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Application No. 60/567,729, filed May 3, 2004, the
entire disclosure of the provisional application being
consi dered part of the discloslire of this application
and hereby incorporated by reference. BACKGROUND OF
THE | NVENTI ON The present invention is generally
directed to material handling vehicles and, nore
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}N:?(;ié%icg??n\s)selpﬁhrcbugimtﬂ alhle apptication, Heeludingo@erdaims, she term AGV
shall mean arYgq mclude both AGV's and AGC's, as well as any other vehicle
that is automatically guided.

Current AGV designs generally include a frame with swivel castors
located at the four corners of the frame. Other features may include a drive
wheel assembly and rigid castors for directional control of the cart. In one
current design, two rigid castors are fixed to the frame and located
approximately midway between the swivel castors on each side of the cart
frame. The two pair of swivel castor axes and the rigid castor axis are
generally parallel to each other. The steerable driving unit is attached to the
cart frame, generally by way of a plate that is hinged and spring loaded from
the cart frame to ensure that the steerable drive wheel maintains adequate
traction with the support surface. In another embodiment, a fixed drive wheel
propels the AGV and a steerable castor wheel directs the movement of the

AGV.



propels the AGY and a steerable castor wheel directs
the novenent of the AGV. An AGV includes a gui dance
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systenms in use today include wre guidance, |aser

gui dance, magnetic tape guidance, odometry guidance,
inertial guidance and opti cal '%ui dance, and each have

their own associated positives and negatives. For

exanpl An AGY tinaludgsi dageidanse ssystemt ihate contrelsadki mgvement.
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systens use special markers 'that the AGV sepses an

used direationtefolravals Thaugh theyhean b@p@iraml%egﬁstt@ﬁh?@d errors may

suscepti bl e to ohst t k i

OB Gt 1pBY Al o apoe B BleSsf¥ttn RSk adjust for these
eBMr OB Rixafiplé s By etilizihg Waip ot feferentbema®érs gmagnetic paint,
nodi fied, the markers nust be

Fiechn FoauenapIantipatAnRFYRLESE. i Laines (o5 deginatss path
only t r'-,%\églf HQ'B@%&%&?{%@& Pﬁé\éﬁe&i%?ﬁ%rfé&%%éf tHERARRS Senses and

whi ch, s rnvention, requires that

a%ﬁ& rt@rb‘é%grbl gcs ?;ehel.: Faelyperofisysterdasl susceptiide to obstruction of
mar ker s. e di iculty associated with the aut L .
| oaarkats aAadu NGBt FRIaBl. aradUiis pdPerkess « s B, Preggnt in any

P%Zliafrhﬁ&gg{t: ﬁﬂ‘ RavEr apaROsAthidt the IV APndorlifidRe the Keftkers must be

ar posifion. Transports are usually
Pty bicae tnovedial Furtherpanek@vphithbipisa typre ok guidancgesystem can

case of a truck. This na I i.tioni i
oAy e gt P B B350 AR, Ty Bt of
ﬁ%hi@ iﬂ@hxﬁén,p%ﬁﬁegr‘tﬁﬁf BﬁyttFé’Hstp@’rt & beheateadirngnidadéd include
€ or she nay unabl e to perfectly square the

t raatkersw th the dock door. This will |eave the

Lbor' i SRRt EILS i i SLEHR Bl 4P nipang or
PR 308k Btora HEXrapEAingbiao ety e toadno
t hipokapedifion t VT rehspiuteate uguailydp%'ﬂwf&manﬂ@"vo%rt%%ple by a
t rc?r%v'e?ﬁn the case of a truck. This manual positioning results in an unknown
variability in the position of the transport. As a driver positions the trailer at
the loading dock, he or she may be unable to perfectly square the trailer with
the dock door. This will leave the trailer at a skewed angle in reference to the
dock door. Since the angle is unknown and can vary at each positioning at
the dock, an AGV cannot effectively guide and deliver loads in the trailer
without having the capability of detecting and compensating for this trailer
skew. The prior art has addressed this problem by using skid plates to
position the transport in relation to the loading docks, however this is a costly

and inefficient process.
Another difficulty associated with the automatic loading and unloading

of a transport is that the AGV must be able to overcome the difference in



skew. The prior art has addressed this problem by
using skid plates to position the transport in
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costly and inefficient process. Another difficulty
associated with the automati c_| oadi ng and unl oadi ng of
a transport is that the AGY midst be able to overcone
the difference inheight between the transport and the
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~a need exists r an AGV design that
ef f ect iDedpite the use of guidance systems to control travel of an AGV, their

use in the process of loading and unloading loads from a transport has yet to
be satisfactorily addressed in the art.
SUMMARY OF THE INVENTION

In view of the above, a need exists for an AGV design that effectively
and efficiently combines the use of different guidance systems to
automatically load and unload a transport. More particularly, a need exists for
an AGV design that is capable of loading and unloading a transport that may
not be in its expected position.

To meet these and other needs that will be apparent to those skilled in
the art based upon this description and the appended drawings, the present
invention is directed to a method and system for loading and unloading a
transport by an AGV. The AGV first engages a load. The AGV with engaged



and efficiently conbines the use of different guidance
systens to automatically | oad and unload a transport.
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that is capable of |oading and unloading a transport
that may not be in its expected position. To neet
these and ot her needs that wi-#t be apparent to those
skilled in the art based upon this description and the
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control_of t travel of, the.AGV. ;

ceast e ARV wril Siaadiic oAf i e s BlBVaEbuidange system toa
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y a gui dance systemto a known position. Fr .
t picpepdsad positiontan the tanspors yadiests disell i gyide i AGV with the

P lo2Bibabef ReSiRsy o] AePRuEBAS s adELieH qubtbd Systom is
d isedt e Juidsl thehAGM] hesske tb capptaxiceatelys theen Krown  position

then used to guide the AGY back to roxi mately the
kdeserihesk iaboye, dekereimdbe apigipal wredllsied r@'ﬂ?ﬁ‘%‘? rfstem then

unadj ust ed qui e sunmes its control of

t i %%/E? C%P{rgﬁgﬁﬁﬁﬂéﬁﬁﬁgr@ygpe and applicability

of t he_FﬁﬁﬁéﬁrychaV@m iapplivabilitybefc tee pageeant énvetiammwilh decome
foll owi ng detailed descri nd_dr awi

_ tign, clains, a ngs. ,
Hewpaeant froms Hbal éplwlre&d&@éﬁ%%d&?ﬂ%(ﬁpﬁe vy 8‘88 drawings.
O VY '%Fﬁd' eGhkd &Lba bll&d idedcaptioh@and specific
pi—g}%q\fréidﬁe gg‘??r)e%npéa% tt eﬂﬁrg\?gﬁt%}n, are qi een_b p‘
Weaffpléd, Wisile' midicztingrprefersschembediments efithagpyeniian, are given
nodi fications within the spirit and scope, of the.: "
vy GhiIWRITADR Goe SRR GRS T Hociiians pitin the
arstpiri’t and scope of the invention will become apparent to those skilled in the
art.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully understood from the
detailed description given here below, the appended claims, and the
accompanying drawings in which:
FIG. 1 is an overhead view of an AGV according to the present
invention;
FIG. 2 is a side view of an AGV according to the present invention;
FIG. 3 is a front view of an AGV according to the present invention; and

FIGS. 4a-d are overhead views of a loaded transport according to the

present invention.
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claims, and the acconpanying drawings in which: FIG 1
is an overhead view of an AGV according to the present
invention; FIG 2 is a side vi%ew of an AGV accordi ng

to the present invention; FIG 3 is a front view of an
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a@ggﬁ%ﬂgﬁg éf'Jo& ﬂ?eslxﬁbgg ’g‘ﬁ/tltﬁ. rOfREGSE Gl dado/eRigl e 10should be

_ ( invention is illustrated and
dappracitdd Whattheefpplieations for fh&gutdmatic lqaditgand usdoading of a

iated t h i i )
e et (T SRS AT AU Bt o
g%gﬁﬁé&t&dng 'ner{hquf%éﬁ‘alhlﬂ?%‘{/ﬂ FoVéXarfiple, ®fie present invention

I cations “beyon e ustrated AGV. For exanpl e,
t heayobe ssetl withvautonatedwmpided vehidlesiafia vatiefsf a@nfigurations as

gui ded vehicl es.qf a yariety,of configurations as well
a&"eﬂtwtﬁﬁﬁ[‘”@i?‘ﬁ Wﬁf‘g P{Sh ¥ cl es. The AGV 10

i ncl Udﬁ‘%leaA@\/e%'iﬁGu@é‘Q atéte¥Bndemdiadivieniduhianissn disatdis used to
to propel and steer the AGYV 10. In the iIIustra}bio

Spoopel b stacrclhenbGihdOdr I herdbARISHE AU, dbg Steering and

drive wheels 12 and.steerab

oy e Ginaisrecti e pBRt R gbd Fp8faLt ool 14 that are
S’cﬁﬁpletdhwnﬁ@/g&@an&es;&térﬁaan'deusaatterprbpelnand lsbeer the AGV 10.
steerabl e wheel 14 as 'the AGY 10 is propelled,

s fTer igmgiarwsl Ayszemo.tumitheoﬂ@erthetwbe I i1de %@2@\@/ 10 is
are pr : X . "
S apelfed 't y%éﬁeﬁﬁ'@ ﬂ{(ﬁ P&e\we’lﬁ)?: Z'd‘_ﬁ'ltB‘?%#lg,%h%fﬂl’ﬁé Witeels 12 are

gwéﬂélréblgrd@yatie@wm alired ihesenizsdo dreatecarnmtgiolrical differential.

ifferential or "panzer" st ith i vel . i
e orgm papuStoro B Hagieo b 2o Bl ot SSARRS yfrontl or

;Egaﬂ%%%:sg%}fﬁhﬁbsmvﬁ{?& L dRNGLBEHR The alsebsr AiEst&Tsiave motor
_ gul dance systens. In a preferred
e rdopttoller for thwddus dheels. syst ems are used, as
The guidance system can be one of any number of known guidance
systems. In a preferred embodiment, two guidance systems are used, as
more fully described below. The primary guidance system is an inertial
guidance system. The preferred system uses a programmed path of travel.
The position of the steerable wheel 14 is known and is capable of being
maneuvered. The distance and direction traveled by the AGV 10 is
measured, preferably but not necessarily by a track wheel. A system with
encoders on each drive wheel and a steering encoder may be used in
conjunction with or separate from the track wheel to track the distance and
direction traveled by the AGV 10. As the AGV 10 travels, the steerable wheel
14 is turned to certain positions at certain distances. In this manner, the AGV
10 can be used to travel over almost any surface by just specifying the
position of the steerable wheels 14 and the distance to be traveled while in
that position. This detailed description is given by illustration only, and the

use of a different type of guidance system, for example a laser guidance



more fully described bel ow. The primary gui dance
systemis an inertial guidance system The preferred
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of the steerable wheel 14 is known and is capable of

bei ng maneuvered. The di stance and direction travel ed

by the AGV 10 is neasured, prd&Ferably but not

necessarily by a track wheel. A systemw th encoders
osystamh adr fheeprithesi gaiddnee systen igwithirothsr spidy apd aeope of the
in conjunction wth or separate fromthe track whee

t BVEPHeM- t he di stance and direction travel ed by the

AGV 10TnAsAERE RCH MRt MRYRley at [adscapturb! meshasismildsuch as

is turned to certain positions at certain distances.
| dlahipssonaneferably theAdK pairs 46 shewnsadhe dlustraliens dhatrare used
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U RGBS With! £phifet! Mten@_@?in@ With tHhfork ghelrsileedis is well known in
description is given by illustration only and the use
othenadi fFhe fork pajreel Gomay heladivstesy wertipally By resapspkan elevator

| aser qui dgnce t ' ' .

RS e RE TH AR A B R B s o
AR\WerRdf 5 Bheariycoutieryhis,| fardexanpler donstdeang fpadsicinto one
as clanps or, preferabl

the fork paj i
t Beotherudnraaprasprsed wbqﬁi@eugéagiﬁﬁgﬁﬂi@l{&%rﬁfg@@g@érﬁﬁo sets of

| gad_pref er i ncl 0 kot S | ,
 ARSE GPI, D AEhob RS it 20 oo st disance
Pahddsulihg @eviceswsbl kBotin detst b distanc@hmeasukingadegices are
16 may be adjusted vertica nmeans, of. an_ el evat or

: |1y by -
mophEtol a@plen o hesviaeEng MBS HPSBARSTLIRE Uskdn Quiding the
t i a variety of heights,
f&ﬂ%?ﬁ%ﬁerﬁgﬁfe?raﬁ%tagg ﬂ%ﬁgg{c’@ onto one anot her.g In a
pr tef er ][F&S_faabkydihehiad ¢dpduraGvietbanisnt describesl abRee svgapable of
sets o i stance sensprs, rear distance, neasuri ;
dbitiea the endaded lead Gpdiontely hEieatYgf el abiithy mechanism
Bogoh ﬁ?éz?r%ferfgosfeﬁig)%%irﬁgﬁsiﬂﬂét?&ea%iqu§ FAMBe elevator mechanism
operati vel'y coupl'ed to the steering and drive
gﬂﬂﬂwﬂgqgipfped witle tivo fyuk qiaing 16e Bash fork pairig és mpynjed to a
escri bed_bel ow., Preferably, the |0 { Uke .
mSSREFAENTY s€q7'ged Lﬁo@@di %a%tbjg[h gglsrffier]ﬁffilsngm?%'ged to the
e Or 'rﬁg&qetm&ﬁnz 99! althi BlevERANMeehafish 08 anf taisg the fork
nmechanism 22. In a preferred enmbodi ment illustrated i
Fla@arridges heé tegether as nesdedripsvartically position the fork pairs 1% and/or
loads. The fork carriages 17 are also mounted on vertical slides 15 and
equipped with hydraulic cylinders to allow up to six inches of independent
lifting ability per fork pair 16. This independent lifting allows the AGV to travel
and position its fork pairs 16 into a pair of adjacent loads. By raising only one
fork pair 16 six inches allows the AGV to pick-up a single load from a pair of
adjacent loads. This same operation along with the side shifting mechanism
22 allow the AGV to place two loads side by side or in single bin storage
racks. Each fork carriage 17 is equipped with hydraulic motor 24 with a chain
drive. The chain 25 will pull the fork carriage 17 to the desired position. In a
preferred embodiment, the carriage slide rails 26 are designed to allow the
fork carriage 17 to travel past center such that the AGYV is capable of dropping

a load in the center position of the AGV. To do this one fork pair 16 is shifted



18 is equipped with two fork pairs 16. Each fork pair
16 is nounted to a separate fork carriage 17, and each

WO e00k/168206 | age 17 is nounted to the el evat or nRCTTHI1095014688
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18. The el evator nechani sm 18 can raise the fork

carriages 17 together as needed to vertically position

the fork pairs 16 and/or |oads/- The fork carriages 17

are al so nounted on vertical slides 15 and equi pped

Wtdd bnbygd@ttér?wfdw Iof rterway,othals| allewipg ttbesother dotkepainf16 to be
i ndependen ifting per fork pair 16. This
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raising one pair si X inches
agiebl@ntslmle 18@A"d thepfonkanaiparad badgivard teanel fof die A4, alfows the
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%ﬂcﬁfaﬁ fﬁ dMh&i AEVOL0.1 h & P@érrdi Rnsbedinent rm;sk@ted in FIG. 1,

carriage 17 is equi pped with hydraulic noto
24ach tdf the ébrki paity 16 ean tieeindrpéndesiyimoved lhquzpﬁ@llyot % in the

e%afs (ke atrhy’ &, ARYITET o8B the, BB HiffhGih8thanisms 22
cﬁudé%ﬁ R cbBEK28 36 fridend the motvemeeit ob ttsd farmpaars 16. These
suc that the AGV is capable of drop b(%ha | oad
S

cencedersog3 tireferalblytare crpableref ér@cwﬁg ethﬁo?%'t&ﬂ P“g rate of

16,is shiftedi.o one

alcihaﬂﬂﬁgmt Res| ?'P] & gh%r %:“?légdlaﬁrslgé Heéqglg nta‘ '?fcr}%ctlon These
t Ryce8BFLP3 HretiRohtunitaton ivelth ﬂha gmdagcamylsiamns:rhtﬂe AGV 10
in conjunction with the el evator rrec

f @ndeaie USRS B pIaRATY RIS ther fork ke %ﬁ%%%en{quhlﬁmg of

be_.ad]
B0 LA Sl et TBOPE, pcion win e
Irde%cﬂpﬁérebfb@dmgommsparmmstrat ed |n FIG 1, each
of the fork pairs 16

hor i zonkh@ IAGV] 18 asj aeqqq %g: gge{;epglggg %gga\éggd@@ used in the

AR SR B e il o
t hfeskribkd prarelatids to 5hmlmdctdmkstrat9r;at@fleadmgydcmkéocatlon of a

CHARGRY Pt SIS BIPGSRSER ORI RS BaFPaDegh it ArDgrfar ransport 50,

h%?é%ﬁln [eglﬂ"a f?Qler-U?‘?éﬂ?cﬁlnCOderS 23 are in
comuni c lon Wt e gui dance system of the AGV 10
and ar eAuisethtiocall Lo di the fork pairs 16.

e Sk T 5 BRe Bl 8RR fudf et epgoce the oo
In a preferred embodiment, as described above, this is accomplished by the
use of fork pairs 16 of the AGV 10 that mate with fork pockets of the load,
usually integral with a pallet, and by using the elevator mechanism 18 to lift
the load off the ground. The mating of the fork pairs 16 to the fork pockets is
a difficult operation, and requires precision. Preferably, the load is placed in a
known location with a relatively high degree of precision. The guidance
system of the AGV 10 may then be programmed to interact with the load at
this known location, so that the fork pairs 16 and fork pockets properly mate
with each other. If placing the load into a known position with precision is
difficult or impractical, the AGV 10 could be modified to allow for a wider

range of load positioning. For example, optical sensors could be positioned



description of loading the transport 50. The AGV 10 as
descri bed above is designed to be used in the
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These processes will be described in relation to an
enclosed truck trailer at a | oading dock |ocation of a
factory, but simlar processe8-coul d be described for
any simlar transport 50, for exanple a flatbed
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35, bEBeAR L' B, HRGRF: RieGak, SERRSe O rdpiion may be

d%bﬁfévﬂ?btpeﬁe\rerpnthe‘ tidek vbiekl, pif ckeetds, maliens@V toobe lifted and
woul d nmodify its tpath of travel or, ,preferably, the

fmekdépf@drleoa@ablm vaid ddeirg damage Frgans of the
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fork po nter ac I ows™ nore robus
OpGadRttbothe uds@jmglddmrormid neapctnemes trapgporteB0nalte a preferred
this a nore expensive ss desirabl e

e PXeete ek 5058\ s o v o o
ggrejsﬂom L?t tﬁr{ %g%b r@osﬁrlﬁ th@at%ﬁebo@'tosﬁ apehiofpdifite a secondary

t 50, in this case a truck
t rgfundjmce gystembef tlmAGéﬁdeﬁd&menaldeﬂlﬁld paed g awida the AGV
! n1 Os%qgtr?ealsn?gnded Ioa% Sq’[l 2 & preferred embodiment, the secondary
guidance system comprises the two sets of distance measuring devices 20
and 30 described above. The rear distance measuring devices 20 are utilized
to operate when the AGV 10 is traveling forward, and the front distance
measuring devices 30 are utilized to operate when the AGV 10 is traveling
backward. The preferred distance measuring devices are analog sonic
sensors, though a laser-type, a laser scanner with moving beam-type, or an
optical/vision system could be used instead. Each set of the distance
measuring devices will operate such that the AGV 10 will seek the middle of
the transport 50. This is accomplished by using the sensors such that the
distance from one sensor to the side 54 of the transport 50 is subtracted from

the distance from the other sensor to the other side 54 of the transport 50 to



used in order to facilitate the travel of the AGV 10
fromthe dock to the transport 50. The loading ranp is
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the two different surfaces. Because this transition
may be sonewhat uneven, the track wheel, if used, may
need to be lifted and rendere(-:9-| noperabl e to avoid it
bei ng damaged. The AGVY 10 will use its prinmary
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bybQbuhigstaes meiniains & abroind CIStABCR TOMMAGS O Lo SRS 54 of the

nsor_t he side 54 of the transport 50 is
ﬁ[ﬁr}sgg{te ‘fromthe distance fromthe other sensor to

the ot e AGY 36 ief ;;Uid@dt bynm@osec@marycgleidaeca system to the
error S|%nal. This +

stiotended Ined mesiiem drreferabicia & %d@qi' o i s fontmost
in t

0SB SBELR B i kg ot find prien bhgotiren, e
10an@M hosmﬁlcdnltlaumfdd/l/wrdom theeappraxipatet mile afdhe transport 50

t her ef
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ac nsport to be dis of a knowmn wi dth

t Mmf@mb@dilp'rem;uret Isenslolstcmnws‘mam fThe @ﬁ%s%@ﬂswnsorl could be
igﬁ#'%ﬁ@{?{cgts %{(ﬁ: g g{@{,o{lr)@t h%rli‘B‘é}?@ 1%' 3 PE6 ¢8Mhet with the end
wall 56 of the transport 50 or other load or, in a preferred embodiment, a
pressure sensor could be positioned on the other end of the fork pairs 16 to
interact with the load when the load itself contacts the end wall 56 or other
load. In the preferred embodiment, the AGV 10 slows down to a low speed
when it approaches the intended load position and the AGV 10 detects
bumping of the load with the end 56 of the transport 50 or other load by
monitoring the drive current of the motor of the AGV 10. As resistance to
travel increases, for example when a relatively immovable object contacts the
AGV 10, the current delivered to the electric motor of the AGV 10 similarly
increases. This increase in current can be used as the indication the load has

reached its intended load position.



being in the mddle of the transport 50 to obtain the
+/- error signal, which can be used by the steering

wore@haes2gen of the AGY 10 to guide the AGV 10 iPCT/082005/014688

10

15

20

25

30

appropriate direction in order to cause the +/- error
signal to approach zero. In another enbodi nent, the

AGV 10 does not track the midtle of the transport 50

but instead maintains a specified distance from one of

the sidgée e AGV ho Hasarsiehed the mt@hdeet\@adlposmoguﬂ@eaev 10
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Various modifications to the embodiments described above can be
made without departing from the scope of the claimed invention. For
example, an AGV 10 that has only one fork pair 16 can be used with the
method of the invention. In this embodiment, the fork pair 16 can be shifted
by means of the side-shifting mechanism 22 such that individual loads can be
placed at the side 54 of the transport 50. In this manner, the transport 50 can
be loaded one load at a time. If desired, the AGV 10 can also alternate the
side 54 of the transport 50 on which the load is deposited. Further, this
invention allows the AGV 10 to load the transport 50 in any load configuration,
e.g., two loads side-by-side from the front to the back of the transport 50 (as
in a preferred embodiment illustrated in FIG. 4a), alternating rows of two side-

by-side loads and one load in the middle from the front to the back (FIG. 4b),



engaged | oad) outward towards the side of the
transport 50 by neans of the side-shifting nmechani sm
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enbodi nent, the load is conprised of two i ndependent

pal l ets, each of which is engaged with one of the fork
pairs 16 illustrated in FIG -1T-In this enbodi nent,

when the AGY 10 i s approaching the intended | oad
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E%émhavblllstﬁgﬁ Y Gs8dt8 tg%?ld WMHNAGRPREGN 1S tRIVRR, For B8Rample, to
pick up another load. If a track wheel is used, as in a preferred embodiment,
the track wheel is lowered to again contact the ground to be utilized by the
first, i.e., inertial, guidance system. |

In a preferred embodiment, the primary guidance system will continue
to track the motion of the AGV 10 when it is being guided by the secondary
guidance system. This continual tracking allows for a more precise
resumption of guidance by the primary guidance system.

Automatically Unloading a Transport:

The process of unloading a transport 50 is very similar to the loading
process described above. The main difference is that it is difficult to ensure

that the load to be picked up is in the proper position on the transport 50, and




in FIG 4c (in which the |oads indicated by 60" are
rotated 90 fromthe alignnent of the | oads 60) and
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"pin-wheel" layout). In the illustrated |ayouts of
FI GS. 4a-d, rectangul ar | oads are shown, however any
shape | oad may be used with th2 present invention.
Because of the flexibility in position for depositing

tﬁ%r#@?@%@@%@%é\(ﬁ»fué@betdr&i@méd oI roovgdtisgie or dmisfand other
the Toaded transport 50 can be achieved. In.a co
avanatgiyenthe poelionzefdpereaton el diehed Tedldgen he step of
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et e S50 LA 0, b B e cous
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temwl en be u to guide the AGV 10 back to
ajtins Wdidnetetion bhethedranspodaia, dhestheptical renseepAeldld\pe switched

iod : .
ook ok Thendotnpackeba S7080 ohanpr ddieBied Ty, of the fork
?ﬁgﬁta%t%, {r%igéwmo wWdlAd Piddmits ith diheeesyrs peafievabbly, the forks 16

e used to guide the AGV 10 on_ its tr

exaufd be adjusied byupeansdiderk Buiersi(f-ea the X elﬁﬁi@tg{gofnﬁchanism
g etttal s A B AR R ot B QPR betne on
{ i 16 inddpchderigesttihal AGYUTOaBGen Syttt fork pirs 16 and fork
preferred enbodinent, the primary guidance syste [ 1
c qruckatse interact.acOncReengRdsh e @ﬁg 10P j’ﬁ@ﬂ {R’%g elevator
canprhiem 8. the AGT oL “The LephaZRLoSHhER!s) SR would then
B s o
QDA GV AR 190 gS0aRy 4 PRI SPSPBHGD. AL this point
! otﬁgipnrﬁnary guidance system would then be used to guide the AGV 10 on its
travels. In a preferred embodiment, the primary guidance system will
continue to track the motion of the AGV 10 when it is being guided by the
secondary guidance system so that a more precise resumption of guidance by
the primary guidance system is possible.

Another embodiment of the present invention includes the use of the
second guidance system to determine the skew of the transport 50 in relation
to the loading dock. An inertial guidance system is utilized to guide the AGV
10 to the threshold 52 of the transport 50 to be loaded. Atthe threshold 52 of
the transport 50, the second guidance system, for example comprising a
moving beam laser or optical system, is used to determine the skew of the
transport 50. This can be accomplished by measuring and comparing the
distance to the two sides of the transport 50. Once the skew is determined,

the inertial guidance system can be adjusted to compensate for the skew. At



process described above. The main difference is that
it is difficult to ensure that the |oad to be picked
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andt herefore the AGY 10 nust be designed to conpensate

for this and other variability in the position of the

| oad. A preferred nethod incltdes the step of guiding

the AGV/ 10 with a prinmary gui dance systemto a
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prﬁf%gmwmetfbwomhgkﬂamﬁ;_coul d be adjusted by neans of
fork shifters (i.e., the side shifting nechani sm 22
and vertical slides 15 described above) that allow for
novenent of the fork pairs 16 independently of the AGY
10, such that the fork pairs 16 and fork pockets
interact. Once engaged, the load could be |ifted by
the el evator nechanism 18 of the AGY 10. The secondary
gui dance system woul d then guide the AGY 10 back to
approxi mately the sanme position where it began gui ding
the AGY 10, i.e., the threshold 52 of the transport

50. At this point, the primary gui dance system woul d
then be used to guide the AGV 10 on its travels. In a
preferred enbodi nent, the primary gui dance system w | |
continue to track the notion of the AGV/ 10 when it is
bei ng gui ded by the secondary gui dance system so that
a nore precise resunption of guidance by the primary
gui dance systemis possible. Another enbodi nent of the
present invention includes the use of the second

gui dance systemto determ ne the skew of the transport
50 in relation to the | oading dock. An inertia

gui dance systemis utilized to guide the AGY 10 to the
threshold 52 of the transport 50 to be | oaded. At the
t hreshol d 52 of
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exanpl e conprising a noving beam | aser or optical
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50. This can be acconplished by neasuring and
conparing the distance to the two sides of the
transport 50. Once the skew isl4tetermi ned, the
inertial guidance system can be adjusted to conpensate
for the skew. Atthis point, GlbEM®npensated inerti al
gui dance system can be utilized to | oad or unload the
t "Yhapisralaisted is: a manner very similar to that

descri bed | QQ\tlh]]I%terBII’ géacﬁﬁgvﬁ-trgﬁ‘ébcfrprvﬁﬂpidig automatic guided
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di scussion desCri bes an exenpl ary
e nfehicle€AG\W) fconrigim@gsent i nvention. One skilled in
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said AGV; guiding said AGV with a first guidance
sy@t@mto a first position; guiding said AGY with a

et BT AT AP I Gl pRaant o sac

s ajnferideardioad ippsitindtota seset positiorsai d i nt ended | oad
position; and guiding said AGY with said second
gui dance system from said i ntended | oad position to a

second Hosi trpR. m2inoiNEr BRHOA Me@lrﬁ%ﬁ?dls%@f&bﬂio%ﬂcé system

second Qui dance system conprises at |east one distance
Measmpiisgs atkeast on@ distarcamricasdring sehsdmim 2 wher ei n
said at | east one di stance neasuring sensor detern nes
a first distance to a side of said transport. 4. The

method gf cl g hathsd ebinciithd2f ivhateigusslanae |6astt Rk distance

measuring sensor determines a first distance to a side of said transport.

4. The method of claim 1 wherein said first guidance system

comprises an inertial guidance system.

5. The method of claim 1 wherein said first position is

approximately at an end of the transport.

6. The method of claim 1 wherein said second position is similar to

said first position.

7. The method of claim 1 wherein the step of guiding said AGV
with said second guidance system from said first position to said intended
load position on said transport comprises monitoring a drive current of said
AGV.



conprises an inertial guidance system 5. The nethod
of claim1l wherein said first position is
wa@ppsoss2e@t el y at an end of the transport. 6. HAEEUS2005/014688
met hod of claim 1l wherein said second position is
simlar to said first position, 7. The nethod of claim
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vehi gl I%CM rising. engaging a load with said
A ;8§E|‘Q’gl ng 'S AGy with a first gui dance systemto
a first position, wherein said first guidance system
conprises an inertial_ guidance system said first

nd, . .
10 positi of0i s Pr Blathed gof Joading ?réﬁ%%qr?;wmi%ﬁ‘ Rptemale guided
A%diélth%\?)eéH?ﬂﬁriQHgdance system fromsaid first
IO

posi to ‘an Intended | oad position on said
t r anspoengagihgedbad vdthdsaie @d\d; gui dance system

conpri ses, at | east e djstapce neasurin evice, said ..
at | eas9ugig §a ﬁé\? ngsﬁr{']rﬁ_g gi’é@?'lc@ c?g(?%’?ri 0e8 ﬁrst position,
fi \Fvﬁéreﬁlh ShRNHSt gGid%néé &9sim eaiprisbaapAREkial YORARE system and
sald first distance assists wth the step of "guiding

15 sasald Aicst pasitiorsisi prosievaiado gaiddaanspastyst em fr om sai d

e ARG A EIREALARIR Sl vom s

| nps&IR6eA th Rdineasddd RIxd position on said transport, wherein said second
guidance system comprises at least one distance measuring device, said at
least one distance measuring device determines a first distance to a side of
20 said transport, whereby said first distance assists with the step of guiding said
AGV with said second guidance system from said first position to said
intended load position;
depositing said load onto said transport at said intended load position;
guiding said AGV with said second guidance system from said
25 intended load position to a second position; and
guiding said AGV with said first guidance system from said second

position.

11. The method of claim 10 wherein said first guidance system

30 further comprises a track wheel.

12. The method of claim 10 wherein said first guidance system
tracks said AGV throughout the steps of guiding said AGV with said second



guiding said AGY wth said second gui dance system from
said intended | oad position to a second position; and

w@eiodite4cai d AGY with said first gui dance sysPEnUS$2005014688

10

15

20

25

30

said second position. 11. The nethod of claim 10

wherein said first guidance system further conprises a

track wheel. 12. The method of1&1 ai m 10 wherein said

first guidance systemtracks said AGV throughout the
stgypdande gyisttmgfrea dakB\firsi tpositiond t esaith digtenttatt doad position,
system.fromsajd first sjtion to,.satd.intended |l oad.,.
oG’ Sagh et AGL s rahsPsh e Sl bR 8eg Hisition and
s &l fldingt SNd GV amith BaRl sécomdagildaneds pgternfrdn\&Yidwhtdhded load
sal d seécond gui dance system fromsaid intended | oad
poRaditiemta said siedopd Posttioposi ti on. 13. An automatic

transport | oadi ng system conprising: an automatic

gui ded vehicle (AGY), said AGV conprising a drive

mechani $30 anfln usdRatic RBnEREH AsHdIg systentcdmpAsing:

gui dance system and a second gui dance system said, . .

first o dweiicgdligledc vekigks éﬁﬁ\ﬁeiﬁ@gye‘b@b/appmrgwng a drive

co W [ - sal.d, st eeri ng nmechani sns

OfMgéﬁ%m%?n%es?%%ﬁ%ﬁ}e%ﬂ?pl%@#,%éﬁii dance system gui des

sai d AQ/first guitiansé systeat and.a secohd goilathcgusyddarme said first and
gu

system gui des said AGV fromsaid first positjon.to an .
i neeaaeogyigancy sysienth baing eresatialy FouRteshwith %fia*“ve and said

POSiLLE ik{,on, and said first guidance
sy%?é%ﬁgm%g%ni%ﬁg% &% fé‘%\rﬁsai d second position. 14.

The syswheraif saldafiret faidancehestemrguideas sgidaAGYatb a first location,
position sensing device operatively | ed with said.

(i S48 SASRA B SUStPe BuER: S0 AV ATTE e 4 3 Trdipn to an
PORdrY REAP IRSitRAY aRE RENdarRRABhEP s S8dHidh 18 a second
V\h@ﬁédsdaéirad A@p:bglt?)ﬁ ?ai d int e?]ded | oad p%si t‘iftf)n.I 15.
Theositien,candfsaid firshglddawee eystesngdidesspipAGYi fsem said second
sensi.{?&?}devi ce conprises at |east one sensor, said
se@PM'bei ng capabl e of tracking novenment of a |oad

engaged with said AGV.

14. The system of claim 13 further comprising a load position
sensing device operatively coupled with said drive mechanism and said
steering mechanism, said load position sensing device being capable of

determining when said AGV is in said intended load position.

15. The system of claim 14 wherein said load position sensing
device comprises at least one sensor, said sensor being capable of tracking

movement of a load engaged with said AGV.

16. The system of claim 13 wherein said second position is

approximately at said first position.

17.  The system of claim 13 wherein said second guidance system
comprises at least one distance measuring device, said at least one distance

measuring device determines a first distance to a side of said transport,



16. The system of claim 13 wherein said second
position is approximtely at said first position. 17.

wab@sayetem of claim 13 wherein said second guPCEOSM05/014688
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system conprises at | east one di stance neasuring

device, said at |east one distance neasuring device
deternmines a first distance td7a side of said
transport,whereby said first distance assists with

guindirelgy said! fireb\isianhe saaas&ts edtn guigingl saise AGN tvwdith saishsecond

T ulcengesyysth o Epif s Ghosikieh B R0 40 PeRIRAd hRtan.

system conprises an inertial guidance system 19. The
system of claim 13 wherein said second guidance system
conpri 98 a Wensystens aifdcleimsbf woenedn cgiddiret guidance system
det ect | n a Si port. 20. The system of

|08Fm"§§ ieNg '98!‘%&%@8 orrprl ses an encoder,

sai d encoder being capabl e of tracking movenment of a
| oad en%aged with said AGY. 2 1. The system of cla
20 wherl®.n skheisystenuef clgimeti wheseia a6l 3R%OR) glgance system

pasi b dy f
Qﬁ{i{%%s %zs%%ga n%ﬂb%n%?rb gnggﬂﬁ gﬁ ggfogrb?ﬂ% éﬁ(%nof said

altmEpbitc gui ded vehicle (AGY) conprising: engagi ng a

load with said AGVY; guiding said AGVY with a gui dance

systemfroma first position to an intended | oad

posi ti oy on sal ;ga,gdeqﬂsgg ﬁ?erg"‘"‘] g)méréﬁ' lau'sgﬁ&ﬁecomprlses an

systemTOcat es position based on

| eprbden szid satddérrzeisg capable ofdtakinghmoveswing of arI@ad engaged
posi ti oneéélepo& ting said |oad onto said transport at

saVith s@ideMa¥e | oad position; and guiding said AGV with

sai d gui dance systemfromsaid i ntended | oad position

to a second position. 23. The nethod of claim 22

wher ei Rt.he Bhepsysterhoohtclaigp 28i wherein said encoder detects sald

intended load position by determining when said load is impeded from

movement.

22. A method for loading a transport with an automatic guided
vehicle (AGV) comprising:

engaging a load with said AGV;

guiding said AGV with a guidance system from a first position to an
intended load position on said transport, whereby said guidance system
locates said intended load position based on a location of said transport in
relation to said first position;

depositing said load onto said transport at said intended load position;

and
guiding said AGV with said guidance system from said intended load

position to a second position.

23. The method of claim 22 wherein the step of locating said
intended load position comprises determining a skew of said transport in

relation to an expected transport position.



i ntended | oad position conprises determ ning a skew of
said transport in relation to an expected transport

w@omstosame 24. The nmet hod of claim 23 wherein tPET/ESMP5/014688
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of determ ning said skew of said transport conprises
measuring a first distance to a first side of said
transport, neasuring a second-fB-stance to a second
side of said transport and conparing said first and

second 4 st afge tﬂédu%hﬁ ﬁ?‘b’gg’,h%fre'ﬁ ﬁﬁ'emsi%§ W@é?érﬁnnmg said

sai d gui dance sy ew to assist wt
guwkaingf shid #REMspaRB cormpnises eoedsuringrd dissti digtaace to a flrst side of

COR EATRPOy MRS 04 @ HSPT (SaNGR (o SeCpRR efifle of said
f rtFéms%gFt' Had o%%érh%sél@ fitdt RS DENdRiStaheas. posi tion

on sail ransport ereby said gui dance system
| ocat es sal d approxi mate Ioad position based on a

| ocat i aldt sport. ation tp sajd fir .
posi t1 - akier ethAg S Sraimy 2gobheieh Balh glBleRge Rl utizes
sl §@éﬁté\@¥s@tmlgh.dﬂ.ﬁgqh@mw on; and guiding said

GV with said guidance system from sai d approxi mate

Ioad p05|t| on to a second position. 27. The net hod of

claim elnth ste fi. o ' [ Fha ra% ' : .

| oad p [-Pﬁﬁ goers rﬂgﬁgl,n -%%ﬁoﬁg&h ER Al é%ttlg guided
t NSO Ag\,g doqzﬁ@ig"q;@ to an expected transport

position nmet hod of claim 27 wherein the step

of det eQ‘LlﬁilﬁQn@al@ aﬁ\@szetw fguidanse sysiepofront antbist §@§lt10n to an
ne%)fpié%ﬁ?atg 1658 osgtﬁo%t BHCSeaI& reff) E{)Qﬁ&@% a5 %Blosgblglance system

r| ng a secon 0 a sec

sijgeatel said dppfcﬁdmaw load pusitiomnipasacnon sdodation of saiddransport in
second di stances. 29. The nmethod of claim28 wherein

d‘ﬁhﬁt@ﬂl aﬁ%f'éﬁtépémoﬂtl lizes said skew to assist with
gui di n%%tgﬁnﬁhﬁl%a?fg ?é\ogﬁ&nod for unloading a

transpor I'C’ guided vehicle (AGQY)
conpr i séngzging dilogd sdihdsaAGRGY ahsaidfload pogitiodaand

systemtq a first ition; quiding said AG/ with a .
second Q}Uij'ﬂan%%'ds@&?ér‘ﬂ'tpr %ﬂ'\ds%‘l“aaf'g‘? ﬁyspem Fon' $aa approximate

load position to a second position.

27. The method of claim 26 wherein the step of locating said
approximate load position comprises determining a skew of said transport in

relation to an expected transport position.

28. The method of claim 27 wherein the step of determining said
skew of said transport comprises measuring a first distance to a first side of
said transport, measuring a second distance to a second side of said

transport, and comparing said first and second distances.

29. The method of claim 28 wherein said guidance system utilizes

said skew to assist with guiding the AGV.

30. A method for unloading a transport with an automatic guided

vehicle (AGV) comprising:



position to an expected | oad position on said
transport; determning a | oad position; engaging a

wo o@d/ 1082861 said AGY at said | oad position; andP@QUUSI00%014688
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said AG/ with said second gui dance system from said

i ntended | oad position to a second position. 3 1. The
met hod of claim 30 wherein sai'®-second gui dance system
conprises at |east one distance neasuring sensor. 32.
The netduiding’said AGY Rith afivet giidaneé dysiten teaa firgirposition;
di st ance neasur n%ﬁsens_or det er m nes % first .di stance

go a sigWdiBg saird: \én‘y%r*’t‘.se&@.”dTHHi ﬁoﬁY%P”UfEﬂ% said first
: %gg?%%gburfgkﬁ%cgéa %a&ﬂ?gg@?%n%‘éﬁ RENSSFRT i ses_an

_ _ nce systen . The method of claim 30
wher ei rdedaindinfrig s logubpositiom i s approxi mately at an end

of the transport. 35. The od of clajm.30 ein

sai d sé‘é@?@"&@h?@%wﬂhssaéq &E\E?P%%dé%%cgbg%@?mﬁ

posi ti ofidiR§- sale ABYNREltPTsaid asdBord Widaride tdystethefrom said
of determning a |load position conprises nonitoring a
drintemdedroathpositiosdp @ seeendpsitiie net hod of cl ai m 30
wherein the step of determining a |oad position

conprises utilizing at |east one optical sensor to

detect 34 | oathd9sdibd of claim 30 wherein said second guidance system

comprises at least one distance measuring sensor.

32.  The method of claim 31 wherein said at least one distance

measuring sensor determines a first distance to a side of said transport.

33. The method of claim 30 wherein said first guidance system

comprises an inertial guidance system.

34. The method of claim 30 wherein said first position is

approximately at an end of the transport.

35. The method of claim 30 wherein said second position is similar

to said first position.

36. The method of claim 30 wherein the step of determining a load

position comprises monitoring a drive current of said AGV.

37. The method of claim 30 wherein the step of determining a load

position comprises utilizing at least one optical sensor to detect a load pocket.



