment of the invention, the transport vehicle is of a “reach
truck” type, equipped with a lift mechanism capable of positioning an object at a
plurality of heights. The vehicle is further equitaped with a height sensor linked to the
lift mechanism for generating a signal indicative of the height that the object is
positioned by the Iift. The signal indicative of the height could be electrical, visual,
audible, magnetic, electromagnetic or another type of signal. This embodiment of the
invention is particularly useful when loading or unloading objects- from a vertical column
of warehouse slots. In this embodiment, it is necessary to associate only a single
location tag with the column, and the system can identify the correct slot within the
column using the height sensor.
* Thus, in one aspect of the invention, a system for tracking an object positionable

at a plurality of locations includes: () a transport vehicle to move the object to and from -
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determines the  identity of the object fromthe information indicative of

the identity ofthieRgh 3 psedpte fferegarding movement of the objects. These instructions may
include (a) feedback as to whether a désircd object has been identified; (b) directions to
a desired location; and (c) feedback as to whether the object has been brought to a
desired location. |

In the system above, the transmitter of the interrogator preferably is capable of
tranémitting a signal encoded with information, such as the movement history of the
object or the storage history of the location, and the object or location marker stores the
encoded information.

The system also prefe_rably includes a signal generator operatively connected to
the processor to provide to the operator of the vehicle a signal through a user interface,
s.urc':h as an audible beep or visual display of lights or cbmputer monitor display,
indicative of the location of one of the plurality of location markers when the
interrogator receives from the location marker the information indicative of the location
of the marker.

In another aspect of the invention, the RFID interrogator is configured and
arranged to read information only from the RFID tag closest to the intéfrogator.. This 1s

preferably accomplished by dynamically reducing the output power of the interrogation
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to wheth th bj h b b ht t i red.,l tion. ln th

oot Mehove’ o el BRI ol o RS Sr SBPLORY el Bpe o,
Atransmtting a ianald SRGARG tinkhitd BHAR h&l%ﬂica’ifdg%a@%éiﬁ_ﬁrﬂ%@é‘t@ﬁﬁ%cated on
hi story of the ™ object or the storage history-of the |ocation, and the

obj ect or | ocatdnensideofehe plane emdt trensmts co desbnd dgmabediffaent frbm g sfistsighalp

preferably includes, a signal generator operatively caonnegted to e )

processor to pr‘B&FﬁB’gt at the @gﬁf’&%‘@f isgpcated op dhg Eﬁfér 848 O the Plags: o@vgﬁ logatian
i nterface, su i | e i r
noni t or di spl agﬂ? arﬁ?rn {556@? ﬁggkﬁ?k?ﬁgtﬁ%&csakég%hg a%ﬁigﬁgf&?lhdg “%Fél}?l&ﬁ i£tte &Qg&é &

| ocation mar kengpsitlaed éirrally i tHe'pdanr! GhereRC@ilyde DM Pesifieirdionahe safiksde
the infornmation indicative of the location of the marker. | n another

aspect of the iofvthet plane ashéherRimtprpgater respandsy to sthe ointdrpgation Hignalsafioghdhel
to read information only fromthe RFID tag cl osest to the interrogator..
This is prefer@SFP84Eonpl i shed by dynamical |y reducing the out put - power

of the interrogationdotherdfoct BPthe W eAAOA BUPsystein o ipRddr? Shiect Boﬁﬁ&'ih%lesat

until only the RFID tag the closest to the Interrogator Tesponds to the
i nterrogati on s posliy. ofActaiogeon a trafficelsradiag surflice.aTbe systenpmeludessbtrgnspag| uded

the i nventi on, VERIURIROwbe PPN ERPrRh R OGS BERPRBSOUM = PITaRe ang

the mar Ker 1 arkypic Skt hdrad inotAbn RiUaiod bt by dihe S ARROT 1 S
interrogator mounted on the vehicle to receive from the object marker the information
indicative of the identity of the object. The system further includes a strip of magnetic
tape adhered to the traffic-bearing surface. The magnetic tape includes a plurality of
segments. Each of the segments is encoded with information indicative of the location
of the segments, and produces a magnetic signal encoded with the information indicative
of the location of the segment, A magnetic signal reader is mounted on the vehicle for
sensing the signals generated by the magnetic tape. A processor operatively connected
to the interrogator and the magnetic signal reader determines the identity of the object -
from the information indicative of the identity of the object, the location of at least one
6f the segments of the magnetic tape and the spatial relationship between the object and
the Iocation.

Another aspect of the invention is a transport vehicle for moving an object

having a radio-frequency identification tag attached thereon to or from locations at 2
particular height. The vehicle includes: (a) a radio-frequency identification interrogator
to receive a signal from the tag; (b) 2 lift capable of positioning the object at a plurality
of heights; (c) a height sensor to generate a signal indicative of the height at which the

object is positioned; (d) means for generating a signal indicative of the horizontal



one side of the plane and transmts a second signal, different from LS%RZUU
first signal, indicating that the interrogator is |ocated on the ot P i
side of they@éxuess The [ ocation marker may include two RFI rat ed
by a shield, such as a netal plate or screen, positioned ge?gﬁ?‘ﬁ%ﬁ%ﬁgt he

pl ane, wherein only the RFID tag positioned on the sane side of the plane
as the interrogator responds to the interrogation signals fromthe

i nt errogator. Aﬁ(‘i?ti‘%‘roég éfg'f"cl&fa‘ldr@Fﬁl’i@ﬁﬁspbﬁp‘?@t“@l}smmﬂmthenntckbgnjoan
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bet ween | ocat i ostsect dromtheasiinalBickiosd BoRAGE iﬂligggeﬂéﬁﬁiﬂﬁ e he%?{ Sgh%%g%&'hom the

stores information_indicative of the ident of the obje

i nt errogat or notighabecsived fionydieiheight sensorpeml detefmines th donpymsllodatiok ef thehe
I nformation i ndihgt?t'ﬁée gf 1 hae]t | dentity of the object. The system further
i ncl udes a stri [P 51 HEWHAE Fgnal 2eperaiRg@ed. t o the traffic-bearing surface.

The magnetic tape inghsges | ' : t of the seqnent
i s encoded with informati o%ﬁieﬁcﬁfgg%iln%m%b lﬁie |“orc@a{f§\ir%ﬁ%g@5 PRac %@ﬁ%ﬁ?g‘,""%
and produces a tetgest locatiingiabhn emdosagnii A first RFIDNES [ BN oitRIbIGEk aHE hadf
t he | ocation of tha segnment. A magnetic signal reader is nounted”on the

vehicle for seteieAdbereis aad gapable ofdransaitting $ignalhencodeghwithanforpationdndicative of
' t he.i th ti
B nal reader ot KERRCRIIRELER. A Redpnd R Gn BB of A et SpRaschared on
i ndi cative of tigreinctifidtdabbl@br irﬁh%nﬁﬁinﬁ%%nalﬁ @ﬁcdd&ﬁ%ﬂ-ﬁﬂ{o%aﬁﬁn inﬂ%ﬁ{iveodﬁh of
e rela ship be

the segnments of the magnetic tape and™t spati a I on Feen ™t he

obj ect and t hdotatioatcfdhe sednnd tagr Aatrprspbrtad equigpedrvienin REID $ntérd gafits 8fiablc
vehicle for rm\(;clﬁng an olH'eect aving a radi o-frequency identification tag
attached t her edH TE%5TEPS Hlegignalsdeam Hiectags and degarminieg therinfesnatin stared inatage| e

i ncludes: (a) arfeafiifs 4 i fhcad i interrogator .toQ receive a
pcludes: (@), enfasbi (RINEIGE HEN [SSEN. I RLRET oo BESINE oS
plurality of Hedightve;ofthidantitgioftite ctisesofb) idete@iniie?d fropoSdddbadtioh sl ivhithi (hE
of the height at_which_ the ob{ gct_is positioned; (d) nmeans for generating
a signal indi cAY&FbIsdp beraoveds (o) gringthevebickrr moGahobeel wedeEation; (d) using
PCT/ US01/ 12949 4 8: ' 3 jcle. and (e rrocessor .operati.vel
connected to t ﬁgg}nh%g%agcggggéees&ethg ﬁ&ﬁ&na‘tﬁibnm 1c341v% of tHe }oca ion; and (Ej cieposnmgy
the object at the location when the location indicated by the information received in step

(d) matches the proposed location. -

Another aspect of the present invention is a method of using an RFID
interrogator with an adjustable power output level to find a target RFID tag among a
plurality of radio-frequency identification tags. Each of tags is configured and arranged
to transmit an identification signal in response to an interrogation signal from the
interrogator. The method includes the sequential steps of: (a) transmitting interrogation
signals at a power oufput level; (b) determining whether the target tag has been detected
by the interrogator; (c) reducing the power output level if the target tag is detected; (d)
repeating steps (a)-(c), each time using the power 6utput level reacheﬂ at step (c) of the
previous repetition as the power output level in step (a) until the target tag is.no longer
detected; and (e) transmitting an interrogation signal at the power output ievel reached

at the end of repetition immediately previous to the last repetition in (d).



" hei ght sensor and signal generating nmeans. The processor determ nes t—?ﬁ 2004
identity of the object fromthe signal received fromthe tag, determ g%

t he hei ghW®#2/48985 obj ect fromthe signal received from t hBCHESHHI2ZI¥ensor,
and determ nes the horizontal |ocation of the vehicle fromthe signal
generating nmeans. Anot her aspect of the invention i's a method of nmanagi ng
an object to bg PYRtridfhESe @hshRns in an environment. A first RFID
tag is affi xed—m—rh'a‘neﬂ]?n—an'g&%'arﬁstored t herein and capabl e of
transmtting signal ©tsrcelgjets \ant hadvafitagesabl ehe iimantio iwill écontehappatennt ugon
of the object. A second RFID tag is affixed at a |ocation and has stored
therein and capeaging the fdlﬁanlgrﬂetﬁlkﬂgiegtn@ﬁam of sngeifa embpflimentsng upep Fgerence to

i ndi cative of | ocatian,of the second tag. A transport is equipped wth
an RFID int err&)}tfa% @B? of receiving the signals fromthe tags and
deternining the inf @regttﬁé 'lqnuﬁFa‘?éseQn'e%b%dﬁt?éﬁt of the inRhiiGH WREMIRETD hggs hRPS
of (a) using the interrogator to receive the information indicative of the
identity of theffiabd ar:both(ﬂz)otglmtsemdlncat@na proposed | ocation to which the

object is to be m)ved the vehigcle to nove .the object_to a
| ocation; (d) usi ng Figures ?Z(@S Z(%Qépgrzﬁe‘g ’ﬁﬁ%@i“x’/é‘ {TARAILOR{ Q‘FP#& i fh annardgeidy e
of the |ocatiop, c‘rfal)gl %’(a#ﬁ gfc&lhkﬁeiﬁ@/aelgad %lo aIBSnlt% ation when the

| ocation indi ceﬁte | on recei In's mat ches t he

proposed | ocation. H@Fd@ﬂluﬁﬁﬂ@ﬁiﬂ@lﬁerkh@oﬂh&%ﬁﬁf the e nAtion) whesein barddde dabels
using an RFID interrogator with an adjustabl e power output |l evel to find a
target RFID t agrezafiixeg ta thephiecss, iang RIAD tags ase ﬂ?ﬁ@ﬁﬁér?é}hei QeHIAnFi cat i on tags

cignal tna?ZsbinEE”hg% R B gnF PRl s delPie st PRb0n A5 bl men

met hod i ncl udeg, ntial steps of. (a) transmtting interrogation
signals at a powe outp "l evel ; (b) determ ning whet her the target tag has
been detected by t Figure$ dluseates en empojiinreat of ihegnentiogovesreio rwouRFIDetags afef

the target tag is.detected; (d) . repeating step (‘%i- .C), ch tine us
the power out p@PSH@REE) iy Elﬁé%é’(ﬂo’ﬁtmtgt?pefa‘) ﬁ’lﬂ tsﬂé e@%f‘%}dgﬁg@bé’tqstﬂpﬁn ag“%
t he power outp i%\‘te\}ehic[é step (a) until the target tag is-no |onger '
‘detected; and ?}ta? transmtting an interrogation signal at the power output

| evel reached at' tFuend illhstragehn termbodimene df abe ipyesprtemventont that h;esunalstt in

repetition in (d). WO 02/48955 -9 1 5 APR 2004
principle to the embodiment illustrated in Fig. 5, but instead has a stationary mterrogator

and moving RFID tags for determining relative position of the object to which the RFID
tags are attached; | '

Figure 7 illustrates an embodiment of the invehtion, wherein the RFID
interrogator is configured and arranged to detect only the RFID tag that is the closest to
the interrogator; , | |

Figure 8 illustrates a process of identifying an’ RFID tag the closest to tlte
interrogator in accordance with an aspect of the invention; and

Figure 9 illustrates a visual display of the conﬁdencc level in RFID tag
identification provided by the embodiment shown in Fig. 7;

Figure 10 illustrates an embodiment of the invention where RFID tags are used
to identify objects, and magnetic tape is used to identify a location.

Figure 11 illustrates an embodiment of the invention wherein a height sensor is

used té identify patticular slots within a storage rack marked by RFID tags.



PCT/ USO /12949 Bri ef -Description of the Drawi ngs O her objects and

advant ages of the invention will becone apparent upon reading the 15 APR 7004
fol |l ow ng ' description of specific enbodi nents and upon reference
to the dr‘g%%%}éﬁsﬁsn which: Figure 1 illustrates an embodi rreﬁET’HﬁO‘t“r?g”

i nvention, wherein RFID tags are affixed toloth the objects and

| ocations; Figures 2(a), 2(b) and 2(c) illustrate a nonitor display of an
on-board i nt erBetailehDeatription ofithedhaaetsorp! conpl eting a | oad-rel ocati on
task; Figure 3 iIIusJ#\r tes anqt her enbodi ment of the invention, wherein bar
code | abels are af fiE@MEIOtHE biheebisct taarkingrarmd wargbouseenatmpbmyms dystiemt 100

| ocations; Fig j: one, primnci.ple of defermning relative

posi tion and m%l:tﬁé%]aflﬁé %EF%%Egﬁzﬁnuflég%a?%dg% r%‘ﬁ?)t’ i‘qcf‘{%f p d%aasposh veliale 41 dreuch

of the inventi s, Rt ehiekt \WorkRFl I pPogii, | A o) roximty

to each ot her f.ora g&;t ecti rll(’g reﬁj?%vg@g%glﬁttﬁlgﬁ' o@h{)%ag@%ﬁer avghg%igrfﬁvgﬁ?’a"@?& a

Fi gure 6 il ustimterregatan 12fisoch aem RFIDtierDseee Eihkédmbeﬁlgf&éséoﬂ%lﬁicﬁ Hﬁg@é BY
d has a

in principle t]itl)- he enmbodi nent ilJustrated in Fig. 5, Dbut instea
stationary inté er%\j’é‘t & COpRPtADiiRhigClRde ecntral pracessmgamiti (R 168, atdisphy 170
position of th e o} e he RFID .tags are ,attached; Figure 7
i|lustrates anﬁgﬁbbdgdﬁj u?\tde%}’et #(gt’ i TR 21 bkey »ePHMHM dryicey andiere fqughpapel
is configured @pgla _rrmwg@tehpﬁgﬁlte nﬁﬁl: t torinS, L h l,qsest
to the int erroggt gr; Fi gure 8 |I{Ieg{§%u(ragét b'eles‘,lt‘:%?pr océé)ss’ssag?ta?g‘gﬂ)iﬂa% ﬁdﬁ:ﬁﬁﬁﬂpD

tag the cl osestl30.0 Anhabjeat markeranah as an RFHD ¢4 IR0 attwiHed 18 ThsHE&138f th Meher
invention; and Figure 9 illustrates a visual display of the confidehce

| evel in RFID MRHRESdWehasRIED tas ddy 1 3 eervy as ecation owtirkers tand laompositioried gat
dsed o i dent 1T srrsarerR e AT BE0nE torhliSh (HES LIPS i gading dor.
i ght Sensor s useh Lo | aont o, par rtcar e Srorari B St Bollofer
marked by RFI Dl?(&gg RF link or other suitable communications system that provides a continuous link
between the vghide processor and the host computer. Host computer 190 may also be
linked to the RFID interrogators and processors on other transport vehicles. The host
computer 190 and the processors may also be 'pért of a larger network of computers.
The RFID tags 130, 140 and 150, are capable of receiving, storing and
transmitting information and may be of any type suitable for this purpose. The tags may
- include an antenna, circuitry for processing RF 'signa]s, a ﬁqicroprocessor and digital
memory. They may be passive- devices, which 0-n1y transmit siéna]s upon réceiving an
interrogation signal and which rely on power contained in the incoming RF waves. The
may also be active devices,' which continuously or periodically transmit signals and.
include their own power supplies. Examples of commercially available RFID tags
include Intellitag® RFID tags currently available from Intermec Technologies
Corporation, Everett, WA,
The tags can store a wide variety of information about the object or location.
For example, tag 130 may store a’ code, spéﬁ as the load number or pallet nﬁmber,
indicative of the identity of the object. It may also store information about the
movement history of the object, or about the weight of the object. Tags 140 and 150
may store information indicative of the Jocations, such as a loading dock number,
warehouse slot number and trailer i;ientiﬁcation number. Location tags may also store

other information about the location, such as the history of objects stored at the



1 5 APR 2004 WD 02/48955 PCT/ US01/ 12949 -10 Detail ed Description of, th
I nvention Referring to Fig, 1, the object tracking and warehouse nan%é;éﬁ%mﬂl‘
syst em 100V0 PB#895F acki ng an obj ect 132 such as a | oad or pECTAISLIN udes a
“transport vehicle 110 such as a pallet trugh, fork truck or reach truck.
Onboard the vehicle 110 is mounted a interrogator 120 such as an RFID

I nterrogator Ii t . I i | [.OF 0 r
that 1 nol udes Aoeanp SYGAEATERAR the Wil Be ey Botdd ot REIGRNSR 3 BgiERk P
i.nput devi ce 18Qamiiigs Bb@s tik llseatiemar d, poi nting device, and/or touch-panel

di splay. The system further includes several markers, such as RFID tags

130, 140 and 150. AhheoRFiEtinterengeinr 1900nayde efrenRity® suitable 2or feseiving shehughalso

t he object 132;.the ,othe mar kers, such as, RFI D tags, 1: 150..serye_as..

| ocat i on mar kers TAASPLREJEDYOrb et 455 TEgha FURIRYE St RIRHISE mifirdiition
stocking locati 4R t 42 1qd; é}@%g v ARther 1 le of
processor onboa@@#ﬁ?%ﬁ%‘% (Ia@ln%yla so IE’E 1|n?: nk ﬁ?oﬁ;‘ ?Izaa%ote hgsl%beg%prﬁguﬁ gr
190 by RF |ink teansmittisg hfuimhationetoc bemstared dh iannRFEY sagm Tha| the interdsgatar may
continuous link between the vehjcle processor and the host conputer. Host
conput er 190 ne¥roide wpgated infpreationaboyt thermpyemans histapytadithe ghigchpbthesgerage
on other transport_vehicles. The host , conputer . 190 .and,the processor

5o be part ofSuopiFgLieERs el c AnFrBs Slarnle KR el Ry B BaSabe

150, are capablfwpiohf &pdrthatdtetsrhitesHe #efght ofﬂ@%{&i,tiﬁ RAhidhda9¢ $4 infoimatien
may be of any type~suitable for this purpose. The tags may include an

ant enna, T(k:li r cui ctan)t?e fstnreq)pmﬁlegsg angl/ mﬁnhmﬁl with inforineatiop !abczﬁlb'mledt ool thti tgg.t al

menory. ey may be passive devices ich.oply transmit. signals upon

receiving an inter issereestses rccls %ﬁ@w@@rg?cwrpw"%&ﬁwﬁe% Preitine

| ncom ng RF way os-ghc%mpﬁﬁyﬁ. a’i‘ﬁé’%}&%eﬁﬁ} Px‘égerﬂﬂ'%h%m ﬁpsigdjﬂﬁiaﬁté%ﬁﬁ% 6 a
. rnctude t

periodically transmt srgnals an elr oWt power supplies.

Exanpl es of conmevifg athivleaVEhd dighlay AF0Oméy R ludens hoslitor, ightd anddg( & )sp&dkeDor
tags currently available fromlInternec Technol ogies Corporation, Everett,
WA The tags carbesper eThe mrasessprmayt he programeednde infaraghwith theopsktecthropgh a

| . . F l. g 30 . d . | 1
e o BB e A T S S T G e
store informati@pcikaist dévite, and/or a voice recognition device: The display 170 may also be a

touch-screen monitor, in which case the input device 180 is part of the monitor.

The remote computer 190 may be of any suitable type, including general- or
special- purpose computers. It may also contain a database for warehouse management,
storing such information as load movement histories, orders, inventory, billing records,
personne! records and customer records. The content of the database may be updated
from time to time with the interrogation results from the interrogator, manual input via
the onboard processor by the operator, and information from the host computer through
the remote fink. '

The transport vehicle 110 may aiso be equipped to interrogate RFID tags located_
at a number of different locations (suéh as heights) relative to the vehicle 110 and/or
tags communicating at different frequencies (for example, tags for inventory items may
use a different frequency than those for locations). This versatility may be achieved by
connecting multiple antennas, each having a different orientation, to an interrogétor, or
mounting multiple RFID interrogators, each with its own frequency, on the same

vehicle.



nmovenent history of the object, or about the weight of the object. Tagapi4d,
and 150 may store information indicative of A he |ocations, such as a

| oadi ng degkefyysher, warehouse slot nunber and trailer ideptification
number. Location tags may al so store other jnformation ab Lf%’l/'r]#@/llz%’c"ation,
such as the history of objects stored at t helZn0 02/ 48955 -11 1 5 APR 2H4
PCT/ US01/ 129-19 location, information about the types of objects stored at

the location, or resirandilugraiivempplication afjthedbvantionheorsidens wareholbe wREleDtems
sujtable for receiving the signals. It

I nt t 120 . f { .

my be an R 1 GRTR R paroHRRe I St varioan darinebions are movsd kv main
I nt ti | L : Lt t 2

Further be capaer oot PorrRanet # kil BRCMIRR S L ARt ofivhinh Ry are

tag. Thus, the assurdledgTheroperyor of hiitthasptirt obifsle M0 #OR ALY Iaé;hfm the
novenent history of .the object or the storage history of a warehouse

| ocation. As andtmeHousxHRPI the remoty shinputer 180 tbepickquipppedlieti 132 anthsebghbf a
sensor that de ' ' t obj ect, .i.n ich case this .

i nf or mati on cg)ﬁ&@é'ﬁgt% B‘?Qﬁ“%ﬁ e? H:Légoﬁ;&@ gﬁff/ #@Bﬁﬁﬁw’é\&,ﬂwvﬁlﬁckdﬂ&ﬂﬁﬁh@ specified

al ready st or ed vaielidiSe ik@tiod 92 Qﬁ@%@%la&b?@ﬁimhél? HASn RSt H?Qgr‘ﬁﬁl;%gg%@re

processor, including general- or s pur pose conp

preferably hastag ridfgeshicesirgmmitsi § adiral fepbodsde with dhe MHR4HIBH ,\g%{ign_ ’T;'l‘ﬁe
di splay 170 may .include a nonitor, |ights and/or a speaker or eeper. The
processor may BUCHPRAIPT Arteatst tei signal awhichiis seathto ehwe pedosssor Hop dgtermination of

raphi cal user j f ' t devic 80 may i nclude a keyboard, an
gui 'Ito abl e type wé’? {h%f)itﬁifp?ﬁ]éé%e\i/mx@s 4RRIPR _eé thiC@\é‘eFEi%H?‘E-i_ owhé'é\ﬂl"%@.mc#ﬁéf
di splay 170 mayomfirae thet the 1466 fi;sCE@r?é?:t,”ﬁl@iﬂrBEessJJrntﬁ’gﬂiiﬁggﬁﬁgﬁhégﬁ%ﬁitnﬁ%g

device 180 is part of the monitor. The renot'e conputer
sui t abl e type, mtereogating ghe¢ap 439 using thes preerr@gatorpP12(N0 The AAFNBD &Ffsmitt a"8¥nal

al so contain a_dat,abase for,. warehouse managenent storing such information
as | oad rmverreﬁ?cqqut“a&’i g pallel oyraber. Tfrmﬁnagfww@d by ithgyintestagatis 120 peprocassed

d d ' d , - h tab dat ed
rom & to t o aebrobBRRr Ao hd BRI MBEY 1skomell (€ BRRRRE Foveer tubichiop the
menual input vpallet 152. Dhb pesadssor eiehsifafuckythe MPeRBS Rl Abve BRpAIR! & HR!LSMng

fromthe host Sorrput er _through o
ock 152 (Fig. 2(b)): At the loading dock 152, a location confirmation process similar

to that for the starting location 142 is carried out. If the vehicle has arrived at the

correct loading dock, the operator receives a confirmation that the vehicle has come to
the correct loading dock (Fig. 2(c)). If the operator has taken the pallet to a wrong
location, the processor will send messages to the display 170 indicating the error. The
processor may additionally instruct the operator how to. reach the correct location bt
displaying a map and/or a set of directions. The use of RFID tags and associated -
computer system thus facilitates easy and essentially instant identification and
confirmation of load apd location. Any operator error with respect to the identity,
location and movement of the load is irﬁmediately identified and corrective action xﬁay ‘
be immediately taken. The chances for errors associated with visual inspection are thus
greatly reduced. |

During or at the end of the above sample process, the processor onboard the
vehicle 110 may transmit the status of the object and other related information to the
host computer 190. The processor may also write the updatéd movement history and/or
the status of the pallet 132 to the RFID tag 130. Such information may be used

subsequently by the tracking systems at the destination location, for example: Such



“the rempte link. The transport vehicle 110 nay al so be equi pped to 15 APR 2004
interrogate RFID tags |located at a nunber of different |ocations (such as
hei ghts) MEP8¥#89&8 to the vehicle 110 and/or tags conmuni cBETAGOHIZ949
different frequencies (for exanple, tags fod3inventory itens may use a
different frequency than those for locations). This versatility may be
achi.eved by coifo@sdtiondndiubé igeh&ardt BN HRSprob@sdt, Aeteived frorflithé db&néomputer or
orientation, to an interrogator, or nounting multiple RFID interrogators,
each with its ownudllydgpsibyyhe gpcruﬂ@etlsrauglthemutd@ncellaﬂ APR 2004 WD 02/ 48955
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are passed on to eren spurs,“at the end o ts are

assembl ed. The fei1eé #adr13gfin Plaee bf &N RIFOD ttag/ ahd & ber d&d@ seaﬂﬂﬁ 230 brosede stan bhay
170 the instructions fromthe renote conputer 190 to pick u pal l et 132
at the end of aodqsacm ﬂmdbmis @ppnllemzifhfsbsatﬂmg argtd) ldemrﬁ;edolpbeﬁiﬂértagsrlflﬂesnd

pal 1 et The i nd8r oljansisnt FPes garBticesen malsrs o). WA TOGRON (T
Sranal " encoded i APl B IGRSR & Wier Tty P RFIRGSS %nggﬁ{ggsﬁaéﬁdﬁe

signal, which iIs 'sent to processor f ation o

vehicle 110 haspeﬁmmmﬁdlﬂgwcooﬁmmtmg bantdded paldie that ee povtaggabwith RFID
confirms that the location is correct, the processor then identifies the,

pal | et 132 L~ tagst &Mrcoyesei bascedes ma@nqzebﬁ wﬂn@pl@ﬁmf all Bfﬂag@g%ﬁor Joads. fnmix

tag 130 transm coded [

Fecei ved by ¢ net PPefi-dRR RETDISE REy B bitaob et BlemfHHRG pubBs RSy fyher

pal | et nunber E&r&@ihé@ﬁéran%@@f&i}&ft@ﬂﬁr ﬁéﬂ%ﬁﬁ&]dﬂ@ pick up the pallet 132.
The processor then instructs thé opera?or- to nove the pallet to the | oading

dock 152 (Fig. 2(b)) At the | oading dock 152, a location confirnmation
process simlar ;éhat fgﬁ:th? siﬁrtimg Jocation 142 is carried out. If
the vehicle has arr I ng dock, the operator receives
a confirmation that 1j hen¥ahhgliRaias, %)fﬁﬁdx"tﬁn tbh%xo‘bﬁﬂg e 1d@ddh g £oedd, (Fig-

2(c)). |If the operator has taken the pallet to a wong |ocation, the
processor Ww || dssiratiemeskraye svhether randdin syhad \dire@oni mdmaﬂahasngovﬂbpwraopammﬂer

point. For example, when a fork truck delivers a pallet to a trailer, it is often insufficient

to know that the pallet has arrived at the loading dock; it is often preferable to also
know whether the pallet has passed the gate of the trailer from the loading dock side. In
principle, as shown in Fig. 4, it is possible to use two RFID tags 320 and 330 on either
side of a plane and determine the direction of the motion of the interrogator based on
which tag is detected first. But to achieve any reasonable accuracy in such
- determination, the two tags must be placed far apart. That is, the distance between the’
‘two tags must be large enough so that the strength of the interrogation signals fall from
significantly above detection threshold to significantly below the detection threshold
over the distance. Such distances are often greater than the dimension of the site (such
as the warehouse tfailer.door) allows, Furthermore, in this scheme, the most accurate
determination of motion occurs when the pallet truck is approaching the point 310 from
afar, rather than when it is just passing through the point 310. Thus the measurement
wo.uld not reflect the true status of the load.
To solve this problem, a preferred structure of a Jocation marker 400 capable of

detecting object movement in accordance with one aspect of the invention is illustrated



processor may additionally instruct the operator how to reach the qu@tmm
| ocation b- displaying a map and/or a set of directions. The use of I

tags and aggasi@sed conputer systemthus facilitates easy : tially
instant identification and confirmation of _} oad and | ocati gﬁf”ﬁ‘ﬁ@ﬁ%’er at or

error with respect to the identity, |location and novement of the load is
i mredi ately ident).fied and corrective action m be i mMmedi ately taken. The

chances for er PB4 2s Sbachdes t¥ip RETDitagrd20 angdA30: spacedzs shorhdistangg epart. yAn RF

reduced. Dur i ' t he.end.0f:.1 he ove sanpl e process, the

pr ocessor_onboasg%lq ﬁ;gb’ \?/‘}e i% 2 rge%l R ,trpeiﬁsmr?ent Hgoglegt& rﬁﬁéqlﬁﬁ Bhbspfoant
d oth | atrgtedialf ; t A ;

and ot her rel atggletialf R pattionRd bRtidd thb s, g?g?l:l ‘?{qe&%?%%eﬂ;?%’ogc?%gs%a I%%Ye

al so wite the updated novenent' history an

132 to the RFI Hswehyad 30.deguel) reldtiventat thendirayioh ofusetement ferieclabd.y Gy 4se,
tracki ng systens fgt jhe destination | ocation, for exanple: Such 1 5 APR
2001 WO 027 48995eiorably sippproxdmafely.ong inglr @rnem), dhdefmed between dag 420 ang the ishield

processor, recgj . f t he. conputer o nual | y i npu t he .
operator thr ough\fﬁ%’en tllhgg%qsngletg%iihefggi Seﬁﬁﬂ‘i meﬁ P ‘hi%% elerahy Haresiephing
shown in Fig. 3he {ét0ndY: a kg t i |

1, with the exce?)t i oﬁs t glltiﬂ aéﬁt?gﬁ E‘g%ﬁagxdlgggg}sb%gy@gﬁ%ﬁ&1?*(}9&?&135[ Eﬁajguji@?
in place of an 44 Deferably mduces themaximemyeah istan220f tay 4800dotas wCRAhEAEnsure

codes on the Iogds 1@& pal | ets. The |ocations are still identified bg' RFI D
tags 140 and 8% ORlE 90§ @8 19ap, ¥nieady Meanyogives dwsitionc alhe entige Resemblyomay be

obj ect and | ch:hhl;ageﬂfnfa trar?s%?x}eh{ 9%53% @éteg{a({ I ty 1 n accommbdating a w der

vari ety of warehouse configu ons an hs, including

accommmodat i ng bar - c@edugeahk R stidlatblaske sﬂ%aﬂtﬁﬂ? ed iﬁ\ﬂeh’GgBFdstigﬁaﬁQﬁnﬁpﬁ‘ag
course, barcodes need not be used in place of all RFID tags for |oads. A

m x of bar codé30anbenr¥he irangpert velicleecanying the REIDaitdrtbeatdrfandathe doad is on the
pur poses, thereby further j.ncr.easjng the rapge of, objects the systemcan
handl e. Motion? %8 sﬂq&ﬁ@p#&%ﬁrﬁmﬁ ?%ll‘&%cé}ﬁ ‘&F‘?ﬁr%ﬁkﬂri‘%lﬂ’@rfi%teqt rag 2.
addi tion to knagpn o N Ll: &bl 8 nt

whet her and in Ma?]%?&gt?%ht%ggg’é%g‘g%eg si)dgsc{fqgé%lg@?i@&.agrf‘a@?gf%({, 'Tag
For exanple, wied20 wilf notkbet deredted]efiti s @nly whanttedhteidgaiol tavkielovel & shér 9arigen

| nsufficient near the plane dividing the two tags that both tags are detected by the interrogator.
Therefore, judging by the time sequence in which Tag 1 420 and Tag 2 430 are
+ detected, the direction of movement past the plane defined by the RF shield 410 may be
accurately determined.
The same principle may be used in a slightly different arrangement, as shown in
_ Flg 6. In this case, a moving marker 400 moves past a stationary interrogator anten~
510. The precise moment when the RF shield passes by the antenna may be determined

by the time sequence in which the two tags in the marker 400 are detected.

Differentiating Multiple RFID Tags
- In situations where multiple RFID tags are within the detectable range of an

interrogator, difficulties may arise if more thén one tag responds to the interrogation
signal. For example, suppose the vehicle appfoaches a target location marked by an
RFID location tag but that there are other location tags also within the detection range
of the interrogator a_nd they also ‘respond to the interrogation signal. Because the
interrogator receiyes more than one response signal, the operator of the vehicle may be

unable to determine if the target RFID tag is the closest to the vehicle. One solution



"to know that the pallet has arrived at the | oading dock; it is often]§APR 200
preferable to also know whether the pallet has passed the gate of the
trailer f™MPV#YS3 oadi ng dock side. In principle, as showBCTAISELEI4Y, |t

is possible to use two RFID tags 320 and 3305on either side of a plane and

determne the direction of the notion of the interrogator based on which
tag is detectedvduld He tBUhaihtQinP I D6V R NE NBRSRBANE s@mg,r 3Refebyn rédiicthg the
determ nation, the two tags nust bé placed far apart. That is, "the distance
between the . thkdiltoadsofnbminghenltipigdagnwithin the dedtetion hrange.r éiwgt h déo rédmces

I nterrogation sj ls.fall from significantly above detegtion. threshold to
significantly SiEa Rt gedeistion T andt e@ Ht Eitertogalory fherely ShmSbingsIany of the
di stances are %fdgﬁﬁ%%gg%ﬁ ﬁ?ﬁﬁlE{#e di mension of the site (such as the

r)y a %ws

war ehouse trailer : _ thernore, in this scheme, the nost
accurate determ natThydifficulpiria be @ 6eiebme)ViQacdrBshcR Mithednel dsPedt of She invention,
approaching the point 310 from afar, rather than "when it Is just passing
t hrough the poibjitdysdmicalishattenniatingibe dutemagationsigneld, namely, diegwningtinemogation by
status of the |l oad. To solve.this_.prohl a preferred, structure o
ocat; on mar ket SREanETpRl Sighdls LB K baBpElerel 0 Eufiokithe Roverlnuflsa e
wiLh one aspecipnalhddifeb ks thé Afhgef RETbUSk 181 RthchdBoARR RABHIRPSEARD5Ms
PCT/USDI /12949 -14 in Fig. 5. It 1ncludes two RFID tags 4207and 430 spaced
a short di st andéusaptedtin FAgn 7R systérh énaludes @n istecdgace 120atpabegsbart 660, artaatenna

screen or other RF reflective or absorbant nmaterjal, isfpositior]e_d bet ween
the tags. Shielld24and jag atignuater £90y [Tbe Attepuater, aphighds ereferablna figipd device,

or of or bl y or S KeR) RO PRoR B TR oRalgdf g% it RRRF Bupy sy

and the shi el dwHef thetaict 05i8 RRJstrl. FdrYanGhtetrBfatbPehpable SEGARGhg BBt fvAire

440 is preferably placed behind the second tag, and defines a second gap
460 of approxi g attgnuatop iy enpfigpned28ithimjthe intexragatogAfor gndfiterragatpr p€ fuedeouiphte
maxi mum r ead di stance of tag 430, ,so as to further enspure  th on 0

tag can be read’oﬁ’ter’a%g’g&i“ﬁ)’é%”ﬁf?glle@iagﬁ‘?p“af?{eméﬁtb?r@“ﬁ%@ﬁ%?‘?’eﬁﬁsﬁ%g.‘lépéhgf gl%eed-
ina RF transp .. SROWRNineBHERILSS, [HROnREroRhics Hels A8K®) b
substantial ly gftﬁﬁ?%?gf%ggg{eﬁﬁ%%gn%fﬁ?%m Tg]gs 430 &/her?%ta{he tr‘gangpg@t Y

vehi cl e car ryi nonshittingHhisrmogatior sigmalsat falhpowéreant dattrinmenwhether thedangetstiag baof

the RF shield 410 as Tag 1 420, the interrogator wl |l not detect Tag 2.
been detec@ec(i:’. If the target tag is etectedg (%20), possibly together \Nelﬁ'l otIergtags, the

power of the interrogation signals is reduced by a predetermined factor or increment
(830). If the target tag is still detected, the process is repeated from the beginning with
a larger power reduction factor or largér power reduction increment until the target tag .
is no Jonger detected (840). Once the target tag is no longer detected, the power of the
interrogation signals is increased back to the level of the previous step (850). Starting
with a reduced power reduction factor or increment, the process is repeated from step
840. The Vpreferred factor or increment can generally be empirically deter;rﬂned at the
time the system is installeﬁ, based on the anticipated minimum spacing between adjacent
“tags. ‘ _

The net effect of this procedure is that the RF power level of the interrogation
signal keeps decreasing as long as the detection range is greater than the distance
between the interrogator and the target tag and keéps increasing as long as detection

-range is smaller than the distance between the interrogator and the target tag. Thps, as’

the distance between the interrogator and the target tag changes, the power level of the



Simlarly, when the interrogator is on the same side of the shield 449 sa8 0
Tag 2 430, Tag 1 420 wll.not be detected. It is only when the

i nt errogatyg obfigéel s over a short range near the plane di Vll(ﬁlﬂgoﬁlji'ﬁs t wo
tags that both tags are detected by the i nteirrogator. Ther'af o s 3gi ng

by the tinme sequence in which Tag 1 420 and ‘?ég 2 430 are detected, the
direction of mpvement.past the plane defined by the RF shield 410 nay be
accurately det VTRBHOMYEnaL adiystedrie uns” fryhe eplimeldeveh smthat ihgrdetaction range
di fferent arraq]gaqapegtthe@@aﬁ&om in Fig. 6. In this case, a noving marker
400 noves past a stationary I'nterrogator antena .510. The precise nonent

when the RF shiel d paesssqbyndenss MoldoRic ®n 'di';gér}g{egiepgsg{ig%}’héﬁéﬁ LR the

sequence in which the tw tags in thé marker 400

Di fferentiati ngpluiet REl powen Bvalagh theningirtagatiom siznahiyr diretdl tinke® tRRhS 16AYSF

are within the dr?ti ctag)lbag' r.ane?% of an i ntg,rrogator, diffrculties may arise

if more than ofeH489cs thak thejaterroseios is lecated sgdiipshe taspeiriag: A fow Requvptrdevel

suppose the velisghes atgion. marked by, . RE

| ocation tag but #ﬁ%tﬁﬂ %ﬁ?&@?gﬁgﬁérﬁﬁé Bﬂggﬁi%%ef %geté%gncy\pgﬂqr rg:ol'nhgnce level.

det ecti on rang€onvérsélirea higheRF q@ate? el ¢heb Y drbatbr HESARIACrh e‘%ﬁk?thus a more
an one

I nterrogation sjgnal. Because the interrogatdr recelves nor
response si gnadistanhtarggdaganst lovfer confidentsileved may be unable to determine if

the target RFID tag-k: e closest to the vehicle. One solution 1 5 APR
2004 Wb 0248955 PCT/TB% mf&%ﬁ’é”%?ﬁeﬁkﬁm@"lﬁ@ 3 gnaliindigative ofthe diskancerbetween

I nterrogati on giedAgh®eatolahd j kgl f, hayi,ng nmultiple
tags within the “det ecEr on ra%e@?%ﬂﬁ#%‘%%ggmygﬁ@ge@%@iogr"ﬁ ‘i}g'@ﬂgwam{e‘%ay
detection rangbe eed he represent agfinetion toffehe Mstatical NARBInAGVAR™Y Phvatidte-pow

advant ages of ysin REID tags. This difficulty may be overcome, in
accor dance V\A'tWEiS’Ff%a?&rp Ougputinosver mpyrheisshby 2 ygriahjevoltagalat § cantrelrpeintiinghe

t he interrogatj Lonal Sy . i.nnikng.interrogation b usi ng
i nterrogation isnii)éérnogagﬂbfﬂgs %gﬁé_%gagg’\%e eﬁl@g/ébe 51&8%’88'}6&‘?‘{?90%/&#@ ‘f&ﬁ% | The|
to the threshsjuehl imliekive of distmct aag i nRTbPUb@DLd PereBRPIRELEI;d Ftﬁg:eesopgﬁator

I nterrogation g)iognal s..As illustrated in Fig. 7, a system inc
i nterrogator 1 ,aPQT%Cb'@ES?ngQGQg vamna arsereimbexfack 224 maghiesh bai Te0UAichrasothet

The at tenuat or g 18%@'% Pr{a%fb%rd?s%llagreg orcli It ei cEn loaxgdegcin?;?dter display 170 to represent the
conﬁc;encc level. The length of the bar. 710 may be programmed to vary between a
minimum position 720, corresponding to the highest RF power setting, and a maximum
position 730, corresponding to the lowest RF power setting. Alternatively, the bar can
be programmed to indicate the distance to the target tag. The bar length in this caée
then increases with RF bower level. Numerous other possibilities exist, from -
numerical display of confidence level of distance to a round dot pattern, the size of
which being indicative of distance to the tag. | .

Alternatively, the confidence level indicator may be programmed to disi)lay a
moving average calculated from the ratio between the count of target tags detected and
the totg.l count of all tags detected on successive reads. |

" An alternative dynamic attenuation system includes the same components as the
system @escdbed above but is configured and anar;ged to repeat transmitting
interrogation signals but continue reducing the power level of the interrogation signals -
as long as multiple RFID tags are detected, until only one RFID tag responds to the

interrogation signals. Because the interrogation signal strength decreases with distance,



‘transmts stronger interrogation signals when the target tag 620 isﬂ;gfﬁ‘nﬁ]m
away than when the target tag 620 is closer. For an interrogator ca e
of varyi ngvVeWR#¥PsSpower, the attenuator is configured wit RCA/ESa1294
‘interrogator; for an interrogator of fixed edtput power, a
digitally-controlled attenuator may be connected between the output of the

i nterrogator anghetipfe 36pRNIAg RITDOHg! IsN@8sthitialty Ghe loséNQo! thk ShieABRAt8F among
begins (810) by transmtting interrogation signals at full power and

det er mi nes whet mehipld®RFixtaget tag has been detected. If the target tag is
detected (820), possibly together with other tags, the power of the

I nterrogation signals is reduced by a predeterm ned factor or increnent

(830). IT the target yiggahissAhdilibnATEhiG ek iRaRECeSS | S repeated from
the beginning with ctron rtactor or |arger power

reduction increnent WhéiRFIDheagd-basg@t sylstegh mdys beccontbigdr witht eciee dednBrdD)and/or
Once the target tag is no | onger detected, the power_of the interrogation

signal's is incrgeidensetsagems © adhieve shedessed funetionalityi dips expraple wagnetic &anesithalg
i th duced ‘redyction,f ' t. {.he DLOCess | d

from ot ep 340, SAE® apEEl b aass, 35 MastHourd ARRETIDH vehiCh MAPHRF JndyZod B8GPkT

empirical ly det i gk midd¥on o iaﬁeaufeg_ﬁﬁw& EdBifichal BEVE {ERFID AAHoP Matihes,

anticipated m ni num spaci ng between adjacent tags. The net effect of this
procedure is th8nitdbleempnepiotape is kuewn af theluet. | An exanqeof such tepgisalischosed & the
decreasing as |l ong_as the detectiqn._ran .S greater th di st an

bet ween the i ntBF -@Q&%AFH“@@%@W& tU%&ﬁ_‘dﬁégdoﬁéaﬁ q%ﬁ@?ﬂ?ﬁf“&’@r E‘Zn]g?gés
detection range j ld-er t .St : ' I d
the target 1 ag-oth il e ale el AAEEs o URE I Rrichl BlehAlf SRR
target tag changfich waigublshed ad Wi®bea623 helnla sysibinRisd@Ghch¥a@Rdt it a8 the tape is
PCTI USOV12949 -16 interrogatjon signal is adjusted to "hunt" for the |
opti mal |evel skbidpae trafkc-bearsatueiace. aAgaagneie senser mesntsdmthedransport vehicle
consequence of the dynanic tenuat i ySt cl) el | h
optimal RF pome?QF%t§/X g s‘igﬂéie f?e§‘§g§|¥%“f§8‘gn ‘%ﬁaP":"g g’Pﬁg"E +f§th}5 ?a é?"‘tr{c])@ﬁ
the level of canhi 680Gyt hinagheridedt CEdcOBAI 061 INerittaytig hatiers indicitive of the
target tag: A low RF power. level nmeans a smaller. detection range and thus
a closer target posonsraibngi theéapecsnas tiealloay vehicl¢ posit@umdeserminationupengpadipg the

pover | evel e e coded Er&grtm%rtiog %ty%ﬁeta sensors on the vehic 6. ggéh guiggr{c% system may be used

in combination with RFID systems to achieve eveﬁ greater operation efficiency.
An example of such a system, in which pallets are stored in lanes demarcated on
a warehouse floor, is shown in Fig. 10. A strip of such magnetic taiae 540 may be laid
along each lane. A vehicle 510 is equipped with both an RFID interrogator (which is
shown integrated into processor 520) and a magnetic signal reader 530. The tape is
encoded such that the position along the tape can be determined by the tape reader on
the vehicle. For exafnple, the magnetic pattern at a segment of the tape next 1o a stock
Jocation may be read as a numeric code that the processor recognizés as indicative of the
_iocation number corresponding to the stock location, such as a floor position. The
processor receives location information from the tape via tape reader 530 and pallet
identity information from the RFID tags (such as tag 560) via the interrogator and
antenna 550. The processor also sends out instructions to the vehicle as to the tasks to
be accomplished, including pallet pick-up coordinates, pallet number and pallet

destination coordinates.



distant target tag and | ower confidence level. This feature nmay be U’P?‘APRQU[]L
provide a signal indicative of the distance between the interrogator and

t he tar getwbagusdser exanple, the output of a digital atten%ﬂbsmgwbe
used to represent a function of the distancgg Alternatively, I'n"a

vari abl e-pow interrogator, the out put power may be set by a variable

vol t age at acontroléﬁomt I n i nterro ator Hg vol t age, nay be used
as the signal indica 9@%1“"‘ e&f@f’%ﬁ @ Op EOH%WLE} ahe FIWGPE%R jsvallst movement
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approachi ng a target ta user 1n ace

that shown in dndgfrof sllni&yarbﬁbvaﬂeh‘@ﬁ&eamﬂs ogs shewRMAORRd 180 MK tsBER gﬁlle"ﬁf, P
to represent the confidence |level. The Iength of the bar 710 may

programed to wwarghdusevwacks may hiermarised by SRELD itags 2780 amrdeﬁmbedhdbawge t A4 hethe
hi ghest RF power settin and a m pas on, 730, corresponding to the
| onest RF powerPTSEPY AP oqﬂﬂnf”éﬁssn%?gm;eﬂjo 15 f’ﬁ‘épb%irwghﬁn "B@ﬂ'%%@fr aIpantenna
i ndi cate the di The re case h
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nuneri cal di splc&derofo aosifli thenred |t@V'ﬁdrkCH°acﬁilsﬁitaiﬂC@ch Oyatel Rl FadkOWwithak ts@fmi}ate
the size of which being indicative of distance to the tag. Alternati vel Yy,

t he confi dence lpeafien 111 | tamay berdspirbbie po equinrvebidle: T4 ivdpthain this embodiment is a
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system descri bed above b u arrange

transmtting |rmmererlagatmmput3r ok }&lglwtserﬁs@flisl preRr M@btﬂﬁeﬂé&n@&w{o RV
of the interrogation si gi_nal s as long as nmultiple I D tags are detected,
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shelf. The operator may manually control the raising of the fork to the height, or the lift
truck may be programmed to automatically stop at the desired height. lWith such a
system, the move:;lent of inventory items in all three dimensions may be efficiently and
accurately controlled. Moreover, using a height sensor on the forklift eliminates the
need to place RFID sensors at each storage level (slot) in a vertically extending
warehouse rack. Instead, each column of slots can be identified by a single RFID tag,
with the individual slots within that column being identified by a height indicator,

The specific embodiments described above provide a fully automated system for
identifying, moving and tracking objects ﬂuoughout a warchouse or other similar
environment. The system provides immediate feedback to the operator throughout the
warehouse operations, thus minimizing the possibility for error. The system is adaptable
for use with all of the wide 'variety of locations that ‘are involved in warehouse
operations, such as stocking locations, storage racks, floor lanes, and shipping docks.
Because the system can-operate in conjun&ion with a central daté repository, the system
can direct and track all- object movement throughdut: the entire warehouse. By using the
invention, errors in inventory management may be greatly reduced, and productivity

thereby increased.



The RFID tag-based system may be conbined with other control and/or

gui dance s§§tens 'to achieve the desired functionality. For exanple,15APR?%L
magnetic tWPRHEIEt  can be applied to roads and war ehouse PEHEPE/ 12849
vehi cl e gui dance may be used for |ocation deermination as an alternative
or additional device to RFID |ocation markers. Suitable magnetic tape is
known in the art. AnThxparfibwlaoémisudirhertagiecloseddboed asaithstrativd\enly, ds the MoéRidn
Application Serial No. 08/341,369 to Dahlin, et al. filed Novenber 17, 1994
and entitled " CBAY befaliBedvanheraciced in different but egusvalvnt mannafsf ippamshito nhose
Surfaces", whigk ubl i shed .a 9 6231.. In a .systemusing such ..
magneti c tape, sﬁﬂg‘\gﬁiﬁ% 18 'hapgg glezq?\rll\é%tt&é%? f@% heigins &tﬂ-’g‘]&’é’.‘mﬁz %Eﬁgﬁﬁ“&“s
sensor mount ed 28 initBdéd 3RO derdB Mo bénstrBHGF b "RAGR! Sowhl G AR s
t he sensor passes over a portion of the tape. Furthé&r, such tape nmay be
magneti zed (" endsscidlied inrthé whairhg beldy. i I ipdicteforesevidudt clait ithe padtichlie embodiments
positions along . the tape, so as to allow_vehicle position determ nation

upon readi ng t hlisceRed @beve My bealtsres obfpogdiied sadhalb puchomriatiens ase censidera within
id t . inati i t Fl D t hi.
Oven or cat ot onte Sana dot 3t o TusRROR, Wifonting, B nrotbtEOR Fiieh? neTeRhif i st

pal |l ets are st obgl in thel s belear cated on a warehouse floor, is shown in
Fig. 10 A strip of such magnetic tape 540 may be laid along each lane. A
vehicle 510 is equipped with both an RFID interrogator. (which is shown
integrated into processor 520) and a magnetic signal reader 530. The- tape
is encoded such that the position along the tape can be -determ ned by the
tape reader on the vehicle. For exanple, the magnetic pattern at a segment
of the tape next to a stock |ocation nay be read as a nuneric code that

t he processor recognizes as indicative of the |ocation nunber
corresponding to the stock location, such as a floor position. The
processor receives location information fromthe tape via tape reader 530
and pallet identity information fromthe RFID tags (such as tag 560) via
the interrogator and antenna 550. The processor al so sends out
instructions to the vehicle as to the tasks to be acconplished, including
pal | et pick-up coordinates, pallet nunber and pallet destination
coordinates. 1 5 APR 2004 WD 02/ 48955 -18 PCTIUSO 112949



Anot her exanpl e of possible operations with the invention is pallet
novenment involving not only horizontal vehicle novenent but al so vér&ﬁ@hﬂmh
novenent of pallets to and fromslots in warehouse racks, as shown in Fig.
11. In such a system the warehouse racks may be nmarked by RFID tags 790
as descri bed above. As in the previous enbodinents, vehicle 750 is

equi pped with an interrogator 760 and &f-antenna 770 that may be used to
read tags 790 so as to identify a desired warehouse rack. In order to
avoid the need to mark each slot in each warehouse rack with a separate

|l ocation mark, it G#ysbe desirable to equip vehicle 750, which in this
enbodi nent is a reach truck, wth a height sensor 780. The vertical travel
of the fork of the reach truck is nDnitored by the hei ght sensor, which
transmts a height signal to, the PLOCEsSs t

hei ght sensdr is pprsiésﬁeg? i%ﬁ ‘VCE“@&} bige B%Sr]l 0“ b]e £tte:agl%edh ﬁllogﬂmﬁaﬁigé}rﬁ-{gﬁ
the fork, b%é §E¥mge any other suitable deV|ce for measuring height, such
as a |inear I'aCenent nechani sm | aser range finder, etc. The processor

may instruct the oper tor 19Vﬁ9P?%% thee fir Q&QbékaﬁﬂﬁﬁﬁéﬂE”ed hei ght to

put away or retrﬂ@b %FB he oper a may manual Iy control the

rai sing of theforktothe hei or the o] to
automatical |y stdp)at at“héblﬂgsl’%g‘&r HSPQgiAied W{hh ﬂ%eu(?hll ! mT’YC %O%s ﬁg&%gﬁe

of inventory |te %‘%NL‘B@*@9“95WEEQ”QQ§ may be eff|C|entIy and

accurately contr reover, “using hei ght sensor on the forklift

elimnates the need topﬁt)éﬁ E\Flc%léﬁnknsaorﬁsaga a&f*\wﬁ{?ﬂr@%%mlt]%}ﬂ a{ $hott al n

a verticall y ext E(ICIBI n ’tea each col'um O sl ots can

be identified bydﬁur?llggbﬁ l&:tlgtst agd stopkd thibeadondindicduad ofl e dosdtioni of theat
col um bei ng identi d by a height indicator. The specific enbodi nents

descri bed above phakede a fully automated systemfor identifying, noving
and tracking objects throughout a warehouse or other simlar environnent.
The system provi d@$ i nareRhaidRaiopestiaeld drothehehpetoateoeive firoaugteoutjedt rarker

war ehouse operations, thus mnim zi the possihbility . for e system
i s adapt abl e forthasefwwntahol‘allllldlwl"?ﬁg Wdéeﬂiﬁ}’lcétweoqblt%ca&g {5?5%3 t'tﬁh]f? %t%’@
i nvol ved in warehouse O er H)éx 18§%§tmea§f§%‘?8&‘u%9 C!fQH@HaQ@S 1§t %I@lgi%alor

racks, floor |ane¥@" éﬁ&’gﬁ?ﬁﬂﬁ ecause the system can-operate in
conjunction wth g,cent{al ra@%-ﬁe%&ﬂ@ﬁhﬁ&hﬁneﬂfoen%yﬁﬁﬂmg infornuitior ¢¢ bastdred
track all object m)verrent t hroughout the entire warehouse. By using the
i nvention, error son mmarkeeatdn yadnafragieamentechigt:98dgr eat | y reduced, and
productivity t hereby i ncreased.

(e) a processor on-board the vehicle and operatively comnected to the

interrogator, wherein the processor determines the identity of the object from the
information indicative of the identity of the object, the location of at least one of
the location markers from the information indicative of the location of the marker,

and the spatial relationship between the object and the location.

2. The system of claim 1, wherein the radio-frequency transmitter transnits one or
more interrogation signals,

wherein each of the location markers comprises a radio-frequency identification
tag to transmit a signal encoded with the information indicative of the location of the

marker in response to one of the one or more interrogation signals;
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di scl osed above are illustrative only, as the invention may, be g%
and practiced in different but equival ent manners apparent to those
skilled in the art having the benefit of the teachings herein. Furthernore,
no limtations are intended to the details of construction or design
herein shown, other than as described-3dln the clainms below. It is therefore
evident that the particular enbodi nents disclosed above may be altered or
nodi fied and all such variations are considered w

spirit of the i nvehfiFantheARRIBFAMAgIeY, CUNBISEY Gt 8T8 gﬁq%% Ee}ﬁgﬁr)cg:ﬁﬂl?lqgg as
set forth In% 1?1?( Cls gﬂmnpgd Wmﬂ;l'ﬂ% ﬁ?ﬁld%g%md%)ah%%'f ke 1d33m)t:9 FYB4 evedidn
tracki ng an B]ect i'tionabl e at a plurality of |ocations, the system
conpri sing: régonde td@ﬁ&ﬁ@lidoneehnﬁdxenttam\gments}gealsmleict bet ween | ocati ons;
(b) an object marker associated with the object which stores information

i ndi cative of the,] é}@ﬂt hifeY r o HRBuRR) B@tsivdiClecdivRt Uhél sidnal Offronpaht i lotation
mar kers, each of is positioned at one of a plurality of |ocations
and stores hﬂéﬁEﬁamd@bﬁmnmaﬂam;ve of the location of the marker; (d) an

i nterrogator mounted on the vehicle to receive fromthe object marker the
information indicative of the identity of the object and fromthe | ocation
markers the i ntonati on indicative of the location of the markers, the

I nterr ogat or, sr{'%n Bof’ A0 rv@l%‘&ﬂc%etﬁﬁ@ﬁmértﬁr thfeoiﬁutérfc%@ﬁﬁﬂ it tfuAlger
informationto be §io¥ on a marker and a radi o-frequency receiver; and

(e) a procesgpsblenfhpas@iting aweat kscodad vapehdtinagioy apdriheobisdt merkeh stores

interrogator, wherein the processor determnes the identity of the object
fromthe the encoded information.

4, The system of claim 2, wherein the interrogator further comprises a plurality of

antennas to receive radio-frequency signals from a plurality of directions.

5. The system of claim 2, wherein the interrogator receives signals from a radio-
frequency identification tag and generales a signal indicative of the distance between the

interrogator and the tag.

6. The system of claim 3, wherein the interrogator varies the power level of the

interrogation signal based on the distance between the interrogator and the tag.

7. The system of claim 5, wherein the interrogator generates a visual signal

indicative of the distance between the interrogator and the tag.

8. The system of claim 2, wherein at least one of the location markers defines a

plane, wherein the at Jeast one of the Jocation markers transmits a first signal indicating



information indicative of the identity of the object, the |ocation o
| east one of the location markers fromthe information indicative 01;5%%2””['
|l ocation of the marker, and the spatial relationship between the object
and the location. 2. The systemof claim1, wherein the radio-frequency
transmtter transmits one or nore interrogation signals; wherein each of
the location markers conprises a radi o-Frequency identification tag to
E)][a[lﬁmt a EI gnal encoded with the infornation indicative of the |ocation
e marker in response.to on f th i i i ;
A e R L R R e
!de_ntificati.og; a 4 1.t 8. Bl I 3 ! rmation
i ndi cat ![ ve oF4f _ﬁl‘él%i t?i‘glnt'th %'3@9’2&% 125 (?tgjg{ggtm?qug&ﬂgcsj%%!n%ﬁgh% gﬁgﬁ’gﬁlgf t he one or
nore interrogati.on si gnal s; and wherei.n the .radio-frequency receiver
receives t hé”ﬁlﬁﬁéb%sépﬁéﬁ‘@ﬂg B Sﬁgﬁ“gﬁonhIEF @éﬁglggﬁ]d ogj ect ymatr kers. 3. The
systemof claim2, wherein the transmtter of the interrogator is further
capabl e of transmtting a signal encoded with information and the object
marker stores the encoded information. 4. The system of claim2, wherein
t hg_ i n]E errogat or The $ylsem obeipim 8 esheareinlthe al leesy oot of dstlesatian maskers campases
radi o-frequency signals froma plurality of directions.. 5 Th
_cldal m f2 Whemei F'ladt”l?rél'eﬂhff@?f’r’(Slﬁétﬂjgcra“fg’éctég%éig%’élinén@lesplf’?%ﬁ#eéekfel\glg%]-s){(ﬂtga%@hcy
i dent i i catign, 1ag, and geNelifl RSxfnSloRaboiadoCAY e ofatbhiesiglias tamastic
bet ween the Sé]nnat e?l} o_ga\or and the tnalg;].g GkOIfﬁgosysﬁlg%g%ang?gsi]grﬁaz,ﬁmﬁg?g?nr:
t he i nterrogatefsthviadihaBe imerqrawe; aildeviedreiofthe hieleast ohelotegen inankes igerliigseded
on the distance between the interrogator and the tag. 7. The syste f
clh ai 31_ 5, whendi srranged itpteapbleght 8 genks aves Sléie\ﬁfstﬁlsﬁ“@’fl'ggﬁéw 19 K"dP%‘érq ?({/g’eof
t he di stance between the .interr im
2, “wherei n dEereAeROL e B D PRaastie e Rl it Py Repd R SAPhE Do
the at |eastsgnpg of the location markers transmits a first signal
indicating 1 5 APR 2001 -22

10. The system of claim 9, wherein the at least one location marker further comprises

a radio-frequency shield positioned between the two tags.
11. The system of claim 10, wherein the shield comprises a metal plate.

12. The system of claim 2, wherein the transport vehicle further comprises a lif
capable of retrieving and positioning an object at a plurality of heights and a height sensor
for measuring the height at which the object is positioned, and wherein the processor 1s

operatively connected to the height sensor to determine the height at which the object 1s

positioned.

13. The system of claim 2, wherein the transmitter of the interrogator is further
capable of transmitting a signal encoded with information and at least one of the location

markers stores the encoded information.



that the interrogator is |ocated on one side of the plane and transnLgiPﬁsz
second signal indicating that the interrogator is |ocated on the ot

side of the plane, and wherein the second signal is different fromthe

first signal. 9. The systemof claim@8, wherein the at |east one of the

| ocation markers conprises two radio-frequency identification tags
defining the plane therebetween to tramSmt signals indicative of the

| ocation in response to an interrogation srgnal of sufficient strength
fromthe interro ator and wherein the at %Ftt one | ocation marker

is
configured ldnd afieafitsid obceimbl e £ag onheHeclghdnarys P He 2 ratlio-
interrogator. to res . r t \he
other tog TS RRY gﬁéa?m}rq?%td s fs'ﬁ{lpg?f%q?lgeﬁﬁbﬁ’mnﬁhhél gl_r&%ﬁa\erﬁ@y;régagﬁ fo
claim9, thﬁQh@kkﬁ@b@@fmgaﬁﬁh@pe Iocatron mar ker further conprises a
radi o-frequency shield positioned between the two tags. 11. The system of
claim 10, wherei %hé]%msﬁ%ee'o e%PrFP&!(ée%oﬂpﬂ?ésaE Ph&dR: cé&ammeﬂwsmemamon
claim 2, wherein the transpo t vehicle further conprises a |'ift capable of
retrieving dpgcposs 6 aidegtinrofobs elgectat a plurality of heights and a hei ght
sensor for neasuring the height at which the object is positioned, and
wherein the pr Oce\%ﬁ&‘élﬂ e r2PBIRLGLUY RN YSRGS tiRfshs bhentBebghionsefsdand dhe
determ ne the height at which the object is positioned. 13. The system of
clai m 2, wheeetivertrhecivesahsendotied sighals:imedi nterrogator is further capable of
transmtting a signal encoded with information and at | east one of the
| ocation marker switefifge iherencadedhdrrnbompmats omrcdleFeARR0GAds B8 bikodThe
system of claim1l, wherein each of the |ocation markers conprises a radio-
frequency identification tag to transmt a signal encoded with the
information indicative of the location of the marker; wherein the object
mar ker conprj bar o] njn I:0R;io io¥eosdratiag,
identity of f( o@ gt%\(/%ne(r%ep% hieE ?%H‘E? #dﬁgﬂfs‘i‘}ﬁiy '?]r gh@%e??*gro\ft r%]rrsm '?s
an interr Ogaédn%m@éi wlﬂie @ockstdrao predéd wethe ppeeiov es tichehéric odamakingrralise ofand

wherein the interrogator further conprises a barcode reaﬁler t hat reads the
bar code. the location of one of the plurality of Jocation markers when the mterrogator receves

from the location marker the information indicative of the location of the marker.

16. The system of claim 15, wherein the signal provided to the operator is an audible

signal.

17. The system of claim 13, wherein the signal provided to the operator is a visual

signal.

18. The system of claim 17, further comprising a computer display monitor, wherein

the visual signal is a computer-generated patiern displayed on the monitor.

19. The system of claim 18, wherein the processor displays on the monitor
instructions to the operator, the instructions including the identity of the object to be

transported and at least one location to which the object is to be transported.



15. The systemof claim1, further conprising a signal generator
operatively connected to the processor to provide to the operator o“#ﬂ%m['
vehicle a signal indicative of the location of one of the plurality of
| ocation markers when the interrogator receives fromthe |ocation marker
the information indicative of the |ocation of the marker. 16. The system of
claim 15, wherein the signal provided t¥the operator is an audible
signal. 17. The system of claim 15, wherein the signal provided to the
operator is _a visual signal.. 18. .The systemof clai.m 17 _further
conpri si ng a?ocorrpﬂlee%yskﬁ”éﬁf%l]ﬁ”ﬁﬁnﬂlﬁﬁ CRABY 8% 2" ?ﬂ%li\%%dgllensrg’édﬂlaimlk”%le% on
comput er - gengr atiad AALLRLR HhRRhEYELORarkbanERTbiRAiionlifldicdie St aidhly of
claim 18, wherfeln the processor displays on the nonitor instructions to
t he oper at Orthe bhRci At frbittho g aiine hadiengit hefoird@ingi ingicetive diethobyuen pbilise
transported and at | east one location to which the object is to be
t ransport ed maBelAPR 2004 -24 20. The systemof claim1, further conprising
an additional interrogator nounted on the vehicle to receive fromthe
object marker the information indicative of the identity of the object and
fromthe | ocation markers the information indicative of the |ocation of the
mar kers. 21.5A Syﬁtsﬁgfblﬁq%r triaekd APoleiect@bidchalpost 4 plardib) ef latatanplonratafie of
| ocations on a traffic- bearing surface, the systemconprising: (a) a
transport velwaghg stidaggoine syhemebj@esinBet ween | ocations; (b) an obj ect
mar ker associated with the object which stores information indicative of
the identity of thg objesatspofiokhilestomqredhe olpgrdetwcendpetgssoci ated with
the traffic-bearing surface, wherein the magnetic tape includes a
plurality of segngpts, amg{e@i mARraNafbcikiae wikeghenibect Svisitle atees wfbimation
information indicative of the |ocation of the segnent and each of the
segnent s pr oducesindicatignef the idingha! tbheedd with the information
i ndi cative of the |ocation of the segment; (d) an interrogator nounted on
the vehicle to reggi veafsom sthenaphptc ttapeankseciatet hevithntler naffiobearngi satacoe
of the identity of the object; . ) . "
wherein the magnetic tape includes a plurality of segments, wherein each of the
segments is encoded with information indicative of the location of the segment
and each of the segments produces a magnetic signal encoded with the

information indicative of the location of the segment;

(d) an interrogator mounted on the vehicle to receive from the object marker

the information indicative of the identity of the object;

(e) a magnetic signal reader mounted on the vehicle for sensing the signals
generated by the magnetic tape; and

(H a processor operatively connected to the interrogator and the magnetic
signal reader 1o determine the identity of the object from the mformation

indicative of the identity of the object, the location of at least one of the segments

of the magnetic tape and the spatial relationship between the object and the

location.

22, A method of managing an object to be moved between locations in an

environment wherein a first radio-frequency identification tag is affixed to the object and



(e) a magnetic signal reader nounted on the vehicle for sensing the %Pﬁh@h
generated by the magnetic tape; and (f) a processor operatively connected
to the interrogator and the nagnetic signal reader to determne the
identity of the object fromthe information indicative of the identity of
the object, the location of at |east one of the segnents of the nagnetic
tape and the spatial relationship betwéén the object and the |location. 22.
A nmet hod of nmanagi ng an object to be noved between | ocations in an

Co the obj edt dHied BeRpRepdds CBBRAY Cooval Endrals hates Ry B flps
transmtti ”%oﬁkaqn%' ﬁ%cﬂg%vv\%ﬁ fhel S Q% MRLEQMRA JaBfH- ﬁ@édeM@%f Qfent]ﬂeatldﬂ]eﬁgl 13

of the objecC second radi o requency identification lag is affixed at a
| ocat i on andffivasi zﬁfadb@iﬂlohhﬂdéiamsmfﬁiﬂ theremagmabk eayablet ofdresminitting g gsilg agasied
encoded w th informatiaon |nd|cgg of th ocatlgn of

d
a transport WBhjdpiagten léﬁl&P‘p‘ﬁe ﬁcaéBOP e $5<8y ézﬁgc)?“ig &éh%”ﬁ??‘éé’?f%% 't ag
i nterrogator Hﬂgpgiﬁdﬁm{aoﬁgﬁ%bxélﬁg 134.5% cﬁicglgtggSintfeflgéﬂt&h%aﬁa%gegoﬁf};‘éewmg the

det erm ni ng I"oh'st'ore the“nmet hod conprising: (a)
using the i @ig‘%‘éfsoﬁléihoﬂiett@ g @ﬁ@id\é&nﬁlhﬁlg tHeoimfi@tria0inn i sieted ant ithee tagh, theemethod
identity of the object; %b) determ ning a proposed |ocation to which the
obj ect is taobgrmmged; (c) using the vehicle to nove the object to a
| ocation; (d) using the interrogator to receive the information indicative
of the location: @nd (@)ngd@padsietrbgajort foerechyedie iaformagon bulation ohitenidertay
| ocati on |nd|cated by the information received in step (d) nmatches the
pr oposed | ocat i orpf 1p30bJ9He nethod of claim 22, further conprising the step
of determ ning a proposed identity of the object, wherein the step (c) is
performed only wheh t hiztérdening epropedétieedipn 1@yvltlﬁelhmbﬁﬁhﬁﬂ?éﬁn}°éf& i ved in
step (a) matches the proposed identity of the object.

(c) using the vehicle to move the object to a Jocation,

(d) using the interrogator 1o receive the information indicative of the location;
and

(e) depositing the object at the location when the location indicated by the

information received in step (d) matches the proposed location.

23. The method of claim 22, further comprising the step of determining a proposed
jdentity of the object, wherein the step (¢) is performed only when the identity indicated

by the information received in step (a) matches the proposed identity of the object.

24, The method of claim 22, further comprising providing an operator operating the
transport vehicle with visual displays of instructions including the proposed identity of

the object and proposed location.

25. The method of claim 24, wherein providing visual display comprises displaying

the instructions on a computer screen.



24. The nmethod of claim 22, further conprising providing an operator 5 APR 2004
operating the transport vehicle with visual displays of instructionL

i ncluding the proposed identity of the object and proposed | ocation. 25.
The net hod of claim 24, wherein providing visual display conprises

di splaying the instructions on a conputer screen. 1 5 APR 2004 -26 26. The
met hod of claim 25, wherein displaying-4n a conputer screen conprises

di spl ayi ng through a graphical user interface.

26. The method of ciaim 25, wherein displaying on a computer screen comprises

displaying through a graphical user interface.



