VARIABLE OFFSET POSITIONING ANTENNA ARRAY FOR ENHANCED GUIDANCE OF
AUTOMATED GUIDED VEHICLES (AGVS) CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]This application claims the benefit of U.S. Application 61/145,543, filed January 17, 2009, U.S.
Application 61/248,448, filed October 3, 2009, and U.S. Application 61/258,006, filed November 4,
2009, the contents of each of which are incorporated herein by reference. FIELD OF THE INVENTION
[0002]The present invention relates to the guidance and control of an automated guided vehicle
(hereinafter AGV) aeneralg/F and more%articularlé in one embodiment, to a system that enables an

AGV to transpgr‘(t\ 6 rﬁrsgrzl_dFl’P Ef&gwlgﬁ MWM%@[@B@?%\F SO EPand an

access location by asQunwyNOD e rOBONAERDVGUOBERIMEBREE BESEMGU) as, for example, an
in-ground guidance wire.
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Apptioa 61/145,543, filed January
17, 2009, U.S. Application 61/248,448, filed OctoBe2009, and U.S. Application 61/258,0086,
filed November 4, 2009, the contents of each oftWlare incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present invention relates to the guidance antta of an automated guided
vehicle (hereinafter AGV) generally, and more arrly, in one embodiment, to a system that
enables an AGV to transport both regularly andyutarly shaped loads between a storage
location and an access location by assuming aetgffssition relative to a guidance system such
as, for example, an in-ground guidance wire.

BACKGROUND

[0003] Conventional parking garages are transformingahddcape to meet the demand
for high capacity storage. In urban centers, wispeee above and below ground is at a
premium, the owner of a parking facility is consteal by a fixed footprint and a certain amount
of vertical space extending from such footprintultidlevel garages can only extend so high
without becoming an eyesore or unwieldy to navigaterthermore, self-park and/or attendant-
park locations must account for extra space oreeglie of a vehicle for human access to and
around the vehicles.

[0004] In addition, each storage location has an assacat®unt of overhead that must
be accommodated by the facility owner. For examplest facilities usually allow more than
adequate space in front of each storage locatiafides for typical ingress and egress. Also
provided are typical human amenities such as hgystairways, elevators, fire escapes,
appropriate lighting, and possibly vending machiteshrooms, office space for onsite
personnel, security gates, cameras, alarm systamdghe like. Self park facilities also

frequently promote accidental contact between daesto driver error, and create opportunities
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BACKGROUND [0003]Conventional parking garages are transforming the landscape to meet the
demand for high capacity storage. In urban centers, where space above and below ground is at a
premium, the owner of a parking facility is constrained by a fixed footprint and a certain amount of
vertical space extending from such footprint. Multi-level garages can only extend so high without
becoming an eyesore or unwieldy to navigate. Furthermore, self-park and/or attendant-park locations
must account for extra space on either side of a vehicle for human access to and around the vehicles.

[0004]In addition, each storage location has an associated amount of overhead that must be
oA KA b A SIS B oGS SRR AU AL A uate
space inditentivdreastastasageinedtmndoralsivetontypeasismgness auudegnesatd e prmddss are typical
human atm nities squ as hallw%ys stgirwa S el?v tors, fire esca e% a Brogriate li htiré% and
a ciated a rit or a n securit

. ra '5 as well as an 8st'~‘h m’esoufrces or nu m%nltl gand
possibly vending machines, bathrooms, office space Tor onsite personnel, security gaies, cameras,

alarm sytitertike.and the like. Self park facilities also frequently promote accidental contact between

cars due to giygg errofaNd gl apATERR J0TIIRY B KA ANd AUheL R ablSsy o

Accordingly, ach storage location at a given site, there is an associated amount of extra space

necessaq/&'tbea@n@m@d@dme_i@,@rra@bcé;mﬁhm@rwmj@ﬂrgmﬁa@ﬂguciaﬂwaﬂﬁ@ne@daﬂﬂﬂfﬂtﬁiﬂéﬂ,
resourceg, fof AN A BH RSy SeFHIIN ARG: BFlikEnI S IoienirRdtGE e Alavedteaddimits the

number of vehicles that can be stored at _ -
efficient to construct and operate, and that da¢sequire additional space or property

necessary to accommodate sporadic human access.

[0006] Existing and established methods of maneuvering@y along an in-floor
guidance wire use either a single antenna prectsitered on the front of the AGV, or a pair of
antennas precisely centered on the front and faaeAGV relative to the direction of travel.
Conventional AGV guidance systems use only therar@eurrently leading the AGV, or the
“front” antenna based upon the AGV’s direction raiviel, to follow the in-floor guidance wire.
The trailing or “rear” antenna on an AGV equippethviwo antennas is inactive until the AGV
reverses direction, at which point the rear antezffexctively becomes the “front” antenna and
takes over the AGV system guidance responsibilitiese in-floor guidance wire is laid out in a
loop connected to, and energized by, a frequenagrgéor, which transmits an alternating
current frequency through the guidance wire. Eadtance antenna for the AGV contains two
inductor coils, which individually generate an auttpoltage based upon the coil’'s proximity to
the magnetic field generated by the frequency aagrguidance wire. By balancing the relative
strength of the signal output from each of the imductor coils on the front antenna, and
subtracting the strength of the output from onéfcom the strength of the output from the other
coil, and then adjusting the steering of the AGVaimet the point where the “subtractive
output” from both coils is equal to zero, the cohtystem of the AGV dynamically adjusts the
steering of the AGV to keep the center of the amdeand therefore the center line of the AGV
relative to the direction of travel, approximatebntered over the in-floor guidance wire. Often
these systems deploy guidance wires in a grid dashwvith one set of wires effectively forming
an “X axis” and another forming a “Y axis” to allowGVs to maneuver in two directions along

the wire grid by turning to follow different axisings and travelling in different directions along
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a site and adds considerably to the cost of operating a parking facility. There is a need, therefore, for
an automated storage system that overcomes the need for human-related overhead, that is efficient to
construct and operate, and that does not require additional space or property necessary to
accommodate sporadic human access. [0006]Existing and established methods of maneuvering an
AGV along an in-floor guidance wire use either a single antenna precisely centered on the front of the
AGYV, or a pair of antennas precisely centered on the front and rear of the AGV relative to the direction
of travel. Conventional AGV guidance systems use only the antenna currently leading the AGV, or the
ront- Al I HEC UGN he AU LRI R NP RS SN TR TR B e W
trailing owfitearfauydargeaoranatic eoailopethe itGwiniioweasasyie inaectioetnantl theaAGEres@rses
direction, at V\{hiCh point the rear antenna effectively becomes the "front" antenna and takes over the
AGV sys?ér%cdapdance responsibilities. The in-floor guidance wire is laid out in a loop connected to,
and energizE0r), a frEqeEnaregbregatomnvbichroblesnsigzitatiesneitimgsedsié guiceneengystanosigh the
guidance wire. Each guidan f \Y/ ' j ' ich i dé E&ﬂ
Generate an output vorhge buLl thas (o Lol g SR ooy e bRl i OF AR
frequency carrying guitiene®iga. Biddany siassereheyanctie vedikmokteymall oot gividantecach of
the two inductor coils g the.EoptapiRRdRRSUNIGHINGHRA Reredeghiir QUYL oM RRe SO

from the strength of the output from the other coil, and then adjusting the steering of the AGV to target
the point where the "stiYEBVEDBIERTROMBbLIBEEAL'SS dof VRS eIEmElatie ReRithsE Y sRmiff the AGV

dynamically adjusts thgrEpeaine-aber fraleldskeenits eerieARfue goieance Wie lapreiarqitee

center line of the AGV relative to the direction of travel, approximately centered over the in-floor

guidance wire. Often (HE5E SRS IBIYRFFHRERiORs G BHTGRAYRAR et of wires
effectively forming an infeawisitiend@rstinertfy MY &' thegsidnabasriGysctoyarane UNBE Ny,
directions along the wire qgri turning to follow different axis wires.and travelling in differen
directions along the &[F%%é%ﬁy‘wlafég&ﬂ B‘[‘Pféer iﬁ?@g(iﬁé’saétg%{%?{ﬁ@n%w &m '[?Selbgta?’gtaually
curving wire with a faithelaigediusnarardiing toafanirniiee&drig dilmtandsiegemimg fortherdbat an
alternate direction. [0Q07] I'here are thr mman probl limitations, of existin &J(i)/ Uidance
systems: 1) When thé f&%ﬁ / 'r%q(v'(relg i §%S§§%§r? W %Pevglﬁ;lé@gﬁg%%ggtgeo %nmgn ennatf%gg]ctor coil
suddenly passes beydadethe vertical plane of the in-floor guidance wire, the antenna produces a signal

which is the same regg?;(;lilessr%w q?e?@?ﬁl#‘?réw&? Pg%?ﬁ%é}%im%.%ﬂﬁtgﬁ%‘@g gyg{gmgs

unable to positively identify which direction avel Is required to re-acquire the guidance wire, an "off

wire" alarm condition iBeHI5EBUPSARESSRIPS HIRONCK asidneglilcRipRerNRAdICBIRIGNEYUrn the
AGV to the guidance yjeeaa8RgiNaIe &y AdRTeate it MPhpRihdeB L RS s AR pattern to

find the guidance wire, but with the risk of searching too far in the wrong direction and becoming

further lost and/or riskiRy@ YRI¥IFIERDIRSi6hIRAG Yef¥dEedinableip@ons i aizeandabaPRne. 2) The
"centered only" travel gath greadlydiiBitachecbilipuetAMANY Sems tapticipmlyareopespnssyansport

asymmetrically proportioned items, and with the result that AGV systems are primarily implemented to
handle items which h&RE\ERA RIS U SMRISE: GRINFBHS S QUORN SEAYREARIGNS A S pe.

variations throughout the course of travel in tistathce between the antennas
and guidance wire or other items which impact glative strength of the

magnetic field generated by the guidance wire signa

SUMMARY
[0008] One embodiment of the present invention uses sty similar in-floor
guidance wire systems with significantly differemtennas and inductor coil configurations, and
processes the output from the inductor coils thinoaugy onboard programmable microprocessor
which analyzes the relative strength of signal ougd one or more inductor coils as a ratio of

-3-



3) The "subtractive output” analysis of the coil signal has some weakness and reliability issues which
can cause guidance system problems if there are variations throughout the course of travel in the
distance between the antennas and guidance wire or other items which impact the relative strength of
the magnetic field generated by the guidance wire signal. SUMMARY [0008]One embodiment of the
present invention uses substantially similar in-floor guidance wire systems with significantly different
antennas and inductor coil configurations, and processes the output from the inductor coils through an

onboard programmable micrqprocessor which apalyzes the relative strength of signal output of one or
more indG BbrY BT 8t 5B A BB GHPECTHX SFSENARD SOl LA Ib WA oS AR or
selectiorcoflgthedatianard thalprécidetpositivntotthpesmine positferafotbatanebuarelatvib esefare the
AGV, relatixaa to the.quidance Wire, rath?r than merely t %etin&a"subfractive ouE%ut" value

ﬁiu' ance W|[% Fﬁ{t an me{e t{arﬁ]etm ?){9% e.? t”valué agproa dn% ZEro.
approaching zero. 0 e presen sQ//se engp oys significant advances'in guidance control
methodolog{0ft®] moréheffivieseiyt syeteemamfilyswsignificaat apidangsiggstentomtstdad of a dynamic

‘e _ ) Ay o . s
pproxr R AT RIS 0 R I Rl e e e S R o
directiontyn@avie| Boeri figesysie ahdwivite ayfeajiamiis dosgtiie MG tieadrprsition wargUhsosetoly shift

the AGViigHagkh %bﬁé@%%?cﬁ%&%’tl}f‘ﬁé{%ﬁlHe)ﬂ??@éﬂﬁjﬂ&@%%ﬁ?%ﬁ%&%'BEW?gQﬁBPoQW%%N?ﬁ wire by

following the wire at any point within the outer cumulative boundary of an array of two or more inductor

coils. ThEERIEShIRRLIRIP iy diresting Ridrasladwerolbidanspatii MfsidenamaysiemrPEisals a
numeric gxRIRRMERATRNIRSLMPSHIANKEIALYE {6 thRiBipetisridanes ursichRyp SR8 afisapalysis

of the relative stregths of the output from two or more inductor coils. This allows the AGV to

deliberat@S FNFGH RIS IPGRIGRANGRIW SR de B UE AL X PR TR RE fkEELion of travel
varies agoert@ilambspesiias eglativeytotthedosiioriidiectnser ahisesgatdanastivries by

directing the AGV to follow a specific output readj which equals a numeric expression of an
exact position relative to the in-floor guidanceeyibased upon an analysis of the relative
strengths of the output from two or more inductmitsc This allows the AGV to deliberately
follow an “offset track” in which the center liné the AGV in respect to direction of travel
varies as needed and specified relative to theiposn the floor of the guidance wire.

[0010] An advantage of this “offset track” system is tii@nables an AGV to transport
asymmetrically shaped items, such as automobileshwnay have a different front overhang
(center of front wheel to farthest front extensodithe automobile) versus rear overhang (center
of rear wheel to farthest rear extension of themabile) sideways down a transport aisle
without significantly expanding the transport aishotal width relative to the total overall length
of the automobile being carried. By shifting th€¥A to one side or the other of the guidance
wire to compensate for the asymmetrical aspediefdad being carried, the AGV can travel
down an aisle approximately the same size as tlxeaman width of the load while still
following a single stationary guidance wire pernmathelocated in the middle of the transport
aisle.

[0011] Furthermore, the guidance technology of the praseention incorporates more
than two inductor coils into a single antenna, fioigrin those instances an extended antenna
array. In this configuration the programmable mprocessor assigns a distinct relative value to
each point along the extended antenna array. T guidance system can then be directed to
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[0010]An advantage of this "offset track™” system is that it enables an AGV to transport asymmetrically
shaped items, such as automobiles, which may have a different front overhang (center of front wheel
to farthest front extension of the automobile) versus rear overhang (center of rear wheel to farthest
rear extension of the automobile) sideways down a transport aisle without significantly expanding the
transport aisle's total width relative to the total overall length of the automobile being carried. By
shifting the AGV to one side or the other of the guidance wire to compensate for the asymmetrical

aspect of the load being carried, the AGV cap travel dpwn an aisle approximately the same size as the
ot AR5 G RO S R RO o CIRbLB RHARy A L e B R RARI)dDArect
!n the _midwemﬂtbmdrmaﬂmmisfe)timﬂdﬂi@dﬂmmgraﬁm@lﬂdmmegtﬁdhnoh)gryr@hthIﬂqmmnt
invention ingerporeies marchan tnedpdueiar colls o 4, sipgls aniennia, fowning . hosedngtances
an extendéd antenna array. In thiS configurafion the programmablé miCroprocessor assigns a distinct
relative vahre tgpdadheeoitiralanythektte rdéehantarsageaday. THescdvhguidanoaksteingan then be

direoted oo f9AY o6 FUAIBR UK oAbt RS AR ANAAIR SFecEO B alde iRt

increasing the amount and speci _ btainable offset relative to the in-floor guidance wire and/or
the cent&idiiageekstineportivnd irelsiRyalodfitiaras afhind ABVe R asyevaelrierrsnastdevrgal feet or more

up 1o theseiife ARRAP R LAs AN IRR SHEK AR ResRgbiTdiD Al bR Giahbei g apigtd equired

for travel lanes and/or storage locations within a structure designed for the storage, transport and
retrieval GHAGHSMFech may have an asymmetrical aspect to be significantly decreased at

considerabl@o@qgjngs ifheaRatHEH AN WRRINIBRANGE GHIE (e Asknla el arkGOsisn D @bA khe myaper in
which the microprocessor analyzes the output signal from the array of inductor coils enables an AGV

guidanc@ BTG Salm Bt RRIGERY I HARFR AR BEtsTHE RITHEM Y G AvRISh Biedssed in
the eventHa -8Bk Glidarieandrshionlss(paysesnifiahtacrRa AAeNBat Antepute s Rt eodextenis keyond

B A e e T e T -
an off-wieg sippiedayan aocdetritsicontseybatiknoward tHer-guidance wire until the antenna again
detects its presence without the need to immegtiatglerience an off-wire shut down and
human intervention.

[0013] The use of onboard programmable microprocessar aathlysis also allows the
AGV guidance system to better compensate for vanatin wire depth or signal strength
without the need for precision of guidance wirdafation or the guidance problems which can
occur in conventional wire guidance systems.

[0014] The onboard programmable microprocessor combinddatiner AGV steering
and guidance control system innovations incorpdrateaspects of the present invention enable
the front and rear antennas of an AGV equipped twithantennas per direction of travel, to be
used simultaneously for steering and control. Sutko antenna guidance system gathers and
processes information from both the front and esdenna on a single AGV to provide a more
accurate steering and tracking system and to eaabfeGV to perform more complex and exact
maneuvers in applications requiring very exactrgtge This ability can also be used to provide
a steering and control system with increased ansafrfeedback from the additional active
antenna sensor to verify correct handling, steetimagking, and drive performance is being

realized by the AGV so equipped.



[0013]The use of onboard programmable microprocessor ratio analysis also allows the AGV guidance
system to better compensate for variations in wire depth or signal strength without the need for
precision of guidance wire installation or the guidance problems which can occur in conventional wire
guidance systems. [0014]The onboard programmable microprocessor combined with other AGV
steering and guidance control system innovations incorporated in aspects of the present invention
enable the front and rear antennas of an AGV equipped with two antennas per direction of travel, to be
used simultaneouysly for steering and control. Such a tywo antenna guidance system gathers and
orocesses Hiition REBEIAS TSR RS ANOEoIP U HORE PR SRV amore
accurateggiielriicg ane itankdegdeysterimed d yatenahteramy Al s coopdafaenwitorespestploktho g exsait

Steering ARGl S e RS e e TR 2 B AR S e

sensor td Ia'egriﬁyfeoﬁtimeblamdmwmtegrfmq, ura@drgaat&ialrh&s m@nﬁaﬁ@éﬁsfpeingaeq&mmbbwhe

AGV so equipogd. %Foé’ﬁ@ﬁ{ ?é;?@ﬂ ﬁija?‘i\wgq@@%@fﬁj AUSEISoR YN whichlogaionrelgtike to a
e determined by

guidance wire can e antenna array, in accordarice with aspects of the present
inventiorihedeblas Afothaageei awsupalinfedinbRIriassiBnt o oNing asgria Wi sReddiccErgatanNshhis is

facilitated py QU tfavémwﬂéiﬁmﬁefﬂéc%ﬁﬁc%@a?md%ﬁéé {RrdSANGE AN RAGRRIGe of &
roughly rectangular AGV (here referred to as front, back, Teft side and right side, though an AGV may

not actudllip SXAMRIE). BIRSs IRt SN TBgaY MY amSERR alFaYidhs) tHIBNE AR AAEAYY) in
either difgeign RIMNGIRG eraLBRNGRW e &calIgH\ A SERXInT WIRINHRS sXapaiflegitherdietpahe

antenna array or both antenna arrays (i.e. the front and rear arrays) will be following the guidance wire

at any of SV QAN INAREINTUNOR SHadIe FRECGEREHB QBH AR TRMSETAHADS PRSI S

referred ty asitefivaed Bghhesparsionodsas toisiytdatteea@yaph RURNAEGH 8% thAY are AB$serhive
determine curgfnt agﬁ]ro img{% position of an AG tive to its.direction of travel. In certain situations
' F’ékda

. I
the relatit' SoSffSH Hha A Re th rafalsiyal; roe'f% WE BRSEHQR; BB L R LA ing
AGV coulflthesesexb§s vates|atecongosaiauntontice mmopaispk@ildthe usgsieoncaldidatersrtberpiosition,

heading, an d of travel of an AGY. When,an AGY approaches a "Y axis" wire that i be
folowes UL e g S e S Bed T AR e
sensing Whge antA&Yide pra@eimes 'y axigsingetibad isgotibibikiednibeoro dssip antenamastheilhntenna
arrays, t is di t i I ired " IS" gui ire at the
axac oo I R S e B B Mg Foon

the potedtita sy isinaipefunubal IetnkciemeessrRRadtha ARtaRRY aHpyHIbEIVBNserdiegtad txact
location tafive dosRaShhaV TR eW PAE RTINS AR ARk aRthareRIanRsERpSitioned. An

AGV with multidirectional travel capability then immediately begins to proceed down the "Y" axis,

without HAARGIRG efisetiibanyasiFRPHiEREARS e IaIRELIBAS YraNisaMd BRI BRectively
becominggiiRianiePRreANEMNE: (HRSSING eid pileSaRPdiRmBECHiPAsHFe FHdRIVRRS ftermmgiRg front

and rear guidance antennas. This enables a potential decrease in total transit and load processing

time andSfASEIOERQTSIEIAINRIRPRINBRR ats @R Hir X ROR BINh AL B 105 RYEAMARRIM having
to allow fesitiondey. twin ABNURE equnigliscetionayidavisiipadiditiomairspac didielyel cytesdPproceed

cystom TBIOAESeOnG e BHs FEN L REE 06 Zo L BIElir pobbiCIOR AP HAALII of he

inventionmsamanrtymoas sstecegelippedoming side antennasrsgcrossing grid wires, and the previous
side antennas becoming front and rear guidancemade This enables a potential decrease in
total transit and load processing time and improsiesiem efficiency because the direction of an
AGV can be changed without having to allow for @eviturn radius at corners or provide for
additional space in travel aisles to accommodatmagetrical loads. This capability also

decreases costs associated with storage systepmifiptonstruction and maintenance.



antenna array, combined with the enhanced control system of the invention, the ability to coordinate or
confirm positioning through the simultaneous use of multiple antennas, and methodology for enabling
an AGV to transport a load with asymmetrical physical characteristics will allow previously impossible
transport and storage operations to occur in a very efficient manner. For example, an asymmetrical
load, in this case an automobile, which is driven forward into a system loading area, can be acquired
by an AGV and brought into the system, then transported sideways or perpendicular to the direction of

travel down a trayel lane at an offset, and then turned. 180 degrees so that upon retrieval it can, later be
Cirven form R0 of (B ULBIRY i Al L o LS RGeS DL PP B o
turn, the #@vindglbtraye cahdineppaiiteadfeaheelative towite setichalifuentidhistlasljaisiityett can occur

automatically .ang the "new” offse{.orient%ion cr?rhbe se k&\éthe A?V tﬁ.tr nsf?r the load adown other
coordinate orco Irm pasitioning frou tg.sf#au ous use of mu |P[% antennas, an

travel lanes, on to and off ot vertical conveyors, and into storage spaces ofr I6ading areas as needed to
completartathddsiogy &0 b hingl antASMNIto perasioos .o dedili | asyeneiredd physidedcharactersitesi

storage SyREMIPRMERIEH fh MRl iSO AT Ll A 0MAAAGE SURIRT IR Eia ™ @
remote-controlled transpor Sy tem that tran pOI‘tS avenic etween an access location, such as a
drive-up ogarieh, EAtexampiecId eaioMibealjaatc unghgeiao aetempbiitmehicoisrirdiesciunard
battery-pawesedYiFsIRsRivP AHA I RGA BY S QUG ROBIEH WHE BroasHIGRIDIRNS BtidRnResYsStem that

allows their travel paths to be shifted relative to an in-floor guidancé wire by incorporating antenna

arrays corApeRRdEst A WRYERERBERRAGICHRS iarib e dime g drandsieviér§pnstéare AhAtATERligns a
distinct vaheerie e ash aoJtonuiiansag 1AROIpEh iy 1aBd o] fisiar BrtBpdrlogy that the

AGV uses to offset its guidance path relative to the in-floor guidance wire. Also provided is an AGV

guidancS¥RibI SR8 HERATH e ALV IPKRG REYIREERe AR deoepd La<a &GY Bl ond an
in-lflobolr owédan ggawr@dpdﬁeemttmaﬁre"m&:wmwb" 8 't.ionmauqahéhﬁéﬁpué?@a@ble an AG?]/ toOI
reliably correct back to a positipn oyer the in-floor guidance wjre wijthou uidance system shut down
it o B REN Mo AT B o8t (L T B Sy, % A A ot AR ate for
variationdowmwwthdeptver Isiges | atremngtit thin Coenmativeyd wjranglicianste rsy s espscas coptosdirgan
AGV posasr%%séiré% Wéjét@i‘c]é‘riaet%tiggr%;&%e%% ec%Bglt?giéy%Y\(/)i}g e{ggé%eaf}g%ent mode of maneuvering, which

y an t

. g rattlons. .
can Increase system efficienc ecrease cosis associate Ith storage system footprlnt,

construqtior{@@iﬂ’}nainT@nartber@iR_IE@\[D:IES@R mtumm S[HEQBBMWB'SIMIF@ME ithastiates a
conventlgwia/ga-m}?g%ﬁ%gg@g{gﬁl %%r‘n‘f'éﬂé?&'é %lﬂﬁﬂ’ft@-@’g&olled transport system that

transports a vehicle between an access locatich,asia drive-up location, and a storage
location. More particularly, in one embodiment,rordirectional, battery-powered, wirelessly-
controlled AGVs are provided with a positioning apnddance system that allows their travel
paths to be shifted relative to an in-floor guidamgre by incorporating antenna arrays
composed of two or more inductor coils and a pnognable microprocessor which assigns a
distinct value to each position within the lengthte array, and a control system methodology
that the AGV uses to offset its guidance path ngdab the in-floor guidance wire. Also
provided is an AGV guidance control system whidiragatively knows which side of the
antenna has passed beyond an in-floor guidancemilhe event that an “off-wire” condition
occurs that could enable an AGV to reliably cortetk to a position over the in-floor guidance
wire without a guidance system shut down and huim&nvention. Aspects of the present
guidance system are better able to compensataf@tions in wire depth or signal strength than

conventional wire guidance systems and provide @GN fpossessing multidirectional travel



[0019]Fig. 2A is an elevational view and Fig. 2B is a plan view of the AGV antenna of Fig. 1. [0020]Fig.
3 is one embodiment of an enhanced AGYV including a plurality of variable offset positioning antenna
arrays of the present invention. [0021]Fig. 4 (Figs. 4A - 4F) illustrate elevation and plan views of one
antenna from Fig. 3 showing a two coil version with a programmable onboard microprocessor enabling
an AGV to track at an offset relative to an in-floor guidance wire. [0022]Fig. 5 (Figs. 5A - 5C) illustrates
one embodiment of a multiple coil antenna with a programmable onboard microprocessor in various

centered and offset Positions re ?ti_ve to the in-floor guidance wire. . -
capablility with a more eftficient mode of man€uvgriwhich can increase system efficiency and

decrease costs associated with storage systenrifapgmnstruction and maintenance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 illustrates a conventional two-antenna AGM\ited to an in-floor
guidance wire.

[0019] Fig. 2A is an elevational view and Fig. 2B is aplaew of the AGV antenna of
Fig. 1.

[0020] Fig. 3 is one embodiment of an enhanced AGV indgadi plurality of variable
offset positioning antenna arrays of the presergntion.

[0021] Fig. 4 (Figs. 4A - 4F) illustrate elevation andrpldews of one antenna from Fig.
3 showing a two coil version with a programmabléasrd microprocessor enabling an AGV to
track at an offset relative to an in-floor guidandee.

[0022] Fig. 5 (Figs. 5A - 5C) illustrates one embodimeind onultiple coil antenna with a
programmable onboard microprocessor in variousecedtand offset positions relative to the in-
floor guidance wire.

[0023] Fig. 6 (Figs. 6A - 6C) illustrates one embodimeind aontrol method
incorporating the multiple coil antenna of Fig. 5.

[0024] Fig. 7 illustrates one embodiment of an enhance® A@ving two variable offset
positioning antenna arrays and various offset mositg relative to a guide wire.

[0025] Fig. 8 (Figs. 8A - 8B) illustrates one embodimeh&o enhanced AGV having
four variable offset positioning antenna arrays aadous offset positioning relative to X-axis
and Y-axis in-ground guide wires.

[0026] Fig. 9 demonstrates one embodiment of an AGV tbaiiges an off-centered
load, the AGV being capable of traveling at aneift® a central guidance wire.

[0027] Fig.10 demonstrates one embodiment of an AGV tnageilt an offset to a central
guidance wire enabling it to traverse around artamibes blocking a travel aisle.

[0028] Fig. 11 demonstrates a comparison of a conventid@dl with one embodiment
of an AGV of the present invention showing theizdilion of a narrower travel lane for the AGV

of the present invention.



[0023]Fig. 6 (Figs. 6A - 6C) illustrates one embodiment of a control method incorporating the multiple
coil antenna of Fig. 5. [0024]Fig. 7 illustrates one embodiment of an enhanced AGV having two
variable offset positioning antenna arrays and various offset positioning relative to a guide wire.

[0025] Fig. 8 (Figs. 8A - 8B) illustrates one embodiment of an enhanced AGV having four variable
offset positioning antenna arrays and various offset positioning relative to X-axis and Y-axis in-ground
guide wires. [0026]Fig. 9 demonstrates one embodiment of an AGV that acquires an off-centered load,

the AGV bej pab of travell at an offset acentral UId nce wire. [0027]Fig.10 demonstrates
ome b0 IRSlet G HABANG At BIBL ST BUAISpn Of & Cororizh AGY Wi one

embodiment of an AGV of the present invention desti@ting the advantage of the AGV of the
present invention and using its control methoddimd able to transport asymmetrical items
which might be long and narrow by following one evaxis down a travel lane that is wide
enough to accommodate the length of the item, shéting sideways and following a different
wire axis into narrower storage lanes and/or s®ragks without having to allow for room to
turn the AGV or the load into the storage aisles.

[0030] Fig. 13 demonstrates one embodiment of the use 8(GY of the present
invention to transport and re-orient a load betwedérading area and a storage area.

[0031] Fig. 14A is a schematic view of one embodiment obatrol system for a facility
utilizing the enhanced AGV of the present invention

[0032] Fig. 14B is a diagram of one embodiment of a cdrslystem constructed in
accordance with the invention.

[0033] Fig. 14C is an exemplary and non-limiting blockgtem of a control system in
accordance with an embodiment of the invention.

[0034] Fig. 15 illustrates one embodiment of a facility ése with an embodiment of the
AGYV of the present invention having storage arramgets and travel paths.

[0035] Fig. 16 illustrates various storage solutions ftwad carried by an AGV of the
present invention.

[0036] Figs. 17A - 17D illustrate one embodiment of a colntnethod and use of an
AGV to acquire a load from a storage location.

[0037] Figs. 18A - 18C illustrate one embodiment of a oannhethod and use of an
AGV to re-route a travel path around an obstruction

[0038] Figs. 19A - 19D illustrate one embodiment of a colntnethod and the use of
multiple AGVs to retrieve a load from a blockedrsige location.

[0039] Fig. 20 is a flowchart describing the process fanputing the position value as
performed by the microprocessor in accordance antembodiment of the invention.

[0040] Fig. 21 is a top view of an alternative embodinariin AGV in accordance with

the present invention.



guidance wire enabling it to traverse around an obstacle blocking a travel aisle. [0028]Fig. 11
demonstrates a comparison of a conventional AGV with one embodiment of an AGV of the present
invention showing the utilization of a narrower travel lane for the AGV of the present invention.
[0029]Fig. 12 demonstrates another comparison of a conventional AGV with one embodiment of an
AGYV of the present invention demonstrating the advantage of the AGV of the present invention and
using its control method to being able to transport asymmetrical items which might be long and narrow

by following gne wire axis down a travel lane that js wide enou %}to ommodate the length of the
tem, then SHIFY sid A RETGNGHRB SRRSO RS Mo BV O R R s g
storage taays without having to allow for room to turn the AGV or the load into the storage aisles.
[0030]Fig. 1 ons atefaone embo%im nt o{ tt}e use,of an AGY trbe present invention to
2] . Fi I$ Qe embodiment of an ed%e View o :

transport and re-orien D16 belween 204 ing area and a storage ‘area.

[0043] Fig. 24 illustrates one embodiment of an AGV of ithention carrying a storage

locker.
[0044] Fig. 25 is one embodiment of an edge view of Hf. 2
[0045] Fig. 26 illustrates an alternative embodiment oA&V of the invention traveling

along a diagonal path.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0046] This disclosure describes the best mode or modpsaoficing the invention as
presently contemplated. This description is ntgrided to be understood in a limiting sense, but
provides an example of the invention presentedystie illustrative purposes by reference to
the accompanying drawings to advise one of ordis&ilyin the art of the advantages and
construction of the invention. In the various viewf the drawings, like reference characters
designate like or similar parts.

[0047] Fig. 1 is a diagrammatic view of one example obaventional AGV 50 centered
over an in-floor guide wire system having an “X"isguide wire 70 and a “Y”-axis guide wire
75. Conventional AGV systems are often deployeal gnid of X-axis and Y-axis wires to allow
AGVs to perform two-dimensional travel maneuvernglthe grid by turning to follow different
axis wires and travelling in different directiorlsrag the different grid axes. At other times
these systems use a gradually curving wire withirdyflarge turn radius to allow the AGV to
follow a single wire to travel in an alternate dtien (see Fig. 12 for example). As discussed
herein, the X and Y directions are generally orthreed and understood with reference to a plan
or top view, i.e. looking down on the AGV where elirection designates horizontal
movement and the Y direction designates verticatan@ent along a floor layout, although it is
also understood that the X and Y directions ar&tired and are designated herein for purposes of
convenience and for ease in understanding thevelabsitioning of the AGV and its

environment.
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[0031]Fig. 14A is a schematic view of one embodiment of a control system for a facility utilizing the
enhanced AGV of the present invention. [0032]Fig. 14B is a diagram of one embodiment of a control
system constructed in accordance with the invention. [0033]Fig. 14C is an exemplary and non-limiting
block diagram of a control system in accordance with an embodiment of the invention. [0034]Fig. 15
illustrates one embodiment of a facility for use with an embodiment of the AGV of the present invention
having storage arrangements and travel paths

[0048] In the embodiment of Fig. 1, the conventional AG¥Has a front antenna 60 and
a rear antenna 65 and is centered over guidanes W@r and 75. Existing and established
methods of maneuvering an AGV along an in-floodgnice wire utilize either a single antenna
precisely centered on the front of the AGV (ante6@an Fig. 1), or a pair of antennas (antennas
60 and 65 in Fig. 1) precisely centered on thetfao rear of the AGV (50 in Fig. 1) relative to
the direction of travel D as shown in Fig. 1. Centional AGV guidance systems use only the
antenna currently leading the AGV, or the fronteamta based upon the AGV'’s current direction
of travel, to follow the in-floor guidance wire.he trailing or rear antenna is generally inactive
until the AGV reverses direction, at which poinbé&comes the front antenna and takes over the
AGV system guidance responsibilities.

[0049] Fig. 2A is an elevation and Fig. 2B is a plan vigthe front antenna 60 of Fig.
1. The antenna 60 contains two inductor coils@&® &4, which individually generate an output
voltage based upon their proximity to the magniid of the frequency carrying guide wire 70.
The in-floor guidance wire (70, 75) is generalligllaut in a loop (see loops 920 and 930 in Fig.
14A for example) connected to, and energized irgquency generator (see frequency
generators 925 and 935 in Fig. 14A for examplejcwkransmits an alternating current
frequency through the guide wire. By balancingréative strength of the signal output from
each of these two inductor coils 62, 64 on therarde/0, and subtracting the strength of the
output from one coil from the strength of the outipam the other coil, and then adjusting the
steering of the AGV 50 to target the point where shbtractive output from both coils is equal
to zero, the control system (not shown) of the ARMdynamically adjusts the steering of the
AGV 50 to keep the center of the antenna 60, aecktaore the center line of the AGV 50
relative to the direction of travel, approximatebntered over the in-floor guidance wire 70.

[0050] However, as noted previously, conventional AGV eyt have many drawbacks
that limit the ability of the AGV to react to uneegied travel conditions, such as blockages in a
travel lane, or to perform operations that reqtheeAGV to position in an offset condition
relative to a guidance wire system. The two ardasntwo coil system described in Figs. 1 - 2B
limits a conventional AGV'’s travel to a centeredipion relative to a guidance system, which
results in an inefficient system as compared WithAGV array and control method of the

present invention.
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[0035]Fig. 16 illustrates various storage solutions for a load carried by an AGV of the present
invention. [0036]Figs. 17A - 17D illustrate one embodiment of a control method and use of an AGV to
acquire a load from a storage location. [0037]Figs. 18A - 18C illustrate one embodiment of a control
method and use of an AGV to re-route a travel path around an obstruction. [0038]Figs. 19A - 19D
illustrate one embodiment of a control method and the use of multiple AGVs to retrieve a load from a
blocked storage location.

[0051] Fig. 3 illustrates one embodiment of an AGV 10@h&f present invention
centered over an in-floor mounted guide wire systaning an “X”-axis guide wire 70 and a
“Y”-axis guide wire 75, it being understood thae thuidance system as a whole is preferably
comprised of a network or matrix of guide wireselkted to a central control system (see Figs.
14A and 14B). The AGV 100 further comprises aglity of antennas 110, 120, 130, and 140
that are designated for purposes of easy refe@nf®nt antenna 110, rear antenna 120, upper
antenna 130, and lower antenna 140. As will berde=d in greater detail below, the
arrangement of antennas aligned along both thenX-Yaaxes provides one aspect for greater
flexibility in movement and guidance of the AGV 1f#ative to the guide wire network.

[0052] Figs. 4A-4F illustrate one embodiment of one oféhbanced antenna arrays of
Fig. 3, which for purposes of explanation will lederred to as antenna 110 or the front antenna
110 from Fig. 3. Figs. 4A, 4C and 4E are elevatiand Figs. 4B, 4D and 4F are plan views of
antenna 110. However, it will be appreciated thatsame configuration could be applied to
each antenna on AGV 100. The antenna 110 of thediment of Figs. 4A-4F further
comprises a plurality of inductor coils 112 and Bl a programmable onboard microprocessor
116 enabling the AGV 100 to travel at an offseatigk to the in-floor guidance wire 70. While
only two inductor coils 112 and 114 are shown, ntbas two inductor coils are contemplated as
will be described below. Inductor coils 112 and 1ithe antenna 110 generate an output
voltage as in a conventional AGV antenna, and seel tio keep the AGV 100 centered over the
guidance wire 70 when desirable. In one embodintkeatonboard programmable
microprocessor 116 receives and performs a matleahanhalysis of the inductor coil output
currents, then produces a new output signal @vits. This enables the AGV 100 (Fig. 3) to
travel with its antennas 110, 120, 130 and 140eredtover the guidance wire 70 as shown in
Figs. 4A and 4B, or intentionally shift a contrdlle and variable distance to either side of the
guidance wire 70 as shown in Figs. 4C through 4tlevstill reliably following the guidance
wires. This offset from the center line could exteip to, and slightly beyond, the width 118
(Fig. 4A) of the antenna array 110 if desired.

[0053] Figs. 5A through 5C illustrate elevation views ofaternative embodiment of an
antenna array 210 for use with an AGV 100 thabsitined relative to a guide wire 70.
Antenna 210 further comprises a plurality of induatoils 220, 230, 240, 250, 260 and 270
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[0039]Fig. 20 is a flowchart describing the process for computing the position value as performed by
the microprocessor in accordance with an embodiment of the invention.  [0040]Fig. 21 is a top view of
an alternative embodiment of an AGV in accordance with the present invention. [0041]Fig. 22
illustrates one embodiment of the AGV of the invention carrying a vehicle tray. [0042]Fig. 23 is one
embodiment of an edge view of Fig. 22.

positioned relative to a center line 212 of theeant 210, and an onboard programmable
microprocessor 280. In one aspect, the onboarmgt@numable microprocessor 280 analyzes the
output from the array of inductor coils 220 - 2@keep an AGV centered over an in-floor
guidance wire 70 when that is desirable as shovign5A. Alternatively, the onboard
programmable microprocessor 280 can allow an AGMpmpd with an antenna 210 to
intentionally and precisely follow a course shifte#tiof the center line 212 relative to the guide
wire 70 as shown in Figs. 5B and 5C. The pluraitinductor coils 220 - 270 coupled with the
onboard programmable microprocessor 280 allows@W £ seamlessly shift its location over
the guidance wire 70 to any position along the tlerad the array of inductor coils so as to shift
the center line 212 of the AGV a precisely contablé amount in relation to the guidance wire
70, far beyond the distance at which a conventig@V guidance antenna would be able to
detect the magnetic field produced by the frequeraeyied through the guidance wire 70.

[0054] In one embodiment of the invention, the antennaya200 is capable of sensing
multiple frequencies simultaneously of a singledguice wire 70 or multiple guidance wires.
When multiple frequencies are utilized the systemtiol computer instructs the AGV to select
the desired frequency. In accordance with anotimdroeliment of the invention multiple
guidance wires can be utilized. The wires may ferable at a single frequency or each wire
may have a different frequency.

[0055] In accordance with the principles of the inventithrg onboard programmable
microprocessor 280 analyzes the outputs of thectodwoils 220 - 270 in the antenna array 210
and assigns a value to each point along the aetagive to the output generated by each of the
individual inductor coils. Each of coils 220-270sheunique index number and it outputs an
alternating current (AC) that is a function of gr@ximity of the coil to the guidance wire 70 and
the current magnitude in the wire 70. The outgdwazh coil is processed by an electric circuit
(not shown) adapted to generate a digital sigratl¢an be analyzed by the microprocessor 280.
In an exemplary embodiment, this can be achievettfication of the AC signal to produce a
DC signal, and then converting the DC signal intbgatal signal using an A/D convertor.

[0056] The microprocessor 280 generates a position valpesenting the location of

the antenna 210 relative to the guidance wire h@. Josition value is determined based on a
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[0043]Fig. 24 illustrates one embodiment of an AGV of the invention carrying a storage locker.
[0044]Fig. 25 is one embodiment of an edge view of Fig. 24. [0045]Fig. 26 illustrates an alternative
embodiment of an AGV of the invention traveling along a diagonal path. DESCRIPTION OF
PREFERRED EMBODIMENTS [0046]This disclosure describes the best mode or modes of practicing
the invention as presently contemplated. This description is not intended to be understood in a limiting
sense, but provides an example of the invention presented solely for illustrative purposes by reference

consiructioh B TS RRaGA, TE (s S0 RS SIS AN (e HEEh R ERETAETS einate
like or sieldatrparégnetic field of the guidance wire 70.

[0057] Fig. 20 shows an exemplary and non-limiting flowtH&00 describing the
process for computing the position value as peréatilmy the microprocessor 280 in accordance
with an embodiment of the invention. At S151@iw@l signals corresponding to the output
signals of each coil 220-270 are received and dsxbby the microprocessor 280. Each coil’s
current is preferably sampled by an A/D at ~ 106@$ per second (although other sampling
rates are contemplated), where the coil outpudléged to the proximity of the coil to the guide
wire and current magnitude in the wire, and whaehecoil can be individually identified such
that the microprocessor knows which signal is faehich coil. At S1520, two of the recorded
signals having the largest value are determinedsdlsignals will be referred hereinafter as Va
and Vb and the indexes of the coil producing sigia and Vb will be referred to as la and Ib
respectively. As mentioned above, each of coils220is associated with a unique index
number. At S1530, it is determined whether theagiva and Vb are from adjacent coils. If so,
execution continues to S1550. If it is determitteat signals Va and Vb are not from adjacent
coils, the validity of such signal is checked ab&1 to determine whether the maximum signal,
out of Va and Vb, is below a predefined threshtfl&1540 results with a negative answer,
execution terminates; otherwise, execution consrtaes1550.

[0058] At S1550, a CoilPair parameter is set to a valud@minimum of the indexes la
and Ib of the coils. For example, if coil 240 amil 250 are determined to be la and Ib, then the
CoilPair parameter is set to 240. At S1560, anéf¥alue is computed by multiplying a coil
separation distance (d) value by the CoilPair patami.e., Offset = d*CoilPair. At S1570, the
relative position (RelPos) between the selectedgdaioils is computed by multiplying the coil
separation distance (d) by a SignalPercentage vatue RelPos = d*SignalPercentage. The
SignalPercentage is the ratio between the maximgnals out of Va and Vb, and the sum of the
signals Va+Vb. The coil separation distance (dhésdistance between the coils 220-270. At
S1580 a determination is made whether the indexlger than the index Ib. If so, at S1590
the position is computed as follows:

Position = Offset — d/2 + RelPos.
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[0047]Fig. 1 is a diagrammatic view of one example of a conventional AGV 50 centered over an
in-floor guide wire system having an "X"-axis guide wire 70 and a "Y"-axis guide wire 75. Conventional
AGV systems are often deployed in a grid of X-axis and Y-axis wires to allow AGVs to perform
two-dimensional travel maneuvers along the grid by turning to follow different axis wires and travelling
in different directions along the different grid axes. At other times these systems use a gradually
curving wire with a fairly large turn radius to allow the AGV to follow a single wire to travel in an
alternate ﬁirect'on gsee Fi%. R%Z for exampl [%(As _discui{se herein tﬂg X and Y directions are generally

orthogor tdﬁ(ﬁlﬁtr‘? DR A O PEh e AR RERB oD ded R kR BN B REGflere

the X direati®s designate ohiowhantumtgament and the Y direction designates vertical movement
along a floor layout, although it is also Hgg%rc')srt]o:ogﬁwatttp% é a directions are relative and are

designated herein for purposes of convernience an 36r €adt in uenﬁiaé)r%tanding the relative positioning

of the AGV bt enVigrienbCl0048Htethaeathbdiimentodiig. dnahes edrivaldtoraleGhe50 has a
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relative to the direction of travel D as shown in Zﬁ é Conventional AGV guidance systems use only
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AGYV reverses direction, at which point it becomes the front antenna and takes over the AGV system
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guidance wire 70. J__(_)OSO& owever, as noted previously, conventional AGV systems have many
drawbacf¥ample of Fig. 6C, any value greater than 27Ccates to the AGV control system that the

AGV needs to travel to the right in order to rettonts centered position over the guidance wire
70 as shown in Fig. 6A. The extent to which an A@&y be displaced from a guidance wire 70
or the like will depend on a variety of factorscluding but not limited to the frequency strength
of the guidance wire 70, the sensitivity of theuotbr coils and the manner in which such
components are associated by the onboard progralemmadroprocessor.

[0060] The expanded reach of an antenna array as illedtmatFigs. 6A - 6C, for
example, decreases the risk of an AGV experiengffigrire shut down situations where the
AGYV loses control contact with the guidance wirénark. AGVs equipped with the enhanced
antennas as described herein have a much larget wwandow while still maintaining contact
with the magnetic field created by the in-floor damce wire network. In addition, upon losing

contact with the magnetic field created by the goak wire, the control system enables a
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that limit the ability of the AGV to react to unexpected travel conditions, such as blockages in a travel
lane, or to perform operations that require the AGV to position in an offset condition relative to a
guidance wire system. The two antennas, two coil system described in Figs. 1 - 2B limits a
conventional AGV's travel to a centered position relative to a guidance system, which results in an
inefficient system as compared with the AGV array and control method of the present invention.
[0051]Fig. 3 illustrates one embodiment of an AGV 100 of the present invention centered over an

in-floor mounted gyide wire tem having an,"X"-axis guide wire 70 and a "Y"-axis, guide wire 75, it
N o g e e R A A= R R TR o Y
of guide fidle sttt &y thainditiongootiutsygtensyseedtigh. thd Aise dfldBhdibe AGYil i tivthey
comprises a plurality of antennas 110,120..330,and 14Q that are designated, for purposes of easy
oo S e e R o e S SRR o 140, Ay i
be descritvaticimpjedatkr tousi beldw \iee cipped eviik renblcsactsimsss aighedcEoayg bphiapeaxe and
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front antanafidd QIR cdlvenfidast At\ASy e AR ALY IRIRrRlPRS ARIgvef Brdlh ad 4Rpre plan

views of antenna 110. However, it will be apgreciat_e that'the same configuration could be applied to
each ant&MgGrEIEENAT 60UIPH REHER A PIDVHTaIRilenIBBaIRRIHP B SOIHS. apliansHafinncsaiepases a

plurality affipdnetas ceits dokdran %ﬂé@@ﬁ@ﬁ@%&ﬁﬂ%ﬁﬁ@ﬂﬁfﬁ' AMGFRPRCRRTE chHpRIARENG the
AGV 100 to travel at an offset relative to the in-floor guidance wire 70. While only two inductor coils

112 and TRASHYEER YRS HIHR PRV IMES QYIS SRR BRI S RALU GriRT ke ALY EW K low.
Inductor epitsehl 3pnatickhip i anteivecahtithgseasHiciar oltpiceoltage as in a conventional AGV
antenna, an used to keep the 100 centered over the guidance wire, 70 n irable. In
o ombac OO e o e MR Sa mnchid S lRaRS G A AR dsen
mathemaicaillasabsig @isiectsdiictor praakent poveuivihtthehea \p el céFig.neincufmrasignébot its
own. This enables the AGV,10Q0 (Fj o travel with i N 120, 130.and 140 centeted
over the SR AR 203l od AR BNl B B R e A I ST
variable didemuEstaletidisidétofitiae3d Gidione evich s hd\8aln Figs74lligtraiegone, while still
reliably f ' i j j [ Id.ext: , ightly
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illustrate 21\&itibA (RN giEanaReMhaavE @ R iseaRteatdifasio the antenna 210 of Figs. 5A through

6C including a plurality of inductor coils and anbmard programmable microprocessor (not
specifically show). Thus, when AGV 200 moves alanguide wire 70 in the direction of travel
indicated by arrow 206, the AGV 200 could move framposition 208a that is centered over the
guide wire 70 (see, for example, the antenna af34g, to a position 208b that is slightly offset
relative to the wire 70 (see, for example, the mméeof Fig. 5B), to a position that is
considerably offset relative to the wire 70 (seegxample, the antenna of Fig. 5C). In the
embodiment of Fig. 7, the AGV 200 can operate witly the front antenna 202 providing
guidance information, or by using both antennas&@®204 to confirm both the leading and
trailing edges of AGV positioning and guidance.

[0062] Figs. 8A and 8B illustrate one embodiment of an ABD positioned relative to
an X-axis guide wire 70 and a plurality of Y-axiside wires 75a, 75b, 75c and 75d, the AGV
300 utilizing a plurality of antennas 312, 314, Zitfél 318 along each side 302, 304, 306 and
308 respectively of the AGV 300. Each of the angen312, 314, 316 and 318 preferably has a
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antenna array 210 for use with an AGV 100 that is positioned relative to a guide wire 70. Antenna 210
further comprises a plurality of inductor coils 220, 230, 240, 250, 260 and 270 positioned relative to a
center line 212 of the antenna 210, and an onboard programmable microprocessor 280. In one aspect,
the onboard programmable microprocessor 280 analyzes the output from the array of inductor coils
220 - 270 to keep an AGV centered over an in-floor guidance wire 70 when that is desirable as shown
in Fig. 5A. Alternatively, the onboard programmable microprocessor 280 can allow an AGV equipped

with an antenna 210 to intentionally and precisely follow a cqurse shifted off of the center line 212
relative G GRRAITEIT6 B R AR GL0 4 Rt e Ve tror Ry B IBHRF Sl S0 578
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the inductor coils 220- 270 in the antenna array 210 and assigns a value to each point along the array

relative e SUPAL BEHIERERLSNOYER o BeEIBR RIS R G TRIShELS HOsHiRMORE 0 KYs a
unique irBtEXralsINRE ERTME IKOAKRLER idle allerTaling aetkeatidA©) thepissaifimie @i efdhreav@omity of the

e At S AT B e A A B e
by the miargptdoestion 230 .vihene eioempdanylenthodintedidhas d 18 enaditieveddoy ne thifi catexsof the
éfn j;%:‘ﬁ;bﬁ%%&%ﬁﬁj@ﬁ%@é%@%h ?o”%%%}é:ﬂ%‘é’ farc?s,ﬂ‘ %%ﬁh%%i%&“#&%i@@Fc"i‘.'tﬁégﬂ??‘éf?.émg an AlD
: processor generates’a position value répresenting the Tocation of
network and to ensure that in the embodiment of #gthe AGV 300 stops along the Y-axis
wire 75d. Thus, Fig. 8B demonstrates one embodiwmiea control method used to allow an
AGV 300 to follow a guidance wire 70 in the directiof travel with one pair of antennas 312
and 316 while sensing the location of guidance wioss wires 75a - 75d using another pair of
antennas 314 and 314, and utilizing output fronhlpatirs of antennas to determine the AGV’s
exact location within a grid of guidance wires aravel to an exact position within the guidance
wire grid expressed as a specific relationshinéogosition of specific X and Y axis guidance
wires.
[0063] Figs. 7 through 8B illustrate aspects of the ink@nof an AGV equipped with
two or more pairs of antenna arrays that is capefieveling through a storage or travel area
equipped with multiple axes of an in-floor guidamdee grid and to follow and track, centered
or at variable offsets, multiple axes of wires witthe grid to reach an exact target location
specified by a control system. The travel patheiserally dictated by a control system (see Figs.
14A-14C) which could instruct the AGV to follow tigeid pattern (i.e. travel so far in the X
direction, then so far in the Y direction), or tat @cross grid lines at an angle as described in
connection with Fig. 26 below to arrive at the desited location by the most efficient or most
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the antenna 210 relative to the guidance wire 70. The position value is determined based on a pair of
coils 220-270 having the strongest signals. This approach reduces the dependency in the
electromagnetic field of the guidance wire 70. [0057]Fig. 20 shows an exemplary and non-limiting
flowchart 1500 describing the process for computing the position value as performed by the
microprocessor 280 in accordance with an embodiment of the invention. At S1510, digital signals
corresponding to the output signals of each coil 220-270 are received and recorded by the
microproce sorlﬁSO. ach C%z;f current s pr fera%ﬁm led by an A|D at - 1000 times per second
(althoug T GHER T A GYAIEL Ere e AL R T AR TR BoTeQu PRIAEVASRUE B MR Aty of
the coil thdbedystiolayéreramarehousingagplitaliemiherelianashnihsteragelssadezacoutdibdividually
dentied e ibal e miciopragessen Kaows wiyeh signatis amwhich el a1 21520, g of the
recordeadéllgnais%gvmg e largest value 3¢ Getermmed: These signals wi be referregeﬁerelnafter as
Va and \fiaasie tipaim floxe spéthie deinppodeoisgcignats Kdhandhdb hilVing tefber el tier msnkedaatte Hol

1530, e B N e o B A e Sy e A e ™

continge@h& siwnallig ié\@é’té\&ﬁﬁfbﬂtﬂﬁéGSigM%ll%%tQWé_l@XMﬁ fm maﬂ’éﬁpd@tiﬁgtﬁ”eﬁﬂglidity of
such sigpghhERERS Fspdreftty 1o ARIRINIAG YA SHES HIGHEBIBTL ThElopss @H GG 2 Vb, is below
a predefined threshold. If S1540 results with a negative answer, execution terminates; otherwise,
executiolPBERYIRYEE WeSaHSD. [0058]At S1550, a CoilPair parameter is set to a value of the minimum

of the indexggolypnd I @fdhpsgitie S eheaniiaifiatib?4n W@ﬁ@ﬁ@@ﬁ@eﬂﬁ%@i@ﬁﬁ‘ﬁ@ bgolgoand
Ib, then the CoilPair parameter is set to 240. At S1560, an Offset value is computed by multiplying a

coil sepdfa{EhaRRdBYGROSR YIS ?ﬁe%%ﬁﬁ%ﬁp%ﬂaﬁﬁ@@*}' iIeadgplan queRimeRite At §i%70, the
relative pogitigicReRnsh hedderg aiiea saleCteHpAT Of 4Tiisie COO RWE ¢ Ui Anblipyin® ther coil

separation distance (d) by a SignalPercentage value, i.e., RelPos = d*SignglPercentage. Th

S onalP R SR B985 15 BT TR iGN B B G b AR AR SRR the

signals \fmositionT4&0adit sejpdatsbmpdis threcguid prectheidkiriaac o flsetyresititire 450ls iA20-rGoAt S1580 a

determingtion is whether the index la is r than the index Iq. If so..at.S1590 the position is

computo A AdSe SOTREGEL 4 R SR i I it ey
centered relative to the in-floor guidance wire 7is aspect could be used to handle

irregularly shaped items or items which were plaocggrecisely by imperfect human or
mechanical operations. For example, items unloadedan automated warehouse by human
workers and not placed exactly on center in a lugdrea could have their exact position
detected by sensors within the loading area or cancated by human workers through a
human machine interface system, and an AGV equipbdthe antennas and control system of
the present invention could shift off center asdeekto correctly approach and acquire the target
item, then shift back on center or to an appropridtset as needed, to transport the acquired
item to the appropriate location within the systdman automated parking example, where an
AGV is used to acquire an off-center target vehicla loading area, for example, the ability of
the AGV to travel offset to a guidance wire effeety centers the AGV relative to the vehicle it
is intended to acquire. Thus, the AGV would thewel into position below the target vehicle,
lift it for transport, then return as desired tpasition of being centered on the guidance wire, or
offset the appropriate amount to travel with theoewobile on board as indicated by the

automobile’s distinct characteristics and the prefpath of travel out of the loading area.
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If it is determined at S1580 that index la is not larger than index Ib, the Position is computed at S1595
using the following equation: Position = Offset + d/2 + RelPos. [0059]Fig. 6A - 6C illustrate one
embodiment of an analysis used to determine the relative positioning of an antenna 210 as shown in
Figs. 5A - 5C from the center line 212 and the guide wire 70. The onboard programmable
microprocessor 280 analyzes output from multiple inductor coils 220 - 270 in the antenna array and
assigns a value to each point along the array relative to the output generated by each of the individual

inductor coils, In the example shown in Figs. 6A .- 6C, the centered relationship between the antenna
oy o D Bl anch AR SR C AL LA RIS ees By S0 SATRMA B 10 anc
250), thauegpasitieh ot A@Evhizsng range tocado@be baseaneponiih ésappdicatigrenelicitiohsystem

used. If g AGN iravals aft gL uidance vl o faiedlie.Hat fon sxampley e analysis,of the
onboard programn(‘?a B rﬁlcroproce%sor pA0) wouf SO TheNCATS Bhd-ou put a corresponding value or
other appropaesimtenaf Sonmiaahileatipie sigoiat ol ihre G Opoarlysysstac)drstod esaonpé spifig. 6B,
a value 4 indi t [ | sy En'é‘g t g o) tocthe left in
order tocr%{ed[ﬁ(?ﬁ] oace %’ﬂé%ﬁ g‘ﬁ%ﬂ"ﬁe@%ﬁ%ﬁ%gﬁe ﬂaérl&éc?\}ﬁ\%r%n ﬁlgEéA&ﬁ[\ﬁhA&)& travels

off of theligwieldane, wind erocty eatinnei érigthadsspborendtiag seclian @ bitlsosarigirnegraniphitbreed to
microproge s GSAGNEEARS AIRNEURYL WRIGLIRING GRS PtHS PAFHIMdLiRReXA@RIE Of Fig. 6C,

any value greater than 270 indicates to the AGV control system that the AGV needs to travel to the

right in OPGEIRBAGHIHA {HRSBINBRRITRIANSHAs AN GURAREDRFHEPD B LE SR RS RNy IN/RNRR
extent toayhighsmipA®Y Birsche dsalrred Fiamira sanmeanie TR e wilkderepskaausrariety

of factors, including but not limited to the frequency strength of the guidance wire 70, the sensitivity of

the indu@BINL GG RV HIE AR IBPMWRIEK stehRbAIER C&f&'ﬁ%@&éi&%@ﬁ%ﬁ@é%’@érd
programgjahigionsropoegsstit HORQHerxpendedisisnuetian hateheenaisaoasdlbisiepigdda. Figs.

the AGV s 0 UEH BT URHAISE LA Th SR BIGRO R N B AL GO
antennagas deguitlaed deriegn7i0awe mautavel e isafrdei hydvo witdkriss| 532 atalmag. cvitantthvith the
e SIS O AN YA oSSR
shown) in conjunction with the antennas 510 an82r enable the AGV 500 to dynamically
shift its position relative to the guidance wire&8ufficient amount in order to clear the
obstruction 530 and still remain within the bounea532 and 534 of the travel lane 530.
[0066] Fig. 11 illustrates a comparison between the useaoinventional AGV 50 (see
also Fig. 1) and the space-saving advantage gayeding one embodiment of an AGV 600
incorporating an antenna array 610, 620 and contathod of the invention when carrying an
asymmetrical load 630 down a travel lane 640, do and off of a conveyor 650, or into a
storage location, for example. The ability to dymzally shift the position of the AGV 600 into
an offset position relative to a guidance systethiwia travel lane enables the use of a narrower
overall travel lane or smaller conveyor systemmalkder storage location as the case may be. In
one example of one embodiment, the conventional AB¥icks up automobile 630 by lifting
under the automobile’s tires as described in cammeavith U.S. Patent Application 61/145,543,
filed January 17, 2009, and incorporated hereireligrence, carrying the automobile 630
sideways down a travel lane 640 (perpendiculanécaitomobile’s normal forwards/backwards
travel orientation) using conventional AGV guidarecgenna 60 and 65 (see also Fig. 1), and

proceeds along the travel lane 640 with the guidavice 70 centered under the AGV 50, which
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positive indication of which direction of travel is required to regain contact with the magnetic field
created by the in-floor guidance wire system through the use of an indicator coil positioning value
system as illustrated in Figs. 6A - 6C for example. Other control systems are contemplated. Thus, an
AGV equipped with enhanced antennas and under an appropriate control system and method could
perform maneuvers to return to the guidance wire without having to experience an off-wire shut down,
which would necessitate human intervention. In addition, while conventional AGV systems may be
designed to ayoid travel lane paths and maneuvers that could produce an off wire situation, thus
imiting SBRIACHBABR 06 CHURRE AT e QTR SRR I Ul RES G R LS S Ricion
allows fothatate cargpie v&Eemabe uarsnonbe atmdimatgnEatée MY/ \wilsedtsakirae spsterapsiens and
therefor mor. icient.Qperational.performanc d more efficient f.space, [0061]Fjgs. 7
through S CH I S ey S R P e P S b S i e
present inag@tivoniatiethenyGeeatd of FantIvineel patirfgoind akems inrao ihie anten R enadf 3642and

he AGV. fFj i i lyrali ) , |
nch siol P AL R B e BnNal Do e AR e Rt e B da i e SERERA B,
guide wikBiaekestilirimgdefrontaamaItn deded kdm aktienveh ko2 G ieye dbadtarsioansimilar to
the antepDa Z10i0f fidsiimé HYOLBh §eNSMAl &S RiveR yRkinSPIRf AR RN Y, qrRoard

programmable microprocessor (not specifically show). Thus, when AGV 200 moves along a guide wire
70 in the'BirEEHON YIANARILIABREREEBY 8F SR YO e A8 sgochiad fRfeR e i HPBARETSV8a that

is centergieoNahHaq DhlsituHiEsy st orraBIBlt NG Tegdd ¢ eidnieea Ry Sities RRGRAL is

slightly offset relative to the wire 70 (see, for example, the antenna of Fig. 5B), to a paosition that is

| g )

consideraBfy BHSdNFlaNR! R 84 ruoHd Siavers, RIimigRNIna v R grsE § 44 and 644 as
erpbodir@h@mf bﬁi@.id_., the Aﬁiy%@ﬁecaazdmwoz agqgihmﬁdpgtﬂwnﬁwl (}_a%mauw_?g gagﬁncef
N ormatlon, or usin oth antennas an L to confirm. both t eading an alling edges, o
sttt b e PSR e R R R Sk A R ]
positionachredptistattbeweeatey gigidétvite faukinthsswiherlithior¥sakesiguipproiiemiEba 7 78%, Mbreand
75d, the .30 ilizin rality,of antennas, 312 4 316 and 318 along each side 302, 304,
506 ang A oA AR SR AR el 10 AU RRTREIG AT
a constractomiotiae thenehitertR0290hdi Figss)srethibegicB@l Sigqc8phiasehtezeAatV \800Iih a first
location nt r Qui ir i 0 GV
o s oTGUREN FISRAUE Gy iyt Aaam SRR dfane priatest geHaRE Aites

below, tHOBTS HEsABANMAGHERYA G830\ which IR ARRIs ElMneth o atifaoee WiBel) of
reasons, SHER &S, 405 SRRV dHDE ARY988S oAU MR 686 e PASBALISGL GeEsR Ye

positioned relative to the guide wire network. Fig. 8B illustrates the movement of the AGV 300 from the

first loca#BACES0 I GAIRKERETRAB RLAADALIRG AFiy IEMRGUHRMARYE: 17aRbA 4B INBeENTENE along
the X-axignguisiuinise isceoatiadietbbydhayitrivesonnd mmniennandthZdendeley s tipnebear

programmable microprocessor (not shown) and the AGV control system &Ot shown), where the

antennad34 #4fd "9 2Hk AR HBEIRBHUH RO MNP SIMRERRYE S tREOENRIGUHESH -SRI And
determinediestrottion posisaring:qlithé Aavea0 O f ehaiivaitdding & paxiprofees 75a - 75d also guides the

AGV 300 f firsg jap 320 to th | ion 340 wh f I 314
nd 318 Mol br colk 1o VAU o GRS WAL T (L B SPERS AGV
300 relatalsot&ithel Y aand sheepade saditg eusae dgat ghiyies g oo mebboirRent 8B aneASS\V73G00 stops
I he Y-axis wi d Fig, 8 ' f h d
o an A 0 L A e R SR e R D I a0
and 316 eatifdngeadiagthidddbatisnaslguitkirical wirto ogoeariaves s’ showrs dansikgrapieth éssiioon
antennas,didcAge 3 e ilznaBULTamSARRIaTABSINAS AFRRBING e\ pRact

location within a grid of guidance wires and travel to an exact position within the guidance wire grid
expressetitS! RapEeid 19150 GnEPHeNE MRSIHOSITHY spRpadHe WikthdO/axiasy tittah e/ \hkegust first

travel along the guide wire 70 using antennas @D6&nuntil the AGV encounters guide wire
75a, at which point the AGV 50 must rotate, clocdevin this example, along a travel path 745
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[0063]Figs. 7 through 8B illustrate aspects of the invention of an AGV equipped with two or more pairs
of antenna arrays that is capable of traveling through a storage or travel area equipped with multiple
axes of an in-floor guidance wire grid and to follow and track, centered or at variable offsets, multiple
axes of wires within the grid to reach an exact target location specified by a control system. The travel
path is generally dictated by a control system (see Figs. 14A-14C) which could instruct the AGV to
follow the grid pattern (i.e. travel so far in the X direction, then so far in the Y direction), or to cut

across grid lines at an angle as described in connection with Fig, 26 below to grrive at the designated
ocation ) I 6L BIREILAR ) AL R AR i IR K AHB0 G S4Bl G very
advantaggides wirary & Vidass ddtenagigichingreinectiomgagpliaatioaxih geédeavekianelh and Stanaige
spaces could. be dynamically sized, laid out. and assigned base on current needs and the size,
hape s Y B Far e B8 e A A O R RS o R B
ahead othienlarf@esi timitscsioumnob greofoactiéGiate d il giwessadLs myvine IStovayersystshodesigntipeocess.

This alsq alloun A6 ased PDIRa oS 10, DAL maER R BIS.Afs, ARREmBPHRLRE aR TaR

AGV-based systems ctrrently in use and drastically improve their cost efficiency and longevity o
operatiotNOUESEFIY Iy siNisafesvad ishiteslive OGHERREBYGTIRAVIRG ithanag ude wite 4900

travel alopga ghidarngse M%GJrﬁéHt%‘?Shgf gALWirETEIEHRaER i (PoLALETRRIR NI Rraaple)
within a [0oading area 440. The AGV 400, with control and %wdar_\ce from other devices, sensors,

measurit§ MIASIREARS 41 A @A 2%eNBRNGO B @it tesiisRWirgdiaBnthis RGN 8tionship
t0 the QUIGHRSBINIEACFOAIRAY QUTAELARSTHISP ARARINATARS WraPPIgaRR ARTECIITRHES dArebitaR) 430

along position 450c¢, which is not situated exactlé?centered relative to the in-floor guidance wire 70.

This aspebit O Y W APRAHHER e gAY SEDEY it IBH esR0 AmBiPiR AL ed A ecisely
by imﬁer&@%m@mu ! @@fdﬁi@fh@@igét m?ﬁwf.&qypﬂi&msmm ﬂl?@ggrt&dﬂet@azcm,omateﬁ .
warenouse um workers and not ced exactly.on center in a loading ar cou their
bl T S Tl e e e e W e i
through adtuman amashioe ibte rébe syskenn gutitkgosidimed ogup 280nakh rirepuantewitasiznd control
system of the present | lon_cquld shift off cepter as ded to_correctly approach and ire the
el ittt ettt TS Gl ARG
item to thSapytophiaenivaatien AGN T R oystemXtaxis dicrotnacd peskiticp eansigy e sereBUcAGYV is

used to s 00T ERRIBILOR! YRR IRAdRMngARRN AP, AY BThR G4

: |
travel offset to a guidance wire eftectively centers the' AGV relative to the vehicle'it is intended to

acquire. PPrRESARENRCAtaHEIMRie StalBlantiosositbe e aishe e eaRiuitieutibaviagdport, then
return as,flggifef 9o PESIIATAE XY 66 G REhaTY StLmddANGR MR LIPHSSIiHIR 2RBFOPriate

amount to travel with the automobile on board as indicated by the automabile’s distinct characteristics

and the PYEHEADANE SSRGS SRS RIREASURE CPIESACNRIRIBFIAL IR UL8LIARY off-center
loads, thr,a&id & engiiealiyre8ifto and 75b for example.

[0068] Figs. 13-19D illustrate non-limiting embodimentsaof AGV in an automated
storage facility of the type that stores automabdethe like. In one example, an automated
parking facility includes loading areas for drog-and pick-up of vehicles by customers and
storage areas for such vehicles that are preferabhnely accessed only by AGVs or the like.
While a parking facility is shown and described fporposes of convenience, it will be
appreciated that the embodiments of the AGV guidamrx control system of the present
invention could be used to transport any type afllvom a first position to a second position
along a variety of travel lanes under the contnal guidance of a control system and network of
control means such as structural, in-floor guidasystems and/or wireless systems or
combinations of the same. Other control meansa@mgemplated. The system of the present
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the position of an AGV relative to the location of the guidance wire is also very beneficial in diminishing
disruptions of operations due to temporary mechanical failures or obstacles within an AGV system. If a
disabled piece of equipment or a temporary obstacle such as on oil spill, building damage, repair work,
or the like should interfere with or partially block a portion of a travel lane, under conventional methods
of operation that section of the travel lane would need to be entirely shut down. However, if remaining
space within the travel lane allows, AGVs equipped with the antenna array and/or control method of
embodiments of the present invention could simply be directed to shift as required on the guidance
Wite wnd SR OH BaETar DI 5y iEns ANRROUD PR 4 7 1GE RARIFE oA e a
least limified tighvalitoper sfistesriisotginthabtaress pati torusoigsand tiestbstioesioanosd treen removed
or repairegsllt:ii .i%o, f?ér1 c?exnawl@rﬁle Elllustégtsesso n tA%VeSOO t}iaf/in Oantleéme% i 651;9] zrarpd 520e re]aéndftthat is
centered’over A ggfo%nce wire "?B WIthTR & travel 1afe B3 de |necr1nBy Sundaties an %SR.e\Nhen
the AGV/ADBY enothinéetsvih tiesenicinoeslddntdong asroy aeldlifitiondy0sntlvalbontoviesydtean (not
shown) i | ' ' d&[\? t %} [ [ft its
position ?e atlvggtﬁatﬁl%xgtg] ahgg %vﬁg[%?éés%ﬁ%%ﬁtg gré%aﬁr%a}ﬁl%r §§%§§ﬁ%ﬁgrgﬁf§ﬁ&%§ﬁ@ and
still remdirPygiMiegNt=NIdeRIkeRIBG B RINGB3al Ghthetar@EPRine 530. [0066]Fig. 11 illustrates a
comparison ggsaeen g Useiff&epRYBRLANALBGEN AR Gem e FitalhanthiBRRRAEES BRI

advantage gained by using one embodiment of an AGV 600 incorporating an antenna array 610, 620
and con%@fogrﬁé‘ﬂ’]@Q iR IRHSREOIP RARATEAR) Rty BHNEEPARASR Al Ta B30 AIVANCEMR Rane 640,

or onto afH R AL BYEMRARPBY 21RO 8aF lOFROS O¢aIR rith xRAMIlRy ARSailitk e earapieally

shift the position of the AGV 600 into an offset pasition relative to a guidance ?_(\é(}sﬂtem within a travel
6‘?‘%‘%’"

lane enathI8y BRCIRE 10 AFHOIRGE e 1 ra0 SrRasisRrane | REANRY G20y sTaIR BEMEAR storage
O i o P
Pt L e P e e o
automobivaéidg sidevély® ddioh adraviel &a0ehadbaeeT peneithaidading avtarsabikistinatthal front
forwards/backwar vel orientation) usin ventignal AGV. qui e apten and 6 e also
B0 1) e B e e e A e h ARV o,
which wadltcan e deecamkseedunsiog thelhabiyabigrngmineldrnke welunke spesifib@rarspldodssame

Conora) e AHACABICINASORTINCR LR £t OBmEhOGRRARRaPBY (BRGNS L0

General Moto an” Sports Uti _ is'vehicle is 219.9 inc ong, and has a front
overhan§¢HhRarkesronReiideehis Rty st RishttBRI&ksioaciiah @ik tePnani d1assPerL aschissussed rear
overhang(ceptanat rerEwhest todaripshispimdpna aRint ey iomabilalf By &iBahese larerder for

the AGV 50 to be able to carry this vehicle 630 down the travel lane 640, facingIn either direction (i.e.
facing "fOPRAPIIBr ObEa NN BRANHRNE FE) SALtaRAHE WiER AR AU B B JER et dIf-88WSuld be 219.9
inches pligsthgeifteyaneswrsiiontangsipar erMrrRISBAEL 806 CIRFBOY G éptrhpil2Hopenibsh plus any

required clearances for safety factors, and thus the travel lane 640 would have a minimum width
defined 5 BHDRHARSYTE ooy el AR Mpasrd rreynableRICIoRtRSGS s A e Las kit
would nesfdie heaBElitotrachtisissagersphteyoide enthanadreaodate this automobile, and to
each conve 0 whjch would tr ort it between levels within a parking strycture. This results in
ppromard i ks S EASRANE ERStARP i iy QR B AEPHRAIARS AR B hres
construchgnheoste @86 adrtiracediel h@dde hidde 6 SididtiiaiA B¢ 398teraythanuihe aparticalaadffdetsical
size of it require r USi mbodi f [ tion to
chit the o B 7k R R A G i 05 R B 70
precisely8BaiecB2s witbifsiebaurdsiies Gt @N@&@tﬁﬂi&%ilé@%%ﬂjﬁk@/@&@im%ﬂme
spaces. i RIRAT SABAATBHAIIIRATHM B Ermas OBl kel ik Yighas plus any

required clearances for safety factors, and have a minimum width defined by boundaries 646 and 648.

In a larg& PRSRIPIG 3tvabicke iBreiihenartiatiare houasAdIklsdemibe imeyaneath el ¥abiesE%iction
costs cag|gayahBupdiadant Wﬁa’fg@ﬁé A B REHIARIRS AT ANEIH YRSy eRMRARIISON

between the use of a conventional 50 (see also Fig. 1) and the space-saving advantage gained
by using G WHRESHEABAS SC4rARE FOR0Ry RYERh BT SRR RGN B 8 ﬂ%ﬁﬁ%?ﬂ*@d’&ﬂﬂ@% and
control method (not shown) when carrying a load 730 that is asymmetrical or long and narrow as
shown, for example. As shown on the left side of Fp-12, if it is desired to move the load 730 with a
conventional AGV 50 from a first position 740 to a second position 750, or from guide wire 70 to 75a,
the AGV 50 must first travel along the guide wire 70 using antennas 60 and 65 until the AGV
encounters guide wire 75a, at which point the AGV 50 must rotate, clockwise in this example, along a
travel path 745



so that the antennas 60 and 65 can acquire the guide wire 75a for guidance of the AGV 50 along
guide wire 75a. Thus, when switching directions between an X-axis guide wire such as 70 and a
Y-axis guide wire such as 75a, the travel lane or footprint must be dimensioned to accommodate the
largest dimension of the load 730 in both directions as shown. However, as shown on the right side of
Fig. 12, if it is desired to move the load 730 with an embodiment of the AGV 700 of the present
invention from a first position 760 to a second position 770, or from guide wire 70 to guide wire 75b,
movement along quide wire 70 toward guide wire 75b js controlled and guided using antennas 710
e 720 MG ES S 26110 R 9170 AR 4 el M PRBTHG BB 78 PR AT AR Gl
wire 75bwetiiciersoonaishiil thartehvablass @hinglguidan@ssunel ievetss tdhweidtiMido@tdbayehide wire
75b. Th V 700 may, utilize gan_.omnjdirectignal drive and stegring mechanis set forth in U.S.
Appicas A e R e SR TR R R B B R e
directionfsnawdmaé et dinice@EI T 08rbkeNaten mwiewmEle TahoinighaneeaBedingdrdrigesiton affttiee load

730 ' ' iapal : ideQf Fig. t of
the sam SRAHOAfF A RO R RS Ao ~fae RIS AR 0 e drvlctharper
a much sifalterheastoreshie rovoatdegi ntueanaidan cofifiet Idlkisoatpsirvtaiametthevgiiee 890
dime”SiQ}OmM?&ER%BB%I%@?O?’H%U@%@HBEIF&M BRdRAFCARbREH e B RURG - Hihedh

having to allow for room to turn the AGV 700 or load 730 and without necessarily requiring, nor

precludinBaHeNLEe srssuet AR B MIRGRANRRIIE Preaklervalivaly<ibaIRisitoaethagtAEsh of
the guideires if & e ARk e R RMAle: {0 QeSTigsod R 9P fUi#%k%’iﬂlp’I@PrﬂiﬁﬂiHﬂﬁaﬁmQ%@w@é of an
e

AGV in an automated storage facility of the type that stores automobiles or the like. In one example,

an autonf3BEGIRMANE RIQKIISARIIES RS SRIR F5IRFRRE e B ARAIR b VereR W& Q5 tBRmers

and storggfiakeas 4o avait \RRictesthal arecphtarabdmmetivedtiacerssed WihirbihAGidrgethretike.
While a parking facility is shown and described for purposes of convenience, it will be appreciated that
it N ol LSk Reslin'

the emb &qg%tf?ﬁsyf\tsw GOSNV ¥ o IO e RRR RSN b8 Vised to
transportadygypm_ ablosiddratioa thrstjrositisinriamatbe crsilgiabitoio dhentyoeaeldarts cirteaey Iane_s under
the contiol and gidanse,oa ool systsm AN SNaiheonal e such as structural, in-floor
guidance systems and/or wireless systems or combinations of the Same. Other control means are
contemplatd@0THe syétten witétio priéseAGviviitiancevelbids Al ceiisiahongstheftspeldanaetiland in

Particulay| B8 MARCL B UL SRRy Hhe iR B ARANIOL Wt SRRGE VR IHRLRHHF BN

obstructions, and In the positioning, placement an storage positions. The omnidirectional

movemeAS) BRO Aeaghemblisawiien bl esingisenaeBPL,. 806,280 Baftavatf i asiiamrady move
into an offiset GO IRERIMEP BIHHREE8 PSIRME WD LLHELE arealeprnsiderablsftrgiility in

movement and positioning within travel and storage areas. [0069]Fig. 13 illustrates one embodiment of
an AGV BBOARXBRLARRIM IO W 1 BeR VEts A B es CaieRyi s atrew f4ne kntagyaniReiRsBHEm

890, in thinFaee arketugie it addilferenydieataversnaddBenddsaiengumye ray G94 1ireras
loading area 810 and transport the vehicle 890 tq a storage area 812 and a particular sto_rag; location

820. Thé%@ﬁ?@(ﬁ’é‘%ﬁi&lﬂp ﬁl&’&té@'ﬁ%ﬁ&?ﬁé %V%iﬁ?[ﬂ%ﬁ%ﬂk‘lﬂ%%é"&ﬂ& FBIE WS éft‘mg
guide w&m}ﬁ&g}agwtbgwgoawhagﬁeghulfﬁegﬁfmmaﬁd 1aﬂ4eamf8r§§uudglwiaxzqob§@mw§hic|he
890 in the loading ar ich vehicle as.heen dyi into the lpading.area so that. the
ont oveTaeTsas pE A MO0 I A E Haac it A e B S e TS v
800 can the aetictg890ae latiregta thargliifeoivyeppitp ahets Thretbéivehe [d@ares 88oas sehiolthBo0U.S.
Application,61/ 43 fi 7, ' . ' . beaj ked
oo = A S JERGITEY o A RRRANEI AXAe B  RRRERE Fio
21-23. Thetawjlisitied tsf the divhérlei 3% a6 tifla stedichisnyvaitablesoaaa dititktihetanaibibietraesl BO@svith

vehicle 830,15 IS W AR WA 39 90 S50 BNERIRE A 3 Ao U ARt niRe

802, 804, 806 and 808 preferably cooperate in conjunction with a control method and onboard

programfeaprel metapsdesksteguinng ihidyenliondesiihaiey isomeonpesibte estmteAftRrgide wires
70a and g&ible combinations of motions in Fig. 12), tB\A800 and vehicle 890 could travel
throughout the storage system along a guidancegginlgsee Figs. 14A-14B) detecting X- and
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[0070]Because the AGV 800 in this embodiment is situated relative to the vehicle 890 by the tires 896
of the vehicle 890, the position of the AGV 800 may require a particular offset relative to the guide wire
70a in order to keep the front and rear overhangs 892 and 894 of the vehicle 890 within the
boundaries 854 and 858 of the travel lane 850. The travel lane 850 is dimensioned to accommodate
the width and length of most vehicles should it be desired to transport a vehicle in either orientation.
Arrow 834 illustrates the movement of vehicle 890 along the travel lane 850 using the AGV 800 that is
offset downward relative to the guide wire 70a with antenpnas 802 and 806 providing guidance and
offeet coNCR BMHESREY UG HHER YD FISERLBARTE hIE BN QIR ARHOSHSR LA BRiment of
Fig. 12, thecd&/uB00rmtaidsythaleshyoke &D6turtge eatidret tarec 860saiopgsitivows|8etmrandrse the
orientation, pf the vehicle 890 relatiye to the.travel | 850, and tg reverse, the offset direction relative
o the oy e S0 e e 5 oS R e el TRl A BT S e
out of therébéardéngoaild 80 ipithdo anaiitedivay tio st aragartaienitna\afl ihg iremickicdaQealeerihablde the

vehicle 830 pe Aared 0 adtedtiaen s andiagwhilih he!dulisitates ftaing oL BIcls 890

within the storage areaé , It will be appreciate ﬁ1at rotation can occur In the loading area

through Bfleutsehst driventitifet(18os ey n gHe ke copaiirineissjameaeitdi & weakt aod denadat all

If it is nopmpareatdving the siiRes ARAGHILOMIQE SEaRIRSvd MIABETAPRANEGRTER B18YRBPWN) IS

provided on the opposite side of the storage area 810 that allows departure of the vehicle in a forward
directionSNOWR)ANBSIMRIR (RAAVENSIAIBR Seeust irtFRieRCsasraRdate y 8higles vHUIMG S8R (not

shown) maMthmytized iR ARiemaNgstR e $hinsgiipB dReEd@ion taking into consideration the

dimension of the vehicle relative to the travel lanes and any potential obstructions that would otherwise

prevent rotafiH7h cerfith FEallURiERiepons FORRRsimeTd 2l A¥eis TBDERikE 8dH ¢ ariiftR& along
the travefdaing 306 iaateelpnealivibf 3tsragd3dd:aing 1@ neyaliiaetyalire tplativeniedroguidaiye
70a until the, AGV 800 reaches guide wire 75b using antennas 802§§g4, 8 9 and 808, to verify position
and dire QB YRS\) 2D ISR LBNRAD il et IR RIO) S50 ARl APISIRREEIRR, the
AGV 80®@8tearietpreidiyde Yvives b o ernogdmecaton ighinantB 40 loddlie dhe ead Ot o 8@4teatl 808
o oS eI AR e U AGY 800 eRges AURARJOR, ' BIdefig gprronrately

position \c/:gm/cefé/ ative to the storage location guide wire , ant nnas 802 and 806

must asshésH0ffsatardrnlidpsiesilive sochegadt-winbspibeso ith atined vathenvofelesAGYV 800 in

acoordanic i g 2 LGS e 55 AORIRMROALIBEEN 10 (B0 i ouice

wires 70b and 75¢. T Imate placement of a vehicle in a storage location

exampleRRar Gy 8SBAANSIRLSEAGA B8 SODNEIRE iR RIBESYRIEDO AR RERME e-COPRENSIERR of the
vehicle, %%W@%%'%%@ﬁf&@ﬁ%ﬁh&mﬁé'%'ﬁé@égsm%&ﬂh 3RE SEHBIPRSIOPEPRERAEZ g hus,

by using the antenna arrays 802, 804, 806 and 808 and control methods included in this invention (as

illustratet'fh fBREY I B AATHIY SOMENDTBEYSBIER GRS NENcIRISAIRSHERLHaNgS BRIChAS Aty 800
and vehigis Gk isaue|dHEQUIND HhENe BEOTaAMBVEIRINRINNY F60 HABNEMIVIER Ghist GHRAVNIO®

14A-14B) detecting X- and Y-axis wires and following travel lanes centered or offset relative to the
guidanc GBS SROREI AT 250G e ar A iR g BeR AAe IR RRE 8RR M#3LPposition
relative to a[@gbvathin thig staB g doeatioreie agitasitthe vehiisitogiriggeant batopeiaiibpaokitgning
the vehicle coul cur either on the way to storage or when travelling. from storage to exit at the
oading SIS RO EPBREH ALy A AR G R AL B Ve S o bl to
be driverhoicatethars) steckgiia docatiar o bAG datSEith e sgaatmego togpimiiray chr astor age éut bijahe AGV
within th S ithout havi [l. IC .and storage
Iocations?rlipr% éﬂgﬁg\%%gt‘é%%%\éﬁl%%%}g’?ﬁcﬁrrﬁaemlog%{t%@%ﬁ%&th@%&ﬁ%ﬁ% rép g@}%&@ﬁa (l,ln overhangs
when fadin§lip)eitibpdirsmiiyrsensing techniques. Spediffica vehicle (not shown) is mounted on an

AGV 960a, which includes a plurality of antennaags that, in one embodiment, transmit radio

frequency (RF) signals to a radio modem 908a. arftenna arrays keep the AGV 960a aligned

along its path by sensing the position of guideewi®20a, 930a in the floor in relation to the

antenna arrays of the AGV 960a. The guide wiréxa9230a may be, for example, a RF wire or
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[0072]Fig. 14A illustrates one embodiment of a system layout 900 including a storage facility 905
having a plurality of storage locations 910, a guidance wire grid formed from X-axis guidance wires
920 energized by an X-axis frequency generator 925 and Y-axis guidance wires 930 energized by a
Y-axis frequency generator 935, a plurality of loading areas 940, a vertical conveyor 950 to move
between vertically-stacked system levels (not shown), a plurality of AGVs 960, a control system 970
such as a PLC control system in wired and/or wireless communication 972 with AGVs 960 and
controlling loading areas 940, vertjcal conveyors 950 and ﬁg\/s 960, and g server.qr some other type
of contraTGAEN SEPoroiRh G LEE BIRATO A Fok RN R REAIGHHLTA A HE GPISE WEGSER through
the contnelfsyreieno IRQer dindcitiirte thefaigity 4850 Jdupfoali\000s, ieqatefef altlicprowgadctivde at
dedicated trave s.such but not limited to travel lanes 990 a 2, for mo ent of AGVs 960
and vernes (a0 e SIS O B LA, S BB G e
storage ldettionsedt®: oVl 3t d Bf sttoNs \dnaexifriplanm ayn denuselihaitingal stpemge bay

tomat ' ' ith ' the | jon. Th
<ystem SRERCE ALY SRR RIS A, o AR UL A pEmer T
locationshfaciityaeness kRehneRrissiyogwdmhaniusaskdbratitisoaitaeh, AaoFedgudndiedeiesiitition
(RFID) agehRsaiinaity SRRFHISEHINAURS aRRESHORIA G MRS I RO M &SABRK AR G HRARHG Y

960a, which includes a plurality of antenna arrays that, in one embodiment, transmit radio frequency
(RF) sigh98-#58: r&iiehdiigirgbeie ansEh niampiairdkeep the AGV 960a aligned along its path by

sensing the ppgifjion oRgUidmUERfEACRA AR RETPekdlitsIatiaipiig seriebraAEays of the AGV
960a. The guide wires 920a, 930a may be, for exaag%!s a RF wire or magnetic strip. Other guide

means al@eSMERTIEAC PR ENAIERLRAAINS WilERL Ak e daseshinHb e B BRA(Sf Fig.

14B, ?lsl at@mput?mhxgs% 9&08.Ofgil(i)d@li?_il@%o'm@hdﬁ!@%Wﬁﬁtﬁ@h@ibﬁ%ﬁﬁg\?@tﬁfg@%@hﬁ
overall location of the .systems a. 10 termine overall locatign of a an chni
e be (A B LS B ARG A PN K S R AR e R e e

these twtheqsiper sgtiens,dhe fackingqstoeingaofaadibehtigeide andumssd dmeallo ce@vroéDadanAGV
960a. In the present embodiment, charge stations are also provided to charge the batteries,in,the AGV
PSASRENES f an %cgegs%r PRI %ngﬁtri@n \fc')faet yer B‘Oﬂﬁ@%tto rpovg aﬁzéyh

during timés of non-use. er charging means are ¢ ignals gener by the
RFID cir&ofs dradyoopedataligrstmsomshee thensonipetingasas/Oamondinadidsinpdecasgishevhich

tput d : n} ¥ i | 708 - radi d th
et e AR S s

computirionelade 0B iamAEY tRE QR P éplletriauERidPrakieg (Slafingfofhewutivclrior fitelike
mountedyaR &aBEF Yigiia Mol RIS e HEAIRI IHFRHE TRSAGH 6HiaVR] ioaAiassandtYigerversa. In

order to move an_AG% 960a from one location to ano?her, the computing device 970a continuously
processddsisdaddatbr MEYnI&08n, as transmitted by the antenna array and/or RFID circuits, and

generates sjgoab} thaiinsiieiehibe dikeenPBPmEciikeiicn Ravtedlea siisRerant elrliypstehgovse grid.
The generated signals are wirelesslal transmitted by the radio modem 908a to a wireless receiver
installed NI EY exypple, a graphical user interfacdlfzan interactive voice response (IVR)

interface, a web browser, SMS text messaging, laadike, enabling the user to access
information about his/her vehicle, pay for parkarg/or other services, check balances, provide
retrieval instructions, etc. The user’s inputs@@cessed by the computing device 970a. For
example, the user may request that his/her caedmbyrfor pick-up at a certain time. The
computing device 970a then executes a processtioeving the vehicle from its parking

location to an access location to be ready fouter at the requested time. With this aim, the
computing device 970a accesses a database (nohsheed to store the parking location of the
vehicle, computes a path from the current locatiotine access location and communicates the

path for the AGV 960a to take to retrieve the vihicThe computing device 970a also computes
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[0075]In one embodiment of the invention a user can interface with the system 900a through, for
example, a graphical user interface (GUI), an interactive voice response (IVR) interface, a web
browser, SMS text messaging, and the like, enabling the user to access information about his/her
vehicle, pay for parking and/or other services, check balances, provide retrieval instructions, etc. The
user's inputs are processed by the computing device 970a. For example, the user may request that
his/her car be ready for pick-up at a certain time. The computing device 970a then executes a process
for retrieving the vehicle from its parking location to an access location to be ready for the user at the
request TR ABOUT i 4oT AR i, BRVTE 63 GEEERagE P AR AL NGt SHLAT e 1o
store thelparkingnbcaliioraf dhehedhidationmpatesrppatiyftero Tba gerrerdtéacatiomdiodidte andess
location apg communisates fe pathdlor ihe Ag\ 960 n ke joseliieye the yeBicls; The computing
device 9765 2156 <6 pu%és S AMGURL qae o paymen{as, Where payments aré mage ﬁwrough a
paymentagEnragiofnof Sreayrsieim 800z artsbttirpeniantt the ingletféd o eh e yipheiin @ 0Rwvice|0d0a a
generat istical [ ificati In order to allow
‘%%88(1‘8&1%9@8%&@196@‘%‘&}188 %ﬁﬁ%@d %@g‘e ﬁ%ﬁ%ﬁ g?%ﬂé‘\}?gé FHA AL

continuous operation of the System 9 _ _ oint failure, the system 900a
includes eMmeddaMscoriptairidpt BleROVEs S fephes KIAGMERR D ¢8mpotyrskdp DIO.! BEOETRIPI

embodimgids. HBIRIES YRS wmngS) devices 978a and a backup power generator 980a
are also utilized in the system 900a. [0076]Fig. 14C shows an exempla_rx and non-limiting block

diagram of 48Ricle dokrdHmENQSANHRSEEIRIG VBDE PrRiVIHBE M RIA ROESHRINGTE GPRITCU
900c comAUveats$HitR & HEURIMPEUE-BIAE a8 UMANGABRH POSHION 8€NS0LTE 2éRemAnicates

communications module 930c adapted to transmit/receive signals from a computing device (such as

device 98 RAAEH MAtIeAdAF saHIdancRIBRIPRRIINE AP HBIRL G DG S
942c, pr@ﬂamsy@?agmﬁﬂﬁﬁeaeﬂ@m@ﬁﬁ@ﬁaﬂﬁ@ eﬂagtﬂémérwmﬁib@mbm@maimncyfmﬁmhe
VCU 900c gnd a hardware emergency. stop 945c. The gyidance and position sensors 920c further
comprisde BISEATEY BRI SAD A B e T BC QT S oBIP IS SeRHiaes fter
922c, m@tpeanduntplifiells 928c aa apien to xoben O2de van di gmatsplifiem3Ab o/ @hdosd BRFdBd ecation
reader 9 for reading the guide wire system. Also. provi iS.a mai ce panel 950c¢ for access
o mput G e R B T e A R e o necr
with the VICtaIBP0OE antenVe aneQGOR ladzp tkas coilped dwessicip ptaigredsdiiterbdnt passgtHijven@2260c

and Inpuppffte Q,Q&,%mm%f@éé&é@é@?%&iﬂﬂa|?F%%‘ﬁ%ﬁfé%2§&%{?ea¥&9 RS f5duttier

capable of producing safety alerts or example, as rou e or visual warning signals

or event el O ks fomassinertheriiidrvéiesysiom aArBpitad|s aviauteeaner oRNGGES0RR).
[0077]In gne.esBaABIEpbE&NYEHONAS IEATRPUES RSB RSE R RERSHATRETRIGN St i8SV from

feedback provided by the antenna arrays and the onboard microprocessor. Guide wire and wire cross

locationPAY A\ SRPREE PYHIMIE Ve 90 fo BN/ OPRALERIRH OMRREF 2 tPLicHEAHEa
databaseniéie dhsRIgEOTAREITIIO6ASSAP USRS MaSOnBRRAFRIaEANh iR SRIHEVBERIGRA]INgRY to

calculate travel offsets based on the offset of the vehicle from the wheelbase, where Offset = (Xwb -
Xv)/2 (W Wi irRBRLRI fRFH CRRIRIRCOPIOAUSRIGY AHS 6Nk ok REMAERM:A8nd Xv
is the dimsutieraiioimidhsr frisubohibe Ve sid@ans or evamecific alerts based on inputs received from

an obstacle avoidance module (not shown).

[0077] In one embodiment, the VCU 900c computes preciadihg information for an
AGV from feedback provided by the antenna arraystae onboard microprocessor. Guide
wire and wire cross locations as well as cententgaf storage locations are previously
surveyed and stored in a database. The masterutengrocessor uses laser scan data from the
retrieval or loading bay to calculate travel offsbased on the offset of the vehicle from the
wheelbase, where Offset = (Xwb — Xv)/2 (where Xwhhe dimension from the front of the
vehicle to the center of the wheelbase, and Xkesdimension from the front of the vehicle to
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the center of the vehicle). Offsets for guide wires paths, wire cross locations, and storage locations are
determined by observation. Heading information is then used to compute vehicle yaw to correct for
heading error. Each steering wheel is directed to an Ackermann angle to achieve the desired yaw. In
one embodiment, the traffic master (master computer processor) creates a path of waypoints to the
desired destination, where each waypoint consists of heading (vehicle travel direction), vehicle
orientation, and path offset. These commands are preferably communicated to the AGV over wireless

communijcation. [0078]Fig. 15 jllustrajes one embodiment of g facility 1000 that comprises a plurality of
Corage TR g e e o TS UM BT Fo 0 s RGRUR B AL ARy
vehicles loititioaty i WieethasesBnocbientdten. oMerdidiigsnadsii s debin e thigeclooplina v dilig@ In the
illustrated embodiment. the dashed. line rectangles also, tepresent .and define the maximym possible
gt i el A A GRSl R U
portion chcmexaitis geisleattganirel 1 08@ antbagiortioh Bftamastris(quadtic®mpete0pOthesisarg part of

a larger gy ir ithi facili i itioning: Vi t
control fﬁ%%%?égﬁfm ﬁ;ﬂi‘i‘g oé‘é%'é%é%ﬁ%g%@fg%% %ﬁ#@ﬁéﬁ@%%%%&j%%s
1050 ar hle teq e slijestiginp e hicle argoratign AffacirrdeI952M84d3 @56 Rii 8 as
describegozf\%\(mitvoc{tgmqggqgw\y@pv\ﬁfg%_@gﬁﬁgHpg_ﬁi%ntered or offset relative to the guidance

wire network. In the illustrated embodiment of Fig. 15, the vehicles 1020 are all centered relative to the

X-axis and Y0848 guiddactaitesirateonfierokodiagit aha ipeiftpanst canerisrsa RlucHy A6V
travel langsy§870aa€cHA2on bfcwgibaiﬁc? ahauralisARiared @POthepesxifane Vi aiHiflaneg wires

1030 and 1040 respectively. In a preferred embodiment, the longest dimension of an AGV 1050 when

travellingfHTPALE YR GN BRiPESER ARGILCOH TEREMRGS PARLIRERY 0 SIS RFRUONSHALYis
shorter thaththilyehest haseveldrtheehitie i 40REEPEAEGIS 8l 8ot dancalidedafieclPdthsaxthalihe

AGV 1050 is capable of scooting under yehicles 1020 such that its longjtudinal axis is orie along
cither arPRB RIS Bz 8 Y S Bt U0 3 TR BRI oL 39 BRSO BBola
occur witﬂEé_iithdrli_ina poteonas éﬁSQ—axjd d0vanoe wiile amdrmpmﬁdrmmbm%&ﬂmdamth thieeX-axis
guidance yjie With Wilizreomiagt vehicles suqhas SMaILeas i oerisnad wheelfrases or the
like, or in cases of vehicles with especially low undercarriage clearances It may be necessary to rotate
the AGVpqsiiioning custinpvecientreontinicéAcMs 1650 tratbichsiwages idratidrselftisearnst the vehicles

in some BB&%‘@&’:@@%\%T@&HE&oedooﬁﬁég&'&g‘%‘élﬁ A &seeie Bl ORBLRYNIG QTHrREF Tt

invention is that t
antenna arrays 1052, 1054, 1056 and 1058 as ded@iimve for omnidirectional movement

that is either centered or offset relative to th&lgnce wire network. In the illustrated
embodiment of Fig. 15, the vehicles 1020 are aitexed relative to the X-axis and Y-axis
guidance wires 1030 and 1040 respectively alonig wieeel base to form AGV travel lanes
1032 and 1042 (only two being shown) centered enx#axis and Y-axis guidance wires 1030
and 1040 respectively. In a preferred embodinteetjongest dimension of an AGV 1050 when
travelling in compact mode (the preferred modeafe¢l when the AGV is not carrying a
vehicle) is shorter than the wheel base of all eleki1020 stored along a particular guide wire
1030 so that the AGV 1050 is capable of scootimtpunwehicles 1020 such that its longitudinal
axis is oriented along either an X-axis guide var@a Y-axis guide wire. In other words,
movement of the AGV 1050 could occur with eithex #mtennas 1052 and 1056, or with
antenna 1054 and 1058 aligned with the X-axis quidavire. With ultra-compact vehicles such

as Smart(TM) cars with shortened wheel bases dikiaeor in cases of vehicles with especially
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structural elements of each vehicle, including size, wheel base, overhangs and the like are captured by
system sensors and utilized by the control system of the invention to efficiently arrange vehicles
relative to storage locations and/or other vehicles, and such information is also used for guidance of
vehicles within travel lanes 1060 and relative to travel lane boundaries, obstructions and the like.
Furthermore, the ability of AGVs to scoot under vehicles enables the facility 1000 to maximize storage
location density and minimize the number of required travel lanes 1060. Another benefit of the overall
system is that storage, locations can be dynamically arranged and re-arranged depending on the
ctructurAPHEREISAE BO5 GISRERE SorI R AR ARECSSARATR L e P e ARt T eor
exa_mplevdmieleadjamcemh_ﬁtnw@ ermtb‘enstlw éridybatibtaed icksconsmodgie tivas oh axénfacilisize
vehicles couighly dy“@iﬂ?ﬁ%‘ﬁf’%?}ﬂ@&%ﬂ rceda#['rféféaty% eﬁ%'f‘ﬁlmas e{nSSHH ohSYsiemie
accommodate more thanthree smaller vehicles. Alternatively, a smea?e"'s orage location allocated to
accommstiattusasielgiaendsivh eackize hieleicliecbadiltbisirdg e binsise) p\reratiogataddoy ehikkenaster control
computeg igfe gl samandoebiriRs dnkiahas Ao amdesiee. for
example%ﬁ aad(gﬁi%%, pgéces\g gpgll}n% stgj]gﬁjra Ogc?gm%s a ﬁ%e%our% be %op%latgeg vlv?t% grid wires to

provide @cfb@rs@ew%{w&gvemﬁmﬁprﬁg@mwm@mlp\é@higi%naadcsu@micé@ém@ﬁ@rageab@aﬂons
during syREfiL 8RE5E FHAIIAREVIARELGeNTAR BRI BRHIRL SA 85 & AdMAR RO g eehanced

antenna array control and guidance system and wire grid network to dynamically assign spaces and

storage IBRBlHALORBSASD MM BkRtTSIBREPBISeile {3\67 BhRSOR! HINGER HRY SR TIEDARIRH hereal
tme ancgipeju90be:SHaiREA £ERRSIAGE ISR ey amAeESHe nUAPRRITGedf e iler one

example of a acil@ia/ 1100 that comprises a plurality of storage locations 1110 occupied by a plurality of

vehicles 12098 Y06(haAngHaaREaSHEE ety arall PYa aLIneR | fRIRES GaB65 AV URtEMnas

1152, 1154aAdsé andl rblaBangeldredpentivuanesstafioracksblisofadehides nadaddraveallipie 1170.
The AGV 1150.and vehicle 1122, upon exiting conveyor 1160, are able to travel to any.of the open
storage IRATBHb A POIE AL TR A4S REEPAT FEEA T RERI ARL el AREL I GG RE R cle 1122 is
stored mayrcepigrall of @tedtieycod fctodaiachrdin g) dutumd-leetiie tk tocthd dabé alyatedisadisage time of
the subject vehicle. 1122, anticipated stor imes of pther vehicles in the facility, lo alancing of
e e S R S i S R G E Rl
1200 thatrelunipsisédterpativaity af stglegdoagetvcatidooasedupieddoyumoidatdity singihitiasimppo, X

and'Y 9%%’\?81 i@éo’rﬁ&%é"&%ﬁ%ﬁ%ﬁ?P&%i?’c?d%{teadlgé%\éé%@?@ &‘Ecﬁﬁ‘ %&%%@8%5&#@56

and 1258, a plurality of conveyors 1 and 1262, anda dedicated travel lane 1270 having a plurality

of overfléWidtEaRMEEEr: vehides fropt-1pbackigl eneihas slesined 06T Qe McRAADIR and
1226 in qypiflansloraiPer A tesluiiie 5%89%@88%1#@%%&%@%#&% tstHRMAl e TRRIe

1220a from storage location 1210a, whereby AGV 1250 first picks up vehicle 1226 and delivers it to
overflow!8t8raOE Mocdiitsriefoms IH%%@@I%%%QMW&%WB%S%H@%%&Qﬁ%gfé%aéﬂ@(ﬁ‘éiF&r Whicle

1220a frepeigr agplacainbré2don, ansl Makverednivolranetianetdkd Qi ancerslanaeevain anty 1282,
and then AGV 1250 delivers vehicle 1220a to the conveyor 1260 in accordance with arrow 1284. Fig.

17D illusHHRYHETEYEQAIS FBHi S AL SIS BRAGETREMMEH K 1 BY HREA PRI £P56 SRt

picks up aednisierdge 2osatdoielinese doinisdam\sarality sigesgedeoationjdctd @ iagaegrdance with
arrows 1290.and 1292 a@ggghen AGV 12§0 %Cﬁuirjs vehicle .1220b from sto%%e Iocatio(ip (]\,,210b and
I WIGHit g

delivers A8 IPAVRTALE 570" R 208 A SRR SR (PRSP AESN RIE AR LIRS Dehicle

1220b to th¢GO80yeyoF R a® il estratetaoce extdnmgri@of HX86ilQf thasepmpriged a@)ukay1st50 could

Iso fi ' hi iver | f S i 74.. AGY, 1250
could e s D S S A e T A L6
AGV 125dduldWesispecibieivican22GY tblthe kavingyantedd2dndithd dfloorarydidbB60.pla@lihoetment
of AGVSM%&?E&B SRatltes! QX&&E&&%‘E@&‘%@Y&W (RAESREYY iBRoLa Rk CR 3 psgiety of

possible communication systems though most likely a wireless data network with receivers on the

AGVs arkPanR\euiiieg senveydntleGare rhlatont araigydne applesiiacsuesaiinfol hhergdittPle
(see, for exaRRRIE 1Tty 14B20f Hafe) determination of weheshicle 1122 is stored may depend of a

variety of factors including, but not limited toetlanticipated storage time of the subject vehicle
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[0082]Figs. 18A - 18C illustrate one example of a facility 1300 that comprises a plurality of storage
locations 1310 occupied by a plurality of vehicles 1320, X and Y guidance wires 1330 and 1340
respectively, AGVs 1350 and 1352 and a plurality of travel lanes 1360 and 1362 following X-axis and
Y-axis guide wires respectively and having temporary overflow locations. In the embodiment of Figs.
18A - 18C, there is a problem with AGV 1352 carrying vehicle 1322 such that it creates an impassable
obstruction along travel lane 1362. Figs. 18A - 18C illustrate one method of dynamically re-routing

travel lane 1362 to create a new travel lane 1362a (Fjg, 18C). First, in a non-limiting method, it is
desireq o} R0 (L LANBPSARTES 220 i kbAoA SRS Bl SR B A 3100,
wherebyfisGMvbiFudfdllsies pathst3dn. (Fig. 18A) by scooting under stored vehicle 1320c until it
reaches an ires target yehi Oa, and then deliyers, vehicl a.along path 1382 (Fig.
18B) to targl@%icttion&i%% o{bﬁrh%f,[’;@%‘s%%ﬁ% il %%)fafge\{?vog rﬁcl%yi@ c %saa gﬂ\r}ﬁ?ﬁaeﬁoa}n storage
location pBtektyco$siraggddoattons3iDalongniedbiceditywicie fiicles (12 200 pagado¥adiodari®10a,
1310c a f vel | [ tr I isthu
estable T B R 2 e s B
route ardilHidtite abagnyeNgrodsthtcaod 1262 and adicdhiiavrelpnebl@rOdariging at Rdrabty &drrected
through ragis,PloeanlRsepesial jnterysngonoAsldifippalyehiales AR QRO YR AMdREIOM ShesAtTow

points defining the travel lane 1362a could also be moved into temporary or overflow storage locations

one spacde €S tReONBHIY IReRtaNs e 18 @t A M Braapebtdsichd fite vstEaig s eeirigvaliPand as
needed. [@AR #9908 omloBrdgaeatistethecabililydR@YNEIBiG Ayt GroKkedingtecmielirie Ayie to

retrieve a target load isolated from travel lanes with improved AVG guidance and contro sgstem using

_ I
variable SRR SILIRMRYMEHRTAgeIpeinthiy /BigEaTmRCe Wiyl ca 28 e XA MR AFY therty
1480 thaég‘qum@@'s&m@l@lu@mmdqfcﬁtpgm@qaﬂanari%@mmma@ hy@tr&uealiag@fl\mlmlgs 1420, IX
and Y guidance wires 1430 an 0 respectively, 50, 1452, 1454 and 1456 an rality of
tavel I AECTRES G i) SRR A Ao SRS 2o OBV oL Brary
overflowdocatutars gt Aollud28tesFie A/ ustsitasiizyripositionschictat tRRObrmoarstertige the
control systen own), When it.i rmined that vehic 20a needs to.be retrieved fr
storage I%gé%érﬁfgg: ‘é@%@ﬁ%%&%@q ﬁ(r;suttglig@a Wﬁ%ﬂ@%ﬁ‘@ﬁd&%fﬁ%ﬁ 8Wdeplgrg%d by
the contisiiosggtelocat®BHRIAAN Fagsorddandvitd @ ia@PEMISTY 32| 50 dl e A6V 1880ase alifeesed to

folow paghf 1481, 343514 &% A0 14BA eopetiely N RIRPII A0 VSRR L4ZOR 2GR 420C

and 1420d respectively in storag€ locations 1410a, 14 410c and 1410d respectively. As shown in

Fig. 19DaEeV 1248h ansléeDeizie ibthdely era ghitts dganiaa wom venmd, 266 \n arsordries Wihicle

1420c togpapiy styyaes (sianii4agi1aed AGY 1456 caaiesivahini LARRMIE Y siyaemJeration
1420g, whereby a new travel lane 1462a is formed for the retrieval of vehicle 1420a. [0084]Figs. 21-25

illustrate hBhOWitiAY SHIRIAIRGRLOH: b AienthibRN AR3BQ @Y acquire vehicle 1220a from

storage location 1210a and deliver it to trave€la@70, and then AGV 1250 could deliver
vehicle 1220a to the conveyor 1262 instead of cpowv@260. The movement of AGVs and
vehicles is controlled by a master control systaot §hown) through any of a variety of possible
communication systems though most likely a wiretists network with receivers on the AGVs
and any other sensor and receiver system employeaiiement such control and guidance
(see, for example, Figs. 14B and 14C).

[0082] Figs. 18A - 18C illustrate one example of a fagiliB00 that comprises a
plurality of storage locations 1310 occupied bywaadity of vehicles 1320, X and Y guidance
wires 1330 and 1340 respectively, AGVs 1350 an®18% a plurality of travel lanes 1360 and
1362 following X-axis and Y-axis guide wires resjpasly and having temporary overflow
locations. In the embodiment of Figs. 18A - 18t&ré is a problem with AGV 1352 carrying
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AGV 1600 designed to move either automobiles parked on vehicle trays 1700 or storage lockers 1800
from loading areas (not shown) to storage areas (not shown) and then retrieve them on demand. The
system of the present invention is, in one respect, an evolution of the automated storage system of
U.S. Application 12/032,671, filed February 16, 2008, the contents of which are incorporated herein by
reference, although the present system incorporates a controllable and guidable AGV whereas the
'671 application system does not. Unlike the previous embodiments described in the present
application, the AGV 1600 comprises a rigid framed rectangular body 1610 that does not expand or
contract SRS R IRCRIES & ABPRSSRB AR B, TS JARES o B0 LA

incorpordigd hiesiatbyorefenetioed ohdyha@vid&a00rdrivetrapdEelaaeydBciettrayehi®a oestorags lanker

1800 to quired which in one of man ssible odiments Is sjttl n four.legs 1710 or
1810, art P G (s a0 L LAl e CTBes oAb e Y R 1620
by use ofl a2adtEurtics puage noctatremti3 e su ktdifig st 1 Dis tede e & Gyged Ye hitles opidhds (not

e e B T e B e e i
areas. Thehelsidid2bay an¢doeardgliedesaisiyielra0peimivcl kBt erieniSRi¢ tirgal eatem travel
area so igf de A LeOQIRGS Ratigeeddo %8%319%“98r@@W@ﬁHHﬁa@@ﬂi@Qtﬂr‘?ﬁﬁ&%

storage area, which is not a concern in the previous embodiments where the AGV scoots under the

vehicle B3BIRER satiRnisaLPd engowBiERe MashFrmsiorsostiasalinns i 3H0dnlBkOs a8 1700,
they are frepsad SiaHAT MbASPRGS imuehices hanileship areyiousl dassribeg erahadynents, where

the vehicle-laden tray becomes the load that is delivered by the AGV 1600 from the |oading area to the

storage SUAPHIEOHMERMEAY Baie FrareLeYF iR ATPERJRE By BYRIRGSYYEIA iB%etermine
thﬁ exztcg%&mammm " téfank&maytd N@tfgmfé@y@i@gtfrw&timﬁa?wé\gyzifiﬁﬁii$rr1]iiwambﬁﬂ_d@aﬁwite;@tmem
whereby they are t icked up and transported from the Joading area, through retrieval lanes at
oitests AOER S NTRIGR BT Gert Sty ORISR I DALy SHE B RN B e
location. dndhe=lewhibdiareni gidings d21ir23g the toavkblab@>eeticiiel aliseye nemaeas nom teppairdrg tay
1700 as it is_moved through the system rather than being.lifted by its tires and n.deposited.in a
storage BV A R B R o e e P R e R R s
floors antYfolbowd wavetd guidiiaod gddheettad.optimized by the implementation of an enhanced AGV
antenna arr vided. A ri Vi ' ' Inatadby a
traffic masté?rd g%?i/er sﬁggm. T qug\?%%gg%@e%g%ﬁfﬁ gr%%%i]%e tusé@ﬂﬁ%mﬂ%f%ctional drive

and steelhigsigstern theaat|paskisalsiehigun diay ¢l davgh fopravsieiiMé gradaaaeeatigPHEdl shown in
U.S. Appdicqlian AR 4B IR QP88 brind AR HIesoR RAIR OFWRICTbAre 1uepiResatad BRESIN by

reference, in order to accommodate larger loads necessitated through the transport of storage

containefXaBOER R dagiiity A40P e CaspRiEss Sy WEVAN S 2R fafalirnshdd G asstimadIRY @milar to

the previgrshiigascrsiaeisystgnms Xhaugh galdinte aReilomdn 4866 Risprasedlyienc tre1use of
vehicle tra%s and the heiiht of the tra@on Ieg#s, but still having the advantage of being able to store

cars of d Tdaand Haeand eyl ypakavah PRERANN & 45 5 FRH QNG 8l £ 2ntp
perform gumdim@drwpl@m I}?ush.hlw blﬁgitézipuﬁymmh' n beatifgzY S}@.t&m.i.m{ﬁmra;@iﬁ?lfsing the
AGV 1600 . vantage.of bein e to handle higher maximum load weights, so arge
el el e e R S o VAR
systems gitterAGéd 604 isepiafeladigdateds polve nedrignbad sticayeclvaaiog $itkmsausetmaeless

communegigns AL DR YAiG uherlsd R0 I0RBRIEI, BRI BIES AR gmiediment of

{
an AGV 1 carrying a loa as a vehicle a ving antenna arrays 1706,
1708 thashizmmoinstiges <1 QB skehtArAGisgL468hhihR:. IATHIGE5E areodittcs)| fofeiawnpiéhaind the

majority ph#e phRer Hgures fpggahed &ii(}eﬂ)?nt@}ﬁ%ﬁ@%i%&%%ﬂﬂﬂ%{?%w 4 £9pL gy stem

that instructs the AGV to follow horizontal or vertical p along an X-Y grid pattern with dynamic

offsets a$4dgdifesPerHyedy thetaaes Mcatiriehtidnnidi @l @eaariddd Odise sertivelite’eshiagbnal
travel pafh phir BN XoX WIS SR NRNRIK 42DBd D% HeRfisgeuitamdreesitn: /RE endiYsaxis guide

wires 75a-75d, where the AGV 1700 is positioned such that the antennas are simultaneously
positiondBRS YRNIGIRE 42 A% LHTAPH I {fdesTes. HatH ABYsiringehaeisi? 1789%suId be
useful for acquiring loads whose center axes are not just offset from the guide wires, but also whose
axes are not parallel to them, and for packing non-ggstangular loads more economically. Control and
guidance of the AGV 1700 is performed by a skewing command



from the traffic master control system to the AGV 1700, which adds a skew angle as an offset to the
current heading to position the front and rear antenna readings to correspond to the commanded skew
angle from the traffic master control system. [0087]In Fig. 26, each antenna array is preferably
constructed to distinguish between multiple guide wires at the same time. For example, antenna 1706
spans between guide wires 70b, 75d and 70c, while antenna 1708 spans between guide wires 70c
and 75c. In the embodiment of Fig. 14A, for example, the X-axis guide wires 920 are energized with a
certain X-axis frequenc%]925, Whi|§ the -axigt)ﬁuide wires 930 are _enggr ized WitB a certain Y-axis
89#&791 §

frequencmﬂ'?[ﬁgee EHHMSA 8 AW/ anAaGQ?réﬁ/ %Ilf?ﬁﬁ ﬁigﬂrﬂ)ee\fﬁJecgn

multiple Yehidkeduidoavires 70 of the same frequency and multiple Y-axis guide wires 75 of the same

frequency a as the respegti uide wires are separated by a sufficient distance an long as
the antennalTAor (oS 8 2 S AR SRR e o
distinguigizhehbeerdtsgrep tetivevgLidbarisetomiaitilestpatedekicd payitidd @ thehG\gedtatkpeso the
guide wir I - \Y ' t é-@éif. ' i e -axi ide wire
could befpgrlg(\%(igé v&%aﬁﬁg%%% @e%ﬁ%&%ﬁﬁgt ?s&)ggﬁ_se _ y%%&vﬁ@? @gﬂslalegr![ﬁ(é%ﬁ?e%;gg arrays so
that posiflefmagbf fHe ABIEDT 00 thepresedttyeiies ishenrgppectan Ry thdigrafttha sptaifirtasiuctor

coll on agRREHICIRIERNGT3Y A ﬁlé’:%i%iﬁRﬁﬁf@?ﬁHﬁ%Wlﬁ_‘ér‘ﬂ'@W%%Wﬁt%ﬂﬁé/%%vﬁeﬁh a

system may be preferred depending on the spacing o guide wires so it is not necessary to
discrimiriite IBERKRYA R R8It i EiRreacs: RIthoAIRRERTILTS B AN IPELRIR TFecaia il anch
wires relgiugaidheYavhdreatgiewerdsappiicnoHipl Wigkaeh fragwaactae. she,fmidie mestnentirol

system can dynamijcally and angularly skew and offset the positioning of the AGV 1700 through the
simultan865S R AL SirPbr FRIPRP IR 08N e a0 LEMRTIBRS AHdth H amagdertangyiar foflg
ﬁelegtgm%aoqg%&rgbpgﬂﬂoemaah@%swammj inak 6 IR | amays. i[OOﬁS]Wbﬂﬁch)h ﬁfeﬁﬂfl(ljé,rﬁ@t!)“%n
as been.described at some. Jength and with some particularity wi t to. the several describe
ermbod RS AR B o RSP BEPTR TP a5 A S LIS SRR VR sy
particulatreynbiainoe stobadét lscteebé & sirbe chugthiresttvinord ot meaayerrddol « lenmhe dionas o iprovide
the broa ossible interpretation of claims in view of t rior.art and. therefore, to effectively
encompat Tl ERIE £ TS, SRGR MR bR B2 a0 ORGSR,
terms of peefidiadimévits cordgeepaiytshESZY dytoséopfvaisiianuenpiintp tiesdriptirawliaditets| A689).

notwithstaaging fahingy %WEHH@%QWB%%%”&&% I ke S P EERLM [T RSGER MBYding

nonetheless represent equivalents thereto.
area as shown, for example, in Fig. 13 hereinyéeécles pull onto the vehicle trays 1700 that

are suitably supported by and provided in the log@direas. The vehicle trays 1700 are
preferably elevated relative to the remainder efgiistem travel area so that the AGV 1600 does
not need to change elevation between the loadem amnd the storage area, which is not a
concern in the previous embodiments where the AG@Wts under the vehicle body for
acquisition thereof.

[0085] Once the vehicles (or other loads) are on the tt@@®, they are treated similar in
all aspects to vehicles handled in previously deedrembodiments, where the vehicle-laden
tray becomes the load that is delivered by the ABUO0 from the loading area to the storage
area. The vehicle-laden tray is preferably iniacanned by the control system to determine
the exact dimensions of the tray with vehicle, rafteich an AGV 1600 is dispatched to acquire
them whereby they are then picked up and trangpénden the loading area, through retrieval
lanes at offsets as appropriate, up or down vértmaveyors as needed, until they are delivered

to a storage location. In the embodiment of F2§s23, the load or the vehicle always remains
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CLAIMS 1.A variable offset positioning antenna array for an automated guided vehicle (AGV) that is
adapted to follow a guide wire having a frequency, comprising: a) two or more inductor coils that
each generate an output based on a strength of the frequency sensed at each coil; and b) a
programmable microprocessor that processes the output from each coil to determine a position of the
antenna array relative to the guide wire and uses the determined position to control an offset relative to
the guide wire in a path followed by the AGV equipped with the antenna array; c) wherein the
offset relative to the guide wire is dynamically adjusted. 2.The antenna array of claim 1, further
dapted 85 R GLAPE IR AL Ao R B ‘S4B S SHEGMY APL A0 GPUAdHeS fudsciienans
determingelatdepegststing distotiyeddtutice, shes dspagitisly; derierthtorbotiihe AS\Hado@orating
the anterlré%@ ﬁgyéls across standard floors and followsra guidance grid that is optimized by the

implementation of an enhanced AGV antenna arrayiged on the AGV 1600 as described
previously and with actions coordinated by a tcaffiaster server system. The AGV 1600 of the
current embodiment uses an omni-directional driveék steering system that is preferably larger
and based upon a slewing gear rather than thatrshoW.S. Application 61/248,448, filed
October 3, 2009, the contents of which are incamat herein by reference, in order to
accommodate larger loads necessitated throughahgport of storage containers 1800 or the
like. In all other aspects, however, the ovengdtem is substantially similar to the previously
described systems, though not quite as efficieasaof space due to the use of vehicle trays
and the height of the trays on legs, but still hguhe advantage of being able to store cars of
different lengths in different length spaces anidd@ble to shift vehicles sideways and perform
coordinated retrievals just like the previously-atdsed AGV systems. The system using the
AGV 1600 has an advantage of being able to handreehmaximum load weights, so that large
vehicles or self-storage lockers 1800 are easingleal by it. Similar to the previously-
described AGV systems, the AGV 1600 is preferabliydsy powered with in-floor charging
stations, uses wireless communications, and hagfoue wheels 1640.

[0086] Fig. 26 illustrates yet another embodiment of anvAI300 carrying a load 1710
such as a vehicle and having antenna arrays 1702, 1706, 1708 that demonstrates a “skewed
crabbing” technique. In Figs. 7 through 8B, foaewple, and the majority of the other figures
described herein, the travel path is generallyatict by a control system that instructs the AGV
to follow horizontal or vertical paths along an Xgyid pattern with dynamic offsets as required
to meet obstacles or other environmental conditidfig. 26 illustrates a diagonal travel path
within an X-Y wire grid framework defined by X-axguiide wires 70a-70e and Y-axis guide
wires 75a-75d, where the AGV 1700 is positionechghat the antennas are simultaneously
positioned over multiple X-axis and Y-axis guideas. Such a positioning of the AGV 1700
would be useful for acquiring loads whose cent@&saare not just offset from the guide wires,
but also whose axes are not parallel to them, andécking non-rectangular loads more
economically. Control and guidance of the AGV 10performed by a skewing command
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3.The antenna array of claim 1, further comprising a front antenna array and a rear antenna array
incorporated into the AGV and controlled by a control system to simultaneously provide guidance
information to an AGV guidance and control system for steering and guidance of the AGV. 4.The
antenna array of claim 1, further comprising use of one or more additional pairs of antenna arrays on
the AGV to determine a location of the AGV relative to a multiple-axis guide wire grid. 5.The antenna
array of claim 1, wherein the microprocessor determines a position of the AGV relative to the guide

enabing AL ) T 58 oW DL SRR I A e GO BNAIF 2 Yod e o
of travel.the current heading to position the front and eegenna readings to correspond to the
commanded skew angle from the traffic master cosgrstem.

[0087] In Fig. 26, each antenna array is preferably canttd to distinguish between
multiple guide wires at the same time. For examgéenna 1706 spans between guide wires
70b, 75d and 70c, while antenna 1708 spans betwgda wires 70c and 75c. In the
embodiment of Fig. 14A, for example, the X-axisdguwires 920 are energized with a certain
X-axis frequency 925, while the Y-axis guide wiB80 are energized with a certain Y-axis
frequency 935. In the embodiment of Fig. 26, tli&Aantenna arrays can distinguish between
multiple X-axis guide wires 70 of the same frequeand multiple Y-axis guide wires 75 of the
same frequency as long as the respective guids areseparated by a sufficient distance and as
long as the antenna inductor coils are sufficieathanged and controlled by the master control
system to distinguish between the respective guides relative to the overall position of the
AGYV relative to the guide wire layout. In an altative embodiment, each X-axis guide wire
and each Y-axis guide wire could be provided withstinct frequency that is sensed by the
inductor coils in the antenna arrays so that pwsitig of the AGV 1700 relative to the guide
wire layout can be focused to a specific inductol @n a specific antenna array relative to a
specific guide wire within the guide wire layouuch a system may be preferred depending on
the spacing of the guide wires so it is not negggsadiscriminate between multiple guide wires
of the same frequency solely through the spacirsuoh wires relative to the AGV. In other
words, with multiple distinct frequencies, the timmaster control system can dynamically and
angularly skew and offset the positioning of the\AG700 through the simultaneous processing
of multiple frequencies across multiple antennaystand by targeting select guidance and
positioning sensors within the antenna arrays.

[0088] While the present invention has been describedraedength and with some
particularity with respect to the several describetbodiments, it is not intended that it should
be limited to any such particulars or embodimentasny particular embodiment, but it is to be
construed with reference to the appended clainas <o provide the broadest possible
interpretation of such claims in view of the prast and, therefore, to effectively encompass the

intended scope of the invention. Furthermore fohegoing describes the invention in terms of
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7.The antenna array of claim 1, wherein the guide wire is either a RF wire or magnetic strip. 8.The
antenna array of claim 1, wherein the output from the inductor coils comprises: a) determining two
largest output signals out of all of the output signals; b) determining indexes of two inductor coils that
output the two largest output signals; c) determining if the two inductor coils that output the two largest
output signals are adjacent; and d) computing a position value using an offset value, a relative position
value between the two inductor coils, and a coil separation distance. 9.The antenna array of claim 8,

wherein co ting the position value further comprises: | . . .
emrgggm nts f(g)reseen by t'F|1e mventor?or%vlucﬁrmbbng description was available,
notwithstanding that insubstantial modificationdlo# invention, not presently foreseen, may

nonetheless represent equivalents thereto.
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a) determining a maximum signal out of the two largest output signals; 1. b) if the index of an
inductor coil that outputs the maximum signal is bigger than the index of an indicator coil that outputs
the other largest output signal, the position value is computed as follows: position
value=offset-d/2+RelPos; otherwise the position value is computed as follows: position
value=offset+d/2+RelPos, wherein d is the coil separation distance, and RelPos is the relative position
value between the two inductor coils. 10.The antenna array of claim 9, wherein the offset value is
computed by multiplying the coil separation distance by a CoilPair parameter, wherein the CoilPair
parametgj'iéggﬁo be a minimum value of the indexes of the two indicator coils. 11.The antenna array
of claim 10, whereuritis e elfiteequssiimmgeinteisncoanaytddraytomitipty g dbd coliskpgkationitstance
by a Sigrila%ercent?g?oﬁalue whgrein thﬁ Si naIPercenrtdacﬁ%p\ﬁls!H%zis a ratio between the maximum

output sigsna 3 ntg % sum 8¥Vtﬁ’egfjv'voele\sltvr'6%s S Bu% gl%%%s.
a) two or more inductor coils that each generatewtput based on a strength of the
frequency sensed at each coil; and
b) a programmable microprocessor that processesutpet from each coil to determine
a position of the antenna array relative to thelgwvire and uses the determined position to
control an offset relative to the guide wire inalpfollowed by the AGV equipped with the
antenna array;

c) wherein the offset relative to the guide wirelymamically adjusted.

2. The antenna array of claim 1, further adaptesrtwltaneously follow multiple guide
wires having the same or differing frequenciesdtetnine data regarding direction of travel,

speed, position, or orientation of the AGV incolgtorg the antenna array.

3. The antenna array of claim 1, further comprigrfgont antenna array and a rear antenna
array incorporated into the AGV and controlled bgoatrol system to simultaneously provide
guidance information to an AGV guidance and corggsttem for steering and guidance of the
AGV.

4. The antenna array of claim 1, further comprisisg of one or more additional pairs of
antenna arrays on the AGV to determine a locatfdheAGV relative to a multiple-axis guide

wire grid.

5. The antenna array of claim 1, wherein the migogssor determines a position of the

AGV relative to the guide wire in an off-wire sitign.

6. The antenna array of claim 1, further comprigingpntrol system for enabling the AGV

to carry a load in multiple offset positions relatito the guide wire and the direction of travel.
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7. The antenna array of claim 1, wherein the guidte is either a RF wire or magnetic

strip.

8. The antenna array of claim 1, wherein the ouftfumh the inductor coils comprises:
a) determining two largest output signals out bbathe output signals;
b) determining indexes of two inductor coils thatput the two largest output signals; c)
determining if the two inductor coils that outphéttwo largest output signals are
adjacent; and
d) computing a position value using an offset valueelative position value between the

two inductor coils, and a coil separation distance.

9. The antenna array of claim 8, wherein computiregposition value further comprises:
a) determining a maximum signal out of the two dstgoutput signals;

1. b) if the index of an inductor coil that outpute tmaximum signal is bigger than the
index of an indicator coil that outputs the otheegkest output signal, the position value is
computed as follows: position value=offset-d/2+RalFotherwise the position value is
computed as follows: position value=offset+d/2+RalRvherein d is the coil separation

distance, and RelPos is the relative position vhktereen the two inductor coils.

10. The antenna array of claim 9, wherein the offatie is computed by multiplying the
coil separation distance by a CoilPair parametéerein the CoilPair parameter is set to be a

minimum value of the indexes of the two indicatoil<

11. The antenna array of claim 10, wherein thdix&aosition value is computed by
multiplying the coil separation distance by a Si§eacentage value, wherein the
SignalPercentage value is a ratio between the maxioutput signal and a sum of the two

largest output signals.
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