;e3eD(D\v6eT(L OBJECT TRACKI NG AND MANAGEMENT SYSTEM AND METHOD USI NG
RADI O- FREQUENCY | DENTI FI CATI ON TAGS Techni cal Field The present inventiaq
rel ates gQp§hasdsy to objmmwmmmmmmmsand managenent syst epgraReh/imBiohods,

and nore specifically t and met hods that use a conbi nation of
nobi | e and/ or stationary radisasdrequency idéntification tags to identify,

nonitor the |locations of, and direct novenents of objects. Background of
the I nvention To AOREVGTHIRACKING AND MANAGEMENT-SYSEEM AND
desirabl e to adiEEHOD USING RADIOSFREQUENCY IDPENTIRCATIONFTAGS

objects to be |ocated and/or transferred wthin the warehouse as they are
transported to and fromvarious | ocations, such as storage |ocations,

stocki ng | ocations,. staging areas and | oadi ng docks. In typical
conventi onal mﬁéﬁ%é‘ﬁ%nagerrent operations, the operator of a transport
vehicle, such as a H@Ekyfefedf invenfias rl'efafdé(:{ﬂe_nenlall{' tiot HBjEdE Gaq@g% lhf;‘a .ﬁamag&nem

receives a set of printed stocking or picking orders, typi generat ed
by a conputer, sgstemeant utettwds,handomdes spdsificallystoabuch systemsidngdi methodsethab asts a

and |l ocations and transporting the loads to ang fromjthe logations ,.
apeci 11 ed on ¢ RembiraESO bl enGr spleray raelpRequehey e caige a8 dp ddenti,
var ehouses W t gl Al SoBREGE, Bd bigkRlo0BRei0Gr dipals 1o handle, there are
nunmer ous opportunities for errbdrs. Sonme warehouse”managenent operations use
bar codes whi c/Batkgroahtliof ¢hle Itvehtion Loads or which mark specific |ocations.

In a typical exanple of such a ;é%st,em t he operator uyses a hand-hel d bar
code scanner to readotashieahighlyeHicinnt Waechpusepperatians, iitis desizablede aecuraselyt he

stock | ocation C t ' I: RI pve t u

i sual pr ocessdack e RSB REAAI R ALY BuRERURRY BRI EHEoBiiStster,
to the need f Ookvighin B6 wakdhoBsedds théydite trafidpdsted B Md fidrh Yarioulo@dtidRE suél asgnnent
between the scanner and barcodes. It also requires the operator to

partici pate i nstoiegellocationsistackingdeaations, piagivg gteas and loading dacks, Intppisshber at or
may need to exit the transport vehicle to scan t.he barcodes manual |

o ow ng. dovn. wePRYFAietst SRERRbe NG atntr sRrraf . IR e AR E velele
storage shel vesu@i o foAcinék, daek srucklifeitudk &t paléiithick! REéivesh det bEprirted! aces
for using bar codes because of the need for close proximty between the
codes and t he rstawling or pickingrosdars,ttypically@zenérated by seomputes, andexedutesithe prherd | y
identified instead. .. -2 .Radig-fre ncy identification ("RFID' a
systens have be&&rf 'Sﬂ?lydggrgﬁy'f‘%ﬂ‘eagﬂisiaﬁH?‘ﬁ'\?ﬁ?ﬂs@P t@P%‘%ﬁheﬁ%ﬁgHb?ﬂdaé@a&eem
an RFID tag isj 'a@s@'ﬁ tHRRIr§&GS. B sucRaafd ,ﬁeaihlgqa' h
non-vol atile rre?r‘%&ly f rgmst&%)?‘ipr?gé ir%r%)r rnalgiuiho%ilg %Iée?ﬂteis yin tkﬂgéég ja%cvgargrouses

| ocation and elvathalargemuaibecof lbcatiohoand loads tadiandig, therehrammeroes oppopatuoities
RFI D tags may 33 assive or active. In the case of a passive RFID tag, the
tag includes cPY€t™ry for converting at least a portion of the received
Re signals into el eieilroRANE naRBEARM Blerkdifis B0 biradst AR oF¥ ABRESPId e
and transmission. In, a typical conventional system tags contal ni ng

i nformati on asdemlsasrewhich tokark pedifiee fdcationss Iif a itypleabtexamplet ehsucha bystdni,athked
are attached to the inventogf%/r itenms. An RFIDnterrogator is used to detect
the presence ofopsigtqumses adandrheld bar codesqanmasttp readifhediar icade ordhe ineds padnifhe

tag. A typical sﬁﬁ'eglaésgseéﬁ PRALBL 1At SA%UEE shéﬁg%gﬁé%ﬁg 3#9@*%%@%@;&&”9

e
i nterrogation srgn 10 and receiving response sign _ one
or nore ant enngRrdtp M4l tmecdsses! RiecahrtRNdiffRul €6 cofipletély hnpleflend dde pads ® tead
encoders for reading and witing the encoded information in the received
and transmi tt edregifosidipael| line qfésg%écphse@mmmrmeanﬂ mreper ¢ljgnment batwvesa the scanner

e st at i anar yado8e it o, SRRk e TeghOiee PRtk o B0 e Henhibodbt
i nterrogator, ggodess. t iPsoriShsE) thé PEBEr Imdyr ey t@eﬁk%é)ﬁ?%&?m& SehibRag sbh the

return station that is fitted with an intérrogator. REID tags may al so be
af fi xed near a bamodes manually, slavdng tiown wasghiouse. opefations.dCerainilongtions, forexample

attached to an,.nventory, i.t em gnd | qcat i on- mar Ki g rogcessjng unit
associ at ed w t MENETEr Shetv and oo Aok, Aeroare baritolhEh: el Bles ks et
posi tioned neary,t B&iet BEARSE bR héddTor Ybsd ﬁo&lhﬂt?%eﬁ%@ﬁ@tﬂé tORRan® HeGEider. As
tracki ng systens are capabl e of keeping a record of the inventory itens and
somet i mes t hei ra resuitatoadsiin, thoseayeagraee often asuatly idemtifieddnsteadacki ng and/ or

managi ng the novenment of the inventory itens. There al so exist warehouse

i nventory tF#%i ng systens that include fixed RFID interrogators at various
| ocations to detect RFID-tagged itens when they are positioned near the
interrommmﬂ:‘mgmﬂmmwed | ocations. For exanple, there are warehouses with
RFID in positioned at or near the |oading dock gates. Such
systens are capable of tracking the arrival of tagged itens at the various

e e 1 . " o, Y S




not be detected until the | oad had reached the gate. This del ayed error
det ection -3 negatively inpacts the overall efficiency of warehouse
operati ongo oddgyski onal |y, outfitting each of the numerouspieadintsock
gates with an interrogator is not cost effegtive. It is desirable to

provi de a systemthat provides full automation to the process of object

i dentification, nov nt, and trackjng. t hr hout a warehouse or oth
simlar environment ﬁﬁﬂé{%%&%’ﬁ%@ﬁ&ﬁqﬁo&? %n??gsvgt?@ﬂﬁﬁ engrooﬁfi’é?ff uge
for use with ajl; | Vi 0 [ : ' I '

war ehouse operialtlt }ngélgb}}ghrc S g{iggﬁlli/r?géylsiggg% OIS\I::HD tst%?%gfetgﬁhg@‘égé{fﬁgg?t or

| anes, and shi |ogatign, dad kedntaiiisea @aonsokatiteeamdmbeyr forustbring ifeingationh Nidentifyiag ahes

in conjunction with central data repository . to direct and track all

obj ect novenen®biestr UigRAIoN andcelestionicecijgartah i dateracting withsamintarrpgatori JRFID
directed to al I.afJ f | 0 .
neeting one or{agornzéylow{)%gﬁgg%v@?‘geg i#‘?g ng%%gs&ygn Iafr'%/%ﬁ’ qk‘%g}% H@gﬂlﬁ on
The invention giraiitrgfs choverting @ ldas@pErtion BF tietreuikd RIC sighalintclelaétiiédl patveon
system preferably for use in warehouse nanagement operations, w thout the
need to outfi t N¢pdad hyube teg: far Bgnal \Drecessing and FrnMissioner Angatypicsl conyeptienal

enbodi nent of i ion,. a transport ..vehicle u s.a f.ork truck, or
reach truck, h_g E?e%mhlgﬁec? BiRpung, ! t'PPitaé‘cforc%eéf gﬁﬁ t&?ll‘%ﬂilﬁass ogrngrentory
attached to objiaas fo KestrahedsreRfthéiRdSo @Mn{'&@&?heﬁ&d%wm%l&h%?&tof SUskd &5 2
storage | ocation, pass-through |ocation, or |0ading dock). In the case of a

pal | et, the infeectethe presencentan RFBA tég and nead: theddentifigationdhfodmwatidnefronddhe tagy
of the pallet, ,the. weight.qof the pallet, and an identificati.on of the jtens
on the pai 1 ot | A WPieAEREH atyreitorbRetuits,of R Btispisteior s soetion,
the location, g I 3 ?&i‘g | : | or
transmts inter glg’gsa?? oﬁdsﬁgﬁglhg ”rte t h%%ilﬁél?%o{rg‘gggp ngctﬁg%% ﬁgp%q}%e{ngg@%
transmts a si ¢omkecteddodbel transckiveh eandndssociaed decqulerst arclibmooders foheeddingg amd
response to the j.nt nal.s when the vehicle i yffi ci entl

close to the t&'{]‘,tmgﬁgfg(‘)} ode ?“r‘]fﬁglﬁ npithe reggeiyed wdérwmmiﬁﬁswadﬁ T%SP%K’PIYA
! ! " . . A
processor 1s O’gﬁ§ by t agorthaégﬁg ga}tpt‘:?)ﬁ&ﬁfe (ﬁﬂcp, J;vﬂfcﬁrcﬁngggtbgée  nedl’ f?l%etﬁée{bqbé e

signal receive rom e I nterrogator rmni ng
identity of theeatdoadit aay becs sthiimanodevites whidhaehdidthe eggst dsatheyRbdeDbrbaght td ke
processor may be |ocated on board the vehicle, at,a renote site, or at a

combi nati on of IngRsragator, aspgthg qasgyef tagged ibeary bagks,beingsgtusnedfo @ireturp statipn thets

and the | ocati r nai i anpi | | c .

bar code tag rraf;n@%e at tgc elé’te%ff(;dgﬁ%. 0 JQ%?@,S W%‘essggﬁnwg%sn%%rg 1@%& & bne
or nore | ocati lpgation Markiet SAR&Sdetectiig bbfhi£6ap agtadhed t®Bn inventorytiteni akid a YRAatien e
al so includes a barcode scanner for reading information stored in the

bar code tags. BRfingtagy2 PrRIesIngHHt Aagciped witdithe interregater; way deterwping ghat the
barcode tags af;Ge 4385 if Rifoned RearIHE agded RcRES' #Ruld thQBLoRSknfiSSA AR -

tracking systems are capable 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
inventory items.

There also exist warehouse inventory tracking systems that include fixed RFID
interrogators at various locations to detect RFID-tagged items when they are positioned
near the interrogator-equipped locations. For example, there are warehouses with RFID
interrogators positioned at or near the loading dock gates. Such systems are capable 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 driven to a wrong pick-up location, the error would

not be detected until the load had reached the gate. This delayed error detection



Preferably, the processor provides the operator with feedback information
through a user interface on the identity of the object, the location where
the obj eclyog3,4psx8i tioned and the |ocation to which the objppglyshiih® be
moved. For exanple, the processor may tranggrit an audi ble signal (such as a
beep) or a visual signal (such as red or green lights or graphical display
on a nonitor) to the qperator to info t he gperator whet her the rrect
obj ect has bechFeaitaRedmBgcts eyl eiticiengs cwarégmﬁeeﬁerae@rsti ohdditioal
correct |ocati : f j-Ghu ;

i nstructions t%ﬂ?ﬁféggegg{l ;b?grﬁé g%mtgﬁ%ls tlggsdlid;e{]%&gé&ggr %r %gltéﬁ?%@}gits enrort c?é)gtt or
may al so be i neffectied.ed by the processor to send information, such as the
novenent history of_an object, to the RFID tag gn the object. The RFID tag
stores the i nfor natitdhdesiiable to pyidse systpadhataneyiges full qutomation sithsinsocess ofin
RFID interrog r.si | wuihe i nte r .
instructed byaélﬁ%aa 3@%‘?@2@*2’?" Pgb'véxgxﬁrg%nhmftga%%x. ito if uglé&@haewﬁ%%@%a%rng%mggmlm

| ocation, whi CéhvirbnibNThérei€8 nbdd fo Sudhof afsted tHad & adaptaBleoh e with @l iofeind

of the invention, the interrogator |s.ca§abl_e of identifying, and thus
readi ng i nf or ntdeotarieyl §f Ipeasians that areipvolvad in var¢house epesationsn suthsasastecking
the interrogator..This i s acgomglished by,dynam cal educi ng t ower_in
the | nt er r ogat BEiHoBRoaiBa AR HRpy Ante S FRPPITE dhekt R ¢ fetd Tor iR 'a
interrogator rgsReNdat opdiftePmObARIntlidnywith aicBfpdl 'dafal lefositdBNid didvech ndPirack all

| ocation or object is thereby reduced. In this enbodi nent” of the invention,
the processor ohigct gravemanteheoughoptahe entice wershowsee by the operator, which is
i ndi cative of the n;tni mum i nterro%at i.on.si& al st eng,th required todget ect
the RFID tag being SugMEsesy WRention: & (difgstedr to plloyiating, gBe o prieadf. thée
m ni mum i nt er r ggatRhtisH blehk &4 ,{}Qir X : kgence
| evel (the | ové? %‘ﬁetlﬁ‘lﬁ%{}ﬁhm s?’gng?&se{%%gt r,ﬁé}%g’?ﬂ%ﬁgy@ﬂ?@%ﬁﬁhgﬁnce

| evel ) or as an approxi mate di stance between the tag and the interrogator

(the lower the_m nimumsignal strength, the shorter the distance.) -5 1n
anot her enbodimwﬂ—fﬂéwﬂo on, a pass-through |ocation, such a
| oadi ng dock gate : : | s y
an RFID assenbly hg?/l?éﬁéﬁ‘{e%&h&?%k%ggﬁ S%A;Egﬂgﬂﬁgédglggggtc E?%)?%’%lu? l;/si'fl %ﬁﬁfgggtﬂorp
ot her. An RF siystehy prefemblyafor aserii slarchbadeamanagembnt opeeations, witlfoupabe heathed

between the two tags. Wien the interrogator . is on one side of the shield,
only the tag touifit namergus fncationsewith fxedyRFI, interrogatersas Inrene; emhodinagps o the

responds to t i r i i an ) i
ystem o det airhof: { B8RO Sich g Mol Lo OERABNGC s FOBRGE esely
pass-through | ACRFID terrsiat@X RFIDAagd 416 aftdchb® 60 bEjeath (Sich @s Pllety ahdNSadshaider
the vehicle carrying the abject has noved through the gate frominside the

war ehouse to ttedosasions fychies & storagerdenstionapasothaough loeation; ot loading dogl)eAn ke
| th nbodi t of Lhe d ti he .t t hi i i d
wth an R D RoEPF B gafis, i ptofft AambiBs Sont RS bk Sfae G gy PR

| ocation i dentpdile€ 3hé QRighRrF e SallefAfld ?ﬁi&énﬁﬁ?z’atioﬂcﬁtthé’ ('ijt%ms ?ﬂ%éfﬁﬂl%@.d Tvith

RFID tags. In ‘addition, the warehouse floor is equipped w magneti c tape
segnent s t hat ¢aseef ddogatignethe infeimptioh és indidativet ofithe ddcatipm sucle as 2 doration codee
segnents. The vehicl.e is ditonal |y equi pped with a.magnetic si

reader for det ¥ _ntﬁ% ngﬁ.,j B‘t%rf(éﬁ%ﬂgéraf‘ LS ERErogafin qipf:é'startﬁ%gg@éltags.

onboard the vepig & thé REEDtAds tva@lsmgeeigﬁa_teﬁeodeﬁ Wi ﬁ)gtiﬁ%nﬁﬁidﬁ pai@ldr A IO
and the magnetic signal reader tor determning the i1dentities of the

obj ect s and optagdnaéspgniectoahe amerrdgation sigeals whealthe vehicle iseshfficiently tchmse to the

i nterrogator and Iocaﬁions fro'ythﬁ,nsait nals fromthe tape reader. In
I )

anot her enbodi R8ntoBsh ReFderess eect fnepfsight. yehicle is of a "reach
truck” type, equipp i sl L : LE QN

object at a plural |£g§i/p fg?ésﬁg?gh(%%bt&ﬁgh@gﬁ?c gﬁeloglﬁpgrut E?ga;tgtfdgggg&vﬂa? % tlée
hei ght sensor Sigmi egteived fifom theftigsibiyahaintaroghtor agé deterhining the ®legitglof the load

i ndi cative of the hejght that the object is positioned by the lift. The
si gnal i ndi cat #ndepasitioniof theedegeatedlogationREID) tag The arocessos ay be lasgted| aa board

magneti c, el ecfr efd.c_or t t . 0f. signal. This enbodi nent of the
invention is p@F&?@g@aértjlaym&%%%’ Q\Iﬁ%ﬂ %ﬁ@wﬁgm 8&9%1 oadi ng objects froma

vertical colum of warehouse slots. In this enbodinent, it is necessary to
associate only a single location tag with the colum, and the system can
identify the correct slot within the colum using the height sensor. Thus,
in one aspect of the invention, a systemfor tracking an object
positionable at a plurality of locations includes: (a) a transport vehicle
to nove the object to and from -6 any one of the plurality of |ocations;
(b) an object marker associated with the object which stores information
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In the system above, the transmtter of the interrogator preferably is
capable of transmtting a signal encoded with information, such as the
movement RigshPkdssof the object or the storage history of %E%/dsﬁﬁ%h@n’ and
the object or l|ocation marker stores the engoded information. The system
al so preferably includes a signal generator operatively connected to the
processor to provi t he operator .of the vehicle a sjgnal {hrough a user
i nterface, such asdglﬁ‘lﬁ)gut&g‘blaé bB@tﬁr@lyv‘F%@laPn ol?%gl §V Bglefg’ Sgﬁ’ﬂi the gl%‘ﬂﬁﬁser
moni tor di spl axjeiniflichAtanVigefifichiiéh AL s@ch 4 a%??coﬁé t%??aglﬁér dch¥d % the

| ocati on markers en‘the interrogator receives from:t cation marker
t he i nformati oobjeots]i whilé \RFIDf tdgseareowsetl i stnowd of horealdéations| N IANhisheaseasimect
of the invention, the RFID interrogator is configured and arranged to read
i nf or mati on oni{erragaier t ok thertranspast vehislesalsq @nongsimtbgfqoggagc@mer Tar geading

preferably acc i ' dugi th t.put _power of, th
i nterrogation g‘m"?ﬁ@fg‘n@%%ﬁ%%’%{% t{gg'e %f—]?%d ’agfﬁ%etggﬁ H@X\é& P?)edt?fé?he
i nt errogat or r gljpas) dhilk Gatdade tdps Ard e bi 10BatingRatiSas Aodgdidaqtlo dsterdoRr.

indicator is preferably included to provide visual feedback of the tracking
process. | n anot herPrgtesehly, the prasessauamevides thet operator with feedhank informatiom
mar kers defineg _a plane, .and the rker. transm,ts fi,rst. signal , ndi.cating
that the int erﬁ'ﬁ%}’&?‘oar u§eg “?t?)%%ftee%f‘ {H% lgﬁ’éﬁ% Pﬁ eoqbli%ghﬁllgﬁ?éoﬁ ef¢ teQRI§CL 15,
second si gnal , pekitidned @88 thé 35RakiBR tbi wiith Sheabkjket isNEi erhioRed.t N&r &Bfiple, the
Interrogator is located on the other side of 'the plane. The Iocatlog mar ker
may i ncl ude twproRess® maytransophamawiible yigeal {$ichlasl 2 beep)roraasvisualisigndl (michtas red
screen positioned generally in the plane, wherein only the RF]D tag

posi 1 oned on PHEredL RS prrapficy ﬁeﬁpﬁmné menitoRkL:to; the @P?fraboatteﬂnfjwag SRR ater
the interrogaty | ' . 8 : (R

I nvention is awgé}g?g%g?éﬁectﬁ E’Qfgﬁ'it% bﬁ%@%@c %&?ﬁ%?\g{ﬁg@%@ Qgﬁ%eﬁllp rorgﬁlﬁis??/d of

| ocati ons on aattthatdmrect beatiom gTheipfozessor minefusthet berconfighredas send instasgdions to
vehicle to nove the objec | ocations, an object marker associ ated

bet ween
with the object e\ﬂHP’éFPré’PdL%Eask%ﬁog’rer?&Ffpﬁﬁeq-ndi cative of the identity of the

obj ect, and an int : el i .
obj oot marker the. | o rtbestit ihPHup e KR 5 o sPod SREI T chd Bibinifion..
syst em f urt her suchak ghtemonersiént ihistody ofagrubidct; tb AlReRETIN €4gcon i dbject. The RFID

traffic-beari ntg surface., The nmagnetic tape includes a plurality of
segnent s. Eachtagrstarpsthedpfosmation, which may be wrbsaquently reags forexamples by apRIFD

b L oeati ; ; _ \
the i nfor mati omdriEaRE HBiother Bl PAIHAEY i TRIRGRUS, M8 iRAR b ihd
si gnal reader p@cesasrioadnd hfértativh fé tHeRHID tag an$ (Gvatid) vIfiDi Bheéh d6ree bykks

by the magnetic tape. A processor operatively connected to the interrogator
and t he magnet losatidngag| reader deternines the identity of the object from

t least one of tnel'sapiie Srtodfna® 0 e iventigt 3R ietrorglfe 13 anafle 81
rel ationship bemeping! 4 thd REding ifornfafioh B HoR) -théﬁgttmris fHeRASHbst @ dishfice
invention is a transport vehicle for noving an objec havi ng a

radi o-f requencto théaintermogatar.i oFhis sgyaccomplished byhdymemicatly reducingotire | poweer iim ke at
a particular hegight. .The vehicle ingl . (a) a radia-frequenc

donti 11 oati onmiRagRiTy Seu il pukdfc B tae Abec I hernieriogiior fibponds | The
capabl e of posji ik ' : sal i 0k s hel : a hei ght
sensor to genekggtt)gng@%ifyr?g?eiéuﬁig %Ielatt sgag‘dd{lﬂ{eblf%@%tlﬁg%&%?egﬁéﬂﬁe object is
positioned; (d) neahs thiorembediuant iafgthe isvaptiah, thedproaessve mdy pérerdtord signalal

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 as a
confidence level (the lower the minimum signal strength, the higher the confidence level)
or as an approximate distance between the tag and the interrogator (the lower the

minimum signal strength, the shorter the distance.)



| ocation of the vehicle; and (e) a processor operatively connected to the
i nterrogator, height sensor and signal generating neans. The processor

det er m negotg3Agdsdentity of the object fromthe signal recgrygdof/ 0 t he
tag, determ nes the height of the object fr_ﬁmthe signal received fromthe

hei ght sensor, and determ nes the horizontal |ocation of the vehicle from
the signal generati ot her ~aspect .of the invention is a, nethqd of

A\
nmanagi ng an obj ect ‘ga‘lﬁﬁ%&g%ﬂ% e IRyERtoR APassrthsengdlocationnich a laading ¢
RFI D t i f i i eciy : St h i |
ransm 2t ng. olodEfa Br'a fckoBt & 1 N33 ek fafe) &R B o 00 Sty

the object, A hainntwdRFID tapg spaed i ¢clssdprokinity tocath otheanAln R¥sshidid)rsach as a
therein and capable of transmitting signals encoded with information

i ndi cative of M PEaes @ﬁtabmeneisg»@gi&ﬁepq briwesn thedwegass: Waen thei ipiseigssior h
an RFID i nterraggf gﬁe siﬁ?%@%ee§}ﬁ’éld r I,ﬁkﬁg {Ag gtm;}ﬁ?ngtnﬂ?'ﬁ%aé Efa@‘otfgee E}@g@ AMe

determ ning the intornmation storé includes steps
of (@) using thferrdopator regfinds td thel MEPFOgRtibM Sighdlé. O TN Arfudgbmelit s ¥fabds théie
identity of the object; (b) determning a proposed |ocation to which the

obj ect is to beystam taidetermyingthe diseetinn afanovsiment of anehject ielatiyisjte dhe passdhrough

ei,ve t.he i nfor n, i ndi cat 'hé/e

| ocation; (d) ysi the interrggatqr t.o .re tipl

of “the Tocat ] ety P cainpls. i gemig g FE atecming oSt B vafieln B iee
l'ocati on indi cghjget Wi hdRdi thfREAThd Rite TRARINRR the wirdiRdubdio _{I‘ﬁtlsﬁtﬁﬁ% 'dB&k or
proposed | ocati on. Anot her aspect of the present invention is a nethod of
usi ng an RFI D frotethe bpdingrdovk irito the waadghmisabl e power out put level to find a
target RFID tag anong a plurality of .radio-freqyency identificatiqn tags,
Each of tags is contT BRALERT CRedLment of 10 Wnsention, Uy fanshrt NEHelP iy caipRsg wilh
signal in respeRRFTHAniRtobdtbEidr WRLE RRNAGABH ahd eggiédaﬂy K 16£4i108 Gl GHtificdtith.
nmet hod i ncludes the sequential steps of (a) transmtti’hg interrogation
signal s at a pOhgectspandpassiblyetatiofs) aremarkediwithRFBhiags eln dadditionathgevartlamséas
been detected B{\; the interrogator;  (c) reduci ng_‘the power output level if
the target taglPQr Beauep ?V‘tgd‘}agﬂﬁtﬁféﬁ‘?? Agsraeththat piovide)magnste, signale ingiqatiye
t he power outp : e of - : i Lt

the power out po ey atich? OF HEehaith S hyitte L MEURL AN USREFfkh 2 it
det ected; and ighaltreades fiort detetting the mhgrexio Gidinalo from theathpeat Thé pragesser oabdapdit
| evel reached at the end of repetition imediately previous to the |ast
repetition in the) vehicle lsgopemtw&gr consegtedh te baththe REIDDiniciFaggtor @ndethe gppgnetic

and advant ages ..0f. ¢t L BYEent L on . W hec o) j

ol | ow ng dor atEu Sie RAETRRHE the IBERRIE oF BRTHHSL, MRCICRA) Raddlf rom
to the draw ngshe signaly ebeivdd for @helintdrtdgatoraindJocations o the Rignals fidhe the tape

i nvention, wherein RFID tags are affixed to both the objects and | ocati ons;
Figures 2(a), Wﬁ?r-and 2(c) illustrate a nonitor .display of an on-board

interrogator at vari 0 tin | gad-rel ocat j L ask, «Fl gure
3 illustrates anot hgr?%é?@%'g?'ﬁé%ﬁ&gﬁ @:{éﬁi lﬁy/%ﬁlt%f”oﬁl,% “ﬂgp‘gﬁ%ryeh%} Bode? | KREY s
are affixed totiube’ oRiecehSippet Withra Miff adchaisn ¢apibRy ef tpéEitibnﬁlﬁg lapCabje@nst: a
Figure 4 illustrates one principle of determning relative position and
nmovenent usi ngpRElity ofbeightsi Jihe oreliclelis Gutheaniequipped with adiciphh sensor tibked to the

i nvention, whergin two. RFI.D tags are posifiopned in close.proxim to each
other for det ei‘ﬁi mgchanisay if‘?fegﬁ%gart{“go?] Sﬂﬁ“ai H‘é&?a&t‘é(ﬁs‘ifop? geégti‘tcﬁ@ tfg%/gqueé:?gs
illustrates an j t id [ shat . b 1) [ Qi

bri nei pi e ot ReIBORAIRihelit | /The(NAAE hidicall B W hRR cou B Heciical, Visual,

st ationary i nt endiblgamagneticgdelectvinmegnetid & smayberftgpe dfsignali Thimembddimenteof the

position of the object to, which e RFILD fags are attached, Figure
T st rat o5 an TREU SERFICRRTY Rl hen s g vmal%dwgtq%&cﬁpfmiamesﬁag@ém

i's configured apdyALHARISLd O 16 hi§ Smiddinerk R iBFdePesEﬁ? tt)hﬁ’srsoéi?leF & ElﬁFgét
to the interrogator; Figure 8 1llustrates a process of i1dentifying an I D
tag the cl osesfodation it with ahe oglamny and thec syatefitoare identify the competcdlototvithinethe
invention; and Figure,9 jllustrates a visual display of the confidence

| evel in RFID caymnysingithe height senspF.ovi ded by the enbodi ment shown in Fig.

7, Fi 10 illust ' . i ion. : 1.
Used Lo tdenti fy- ob/BeEdn Otk §8A Sk BRthvenlich e sRHrBRA it bBrRBI ©
( Figure 11 il hugpligdliepofiocRichomclndes: (fa trdiBpd veHidle motetheiobjedt focindiffom

sensor is used to identify particular slots wi'thin a storage rack marked by
RFI D t ags. -10 Detailed Description of the Invention




Referring to Fig. 1, the object tracking and warehouse nanagenent system
100 for tracking an object 132 such as a load or pallet, includes a
transporty¥ehigdss 110 such as a pallet truck, fork truck geriReagThld UCK.
Onboard the veﬁ%’cl e 110 is nounted a ' interrogator 120 sUCh s an RFI D
interrogator linked to a processor, which nay be in the formof a conputer

that includ tral i .uni CP, 160 di spl ay, 170 and
nput devi ce. 7 one gke ATtk S} IRgaEAnS: (5 hpbike TRTker ASSOCHTEH With (RIS ane
di | . Th i NG . . ] t
1507 T and TUBUPShteRiidtacioR ditithe SPME TR Shiect Cha BRurdfy B | 89°,

t he object 132acdtibf nkkees, eaet &which Bywkitiaficdritlobe bffe phatlity bB bcatsnéands
| ocation markers and are positioned at various |ocations such as a stocking

| ocati on (war etesesiaformetion indizatiyeiofi the locetipnoafdhe marker, (Hbamintesiogater, indludiog d

the vehicle may  al he |inked. [enote ho o] er 190 .h | i.nk or
other sut t abl & eainIthReny SRl o {FRR S e B W efroom e Y et

bet ween the verdm kiR dHiQREARAARE IR IEfTMBIROSdicARERIFLIRY iderdtt$ bf G0 BBjétednd i May
al so be linked to the" RFID interrogators and processors on other transport

vehi cl es. The thelncatiammpankers thofermation indisativecefsbe location ef thematkersaand () 2a

| arger network of conputers, The REID ta 130, 1 and 150, are capabl e of
B R e S R e
suitable for tiBérﬁit;Pb'f‘ tH@SEject-@&nEﬁéﬁﬁfd?ﬁ!tidﬂﬁﬁi@ﬂﬁ(e%?ﬂ?ém&ﬁﬂ?of fhe'objétt kb for
processing RF signals, a mcroprocessor and digital nmenory. They may be

passi ve devi cdscatiohiof bt least pn¢ ofithe hodatien markess fogm the iaforinationjindicative of the
ower cqnt ai ne t he i ncom hg RF

i nterrogation signal .and ich rely an p n i
waves. They nd§cabiosef the ragr ?T\Példdg%/%/nf‘@a,fe\ﬁﬂ?@hlpgﬁﬂt’?qngﬁeﬁﬁaéﬂd therlpeatioBal | y

transmt sign ?ﬂ@? i i P i HBRLE S8t i
commercially ?vozie a lg’q&%‘:ﬁgﬁ%égg?ﬂ?lncl ué{;&\l&ﬁt el |§ggﬁéﬂfﬁ%{a§g§ﬁ@dg§%nt |y
avai | abl e frondetertninenthat theotjecliopcstad fear poatd tagped lovaiont whenlhe RFH2 tdagagf can

store a w de vgriety of inforpation abgﬁlt t he opject or |ocation. For
exanpl e, tag 1BeObe aad ghedogatiopsge deteeind aisubstantially thesamedimeyr pal | et
nunber, indicative I L I - : t

i nformati on about t’lﬁ{ee %%g%gﬁ{]hﬁ é’iegé}r%/ﬁhggaptg ﬂg%g%jméé: ?é@¥tng%§ﬁ§§)ttﬁé%%eeﬂatgoﬁt
of the obj ect .thibagh a 14& intetfadebRgardingshavementsfaherobjeqs Thebe tratruvitonsmayhe

| ocations, such as a | oading dock nunber, warehquse slot nunber and trailer

i ﬂe nt ificatio dnﬂuiﬁd@) feegbwﬁpas mwtla@fgr m%@sired ebjectthes bee@tidmthiﬁr:dif(b) disactions t@bout
| ocat Lon, 1 nf e rbftes PhE (3 ResBiek W4 Bl 8 BisPings Hen idhaap on, or

restrictions fesivéfIBtAdn. about the location. The RFID interrogator 120 may

be of any type suitable for receiving the signals. It may be an RF
receiver; it may allodh¢ systamiabeve; thentsanismitter of the istasxoigaton preferablyrip gepablenof

[ s t ive.REID t . The,i . 12 furth b |
of t ransm 1 1 AP SHE pacodB of T RARAGH, SR ol bR Hiofy"0r e
i nterrogator r%%ec%%%@ﬁar t8 df1thOIoRidn0 BncPihe WhjechSr IFRMRINBRMrkéH s86reS ¥heOf

t he object or e storage history of a warehouse |ocation. As anot her
exanpl e, the venbodddanfioryation. equi pped with a wei ght sensor that determ nes

t he wei ght of the ject, in which gase this jnfornmation can, be stored on
the tag and/ or  conpBlecHtFm H1sq RIEGHHY P F siedpl EAGIALAT CHFAUNEY COUTOR
processor may ﬁx@@%d&%ﬁoﬁf&’p&%d@%@'tﬁ‘e @?e%@ﬁ?f;ﬂhﬁ veRelk 4 lﬂﬁ %ﬁseP.fntg%%g,' al

pur pose computer e processor pretrera as a rugged design suit

for use on a ns¢hng aelhudible. bddpe orlivigabladisplayp ofalyglits o uctemputeromioniver, displait s
and/ or a speaker, or beeper. The processor .may, be progranped to i nteract
with the oper angiFativer ot ke dow_aﬁhpfgane uefethei akueﬁlﬂégf@ . lrosmrhmkeafeme@ L
may include a %@{J&gﬁw rec@ﬂ%{%ﬁﬂgﬁtﬂg :l&aﬁ%rgglaﬂger ' i’lﬁ&i&ﬁ\iﬂﬁﬁ'hveadfq{né)focgﬁon
voi ce recognition device. e display may al so be a touch-screen

noni tor, in whofthe masker.t he i nput device 180 is part of the nonitor. The
renote conputer 190 nay be of any suitable télge' includi ng general - or

speci al - purpose cdaptitotes aspect gfy thy invention: tie REDY intamagaior s coplisured and

| . . ) ; e o
vt ory. | br 14186 BV PorRlalB oY A WRICITASE Fofir b Bl pefiBpuf. Hhigis
content of thepreftadRasRomplishee by igAimidally’ reddinghetoutput Fowet bhtHelifterrogation

interrogation results fromthe Interrogator, manual input via the onboard
processor by the operator, and information fromthe host conputer through
the renote |ink. The transport vehicle 110 may al so be equi pped to
interrogate RFID tags | ocated at a number of different |ocations (such as
hei ghts) relative to the vehicle 110 and/or tags conmunicating at different
frequencies (for exanple, tags for inventory itens may use a different

e o, . o,




-12 In an illustrative application of the invention, consider a warehouse
where itens arrive at the warehouse to be distributed to various

desti nat i QpSe489se¢ noved al ong a main conveyer belt, and tpgpylh@assed on
to different spurs, at the end of which paljets are assenbled. The operator
of the transport vehicle 110 reads fromthe display 170 the instructions

fromthe renote c uter 19Q t fck up a pallet 132 at the end of, a
particul ar splﬁ‘g'?%zngn@e@]ﬂfi g’.e gf% tag h@‘eoﬁl@f‘eéf dp e iptesrogator \xespands tpg the o
the specified; M sibRFat 140 %eofif ;

i nt errogat or 1l 01 terrggat es tﬁéée?ag lgljedﬁg\%q?%%&teﬁ ngmﬁ!)!f%wlga—gﬁé péorYé%eded
wi th the | ocatvisual feelisackef thertracking prodess, r ogat or detects the signal, which

is sent to the processor, for determ nation of whether the vehicle 110 has
appr oached the cor ri@canothst aspeehof thy miventian, at lsast o8 of therlpration magkersdgtines a

| ocation is coq C ’ Jdentdfi. t |

i nterrogating I%@’ %?idg{h%gwq%és}ﬁﬁaégﬁséi ?ﬁ gk?@gﬁﬁ‘%ﬁé%pﬁ*ﬁ@e{@%@% 1&%5695% ts
a signal encoda ¥itlé fof ahe Pldnetand WediBits B Secdhd Ridnal, RfRirdtR O thBEfirst signal,
interrogator 120 is processed by the processor. |f theggal | et nunber 1I's

correct, the opdicating thay dedetggogasonisdrcaigd omshepethpreside gDtheplanepr Bes losation
then instructs the operatqgr.to t he | et t he | oadi ng ,dock 152
(Fro. 206y AP SR s o R Soss epdPRicd BY g fieliniich A8 Fistel 7 ab B
sinilar to thajosftidned ?éhe?atll?fiﬁ thePldneCwhérem ohgahb RFIDtig Febitiined ohfthd Sine side
vehicle has arrived at the correct 1 oadi ng dock, the operat or receives a
confirmation tdfathe plangeds thee intersogatore respondse t@ cthe einteriogatitim gignals kfromi ghe
2(c)). If the .o&erator has taken the pallet to a wong |ocation, the
processor wi| I'M€ERE3ESsages to the display 170 indicating the error. The
processor may additjpa i : I ag,_eﬁ*? . t
| ocati on by displaying g%ﬁ%&gﬁﬁy ﬁvegﬂgéﬁgﬁ?ﬁ%@rf%%#%. Eehgéﬁé %ﬁ%

t ags and associ plumditycafiipcations sty s treffictieasng swrface.t Zhesysteasincladet adsaspontal | y
instant identification anﬂ cgjnfirrrati n of | oad, and Ig%ation. (ﬁ&}/ oper at or
error with resyide PR QbiRetbeEpveendocationh 2B AlertgvukeAsSAfatewith &3 i

| medi at el v i dgiald birich s SRR MBicBfd MERUNS of IRt Ghi ahaken.  The
chances for errors associated wth visual Tnspection are thus greatly
reduced. . Durintegrogatoamouhted@ndheodehidietoadecaiee Sampheoljeod amsleer thehiafqrmatiers sor
onboard the vehicle 110 may,tr?nsm't the status, of the object and other

rel ated infor riﬁ@iicwetq;.th%iéeﬁﬁ%f’ the obigete r Theotystemyfuarther dclades @ stpofanagnetigj ¢ e
e st o GRS g A B oA

RFI D tag 130. Ifornmaton may be used s ) cki'ng
systens at t hesegdfiehtsNWatlDof the Sédiments is ERJoded vith lifornRi#ioh indicati¥d of theQbdHibh ON
may be generated by the processor, received fromthe host conputer or

manual | y i nputofithe sepmestse and produdes 8 mpgnetitesignsbencoded with thedoformatigniindicative

Syot om 100 <otk [PeRipTo e Yahefh, " roedyic el B R iduhfoh Msalehiddler 30
i s used for th@nkif@thelsihalsEefdratee bﬁféhelﬁiﬂaéﬂé{i@tatpégAﬁaéesé?orbiy’era@i%l?icﬁﬁﬂ&&@r

220 is used to scan bar codes on the |oads or pallets. The |ocations are
still identi fitedheinterragataragd theqoagnetic sigual readendeterntines tenidentifp of thefobject
identification.markers for. object a | gcation of fer di t.i onal
flexibility inf %éﬁmﬁmﬁ%‘ ‘°€xﬁ“6ee‘?r}qb%’?'|e§‘6‘§ °gfhe\ﬁé’ieéﬁéﬁg‘8°%tt?ﬁfq%d&le§§ti°6‘ﬁs
and operati onsef thg Inf%b RagHeee tdpaanl e ht j€@lnd
tagged with RF(ID[S tg%gé@nd t?&cjr se, barﬂgogegﬁen%ggﬁggwgﬁh?g%n 'gefgt@e o? al |
RFI D tags for thedatmtiol mi x of barcodes and RFID tags may be used for |oad
identification purposes, thereg f.urther. i ncreasi nqﬁ"gdh? rarlgpe of qQbjects
the system can handffBOthgiASPeRt Of g IByEnUER jsAtranspert wehicle fa5 mqvipgan obis
applications, 4R: it O 1 G| I hia
desirable to krrlldg\l/v g?i?ere@%ﬁ@gm\kﬁg%ﬁ%ﬁf ggﬁiﬁégh&’gw éc‘))g oﬁg?‘alrlrlol\%a l(’Elgtsattaa
particul ar poi perticifarheightnPhevehidieincladéso (&) a radiokredabncyddentificgpmnlisterrbgatar
trailer, it is often insufficient t.a)ékr]owthat t he pall et hgs arrivyed,_ at
the | oading dotodecsiye 3 ¥enal from the Eage k23 It eapable obpesitaningtae B Pctm@rﬁwwt

has passed the t.he. | f 1 oadi.ng.do i :
principle, as %t%f)é\ﬁé: tﬂc)l‘i‘pge'éh Sgéﬁk(?{ﬁosgeggpgis%ﬁléﬁ Fgld{}gté&t%h%?%ttagg@ cgébe and
330 on either gbjele inpositionkd(d) m&dlsd’elt@nﬂiaﬁﬁghb'%nﬁliiﬁcﬁéﬁtiiveﬁfﬂfe hoFigontatt i on of
the interrogator based on which tag is detected first. But to achieve any
reasonabl e accuracy in such determ nation, the two tags nust be placed far
apart. That is, the distance between the two tags nust be | arge enough so
that the strength of the interrogation signals fall fromsignificantly
above detection threshold to significantly bel ow the detection threshold
over the distance. Such distances are often greater than the dinension of

- e o " o o N o . o




510. The preci se nonent when the RF shield passes by the antenna may be
determ ned by the tine sequence in which the two tags in the nmarker 400 are
det ect ed.whighfygysgntiating Miltiple RFID Tags In situati onpcpReE29W tiple
RFID tags are within the detectable range gf an interrogator, difficulties
may arise if nore than one tag responds to the interrogation signal. For
exanpl e, suppqgse.the.yvehicle a aches a target locatio rked by an RFID
location tag HOTUPREE Hervsfistes Al (sy & @rocesn operAielconneetEd tg dinmierrqaaeoh

det ection _ra”gfeigﬂf sdnS6r dnidlsfinh Eﬁfin?ﬂﬁaﬁsh%e?r%sio?%%ﬂﬂin%@th% li'tfentity of the
interrogation signal. Because The interrogator receives nore than one
response si gnalbject fremape sighal receivet fimm/thhitag, deternpineethe heighteoftibe oljedt frimthei f
the target RFID t i.S e cJ osest to the,vehicle. e.sol ytion =15

woul ¢ ba-t o e BRLIGHEIFSL TS bt Stk POYFICBRNGS R EPGORH o el i ng
the likelihoo et I - ithin the detection range. But it
al so reduces g’iegifr?}efl ca%%;a%mggathgg?l&g#'range of the interrogator, thereby
di m ni shi ng many ofAndikeradpech bfithe snvehtiotsis agndthdd b mgmginganobct toibeuhdwedmay
be overcone, in accgr dance, wi th one aspecjy of the invention, by dynsgi cally

attenuating t HREbW§RDdpsatigas inan esvisenment. RFIDtag isaffireg totheotiert and Bas by

"evel to tne. rRore8 R R Spoblc e ftefliog AR eh(tRl v Info AR IR AR RE V!
i nterrogati on th¢ gleality.of Ate objécys W set@mll RFIDMag is affixédl £t adocatioh and hatesorad

interrogator 120, a processor 660, an antenna 122, and an attenuator 640.
The att enuat orthergisiang capably efiteanswitting:signaly engpdegewitle informatipr indicativa fghe er

Larget tag aodotERR o uiNeladiieg. A il iibPraditiah RETD MR odA) citafR < "
pover, the at tgrsgiviig ihe sRARE HOH @6 tikds'ahd HefeRfininB tRe MAGHAA6H stbrRd iR tag.

interrogator of fixed output power, a digitally-cControlled attenuator may
be connect ed B&tewnethod includes thatsteps of: H@) usingthednjarrogatonto re¢eiveshe information

lined i Fi.g,. i, . beaqi 810Q) b i i ;
Cht err ogat 1 on idigiye of e ety BERe Pbisns Wl debine Lhroronns Bpsont seish the
has been det ey islih bblifoved! @pfisifithelehile'ss Biodd e Aot 1PR REhithny (amigher

wi th other tags, the power o e Interrogation signals is reduce )
predet er mi ned theintesrogatoritn ceaeiverthe ing8mation indichtivet afithelocatian; and (¢) dépositing

detected, th s i ted f t he .begi npj ith a.l

et 5 | B S5E B SR eI B AR o nioh Bt

is no |onger _C@zﬁﬁ{cﬁgsﬁ@g)%pqsg‘}"o%aﬁcﬁﬁ target tag is no |longer detected, the
i

power of the errogation signals 1s increased back to the |Ievel of the
previ ous step (850)Andsherdspery ofithielpresentdnventidn pavaethod dfiusingan REIEY or or

[ t, th ! eated f t 840. T f d fact

| nr omont ' can GERBEHPT yihan SARPIPE Q0P DD VY| BATEA & LTBSHNTID HHEPEDEE e | <
| nor ement ' ca . v i

The net et f ccth SOy Saioealt Ry ooyl " RAH B0abFis YoMl ARERanke®

i nterrogation teitgunerhit lae ddentifietiofaigndldn f3podrsego as intdifogdtidoe sighad frorpthge | s
greater than the distance between the interrqglator and the target tag .and
3

keeps i ncr easiiA§ragatobnghamethod dedudshtheagientia! stapsiof p) transmitting intgreagation
b i s i i b

t he i nterrogat tay anges, ower -16
interrogation e altedrogabéli () rédlicing thépeiver dudput iRl i Ee taet 1ag idetested; id)
the detection range matches the di stance. A consequence of the dynam ¢
attenuation syrepeatingsteps (Deld), ieachetime nsing thetpowseowput lnvl reachesiatstep| (e)/ef thef
the interrogation signal.is djrectly linked, fto, t I | ,of nf.i dence t hat
e i ntorr ogatBPIPE FRRareshe Pover i e ndep 18) uikl P Preef B84 BB
means a shal | efetd@beahd (¥) tFalERtf W ihitHSgaidn at!thé P&er iR Iel YeadiRH

confidence |l evel. Conversely, a high RF power Tevel neans a greater

det ecti on ranga theend ofurepadition irmmedigtelypreviausfotthe gt Iamtitiomimfd%c onfi dence

| evel. This feature nay be used to provide a signal indicative of the

di stance between the interrogator and the target tag. For exanple, the
output of a digital attenuator may be used to represent a function of the
di stance. Alternatively, in a variable-power interrogator, the output power
may be set by a variable voltage at a control point in the interrogator.
This voltage may be used as the signal indicative of the distance. The
signal indicative of distance may in turn be used to generate a visual aid
to the operator for approaching a target tag via a user interface. A
graphi cal bar 700, such as that shown in Fig. 9, nay be displayed on the
onboard conputer display 170 to represent the confidence |level. The length
of the bar 710 may be programred to vary between a m ni num position 720,

-, - 4 g - = . - -~ P~




-17 the lone responding RFID tag is substantially the closest to the
interrogator anong nultiple RFID tags. Alternative/ Additional Location

| denti fi cqalg @hsddRe RFID tag-based system may be conbined Weifysgl/ e control
and/ or gui dance systens to achi eve the desiged functionality. For exanple,
magneti c tapes that can be applied to roads and warehouse floors for

vehi cl e gui danlée, @é be ,useg fg@ | ocation determ nation as an alternative
or additional cripti £ S markers. Suitable magnetic tape is
known in the art. AfgeXaRtE SHG | e Ghodnti il \
Application Seri al Noh.% %%341,9‘?69 totél%ﬁl%lfntfﬁee?‘%gﬁmﬁfe\ﬁnege%e%e@%%994
gndf ent i t I e\(;lvh t‘x@adlh 'hg;theribl:;?yih%ggteﬁéd:dv%crgpgolixg gx:bLe:ciﬁchmﬂ)oﬂMe:mtsTmﬂﬁfpbnfB‘emﬁbm
ur f aces", i was publi shed as . In a system using suc

magnet i c tape,t?‘PﬁEa"Yl sdn whichy ¢ on a traffic-bearing surface. A magnetic
The-sensor passes e Mftetes WBAGAGHCSH Be ifienBA_ Rhpfin RIN ol R
magnet i zed (" esffigelied bot the objetts and Jocationsat t er ns i ndi c:ati ve of the positions

along the tape, so as to allow vehicle position determ nation upon reading
the encoded i nf or nekiBwEs A2} ha(b3 eanslo 2éc)o Hlustrate v hmenitor  display gof anea-begisk em

may be used in J ion W th RFI .ens, to achiev ven greater
ot)era'él ion Ieffilg eéﬁgélt%éfgvagf‘é tP%es(?ff leﬁﬁ%*tgp;};g{?gﬁﬁocethﬁﬁim p{aE! | et j& ar bz
stored 1 n |anes deng dllustiated anBtheN@htsclithér® @F the! ifivenfiM wheieifrblr colde-latRls
strip of such rragnetlglf:{at ape 540 may be laid al ong each I'ane. A vehicle 510

i s equi pped wiarh affxed toathe Rbjects) IBytageare daplioyed atshelogationsnt egrated into
rocessor 520) and magnheti.c.si gnal . reade 30. .The,tape is. enceded such
Phorthe oottt an gl H ks, bR G s inini o R o Tigh abe oieredess,

the vehicle. FRin as; the magnetic pattern at a segnent of the tape
next to a stock location may be read as a nuneric code that the processor
recogni zes as i ndi cEigured itlisttates dnomraliddament wiither invontion,swberdinrtyyot RFEChtags tarec k
| ocation, such as.a fl.oor positjaqn. The processor. receives |ocatjon

i nf or mat | on f rRANHORE (B Fo%; BOXITY {1 0eh BB 1OR ISRERFG  TelYR (RQsyion. of the
information fromdthe LD tags (such as tag 560) via the interrogator and
ant enna 550. e processor also sends out instructions to the vehicle as to
t he tasks to be accFpwlei 6 libkdtraten ahushbuogliment | oftthe iprésentpinventioni that &ssimgdat inet

nunber and pal | et destinatjopn coqrdinates, ~_-18 Another exanpl e,of

possi bl e oper aRTMsHEE i) ﬁemh ‘mﬁ%h‘t‘ﬁt@FFdilgFlﬂalsi fugt “Fﬁﬁ?ﬂéu\?ﬁf‘ SIAHQRATY g Togstor

only horizont vehis : LG f t

and 1 om of o SEREEL RETHBITE i R pbiifon STNHE SRkt o Eh LESEEIEP

t he war ehouse fagske attashele mar ked by RFID tags 790 as descri bed above. As
or

in the previous enbodi nents, vehicle 750 is equi {)ped W th an_ interrogat
760 and an ant enna Eigeret ﬂaiﬁuﬁ*ﬁf}teﬁ)eﬁ“u§@b°@‘@eﬁfeéﬁ hgq inventipn; owhereing they SIDr v

cach war chous PR 6F vont @uBa PR ahoBUP) forhh o6 RERTRL hafRTH, Spftee (0

each war ehouse rac epar a on mar e desira

equi p vehi cl e theGhtertbgagdt; i N thi s enbodiment is a reach truck, with a height
sensor 780. The vertical travel of the fork of the reach truck is nonitored
by the hei ght sensoFigusgh$ dinstratesAviprasess peidgntifyinggemRAD tagethprdesesistr the

renmote host conputer. The helght sensor is.preferably counter connected
to the drive n@gmﬁﬁ@m%?cc?ﬁl&g %0 .,a'b?ﬁpefw%beem‘é‘?@og’twgr sui tabl e device
for neasuring hei ghtigu@ughiliasiraled ianoRtal ddishR GENRBt cofffidbRiRl Rl IARFID e

finder, etc. The processor may instruct the ‘operator to raise the fork to a
pr edet er m ned identtfieatioropnovided wa themmbodimeng skownvioBiga 7shel f. The operat or may

manual |y control t raisi.ng of the fork t e height, .or lift truc
may be progranmed []Eigg'i?t @Hﬁﬁ?t%?sl an ?Pllﬁﬁl"ﬁ?n?tqtﬁghed@ﬁ‘ﬁ’@& Wq%qtgﬁ?’il)\msharg Y5 a
system the no ‘o ; il |5 i sions may be
efficiently an%ﬁggrgtﬁr’ g‘EJee‘lftg’\égg???g?tfcétgﬁlﬁ/grgcé@%?%@g?}ldghg@phei ght sensor on

. the forklift elim nEigere hillustestes aroembatimern®iafthe mvention whereiachheightrsanser is

| evel (slot) in vertical | xt endi war ehouse rack. .| ad, each colum
of slots can b\ésegd%iiepmé’é’&”@ﬁés@ﬁ‘&ﬁg“Rﬁ%&%‘@?k Wﬁ‘ﬁd!’)ﬁg‘%&ﬁ 8% dual slots
Wi thin that colum being identified by a height indicator. The specific
enbodi nents descri bed above provide a fully automated system for

i dentifying, nmoving and tracki ng objects throughout a warehouse or other
simlar environnment. The system provides i medi ate feedback to the operator
t hr oughout the warehouse operations, thus mnimzing the possibility for
error. The systemis adaptable for use with all of the wide variety of

| ocations that are involved in warehouse operations, such as stocking

| ocations, storage racks, floor |anes, and shipping docks. Because the
system can operate in conjunction with a central data repository, the

e o o o " e o g e ¥



-20 W claim 1. A systemfor tracking an object positionable at a
plurality of locations, the systemconprising: (a; a transport vehicle to
nove the Qb BakosRet ween locations; (b) an object marker apg@fijsai/pdsoM th the
obj ect whi ch stores i nfor mati on i ndi cative Pf the identity of the object;
(c) a plurality of location markers, each & which is positioned at one of
a plurality of | ocatl ons and stores information indicative of the location
of the narker ; Detajled Degen pizthednyentioned on the vehicle to recel ve from
t he object marker t nf t he ,i denti t he, obj

and fromthe | ocat |i§ne n|gk é ﬁgh‘? %8&%‘%&% apﬂmaég}ougeénlgpi}/gte 3ml 588%?{‘1 %‘ﬁf
the markers, tfoetiablifg En@%j&e@tr 1320008K b Tad dr pank %f:lh&ék%‘ﬁﬁiép&ft JEEBe 8 subPr
transmtting information to be stored on a mar kKer and a radi o-frequency
recei ver; and ge} pallgirtoacks sonk twckbomraich hrmck.ePuticard per wshicle 130 ¢omesotedd t o

ob ect 11 o HEFTRBIARIRD SHOK RGPS AL GTORTIRF [RKeR (P PIOFoSHRe WHLERY O i
location of at thh?@l% oP@SoxﬁB%t%Pﬁnﬁi fﬁﬁlﬁﬁisoa[‘cé?i% Pﬁeesgﬁlgat | gﬁthZFl% %né@?&plm

i ndi cati ve of the l[ocatlon e nar at’i on

bet ween the objmichn dmslitt devideot80, i swoh as.a kbgboayd;t suihtiig dévi¢en ahd/onhteueh-pariche
r adi o-frequenca/. transmtter transmts one or nore interrogation signals;
wher ei n each ofisplge Wb%xs;fzmﬁrﬁﬁwm@déwayﬁraéwﬂ@ra},ewplbas H 485,130, 140 and

i dentification g Iransm a n neo .t h the nfor

I ndi cative of !%@ “I’Légg‘[ef 't ?tﬁ’g E‘k =s15mh§ig‘efi(5°8?? %c{ﬁ%gthg}
nor e i nt er r ogamhkersS seehPasSRFIN @4Ri 140] 150 @éﬁv@‘ﬁ!& 16Batise 'ina?lEBf@ Euhcﬁ@r% positioned at
radi o-frequency i dentification tag to transmt a signal encoded with the

i nformation | nmn@as ilocations such dsde altopkrgxg décatibe (wbgehouseu slot) d4p and doading declof
the one or erro ation si d wh n,t radi o- f requenc
receiver r ecel ﬁsﬁgﬁ angfr&'ﬁ thxpa]gdgqy %P'?J@ﬁ@ GGt 1&% K‘Rté‘i s.

-21 190 by RF link or other suitable communications system that provides a continuous link

between the vehicle 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 part 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 signals, a microprocessor and digital
memory. They may be passive devices, which only transmit sighals upon receiving an
interrogation signal and which rely on power contained in the incoming RF waves. They
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, such as the load number or pallet number,
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 locations, such as a loading dock number,
warehouse slot number and trailer identification number. Location tags may also store

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



3. The systemof claim1, wherein each of the |ocation markers conprises a
radi o-frequency identification tag to transmt a signal encoded with the

i nfor mat Qg ghigYsgati ve of the location of the marker; Mepgwﬁsgﬁpm‘?)bj ect
mar ker conpri ses a barcode containing the i1 formation indicative of the
identity of the object; wherein the radio-Tréquency transmtter transmts
an interrogation signal and the receiver receives the encoded signals; and
wher ei n t he i nlasptieryanfermationtaheyt the tyhes ebabjecty storedon thelogation, (x5 restrictions ohe
barcode. 4. The temaof,claim?2, wherein the transmtter of the

I nt errogator i gva?'ﬁ'? 578 &ctg%iaf%fltonof transmtting a signal encoded with
information and t he TRORPHD intriitorSI20 Ray B6F MY eRstanlithblé Bsrretdiving the sighlal.
systemof claim1, further conprising a signal generator operatively =~
connect ed to t Hempy be @ &t receiver; sunaealse inchule gpteansmitter or providieg,inggreogation
signal indicative of the. o [on_ of e of the pl lity.of, | qcatio
rmrKers when ¢ RETHR 8y PGS JEVIPD dust ool sriouecol ol sy Aihes B Fasible of
i nformation ingl i 3 [ fin LANER P : T f
claimb5, wher elﬁlﬁ st?‘l?{teﬂﬁgi ‘3%5’?‘9%?&03‘?3% ét;lg@tnt]1edilloper a:%gé' i@lug’nﬁgug?ﬁg%?gwg :
7. The syst em pfovideanpdated infoemeation atomt shegmavemend histiergl df ah¢ bbjectper tiieostorage a
vi sual signal. 8. Th?%sys emaqf claim?7, further conprising a, conputer

di spl ay noni t obistafyef & Marehpuse/peatian. sysgather examples Hhsivebicley@ae be ceuppesk Witk n
g! spl ayed on tg%vnég@ﬂ'sér%r tth d&&%ﬁﬁé’ssﬁag%a;&.t 6F rﬂbfect W S cab ﬁﬁﬂo{nﬁﬁﬁﬁﬁ{?ﬂ
I spl ays on the I'tor 1nstructirons to the operator, the instructions

i ncl udi ng the caele stbred oh thidwag ahd/ec tormparbdwith aifoinmtion diredly sedred onsie tage
| ocation to which the object is to be transport ed. .-22_10. The system
of claim1, further TBeRcessPHEay includgiany switable proeqsserginchyding general- or special-

purpose computers. The processor preferably has a rugged design suitable for use on a

moving vehicle. The display 170 may include a monitor, lights and/or a speaker or
beeper. The processor may be programmed to interact with the operator through a
graphical user interface. An input device 180 may include a keyboard, any suitable type
of pointing device, 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,
personnel 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 link.

The transport vehicle 110 may also be equipped to interrogate RFID tags located
at a number of different locations (such 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 interrogator, or
mounting multiple RFID interrogators, each with its own frequency, on the same

vehicle.



nounted on the vehicle to receive fromthe object marker the information

I ndicative of the identity of the object and fromthe | ocation narkers the
i nformatigg gongdsgative of the location of the markers. 11PC?TRJ§0ﬁﬁ?39em of
claim2, wherein the interrogator further _CI?_rrprises a plurality of antennas
to receive radio-frequency signals froma plurality of directions. 12. The
system of claim 2, er,?i n the interrogator receives signals froma

radi o-frequency i deHtan illusiatiys applipationiokjihs drventien, £ossider-n Waighousa wheee iems he
di stance betwe i tag. 13, ..T ystem of «claim 12,
wher ai n the. | e e bFRoRSAt e ARHIAFtq Bhopd dpseFfor) e BB Pnh 2 Bl

based on the degivaysrdeleindethen hitepassdd ' toafff&entaspirs BEtheatid of whichRlie akem
of claim 12, wherein the interrogator generates a visual signal indicative

of the di stancesseablethe Thermnperatercpf thgdranspashuchidie 140 geadsSronTitke digplay 170 fthe
claim2, wherein at.|east one of the |ocati mar.kers defi a pl ane,
wherein the at m?tgéc&o.n%%gmb?het ﬁeénqtg(ggppgtﬁr h’éﬁ&%r@di FBris Rﬂeé r]gif‘?t rtg? egﬁg‘?faﬁ
i ndi cating t hapariiiflar SpuetaLBeXig| Ra). OFR SisbrA0r Bffesthél Getitble 116 1PHRBedR
transmts a second signal indicafting that the interrogator is | ocated on
t he ot her si dewafehouse lptation 142 add whproadhes t pallate hedntermggatior 120 hitdrfepatestthe
fromthe first si gn@l . Pég The .system of claim1_S, V\,Here,i n the at | east
one of the | oct®Bi &H0muhich, trapgmits, Asgnal \gocededi guthy gha, doration daigrmationat | bhe
tags defining el: n t. | ' [ Gatl e e
| ocation in reitgg%rn eﬁ)?gdeg%%l ﬁ?e%lpﬁag’aﬁ%}ﬁ 'é?sgﬁ‘g}‘; ct)l?é gﬁ@]‘ ?S&}ggljt 9§'. r"é"%%tﬁ? Pr om

t he i nt er r ogat whethemthewshicié rllol‘hasﬁﬁpioa&fe‘d theecorfeelidcationrWhén tie processor
configured and arranged to enable the ta%on t he sane side of the
t

i nt errogat or te° hat the legasion is sprrerjatheoprosesgom thepnidensifiss dhe paliet 32hky

P
th t f ] adi I i nt S ti | . 2 17.. The.
aystem of ol i HOREATE MY (8 120 el B2 ReRhetpr T e fas Jaf Trapfie f Signal
conprises a raglicgdéd KithaPalletStin®lefl TRS §ibha) RELivRE HYRBE inkdrFogatte lﬁﬁ%sgproéé%sed-rhe
systemof claim 17, wherein the shield Conprises a netal plate. 19. The

syst em of cl ai by the prbeassirn If the palletsymbrer is/edriect, ¢hé opedator prosepds ®egiclaup ithe
capabl e of retrigevi nd positioning a lgad at a plurality of heights, and
a hei ght senso?angbh%ﬂ'%ﬁﬁsqrh@%&% ts the QREratar 10, mope 1he P”gletpﬁ’sﬁhﬁiqm

and wherein th r Fy (1S | M t Bﬁ”{iﬁ NSkt 0
determine the ﬁoedikgﬁt gté'\%ﬂf)@h()ﬁﬁg@ galg ?68 pgé?ﬁ @gae&. (tf : igg?;yg%g'hﬁg"fda}
claim 2, wher eionthahort tharssarting ducatibn 142 is cdrfied opat af thesvdhivld hey asiepdlat gheof

transmtting a signal encoded with inforpation and at | east one of the
| ocati on mar kefdTest g@@%‘gtqﬁ’@k’e‘i’?& SBe@tar fecsivien aiconfirmation 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 by
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 and location. Any operator error with respect to the identity,
location and movement of the load is immediately identified and corrective action may
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 updated 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



21. A radio-frequency identification systemconprising: (a) an interrogator
to transmt an interrogation signal; (b) a radio-frequency identification
tag assemplg/pd@edsecei ve the interrogation signal and ther ggparoifansnmt a
response signal, the tag assenbly being asggqciated with a plane defining a
first side and a second side; and (c) a processor operatively attached to

t he interrogator erein .t he |n tor receives t.h se signal
and wher ei n t hEd ?JF'(\%IBQ%W QB0 ?fggy 8@%8{?"8%0% HECeTved p‘g et?’g%@ﬁtafo’ﬂl’rg?rh@?
the interrogat ﬁ.anaaﬂyﬂi})uigﬁtﬂelap&at&*tﬁﬁo gﬁtﬁeh %eﬁeém de of the plane. 22.
The system of clain 2 erein the tag asse transmts a first signal
when the interrogat Armmchﬁécbmaﬂgdmemt syktemf20044 s}mwiend?ig BheTh systemsis dimilar to
transmts a second Si different fromthe first signal, when the

i nterrogator i esyHem Oého‘l"hé“ Kigetsnh vgtlv@e@xcepﬁ@lquha%bar@dew Bisawedyf

ot 11 tati ont Bt 0L SRR o ABD 28 s HF eb\cler ZR Rt o s oy

- 24 response tgodes onth€ ldadyak ipallets i PThalocafiomsUdrt istil @lbntifiéd BY RFIDf tagyn4th end
i nterrogator, wherein the tag assenbl&/: i s configured and arrangied to enabl e
t

the tag on theli(hnéj%ngjdlffﬂem Hepesnek identifzaation trmrk@s;é‘px/@bxehe andhtlecation aaffess
si gnal of suffl ent tre t.h whil e pr.eventin e ther ta m recei vi ng
the i nterrogatil bﬁ %G?W%‘ﬁfm%?r‘@ﬂﬁ rie wﬁﬁﬁh"é‘?gf’%rmo at’(?f’%l?’ilfl
23, wherein thgy érmn@srna[mihg akwrﬁxhsaat mBHaFlco R g@%&t drk JetfidaYd With q}ﬁtg

posi ti oned between the two e syste claim 24, ereln
shield corrprl stags.aOffeouarkse, Fliamodes md nét badsenhhrpdmpaelﬂau RRIBrt’ags‘ foc dvddsn Asynixt em

conpri si ng: an inter or conprisipg: (1)..a trapsmtter r

blr oad::a;st i n? a%fgl?qli?ﬁ 6@{#? ﬁﬁlt@? é‘ﬁ’é(}lc1 e ‘ﬁﬂgg"(ri‘za]ddd?"é@@tfé‘rl;mtﬁ%?&s gtgﬁrelg;ﬁl.rther
plurality of r Yoflo [ each o e tags being
capabl e of traﬁs%g%tgﬁgqgl&sglogfnaﬁ%%c% H\/)\A&Pr}]ﬁﬁ?or mation indicative of the

identity of the tag in response to the interrogation signal, wherein the

transmtter of the mterroggtor varies ,the interrogation S|gnal so as to
Motion and Direction Determination

In certain applications, in addition to knowing thé location of a load, it is
desirable to know whether and in what direction a load has moved past a particular
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 trailer 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
would not reflect the true status of the load. |

To solve this problem, a preferred structure of a location marker 400 capable of

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



recei ve the encoded signal only fromthe tag that is closest to the
I nterrogator. 27. The system of claim 26, wherein the interrogator
initiallywlr@igssts an interrogation signal that has a popeh/sey el
sufficient to cause the plurality of radiofjgequency tags to transmt
signal s indicative of the identity of the tags in response to the

t t th f th
|t er r ogat i on Siigha-ott Fifudes By S coa ABiaT 430 sebeed 5 BT e it R
signal s indi cafjiyg 40, ?ﬁc’ﬁ éSdE'?ﬁétﬁlyplhﬁ QRR%n {d? &h& R?t ReAgARL t© Bosorbant

signals. 28. A systenifor tracking an object positionable at a plurality of
| ocati ons on ambatedhlf ns:pdisamneah@emaehahetagshélm}&tlkﬂms:preﬁaralﬂy Aocatddajt an angle

transport vehicle to et bj ect hetween | ocations (b) an
obj ect marker éﬁ%‘b@ﬁ é*@e‘XFB\‘iﬁﬂﬁ ffﬁﬁé’eo‘lﬂ thet digggtien °§t"@ﬁ"é§1°¥1hp5rﬂi‘ﬁ‘aiqaén Gap 450,
I ndi cative of #@?ﬁ.}b‘i}? 4p#)¥0)ﬁ)r%attei& ondFhdh f(?’S én?)) 1sadeﬁﬁéd P%tﬁfeemgqﬁh'aﬁd tt}?eos(?ueld

associ ated wt I Ng SurfTace, Ic tap

i ncludes a pl Ufoadetdiny/thefsersRBAR B the t‘é/FeEAeseBoﬁﬁﬁlbtaD laief'ﬂosiggf'&ﬁ'hbl lpﬁac@d‘ﬁé&ﬁﬁtﬁ
with information indicative of the [ocation of the segnent and each of the

segment s pr odutheseconddag:end defmeg a&cond gapl 660 @f mr @maﬁelyf U2 iaehi(325icmi Plate ve

f the | t t t d hi cl
Lo 1 ocei ve 1 ol RETRL Rt e R A FRtnoL 1800 RO 8% B et Srure ©
i dentity of thghaplhRCéne £a§) cah bRgEHt htCaugy gﬂé«h poSife’ TR BAtRE é%EbrﬁHl? nHbe! e

for sensing the signals generated by magnetic tape; and (f) a processor
oper ativel y coencbaseéih aBFtﬂaespamendwrmoasiwwn)e magnetic si gnal reader to

det ' t he ident t ' f th f t di
dent ity of the.obj Betauss the 15 Sapdocss sipsangal a8 ierseeition mgfichs 19 4 ne
TGNt i 1 2pe ggluh e uRPekisBle \EhRl GRSMEAND KB ek gatﬁg@ﬁgghgfb%txbgn the

| ocati on. transport vehicle |ng an o

r adi o- f requencsamdiﬁdé bf tiRaRF chicldo4ll ks E@edm)hdfeem&nlm@hwe&mﬂlmaleieeﬂ?ag the
vehi cl e conpri si ng ( % a radio-frequency identification interrogator to
recei ve a si gndimifflgvhenehe injerrqgajords pn the S@msétﬂe@féhe fﬁmﬂql #4185 dag @rﬂé%isfect

ndichtive of BTG Be pohe, 1 v BT e ab GBS, Rhfel® ol Y lonropes

generating a sh&pnahe iplele dRlidike td 1w @agiothhzbithahgd aeaddietied by tthe mteﬂbgak@,
and (e) a processor operatively connected to the mterrdgator hei g

sensor and si gﬁmre@meuégnnméy@myne vikquente, in h@mﬂ? Jeg sk d20dandeTag ri’e§39 rse
dentit f th th df
the el Sht. of | SHEED b PR Of mEvEmgH s it H0s BEres by bt AR anf SRt e

and determ nesaéchﬁatél?ﬂétéﬂﬁhé’d | ocati on of the veh| cle fromthe signal
generating neans.

The same principle may be used in a slightly different arrangement, as shown in
Fig. 6. In this case, a moving marker 400 moves past a stationary interrogator antenna
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 than one tag responds to the interrogation
signal. For example, suppose the vehicle approaches a target location marked by an
RFID location tag but that there are other location tags also within the detection range
of the interrogator and they also respond to the interrogation signal. Because the
interrogator receives 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



-26 30. A radio-frequency identification assenbly for determning the
direction of a source of radio-frequency interrogation signal, conprising:
(a) a firglodadd-frequency identification tag having a fipeglysopientety,
wherein the first tag transnmits a signal indicative of the first identity
In response to the radio-frequency interrogation signal; (b) a second

radi o-frequency identificatiaon tag havi a second identity, wherein the
second tag traﬁgﬂﬂt Be alOs M3 milﬁﬂ’?werrv of“t?%ag%'&cﬁ‘ﬁi’afsdé greby, rFﬁ%“%ﬁ%se
to the radio-f i r ] i ' dignd e

signal shield rli)]gein\’zg%ur:\)btf #gh? r@?agvﬁgﬁgiﬁn F}éﬁ?g?ét%]qﬁdg%%y iﬁue&t ‘f“?"f@g‘%‘?g‘“‘n
tags, wherein sigaificintleltbe detectivrs rangelofiike ferasgator) thetdby dimimishiran thase o6nhk
tags, and vvherg&n t he shi el gg:allows only the first tag to respond the

i nterrogation ¥\gREeesAsngRFIDJa8%ce of the interrogation signal is on the
sane side of the pl ' | to
respond the interr oggl idgﬁagtpg?é{ ﬁe\?é}veelr']caot eéﬁg%:g?@éh%}%#ﬁgﬁéllﬁ#gﬁrogg}gegﬂg%&%g’
signal is on thedwuawmically ditemfating ehelhtomdgation fighabc gy ! teginnih}. intbhogatisreibl v
of claim 30, wherejn the shield is a netal plate. 32. A nmethod of managj ng
an obj ect to besiHbiptsgrogatioiusnalsefa high RFinewen levphand seducing the spwenlexelitp the

radi o- f requency. | tif 1 Lon | fixed to the.qbj nd ha t of ed
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32, further conmprising the step of determni n%a . i
been detected. If the target tag is detected (820), possibly together with other tags, 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 larger power reduction increment until the target tag -
is no longer 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 preferred factor or increment can generally be empirically determined at the
time the system is installed, 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 keeps increasing as long as detection
range is smaller than the distance between the interrogator and the target tag. Thus, as

the distance between the interrogator and the target tag changes, the power level of the
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(a)-(c), each #?t%%%fgf%t_@gflﬂ‘g?or@(ﬁﬁg@fije i‘f_aBYé'out put |evel reached at step (c)
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A A% AR As. Aufofa‘aﬁp{g‘aﬁdx@’a%aé'eta‘td% via'% dter erface: AAAgréplﬁéa‘f‘\th‘?oo, such as that
shown in Fig. 9, may be displayed on the onboard computer display 170 to represent the
confidence level. The length of the bar 710 may be programmed to vary between a
minirﬂum 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 case
then increases with RF power level. Numerous other possibilities exist, from a
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 display a
moving average calculated from the ratio between the count of target tags detected and
the total count of all tags detected on successive reads.

An alternative dynamic attenuation system includes the same components as the
system described above but is configured and arranged 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,
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location 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.
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10) ' 10% & () - z8¢d fﬁ%&ic(ts in warehouse racks, as shown in Fig. 11. In such a system, the

S3L10% & () - NBleéPeo use ::wkéL %;)ééygf)e ma%i(e(ji %;%%FB tags 5530323 %gggbed@;bove As in the
previous embodiments, vehicle 750 is equipped with an interrogator 760 and an 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 eéch slot in each warehouse rack with a separate
location mark, it may be desirable to equip vehicle 750, which in this embodiment is a
reach truck, with a height sensor 780. The vertical travel of the fork of the reach truck
is monitored by the height sensor, which transmits a height signal to the processor or
remote host computer. The height sensor is preferably a counter connected to the drive
mechanism of the fork, but may be any other suitable device for measuring height, such
as a linear displacement mechanism, laser range finder, etc. The processor may instruct
the operator to raise the fork to a predetermined height to put away or retrieve from a
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. With such a
system, the movex‘nent 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 iﬁdicator.

The specific embodiments described above provide a fully automated system for
identifying, moving and tracking objects throughout a warehouse 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 conjunction with a central data repository, the system
can direct and track all object movement throughouf the entire warehouse. By using the
invention, errors in inventory management may be greatly reduced, and productivity

thereby increased.
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skilled in the art having the benefit of the teachings herein. Furthermore, no limitations

are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments
disclosed above may be altered or modified and all such variations are considered within
the scope and spirit of the invention. Accordingly, the protection sought herein is as set

forth in the claims below.
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(b) an object marker associated with the object which stores information
indicative of the identity of the object,;

(c) a plurality of location markers, each of which is positioned at one of a
plurality of locations and stores information indicative of the location of
the marker;

(d) an interrogator mounted on the vehicle to receive from the object marker the
information indicative of the identity of the object and from the location
markers the information indicative of the location of the markers, the
interrogator comprising a radio-frequency transmitter for transmitting
information to be stored on a marker and a radio-frequency receiver; and

(e) a processor on-board the vehicle operatively connected 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 transmits 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 interrdgation signals;

wherein the object marker comprises a radio-frequency identification tag to
transmit a signal encoded with the information indicative of the identity of the object in
response to one of the one or more interrogation signals; and

wherein the radio-frequency receiver receives the signals from the location

markers and object markers.
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indicative of the location of the marker;

wherein the object marker comprises a barcode containing the information
indicative of the identity of the object;

wherein the radio-frequency transmitter transmits an interrogation signal and the
receiver receives the encoded signals; and

wherein the interrogator further comprises a barcode reader that reads the

barcode.

4. The system of claim 2, wherein the transmitter of the interrogator is further
capable of transmitting a signal encoded with information and the object marker stores

the encoded information.

5. The system of claim 1, further comprising a signal generator operatively
connected to the processor to provide to the operator of the vehicle a signal 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.

6. The system of claim 5, wherein the signal provided to the operator is an

audible signal.

7. The system of claim 5, wherein the signal provided to the operator is a visual

signal.

8. The system of claim 7, further comprising a computer display monitor,

wherein the visual signal is a computer-generated pattern displayed on the monitor.
9. The system of claim 8, 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.
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11. The system of claim 2, wherein the interrogator further comprises a plurality

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

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

between the interrogator and the tag.

13. The system of claim 12, wherein the interrogator varies the power level of

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

14. The system of claim 12, wherein the interrogator generates a visual signal

indicative of the distance between the interrogator and the tag.

15. The system of claim 2, wherein at least one of the location markers defines a
plane, wherein the at least one of the location markers transmits a first signal indicating
that the interrogator is located on one side of the plane and transmits a second signal
indicating that the interrogator is located on the other side of the plane, and

wherein the second signal is different from the first signal.

16. The system of claim 15, wherein the at least one of the location markers
comprises two radio-frequency identification tags defining the plane therebetween to
transmit signals indicative of the location in response to an interrogation signal of
sufficient strength from the interrogator, and wherein the at least one location marker is
configured and arranged to enable the tag on the same side of the interrogator to
respond to the interrogation signal while preventing the other tag from responding to the

interrogation signal.
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17. The system of claim 16, wherein the at least one location marker further

comprises a radio-frequency shield positioned between the two tags.

18. The system of claim 17, wherein the shield comprises a metal plate.

19. The system of claim 2, wherein the transport vehicle further comprises a lift

capable of retrieving and positioning a load at a plurality of heights and a height sensor
for measuring the height at which the load is positioned, and wherein the processor is
operatively connected to the height sensor to determine the height at which the load is

positioned.

20. 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.

21. A radio-frequency identification system comprising:

(a) an interrogator to transmit an interrogation signal,

(b) a radio-frequency identification tag assembly to receive the interrogation
signal and thereupon transmit a response signal, the tag assembly being
associated with a plane defining a first side and a second side; and

(c) a processor operatively attached to the interrogator,

wherein the interrogator receives the response signal, and wherein the processor

determines based on the response signal whether the interrogator is on

the first side or the second side of the plane.

22. The system of claim 21, wherein the tag assembly transmits a first signal

when the interrogator is located on the first side of the plane and transmits a second

signal, different from the first signal, when the interrogator is located on the second side

of the plane.

23. The system of claim 22, wherein the tag assembly comprises two radio-

frequency identification tags defining the plane therebetween to transmit signals in

F
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the tag assembly is configured and arranged to enable the tag on the same side of the
interrogator to receive the interrogation signal of sufficient strength while preventing the

other tag from receiving the interrogation signal of sufficient strength.

24. The system of claim 23, wherein the tag assembly further comprises a radio-

frequency shield positioned between the two tags.
25. The system of claim 24, wherein the shield comprises a metal plate.

26. A radio-frequency identification system comprising:

(a) an interrogator comprising;
(1) a transmitter for broadcasting an interrogation signal, and
(2) a receiver; and

(b) a plurality of radio-frequency identification tags, each of the tags being
capable of transmitting a signal encoded with information indicative of
the identity of the tag in response to the interrogation signal,

wherein the transmitter of the interrogator varies the interrogation signal so as to
receive the encoded signal only from the tag that is closest to the

interrogator.

27. The system of claim 26, wherein the interrogator initially transmits an
interrogation signal that has a power level sufficient to cause the plurality of radio-
frequency tags to transmit signals indicative of the identity of the tags in response to the
interrogation signal, and subsequently adjusts the strength of the interrogation signals
until only one of the plurality of tags transmits signals indicative of its identity in

response to the interrogation signals.

28. A system for tracking an object positionable at a plurality of locations on a
.traﬂic-bearing surface, the system comprising:

(a) a transport vehicle to move the object between locations;
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(c) a strip of magnetic tape assoc1ated with the traffic-bearing surface, 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

(f) a processor operatively connected to the interrogator and the mz;lgnetic signal
reader to determine the identity of the object from the information
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.

29. A transport vehicle for moving an object having a radio-frequency
identification tag attached thereon between locations, the vehicle comprising:

(a) a radio-frequency identification interrogator to receive a signal from the tag;

(b) a 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 location of the
vehicle; and

(e) a processor operatively connected to the interrogator, height sensor and
signal generating means, wherein the processor determines the identity of
the object from the signal received from the tag, determines the height of
the object from the signal received from the height sensor, and
determines the horizontal location of the vehicle from the signal

generating means.
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(: 10%& () -f &10%& (a) a first radio-frequency identification tag having a first identity, wherein the
first tag transmits a signal indicative of the first identity in response to the
radio-frequency interrogation signal;

(b) a second radio-frequency identification tag having a second identity, wherein
the second tag transmits a signal indicative of the second identity in
response to the radio-frequency interrogation signal; and

(c) a radio-frequency signal shield between the first and second radio-frequency
identification tags,

wherein the shield defines a plane separating the first and second tags, and

wherein the shield allows only the first tag to respond the interrogation signal when the
source of the interrogation signal is on the same side of the plane as the first tag, and
allows only the second tag to respond the interrogation signal when the source of the

interrogation signal is on the same side of the plane as the second tag.
31. The assembly of claim 30, wherein the shield is a metal plate.

32. 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
has stored therein and capable of transmitting signals encoded with information
indicative of the identity of the object, a second radio-frequency identification tag is
affixed at a location and has stored therein and capable of transmitting signals encoded
with information indicative of the location of the second tag, and a transport vehicle is
equipped with a radio-frequency identification tag interrogator, capable of receiving the
signals from the tags and determining the information stored in the tags, the method
comprising:

(a) using the interrogator to receive the information indicative of the identity of

the object; ‘

(b) determining a proposed location to which the object is to be moved;

(c) using the vehicle to move the object to a location;
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information received in step (d) matches the proposed location.

33. The method of claim 32, further comprising the step of determining a
proposed identity of the object, wherein the step (c) is performed only when the identity
indicated by the information received in step (a) matches the proposed identity of the

object.

34. The method of claim 32, further comprising providing an operator operating
the transport vehicle with visual displays of instructions including the proposed identity

of the object and proposed location.

35. The method of claim 34, wherein providing visual display comprises

displaying the instructions on a computer screen.

36. The method of claim 35, wherein displaying on a computer screen comprises

displaying through a graphical user interface.

37. A method of using a radio-frequency identification interrogator that
transmits a radio-frequency interrogation signal with an adjustable power output level to
find a target radio-frequency tag among a plurality of radio-frequency identification tags,
each of tags being capable of transmitting an identification signal in response to an
interrogation signal from the interrogator, the method sequentially comprising:

(2) transmitting interrogation signals at a starting power output 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 reduced power output level

reached at step (c) of the previous repetition as the starting power output

level in step (a), until the target tag is no longer detected; and




10@F7910% u& ()- 0ml0% & () -O0nl0% u& ()-0m0% S& () -

10% u& ()-3(10% u& ()- ?~ @ 10@10%& ()-SS10%& ()-10%& ()-!ks

10%b&' () wol@rHesk0- U 10- us810% u&' ()- ' p2dE~_@ 10@0%¢& prr/dsMiPuhs () -
10%& ()-10%& ()-F10%& ()-F 10%& () - 2D%§E~ @' 10@ 0% & ()- f MLOY% & () -
10% & () 10%& () - Flo%)& ()- IVIlO%)& ()- Normal" "Heading 13]c" Head| ng

23] c" "Heading 33]c" I-|ead| Head adi n "Headi n
73] c" "Headi ng 83] cte) ﬁ@%fﬂ‘it }‘@“ﬁgﬁtﬁé‘f Iéer g&p%ﬁ)owe? outpllt level )

Font &0: DBNU vi s} uv! p{g: V\Egched%‘f‘ﬂ@eﬁw ?{:i)oﬁ'm%ﬁéc{lﬁtﬁz rev10us to the last

=&?TFGCQRVXYabcj nvz| w>}qfs, r<A X' A mes New RO Ar| al Courier New'h
Root EntryWr dDocunent ( repktitihiti&' (@) * +, - . / 0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

38. The method of claim 37, further comprising moving the interrogator relative

to the target tag during at least some of the steps in claim 37.

39. The method of claim 38, further comprising providing a visual signal

indicative of the power output level.

40. The method of claim 39, wherein the step of providing a visual signal
comprises updating the visual signal of the power output level at the end of each

sequence (a)-(e).



