VARI ABLE OFFSET POSI TI ONI NG ANTENNA ARRAY FOR ENHANCED GUI DANCE OF
AUTOVMATED GUI DED VEHI CLES ( AGVS) CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] Thwe 2appiss4vati on clainms the benefit of U S. Appl iPCaftSom0®1r28215, 543,
filed January 17, 2009, U S. Application 61/248,448, filed Cctober 3, 2009,
and U. S. Application 61/258,006, filed Novenber 4, 2009, the contents of
each of which are incorporated herein by reference. FIELD OF THE | NVENTI ON
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Furt hernore, self-park and/or attendant par k Iocat|ons nmust account for
extra space on either side of a vehicle for human access to and around the
vehi cles. [0004] In additi oRIEERF JiH W&@XEN)T:QNW has an associ at ed
anount Ofﬂﬂﬁffr h e[éhg p}&@ﬁt 1HUe?fth ‘?cl%% %gfcﬁgceb%dtc% trb B ahl aht’on?é’t@t?%ul?gcpr
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caneras, alarmsystens, and the |like. Self park facilities also frequently

pr onotas, faccxmi@aihlmm@dtgub’@nmwnecars due to driver error, and create
opportunitiesfor thieves, vandals and other undesirables. Accordingly, for
each storage location at a given site, there is an associ ated anount of
extra space necessary to accompdBA® KIEGROBNDeSS and

[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 accommodated by the facility owner. For example, most facilities usually allow more than
adequate space in front of each storage location to allow for typical ingress and egress. Also
provided are typical human amenities such as hallways, stairways, elevators, fire escapes,
appropriate lighting, and possibly vending machines, bathrooms, office space for onsite
personnel, security gates, cameras, alarm systems, and the like. Self park facilities also

frequently promote accidental contact between cars due to driver error, and create opportunities
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traffic, as well as an associ ated anmount of additional resources for human
anenities, security and the |Iike. [0005] The required |evel of overhead
limts tworomyss47ef vehicles that can be stored at a siPCe/Usnaomacddss
considerably to the cost of operating a parking facility. There is a need,
therefore, for an automated storage systemthat overcones the need for
human-rel ated overhead, that is efficient to construct and operate, and
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a gr aduathtyfrauendyniromgh ehe guidance wire. Each guidance antenna for the AGV contains two

inductor coils, which individually generate an output voltage based upon the coil’s proximity to

the magnetic field generated by the frequency carrying guidance wire. By balancing the relative

strength of the signal output from each of the two inductor coils on the front antenna, and

subtracting the strength of the output from one coil from the strength of the output from the other

coil, and then adjusting the steering of the AGV to target the point where the “subtractive

output” from both coils is equal to zero, the control system of the AGV dynamically adjusts the

steering of the AGV to keep the center of the antenna, and therefore the center line of the AGV

relative to the direction of travel, approximately centered over the in-floor guidance wire. Often

these systems deploy guidance wires in a grid fashion, with one set of wires effectively forming

an “X axis” and another forming a Y axis” to allow AGVs to maneuver in two directions along

the wire grid by turning to follow different axis wires and travelling in different directions along

.



with a fairly large turn radius to allow the AG/ to follow a single wire to
travel in an alternate direction. [0007] There are three conmon

pr obl ens/Wormtoass4ons of exi sting AGY gui dance systens: PLTSe00R2SAGY
travels to a position where either outer edge of an antenna inductor coil
suddenly passes beyond the vertical plane of the in-floor guidance wre,
the antenna produces a signal which is the sane regardl ess of which side of

the wire e antenna i Bec sethes emis unable to positively
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requires hurran intervention to return the AGV to the gui dance wire and
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shape. 3) The "shbiviracid aneermutlspcut "Banaasethe Sysddm idwenablai tb pesignelly 1dtmslfysome
weakness and reli abi I Ity Eues whi ch. can cause gui dance system probl ens if
there are vari atyBesdif 18{!1@ Batel insaeisist @desrduifcade pudanGeyargpa ; givare”
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m croprocessor which analyzes the relative strength of signal output of one

or nore induct orander risking agossahl goltisioh evithorta¢ctseutside the nofmel Ha¥ travet put
currently det eCtla?nde by all coils, or a selection of other adjacent

2) The “centered only” travel path greatly limits the ability of AGV systems
to efficiently process and transport asymmetrically proportioned items, and with
the result that AGV systems are primarily implemented to handle items which
have very limited, or at least very predictable, variations in size and shape.

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 microprocessor

which analyzes the relative strength of signal output of one or more inductor coils as a ratio of
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coils, to determne the precise position of the antenna, and therefore the
AGV, relative to the guidance wire, rather than nerely targeting a

"subt ractwoeomuspirt” val ue approachi ng zero. [0009] ThePpTASeon/ 031285 em

enpl oys significant advances in guidance control methodol ogy that nore
efficiently uses an in floor wire based gui dance system Instead of a

dynam c steering system that al ways attenpts to guide the AGY to a position
where the ut f wo coils is app el y bal anced, in the
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[ 0010]. An .advant age qf "of fset track" sy. ten1|s t hat S an AGV
to tranEpges C%W?Lﬂlya%hvfyt@h%%do ekt @ pgeificae éﬁlﬂ%lﬁ%‘hf wéagla E@rﬂfgﬁ

have adiidcEruemic tt)rtg@%%g%/rﬁg) R 804 Bf R wilcO b SR whinfe St front

extension o e auto ersus rear overh center rear wheel to
farthesﬁmkmwebeuﬂ&wwbﬁunaﬁamdﬂawauwnnm@nha%osudhwﬁmsidawmnqﬂﬁhahbport ai sle

wi t hout nific xpandi the transport aisle's total width relative
o ¢ PRt adNl e Yy BPeERR his (R e P hishGah  BHPFTI A PIS RTF ng

the AQYadt@oSifi6n SdIkRQb tida- ﬂnohgﬁld@ﬁcet\bﬁe wasééie\%ﬁ aMahlybi9 of BIRERAAL € for the
asymretrical aspect of the |oad being carried, the G% can travel down an

ai sl e stppstox¢irthe ettput fiemgwaer siozeingdsctoheoilsaxi hmﬂowsdhmAé'i‘V tondeliberatelnhi | e
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t echnahfgyasHecldtPardrpsdmitd tomtptd e po@mhl@@ﬂl@tfﬁ)%r Bpie gtutt&ﬂcé Wel nduct or
coils into a single antenna, formng in those instances an extended antenna

array. | HW0Bis éémldvamaa@ Pohist RETSHlrtErgk 2 RN & thitdF sblss 88 A6V 4@ BRRneTta
di sti %g}gmfn% rf”&lﬂ}\/ gha\fagh H@mg,osuch 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 can travel
down an aisle approximately the same size as the maximum width of the load while still
following a single stationary guidance wire permanently located in the middle of the transport
aisle.

[0011] Furthermore, the guidance technology of the present invention incorporates more
than two inductor coils into a single antenna, forming in those instances an extended antenna
array. In this configuration the programmable microprocessor assigns a distinct relative value to

cach point along the extended antenna array. The AGV guidance system can then be directed to
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each point along the extended antenna array. The AGV gui dance system can
then be directed tofoll ow the guidance wire at any specific point along the
entire | engt2hioai8347he array, increasing the anmount and spetiuS2eiony126f
obt ai nabl e offset relative to the in-floor guidance wire and/or the center
line relative to the direction of travel of the AGY, from several inches,
to several feet or nore up to the entire length of the antenna array as

neede&. This al.lows the total ildin fogtgrin} rg@&: ed for travelhlanes
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shoul d nove so far to one side that the outer nost coil extends beyond the
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and huehardicogter venti on. [0013] The use of onboard programmabl e

m croprocessor ratio analysis also allows the AGY gui dance systemto better
conpensatW®1fhr Vdeimanngihs whicktheanigegpreresior angjyzss tag ‘P%Pl‘{:}t%‘\ﬁi/ fisrﬁ@dhe 5Y need

for ProeeldfRiRR cGils GUhRARE %Cﬁ/ ?ﬁidﬁﬂc%t hirBf {9l a?ﬁﬁ%ffz%ﬁﬁ%% RheRLRE%FWhi ch

can occur in conventiona e gul dance systens. e onboar

pr ogr dammabiler guctaopr woe gdas pesobintbd evdrtt thad tulh &G VAGMe st aeshioi hignawvedsogiar ance
control system. nnovati ons. i ncor por at i.n .aspects of .t he, pr nt invention
cnabl &1 AU KT Hhe G PR POk GRSy BR B TREGO LGN FISe i M (G St ennas. per
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Such a two antenna gui dance system gathers and processes information from
bot h tdetsctsriomresanet wishout Hretanéo wamedigichgixpeidye an offr vt deutslowpraedaccur at e
steeringP%n tra&king system and to enable an AGY to perform nore conpl ex
and e%ﬁ ARREGUEYY in applications requiring very exact steering. This

abi lity mem3pl saheeiseseehboardiroyiadtndSineesprogessstdat®idlRis Sysilewsvhe h
i ncreased anmounts of feedback fromthe additional active antenna sensor to

ver i f YA@Yguidepchsistem pdetist campangate fora@rptiens iapdrediepheorsignrbytiseate i s bei ng

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 simultaneously for steering and control. Such a two antenna guidance system gathers and
processes information from both the front and rear antenna on a single AGV to provide a more
accurate steering and tracking system and to enable an AGV to perform more complex and exact
maneuvers in applications requiring very exact steering. This ability can also be used to provide
a steering and control system with increased amounts of feedback from the additional active
antenna sensor to verify correct handling, steering, tracking, and drive performance is being

realized by the AGV so equipped.



realized by the AGV so equi pped.[0015] The expanded sensing range and
precision with which location relative to a guidance wire can be determ ned
by the arwermnw/@s47ay, in accordance with aspects of thePprasenb/oersenti on,
enabl es anot her previously unavail able nethod of followng a grid of

gui dance wires. This is facilitated by nmounting four or nore antenna arrays
on each AGV, for instance one on each side of a roughly rectangul ar AGY
(here referred as front, back, left side and ri.ght side, though an AGVY
tmy ot HBASET T s ERpandR sipote ke Grmetiionh SayOhlocd o SR aE £ o
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be f ol i .th id g i ff ich . b ified.
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to determi ne current approxi mate position of an AGY/ relative to its

di r ectthaghen AG¥Hyedy nqt geigakly be Améed trassigamentel andy thops/Bupsirsctiicaliregiensehange
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i ndi cakigksarhpie), pikdrtthofrontu@asing girapoobabas@dned artdya ied. tiof frovt aAByear Wheys) an
AGV approaches a "Y axis" wire that is to be followed, th wo "sjde

ant enrfdd" e\ﬁpﬁwaétﬂg‘cgul@w&e prissé apeofiet apquntvhigh gay s&ae%geit“&ﬂﬂé?@n?nt 0

the s i t he: Sl r ISi
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| ocati on, ,i ncl udi.n ffset i.f any. as_required,.and then safely.follow the
"y axi'S s firPdionLd &%V%pﬁlh CHTHN _%{H’Pﬁ the r%@&}mm?n&ﬁdic %naedaae.ljxwe RAE poi nt
al | f Qinc30LRRNRIBS SAMAF&! BB hbYRLAGERSLAGARCEWAGIcUlAE 8 tfirghat | ve
to both the "X' and "Y" ‘axes ensuring the AGY/ and | oad are properly

posi t icomgatisonrfo Aer vy stem meicaterd theqrosvival headmgetndspsedif iravel ehamAGYedi at el vy

begin o pr d do the, "Y', axi w I ho havi t o execute a,turning
maneuvpSh i G aEo Dog o fitedng ™ bIR PR, 48 by SRR st ne
si de aetceNd pr el oTehL haeSdsRBordAd idl eiers@tto tROSEnkIAG rMR\0f BltSsigd glftcrat ennas
becom ng front and rear gui dance antennas. This enables a potenti al
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potential asymmetry of its load. At this point all four antenna arrays are positively sensing an
exact location relative to both the “X” and “Y” axes ensuring the AGV and load are properly
positioned. An AGV with multidirectional travel capability then immediately begins to proceed
down the “Y” axis, without having to execute a turning maneuver, with the previous front and
rear antennas effectively becoming side antennas sensing crossing grid wires, and the previous
side antennas becoming front and rear guidance antennas. This enables a potential decrease in
total transit and load processing time and improved system efficiency because the direction of an
AGYV can be changed without having to allow for a wider turn radius at corners or provide for

additional space in travel aisles to accommodate asymmetrical loads. This capability also

decreases costs associated with storage system footprint, construction and maintenance.



decreases costs associated with storage system footprint, construction and
mai nt enance. [ 0016] The greater precision and flexibility of the invention's
m cr opr ocwe=0r0/sewritpped ant enna array, comnbi ned with thecensanosei2sdnt r ol
system of the invention, the ability to coordinate or confirm positioning

t hrough the simultaneous use of nultiple antennas, and nethodol ogy for
enabling an AGV to transport a |oad with asymetrical physical

characterjistics will allow.previoysly..i sible.transport and storage

oper at i oMOTEL o adisersfranangn s HenHtY Shnbp ot s BrappPessarfupped
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will travel at an opposite offset relative to the retrieval [ane. This

adj ustamer. dis caaeple, uasymanataed! lqad, mrfbistgaee anyaypmelifos sthichrip driven fostiardan be
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of vertical conveyors, and 1n storage spaces 0 oadi ng”areas as needed

t o conphegicetct RRlcdagd sratrsindicage tathd direttiorenfatavepdovat 4 ansel 1@l a1 offkwss t here
is provided an automated storage systemfor vehicles or the like that is
provi ded thenitamgd 480 degrees seylstarpR Kiicyahitenn dater B qriven fe USRS ol | ed

trans §$§tém.s ﬂ%%ﬁor&‘eg e,ta'hg 213996 s g?ev‘{@tﬂ?}%&cﬁ?@édv‘l%ﬁ{)hreg%g Aesess A@eatiiion. such

as a drive- cation, a storage l"ocati on. articularly, in one
enboditraeeltat an opposite oéGttirclatlg toltht temgvap baver tis adjusehes shrycant r ol | ed AGVs

are provided wth posi t,i ani ng. an ui dance ste at allo their

e averoigaagealfl opg fuh Ry e o eedieRbloR SHE Ford BY G A, Geretenl ot

i ncor RRLALJING tAPEIGRNA, G 1oAY oFOSMRRSEHA] @ctnvfewsparndﬁﬁtroestdrag@@ta@és dtPbddmeand a
progranmmabl e m croprocessor which assigns a distinct value to each position

Wi t hi reabes hegdgd to efmplite the desyred stothea agdmtrioval speraonsnet hodol ogy that the

AGV ff i id h relati i p-f i danc.
e aWBTEL ool AR ARG Bhub S ShaE s Sy i e i BE Gt
knows paitigdl withle g@fdahdesysRbeRn@inkest PRES € deriey QBaraiNed t‘r’hn‘sﬁb(ﬁﬂ@ysﬂ#ﬁ ghance wire

in the event that an "off-wire" condition occurs that could enable an AGY
to reltfaaoyts@dichists babwesn ancsessdaqatipprpusly ay a dHec-pp lacpber apdip gmEs wire

e L U N R T G
w re deptirdlladrAGVgaal pretikedgith atgeaitioning and guidance system that allows their travel

paths to be shifted relative to an in-floor guidance wire by incorporating antenna arrays

composed of two or more inductor coils and a programmable microprocessor which assigns a

distinct value to each position within the length of the array, and a control system methodology

that the AGV uses to offset its guidance path relative to the in-floor guidance wire. Also

provided is an AGV guidance control system which affirmatively knows which side of the

antenna has passed beyond an in-floor guidance wire in the event that an “off-wire” condition

occurs that could enable an AGV to reliably correct back to a position over the in-floor guidance

wire without a guidance system shut down and human intervention. Aspects of the present

guidance system are better able to compensate for variations in wire depth or signal strength than

conventional wire guidance systems and provide an AGV possessing multidirectional travel



conventional w re guidance systens and provi de an AGY possessi ng

mul tidirectional travelcapability with a nore efficient node of

maneuver iWQ,20Wisg4r4can i ncrease systemefficiency and decrassaoooess
associated wth storage systemfootprint, construction and mai nt enance.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] Fig. 1 illustrates a conventional
two-antenna AGV oriented to an in-floor guidance wire. [0019] Fig. 2Ais an
el evational vi.ew and Fi.g. 2B is | an view of the AGV antenna.of Fig. 1.

[ 00201 PLgIty 3¥fika BRE dfibisn ekt o/dpiusiv et A HEVGTTASE SUTT PP 4Tty of
var i abjogre@ef o8l aRRBIatddRitNEoRABE SN BEJtANS, &nstrii@ioRr M8 @MinteAMRBL | on. [ 0021]
Fig. 4 (Figs. 4A - 4F) illustrate elevation and plan views of one antenna

fromFig. 3 showing a two coil version with a progranmabl e onboard

m croprocessor enablin ative to an
in-floor guidance wi re%wstﬁﬂiﬁgﬁﬁﬁéjﬁg%%ﬁéh ustrates one
enbodi meo18f a Ml tillpsteat&Qi donBritRMBPWY-dlterma X QYR E & a® R AGEd

m croprocessor in various centered and of fset positions relative to the

i nfl o@MidgDfwHee wire. [0023] Fig. 6 (Figs. 6A - 6C) illustrates one

g 5. (1005 “Hig 2 Ban T isd QR4 BUAL 91 fafyich) ol AN G IR g

two vatig.abl e of fset positioning antenna arrays and various offset
positionjng relative to a guide wire. [0025] Fig. 8 (Figs. 8A - 8B)
i | lustr aEOéPgﬂbne Fagpoarne ﬁm%%qhmgﬁt %frﬁ%@@@%?es&é\ﬁ% aRGleng wfur%l&y PAKBMEDLS f set

posi t i @RLNGRIdh tc@hk 8y Fa(nq VarlovsRifset positioning relative to
X- axi so antgﬂ)\s{- ax?@%n-grouﬁy gu]ild@revméhr es. [0026] Fig. 9 denobnstrates one
enbodi nefi02bf arrip@\Fidgsat Aadduilimsgatarlobfiercant g@aedicivoadpnt heciBG\frde Fiy

capable of .traveling at. an.offset to central ui dance wire. [002 Fi g.
e e i S R B RS P ooyt gtk 6 9

cent r afacR W APEER WiIdtR 89 aRtd-NGor Juida@ct hi¢er se around an obstacl e bl ocking a
travel aisle. [0028] Fig. 11 denonstrates a conparison of a conventi onal

AGV wi t h[09R2] entFoglinfEigs. bh -2 ) ABwtrefes phecpbediment ¢framnltiptencosieaiinng withe
utili Zp%érgrrﬁm%{)leaon%galirla%lmi%llr’op%orc%gs%lr inl \Efa‘arllrfaou]; géntérgg a@c@o/ffset positions relative to the in-
floor guidance wire.

[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 being capable of traveling at an offset to a central guidance wire.

[0027] Fig.10 demonstrates one embodiment of an AGV traveling at an offset to a central
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.



of the present invention.[0029] Fig. 12 denonstrates another conparison of
a conventional AGY with one enbodi nent of an AGY of the present invention
denonst r avoregiovdsas7advant age of the AGV of the present i mggniSzan/oards usi ng
its control nethod to being able to transport asymmetrical itens which

m ght be long and narrow by following one wire axis down a travel |ane that
i's wide enough to acconmopdate the I ength of the item then shifting

si deways fo n different wire axis_.into narr age | anes
ondr o SRl e Ao BhrinSha ey CPEPARLO R ROP Y OB (G YRH HE AGY or
the | afholifht bhen AR 898 tSLRSnydnB88 Abmbhdratid (HSRORRhEAS BB ATSY of the
enbodi nent of the use of an AGV of the present invention to transport and

r e- or ipeesentany oidn bed weieg ita comseal inmgher tedbengable tottaumnspyet ayemetfigdFeinsFi g. 14A

is a s mat | ew of, one .a contr ol stem for .a f cility
e 1 SR phe® o el sREE P o el v AR PO s PR ifmdtas | <Y
di agr amp@dh eRecanoditeetic®ith af #RRchD khedkaifeny @@m&yswﬁaealld\ﬁng@@@ﬂfa@mce
with the invention. [0033] Fig. 14C is an exen ary and non- Ilnltlng bl ock

di agr aﬁ‘ﬁwmﬁm&wmwerﬁ%@@dﬂmﬁ agd/eb plaEnse sackp mithant keyiecto Hlay for raopeto

'”Ve”R&%Q%%kgR; 4@§m%mlﬁ%th%b8&%ggtﬁg one enbodi nent of a facility for use

with an e € present invention having storage

arr angengose] andig.ridviinopstrdiss orfcQddtoldirtérg of i usk bOai Adh\esf thapraust st or age
solutions for a |oad carried b an AGV of the present invention. [0036]

Fi gs. 1AveAtion m’ﬁr}w%gﬁ %@‘I%é %ﬁ@&y?ﬁm lowln&a@aﬁflﬁia|st0ﬁ%&ew&ﬂ and use of an

AG/ to a glf € n%qg% 1% a?ltc%é)g%f {)I‘P&éﬁ g)q}%%hn lgk?stegngfg‘r a fa:'c%

|IIustra one e |nent a contro use of an AG/ to re route
a trauﬁhzm@uhaaﬁmmﬂmJ®@Vhﬁ§hemekmonn@@mﬁ88] FIgS 19A - 19D illustrate one

enbodi ne f a t t hod and t e of. mul t e AG/s to retrieve a
Toaa 1 romvafh oaked e B clbroimobase ot et e e rp bl

descr ibididardchsvif @6 @Senfigd. conputing the position value as perforned by the
m croprocessor in accordance with an enbodi nent of the invention. [0040]

Fig. 2 100033k t dpe.Vvidévis eh cxamplhtyeandaionviniging bifickwlmgram obp ca@pl isysters dor dance
W th accordance with an embodiment of the invention.
[0034] Fig. 15 illustrates one embodiment of a facility for use with an embodiment of the
AGYV of the present invention having storage arrangements and travel paths.
[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
AGYV to acquire a load from a storage location.
[0037] Figs. 18A - 18C illustrate one embodiment of a control method and use of an
AGYV 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.
[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.



the present invention.[0041] Fig. 22 illustrates one enbodi nent of the AGY
of the invention carrying a vehicle tray. [0042] Fig. 23 is one enbodi nent
of an edg&owvoewvessf74Fi g. 22. [0043] Fig. 24 illustrates oo/usaboderzeht of an
AGV of the invention carrying a storage |ocker. [0044] Fig. 25 is one
enbodi nent of an edge view of Fig. 24. [0045] Fig. 26 illustrates an

al ternative enbodi nent of an AGV of the invention traveling along a

di agonal . SCHRI. OF PR FERRED 0046 This discl psure
oot pelHE 1358 TRE e Aaea DBm AL ME MG ChARURHOD GHTHae fretish |y
contenplated. This description is not intended to be understood in a
limting sense, but provides an exanple of the invention presented solely
for iIIuﬁmﬂ&kivéﬁgdBps9@@mhbo@Eﬁ@@éﬁ@@dg@Vthﬁﬂ&ﬁgdﬁpanying drawi ngs to

advi se oa& %{ ordi rﬁ g rt f 4%§R7 antag@s and. con§truct|o
of the ivant i of &4 {0 ra\FérOPSS? IR B a1t G VoI F HYSTOR R LRaREs

char ag¢ges designate like or simlar parts. [0047] Flg. 1 is a diagrammtic

vi ew of one exanple of a conventional AGVY 50 centered over an in-floor
gui de wi H84dlyst diig. ﬁé\lﬁ Age embodimenafangdeesiowi ofdigd@4and a "Y' -axi s gui de

wire 75. pﬁﬂ%ventp'l '0 a 1¢§OWte§ tgaﬁ?%a%{;ee Iﬁﬂ&cﬁ@egtecglaﬂw\/'o@ﬂ?e g(zénqlo firae iR

and Y-axts res Form i mensi onal” travel mane ers
al ong aldig atiagbnbypdthir ning to follow different axis wires and travelling in
different directions along the different grid axes. At other tinmes these
systens use a gradually curving wire with a fairly large turn radius to

allow the AGY to fol O‘i"PﬁEgﬂhﬁﬂﬂﬁ%MB OTMR rnate direction

(see Fig. 12 for exanple scusse erein, the X and Y directions are
gener al | j00d6k hog"dmwdhscamhmd@enbdzsdhdbw tfode ef edecef firactwing tha inenti@pasvi ew,

i.e. |ooki GV where the re tlon desi gnat.es. hori zont al
v cd AT i O o e e B B e R T & Lt g B

| ay outproalidsh@ugimble df&h@in%@mmqﬁés%h&aqorenafor hhﬁtra@lmxﬁosfés beetRR& Bl €

relatlve and are designated herein for purposes of convenience and for ease
i n undeg mcam@mgng ﬁl@\w@sato agespos af] qydmnnlg stsfll mHbe AGYT theddivargages and

:n}“r {)?T‘B 8%1?1 8# t%% Hévﬁg 1on lennﬁg %rlous Vleovfzs ofI tge draWnEghsehfge e &Qﬁc‘eocﬂaal!acé%/ 50 has

designate like or similar parts.

[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 direction (see Fig. 12 for example). As discussed
herein, the X and Y directions are generally orthogonal and understood with reference to a plan
or top view, i.¢. looking down on the AGV where the X direction designates horizontal
movement and the Y direction designates vertical movement along a floor layout, although it is
also understood that the X and Y directions are relative and are designated herein for purposes of
convenience and for ease in understanding the relative positioning of the AGV and its

environment.
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a rear antenna 65 and is centered over guidance wires 70 and 75. Existing
and established nethods of maneuvering an AGV al ong an in-floor guidance
wire utilweeomasber a single antenna precisely centeredpom/ush@oferegs of the
AGV (antenna 60 in Fig. 1), or a pair of antennas (antennas 60 and 65 in
Fig. 1) precisely centered on the front and rear of the AGV (50 in Fig. 1)
relative to the direction of travel D as shown in Fig. 1. Conventional AGY

gui dance, syst e e anl the na currently the AGV, or the
Pront " antOHRL D de B il SARs TolR camerBpputa¢ 0 a s vy Hgilow
the in-thopkendlcdane & Whicted om@ ghit@hdel WiBsOf0 @35, dRiBRPand SstAARGER! | Y
inactive until the AGV reverses d| rection, at which pornt it becones the

f r ont nagthaisod nmdu\tealklglsm@&/@zy aldng ap@vTops gmda@givdmmdmwgbmsmglb anueelsa
0049
Lo ety & SRR tP bl B8 A0 e in i B Ao iens By 64

whi ch 6'0%6‘65%&1% ¥) ﬁ@B@él@tc@nt@fbinﬁttﬁélfroanH&Qﬁ FASELAGYPB0 it I N) RlAxierbty to
the magnetic field of the frequency carrying ;gw de wire 70. The in-floor
gui darteediggcfien eﬁ@ave}lga& shoganeFig- ly oaventional AQVaguidmse pyudany ‘éﬁ@p%l yothe and

ganer A 51 S BhadERATE Wl RIRE RO Gt B BG4 UPER 2Ry Rl Tl UEIERCY

whi ch of trand niotfsllew tl&l 1heﬂtdmtgum1gnmmrren1rhé frﬁﬂﬁgnﬁseat tou@hs phergli idectivier e. By
bal anci n? the rel atlve strength of the gnal ou{Lput from e(gch of these two
i nduct8hl bsi QY epversy Hﬁctmeata\ﬁlinélhﬁalmm e%%eSsth% TPRIATIGIG R ket YFGE of

the oyt %}t&ﬂ@u B R on oadshe strength of the output fromthe other
coil, and?’ ustln e steering of the AGV 50 to target the point

where t h[sﬂﬂéﬁbt r :Fag |2\Aelscaute|tnyat1(ﬁn ami gt PB ¢od plan ws:v&e«nﬁihé fioot angerma 60loé Foont r ol

syste ot sho of the AGV 50 d steering of the
oy 0 TRaaBRY AL cmmb AR fduRer SHR S whith ReiRicur By Boerae REalianl ' ne
of t h%ﬂ@é PRcd At th¥e ptdih e tdlihk %@Jgh@ﬁb BE1dbF ﬁiéeﬂrequé‘iﬁ)di/r ngp[@tgﬁhdfe weayer ed

over the in-floor guidance wire 70 ‘[’y 050] However, as reviously
converﬁheomélbomdmtverﬁs(maﬁé lmwrai dwddemlkm 2 loap (3cchdapstIRe aa@ PBO tn/Figf t he
AGV t ct to.,unex ditions es in a travel
Moo, TaNTBE bk NERRSII R, LB fRNE, biRaRonc Sl fn SR ERRERY 1 an
of f setges@B@id 9Fundel3atih Ve, tl@AéfoﬂéM ewWich @raB % E#EiM alfdigatinguasiennas, two
coil systemdescribed in Fig Biimts a conventional AGVs travel to

a cent @qé@n%hﬁwglbﬁlergémc&thr@ By balagﬂnaﬁ}?r,rélagy% steqngthfi the sigad @utnyt frampn
I nef fiGLeot inS%ShETh @R tdt RWRAEL B4t e bENAD0, 3hd AVbeABEh LRl iEEfi@d of the

output from one coil from the strength of the output from the other coil, and then adjusting the
steering of the AGV 50 to target the point where the subtractive output from both coils is equal
to zero, the control system (not shown) of the AGV 50 dynamically adjusts the steering of the
AGYV 50 to keep the center of the antenna 60, and therefore the center line of the AGV 50
relative to the direction of travel, approximately centered over the in-floor guidance wire 70.
[0050] However, as noted previously, conventional AGV systems have many drawbacks
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.
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present invention.[0051] Fig. 3 illustrates one enbodi nent of an AGY 100 of
the present invention centered over an in-floor nounted guide wire system
havi ng arwOXotoznes44gui de wire 70 and a "Y'-axi s gui de wWPC&UR2010i02128®i ng
understood that the guidance systemas a whole is preferably conprised of a
network or matrix of guide wires attached to a central control system (see
Figs. 14A and 14B). The AGV 100 further conprises a plurality of antennas

110, 120 0, 1d 140 that are _designated,f rposes of .easy reference
2 tr ot 1RTEnnEHE oSt oxfemhed IR o GhaG AT GHRS Prestnt ISR Pbrer

ant enngnidAd-oveSatMnl flod? enARREI JurRAw ird s Bf @R hEFin g &k a)'d’-aiaﬁlc%%e WiRe7@ERpNgement
of antennas aligned al ong both the X-" and Y-axXes provi des one aspect for

gr eat e fdxexgild wirg 7o nit hong raddrstapdi thgtithd anislanef systeen /GWhAL is pcEtrable to t he
guide wire network. [0052] .Figs.. 4A-4F jllustrate, opne odi nent of one of
Phe. ontmresar o istiatkaranut sPEung Wik olgentR 14 £iSial Sl SR R st on
wi I heArsleupsdThe ATV 200 afar &&Qp@esh@mralﬁ@@tfaﬁteh@mao,lm,fls@,rﬁhﬁilgo 3.

1 gsS

Figs. 4A, 4C and 4E are el evations and Sé%q 4B, 4D and 4F are jg)lnan Vi ews
of anttedi e desmnatad fifaiposcs ofigasy refercagmisceqnd paigna ht0, r¢4e astgnia EaPPRAIr at i on
could ' n : : t enn t he
enbodiaﬁgﬁﬁg(@%d’ﬁ%go%%iﬁgﬁaﬁh‘g% é(ljﬁbbqr{?séggedaﬂ%?%a?%lclﬁpd Elaboei&?’r{g%ct or coils
112 anéraidenanndf antpimg aagiedil engdstlio thiedK rand Nopk@qresides drikGispaualidr digatéthe AGY
100 to travel at an offset relatjve tQ the in-floqor guidance wire 70. Wile
onl'y diEsihilifeide movcrent ad gyidagerofitho Abr\e 1ShERkIveriR e WV EaBCMo8tuct or coi | s
ar e cont GRYAL e as 4wk A it GrHESAE LRBSiREN W onk BFHE Aha iRl krchdPadlid oF14 11
the antenna 110 génerate an output voltage as in a conventional A

ant enriag. Jamdiicdirfer piepdset of kgdmatios wAlBYe 1f0rred fut asrapttnow é1 0 dihthe diointdanrtemawi r e

70 wh esirable_.In one.e i ment, .t he onhoar ogr ble .

o or oo SeRL RS Bigha i PO e o e e PP O AT TRr 0B sicars e
i nducta@fenf®i10. O R er G GiIEBE gppr&da@ted BIa0 H4GE e RoNEWr S PHul bR lic@to 1 t S
own. This enables the AGVY 100 (Fi gi(ggﬁ)tato travel with its antennas 110,

120, x8¢h aniehne4n AENtd0ed howatennh apmbodimeat qiFigs 4dhdlvfurther Fi gs. 4A

and 4B, or. i ntenti.onal.l hi ft on | abl e and vari ahl e di stance to

ot norouphisesr AR BHT hsad dals 15 §RE LPLaB0 SRR Re SRR TSR 1
still 1nelehadtng thOAGWM Omtotthe cDatiad DG 6t rolakies to thBiis f1edf Gedanke amct e WaIN er
line could extend up to, and slightly beyond, the width 118 (Fig. 4A) of
the amnbhiwe adwcgr cptle 112 apdd]4 &g shownsrre thagstwogpdydiersgdh asconiompatediese

el evatlian. Yo e@beBW. FhARIAALIN § 12 TR A the Ate 110 generate an output
voltage as in a conventional AGV antenna, and are used to keep the AGV 100 centered over the
guidance wire 70 when desirable. In one embodiment, the onboard programmable
microprocessor 116 receives and performs a mathematical analysis of the inductor coil output
currents, then produces a new output signal of its own. This enables the AGV 100 (Fig. 3) to
travel with its antennas 110, 120, 130 and 140 centered over the guidance wire 70 as shown in
Figs. 4A and 4B, or intentionally shift a controllable and variable distance to either side of the
guidance wire 70 as shown in Figs. 4C through 4F, while still reliably following the guidance
wires. This offset from the center line could extend up to, and slightly beyond, the width 118
(Fig. 4A) of the antenna array 110 if desired.

[0053] Figs. 5A through 5C illustrate elevation views of an alternative embodiment of an

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
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antenna array 210 for use with an AGY 100 that is positioned relative to a
guide wire 70. Antenna 210 further conprises a plurality of inductor coils
220, 230,w02010/@304 260 and 270positioned rel ative to aPceniSerioloprees 212 of
the antenna 210, and an onboard programuabl e m croprocessor 280. In one
aspect, the onboard programmabl e m croprocessor 280 anal yzes the out put
fromthe array of inductor coils 220 - 270 to keep an AGV centered over an
i n-floor.

Qqui dance wire 70 wh that is desirable as, shown in Fig. B5A.
A or mapitig R e W el e ol M dsRes D) 330 G BBt Pkl oy an AGY
equi pPREdroMdRsRA280Nt BINNIR a2 t [tRe bi¥oaRt 1519 Qﬁh{rﬂa‘tﬁ@ﬁid%ﬁ%i:@s%r}? Si)chhlh@%sathg ourse

shifted off of the center lTine 212 relatrve to the guide wire 70°as shown
i n Fi gutpusBoenttic 5@y Thiadpitor ediis20 o279 tdkespan AQV[csni2d ovepFtDinefdegyl ed wi t h

t he onboard progra | e.m croprocessor. 280 a| | an AGY, to .seam essly
St o BB R A AT b i SRR AR TR0 A R R SRR e

| engt hr@frambRbRIMhi@YopRdcehddd 880 0in £/W &n AT \asqlifpeaiRlitl art iRerGRMIOR0 | | Ne 212 of
t he Al a precisely controllable amount in relation to the gui dance wire

70, f anteniigpaHy anhpregisshydpbew arconkse ehiftgd eEof dlin seoialinpS\2 glatigrie drogitidhna
| d t i i.eld. t f )
v ol LGRS AL SEPEt Erli SRR SO 2,8 LA e

i nventonboard pheraningble aniafopayce X0 28 G albapadl AGHf tosemnaicngy shifititsdbetibn egerenci es

simul t aneoqusly of a single guidance wire 7Q or mul tip]e guidance w res.
Wien g gyiganse preq{in@ng osifien glong Flkeelan&theg)ggff‘%wéwp@r c e de shift

instrygt & ’{é?zmé@lfz bPyREAEYa r#r@&séi’fé&r{tﬁﬁlaﬁlre%%%ﬁf: -relaloR AL LRGN 4D
anot her eﬁbo iment of the invention nultiple gulidance wres can %e
uti | i Z8dfar beymithedistrage deviopies adnlventdnah AL Vghidaficeegptemne youotd leaadite wi r e may

have different fr ency. [0055]. I n accordance with th rinciples of the
et e rg e PR ey A s dseuth Yo RS bBE Bhe® oot put <
of the ipdegf or 1668h¢ SmBefnrenloihd hvbhgo MR @nahfray 2808 @psblassiafiaga
val ue to each point along the array relative to the output generated by

each ofiultiple fraquéenciagsahuliandoed el cengls guianer wire ¢0or mutide gridanegsvisesuni que

e I I LB PHRS oA S DR, B o
magni ttk@esirdd Flogualcy Gn 48corddiR e QuihpdhbtRf c@BEdInRat bf ths ilveREasSadiphy an

electric circuit (not shown) adapted to generate a digital signal that can
be an&uidaser wirct ¢ bei wilizpd ot wises mgp be pperable ak e pprigriiequpmsydirwasht Wirthi s can

be SCTASIEH, s ugiden of 1he AC sianal 1o podice a S rgnal, and
[0055] In accordance with the principles of the invention, the onboard programmable -

microprocessor 280 analyzes the outputs of the inductor coils 220 - 270 in the antenna array 210
and assigns a value to each point along the array relative to the output generated by each of the
individual inductor coils. Each of coils 220-270 has a unique index number and it outputs an
alternating current (AC) that is a function of the proximity of the coil to the guidance wire 70 and
the current magnitude in the wire 70. The output of each coil is processed by an electric circuit
(not shown) adapted to generate a digital signal that can be analyzed by the microprocessor 280.
In an exemplary embodiment, this can be achieved by rectification of the AC signal to produce a
DC signal, and then converting the DC signal into a digital signal using an A/D convertor.

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

the antenna 210 relative to the guidance wire 70. The position value is determined based on a
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[ 0056] The m croprocessor 280 generates a position value representing the

| ocation of the antenna 210 relative to the guidance wire 70. The position
val ue i s weteromissuyd based on apair of coils 220-270 havipag/ush@oser2engest
signals. This approach reduces the dependency in the el ectromagnetic field
of the guidance wire 70. [0057] Fig. 20 shows an exenplary and non-limting
fl owchart 1500 describing the process for conputing the position value as

perfornmed .by. t ] Croprocessor 280 i cordance with an enbodi nent of the
P Even B! e S ORE s tsegrmmelt. SRR oBSAdH regis EhaTERiHGH T Mol s
of  eachcaBinaghdR-RIPoAhE gliReRIMEH: and recorded by the m croprocessor 280.
Each coil's current is preferably sanpled by an AAD at ~ 1000 tinmes per

second (HI0SRbugFigtNehowampkkangplamtasd nandingiting Sopichare 500 desentteng the coi |
output is related to the proximty of .the,coil to the qui wire and

o P epodat B bRt bR Bo kvt b RiriorBee B HhecbRromSe i Radh bicallfes

I dent ivfittesh Ehisdtitb@toftieinitonPr RESETION dikROMSeHMY @ircSpddidalg tb $hd su@patwhi ch

coil. At S1520, two of the recorded signals having the IaE%est val ue are
det er mighaly of Treseoilsi29niiOxrgyqcpiveéd apdrospided by dheanivagnragessey 208. Faeh sml’and t he

i nd ‘ . . : | ‘ . ‘
and | Brea it By sRAERY BN S baRE Dol i B Rebhd |y EuGEI LG R 2 12
associratearewohidmplased) owkerk migkecoilnouiie s rePitedSbIBOproximityso it esitoded gutdet her

the signals Va and Vh are from adj acent coils, If so, executjon_continues
to S15%ts andreugren; @a%@tug? H 8 aViEh a{l(? ?S@fﬁéla%h il %@d@e\radla%d&alisotdep%?ﬁ P acent
coils, Wl f i E i loA0ot ] et her
he e Ryt B B gl e S eant et Py ePora, I 1
S1540 srgnalsihagingithdlaggentegditd are datesward. Brescsiphanwilebenafateisherahdfenrws ¥a,

execut i contj nues to .S1550. 058] .At 550 i.l Pajr raneter, .1 s set
R g B S Rr s e R meh el Y 20 B e reterel B fls ap b

exanpligpebtivePids édRioaBdlalbiic! ca2RQr 85i& HOLEIOT BRAchR dRAH Audfek Ilex t hen the
Coil Pair parameter is set to 240. At S1560, an O fset value is conputed by

mul t i pluyibay Ad Sd630, isis platcamingd whictcadeeigndls VatndeVbyre fivem @djac@diceilpalf apet er

the seneetBh epafieBlo S 1 ibitined By Tl VT yRRgbbirdu bR &lihnli on

di st anefs, (89 vaidita oBs@hadi Rl Gembaad a¥ 81 S48 toldeRrmindel R@iser thedmaximum signal,
Si gnal Percent a The Signal Percentage is the ratio between the maxi num

si gnalopt iuya emcg Vi iaalovnd prgdefineddhisshnléflf Shed Osicgrta withapeagtivyaes i |

2 ot S RO SRS, bl o e T LBRRAH 4RBD. | ger than the index 1b.

| f so, af00S8bH90 At S1550, a CoilPair parameter is set to a value of the minimum of the indexes Ta
and Ib of the coils. For example, if coil 240 and coil 250 are determined to be Ia and Ib, then the
CoilPair parameter is set to 240. At S1560, an Offset value is computed by multiplying a coil
separation distance (d) value by the CoilPair parameter, i.¢., Offset = d*CoilPair. At S1570, the
relative position (RelPos) between the selected pair of coils is computed by multiplying the coil
separation distance (d) by a SignalPercentage value, i.e., RelPos = d*SignalPercentage. The
SignalPercentage is the ratio between the maximum signal, out of Va and Vb, and the sum of the
signals Va+Vb. The coil separation distance (d) is the distance between the coils 220-270. At
S1580 a determination is made whether the index Ia is larger than the index Ib. If so, at S1590

the position is computed as follows:

Position = Offset — d/2 + RelPos.
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the position is conputed as follows: Position = Ofset - d/2 + RelPos.If it
is determ ned at S1580 that index la is not |larger than index |Ib, the

Posi ti on we 20mmss47ed at S1595 using the foll ow ng equat iPOm/USPa®i02i2eh =
Ofset + d/2 + Rel Pos. [0059] Fig. 6A - 6C illustrate one enbodi nent of an
anal ysis used to determne the relative positioning of an antenna 210 as
shown in Fi gs 5A - 5C fromthe center line 212 and the guide wire 70. The

onboar opr sor 280 a frommulti

et b ETaE0 S BYE P RRE oS Pl R FER 1Bt B oS R At s e ach
poi nt @Bg@gsﬁlggle%n@\ymg%ggﬂo\ﬁe to the output generated by each of the

i ndi vidual inductor coils. In the exanple shown in Figs. 6A - 6C, the

centered rel ationship bet weeRositen aftfénhadar+ BelPand t he gw dance wire 70

| d I - b 240 and 250
hough” aPaar oy s RSl S bREu Tl i g5 Cat i on

or contla@le SHSicRMUSRE. antdhn@D 1 A\&sHofaMe FBgs0b A stc 68 tﬁwc&@@meww and thet 00
far to the ri ht for exanple, the analysis of the onboard prograrmable

i ﬁr opRisteakiEp 0 2§1®f ohorYl egiammable @i GPRIOBH A0 ANl EeSeBIH Oﬁgm?ubtml@
Ph e ndRREARDICYS oI hhe EROTHL AT O HAM ot Jo 6% B SO S bl a3y

contr @blasvestroem binphit gelﬁeraM\Byrwehl of tho ifidiaided] ihnductdreollef In the codmigle shawi &t ur n

to a centered 05|t|on over the guidance wire 70 as shown in Fig. 6A If an
AGV t Fa%%ePd g1 thy confreedyisiadignsep gﬁ?”é?el‘}’ﬁletaé@nfl%ﬁ“%alt%@e @eﬂ@n%wg%% in

Fig. &%uld an&@&%ﬂe gwgﬁsag%ﬂpér&erga s&%é ESRSRID aﬁggggfﬁﬁ{ugh%&u% tput

which 1s 1hdicative of its rtion e exanp 6C, an value
gr eat emntbhang 2in@e codid czaﬂydsasd:cbupdmethé\@plmamm ol coslprst menhwedt hfeanXd3Vneeds to

travel to t i in order.toreturn.to.ts ce red 0Si |on ver t he
gui daﬁ@gekw?fgof{}%eg%@dagﬁsmrq fep dar T A1 gl Foneamps e bR oL Hﬁfﬁl be

di spl %&s@giarﬁlﬁfamee}nﬁwp@@&%mo ol s%rmalh@te lah& Buiplt 4 c&%ﬁ&ﬁh%vsﬁué’&r bty of
factors, including but not limted to the frequency strength of

gui danppropfite fon of ¢renmemsitiangignal bnftht: h\&Y sonfealoystewi s therpdample afdingier i n

m cr oPbadelB oD 2 b BRIl AR R AP TG et o

i 11 ustii@le@dn bfdcFtd&turf Ao a c&ftered gbslﬁéﬂrﬁﬂﬂiﬁr%e glegdrases 10he shb\?rk i0FigaBAAGY
experienci Ei?}/o” W re shut down situations where the AGV | oses control

cont adfa raelyefif ghieguidapee wire (B ieo fantovidie deftinspiberrnin £1e- Oke therpibasdd

programmable microprocessor 280 generates an output which is indicative of its position. In the
example of Fig. 6C, any value greater than 270 indicates to the AGV control system that the
AGYV needs to travel to the right in order to return to its centered position over the guidance wire
70 as shown in Fig. 6A. The extent to which an AGV may be displaced from a guidance wire 70
or the like will depend on a variety of factors, including but not limited to the frequency strength
of the guidance wire 70, the sensitivity of the inductor coils and the manner in which such
components are associated by the onboard programmable microprocessor.

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

contact with the magnetic field created by the guidance wire, the control system enables a
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antennas as descri bed herein have a nuch |arger travel wi ndow while still
mai ntai ning contact wth the magnetic field created by the in-floor

gui dance wore1owmss4wr k. | n addition, upon |osing contact Pairtus2alemrzagneti c
field created by the guidance wire, the control system enabl es apositive

i ndi cation of which direction of travel is required to regain contact with
the magnetic field created by the in-floor guidance wre systemthrough the

use of an indicator .coi osi.tioning value systemas illustrated in Figs.
o - Caediyt TaiGhbR b Bicnafregitn Ty STendie S nbrLi Bh ety Ad

equi PERE WehiBd 87 RRNGESTHoRBLRBARSY RO skt ghod@h BPREQRTInah&Eca8NEdiPlosiionl M and
nmet hod coul d perform nmanéuvers to return to the guidance wire w thout

havi ngatue sextperas dhotrated inFigswhA e 6€Hat exdowds. Gthice bontml bybterec@ssi t at e hunman

i ntervention. addij t | whi l e conventignal AGV systens may be desi gned
to. avspiehPied TRRc ALY e N B PR AR A B B IRR TGS v P
si t uatcoftiel stybte dnldFhdthdtDco@dBerfitti @RScuvers (@ RNl etatui@ntt GieneitRet t he

control system and AGY of the present invention allows for nore conplex AGY
nmaneuVer gt cxericnen anrffywifseshpiodaver Whithwogld sepsppigade humar Mgy ewies. dnd

t her ef I . ef f el o) ] I fficient
use of e RIS bR LACL L B bORR B I ROTF SR B o B
enbodinmietigero thagtouMHrod0E: ancl 30 situbtist, taisilingting pané sptihs fheoperapait
inventig[pn, with the AGV 200 of Fig. .7 incorporating front and re?r ant ennas
202 ardioo¥iggniccpBrdaysteprngiAGEY 9€ rheaﬁe%?ﬁa{nggltm&glpfyérf%mﬁ@ QMG Aty of
ant en@ﬁa%e?fé&s toage%uélée?%g%?o u V@iltlfb%gs&%g itﬁétﬁj&tfﬁfnsg rtéﬁ%‘g?tégﬁowg hﬂ)re?

illustrates one enbo an AGV 200 positione ve to a guide
wi re Zbfiaod optiatiozadl pgrfarnianoa tndmberefciz0lusand spaceear ant enna 204 havi ng a

t ' im.lar to th t 210 qf Figs. 5A th h 6G incl udi
o ural +EOBH § ndues oehuen S8 SkeTER tukisarun b EgiuRtbaie ahter gy Rietd, "ot
speci f3ipg alhdsyraﬁﬁg)u@plectlbp&m pihien it R 0w TR MRSA 6VONY oF ;g%iﬂﬁc?(vpsﬁﬁﬁg fibht t he

direction of travel indicated by arrow 206, the AGY could nove froma
posi t iand reo8gatenirst202 sind 8fd endthea\VeY J0Ref figsd®A whd 8B7acqrpereting aplugalaypf e,

ol at ETTD Tres (i PASHY ¢ LEuB BN ERRE RN, Bt By SE 1

posi t icafboliitdint bSai€ AGST UEY pd¥ityonefl el &live t8ladiui deewir© 70 Bed WiliAng & frofEfterin@r
exanple, the antenna of Fig. 5C). In the enbodi nent of Fi , _the AGV 200

. 7
can op&? anéavgar BNEANY 2Qheavingoneonaipeinmapipiar t s andenig 240 iog Higsed A Hirevghat i on,
or by 6¢Sin. dﬂl tag%lﬁ\% i dcbs c%ﬂgagcpe?P 6&03%1%&%%@6 ﬁl&?oﬂrggélk&Qngpd

trailing edge positioning and gui
specifically show). Thus, when AGV 200 moves along a guide wire 70 in the direction of travel

indicated by arrow 206, the AGV 200 could move from a position 208a that is centered over the
guide wire 70 (see, for example, the antenna of Fig. 5A), to a position 208b that is slightly offset
relative to the wire 70 (see, for example, the antenna of Fig. 5B), to a position that is
considerably offset relative to the wire 70 (see, for example, the antenna of Fig. 5C). In the
embodiment of Fig. 7, the AGV 200 can operate with only the front antenna 202 providing
guidance information, or by using both antennas 202 and 204 to confirm both the leading and
trailing edges of AGV positioning and guidance.

[0062] Figs. 8A and 8B illustrate one embodiment of an AGV 300 positioned relative to
an X-axis guide wire 70 and a plurality of Y-axis guide wires 75a, 75b, 75¢ and 75d, the AGV
300 utilizing a plurality of antennas 312, 314, 316 and 318 along each side 302, 304, 306 and
308 respectively of the AGV 300. Each of the antennas 312, 314, 316 and 318 preferably has a
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[0062] Figs. 8A and 8B illustrate one enbodi nent of an AGV 300 positioned
relative to an X-axis guide wire 70 and a plurality of Y-axis guide wres
75a, 75b,wd201020884745d, the AGV 300 utilizing a pluralitycofUSanmoenrnas 312,
314, 316 and 318 al ong each side 302, 304, 306 and 308 respectively of the
AGVY 300. Each of the antennas 312, 314, 316 and 318 preferably has
aconstruction simlar to the antenna 210 of Figs. 5A through 6C. Fig. 8A

illustrates AGY 300 i afirs o) ti e oV, es 70
nd S SRR tALNau AT o B dneplt ol L SRR s 00F Shifs e At SR
from Bpitoddien )52@&1%1%! od& gtrldreew&Qs mwhdtm a¥d P Rd FontL ta Y‘%é’t%c%ﬁgn 34>§ow I

be described bel ow, the offset positioning of an AG/ relative to a guide
wire ikt foikthegis ofisetfrom dpthahy Xrixes guidé wireg9and theYiehisagidd wire gxainpbe, i f

t he AGV, ne ui r.e | oad. (see E IS central

posi £ FUHES B sirinen HER, Idrg R T AGY e R s FEERFBouk cime
nmovengaturdbr 4 Da i RA5bnk | @igh b Goif dxaidpld, ACBE AGN 38&15&@ a@fuireit|84dREE Bige

| ocation 330 and then to the target | ocati on 340. Movenent al ong the X-axis

gui de Mihagisnpt é@rﬁtaﬁlmnoaéroafyi ehdive f Bie gatdeonir oRetyvRek. %geétﬁrd@swzs #ad 316
th
cont r ST RRERY e R RATTBR & BT RRLOS S 3E R MBS M8 i e

posi t it® the(‘iﬁrg'ehlecaﬁﬁ\d 3300 Me@teateny gloh@ thetPo-aXes @xide viud d@omfroléed Y. thdinteraction
deternlnatron of the posrtronrng of the AGV 300 relative to the Y-axis

wi 1 es OF 5 antepsas 3} Zsandgifioduish the @npesyd BERBrRBIRP I RRicToPFRsesIop £10t SV BEZH ks t he
tar getAdﬁ] VCBhiON ét%& MBEHSwn), Jte?é(ﬁl%h%nn hﬁzaaﬁtttgﬁ@@ﬁlf&tﬁgaﬁﬁmﬁ&ﬁh@%\tOr or

count the Y—aX| W res /5b and /5c passe to indicate t posi tioning of
t he AGU03¢6tiveetodhd Xem&)gtntimwt(e aﬂi A de¢rvmondtioand thaopasrienme dftiiat AGYV 30(e

Fig.  BROBERBLT ¥ PRSIt Soneh Ak O 1ot oo o R i lshert S et an

AGV 3QfetofRloh B0 avHIH, %@mﬁder fhe AdtdnRad 11t LidrAsth@MioPbr EduaY Ble Wakf) one
pai r of antennas 312 and 316 while sensing the |ocation of guidance wre

cr Ots S WiFasg9b 286 75? P&dedsioi m@c@m dtermfsﬂr@amg wfthaABhAbreBtiAe &m d c3-axisand
A
P R A e R ST e R

Wi t hi RyitdBSdUTH8/ TG, 8B Bemeidtdics YRt embedinRnt 6f SRREof nethoahigéd @nsldivart 0 t he
position of specific X and Y axis gui dance wires. [0063] Figs. 7 through 8B

i 11 ustAQY 808 &dioy peuidarceivivet inghe dreciion aGyraer]uyi Rt akenngs 3 hbr e
P 00 ORI A PR o PO TOBLN D G 1
and t anfeahdsBv4aand 3t 4 pald, utidieinigeyugelit from both pairs of antennas to determine the AGV’s
exact location within a grid of guidance wires and travel to an exact position within the guidance
wire grid expressed as a specific relationship to the position of specific X and Y axis guidance
wires.

[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 arca
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 arrive at the designated location by the most efficient or most
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or at variable offsets, nmultiple axes of wires wthin the grid to reach an
exact target |ocation specified by a control system The travel path is
gener al | ywoi2otoasad4by a control system (see Figs. 14A-12Cy/vskéiol2resl d
instruct the AGV to followthe 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 belowto arrive at the

designated, | ocati on by the .nost, efficient qr. nostpreferabl e.path ai |l abl e.
he i B lsdelt a0 e Pow TR s Sirood B va s o RGL e A ARG

st or aggs A staEEhOMStRLsBRIpbA&tioARviMRER 8 dl [A¥Ehnd AR8Se ddcSIRMPBE Spaces
could be dynamcally sized, laid out, and assi gned based upon current needs

and t Kenghrelly sireddaidnut, endassigned phsed upon carrgpacidsianditheenzoshipeand t o be
store rat her .t han havi.ng to, be .detern ned, ahead of t. for a l,imted
o obortegtRLIER ErriAbel il S3ienS i B Sofed Pl R Gl TR bt eSS
Thi's aifsiencarbt & ViEiBEuRBSEsF tiolHage papdb&turing thestbabe Bpk@n téwxd Ploeecssnd

accomopdat i ng t han non AGV-based systens currently in use and drastically

i mpr ovidiis Heée #lavgsh G¥tased epupe ardenpiegviet ot fleplle and asconfrosbaps flag. 9
il ”Stn%gh)eév%g?eae QTR Illtgj i?gﬁ? éi%/d%Q@caﬂ@fﬁlBg)fvg%e?p{%?%fgi%%gg}ggr}fgz0 to

travel ng a gurdance w 0 acquire’an -cen 0 (an
aut ondbngdeeity of dfursticmxanpl e) within a | oading area 440. The AGVY 400, with

control and guidance from ot her devices, sensors,. neasuring inplepents, or
human i ntOPdEnt o O MBI SR A BRAT Of wh AR eAObRTS BHEMEA 1§ nd 120 0

rel at itf%'{lélhah%gtaQ%]ﬁiHﬁlcgt'ﬁ%]if@ﬂﬁ%ga\g%ﬁi?e Aot Qe e8f1$a§ie43ORt9§ Eﬁtio%bﬂéﬂaﬁlglis” order to

approach an cquire e tar Item 430 al ong position 450c, Ich is not
si t uatesamplcavtthin xleadieg ectarddDatlhe A G0 400 evitneddt@bandyguidaredrom othei70. Thi s

aspect, could be used to handle jrregul arl shaped i ns.Qr ite ich were
P oy it SO DBy aP R aGal Oy in fecut € Fomst Ehteety.

exanmplBsitibh 858 MNtRAGRNIH 1dttRe AMdAH-QNRL oWl FHeHSRItRM 450BBNoMRE ler s and

not placed exactly on center In a |oading area could have their exact

posi t iapprodeh et asquisy thedargot isenoitd hitlong hesitioradi Gegwhicdas oot sttoamd nkastlyed by
human wor ker s, t.hr ough. ajhuman, machi.ne.i nterface s e nd an AGV equi pped
ot erme SR R BB ERE VR ThRABRE s b ToefBsRfout o ahi
of f cemt@iarRsshapeiiRems or iy ®hich WoaPpla eGPt ACBY Ini R ricbehdndigat | tem
then shift back on center or to an appropriate offset as needed, to

t r ans pegchanipd ogeiglipnse dFarcasmpls, iteies wpprdsgintare apwemisdowargheuse By thH@agy st em

In an v%fﬁ&g%fgot%%%ﬁ:gg?ﬁ@adﬁpée %er “M"f [Rd i a@é%\éfohﬁi %%@ﬁle]ﬁroe’x%@ﬁ%s{t ok

of f-center target cle’in a l'oadi ng area, tor exanple e ability of
detected by sensors within the loading area or communicated by human workers through a

human machine interface system, and an AGV equipped with the antennas and control system of
the present invention could shift off center as needed to correctly approach and acquire the target
item, then shift back on center or to an appropriate offset as needed, to transport the acquired
item to the appropriate location within the system. In an automated parking example, where an
AGYV is used to acquire an off-center target vehicle in a loading area, for example, the ability of
the AGV to travel offset to a guidance wire effectively centers the AGV relative to the vehicle it
is intended to acquire. Thus, the AGV would then travel into position below the target vehicle,
lift it for transport, then return as desired to a position of being centered on the guidance wire, or
offset the appropriate amount to travel with the automobile on board as indicated by the

automobile’s distinct characteristics and the preferred path of travel out of the loading area.
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the AGV to travel offset to a guidance wire effectively centers the AGY
relative to the vehicle it is intended to acquire. Thus, the AGY would then
travel irwo2pugissi7en bel ow the target vehicle, lift it fPor/uSc@esprss, then
return as desired to a position of being centered on the guidance wire, or
of fset the appropriate amount to travel wth the autonobile on board as

i ndi cat ed by the autonnbile s distinct characteristics and the preferred
pat h of f. the .l oadin 006 é%%n addition to sinply.

Bequi 11 nigOBF - cdneatipd i Brasdis eyt aganbE 4P Sbbemietld s ¢ on
of an tr?@ésqtednaaﬂam@v rERBvd RGRE IRBHAT of thE oBidhslRNEE: WS Veby BRAcMEMY
beneficial in dimnishing disruptions of operatlons due to tenporary

mec hardumalllshﬁ@ dl&lﬂlp@orwrof@bsmaaeme@e\m térporary m@haslysltfemre$ br daschcwb‘hémn pi ece
of equip t e ra acle s i damage,
Fepar P sy dimg g ETRRUBLHSE S R PLpEs Rt ohsble shiny etk port fon
of a tiauek daiags, réfeek okOsVBB 1ike BiaduldRitdregs weth o@@@t&fall_l%@[bckﬁé}fort&ﬁﬁdﬂaon of
the travel |ane would need to be entirely shut down r emai ni ng

space WavelHppe, ﬂlnéertcpa‘mtlon%lrx@etmqsmﬁ@pem@;s thageacppeal mpttwvelH@neéW@@d macdior ay
d/ d | d |
an Orbggﬁﬂ%ﬁf ’E’ﬁ{nﬁ? H%(Nreggﬁaﬁﬁérg‘? Sgﬁﬁﬁcet&)ﬁlgwtﬁest?&}el ¥ Wﬁﬂ&w WEPY 5' ”p y

be di assi ng

parti eghippedp@ithtthd antérine asyig hﬁd?bﬁﬁorﬁﬂabm&thoﬂ ofFiembodibhentsasf tﬁe(pﬂ&'p&ine mvaﬁﬁbn
continue at least |imted travel operation through t hat area until the
sour céopld spRRly dsshinegied t it gy reswirgd pa ee paisayheapasymgthisipertiqudgr

exanpl % el {hggggt@ﬁl% sﬁ&vfﬁﬁ%lgoﬂ) @&Véxﬁﬂlg?éﬁaﬁr avenﬁ%gt RAg hﬁg%d%‘éelt hat is

cente e over gui dance wr ane 530 defined by
boundapcesom3thrangl thd4rca\thehthe BeurdGot Hie®bemexionthed becanrcolostd oictepaned540
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sufficient anount in order to clear the obstruction 530 and still remain
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illust a conparis bet GV 50 (see al so
o Hh S Ein AR BB SRR R bt RS 220 e 5 Y “Bleo dismtubie ot
AGV 6QRifl ilcgysR@natiatige BNthapti@BRR wiré AY a 6lbicic@mand i€ orier @ cle@ttod of the

i nvention en carrying an asymmetrical |oad 630 down a travel |ane 640, or

ont o @Rsrestion 3P0 and sl epin BHDIN the bpwdsrias 33 orulgB 4 b dha ravs! lapep3@xanpl e.
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position relative a gui dance systemw Prave ane enab he use

of a néoriagel) aod dreadphcd $as ey adlvaﬂit&g@galﬁeﬂﬁi}l wing:mmmy@rdnﬁwtoéan AGE 680 | er

storage |location as the case j% 3
incorporating an antenna array 610, 620 an control method of the invention when carrying an
asymmetrical load 630 down a travel lane 640, or onto and off of a conveyor 650, or into a
storage location, for example. The ability to dynamically shift the position of the AGV 600 into
an offset position relative to a guidance system within a travel lane enables the use of a narrower
overall travel lane or smaller conveyor system or smaller storage location as the case may be. In
one example of one embodiment, the conventional AGV 50 picks up automobile 630 by lifting
under the automobile’s tires as described in connection with U.S. Patent Application 61/145,543,
filed January 17, 2009, and incorporated herein by reference, carrying the automobile 630
sideways down a travel lane 640 (perpendicular to the automobile’s normal forwards/backwards

travel orientation) using conventional AGV guidance antenna 60 and 65 (see also Fig. 1), and

proceeds along the travel lane 640 with the guidance wire 70 centered under the AGV 50, which
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one exanpl e of one enbodi nent, the conventional AGY 50 picks up autonobile
630 by lifting under the autonobile's tires as described in connection with
U. S. Pat ewO 28piss4vat i on 61/ 145,543, filed January 17, 200%/USa0d/021285

i ncorporated herein by reference, carrying the autonobile 630 sideways down
a travel | ane 640 (perpendicular to the autonobile' s nornal
formards/backmards travel orientation) using conventional AGV gui dance

ant enna and 65 see al so Fi an ceeds al on he tr veI | ane 640
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the vehhglopt PBOWLA tyvelstvmlll§y§a&mgt MRtk eTRS tdialts mg%omyt%gcﬁs%%h&% of it

woul d regw re. However, by using an enbodi nent of the AGY 60
pr eseuililimgdoatpont, mechsiicad spage, hyaliding ragictidie aadtaes@natteéirqoagtmo@m co82® at

ot corer TR e T Rid o R Ao i BR7 R bl P i PSRl Sdath dapc e ©

st or ageqisRatRSvever) by Geit ey @hfhodmicnd 8f HRIAGY A0D@f 8t pradenixtitlom ta Whidmbi | e
size of 219.9 inches, plus an% requi red cl earances for safety factors, and
¥

have aorﬁtﬁnﬁlmﬁwral@wrr@ﬁwlr%@ L vbigh e AEY ®Wes éqihwe%thew%np%\wgé 78ar ki ng
struc %c?se@{] 8. gg@%&‘&%’f%@{ %fh?@;k%ﬁa re7ar§ &Qébﬂegssrogﬁie (ﬁ%}eﬂ%ﬁe storage

constructi S can equa reds ousan S ars per project.
[ 0067]sp&deg,. antiZonVdyosd daatbe Scteat cloenguaual smmmmambmoﬂaﬁe sizs ef 019.9 irwhoy @ntsi onal
AGV 50 (see

any required clearances for safety factors, and have a minimum width defined by boundaries 646
and 648. In a large parking structure or automated warehouse, 7.5% savings in real estate and
construction costs can equal hundreds of thousands of dollars per project.

[0067] Fig. 12 illustrates a comparison between the use of a conventional AGV 50 (see
also Fig. 1) and the space-saving advantage gained by using one embodiment of an AGV 700
incorporating an antenna array 710, 715, 720 and 725 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 Fig. 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
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also Fig. 1) and the space-savi ng advant age gai ned by using one enbodi nent
of an AGV 700 incorporating an antenna array 710, 715, 720 and 725 and
control mEORot/A8BH shown) when carrying a | oad 730 thatrCraySasigmuessi cal or
| ong and narrow as shown, for exanple. As shown on the left side of Fig.

12, if it is desired to nove the |load 730 with a conventional AGY 50 from a
first position 740 to a second position 750, or fromguide wire 70 to 75a,

the AGV 50 nust fir t el along . the.guide_wire 70 usi an 60 and
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antennas 60 and 65 can acquire the guide wire 75a for gui dance of the AGV
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AGV 700 shjifts directi.on along guide wire 75b with antennas 715 and 725
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W t hoymalecesgalant Y65 @t Fiudl mod®@EorRpRE triell gbtprliMehdtsRe®@bnlQ b @limémdidhed of
sensors to confirmthe AGVYs physical |ocation at the %UﬂCthﬂ of the guide
U

wi 1 es g eccpptmakls the smaliestpirecnsfonméde lrpgd30 afibpAGY vaQ. matheuhlnyving @i ti ng
embodi,EAts, of, t@i@{h% ?]lecf\f‘ gg&e BPII%E& 98 §ﬁd)$vﬁﬂ<ﬁletfn%8éskdrh§/ éegfél%'rﬁe(%? nbyPe that

st ores autonobi | es or n one exanp an au
precluding, the use of other forms of sensors to confirm the AGV’s physical location at the

junction of the guide wires 70 and 75b for example.

[0068] Figs. 13-19D illustrate non-limiting embodiments of an AGV in an automated
storage facility of the type that stores automobiles or the like. In one example, an automated
parking facility includes loading areas for drop-off and pick-up of vehicles by customers and
storage areas for such vehicles that are preferably routinely accessed only by AGVs or the like.
While a parking facility is shown and described for purposes of convenience, it will be
appreciated that the embodiments of the AGV guidance and control system of the present
invention could be used to transport any type of load from a first position to a second position
along a variety of travel lanes under the control and guidance of a control system and network of
control means such as structural, in-floor guidance systems and/or wireless systems or

combinations of the same. Other control means are contemplated. The system of the present
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parking facility includes | oading areas for drop-off and pick-up of
vehi cl es by custoners and storage areas for such vehicles that are

pr ef er ablwonowassety accessed only by AGVYs or the |ike. PORIUSe01@/0pEBKi NQ
facility is shown and described for purposes of convenience, it will be
appreci ated that the enbodi nents of the AGV gui dance and control system of
the present invention could be used to transport any type of Ioad froma
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the- cdREREPD SH) GUTerA ROt Ve e%w@?eo?vegé)g%@ﬁnml% Some e moanc
such Qﬁoﬁéﬁd%ﬂﬁérs?ktenﬂ fBotfphﬁP"\mﬂMe%@ﬁ% RYALETS 2RI RFucbiChRPS RySt ens or
conbi nati ons of same. Other control neans are contenplated. The system
of t heopitiesimgt placcarent and @gedsiod stomageepositiong i ‘Elmgt orosidireftionpbmevanet af theand i n
partic nner ravel throughout .t st em,f oot rlnt W th
Pespedtt fsobind S8t Shsed b G it T YBLTHLRME ol drerent
and aegRstcoallitidh O¢lage: BQsidaneNSystehiteyiddiirdhd Bled drodtad comiderB it ﬂé?(ﬁblhfjﬂnAGV
combined with the enhanced antenna array and the ability to dynanmically
nove iMMRAVEMEAL %}fdf%ttm@mwlﬁhl@ﬁaV@Iaaﬂlsﬁpéage@f@ﬁl dance systems wires or the
like cre co r. thin
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over h&Hderagron gver ar%g SHRgves gwe@&ng PYb oM p insdingpren B anddraapeprt
transpes feitidie ngﬂ)' a%tgragg Oreh Q18 aﬁcltl ?Ej)grgl%uﬁf ﬁ@rg@é?oc‘%ﬂgn ﬁz(Pafﬁé Kbhagoest or age

| ocation 820. T 00 Initi situate ong the intersection of
gui de imiinkyg sift@écdaatchgrtha irtterasmios oﬁgumdg vgueis F0a wind @5a7tsavelsrderg gihde wont/bol and

ui dance of antennas 804 an 808 u ires the_vehjc n the
D o et G A0 e B ahenaBo et BOS G S it SeRE kDR e ar o

810 SQoddndt arb814, WAL @h%l@ @Whé%gc?eeﬁ aﬁe@n fnmethé 1 QIaearad §F SliRat tho@oact ual
acquisition of the vehicle 890 by t Gv 800 can be acconplished using a

pl ur aloveshand 897 fages thg steraes asee §13e T&@prhbaqqumémnsﬁahfa@ehyé@ 89Gby HeiAGV. S.

ror er QPRSP dasgpuRg s SRR bl Sp 4y T IR FR AT I AM nen

pi Ck upSangplidadios ponis,as3,dilsC s e, 171 2005 oRated Rerbl re?elen%a orbye
acqui sition of the vehicle 890 is illustrate by arrow 830 and the return

of t hécme\paged upph | vobisledray wlgoh the AGY gy ddéem/\p% upENGIRRPATas SsSPssedne 850
N
|5 1 LISLLARES ibiicar 5108 3% ALl diIR. ARE0ARI AR A0 B06, 0l 08

prefera odperate in conj I on a con roI ard
progr a]ﬂmEhirﬁ ofitherApVadessidr vahitle R tothe peidarvire 70 within travel lane 850 is

illustrated by arrow 832. All of the antennas 802, 804, 806 and 808 preferably cooperate in
conjunction with a control method and onboard programmable microprocessor during the return
of the AGV 800 to the intersection of the guide wires 70a and 75a.

[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 antennas 802 and 806 providing guidance and offset control of the AGV 800 during
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of the AGV 800 to the intersection of the guide wires 70a and 75a. [0070]
Because the AGV 800 in this enbodinent is situated relative to the vehicle
890 by t hwot2oroes3896 of the vehicle 890, the position ofPCThES2MG¥2889 nay
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
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occur af allt HElSIDSEH]P a&? n@l c €tﬁFa§ﬁ Qﬁertaﬁ‘én 05 dorgxampicy Hipgthep! OfHIGE 28¥own) or
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i nportant during the storage operation or, exanpl e | oadi ng
area GﬁbmkshQMhmmnédpe@nmdémamanbh@nmppwhmbeo&hd@omiwsWemsnmragegaaﬂa 810

t hat ows departur f th ve icI in a,forwar irection.. In an

o Ot Sopap it faek She DB ueb e i g ONRE e deliaiigh dor BedBa r o
syst erm&ﬁ?im@ E&i@/@erdﬁ%ﬁ tp@dlﬁiehklbﬁ %dﬂfe%ﬁi%teelremlo@ td e e adR%AY by for
rotation taking into consideration the dinension of the vehicle relative to

t he t mateakial @zs@gctmsl thih yop sk atherivage mb\setnt dationnig cettain apgosl d ot her W se

veni cre BB onn i SO EE: SRRl P S B iR Sl B Bt 20, o

838 ush BEoadaneywahfasetv 858 useng Lhawt bifset vlut Readidl idehdbiige Wi 70atAtil thbe AGY
800 reaches guide wire 75b using antennas 802, 804, 806 and 808 to verify

posi t iASRY ARA Tercheseuidhwae 76hasingunignmsoR 304, 806 and $8 guicHs nesitien anda and
150, L6, BGER SARRHIER e 0N o] O iy 0
r el at itheeAGY 800 tthen Vil fosvs R cuwitre VSIAﬁ\écMamc&a@ﬂdemm igde wivile ehe/diennhn 8@F der
and 808 are centered relative to guide wire 75b until AGV 800 reaches guide wire 70b. In order
to appropriately position vehicle 890 relative to the storage location 820 along guide wire 75c,
antennas 802 and 806 must assume an offset condition relative to the guide wire 70b so that
movement of the AGV 800 in accordance with arrow 842 will result in the desired positioning of
the vehicle 890 relative to the guide wires 70b and 75¢. The ultimate placement of a vehicle 890
within a storage location (820 for example) can be determined by a variety of factors including,
but not limited to the dimensions of the vehicle, the available space and the available travel lanes
in and around the storage arca 812. Thus, by using the antenna arrays 802, 804, 806 and 808 and
control methods included in this invention (as illustrated in one possible example of many

possible combinations of motions in Fig. 12), the AGV 800 and vehicle 890 could travel
throughout the storage system along a guidance wire grid (see Figs. 14A-14B) detecting X- and
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to appropriately position vehicle 890 relative to the storage |ocation 820
al ong guide wire 75c, antennas 802 and 806 nmust assune an offset condition
rel ati ve wo 20tvasgurisde wire 70b so that novement of the RGV/UBR@0/021285
accordance with arrow 842 will result in the desired positioning of the
vehicle 890 relative to the guide wires 70b and 75c. The ultimte placenent
of a vehicle 890 within a storage |ocation (820 for exanple) can be
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when facjng in either directiop. [0072] Fig. 14A illu at.es .qne enbodi ment
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The f aled faciliyy 905 Tise facidityed@is prefeabiydedvided Wit dddicat e datel dmek shchrmssbiguch
as, blfltot limited to travel lanes 990 and 992, for movement of AGV's 960 and vehicles (not shown) to

be transported by AGVs 960 between the loading areas 940 and the storage locations 910.

[0073] Fig. 14B shows an exemplary and non-limiting diagram of an automated parking
system 900a constructed in accordance with one embodiment of the invention. The system 900a
locates and tracks the location of AGVs 960a and guides them to parking or storage locations
from an access location using, in the illustrated embodiment, radio frequency identification
(RFID) and proximity sensing techniques. Specifically, a vehicle (not shown) is mounted on an
AGV 960a, which includes a plurality of antenna arrays that, in one embodiment, transmit radio
frequency (RF) signals to a radio modem 908a. The antenna arrays keep the AGV 960a aligned

along its path by sensing the position of guide wires 920a, 930a in the floor in relation to the

antenna arrays of the AGV 960a. The guide wires 920a, 930a may be, for example, a RF wire or
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not limted to travel |anes 990 and 992, for novenent of AGVs 960 and
vehi cl es (not shown) to be transported by AGYVs 960 between the | oading
areas 940weandindsas7dt or age | ocati ons 910. [0073] Fig. l4BCcshusasioam28xenpl ary
and non-limting diagram of an automated parki ng system 900a constructed in
accordance wth one enbodi nent of the invention. The system 900a | ocates
and tracks the location of AGY/s 960a and guides themto parking or storage
| ocations from an access |ocation using, in the illustyated.enbodi nent,

iy b d

r adi o "R4ERGieHEY O EPdcaaany AreGeeicp! ORFFIEHOR Y HP ISV HRAT YGes.
Speci figatd Yo, i@th%%ﬁib%hﬁne(n@ et Fr%h @m)asis%rﬁ%{ﬁt}l@go&d] ch A@hiAORAy i dehht

includes a plurality of antenna arrays that, in one enbodinent, transmt
r adi o 1¢aseqBENR pir¢RFY0Gi tgidatcsming tixe oadilblogatthemINSAGVisistcamst W9aaTar r ays keep

the A 960a .al i gn along jits th ensi ng the positjon of .,guide wres
bp0a, ot R Rt el i RETS REB IR SR PP SRy BY Sy 6605,
The gubcheiolah@8lof2 PredeRBRMedBMciels aflddl pRIAIRL e Usinig e swiw 6 seis g ekms, strip.
O her guide neans are contenplated. The intersection of two guide wires are

r ef er tleifagiity pyynertan prsirghynnde id trck the lopatiqisofepelt AGS Belis Iodhpapreseath of

whi oh el . b . ' .
o
AGV, aonkst. DOdRr pharpingecads et cahteagldicdt or age bay | ocati on and al ong

predeterm ned interval s al ong pat hways. 'Usjing these two sensing systens,
the faci 8079 owddi signals ginseatedkhy thg @PﬁQ CHiSHItY $ ITREMIYSERI0BHAIEf each AGV

960a. tllaﬁ%ﬁén%d K8 Sﬁee&tmgmgﬁb rﬁ?&femg%ﬁé %iq?ltd%tgdtg ?%a%&iu@c{téd)ing g g'ﬁ% 4 afsgo

charge t atteries I1n the AGY during tinme non-use. O rging
means aaoepoong depladdkl. ThoeFdid niddesis §Asd sndythn eompetthghdevideenBbdraninected t s

and/or. proximt ensors are transmt.t to.,one or .nore.radi o node 908a
o i R Dok P R e St a g &3 Jid DLyt 1% g et 70g
The r agh pfo[aggleﬁﬁva%a pafdnd ReorRIBEA LAaECIE 8V tHeQikeBYo e daMLAE&Md0R fom

network ‘es i shed using a network switch 955a . The conputing device 970a
coor diarséaregs fohatioprto percecss o ietaivabladativar kidvgeg sares. i Ingrdafto moyehh @Vor t he

i ke nt.ed on ,an Al 96 froma storage | ation to.,an _access or

ot i OO B BRote T’ G FRRrtY §Ge 08 hBTuoRiS RS RS T om one
| ocat ilgdatibR irfo@hdiRdn, ad théhsEAFAY thE afteNh LTS Hid/ o RFIDUOUS, ¥n®EaRessLs t he
| ocation information, as transmtted by the antenna array and/or RFID

ci r cuisianalsabrt iessivet the &G PhMatoshotlewita napsqulascdiractien )bvivge0 sha wire etif.olica
oo ) Skt LG G M R MRl e PSP BL S S = e
installed in the AGV 960a.

[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 requested time. With this aim, the
computing device 970a accesses a database (not shown) used to store the parking location of the

vehicle, computes a path from the current location to the access location and communicates the

path for the AGV 960a to take to retrieve the vehicle. The computing device 970a also computes
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installed in the AGV 960a. [0075] In one enbodi mrent of the invention a user
can interface with the system 900a t hrough, for exanple, a graphical user

i nterf acewQ@uioyo834rm i nteractive voi ce response (| VR) i nPeTfise@/oal2ssb
browser, SM5 text nessaging, and the like, enabling the user to access

i nformati on about his/her vehicle, pay for parking and/ or other services,
check bal ances, provide retrieval instructions, etc. The user's inputs are

processed by the_.conputing device 970a. Fo xanpl e, the user, may request
bhat RRSIRRIN A4F TEPeysesy. B pramerlipiamadte dBogh i PhymEN sTRE @higriy
devi cq, 8408mbHEMCRXGIGHE B cAtidl, ARERMPulhg UEYiEd @MaN@EnbhRs BRk@lBtafdn@m i t's
parking location to an access | ocation %o be ready for the user at the

r equestagigtical nportyyand nidntsnaniceand hetifocatrputicny Hewidestogow motieeses a

dat abase (.not .sho dto store the parking,|location o he vehi cl e,
compuragrogar FOR T BB aleiodieV Pt AeBolt et aBt slenf el el i
comMmuiediales coRpuiad Beied 9190 8a¢kNBAR the cdrdf@ingQlckREDT7EY dn th@iiehi cl e. The
conmputing device 970a al so conput esthe anount due for paynents, where

pay me SEPogdieenin yBintdiruptigle nevsa yiaphies €éRedevicadd 7 o) backyp povecrespediorent
of th%SbQ%%Q&&RRﬂ%E@ﬁnﬁgQﬁ%&h@@OgeViCe 970a generates control data and
reports, an

statistica intenance and notification alerts. In order to
al | ow cof7euouFi@pdCahbat ankxéhglasysidemnditiaingbtbck didyian et vahisicrgholpoi nt
failure, the system 90Q0a inc]udes a redundant conputiﬁgﬁgevice 975a for

i

backi ngitey AheresaiPPPgPrigaised angraxV (potsapval nl snbe fEemmunicates

uni nt er: i u j L i .

Gener oy PR AHED (Y BRINES oh Pl VAEES S3003 ARty A MoBAR0C e
an exedmited to teamdmitoredivanignalgfrbinacdontdivage davioé (sacl ehidotie $datfirool Figni4B) VCU)

processor 900c vi ded on a GV (not sh . The VCU 900c. conmuni cat es
N o angrorpaie BEaengi wihoa AR GRS SheLE Rt e, BN Bpeisors
COMURi4Gahh PRA RGNS O3AptcadaRhRGhit Shd eB8STlibNdISERINE tBd 90/ S00cradaa
conmputing device (such as device 970a fromFi g. 14B) and a servo nodul e

940c hetsrade dmeigehcysso ¥ Jeotihcguaipnes ansirsdionscwswrc?20srfostharicompsissssor s 943c¢

d |ifi 944c_ad d : it i ve .Si | he VCU
S00c A L RRAPEEREP g Eney et dRtaein Wi PR FRE SR ePattib i Bencor s
920c frhfltipRindiRtRIcbBES2 R, Phlicrabrtiolief OPRtLERA agdplifigs 9521 6n S REHES tddatiel

herein, each provided with a bandpass filter 922c, nultiple inductor coils
923c, readst 2escfontaadingdhe gude wikgydemanyid progided psrmagtrpapcermpe) 3964t on

Lg?ﬁ?%ﬁgeﬁg go ip g{l]t eq’oﬁ:gggg gm}et)lp{% igﬂiiéj&‘esﬂde& fo 5&%&&%&@{6%9110%%91\61'%%&%6 a
physically connect with the VCU 900c. The VCU 900c is adapted to process input signals
entered through panel 950c and input ports, one example for such input signal being a RESET
signal. The VCU 900c is further capable of producing safety alerts 960c, for example, such as
routine audible or visual warning signals or event specific alerts based on inputs received from
an obstacle avoidance module (not shown).

[0077] In one embodiment, the VCU 900c computes precise heading information for an
AGYV from feedback provided by the antenna arrays and the onboard microprocessor. Guide
wire and wire cross locations as well as center points of storage locations are previously
surveyed and stored in a database. The master computer processor uses laser scan data from the
retrieval or loading bay to calculate travel offsets based on the offset of the vehicle from the

wheelbase, where Offset = (Xwb — Xv)/2 (where Xwb is the dimension from the front of the

vehicle to the center of the wheelbase, and Xv is the dimension from the front of the vehicle to
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access to input ports and the like if it is desired to perform mai ntenance
on or otherw se physically connect with the VCU 900c. The VCU 900c is
adapt ed twoppwos3&4i nput signals entered through panel ®680wSsand/ozrzput

ports, one exanple for such input signal being a RESET signal. The VCU 900c
is further capable of producing safety alerts 960c, for exanple, such as
routine audible or vi sual warning signals or event specific alerts based on

i nputs recelv S cIe voi dance nmodul e ((not. shown) 0077] In
one e BUE AT e B CBes Toum BECopats SaHEG NGO SR AT f of an
AGV f nemibreste ﬂgﬂ‘érrﬁfn@é[ gl %gsé?yatfolﬂe HRAHRBRRfoAhARSs R sBetodRGREDvehicle

nlcroprocessor Quide wire and wire cross |locations as well as center
poi nt yavftosvuecder hcedmgicons Eack sigeang wbedlys @mov@yte dnawiexaneadglerio a

dat abas <&>dnas%er comput er roce g ? I scan da%a from the
ot o v e SRR AR ChrbPAGRED IR vilFE s ? Eop 8 DB A RE ot T set of
t he vehdagdse faftosf W iponherl th@&@sue%@gtﬁlaﬁm Sifter&edchWaaypoy tordistybrateadipb i s

the dinension fromthe front of the vehicle to the center of the wheel base,

and Xxyvehicle ravelidiestsandny chicheeti¢ndationeprd prth pHecty dhessl comnende akeanielerablt t he
vehi cl ts O Je cross locations, and storage
Iocatf@%%néﬁéﬁ% é@%éne ‘gﬁvw%gggv Lﬂla'ﬁfcaﬁ\fﬁadlng information is then used

t o conpufo®78ehi dig IYalludtatsent esibolidicnhepaliasgiten 60@) thabashpritee piungditpwoeel is
directed to an. Acker mann aggle to achi eve the desired yaw. _|p one

enbodisSHERS logations | GG eccupigd Dy Nyralyead SE@%&P%Q reﬁreée@%mf deatledzed pat h
of wayRPi-RkSyit angﬁ%%%élgss%sq éﬁb@feh&ﬁ; §os@@&{éd%¥t8&!§ggo | §19, Of

headi ng vehlc Irectlon ientation offset
These Io drendngdsmtat @enlprdehentathk ylastediing |r@cmatglbstadsotrhpre$¥ﬁ§‘t/amdjéeﬁnm thehmxmum

conmmuni cat.i on 0078 5.illustrates one di.ment o facility 1000
Char - Gone SEch S 4F P GY i iaeey Beaitoedls Ster Hieapiosato flo s

pl ur aldleﬁﬁec%y 5 paien ot QL K- £ﬁ§%ﬁ§§r&%%&ﬂé’ﬁ)3@fand'afﬂo@tﬁcﬁlfﬁf 91 V.8dis telHahéeRirwi th
vary wheel bases and front/rear overhangs positioned in storage |ocations

10 10 10A0 thaé aiiel padgf ad argdr gndange neretnctwork vatuhde feeihty 1W0tfangk gvidanen

represent. and d fine the X4 ossibl e vehicle size .to stored within
B oPRgkoRBE a0 e St corut A gt Bt ofed bl RAGIEYS por i on
of an dXdia¥ics trgul darcDoni Mac K30 OB e Phtjrodradly @&fuipped With Opluehdineer Wi re
1040 that are part of a |arger %U|dance wre network within the faC|I|ty
1000 fa&eﬂ%@,ﬂ@m 19aAc054pUEOEand VA anpvicTidithone faomnidrecsiPna@yerssd wi t hi n

the ston 08P r)8/£'8r HHEQ %&fbea[ﬂ‘&?ed% g“ﬁl{e%‘éﬁlf kaRe ik Qfraldde ACGVs 1050

are each pre era equi ppe ura
embodiment of Fig. 15, the vehicles 1020 are all centered relatlve to the X-axis and Y-axis

guidance wires 1030 and 1040 respectively along their wheel base to form AGV travel lanes
1032 and 1042 (only two being shown) centered on the X-axis and Y-axis guidance wires 1030
and 1040 respectively. In a preferred embodiment, the longest dimension of an AGV 1050 when
travelling in compact mode (the preferred mode of travel when the AGV is not carrying a
vehicle) is shorter than the wheel base of all vehicles 1020 stored along a particular guide wire
1030 so that the AGV 1050 is capable of scooting under vehicles 1020 such that its longitudinal
axis is oriented along either an X-axis guide wire or a Y-axis guide wire. In other words,
movement of the AGV 1050 could occur with either the antennas 1052 and 1056, or with
antenna 1054 and 1058 aligned with the X-axis guidance wire. With ultra-compact vehicles such

as Smart(TM) cars with shortened wheel bases or the like, or in cases of vehicles with especially
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antenna arrays 1052, 1054, 1056 and 1058 as descri bed above for

omi directional novenment that is either centered or offset relative to the
gui dance woreiwmss4mwrk. In the illustrated enbodi ment of PEIrgiS2a16/,0212k&

vehi cl es 1020 are all centered relative to the X-axis and Y-axis gui dance
wires 1030 and 1040 respectively along their wheel base to form AGV travel

| anes 1032 and 1042 (only two being shown) centered on the X-axis and

Y- axi ui dance wires 1030 and 1040 respectively. In a preferred

errbodis[‘ﬁ?g Hp,gerfﬂ@ageoﬂaaé@ecea FBHs P ORCETS A OA@\%tei'g%é%Pflqrrt‘éé@unﬁ gt tRonpact

mode  (khR1R e {ElmA dratPdR néentthaWbe W8 Not 16 vVl $n fRfe SRlibY STAhafa¥Riy Cl e)
is shorter than the wheel base of all vehicles 1020 stored al ong a

particul H079li dénibeacliiiB0hsovariheontiod sysGm 0060 prescutapeadition of theicthot i ng

under yvehicles 1020 .such that .its.longitudipal axis is orjented along

o't her S SEmbRE nr Syl h Ry n g el Bisg s aps B¢ P RS o
noveneaptufdd By stbbedpaDutilc@ 66 Wic Wntidl %iste!ﬂ%f thBenventieniassridiemdy and
1056, or with antenna 1054 and 1058 aligned with the X-axis gui dance wre.

Wt h @repge vebwglescielafisn fosteraes incations agamr ofhrnychiees apfl suchdptormatieiswieel
bases i j f ' ' .especi carriage
C|earéﬁ%gﬁp%Ph%ﬁﬁﬂggkﬁgggﬁﬁgﬁiﬁ?gﬂ?%@%?Qﬁfﬁﬁhkﬁﬂgég}?%giP§%§§%O gg% under

t he vebkteleionoind the llikel Fulthcmete, drtabian of A& Whieskbb@sedeofehidhs eveblecthes i n

sone portions of the facility. [0079]. One benefit of the overall, control
syst erfR@Hty 1§80 b magmrize poge %(Qfﬁg?% densiy apdy puippigathg pymben fregiecddravelhch

vehi cliges 11960 UShoGerst f ¥ rthat Bs ch Ifa red by
ayot ernies 1060, AhBeehe HIREOVHRE Souml KRN BB chlefs chibe Bifinfait
ef fi ciaembgod adreragengedhicpbebng e ticistrectun! dinaeramas bbe athicksndtid/ orildilher

vehi cl es, .and such i nfor rir‘ati.on is al so us«?d for quidance of vehicles within

tr avelSPiEiB4 pi‘ﬁ’éﬁgéﬁtﬁrarggl AR G- {PRTETN %ﬁ]ére%%ﬁﬁeé‘? POBAECdyd{iPRkt i ons and

the | ickentHaIlREIHRS Socohifo®R thideYnAKimMAAE-d RhiEQUousledynvaiiagll @8- enabl es
00 to maxim ze storage |ocation density and mnim ze the

the facility 10

nu nberde&ignwgq\di readloeated/ey theampster Lo spsiomtie pcdoameddate mpretthen dwesr smdllesyst em
is that, storage | ocations can be dynam cally, arranged and re-arranged
depend s <on ey ot Uhek oS At aRT iR B Rt shBOHMIBRE space
in a paktvicBidleddoulid &Y @genmiQdgté-ano@t&iby themaekatiltl chipeer Rdicasambdstor age

| ocations currently allocated to accommpdate three maxi num size vehicles

coul d fie vlimentnpagt vehiglesfrarisipgirekl onpnd-ioeend) as desitade fas pxamplemdis edditient r ol
R
vehi clteaca@Vl Drerdfona imstaldlof assgerdihg perataacntiayd tdbdicaead kerage dodatiohs daimgut er to
accomgggcgﬁﬁayout and creation, the master control computer can take advantage of the enhanced

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

and storage locations to accommodate smaller or fewer objects or objects of varying

configuration in real time and to adjust the storage capacities to meet demand as needed.

[0080] Fig. 16 illustrates one example of a facility 1100 that comprises a plurality of

storage locations 1110 occupied by a plurality of vehicles 1120, X and Y guidance wires 1130

and 1140 respectively, an AGV 1150 having antennas 1152, 1154, 1156 and 1158, a plurality of

conveyors 1160 and 1162, and a dedicated travel lane 1170. The AGV 1150 and vehicle 1122,

upon exiting conveyor 1160, are able to travel to any of the open storage locations 1110a, 1110b,

1110c or 1110d. The ultimate determination of where vehicle 1122 is stored may depend of a

variety of factors including, but not limited to the anticipated storage time of the subject vehicle
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two ul tra-conpact vehicles front-to-back or end-to-end as desired, for
exanple. In addition, spaces around structural colums and |i ke could be
popul at edwwizbtv/o3847d Wi res to provi de access to an AGY. Pheristanm?128hst ead
of assigning permanent and dedi cated storage | ocations during system | ayout
and creation, the master control conputer can take advantage of the
enhanced ant enna array control and gui dance systemand wire grid network to

dynam I a55| ces a d storage | ocations to ccommd mal | er or
omer 108t E bRl DB ARy S HET o PR BT oo ATREGTE o i dihepn
adj ustdoh®y f_ﬁogrg% eAPashhi es to neet demand as needed. [0080] Fig. 16

il ustrates one exanple of a facility 1100 that conprises a plurality of
storage [098&k i orsgsl118 -dZBubigthtbyncacxampieadti a facibity Vi thitemmptdes a X and Y

gui dance s, 113 nd 1 es AGVY 11 ant ennas
son Ml o g la®long D GRARES by Y Sl udhrahied TR0 Ry BAREES
dedi catiad DBaVR 1ims§e&ﬁeely,TdﬁeA6W2$@mva Aneahiscl2e2 11052, 1mael>258 ing
conveyor 1160, are able to travel to any of the open storage | ocati ons

1110a pluralityief conveyersgd268 andd262rad g |df:rhﬁ%t@<étra@1 &ngiladP haying p Pielits ofehi cl e

1122 i [fﬂ‘ W@gata‘m% Ilgf‘%g?% Ofy 7R VAR %ﬁ%el% 1?%&?&5[ &8{&9' Cl}lgeigsa%tand

i mit e ed storage 't

anti cilpaé ﬁdO\&‘IrfMS\ag@:atlbﬂiﬁéENQfandtlh% resputiobgs Hig 1t7ﬁallﬁsifa|tés|theyretﬂl@aﬁoﬁ)al anci ng

of vehicles on a floor- %floor basi s, and so on._ [0081 17A - 17D
f‘g\rfﬁr

i |1 ustvehicls lgela frangiraes Cathnab%1|0?t\yh619‘@oAﬁrYa%25&of#ﬁrm§1é%upav h4aapdot
st or agR|il Q¢ eoaﬂ$%ls Jgg&rrseat?oqll Pysan Qéc%ralnbé %uﬁ n\ﬁ%hfz%be&djtﬂ%?A@@ M Y

gui dance w res 240 respectively, an havi ng ant ennas
1252, at@brks vﬂ:%ﬁ: ]Qﬁda ﬁ@ﬁﬂstoragqalqaatmdn I%AOafanatddmymmtt%d)laandzl(PBQ and a

dedi cated travel |ane Lit f oyerflow |l ocatio 272,
174, S5Saincs 37 ariivg | 427 nd et B Bab Bl it SloasehecRett s doding

1226 iaBcqpugict vaw drRra12NFid 217D ARGy fic FaRPes b valive 180@ fral%%rhéérst rates
the retrieval of vehicle 1220a from storage | ocation 1210a, whereby AGV

1250 fltpcraﬁpn PRtk depre\ba Y 4210 fest arvlfs dp Ivrelvelresl 22 andddivsrs it twihs nowaagepty
Iocatl 78 .in wi th.arrow ui res
vorn o BPag bt 13160 hrRES Sl B QY TR 0% LA NG B aE S
1270 ivehiekCIndBM®eh Mbiabe &ychOwy 12188 anaddlivdren el 2R 1ded iivedcerdeadd wite
1220a to the conveyor 1260 in accordance with arrow 1284, Fig. 17D

i | | usteFrapetnandtaen AEAI 24k dajieisicbicl280b fe Bimcenvivay 2t binacredance yof
e U STRPRT Ay S BNl ST B R el Mo,
and t heto oAGlol2&0rage dJ]Jmﬁ@S1274, and then AGV 1250 could acquire vehicle 1220a from
storage location 1210a and deliver it to travel lane 1270, and then AGV 1250 could deliver
vehicle 1220a to the conveyor 1262 instead of conveyor 1260. The movement of AGVs and
vehicles is controlled by a master control system (not shown) through any of a variety of possible
communication systems though most likely a wireless data network with receivers on the AGVs
and any other sensor and receiver system employed to implement such control and guidance
(see, for example, Figs. 14B and 14C).
[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
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vehicle 1220b from storage | ocation 1210b and delivers it to travel |ane
1270 in accordance with arrow 1294, and then AGY 1250 delivers vehicle
1220b t o wbeonmsssyor 1260 in accordance with arrow 129@CTAMS2@002R85 N
Fig. 17C, AGV 1250 could also first pick up vehicle 1226 and deliver it to
overfl ow storage |ocation 1274, and then AGY 1250 coul d acquire vehicle
1220a from storage location 1210a and deliver it to travel |ane 1270, and

t hen AGV. could deliver vehicle 1220a to the con or 62. i nstead of
convegSHekoaa2 St IAET vkt o FTpED SRR ek 85 POV BN F hishy W st ot
cont r QRCSUgRmM &Mctﬁb@%dyﬂaﬁﬁ@ﬂ?%%lﬁi@ftraﬁrel’l%ﬁé €382 BfcrR@SS hdl &avel lane
communi cati on systens though nost likely a wireless data network with

r ecei Mép3a Ging.t18€) ABVSt, ardnamymdingenctbeddions dasitbdriec8Ghe i3 ¥ptetdehvamghisleed t o
i mpl h trol.. i d | ' B and, 14C).
{0082 eru R0 R g B LETRSE  E oo PR Prosafisn TRy ™

conpr 1386 (Bigpl 8K Ayi dc¥otdie wider aerdlvehirld D28 13tHGt RGEKIRIAAH abytiRs Rlrpgtal i1ty of
vehi cl es. 1320, X and Yeﬁiw dance wires 1330 and 1340 respectively, AGVs 1350

and 13sbicind2Hasndanidcivon vehialreli20anles: pab0 EA g3 rotranilagiivaxi s and
the ennedh it B ShebEIR TG, 6€ {uBRC RAN SRASRRERERGE Rellly EbI"S- 17

car r yistogygehocdten 132@d sload pathaB 84 twiticle dtesupiioagphestadhisd 3005t18 U0t e al ong
travel |ane 1362 18C j |l lustrate one nethod of dynamcally

Figs. 1 - )
r e- r odgil tigtoripE die I}eéb%éa‘fég@etlé@ar ektigneY frRparaRvEv el ape! 1038 28M0E 9. 180) .
FI TSt eslaBlidhedQ ﬁa{ﬂli@lﬂ}; &gth%pcBHfP& S?I'st%rn' 0%%%??’0rf@5xié‘®évétﬁé& Withidgld ver

vehi cl e 1320a from st'orage | ocation 1310a to storage |ocation 1310b,

wher ebysté@vo t@BOarfoohd theseppdaryl@B6uétkingl 3528A) 1832 satdahé prgblenderusmizor ed
vehicle 1320c,yntil it reaches and acquires.target.vehicgle 1320a, ,and t hen
ol | v SOy Er bt ol G g e e B e gions g1, KA TIGRAILBRE 13100,
Then, 438 bSRAWAC btoF Bintd 8GFiniNEINe GaQcllBeOr3628 c8ldia%R RISV RAThIDtONAGEry or

| ocation 1310c to storage |ocation 1310d al ong path 1384, which freés up

st or ageciflorastoves lorgtiam ong 3p@e tathy right etheirgufrontipediion nearder tvextenidghe

1362a..,hi s new. te ary trayvel lane 1362a is thus established dynam cally
by the c At ﬁvesl}safqgﬁa(lﬂ(%ng?%am) for Y axis novenent within the systemto

route armoess] t herigeMPRraoy dbsnktiat itublidd2o anthndiddR dvotdihatt Atiltslo IGVR
causing 1t can be corrected through renote or onsite renedial intervention.

Addi t itFrTicVeehiatdct bad iolirchliondrayadanes wilh trgosed dXCpotidanse ged Pontieg t he
el NS, HE5AA, 001 AL RN S, REMRESTEY o DLty 20°
ext enaxahple of a facility 1400 that comprises a plurality of storage locations 1410 occupied by a
plurality of vehicles 1420, X and Y guidance wires 1430 and 1440 respectively, AGVs 1450,
1452, 1454 and 1456 and a plurality of travel lanes 1460 and 1462 following X-axis and Y-axis
guide wires respectively and having temporary overflow locations. Fig. 19A illustrates the
AGVs in standby positions awaiting commands from the control system (not shown). When it is
determined that vehicle 1420a needs to be retrieved from storage location 1410a, an optimal
retrieval route 1480 for vehicle 1420a is determined and plotted by the control system. As
shown in Figs. 19B and 19C, AGVs 1450, 1452, 1454 and 1456 are directed to follow paths
1481, 1482, 1483 and 1484 respectively in order to acquire vehicles 1420a, 1420b, 1420c and
1420d respectively in storage locations 1410a, 1410b, 1410c and 1410d respectively. As shown
in Fig. 19D, AGV 1452 moves vehicle 1420b to empty storage location 1420e, AGV 1454

moves vehicle 1420c¢ to empty storage location 1420f, and AGV 1456 moves vehicle 1420d to
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"Y' axis Travel Lane if and as needed. [0083] Figs. 19A - 19D denonstrate
the ability to dynamcally coordinate nultiple AGYs to retrieve a target

| oad i solwiDedidesedmit ravel | anes with inproved AVG gui damCe/Usnel 0021285 ol
system using variabl e offset positioning antennas. Specifically, Figs. 19A
- 19D illustrate one exanple of a facility 1400 that conprises a plurality
of storage |locations 1410 occupied by a plurality of vehicles 1420, X and Y

I oty b TeRter Mg 1 RisES Bagh e tead PRaity Btimed 15 ns{ LSaB00. 21 o

gui de yhicpsSi4pegpectively and having tenporary overflow | ocations. Fig. 19A
illustrates the AGY/s in standby positions awaiting commands fromthe
control H§8tkem (Higt 215-@6\A]rhl)stranm -limiting egdodmmintreef antrdternatdhy-comstrid0a needs

to b d.f t t 14 t I t
1a80° VR BRa T G Aol ks oo OB IR (B SRR s
shown 1i800 Fiogfloadi@Barsasl gnb@ ChovF\6 st ardad Pdot sARA) MAdhJtRE i ehdihh bect ed to
foll ow paths 1481, 148 1483 and 84 respectively in order to acquire

vehi cldemand, o Bhe sysiepopt thmmentawn!ﬂn@@dm engesnert an gvolntien of thgautosetadi ons

1410a’st0}%ﬁ’|eg$r%te‘%1 4%8% sf‘%ﬂ%l#%%% l%/@%@ g4t 'ﬁ/lgéi ebrﬁ‘gqigé\@bg %@fﬁ{gﬂ%go?wlﬁ@/ 1452

noves ve or ag e’Ioca ron noves vehicl e
1420c at®inespbiatst laiag®y lrefetintq ralt&éxﬂgia‘the prdeAGYs tdr Difconr &S s ste&mtﬁdllabﬂaéhaﬂﬁ
toenpty. sgora e Iocation 142 wher eby neM/traveI | ane is forned

for t1R¥Iqa {eré Yavheggas\ag 67|l @pplaesggn 83(56@8 pesHiqys Undike ths nrwa Oéhrﬁems
limt 'd@ %@99@'{ gf%ﬁl%%?toatsppﬁ&t hi@E %@'Mo #I‘is‘égrai'%ocﬁ@/mé&sp&tﬁgﬁfa B

nmove e|t aut par ked on veh|c ays 0 or storage ers
1800 flﬁd)ﬁhhamd@hsn@t axread of DMtrashmMB)scmbrdsfom rageplayied$.S( Applichiond)/ 1&51 d43,hen

retrieye hen1 nd. The ste t he S ention is n
Fespedted eyt oBh Tsprionte Sl b aareestir ag B ayey AR GRS sn S i F on
12/ 0324 gﬁﬂyoo bt &t@ﬁggmg@rmo% be 481 Bred WBCIERNYR Y $na@f, pokliaR cAbBdinkaRripor at ed
herein by reference, although the present systemincCorporates a

colnt L dltu@g)uleoamrgmsclabo er \mgth@ashﬂs iofes Ve@wieh gy 1 7Weari smraga/bt:leamlaa@@t ROt .
U
e B LU R DT e PPl e SRy ARRLGRY gBro "

expandn@éadisihd Aedet @ashicles 61 lob@dnof owex BERE Parkied oblaBondpRl fldoain Hading
61/ 145, 543, filed January 17, 2009, incorporated herelnbbg?reference The
1%

AGV 1609 adrhgws, fonersmpie.ve Rig |18 heveay thergiiches rlgnégythelvstielr trays 30 dhape
acqui Teds Wb b Bor a8y d FROV P EhEL G d RERPEL MRRE SeiliSle trays 1700 are

preferably elevated relative to the remainder of the system travel area so that the AGV 1600 does
not need to change elevation between the loading area and the storage area, which is not a
concern in the previous embodiments where the AGV scoots under the vehicle body for
acquisition thereof.

[0085] Once the vehicles (or other loads) are on the trays 1700, they are treated similar in
all aspects to vehicles handled in previously described embodiments, where the vehicle-laden
tray becomes the load that is delivered by the AGV 1600 from the loading area to the storage
arca. The vehicle-laden tray is preferably initially scanned by the control system to determine
the exact dimensions of the tray with vehicle, after which an AGV 1600 is dispatched to acquire
them whereby they are then picked up and transported from the loading area, through retrieval
lanes at offsets as appropriate, up or down vertical conveyors as needed, until they are delivered

to a storage location. In the embodiment of Figs. 21-23, the load or the vehicle always remains
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sitting up on four legs 1710 or 1810, and then lifts the vehicle tray 1700
or storage |ocker 1800 at preferably four contact points 1620 by use of a
hydr aul i cwpunp/eset7er and hydraulic lifters 1630. I nstea@Cofuseéw/ocesget
vehi cl es or | oads (not shown) being parked on a concrete floor in a |oading
area as shown, for exanple, in Fig. 13 herein, the vehicles pull onto the
vehicle trays 1700 that are suitably supported by and provided in the

| oadi ng areas. Th hicle tr 1700 are preferably el evated .relative to
the r GREPREENE G IALD &5 Ciamprotibmuih Piseyaish i ge oaeg 116068V dbee rBi need
to changeipbawatih ARtREMBERNohNudt a2 MBviBLER RAFibEHEMBOPNRAR, Aoz VWi ch is
not a concern in the previous enbodi nents ere the AGV scoots under the

vehi cl160® dyel$ agrossctandsidt flams arvbiodofvs a[woG8Biidadae grid et vsedritiohies] fyotheot her

| oads)._are on.the.trays 17 h are treat sim | [ || ,aspects to
veni olmelEeatial 57 i SRorstany Hftueral bERiGH LR oy Bodey 38R

vehi clpeclig@dgnadd aith befoaesoriiRtddd3th tdTlt maStcll 8dridtef dmb YT He G H@608. 60 thef rom

the |l oading area to the storage area. The vehicle-laden tray is preferably
i ni ti gerrgntsezhodenentpsestia ayntdisrtiend davs el dearegmysemtth iergéaraldy sedi ons
of th i I: r %@h AGY; 46 | S di acquire
then1%/é%%%§%%h£§%§$%ﬁég%%?%bgﬁ% u%hgﬁgmfran%ﬁgggg:n@i%ﬁgéﬁgﬁggg I ng area,
t hr ou@hctstes Bi 2008), tHeane®na&tof &fHidedrs imerppaacd percitts, refipere, id@nderver ti cal

conveyors as needed, until they are delivered tqQ a storage location. In the
enbodidfeimadateiageer loads pacespifpied @wggrthﬁt frenspeith Pgﬁt@ragp weRrainesig0Rebtet op of

the tray 1/ QPo@sr ddpekiS HY egr, HIRUEN s&rg't%msiF %&mnﬁgﬂyhﬁma%nm@gmwsiyf ted by
its tires and then deposited I n a storage [ocation.” Just as
pr evi algsdriped epternd) eltbughinotiurertssffidite i@ dtpacd dmteltls we b sshislkangar d

floors d follo a wWre guidanc ridthat is optimz by the

ot e L e B the et S A LOREHT B e e SRR o e M9 1600 as
descr idp@deR 18 tRum difraRsk (dhdth speckd ARBL&ROEIE RALEE vBNicRs bidalhyCandBREBIm
server system The AGY 1600 of the current enbodi nent uses an

omi - dbpmlanatesirgiricaals yest tikel thetpeevripusdy-dysstibed AkM systenpr dihersasby ustgghe and

based | ew h . shown. i ) | i i
017 5ad 359 o0 irSit AR RRET ob gt Rih e RRR gt 1, ABBL) b s e
her ei Rehiyldh of ed1LRBMge ldtkeFsdB00 b QstpRaIRIaL 1 it asBelar ko adpraessssi t at ed

through the transport of storage containers 1800 or the like. In all other
aspectdsscripghNEY systeras, dien M 13’3@%@ erpferably hters powaradyvigh wi-flegr charginge

B 2! S 835, 060 MUPL G SHAN, By AL 30 PR 1 o 10 e of space

still haj0i08g) t h&Figdvahtagesgict aeiting calbbbdiniant 6f @r AGdat H0afarrying a load 1710
such as a vehicle and having antenna arrays 1702, 1704, 1706, 1708 that demonstrates a “skewed
crabbing” technique. In Figs. 7 through 8B, for example, and the majority of the other figures
described herein, the travel path is generally dictated by a control system that instructs the AGV
to follow horizontal or vertical paths along an X-Y grid pattern with dynamic offsets as required
to meet obstacles or other environmental conditions. Fig. 26 illustrates a diagonal travel path
within an X-Y wire grid framework defined by X-axis guide wires 70a-70¢ and Y-axis guide
wires 75a-75d, where the AGV 1700 is positioned such that the antennas are simultancously
positioned over multiple X-axis and Y-axis guide wires. Such a positioning of the AGV 1700
would 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-rectangular loads more

economically. Control and guidance of the AGV 1700 is performed by a skewing command
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different lengths in different | ength spaces and being able to shift
vehi cl es si deways and perform coordi nated retrievals just |ike the

previ ouslwodenmssired AGY systens. The system usi ng t he ARGV/UEEQO0/0kess an
advant age of being able to handl e hi gher maxi mum | oad wei ghts, so that

| arge vehicles or self-storage |ockers 1800 are easily handled by it.
Simlar to the previouslydescribed AGY systens, the AGYV 1600 is preferably

batter with in-floor cha es. W rel ess
commurabiigrdtic Brcrorinb it Fybemen 00 ednct 1B ek wrGuESs an oMes at es
yet angt hefeneARRAH B Hosiftbn & MGAY ard BQr GAEAN ﬂagdlﬁ%d RQrrepbBd s8R as a
vehi cl e and having antenna arrays 1702, 1704, 1706, 1708 that denonstrates

a " skewathaodebiomgingetbmithueaficrmasigsontoltshistough 8B, for exanple, and the

majority her, fiqures descri.bed heyein travel th.is

gener ai 1 WOGTE a0 b e B AR EEhRMEDT RourGlsd BREnald PeFen | ow
hor i zaeRilaple@uidéaritdst@theabldsindd. NG cAimpteYar@érnd 1786 bR bddvidan Gy Wigesof f set s
as required to neet obstacles or other environnmental conditions. Fig. 26

i |1 ust/Oht B anddi0agwhils antennad 709 spans ketyscn gaidexunesi0e endr 3@ Inrtherewor k

the. AQT Rt Bl B R SR R A, PRl S Rt ner

posi t Doaed ﬁ@q@erncwlzm white Ke &xhss giide ¥rimx 930 gl ahergikadesith SuatuimYpasd ti oni ng
of the AGV 1700 woul d he useful for acquiring |oads mhosg cent;ﬁ%axes are
not j dsaugiiydee- 1 B ontedysnd ef figr 8¢, the MO a palgn by s §3ESSIRBITACtNeNal | el

to them tlﬁ]@@( A1 Eﬂ% Kiipgd %%@Tﬁees%f%%hﬁﬁecaﬂ e@ﬂqﬁul 8y - %ﬁ@%ﬁf&e%% ¥rs Speiy 1ol

and gui ce o e AGV 1700 1s pe y a skew ng onnand romthe
t r af f isempfistjeencyg @aptanglas shestegroctioe glide A@ds AkG0paraied bl aadffxiant diseavcangd & as

an offset tp the current h adln sition,the front, and rear ante na

a0 250Re O pet o Rt R B hr e Bel ot B TP s rilar PR or

cont r glgteMsd @mlnélﬁ%gdtwleéh fic gespa&weeg%m V%@és%ﬁﬁv@fd @AY ol SraPpeligbRbf the
constructed to distinguish between multiple guide wires at the sane tine.

For exdpplrelatientodhnguidy odredpenis betnwiemagup d@bmﬂln@gt radh X738 ande woe, while
t 17 t d /5 th nb t of
B RSy SRR AR Ry e SR g5 S e P PR e

cer t alifduwstadXbHs fnrtﬁé] BieB6YA BPFs sotat Poditiehing §iXths ATV de0vdl 25 c I theatuede
energized with a certain Y-axis frequency 935. In the enbodi nent of Fig.

26, t herolaowrer At PPl earifiginduriog eeis pn ppsrbienanienngiapia rotalavd 18 agui de
Wi res §9c1f‘?$ 5i0€ wiANEiih BR &é’wﬁ@ijaggﬁ tdRhS g eté‘lv%ﬂv:n?a a&@fe‘ﬁ’ea%%{nﬁ it the

same frequeficy. as 1ong as e respéctive gui € separ
suf f i echespacialp $if drcgiidnelirasso it is not necessary to discriminate between multiple guide w1res

of the same frequency solely through the spacing of such wires relative to the AGV. In other
words, with multiple distinct frequencies, the traffic master control system can dynamically and
angularly skew and offset the positioning of the AGV 1700 through the simultaneous processing
of multiple frequencies across multiple antenna arrays and by targeting select guidance and
positioning sensors within the antenna arrays.

[0088] While the present invention has been described at some length and with some
particularity with respect to the several described embodiments, it is not intended that it should
be limited to any such particulars or embodiments or any particular embodiment, but it is to be
construed with reference to the appended claims so as to provide the broadest possible
interpretation of such claims in view of the prior art and, therefore, to effectively encompass the

intended scope of the invention. Furthermore, the foregoing describes the invention in terms of
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| ong as the antenna inductor coils are sufficiently arranged and controlled
by the nmaster control systemto distinguish between the respective guide

Wi res relwoizom/asasthe overal |l position of the AGV rel at ipce/useoioe12giii de
wire layout. In an alternative enbodi nent, each X-axis guide wire and each
Y-axis guide wre could be provided with a distinct frequency that is
sensed by the inductor coils in the antenna arrays so that positioning of

the AGV 1700 relative to the guide wire |ayout can. he focuse 0 a specific
| nduc OGRS dat e diutish g Py dioton 528 FRERRle Gur o i r o
Wit D thobyieh Al A thatTiRsubSURHI - modiGdhtiBn$ ¥1S5th MVERNoM BoPh Rk FskcteReRngd) ng on
the spacing of the guide wires so it is not necessary to discrimnate

bet weewneth¢lesspepresant dguivilenss thefetohe sanme frequency solely through the
spacing of such wires relative to the AGV. In other words, with multiple

di stinct frequencies, the traffic master control system can dynam cally and
angul arly skew and of fset the positioning of the AGV 1700 t hrough the

si mul t aneous processing of nmultiple frequencies across nmultiple antenna
arrays and by targeting sel ect guidance and positioning sensors within the
antenna arrays. [0088] Wiile the present invention has been described at
sone |length and with sone particularity with respect to the severa

descri bed enbodinents, it is not intended that it should be Iimted to any
such particulars or enbodi nents or any particul ar enbodi nent, but it is to
be construed with reference to the appended clains so as to provide the

br oadest possible interpretation of such clains in view of the prior art
and, therefore, to effectively enconpass the intended scope of the

i nvention. Furthernore, the foregoing describes the invention in terns

of enbodi nents foreseen by the inventor for which an enabling description
was avail abl e, notw thstanding that insubstantial nodifications of the

i nvention, not presently foreseen, may nonethel ess represent equival ents
thereto. W claim 1. A variable offset positioning antenna array for an

aut omat ed gui ded vehicle (AGY) that is adapted to follow a guide wire
havi ng a frequency, conprising: a) two or nore inductor coils that each
generate an out put based on a strength of the frequency sensed at each
coil; and b) a programmabl e m croprocessor that processes the output from
each coil to determine a position of the antenna array relative to the
guide wire; c) wherein the position of the antenna array may be dynam cally
offset relative to
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the guide wire. 2. The antenna array of claim1l, further adapted to

simul taneously follow multiple guide wires having the sane or differing
frequenciwe 20w/dat7¢r mi ne data regarding the direction ofPCrrseeb/2egeed,
position, or orientation of an AGV incorporating the antenna array. 3. The
antenna array of claim1l, further conprising the use of the antenna array
to dynam cal |y adjust and precisely control the anmount of offset in a
travel a]téh followed by an AGV equi pped with the antenna array down a
travelwgic "8 onto a vertical conveyor, into a storage area, or into a

| oadi ng ar eaviRIba di¥R: h&sitid1EnPhtitblthairfa§ forfan aEmABY eMiAad AEHid¥ (RGWltRdtm 1,
further conprising a front antenna array and a rear antenna array
i ncor poadaptad th heltovam oM@y varechagomgta st quedcybgompusingr ol system to

i mul I id id ] i A | d d |
System for 45t bertig e Bl AR Rl b bt So S R HET P B o R 2P

1, further conpricgu&itytsbscdacesth conear nore additional pairs of antenna
arrays on an AGV to deternmine the location of the AGV relative to a

nul tipl e-a®s gdirdegammablpymigropgocesins thipersgescathepptn fionagaeh £oildher ei n t he
m cr opr ocessor 1.nes  a it | r t the guide wire
inan off-wire gﬁeua[nleorﬁosg{og‘?oﬁgﬁeaa%?%ﬁaghg}? Fa;c;\l(] gftgtlt:}?eaé%&l\?/&? urt her

conpri sing cy Conrtteddin Sesiositioch@f tieyaidnnd @i nahGV diyearaally offsdt delativento
multiple offset positions relative to the guide wire and the direction of
travel . 8. The dMR&HH#AWHFray of claim 1, wherein the guide strip is either

a RE wire af -MROARE hCaySbf élzﬂm B-furllhl& o8t t@@f@siﬁﬁft%oﬁgly%@w%lltg@g ign the

out put fromthe i nductior coils conprises:a) determning two st out put
si gnalvarsuivinf tiad $anef ortdiermg foerfueséign@l deferim)nedtaercgindingghe doectes off t wo
i nductor coils that output the two, largest output signals; c) determning
£t Gl SRR BN SRR OB ER (ST TR o by BUETGUEIN  si gnal 5 ar 6

adj acent 3 ang afllenfPERA} bMNDaith Qq*ﬁ%ér%mysﬁgiﬁg tMSIRDF At Dhdrd8brriplae, a

relative position val ue between e two inductor coils, and a coil

separ dyhanicdily adinggend precisely control the amount of offset in a travel path followed by an
AGYV equipped with the antenna array down a travel aisle, onto a vertical conveyor, into a
storage area, or into a loading area relative to the guide wire.

4. The antenna array of claim 1, further comprising a front antenna array and a rear antenna
array incorporated into an AGV and controlled by a control system to simultancously provide
guidance information to an AGV guidance and control system for steering and guidance of the
AGV.

5. The antenna array of claim 1, further comprising the use of one or more additional pairs
of antenna arrays on an AGV to determine the location of the AGV relative to a multiple-axis
guide wire grid.

6. The antenna array of claim 1, wherein the microprocessor determines a position of the
AGYV relative to the guide wire in an off-wire situation.

7. The antenna array of claim 1, further comprising a control system for enabling the AGV
to carry a load in multiple offset positions relative to the guide wire and the direction of travel.

8. The antenna array of claim 1, wherein the guide strip is either a RF wire or magnetic
strip.

9. The antenna array of claim 1, wherein the output from the inductor coils comprises:
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10. The antenna array of claim9, wherein conputing the position val ue
further conprises: a) determning a maxi num signal out of the two | argest
out put siwoabryoskd74i f the i ndex of an inductor coil thatrcoatspuvs2i2ke

maxi mum si gnal is bigger than the index of an indicator coil that outputs
the other |argest output signal, the position value is conputed as foll ows:
position value = offset - d/2 + Rel Pos; otherwi se the position value is
conputed as _follows:. position value = of + Rel Pos, wherein d is

fset - d/
the coil sépar atfClERMEILE ArR'arsest- AR sisgalsioyt ?%%lgcef%o&stag‘i 855> val ue bet ween

the two ingyct orjethldng thiexcsRE RO LRINBAT B6ilsA¥atutfil AdBblargtfi@nugivn t he
of fset value is conputed by multiplying the coil ‘separation distance by a

Coi | Pai r par anetsegnalswherein the Coil Pair parameter is set to be the mininmm
val ue of the indexes.of the twa indicator coils. .12. The antenna array of
craim 11, Wher oirrrr iR G pdor SR bk Burieng S e ST BYPRLTE R H¥ ng
the coi |l separatidpoefi sgidance by a Si gnal Percentage val ue, wherein the

Si gnal Percentage value is the ratio between the maxi num out put signal and
the sum of ®he twREPrARGLBOSIBRR YEe wiigghan affset 3aluprp glatiserpestoywalaed vehicl e

(AGV) adapt ed t Q foLhoM A BHLSGNAIE B LI JobdiSiiod ARV COomprising at
| east one antenna |1 cOmTUNI cat P o W th & master contro system and havi ng
a progr angraiheantents apioetssiar 9, ittt dadpeasnd the pdéiion Oaldy Aathct drhprissune a
| i near, angul ar or skewed offset position relative to the guide wire or the
like in ac®rdad$Eriining 3 pexingen signal it gfihgduo hyreesheuipghtig@ils:syst em  14.

The aut omatgd gy gledh dGRIrGh SRitof L& FﬂaiL t {n‘é LI %i?ﬂalﬁé’bigg@r‘%ﬁén g a

di agonal orientation relative to a plurality of para and rpendi cul ar
gui de wires arr amdpafian iahcatereooilshatroatpritsathe sther laegdsadutput sigspabd pasetion. 15.

The automated gui ded vehicle of claim 13, further co | S a plurality of
om i directi onaﬁﬂl&ﬂ% efan%m&f %%%BPWHQ%’;}@M_ o 16iTschn At z{ﬁg)(t%é@tg?r&rlﬁ’ge
system for st oriRdp&itniWaild it YoRbuRBLE B wWsNpSiRIAGeud 06atdt aNs2 +1gPos,
aut omat ed storage system conprising a master control conputer, a guide wire

network, and a ptherah idtiythefcod sepamattondligjanadechd/ReiPes esclpmGvsitwacialsavi ng an
onboard m'cropr?%fessor and .adkr}ﬁcei ver for receiving control commands from

t he master cont Wec?Bﬁlf)%Weorlfl %rr%)lﬂﬁ‘ each AGV

11. The antenna array of claim 10, wherein the offset value is computed by multiplying the
coil separation distance by a CoilPair parameter, wherein the CoilPair parameter is set to be the
minimum value of the indexes of the two indicator coils.

12. The antenna array of claim 11, wherein the relative position value is computed by
multiplying the coil separation distance by a SignalPercentage value, wherein the
SignalPercentage value is the ratio between the maximum output signal and the sum of the two
largest output signals.

13. An automated guided vehicle (AGV) adapted to follow a guide wire or the like, the AGV
comprising at least one antenna in communication with a master control system and having a
programmable microprocessor that enables the AGV to dynamically assume a linear, angular or
skewed offset position relative to the guide wire or the like in accordance with instructions
provided by the control system.

14. The automated guided vehicle of claim 13, further adapted to travel in a diagonal
orientation relative to a plurality of parallel and perpendicular guide wires arranged in an X-axis

and Y-axis orientation respectively.
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can dynam cally assune an offset position relative to the guide wire
network in accordance with instructions provided by the master control
conput er . wO2o10fitsa478yst em of clai m 16, wherein the storageTiuse@bioornss ar e

det erm ned based on a dinensional analysis of the objects. 18. The system
of claim 16, wherein the storage |ocations are variably defined and

popul at ed based on a di nensi onal analysis of the objects. 19. The system of

claim 16 erein th | ural i f AGVs .are adapted to, sinultaneously

Ccaut e ki esatt B e Qi b 0BT By Bt RSP TRR s m 16,
furthqqregtq;m[alsf{,@;gldtgg&ﬁgg@yg@mg,r ays for the transport and storing of
objects. 21. An automated Sstorage systemfor storing a plurality of storage

| ocker s 1t Ast ortemetel soadeconssmtihestaunoapluedits pHolgds sysorege beatmssihag a
master contrpl conputer, a guidance network such as a quide wire network, a
ol ur al L o SRLRE P sl B R RSP RN fodhie- R BetiiytibicaTan: ci es
(AGVspl@akty dTaviorGitcinzu@dtaohi]d¥1(BICORY) @E@SitRing2dhtbnbokRGRicksprode@dor kBE .1 Vi Ng
control commands fromthe master control conputer, wherein each AGV can

del i vépceaves fasiregraving eretrol cpwmaads Gaw thymegieneansiol eemputet vihatén rasht@¥n and
gﬁ pf‘nmgc&? bg%agggawT%Fﬁ?% gﬁ Isaffgért ggéﬁ{)% tegé;[}{e% Bl Had Qirk R 2t idGin QSH T K
instructions provided by the master control computer.
17. The system of claim 16, wherein the storage locations are determined based on a
dimensional analysis of the objects.
18. The system of claim 16, wherein the storage locations are variably defined and populated
based on a dimensional analysis of the objects.
19. The system of claim 16, wherein the plurality of AGVs are adapted to simultancously
acquire and move multiple objects at a time.
20. The system of claim 16, further comprising the use of trays for the transport and storing
of objects.
21. An automated storage system for storing a plurality of storage lockers in storage
locations, the automated storage system comprising a master control computer, a guidance
network such as a guide wire network, a plurality of storage lockers, and a plurality of automated
guided vehicles (AGVs) each having an onboard microprocessor and a receiver for receiving
control commands from the master control computer, wherein each AGV can deliver a storage
locker from a loading location to a storage location and dynamically assume an offset position

relative to the guide wire network during transport of the storage locker.
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