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-1- AUTOVATI C TRANSPORT LOADI NG SYSTEM AND METHOD
CROSS- REFERENCE TO RELATED APPLI CATION Thi s
application clains the benefit of U S. Provisiona
Application No- 5 60/567,729, filed May 3, 2004, the
entire disclosure of the provisional application
bei ng considered part of theqdisclosure of this
application and hereby incorporated by reference.
BACKGROUND COF THE | NVENTI ON The present invention is
generally directed to material handling 10 vehicles
and, nore particularl
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%Eprgééatio%%éiﬁngeréﬁ it fdeei disslobarei of thisyapflication and

r of avail abl e automat ed gui dance systens.
Retehysincerpgraied dyseferengeaGCs) is a term comonl y used

to refer {0 a | gasdcabubiyyell P ehfion sim | ar

but | ess conplicafle ppltcations. Throughout this .
appl i qaki eResentcinvantion tise genaratly, direetedefon meterial handiing
shal | nean and inglyd oth AGV s, . : I
el h b BB A AT AR g b capatle
gf i%ﬁ&na IyeRladifgY afasiBadmana  trrisportn dbu esample, sagractor
W th swvel "‘castors |ocated at the four coners of

triadlef, manail caGraBatbed sailerer ASRIADING CRIK2HCY, | ve  wheel

assenmi y_angd i ai S L L@nAtougPdLE Ghe Fhaterial
t he mgm?ﬁc gHgie%nglﬁié%[S e(gi(/aﬂ?h?\%égi giod castors

aeadfing BriuRY th frahsporelcaas. | Teatess AGY ippemrIanly bsgd to refer
m dway bet ween the swi

T SNEETabl 03 Yo SROLSE 3 REty BB mated
A U R RTIME AR
fo refér to a less robust vehicle used for simiar _%u{a Ciess complicated
applications. Throughout this application, including the claims, the term AGV
shall mean and include 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 comers of the frame. Other features may inciude a drive
wheel assembly and rigid castors for directional control of the cart. In one
current design, fwo 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. Thé 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.
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cart franme, generally by way of a plate that is

hi nged and spring | oaded from the cart frane to
ensure that the steerable drive wheel nmaintains
adequate 30 traction with the support surface. In
anot her enbodi nent, a fixed drive wheel propels the
AGV and a steerable castor wgeel directs the novenent
of the AGV. -2- An AGV includes a guidance system

{hat A AGY S el iU e T Rncs Rt it anitioRy S movement

in us I nc e gui dance, |aser guidance, .
Tt goideape systetanioasedodap ingudpivirargsidancge aseh guidance,

gui dance, and opti cal ui_ dan . ei )
SO Go R SU305: PUBLeTS R B spiricaCid optica
@, \?jqaeéédmﬁha@tml ré ia_sseciatselppdésjg\eﬁ and nagaliveg. For
errors, ere the trave i stance a irecti
rexaspledingytial (GaIdROpedE FUSEEPRRIS 1o HERLg: ¢ Sy liege, tne travel
%F%tlaﬁnbé %@H'cﬁﬂecﬂ n Mhé¥&ired THAHEMGVadiffarerirdre the actual distance

racking errors’may conpound over I‘on%
taray directiost ahtraeelanthaugh theytean hedpingpized raging peoE may

errors, for exanple it f cr the
Rl Rigmenbarie! Wetlhleq Shicn: q%efﬂégﬁ Fyor fhese
Feriy fdrcaaahml%,(RFEEmzim@@mypetrtt-r)afeaemegmaﬁ rs (magnetic paint,
desi gnated path. _lLaser [.dance t |
Radiersouretion Aentitpion ASEIYRES. D HHSRFRIE patn
travel). o T ifidanRe spbteh¥Susahecialimanis tat tho AGY senses and
obst r UGt oH 0 mar kers and, nost notably, [

rawdseioscdntrobés fraveknThisriype of sysien tﬁqugélgtchg{p%fmcﬁon of

If the path of the AGV is LEi Adae elpedBiit i
HEa'i@r%h%ﬁ?'cemPﬁt rﬁﬂfé%’ ﬁ&rﬁpﬁér, ﬁJ‘aj‘ﬂrgk é% tavg\natb E tp(ih?s noany
tRAroREncTiof 8RS I7Slearath afi theoABY ismaedified.thamearkers must be
that have these speci al er ich, i A

aqehysisally gnovedyi Jurthgeng gﬁé%r‘@g%it%stypﬁa‘#n%dr@&ce system car;
tr . t nd e dnarkets) dehichiein ke sontext o
&{ﬂ{;g’%&f%@u te)k%ggégg@?%gges\%th t he aut 094 tic Io|adi N9 includ
affs Inveatioh,nmqotres thanany Aranspett tosbe fpadpg, gy Hgloaded include

position of the transport in relation to the fixed
|HAHSRS dock position. Transports are usual |y

posi t | GREdifBMPASscidied withathpl autbmatic foading and unloading of a
transport is the varying position of the transport in relation to the fixed loading
dock position. Transports are usually positioned manualily, for example by a
driver in the case of a truck. This manual positioning results in an unknown
variability in the pbsition of the transport. As a driver positions the frailer at
the loading dock, he or she may be unable to perfectly square the trailer with
the dock door. This will leave the trailer ata 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 fransport 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
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driver in the case of a truck. This manua

positioning results in an unknown variability in the
position of the transport. As a driver positions the
trailer at the |oading dock, he or she may be unabl e
to perfectly square the trailer wwth 25 the dock
door. This wll |eave the trgller at a skewed angl e
in reference to the dock do Since the angle is
unknown and can vary at each

Roigh BefweythenihoEAt PBA o Gy I HETeRR RS, ¢ Eansports, as
lV@gazst alﬁ?}éﬁ? séf @aé offthe SMntd RahspY | 'vﬂw véﬁﬁn CRIGH] Iﬂmermore
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kid plates to 30
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ip Qj;]raﬁ i ﬁtlct)\p rr@?ﬁﬂs Fpégémbhe ltheél WG\:' cmthﬁybaﬁm: |tmcwrate with
W t e autonmatl C 1 Ng an uni.oadgl n

eBi SRnsPar Tieidht WL o sy g eigy Blfefinges between
El’ibe trt%héeﬁcg{ %Eeecgc;}f e?Fhe Wiopdrt Ras wWeiredsa thrsapmwm by using

rent types of transports

aydnhuluﬁ er effterdypés of fHcks e siabitza pathipus the tﬁanw%rigpwever

|n hei ght . Furt her ght of a particular
'?'%\f‘?s%'c“‘ r@gﬂg@n&nﬁgﬁglenggﬁ%c%gsl er is |loaded the
susperfé e ld Ioaamgr;@mp bewsadnt theglock amdcmartgmspmt is often

ng@ 23 Iagﬁgtér*g;a, %21?81{!(;@ ‘b %gtl?e h\&oggﬂgﬁ!{agg p?ersgpt\gé) incline or

Wolihe B@ﬁyéé?ﬁ dbgll'i‘ﬁﬁ{bo kfanBBbEéarpBlusd pficireeediffi cu!tles For

varyi ng rences between the transp? and
éﬁaﬂnp[e]'ha Aﬁvahaausemwmgu@@me ayﬁtesm prappaethg target as it

i ngé{peg l}f@l I{%?gﬁrngffnPa? Hﬁafg C ! dtﬂ%kfﬁcttfﬁaﬂlﬁé’lrd%f-@vzll be -

ver hIS I'S anot

Peﬁmh eﬂﬁélratstﬁfe*mcﬁ)@mvtn@mges 10 The use of a
oadl n

et ween t he dock and the trans
oftenTgﬂsf@ﬂabﬂi'%HSQ‘)?'ﬁ@“tq g Tﬁ‘"bsrﬁ’oge ﬁg %automatlc
F)%?ﬁ'gqg f Ao SHEAP ARG IR gstcer@ﬁw i H@ahwqﬂ; efifieryd  For
St i"'Ran cause gui dance difficulties. For
exanples thamosGefiidiant loadingaproagss posifienmie lopdsan Aggely to

| ose the tar no I
O3 R BRSP4 1 o0 1 the
transport will tend to increase the separation of the loads.

Despite 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 1o

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 unioad a transport. More particuarly, 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



15 pointing either above or below the target. The
variability in position of the transport nmay prohibit
the automatic |oading of the truck, and al nost
certainly wll reduce its efficiency. For exanple,
the nost efficient |oading process positions the

| oads as closely to each other as possible, and any .
variability in the expected, position of the 20
transport will tend to i ncréase t he separation of the

loadoigdgien [reddd By t&ﬁrﬁﬂ%@ud@fnc@%y@@é’tﬁ&o%’kh@ﬁﬁ ﬁd@itmnﬂr@m this
travel of an AGV, their use in the process

Positiaii H§eaens EWFaAeE SySiPanissenaa i QH&%Wsrfi«C%Ha@ tpgtproper
Ioaﬁ(:l)%)o_lgliH’(EonS&ﬁ e ﬁ’ﬁﬁ%dr{ 3é|t %ﬂﬁé@%@%@ thé‘ I&éae[sadéposm\(second

) I NVENTI ON 2 I'n view of eaove a need
guigrner system lathm;seabtq qyide mA@wam @lpprownateiy the known

po@{i r#(é\:l'ﬁgaﬁtloéﬁ SBW r\tﬁiﬁ%lrgﬁetﬁ%sﬁrs f%ﬁddgr{g:%lr %erﬂutihgﬂ%gumes its
contrcﬂrmﬁﬂmtravell/bfmep@@m cul arI y, a need exi sts for

AGV, desi t hat i caal of | oadin oadn .

{OACEENTS RS 1 SHREC pEH preBERL e, 1t mpaﬁv'@ed a
meBtbdl for TB&ding Regangpsh ahAay dardardhedcond $id8avith an opening

apparent to those skilled in the art based upon this

bew@ersqzﬂ pigas.aangl thectranspordeaying awrﬁgaoldtﬂéhgpggawg with an
autlbg'}aé? %Lﬂ@edl %eﬂ g&e@ )t QoS d ObhRfdthc %S foa@ %_ﬁzﬁ said AGV:

_ ng'a transport” By "an AGV.
guaﬂingaancéﬂ@agwﬁh & ﬂlrebgu:dmm selemitola faatpegitiormand wherdig said

d .
AGB%%P@?@% ﬂa‘lg?st%lc?hﬁ 'sraﬁ‘lI fug;iJ tp%%ﬁ%ﬁ BMTE %%u’?ﬁw@ﬁ a second
gmdarsnteesystsrrefrebi edidt ﬁrsglplodmohi’te a\G\mmndedhéoaﬂ @osition on said
oS, ALl 1 0Dl Lot DO concor

and WaBrdis Qflshid oSt Ssifidies APt ek ohe séﬁ@élombﬁﬁﬁréb)thé H%tance
known position described above, wherein the first

to of Iparinne Sige pErAIR st anderreRdisides Gidhe GnspeTt(HE AGY using
thetrhéé(ﬁlre@fdlstté‘r‘?céafa/ uiGE T %\G\g with th8 %eEbﬁ@bu%%ﬂ@@tsyQtfem from

resent |nven ion, ere 1s provid

the first p05|t|on to the intended ioad pos:tlon depos;tlng _Sald load onio said
transport at said intended load position; and guiding said AGV with said second
guidance system from said intended load position to a second position.

According to the second aspect of the present invention, there is provided
a method for loading a fransport having a first and second side, with an
automatic guided vehicle (AGV) comprising: engaging a load with said AGV;
guiding said AGV with a first guidance system to a first position at an end of the
transport, wherein said first guidance system comprises an inertial guidance
system; guiding said AGV with a second guidance system form said first position
to an intended load 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 one of the first and
second sides of said transport at said first position, whereby said second

guidance system uses said first distance with the step of guiding said AGV from



met hod for |oading a transport having a first and

second side with an opening between said sides, and

the transport having a threshold at the opening, with

an automatic guided vehicle (AGY) conprising:

engaging a load with said AGY; qguiding said AGV with

a first guidance systemto a first position and

wherein said AGY is at the threshold at said first

position; guiding said AGY Wth a second guidance
saidyfrtepoditioms %ng intératedpload tpositiono depositing rdriidadashto said

posi tion on sai transport, said seco stem
traheRar  hghin paeled 1o FRRUORn coldHd S S andisaid second
guidBAcARGERIM fR¥m Ssadlfl(g ihtehd&d RESd toRfiohdiod addedoRdspodiith; and

sensor “neasures the distance to at |east one side of
guigingasafid AV with seisclrstiguidaree sifstemdran aaisiracond preitiacy

usi Rgcbraﬂg 8RR ll‘ﬁi?oda%;e%tt af 6%38%@9?#%% ffdYe f:lg)r\{ided an

t he second ‘gui dance system from rst posit
automaticetramgpond kcdirgpdysteri foroloadihgpastranspgrisbadng cadirst and

onto .sai d transpor t sajd i.ntended | oa i tiaqn:
segii e ann gredre aeshefiedi i PSS ADRE thiRPeRRaLHe Wansport
saifly systehi reumemding:i Hnendesmbiadgpidedt vemmcleo (AGHcosuild AGV

position. According to the second aspect of f{he. .
coippeyagta v macsanisphapd 4 §tesrlagim%§13"§w 8 frsly guidance

syét&ﬁdérféga kb AN HRRIGNCEAYERN adld fitd 2AlbeT8REMidHENG. systems
wth an automatic gui ded vehicle (AGVY) conprising: )
beisg pwgrratiyely toupledivith said girime\and gaid glerjingamgch@ysme taf said
fi ' A i tion. ;
Al TSR B oy B85 1€ B @ meainng
devicspwherein aaidi firet guialangeisyatece guslestsaid AfuV do reg fisshilatation,

AGY wi.th _a secon uidance systemformsaid first ..
WHEEHY (3t0[fa5t ey f A AUt Fe5ndl b JREDI bt S positon. of
mehE@Mear distanBertei dhes af thesS AP AMJILEODAL Csidess Wb tienTirst location,

nprises at | east one distance neasuring devic

co d
said zegond gidanceo fusted) SUieeSHRAEVYi Hemagyid st position to an
intdiele8M 185D sizioé 'farnatfngh%faﬁm?ertdédqesci %bg?tifBﬁ tb itarefécoﬁa Position,

second side sal transport at sal Irs

angsaidfiirgirguiddneestypteraiotidescaitiAGYlirerrmed sgeanspasiion.
Fr aarepnting (S RAER digicst bR Blal infl K el prbied o

methzsi for wadirde daint pog wthi sdésowilh antauteaatic gtidad siebicte (AGV)

corgérii%r?é:g%riq%?nngdgdlog %ilt ggllthg(}‘ g%ll'cq:r%l ggidsﬁég \ﬁl%\l/ a%tﬁigance
system having a pair of sensors for measuring distance from a first position to an
intended load position on the transport, whereby said guidance system locates
said intended load position based on a location of the transport in relation to said
first position and wherein at the threshold of the transport at said first position
and as said AGV moves from the first position to the intended load position, said
sensors measure the distance to the sides of the transport; depositing said load
onto said transport at said intended load position; and guiding said AGV with said
pair of sensors from said intended load position to a second position.

According to the fifth aspect of the present invention, there is provided a

method for unloading a transport with sides with an automatic guided vehicle



gui dance system from said i ntended | oad position to a
second position; and guiding said AGV with said
first guidance systemfrom said second position
According to the third aspect of the present
invention, there is provided an automatic transport

| oadi ng systemfor |oading a transport having a first
and second side and an op Blng bet ween the sides at
the threshold of the transg said system

(A@g;ebh@h@iag gnldmg egmIt AG\VOWitH efl guiaheé &yeAY)havidl 8 pair of

conpri si ng drive mechani smand a steering
SenfoEh e SipasHrad adl$1iaﬂ§@ fem drfteed pesitionie a7 a@%@@@ﬁtﬁ load

po%%r?gﬁscs%lcgh%hgﬂbrt SR Awhi e a?@gldsﬁggpgﬂﬂgg %%TH:RGV is at the

ei ng operatively cou driv
thregtwld adfd seidce dransponie cwheiebys safd guiidhncaGeystem dlocates  said

apipE e BALRRTT TESIH A3b8loRbs ¥aid GRRRdH fretation to said

firsy positore, e:msiy]ﬁ saiidgt\m-ﬂeﬁ?m ﬁ%méﬂdetfmstqodsit'romt tol the dnfeaded load
erel at east one o sSal evi are ca

POl $4 SSeTISOE (MORSWE thoa iAoy (& e ceidRaroh e fanspor

det@fmintty 4 idast peyitibrs %ﬁ@ﬁgln?'éjﬁﬁd%tﬂ sid A3 tat lsaraaba@r;hosmon

sai d second qui dance's em gui des said AGY from said
ang jguiging, said wgw twithy gai ﬁﬂ@rﬁeﬁﬁﬂs@ﬁ‘d frowa | saidh APRFRKIMAtsoad

e position to a second position,
rodfifto T LpREheaR,

gul dance system gui des said AGV from
saiAkediog do fpiues sixitoaspett obthe peeseot tivenfiourthereaisrovided a

f it { { th t hod
meffor BEyBIoRITY 2 PRNERRN PR R bBn i LG atf afRe Benice
(AGW) E@lﬂ!pﬁ@lhgdgelc{lﬁ’@\é)atd Ow‘w(rjlwﬁ}h reg i rﬁng@gan@ &ybmd to a first
po%‘iék gS%q‘,zﬁg Aﬁzg\ﬁﬁlhnq%gm aqc&s r;qnh aald first position
to 4H Skt 1bb8 raoamfoh roH sé?@%‘ahé;%ﬁ bﬁd Wheréiﬁts%ﬁtﬂgébdrﬂagiudance

p05|t|on on the trans ort, wher e %esal dance
sys@@ﬂmdeﬁc%ar@@rs §amblemf EIRASHNNG A gtﬁe&anqeow erpbeside @t said

fll'S?p wpom Igé%lﬁgf%(/ Vﬁ%"tﬁtthéﬁ %{(E@&?ﬁ %&15?)8&&&# Qj[e ermining a

load ipasiipor engaagimguadloiad rvaith smdlAG‘dnat s Icw paesitiori@nd guiding
he fi t | d ..
s BERY with ¥Aid oo Fliget bl Pomiid HEREET | osHfosition to

a s&doeipaftionhe transport; depositing said |oad onto
said transport at said intended | oad position; and
guiding said AGV with said pair of sensors from said
i ntended | oad position to a second position.



According to the fifth aspect of the present
invention, there is provided a nethod for unl oading
a transport with sides with an automatic gui ded
vehicle 4b (AGV) conpri si ? gU|d|ng said AGV with a
gui dance system having a pait sensors for
nmeasuring di stance froma flrst position to an
approxi mate | oad .position on.said transport and
wherein at said first position said AGV is at the

thr eSIhOan%tﬁér éﬂb@dﬁﬁ@ﬂ%@ﬁﬁé radia elvengeh dhe AGWRE engages

syste ocates said approxi rrate | pad position based

arioad | ShaA@hwith engiaged ieath ﬁoﬁh@nugﬁ"c}%! By psridance fygtem to a
t

o, R o e BBl 9B e

prRvedicad pesitivs barthe trtausphﬂ adjists ibdeli ilmeguldarlm)éuﬂv with the

b R i o teposta s it dafisithduliatep sesgem s

Wletnh uséd %péhﬁeo“thes@(@@r Badit G apbdxERReHX timtieoweagosition

position to~a second position. According to the sixth
‘desmibedosbove pihesaint thenedginabnunadiested | suigarsa fyglem then

mat hod .for havi ng sides with an
'{ ‘Hﬁ{oég)gﬂ\?qg?\%‘é%ﬁ[g%\}conpn sing: guiding

sai d P@thdﬁ *séb thd Sépmiuaﬁmt}pef dhys tpresdnd iavéntiont will become

positi on dglisal d Al th a s Cond%gm danc

gpRATe f fragth §18 do¥qwisg B%fﬁfiﬁﬂoﬁ’%? 1005 o8 odFEWings-
8181 e Qﬂotﬁ@' e hh@??s’?&fd tﬁéldtﬁ@éét%ii@d &ﬁ;‘s@nﬁtﬁﬁpﬁﬁd specific

I dande system i nc udes sensors Caé
examples nyhild indicatingnprefarced embagdimentst ofsth Bdnwn’fmt are given

d i d. AGV
gitlaty: cgﬁiuasgré’apgﬁrﬂ%ﬁf ﬁépcg vqngoakgssﬁlﬁ)%é :&ganrﬁf(@%ggg:gﬁ&%%thm the
ssiadamd sBog@iol tASivahticaivilll Iheadneoapparent tathibsguskiliengin the

said AGV wth said second gui dance system from sai d
aft ended | oad p05|t| on to a second position. 4c In

anot her enbogie %C%ﬁeﬁgj{g E“MRNWNGSthe AGV

first engages a engaged load is
t hen The gerdsdyt a\vgutm#anmlé isgmrem mora fuln ainderstood from the

8 o oa@cﬁgnt B}vsénp%sé'ré ' Berow h%é’ uégﬁerh%%ds%fatlﬁ]@ and the
accompanying drawings in which:
" FIG. 1 is an overhead view of an AGV according fo 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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proper load position on the transport, adjusts itself
to guide the AG/ with the load to that position, and
deposits the | oad. The adjusted gui dance systemis
then used to guide the AGV back to approximately the
known position described above, wherein the original
unadj ust ed gui dance systemthen resunes its control
of the travel of the AGY. FuUrfher scope and

Db aSATALESYPERCRIGTION Gf Thik FHEEE RRep rYEREANENT
r
cl ai o&?}ggﬁﬁ%ﬁﬂﬁget al qflgvﬁf acédrdinBas tHe ifesent |r1vent10n is
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#kstrptass ,andhidesciibpeti cwith ngeferarfcer tedF3®odi-frent § §F0uld be

P45 e R oD g LT Bt o

tBRsp&Ri ddcbrding técmeepfésehhenmntlent may e |Usedetrome variety of

apparent to those ski T: F
BBl (XYeRd 10 ISRHRIGAC e ToF BXRRPIR. i frpagnt invertion

ﬁnés)lcb@%seﬁnmuﬁoﬁﬁ'tédf ia%ar\félﬂsr@h bf aValibEy oftstiniighedions as

Fiptron given here e ow, the appended cl ai s,
Mhemt&rmhgndigigjvmlﬁgs in which: FIG | is an

over h‘ﬁd éﬁm@l@iﬁbg ?&d&m\#hﬂcgd 9e ?s?ﬁ'iltnat is used to

i nvent'i ew o accor

bﬁ:ﬂé!eauw g@entthé AGYL{@N;In ﬂﬁbGlluﬁratmna shawn theewa@ﬁng and
an AGV according to the prese

AHve maeehapise ﬁemfﬁﬁ%mvsfw%e@r‘]%él ki %tlﬁfgigaﬁ%? p"q‘eeﬂ‘ﬁha" are
%é@@&ﬂ% %&H%mep %@RRE%@%%W&E&# 215&@%@&!39 AGV 10.
Fhied gdideabé chystaro wosrmm@teafabhewbeebélﬂp aﬁ%ﬁt#g%nﬁ\@ﬁ 10 is
bropdie RGO 0L, 0 Ml HRER D 2 or
béfetdlly auAicdivel Whéeladiingd imserisy toacteaty ar electrical differential.
Different propulsion systems may also be used, for example differential or
"nanzer" steer with swivel casters or through the use of master/siave motor
controllers for the drive wheels.

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 sysiem is an inertial
guidance system. The preferred system uses a programmed path of travel.
The position of the steerabie 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
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5 transport according to the present invention may be
used in a variety of applications beyond the
illustrated AGY. For exanple, the present invention
may be used with automated gui ded vehicles of a
variety of configurations as well as other materi al
handl i ng vehicles. The AGV 1@ includes a steering and
drive mechanismthat is used to 10 propel and steer

the AGV 10Q. In the il ' . i
Scorad e Bl oot SPAGETE, PRI PRSHREEAS of o
$hRsitionl e wheel 14 that are coupled with a guidance

qui dartte SN o it PedBoar bBcoais Tophanis Such 2o

Q@d‘n@&’ oir,}reﬂrgﬂlg,l fhedork balfs $6 eR6WRN theildhatiDs that are used
rtrondlly, the drive wheels 12 are 15 pr fera}(bl

d?aénmg'leveﬂ vibadl s Thier derd rprefarally INGIUCEE afQK oROC &ts, usually
el ectr,i

al.. di fferepti - Dif - .
S§E5het g PhBF O sbgan P EERNEnehAR o e wel ioown
tRERZE The faRIpalist16 sl \bel adjastedresriically hyougans Rk apslevator

f )
\c}n@gmaé{iser{p{]é.g\ﬁg %\gartgry&? She th‘eaé aglﬁgvsgt Sallﬁéﬂi E(S be raised or
cf{)}};(\)lﬁ%ﬁ"‘fo QHivdAeGCof RBights:t oitexakiple, foredtacking loads onto one
enbodi ment, two gui dance systenmg are us as r
fanahorielss prsfrre prodmer oy aitidhranSygPRifip gots of

inertia t . :
AP0 T g S ) et e
trgasiireRy aldvicesha@el 1Bofhs setowaf distance degRmiregorevices are
bei ng_ maneuvere

e s i RSO el g g
NREVIRE $25AbI MHPge;&rtﬁe@qkel@sﬂeel . A systemwith

encoders on eac rive wheel and a s eer.i)%g@gncode

my bePrafarblyn heson eI mAPHANER CASRLPE 80PV bapeble of

X eel i i ; .

st 208 Bpoblied Sty RortbIp] B oSS i shifieiy mechanism

gzezr%teg?gl ;gr_ev%mi embéclimnhtunummte@ i 1@ aBnthecRleyaten sreghanism
[ di st ances. t hi .

b8 a&@a_tltnpesir\a%m"eféFk é’:afsfﬁgféjgfﬁﬁc&fj{b?%@?{bi@j'%g?med fo a

Zsﬁej:%{r%té‘ E;?HS(: E51iaf9Si7, | 8d Badm okt eartiabé el Ttisahsudied to the

ance"to be traveled while . in

elevator mechanism 18. The elevator mechanism 18 can raise the fork
carriages 17 together as needed to vertically position the fork pairs 16 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 abiiity 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 fo 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 hydrautic 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 AGV is capable of dropping
a load in the center position of the AGV. To do this one fork pair 16 is shifted
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that position. This detailed description is given by
illustration only, and the use of a different type
of gui dance system for exanple a | aser gui dance - 6-
system as the primary gui dance systemis within the
spirit and scope of the invention. The AGV 10
further includes a | oad capture nmechanism such as
clanps or, preferably, the fork pairs 16 shown in the

|IIustrat|ons that are used 5 to.engage,a Ifo d. 'Th‘F
Ite hepsideeanthiopt iohdhe ey, ftBuk 8&18% g‘ Pa< pair 16 to be
g@gﬁ%%%tﬁ’&é&ht@rﬁﬂhg%vfor engagi ng vvnth the fork

nown in the art. The fork
pai rs Thé sile-ddfiind] nsobdniser t22;aln ywomuneianswih the elevator

| t h 18, |
i dBiaihe 3o ahiGrtuen) SauBEGG A 16, allows the
‘i’%a&‘ﬁi tﬂé]faﬁjusliéﬁ meaWﬂ?é@ dufa@:ﬁs;gﬁ@(AMengedgagdd torthe |cra¢bcapture
another. In a preferred embod
Fagaheeis. o e A0, o § ReplericspaRelnaR ety iy FIo. 1
Yeth W e W@jﬂyglr's 3%&\/ Eo‘?ﬁd&%rﬁﬁﬂﬂ{f hsVedtistizanegdly, i.e., in the

nmeasuri ng th sets of distance nmeasurin

directiers af arrowpi af\ildigopaliy @sichpfithe site-shitiag; rﬁgclgﬁlmgms 22

e 5 L 8 P oV 5% . s

%ﬁl@?ﬂél@ mﬁ)hﬁﬁl’@w dg@ l@apdémﬁ afktmcd(lngls :ao’dtp’dnlel gosition and rate of
shifting the engaged | oad horj zont a a

@aeggﬁgfnqaﬂg:m%&%a@,, fark pabs 1 ?rét q&g%g@? M3chbn? These
mﬁ%ﬁ@%&gﬁg a_klé-g'udi%ﬁmﬁﬁcétgm%% tRe gtuﬁlﬁrﬁ;b%tém of the AGV 10

I'S equl ppe for kﬂgal rs 16
Bmdharbarsedpiai promérly positiontthel fcprck @alrsS‘eﬁ;a ecarigpptal shifting of

rr e 17/, r t
65 1580 halrl; 18N GRROHR KoGR" iR Belbly lif SBHMARN Yith the
Hés@ﬁ;ﬁhdr%ﬁ@a@:hgtlﬁ@h&nsp@tBOages 17 toget her as
needed to vert| cally posit t he fork‘ggg E‘,’
0

and/ orThel 604 . 10ras ﬂ@ﬁk‘"‘ rq Es 151 fleg Hﬁ?gdin the
S Bt o S ! sl ttiees i
Idelstiilned mbnellattoyl tpem érmiasqahtruclwananﬁtsa lpﬁd@séimalsd@caﬁon of a
lfécf:t%;fyr,] %u?&le\eﬁ p?rloqgeé?‘sce’\s/ ctouié Bgva%scnbed for any similar transport 50,
for example a flatbed trailer or rail car.

Automatically Loading a Transport:

in order to load a transport 50, the AGV 10 must first engage the load.
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 fo liit
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 fo allow for a wider
range of load positioning. For example, optical sensors could be positioned
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25 and position its fork pairs 16 into a pair of

adj acent |oads. By raising only one fork pair 16 six
inches allows the AGV to pick-up a single load froma
pair of adjacent |loads. This same operation along
with the side shifting mechanism 22 allow the AGY to
pl ace two | oads side by sidejor in single bin storage
racks. Each fork carriage 17°Ts equipped with

hydr aul | - | | |
Zé éﬁal!lqueslir&bfr:})t%g%;\@‘ztﬁ@#gtrlg Bgiﬁc gggnfgg?l.ﬂé Itbr\égu%%% ?or gg?éc'? the fork
fpos t’s%?:tpé Togi. WI%JE i A cyMho dipprstichet e doud iaugdion, these

‘de-ral are designed to allow the fork
@ncalamglsdﬂs ?«mld ey ewitghest o éoiffing tRe &9 egCls, o Bggd on the
1S.C e..0 j - o
1 RET e o1 BGPE pfieipoind RS H0RROE mBRY fiscpuh of
tréavel 6, PRTefibiie tha forkuairef1 & taulddg adjurted B IraednigOt the side-

e St T s WA v
?fgirgjv\%@%'a:ﬁ r&%“zridct%si pepitRINAL adtitiohainiampdiBris deqiiecd make

_ ckward travel of the AGy 10, all t
5h[b@auot®ex;wr@djaﬁm<b@sﬁrﬁieﬁlfﬁbiﬁtﬁoéﬁg‘érﬁﬂ‘%'r’rsi ons \CA)mWZn e

engage Lo NAGPafh RAL! LES) By ifen ABVLIE WiPurd@ to the

In a odi e [ustrated in FIG 1,

Q@éﬂlhor i 2@%&@ l@réa)pf(tma‘acmrﬂﬁ Therranspor §Opimtismease adiug trailer,
10 a o | . € in.th ' ' .

il beilonried wiiaskthtoghe srdinn §eb€n i fitfs Sasd i bedtha pmp is
'L%%huﬂeérd%?,tsn&%ﬁ@éte&%ef REVEIr GCHien g G\he Onfroprite dorck to the
the fork pairs 16. These 10 encoders 2?,(

dranspertad. T loadingaanp SHsanes Bodse) R TG HRR, r the AGV
1 N | (0]0'F i i it

7 BEn0dh 55 Pl SulSels P8, i siion mey be

GBI Aalheveny the track ouheelndic usodt emayoneedetonde lifled and

and are used to proper! 0Sh t ] he fork pai
gﬁedﬁr@ﬂiiﬂ%ﬁﬁfabies aeif bgig Qs pairs 16 i e
escri futh | ' ' j i

RRIAGR §0'villuselms B anoe tsysternito lirantsport 50 th
15 description o‘)(‘ | oadi ng tr?gyt@?zraunstgé)rtye% T e °

Toad ot ioasting ainskeand oea thdhe (BISPOTs B | 1 RePreferred
%g@%@%&ggg ?5(9% 1ﬁ\9ioﬁLeU7sle°i?sdb%aﬂf g@idhhedsPsten fo0move to the
threshold of the opening 52 of the transport 50. At this point, a secondary
guidance system of the AGV 10 will be enabled and used to guide the AGV
10 into the intended load position. in a preferred embodiment, the secondary
guidance system comprises the two sets of distance measuring devices 20 i
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
opticalfvision system could be ‘used instead. Fach 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
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described in relation to an enclosed truck trailer at
a | oadi ng dock location of a factory, but simlar
processes coul d be described for any simlar
transport 50, 20 for exanple a flatbed trailer or
rail car. Automatically Loading a Transport: In order
to load a transport 50, the AGY 10 nust first engage
the load. |In a preferred entyodi nent, as descri bed

above, this is acconplished by th f f i .

voogse 3 Ité oY signgh At W%th'Sg?‘kg%gEge‘{S?%ggy Hie steering
rREErn SE R AV, T0 S5 uflele MOV PR Inhe Rt R odtion In
@roano. calise thati-nerrarf sighal tbappreacty zeree b ig geannsrkthe AGY

pockets i a . di.f ficult td i

ok the futle e 8BRS raSfiehef b ffensetc for any

%ﬁiﬂ?ﬁz‘ﬁg&iﬁoﬁin@?ﬁf&hé }t@nﬁphitgvﬁ ideglatien b6 ther leadinigodnek. Itis

e systemof the h

RosgiaiRsq Bnlyrng SRS I ap 5o B 00 HIPORR0 f5,ptoaded

LOGRY Ribw? widthat Wh?s bRitodiAbRE tHé daandeofrbmptiekens sensor

properl'y mate W th each other. If placing the .|oad

!sinbolcbbq:(auhlmraqbﬁi fromothedknawrpdistansedhal corehtes i"Yf{E’I e AGV 10

i.mpractical, i fi .

G R AR AR s gt can

?%e m%ﬁ bﬁﬂﬁtﬁéri?@mkeﬂ:hbﬁimeg thieoh®Y 1(Bio gfidethaa&Y 10 in the
s of the for 1 d

appeaRain AITPEIRN ORI E GHseHBS BaaroRbnay Ko oRpagh zor

3R %Irngﬁﬁé?%%ﬁdﬂf?rﬂbgﬁ“ihé AR H0Hock iR erack e middls efittos Fansport

cou e swtched on to find the fork pockets. Bseg4

&0 bisinsidat suaiatains gi spasifiesk distaace Jiam Igg@kcg‘ttgg sgc%es of the

AGV 10 ld nodify its path of 5 travel or,

u
ﬁ@ﬁgpgm, the fork pairs 16 coul d be adjusted b
means e WEV Sicles @itéd i by tve ceaohdany2guidaope tystem to the

e oo i, BoSeEaRLhe 4 RoSadihaq L o Heronmost
ﬁggi@g@% S, 6feﬁe"ﬁ-bﬁspér{“5%. a|ERE ReipRsl ymbadiinent, the

Strable configuration. Once the AGY 10Q nas
@Y 1®adkdontinue Adwatd inthe appEaximateomidilie of ghe transport 50

:q%gﬁ? Hg%cgﬁ sond ggfgf{tl:i'gltljpggﬁ&{ %0 of PFevibidly Riided8ads on the
transport 50. This detection may ’be accomplished by an appropriately
configured pressure sensor or sensors. The pressure sensor could be
positioned to be on the end of the fork pairs 16 to detect contact with the end
wall 56 of the transport 50 or other foad 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 AGY 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.
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will be |ocated adjacent to the | oading dock. In
cases, a loading ranp is wused in orde? to facilifggg
the travel of the AGY 10 fromthe dock to the
transport 50. The |oading ranp is designed to ease
the transition for the AGV/ 10 between the two
different surfaces. Because,ihis transition may be 15
sonewhat uneven, the track wheel, if used, may need

to be lifted i A

e oo AN 10 R Shed IR AP b Pl e nov 10

ggg&;ﬁ@%gsn%&e%t 8 PreRAEROEINbBAINdTE, tHiwadmpuisehdowering the
1'ng dock and near to the trans

e anto dioe transpait 0rky, meres atthe 6l o{qtr rﬁ%@e{nﬁ‘%ﬁl 18, and then

rimar uj e t
Bioiithe dabi RAfECS it GiriqhoBRiht Wi (AR atkers Tt tep ©f
gﬁgﬁﬁe grlf1 3thelaJ gg%di?:anealsgsinelﬂﬂefshrfﬁegm fork Rairs %?With the
0 ul t i
EngaseiLisens sl Qraris i 5 e HosBok gty means of the
g@%aaﬁmﬁg dRfekhaligir@oc beforat eepositing itbesloate tioas greferred
I stance measuring devi ces 2Q ,and 30 deI §iééec‘f’1 .
embocimatie thegedde GORRESSHO NP I RADP LRSS, HEh of which
K didilo g PRI IP AR b e e 1o o e
@bz dhondhepaGat 40 ineppiaashingy inedniEBIp 40&t pRgion in
ward. eferr i ; )
HredaRtonrIaBLo! e oy o0 HRDEER ARG HivendRihi 22 bogins
%g[‘flﬁ:t:% ?@lrid;i%ginrws‘lg,t 2Rl trit] ?ﬂgﬁge@rjadepﬂndamt pallets, outwardly
emcC i .
m?]ms maesides,mny@%ﬂ@_tf%gﬁw? ﬁiﬂgaﬁ@\%}%&&ﬁl&g&‘%ﬁ’?&% The
2eRab%ss DA AR'ahgd I podn bhehertoilbairsft dining this side
r . 1S 1Ts acconplished by usin
SATERS.S 16 4 bgdffda?ﬁ% tdtmbocﬁmntmben ﬁlaﬁneﬁﬁ‘éd@’gré{;ﬁef‘?‘}t that the
. e tran i
CRGtonse b o e BRSPS, P oo

v cdritbottd IMSRRIs 59 df ahe Transperts0, andetheoACH gemtinues fo
i'S error S|rgnal can be used. b

gmvbhim tmfofwa eﬂimtjonojmibd@@pﬁgg ﬁgs%@gﬁ‘%{;‘tﬁg trgngport 50 or
r,opr.l k i i . .

SPBriaREY oot LGl B0 4@ yandf 5o, tesesained Sy AL TS
point, the load has reached the intended load position and the %s/,ad is lowered

onto the base of the transport 50.

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 émbodiment, 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 fo 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),



10

15

20

25

30

10 will seek the mddle of the transport 50, and
therefore conpensate for any 5 skew in the
positioning of the transport 50 in relation to the

| oadi ng dock. It is possible to use only one sensor
in each set if each transport 50 to be |oaded is of
a known width. In this enbodiqrent, the distance from
t he one sensor should be suL??acted fromthe known

di st ance t hat I it h j '

L el

2af %n?rsrﬁnﬁyoéf‘dﬁﬁcﬂﬁ/@sﬁge;md’o%ted méthsreepedtrig others, as shown
. .
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aurpinnetemllayauty wimthen laystietad tayouiss PERGS! Aahofestangular

e sifges 5 t
?%a u?'ﬁ?e&ﬂgvnt ﬁ'SW?S%ﬂ%HXréy@&ﬁ gﬁc@‘ggyééé%%? o&tﬂlfetﬂ‘% present
Iggfseiﬁ:]gﬁd I oa?hpofsi tion. Preferably, the intended | oad

ion is t ' i
P r ans Bpausor e ToRbiRy o5 opPOE EHosIRe. hE flefts b fhe AGV
48, #id botfiRtinl HifigliRIATHr iHb lbBGe@ RNGPHTED Cam ttghehieved. in
the transport 50 unti|l detecting the eng 56 ,0f the

:'af enPTT ag@ngenpnévimﬁ‘apsp% is [paded sugh thatog minimum
ranspor.t . i t [ | |

ARy oo (5 SRR TBHODE ARG, naiedi o roar
RO 5 pddeible tieststhie eveighisimit obthedranspoplodl woulielbe eyceeded

\ki); ﬁagl@ }agéecg\%ggr%nt qggﬂ%ﬁ%g g)if {cfrg&rglsgﬁpggére ﬁ a oc?(ﬂélf‘é\trent of a
l@&dth%h’fuw gﬁbd%ﬂeﬁ'ﬁ{s{p%ﬁ sohpdifawdit of ahe poaissinrtae transport 50
co € posi tion

ensor

( pos| ed on the ot her end of t
lfogglg)e}o?n;allsgedgtd ?lm?|1mmﬁmofme ﬂquerWﬁ&ﬁ% In each
AR ARG Dol B e il oo ditzed
Ce ' erdhpcoRinrive st B s ProB By ap L ¥ Fftnen bo
%ghkgrdr%gel [Sr{é:Angg ’%’Lg b%%!( gcfge%:féﬁcgrﬁétélyfmta@amé |dchtio@Vere the
weeondanyajuidance gystemovas fiest @Iﬂﬁbg&%i ﬁg;,%}@fpfg%b@%‘&h%m the
threshold 52 of the fransport 50. Once at this location, the primary guidance
system will then be used to guide the AGV 10 on its travels, for example, 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 o 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 fracking 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 diificult to ensure

that the load to be picked up is in the proper position on the transport 50, and
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AGY 10, the current delivered to the electric notor

of the AGV 10 simlarly increases. This increase in
current can be used as the indication the |oad has
reached its intended | oad position. -10- Once the AGY
10 has reached the intended |oad position, the AG/ 10
deposits the load. In a prefesred enbodinent, this
conprlses | owering the |oad onto the transport 50 by

h
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preferred
eptRetaTEG AGNI0 wdidd eruﬂﬁgtass)aﬁsoﬂ@a\eei prprgferably, the forks 16

o e S O A e
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t |
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g@mfntg' #e AE9M b Nee.SaRPthreéhdid S2coftherhrispoenS0.orAt this point,
the primary 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 o detemine 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. At the 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 560. 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



exanpl e, an AGV 10 that has only one fork pair 16 can
be used wth the 25 nethod of the invention. In this
enbodi ment, the fork pair 16 can be shifted by means
of the side-shifting nmechani sm 22 such that

i ndi vi dual | oads can be placed at the side 54 of the
transport 50. In this manner the transport 50 can

be | oaded one |load at a tine. If desired, the AGY/ 10

can also . alternate  the ide .54 of the tr .

Ghb iz e eomagneated dassDef Gudingd milip e iRE Bljfzodto toad or
| TSRS 1198 tRldspyR 601an AS\ndéhdrovdrgasimilae to rthats plestritedi in the
in any |oad configuration, e.g., two |oads

sdmies gbaee.fromthe front to the back of the

trans hi f ndiRdidEetibes an exempla
il us?ﬁ{ae{ efg%l#)@ Célgﬁ'gis?érgltfﬁgélﬁgﬁsfng rows of two | P -ry
srribediment i afethieo prssean dinvertidroadOne skilledninidine ark guill readily

the front to th k. (Fl G alls : ;
oBReaigR s B ARG And Bm, el 2o impatlyfl awings and
| @& thétevhaass chemaebe modificutiofs sand veristionsmeatarkes made
rotated wWith respect to others,. as af’;o.vvn in Fé}% 4Cntionas
(theraimwithouhdeparting fonythareg SB;F'?BB A &CPR St HIF 'G¥B

f émﬂ% I'gﬂﬁ@ - the |l oads 60) and FIG 4d (in
ﬁ%lc H?ﬁgh?é@ S gkﬁﬁiﬁérranged in 5 a "pin-wheel"

layout). In the illustrated | ayouts of FIGS. 4a-d,
rectangul ar | oads are shown, however any shape | oad
may be used with the present invention. Because of
the flexibility in position for depositing the | oads
by the AGY 10, the optinmum configuration for the

| oaded transport 50 can be achieved. In 10 a conmon
arrangenment, the transport 50 is | oaded such that a
m ni mum anount of enpty space (i.e., without a | oad)
is achi eved, however, for heavy loads it is possible
that the weight limt of the transport 50 woul d be
exceeded in such a configuration. In this type of

ci rcunstance, or in another event of a |ess than
fully | oaded transport 50, the layout of the loads in
the transport 50 15 can be arranged to mnim ze
shifting of the I oads during transport 50. In each
case, the AGV 10 and nethod of the present invention
can be utilized to
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achi eve the desired | oading of the transport 50.
After depositing the |oad, the secondary gui dance
systemw || then be used to guide the AGY 10 back to
approximately the sanme | ocation where the 20
secondary gui dance systemwas first enabled, in a
preferred enbodi ment the thieshold 52 of the
transport 50. Once at this location, the primry
gui dance systemw |l then be used to guide the AGY
10 on its travels, for egﬁl{@é% to pick up another
load. If a track wheel as in a preferred
enbodi ment, the track wheel is |lowered to again
contact the ground to be utilized by the 25 first,

i Véhat i3 elaimadd®,  gui dance system In a preferred

enbodi RENt , AtHEHBd FMAAIEHA HaRGRTESh @ﬂMtldndCsea@ndmee
to track the notion of tlrﬁjjé GV 10 V\:heglt is

guiitheah dpeningebatwesrherid pidegangdhe gaggpgftémvmgm tgresho d at the
C o?ehiﬂp ittt Qﬁghﬂoﬂ%tlébhﬂéﬁ véﬂﬁle?A%@orﬁﬁ&% .

ion the ry gui dance
syst emen@ﬁgm@gmdnmitmﬂ“e&diq'/-\GM oadl ng a Transport: The
process of un
P e e Blng P AV AR LBTRAE Sehine A b o
diviiereinrarl AGVidaitthe thréshott atfsaiifirst esitiensur et hat

the load to be picked up is in the proper position on.
t he tr @HEpw@real GVd’HH‘ai%CO”PPQé‘F%‘F gys?eﬁgfrg%\;s ‘g)‘l'rﬁ{]%qsq'on

b, A9 1bd ?W:ﬁd Etﬁﬁsﬁdi*ﬂ §a|§@€c&fdr§§§tem including at
variability in the position of the |oad. A@E{Deferred

rrdezmone detamegnetawnm e@w@f anguyhereig at srid shrasition 13 at
I Lt TRE %er%%' ﬁre@f Qe % thé#t Iotﬁﬁr eg%gs%}fi%rst and

nspor pre eraly at the
t f&cbmcﬂﬂdmoﬁthéﬁanﬁtom thsAGVpxsmgtthe messwondistance to guide

bt BCGuRl RSl SRR alale i R tRB s 1

magenddd IBad Besitioad. As descrl bed above the AGV 10
could be nodified to allow for a w e of load.
posi t i QﬁP‘Pth'WQ'%PS’IaQG’i”F?gSE’é‘E)FP’&%O“?eﬁ@Bl‘@e ddpad,gagiion:
thg,forks 16 that could be used to detect the fork
pockets of the |oad. Wen the AGY 10 approaches -

guiding said AGV with said second guidance system from said intended

load position to a second position.

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

comprises an inertial guidance system.

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

approximately at an end of the transport.

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

said first position.

5. 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.
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10 the |l oad location on the transport 50, these
optical sensors could be switched on to find the
fork pockets. Based on the detected position of the.
fork pockets, the AGV 10 would nodify its path of
travel or, preferably, the forks 16 could be

adj usted by neans of fork shifters (i.e., the side
shifting mechanism 22 and vertical-siides 15

descri bed above) that-all owfor-novenent of the fork

15 pairg 16 TREaRENIEC M BfwHehein AM\std® of GuigiRg tBIaIAGY with
the fork pairs 16 and fork pockets, |ntera,$ C%d?
endifbeRconf gUidaRek exstam e %aiqfif%tda% op fRsAf ijepdsd load
mechaRion 'Eh%gmoﬁaﬁsﬁ&‘t AfAed Somdries srirPgdaldlosd tclRBiee of said
system woul d then guide the AGV 10 back to

apﬁfﬂib‘épﬁfﬁtel y the same position where it. began
guiding the AGV 10, i.e., the threshold 52 of the

transport 50. At this point, 20 the _
yot em ioul dThenERge S S BV Baa Hep ALHHES SR 4 to 2
tr @gﬁlo‘? saihr{raﬁsﬁérﬂ:&hb%s%@?&ﬁ’ﬁm@g Wvhert B&id PsddMdsyreached said
gui dance systemw |l continue to track the notion of
t héidagsaid anaRPri-t is being guided by the secondary

gui dance system so that a nore precise resunption of
gui dance by the primary gui dance system.is possib

| e
25 Anot Ber eﬁb\@ﬁih%m’ Iq@ﬂlngr?etr%sggréﬁgvmmggfﬁtlaaﬂsecond snde |

| NGLitAeSadt i9fqthe second gui dance systemto
determne t e skew of the transport 50 in relation

t o khee!(Radh BSmERGikg: An inertial guidance systemis
util |zeoi to guide the AGY 10 to the threshold 52 of
t he trarsgaging s®@adovitiesaichAG¥d. At the threshold 52 of
t he tra&ﬁi@ﬁ%%al‘é%vag%%&&q‘m%HE Y § KR podifdn at an

exarrpl esconmprisin aser or optl cal

- Sy sinelngf thestrarspdrt twheteinesai first glic@nskewt@m cohngrises an inertial

trans ort 50. This can be acconplished by neasuring
arY¥g"the distance to the two sides of the

t r ans po%jﬁldlﬁ § saild BV Wit asdeevhd guidarioersysteediromtshal first position
i nerti ul dance system can be adjusted to

coﬁﬁ@ﬁé@t?@dﬁfcbioafj ResEiRB\RN SaYd trafsspofth\{vgerﬁtﬂ Efﬁld segpnd guidance
Cco @&%ﬁﬁ&ﬁﬁpﬁs%% rdil |@ést DAk ARASRSHERA NG AVRe, il dt :@@t one

to Foad or unload the transport 50 in a manner ry
si rdigtamcet me@mmgd@y@mc@é@mwstm@rst distance {o one of the first and

second sides of said transport at said first position, whereby said second
guidance system uses said first distance with the step of guiding said AGY
from said first position to said intended load positior;
depositing said load onto said trénsport at said intended load position;
guiding said AGV with said second guidance system from said

intended load position to a second position; and
guiding said AGV with said first guidance system from said second

position.

9.  The method of claim 8 wherein said first guidance system

further comprises a track wheel.

10.  The methed of claim 8 wherein said first guidance system tracks

said AGV throughout the steps of guiding said AGV with said second
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exanpl es above. The foregoi ng di scussi on discl oses

and descri bes an exenplary 5 enbodi nent of the

present invention. One skilled in the art wl|l

readily recognize fromsuch discussion, and fromthe

acconpanyi ng drawi ngs and clains that various

changes, nodifications and valf ati ons can be nade

therein without departing fromthe true spirit and

fair scope of the invention as defined by the

f ol yuidarvg ejrsﬁémsfror]n4saidil.ﬂ*lsﬂV$osiﬁoN\ﬁat saig inteadenk dodds position,

1. A net. i , ARPQY a r

andBRUR a0 i s RRE R e B R gy Riton and

andgdidieg tsaalnsE'd ntithhsaidl agccaadtgwmhelsgjstam frdve saidipientiey load
n ed vehicle (AGVY) conprising:

eng‘%ogquaé%%s?g%scwc?%osggnd AGV; 10 guiding said AGY

with a first guidance systemto a first position and

wherein ald AGV, i s ,at the

positi orﬁ guil Pil HE)"%aa’i'iccﬁra @R? ﬁﬁgggsqerﬁthgﬁgéoqnoé\é rgESport

syst em haainy adirst dhidrsgtopbsidd amhan bperdny bettveﬂdthe shdmdat the

position o id. transport,. ystem
i ncl udi ﬂﬁegl‘)?(??&ggttragﬁgor%F’%'Fésxétgm&% ﬁl‘glln g sensor,
and whenei sautehasaighidedr s¢hipes(AG\ON saidi AGAM cofmptigagta drive

one s nsor sures the dist to at | east one SI de
of "&H an‘FF’raélda tﬁe“%%@ﬁ'&anﬁnﬁ%&%of the transport, the

"AGV usi ag‘rstttgeudms \wyetdmdaret arseeotidggdarde syistean, AG\ first and
. potsﬁlﬂéf:%)%‘ﬁ gt g[?cp?e %?é{ggﬁgﬁasq&?agt%lf rg ﬁai%%%lth esgﬁals drj Ve and said

s ai dedripgtnedhianisaal of daicBASKOBAId sbcarnl gimdawtce_rsg}etdrri lodddlng at
GureEs! 20 S P CAPA Tt ended | oad position to
a secongh@ehi $didfirst guidance system guides said AGV to a first location,
wherein at least one of said devices are capable at said first position of
measuring a distance to one of the first and second sides at the first
location,
said second guidance system guides said AGV from said first position to an
intended load position and from said intended load position to a second

position, and said first guidance system guides said AGV from said second

position.

12. The system of claim 11 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 AGYV is in said intended load positi'on.

13. The system of claim 12 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.

14. The system of claim 11 wherein said second position is

approximately at said first position.



2. The method of claiml wherein said first guidance
system conprises an inertial guidance system 25 3.
The nmethod of claim1 wherein said first position is
approximately at an end of the transport. 4. The

met hod of claim 1l wherein said second position is
simlar to said first positi@. 30 5. The nethod of
claiml wherein the step of guiding said AGY with
sai d second gui dance systemfromsaid first position
to said_ intended |.0ad L t) -sal q%§£ -
.conprisé (] F?&W?ﬁﬁl8f§§§%e+€8ﬁ@8w?%€gj%gi %ﬁk %Emnce
6. mMaRuiRy Bodcdetrmings 3 i elistintetitie skleeqf safd tymspidhg
said AGV with said second gui dance system from sai d
first position to said intended |load 5 position on
said transport further conprises shifting said | oad
to a side of said transport. 7. The nethod of claim
6 wherein the step of shifting said load to a side
of said transport conprises determ ning when said

| oad has reached said 10 side of said transport. 8.
A nethod for |oading a transport having a first and
second side, wth an automatic gui ded vehicle (AGY)
conprising: 15 engaging a load with said AGY; guiding
said AGV with a first guidance systemto a first
position at an end of the transport, wherein said
first guidance system conprises an inertial guidance
system guiding said AGVY with a second gui dance
systemfromsaid first position
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25

20 to an intended | oad position on said transport,
wherein said second gui dance system conprises at

| east one distance measuring device, said at |east
one distance neasuring device determnes a first

di stance to one of the first and second ‘sides of
said transport at said first qgosition, whereby said
second guidance systemuses said first distance with
the step of guiding said AGV 25 fromsaid first

position to said intended ad OStl S g
PP 9re Sssocnd JUERaS eReT AR e el Tist EiEEGe i euicing
POsdald ROV frodtiéld Nest BaditbrAS\éal [htlénééﬂ [dag BesHish. gui dance
systemfromsaid intended | oad position to a second
position; and guiding said AGY with said first

gui dancegsy ] he
Tot hod oF U1 SEnPE AReF arin IS raHEn S AR e

f ucerhpises enpraéri@guaancacskstetheel . 35 10. The net hod of
claim8 wherein said first guidance system tracks

said AGV throughout the steps of guiding said AGY

- with said seTiengystém ofviatiant ehsiedt MAG\ inchidesl afpiair of forks

p05|t|on to said intended Ioagaﬁ Siti

safdl §N98INg 1PagANE 8 (NS pYIee §a?t@erPH|Fe“ﬁ]6‘£e3 P*o"gag‘ one
POgistdried rRc¥tufing Lﬂedicég:oﬁgingeﬁ%ém dihschab@, S&ie0dfsors being

gui dance systemfromsaid i ntended | oad position to

saf@pahie ohdelpeting a ifle qf1saithFagspGnand beipg gﬂ@fﬁgﬁf petween the
l oﬂﬂk@%cﬁéﬁ% &Thd Qtreet?%‘?éj Se1ank HEGRRWheeavi ng a

rst and second si an openi ng between the
S|des at the 10 threshold of the transport, sald

syste S|n i.ded hlcle
said A n%? %tam ° EVQ rrec[% ani st @’l% "¥'s risn% an

Meehedted rﬂalcﬂﬂﬂ:oaef bdifd capHbkasiieackigtreducatht af se:mdrmhgaged
gui dance system said first and second gui dance

sy¥ftlRFR'dg operatively coupled with said drive and
said

19. The system of claim 18 wherein said encoder detects said
intended load position by determining when said load is impeded from

movement.

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

engaging a load with said AGV;

guiding said AGV with a guidance system having a pair of sensors for

measuring distance from a first position to an intended load position on

the transport, whereby said guidance system locates said intended load

position based on a location of the transport in relation to said first

position and wherein at the threshold of the transport at said first

position and as said AGV moves from the first position to the intended

load position, said sensors measure the distance to the sides of the

transport;



15 steering nechani sns of said AGY, said second

gui dance systemincluding at |east one distance
measuring device, wherein said first guidance system
gui des said AGY/ to a first |location, wherein at

| east one of said devices are capable at said first
position of neasuring a distgnce to one of the first
and second sides at the first 20 |ocation, said
second gui dance system gui des said AGY fromsaid

first pgsition to an, intended | oad St f :
el d i pAeR BaRRseE S feiuan MsBdefiy Slon
an@ngajibifd fsid BE\VIARE eshy Pakmoigsdrdess fraind s@BVnfenden load
said second position. 25 12. The systemof claim1ll
f uPPHEPN ©h§RPEH RESTEON- 0ad position ~sensing device
operatively coupled with said drive nmechani sm and

said steering nechanism said |oad position sensing
devi ce Béi nglsapeaihed of clajgx @Pnivheraly WikertepaPrl loseling said
in.saigd.i N Lt : 3 i
ol ity BE RN 2RSS dchiminit =gy oy SR, Bt i
c ongaticnes aatexpedsd tramspoggosiion. sai d sensor bei ng
capabl e of tracking novenent of a | oad engaged with
said AGV. 35 14. The system of claim 11l wherein said
second position is approximately at said first
position. 16a 15. The systemof claim 11l wherein

said at | east one di stance neasuring device,

determnes a first distance to a side of said

transport, 17 whereby said second gui dance system

uses said first distance with guiding said AGV from
said first position to said intended | oad position.
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5 16. The systemof claim 15 wherein said first

gui dance system conprises an inertial guidance
system 17. The system of claim 11 wherein the AGY
includes a pair of forks for engaging a |load and a
drive wheel and a steerable wheel at |east one

di stance neasuring device cojgprises a pair of

sensors, said sensors being 10 capable of detecting a
side of said transport and being | ocat ed between the

forks one _of t ad,t | :
wheel . ag% & @f/z{s%gn?cfo cl ai r%h%ﬁﬁm}]er e| dggegir@gﬁggo?ald

Cosipw Sesaid rangtic@npriseaintessndng e firdi elistgnaaivadb fisst gide of

SSH AR T 0, LOS PO 13 ISRl g, o

deg @EpdriSand coﬂnﬁhﬁﬁgﬂ @Qd'fﬁﬁ%r@oﬁlcﬁ)h@ Iﬁiléﬂ%céet aﬁdmméregx said
when sai d | oad npeded

metthio @f g@iing dfa@ﬁ%/ @CW%&?&?P e g 3diisdng é"é,e RPQ“&P“ e AGVin

au E&ohdGManeayrori sing: -
en'rgegﬂﬁ]slgqgt oad V\Asﬁﬁségfa% AGC} gwagl ng said AGY with

a gui dance system having a pair of sensors for

measur 2§9| gg@é AsiGod b5k b r\nﬁkré?r?%étﬁ'gﬁfﬂén‘ée %Qs’tem utilizes

i nt end position on the transport, whefeby
sabid syawdanssstwitt @idihgtetAsVsai d i ntended | oad 25
position based on a |ocation of the transport in
relation to said first position and wherein at the

t hr eshohd oA niétBod fornapatihg atiradapat With siles wils ah iaotomatic
and as said AGY noves fromthe first position to the

i auidpdEehicle AEVHBRITPISNE: sai d sensors neasure the

di st an?lg iding stai&eA@VQﬁl% apéuz@é}%e LEtamsRRInG a Paifof sensors for
deposi Ting~sai d-l.oad onto said transport at said

i mesndEy dlsjampqofmtafusﬁ posiien uaipRRICERRAIE Ipgs/Pogitian on said
Sﬁ'hﬁjsp%ﬂ' dndUnefERSPLS afiFR BbsifbrisdidA8Yde gt thadtteshold of said

transport , whereby said guidance syst-em locates said approximate load
position based on a location of said transport in relation to said first position;
and as said AGV moves from the first position to the intended load position,
said sensors measure the d‘istance to the sides of the transport;

determining a load position;

énga-ging a load with said AGV at said load position; and

guiding said AGV with said pair of sensors from said approximate load

position to a second position.

25, The method of claim 24 wherein the step of locating said
approximate load position comprises determining a skew of said transport in

relation to an expected transport position.

26.  The method of claim 25 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, and wherein said

step of guiding the AGV includes the step of adjusting the path of the AGV in



5 position to a second position. 21. The nethod of
claim 20 wherein the step of locating said intended
| oad position conprises determ ning a skew of said
transport in relation to an expected transport
position. 18 22. The nethod of claim 21 wherein the
step of determ ning said skgyyof said transport
conprises neasuring a first distance to a first side
of 5 said transport, measuring a second distance to
a second ,si de of sai transport,. . and conparing said
1 ESpOTRRS Lot rsh R iREe e ot ep of
gui ding the AGV includes the step of adjusting the

path of the AGV in response to the conpared first
and se@dnd diTdeaneibed ofidain326 whrreeritbgHidancel supigpilizes

wher ei,n sai [ : utilizes said skewto
assgal'qg?&vv\\ﬁ t{% ha%B%Mﬁﬁg&? Iﬁg)ﬁié . 24. A method for
unl oading a transport with sides with an automatic

gui ded yehicl e conprising: .quiding said_. :
With a Qui dé\wd@é@%@h‘ﬁ‘iﬂdﬁ‘g % fanseosy helo a5 yitn an
15 IBAsH duideNetHidd peafy emptishigr st position to an
approxi mate | oad position on said transport and
wherein at said first position said AGV is at the
threshold of said transport , whereby said gui dance
system | ocates said approximate | oad position based
on a location of said transport in relation to said
first position; and as said AGY noves fromthe first
position to the intended | oad position, 20 said
sensors neasure the distance to the sides of the
transport; determining a |oad position; engaging a
load with said AGV at said | oad position; and guiding
said AGV with said pair of sensors fromsaid
approximate | oad position to a second position. 25
25. The method of claim24 wherein the step of

| ocating said



10

15

20

25

30

35

approxi-mate | oad position conprises determning a
skew of said transport in relation to an expected
transport position. 26. The nethod of claim25
wherein the step of determning said skew of said
transport conprises nmeasuring a first distance to a
first side of 30 said transpert, neasuring a second
di stance to a second side of said transport, and
conparing said first and second di stances, and

wher ei ngsiding salsitApV aith gufirsti guiplanbe sysev idma figt pesitidne

step of adjusting-the . ' L6 -

* espons 8P IR RaY N a o hlieSeE i spid it pogiton

27 to ahexpetdiddad pogificai an £:6d twhespeitrand aiheraiu bald seeond

systemutilizes i SSi ! el

NGO SysliE T BB P T LB o n g Wi? o6 Béon

Si dele amishid fiest positibroamdt as sajdirdatmeets tolthe ¢meUed load position;

conpri siyng; ..19 uiding.said AGY with a first

gui dancgé}g%'{“gﬁwaggacgp?&%}os position guiding said AGY

with a sexoind aglobdaitc sagySEéat $aidioad ppsitien;r st

position g 5 to an expected | oad position on said

transpo?’? and wherein said second guidance system

i ncl udeguigippsaidcAGH pathl seiddecord guidamg sybienuiren saigéntended
t _said firﬁt position and as said AGY

h i g
fr‘g\icéag F?SOEH'EH@ @)?s%oé}deod)s Bad position; determning a
| oad position; engaging a load with said AGV at said
| oad tione 10 o N ; .
R o on e ATk A A B A Sy oyt

posbinpasest 4 leass oo ddtanos ntdaswing?@Ensdihe et hod of

cl ai'm 28 wherein said second gui dance system 15 :
conprises at | east one distance neasuring sensor. 30.
The met Bod ofhechnaihod 29 clatme 28 whesn shid bt leestsneoistance

di %%e%%ﬁﬁng sensor determines a first distance to a side of said transport.

31.  The method of claim 28 wherein said first guidance system

comprises an inertial guidance system.

'32.  The method of claim 28 wherein said first position is

approximately at an end of the transport.

33.  The method of claim 28 wherein said second position is similar

to said first position.

34. The method of claim 28 wherein the step of determining a load

position comprises monitoring a drive current of said AGV.

35. The method of claim 28 wherein the step of determining a load

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

36. The system of claim 11 wherein said at least one distance

sensor further includes a second pair of sensors being approximately located



measuri ng sensor determnes a first distance to a
side of said transport. 20 31. The nethod of claim
28 wherein said first gui dance system conprises an
inertial guidance system 32. The nethod of claim28
wherein said first position i§ approxi mately at an
end of the transport. 25 33. PRe nmethod of ciaim 28
wherein said second position is simlar to said
first position. 34. The nethod of claim 28 wherein
the stepPebvesietaid AiYR whee anestperalle WBE't i on conpri ses
monitoring a drive current of said AGY. 35. The

nmet hod of claim 28 wherein the step of determining a
|l oad pogiti AReGYERA Sataimtdsl Widraig sald firetamid seBéhd pair of
optical sensor to detect a | oad pocket. 35 36. The
systERPGfare FANaPeNSAiker ei n sai d at | east one di stance
sensor further includes a second pair of sensors
bei ng approximately | ocated 19a between said drive
wheel and steerable wheel. 37. The system of claim 36 .
wherein said first and second pair of 5 sensors are
soni ¢ sensors.



