AUTOVATI C TRANSPORT LOADI NG SYSTEM AND METHCD

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This PCT
w@atented4appl i cation clains the benefit of U. S. PCT/US2009/038910

Application Serial No. 12/100,722 filed on April 10,
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i nvention is generall dlrected to materi al han ng
[N c1 edhisrRET peeRs gpBHatien chpms the benedis oAH: %nﬁ?ﬁleaﬂon Serial
I\]gw ded vehicle that is capable of automatically

oo 51 My722rftledipn SaEl Yy 2808, reantdgsloriutonpasic Taansagrt éoadang System
tractor trailer, arail car, a flatbed trailer or a
AgHi Mpthody" dlom eatira efisclqswe 0] thaappkisativw beink credsidesed ppreof the
(AGVs) are used throughout the material handling
displdsist ofithis @pplicatieyp end hdrebydscorppated eyrnefes@ee.i s commonl y
used to refer to robust vehicle designs having any of

a nunmber of avaAAGOGRONNDORTEE HVENIION syst ens.

Aut omatic guided carts (AGCs) is a termcomonly used
(@002} ef eTht praenteiggention us penealily cliectud eal nfatariak haridliag vihitles
| ess conplicated applications. Throughout this
afi) [phdre phiitiowlarly, N6 lati dutoghatid guidédi dtiicle tHaeist pablAVasbradtcally
mean and i nclude both AGYs and AGCs, as well as any
1 and @klbadig 4 RakpdrS foxlekanple,iaarlcloy trgittr dadil cirDHA4kbed trailer
Current AGV designs generally include a frane with
oBMNSinCantaes | ocated at the four corners of the
frame. O her features may include a drive wheel
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the cart. In one current design, two rigid castors are
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bet ween the swi vel castors on
vehicle designs having any of a number of available automated guidance systems.

Automatic guided carts (AGCs) is a term commonly used to refer to a less robust vehicle
used for similar but less 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.

[0004] 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



each side of the cart frane. The two pair of sw ve
castor axes and the rigid castor axis are generally
w@anoalie@ls t o each other. The steerabl e drivi ngPQRU$200%038910
attached to the cartfrane, generally by way of a plate
that is hinged and spring . loaded fromthe cart fra
fomecgraerplly PHYEY phrcplale dhat gﬁ%geg AR PrRR &)éEe (i hgi A ame to
adequate traction with the support surface. |In _another
cpi¥Fo thafrdhy stegrable xdstyedyvhesh mypidains 3egyate strachan Aah Higgsugport
st eerabl e castor wheel directs the novenent of the
sutage. [n@assher gmbadipenty @|fixge drive yhedd RFpels s ASY fag steerable
controls its nmovenent. Known gui dance systens in use
cestefaheglvieeid hevgvemguii o #hec®¥GV] aser gui dance, magnetic
t ape gui dance, odonetry gui dance, inertial guidance
[e0948] opt iAgaAGYuindadeser guidahce agstenh thae carttrelsritsompvement.  Known
associ ated positives and negatives. For exanple,
guidendei sybtemsliig anc eodayg issleepird Ighidarice, tasacduidagee rmagnstic tape
where the travel distance and direction neasured by
ghldencd@dodiefrl gnidarice onertibigguaiaheesind dpsdah i danag andleach hhveotheir
of travel. Though they can be mnim zed, tracking
ofMhla8$oSiated osifivgaamd degaviess. | Fon gxdnipdy édertill ghidmmess ausckptible to
system nust adjust for these errors, for exanple, by
tidbltihg Zir6Yg, WEME PhdraveE HBREAC M INEFI LSS meaREIAEsy the pabvtdiffers
Radi o Frequency ldentification (RFID) tags, etc.)

fRNPME adthe deent Jatd@dcRAlIT tral @OPRJugh A caf b Shafi@eed, tracking
systens use special markers that the AGY senses and
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AGYV is modified, the markers must be physically moved. Further, an AGV with this
type of guidance system can only travel in areas that have these special markers, which,
in the context of this invention, requires that any transport to be loaded or unloaded
include markers.

[0007] One difficulty associated with the automatic loading and unloading of a
transport is the varying position of the transport in relation to the fixed loading dock
position. Transports are usually positioned manually, for example by a driver in 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



transport is the varying position of the transport in
relation to the fixed | oadi ng dock position.
wae@aspars s are usually positioned manual |y, fRET/US2009/038910
exanple by a driver in the case of a truck. This
manual positioning results in an unknown yariability
upble Repepfoeivt saptre die traler yith Hsrlork dogts Thisgwilllggve the trailer at a
ositions the trailer at the |oading dock, he or she
skawed lgaglp Abfeéerense fothe deek dpos gBiascethe pagle jsamkegwngndisan jay at
dock door. This will |leave the trailer at a skewed
eanhiogitipping ef e dadke ap MG Yicannot kifesorrly goidpard delevenlogsin the
i s unknown and can vary at each positioning at the
trdidey kyithant a@Gngdhnerpabibfyf of dlefectaigyand gouipenapithgder thisgirailer skew.
loads in the trailer wi thout having the capability of
Tile peat drniges addresedenyablemdyfusing skid platesap ipesitigrk doytraiypert in
prior art has addressed this problem by using skid
r¢}ithes the dogqdomgidotlonhdwryet thansparstly aml ineffigientgmodess. t he
| oadi ng docks, however this is a costly and
[0008] f i ciAmnthepdiffaig asspEMOB jvitAnlot dueormatic fldadimgl angt unloading of a
associated with the automatic | oadi ng and unl oadi ng of
tiandpbAKSha the AGM fadt bk Able AW emdosie the didfateicd m heipht B@Ween the
the difference in height between the transport and the
ud@pbrt ak¥l ifeedRRt Diffest ©QpestotAABHOFE, s vadl aliffera® styles of the
different styles of the same transport, will vary in
sitfd BittsporbUriliNAR R Right. NBuMRELAG:, ME haighadtta gaeilar transport is
transport is not static; as trailer s |oaded the
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PRETPTne or decline between dock and transport
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to ease the transition between the two. However, a steep incline or decline between dock
and transport can cause guidance difficulties. For example, an AGV that uses a laser
guidance system may lose the target as it moves up an incline, or down a decline, due to
the fact that the laser will be pointing either above or below the target.
[0010] The variability in position of the transport may prohibit the automatic

loading of the truck, and almost certainly will reduce its efficiency. For example, the

most efficient loading process positions the loads as closely to each other as possible,



gui dance systemnmay | ose the target as it noves up an
incline, or down a decline, due to the fact that the

wo a®en2ea73i | be pointing either above or bel ow BP¢EUS2009/038910
target. [0010] The variability in position of the
transport may prohibit the autopatic |oading of the
apd R ,vafzfﬁ?a% CXPET PP e iraphngr ilgehd to indréase the
ef ficiency. For exanple, the nost efficient |oading
sphegrties 8 98 49aflt- ons t he | oads as closely to each ot her
as possible,and any variability in the expected )
[wgﬂ i oRPesmiter the user ¢freyisiange syptems faertrebtrvigt pleas GV their use
separation of the |oads. [0011] Despite the use of .
iy the dhensess of Joadiagond voleasting loadstfroay @ fransporg hasaeifo betsatisfactorily
use in the process of |oading and unl oadi ng | oads from
addressedhimphg art. has yet to be satisfactorily addressed in
the art. SUWMMARY OF THE | NVENTI ON [ 0012] In view of
t he above, a nee8UMMARY QIOFTHEANXENTHRNI gn t hat
effectively and efficiently conbines the use of
[e01RT er et vigwi afahe abosy, st e ekists dot @GV adebily thao affectinely and
unl oad a transport. Mre particularly, a need exists
cffiiendn cAfVinde stegusetdfadifférsntcaypdaite syfenisoadiungnaginglly load and
unl oading a transport that may not be in its expected
upRSd & tremsport. OMMba] pafculie®] a hde@eRisB st MLAGY deggtihat ik adpable of
will be apparent to those skilled in the art based
1643813 ahiSloalRSLA irdtspdnthaiitayt vt bapRardpdedpavitings, the
present invention i1s directed to a nethod and system

[6(%\!3/] | oadiongeepihesclbint e RYdSthhtvAN DR @pparddy tRosdMilled hthe art
first engages a |load. The AGY with engaged |load is

phg !ﬁF&P{hﬁ%séﬁf}ti@n fhd Bt aSth8RANESwRYS HRPrien@nidda¥is directed

position. Fromthis position, a second gui dance system
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guide the AGV to the proper load position on the transport, at which point the load is
deposited. The second guidance system is then used to guide the AGV back to
approximately the known position described above, wherein the first guidance system
then resumes its control of the travel of the AGV.

[0014] In another embodiment of the present invention, the AGV first engages a
load. The AGV with engaged load is then guided by a guidance system to a known
position. From this position, the guidance system determines the proper load position on
the transport, adjusts itself to guide the AGV with the load to that position, and deposits

the load. The adjusted guidance system is then used to guide the AGV back to



then resunes its control of the travel of the AGV.
[0014] In another enbodi nent of the present invention,

W@ b@9AZM7S i r st engages a | oad. The AGV with enp@ElyEs2009/038910
load is then gui ded by a gui dance systemto a known

sitio mthis. dan .
E@P@mﬁe o ey BRSPS SEER e PYERE plpgivsted
usts itself to U|deth | oad to that
gB %.S&%ﬁemgﬁafﬁ&ﬁsgﬁtwntf Iﬂl‘fefff"e'ﬂﬁg‘ dbu(j?}ﬂst ed gui dance

%lstem i.s then used to de t he AGV back
RYabpr ofluﬁlé‘ireis%??‘f f?é‘dk?PB bHEY i B RIESRE iiBERtih (R become
wherei n the original unadjusted gU| dance syst em t hen
appasenidion the follpying| degiled H@%flpt&vlelc agps, ;ape drmes obawgver, it
Furt her scope and aggl icability of the present
shopjrhei wpdeiteqd Bt dhe dejaped dlsecriptionm and espegifie oamgles, while

detail ed description, clainms, and draw ngs. However,
indicagihg pieferisd comhodimsnte ofithe iryentione argeiven by dvag @ elmsmtlo@r@nly,
and specific exanples, while indicating preferred

sanab vatiowe phasgesf and meodi frpagertsivorhin the epigjh snsirscprye afdlye ipfention will
illustration only, since various changes and

begaiief dpparentdm thowd skilled in the agpi rit and scope of the
invention will becone apparent to those skilled in the
art. BRI EF DHSORFRIESORIPFIONBFORBVDRAS/ INTELE] The
present invention will becone nore fully understood
[60016]n t heThd et ek etiaCwilltiecane gloweflih anderdieddofnom thealetailed
appended cl ai ns, and the acconpanyi ng draw ngs in
dédtription §iOéhlildre btIGw, theiappadedviginigatt the avéodfparyindEMdwings in
according to the present invention; [0018] FIG 2 is a
vilighe view of an AGV according to the present

invention; [0019] FIG 3 is a front view of an AGY

[6RgPr di FIG! PistR8vRh&A MW bV NGV Qtordiiitho [0k fihRtion;
4a-d are overhead views of a | oaded transport

[(HSPT di Gt OishRRicRI&S&Hh AdW Q&de?ﬁg to the present invention;
[0019] FIG. 3 is a front view of an AGV according to the present invention; and
[0020] FIGS. 4a-d are overhead views of a loaded transport according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0021] An automated guided vehicle 10 according to the present invention is
illustrated and described with reference to FIGS. 1-4. It should be appreciated that the
applications for the automatic loading and unloading of a transport according to the
present invention may be used in a variety of applications beyond the illustrated AGV.

For example, the present invention may be used with automated guided vehicles of a

variety of configurations as well as other material handling vehicles.



DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
[ 0021] An aut omated gui ded vehicle 10 according to the
w@e@ean473 nvention is illustrated and descri beRICT$1909/038910
reference to FIGS. 1-4. It should be appreciated that
t he applications for the automatic |oading and
[92badi e S1CYA 10 inghdpos tteering SRdARYE merhppam that Sgtsed to propel
invention may be used in a variety of applications .
apd yisardthe HECY | 10ushor the allpsiations showin thpieaingt and ¢sive degehanism
invention may be used with automated gui ded vehicles
cemprsey airive tyheels 120andi iesrablq wheel d4 thet| are ggupledh@iith a guidance
mat eri al handling vehicles.[0022] The AGV 10 incl udes
sgstern cad jusefd snarapel andl ptecrhtheiAnY t19at The guidertet ystemofpals the
and steer the AGV 10. In the illustrations shown, the
stembleiwhgeladchs dird 46 Vni®oh aropeliedcibnpstésiog thbr AGE 1oh daldgiondlly,
and steerable wheel 14 that are coupled with a
tipudrdawdeels ¥3 trepreferdbly deal dtive phegheviraind series ¢ credte anBttrical
10. The gui dance systemturns the steerable wheel 14
déf$erérinal. ADNTeldt popplsiop ey dtexth, mashalso bd ewed; fog etdngpleiGitfertOtial or
Addi tionally, the drive wheels 12 are preferably dua
“girzee swlee@lith swivek chstefs rethfoRgh the B efhstarisisleatdvi caltrollers
differential. Different propul sion systens may al so be
foisiBéldrifeovheesanpl e differential or "panzer" steer with
swi vel casters or through the use of master/slave

[002BPr  C Ot oidhRe Sydté cdn dBE b¥ shyuadksof KnBRR 3hiddhee systems.

gui dance system can be one of any nunber of known

184 SleRaed SHbbAMRAt, ko FuRhRkeyyEess aFPe@h MR nord WPy described
gui dance systens are used, as nore fully described

b@%!wow-l‘he-r Bﬁm&ryi AN EY I b'ﬂfs%p @seaﬁﬁx%hﬁplghﬁa&@ s'yﬂ%t | Ple preferred
gui dance system The preferred system usesS a
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efih | s %%tegc%ndnvyetwqieglrand 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 system, as the
primary guidance system is within the spirit and scope of the invention.

[0024] The AGV 10 further includes a load capture mechanism, such as clamps or,

preferably, the fork pairs 16 shown in the illustrations that are used to engage a load.



separate fromthe track wheel to track the distance
and direction traveled by the AGY 10. As the AGV 10
W@ e@vat@7s t he steerable wheel 14 is turned to RBEF/US1009/038910

positions at certain distances. In this manner, the

GV 10 can be used to travel over al nost_ any surface
T@y lpadqrretersblyiipsipdey fork @ogksts nivally Breeraied Wit apalitefor engaging
wheel s 14 and the distance to be traveled while in
Withgthe fgkippirp R0, avhs well kneyyn Bthe @ ¢ rTihp dprkpajrs 1¢imag petsgjusted
illustration only, and the use of a different type of
vguicalantsemenns pean elévaror meahnplse B8. | s etevefor edherissy§aberys the
as the primary gui dance systemis within the spirit
leaddo be opeedof lavered toveevarietyef hfigheApr Saempk{or strcking 1dads onto
i ncludes a | oad capture nechanism such as clanps or
ope efhetherb| In atpnefefrat kmpadiment] B1eshAGWN1Q furthiee includes two sets of
illustrations that are used to engage a | oad. The | oad
dinteice rseizboys, irewt | distase fiocdsunpee keties A0saal lfgni diseageeireasuring
with a pallet, for engaging with the fork pairs 16, as
desicsnesd. IBocwetd 0f Udaned measlififg idevikespat loperdfivelfiyoupded to the
adj usted vertically by neans of an el evator nmechani sm
steBringl iRl @hveviadchhnisk Ghrak Singdifing| thOWsW 1§ ak aadde FillydRscribed
rai sed or lowered to a variety of heights, for
wwanpl e, for stacking | oads onto one another. In a
preferred enbodi nent, the AGV 10 further includes two

[66isp of pdéf&taal@ceheswagocraﬁmé @REhAllsH ABCALAEASIHE i apable of
devi ces 20 and front distance neasuring devices 30.

sB@fidy tﬁ@%ﬁ%agéd g th@i%?nt ﬂ?%? WidaRGo AL Vil ?ﬁftfﬁ@ Snechanism 22. In a

operatively coupl ed he steering and drive
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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 AGV is capable of dropping a load in the center



can raise the fork carriages 17 together as needed to
vertically position the fork pairs 16 and/or | oads.

wab@ofiorks carri ages 17 are al so nounted on verRCTEHE2009/038910
slides 15 and equi pped with hydraulic cylinders to

al | ow I X, i hches of dependen i fting abi/l
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AGV to travel and position its fork pairs 16 into
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16 six inches allows the AGY to pick-up a single |oad
(0026 a pdier sige-skiffjngc arpehanisan s22, THI SOBIMAGIOB &t jthen elevator
along with the side shifting nechanism 22 allow the
mxchanissn b ansethe fosward andbaskgardigaveljof dhegYGY 0.sallayk thetpad to be
storage racks. Each fork carriage 17 is equi pped wth
aljpetediun ald thre¢ dimepsiond whernengagddntodthe Jaad CRhrecmg¢hanis® of the
will pull the fork carriage 17 to the desired

A®EilDi dma prefersed pmbbdimertdillesiatedi imEHY., 1, £ind of dhne fodgpairs 16 can
slide rails 26 are designed to allow the fork carri age
bt Indepertdeatizemopeistiorzendley, i.84 dhthe kiatctiohe oAGBYOW $0.c ayaldbioeally,
of dropping a load in the centerposition of the AGV.
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out of the way, thus allowing the other fork pair 16
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side-shifting nmechanism 22, in conjunction with the
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travel of the AGV 10, allows the |load to be adjusted
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capture nmechani smof the AGV 10. In a preferred
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could be described for any similar transport 50, for example a flatbed trailer or rail car.

[0028] Automatically Loading a Transport:

[0029] 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 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



the fork pairs 16 is described nore fully below in
conjunction with the description of |oading the

wae e@sspars 50. [0027] The AGVY 10 as descri bed BODUS200%038910
designed to be used in the automatic | oadi ng and
unl oadi ng of a transport 50. These processes wl| be
PERSEE: HERF BHidanes SYstah of BeahO¥nkdl Bk thep by groaramampd fo feract
a | oadi ng dock location of a factory, but simlar
vithobe doad 8t thisUingWhdocatars sp ey ﬂlre(f?rkamys 46 and frk peckals peperly
50, for exanple a flatbed trailer or rail car. .[0028}
e Bk eschathey If plaging ghedoarrigtegdaown posiogpwith pigcigipod ésrditfigult
| oad a transport 50, the AGY 10 nust first engage the
o gagractiqal, athprPe(F%rere@DUéh‘b@dmﬂeﬁﬂd toaglloge §urr 4 Ivader abageeof load
this is acconplished by the use of fork pairs 16 of
poioA®y H@ exbraplenerttical\sensarsfaonkl heqokigibsedofn ¢rinear thadps of the
usually integral with a pallet, and by using the
ferkeams b amteohldrbe ssed18 detect Ithef forkt foekdtoaftholohd.t Waegthe WGl 10
The mating of the fork pairs 16 to the fork pockets is
apprdadhts thalldaddpeariad, ithee optivdl seaspus codd Wy @dichedon to find the fork
Preferably, the load is placed in a known | ocation
potkels. Basal @it the dbtgctbd plsitda@r @ fofkpsorkéts itAGVN® would modify
gui dance system of the AGY 10 may then be programmed
ifs @athrdif @6t br, Prdfétablinahd emelpats 1loltosld b8 afistt@BRinke 13, of # side-
that the fork pairs 16 and fork pockets properly nmate

siftidy @8chAniSNEY suchfihf| tBE ifils 1HQnd FaH pAk&s IikBAWWhile this
position with precision is difficult or inpractical,

allb@s A il&ugo(&ﬂe%ugﬁ 0 i fikiSghl tBmPbheAW feQlired, Milg:e{hw a more

range of | oad positioning. For exanple, optical

SFRSOL §ndﬁ9§é‘d@sﬂ%@le%§ﬁ%&r&ﬁﬁd on or near the tips of the
fork pairs 16 and could be used to detect the fork

ﬁﬁ@ret S (ﬂ)fcc tieaboad: hamgéh ltoF@edAt@J AV %R{ gngasto ttllﬂzell'(])a%}ng

ad | ocat1 on, these opti cal sensors cou e swtc

dB&% £r9a t)f ﬁlg f{u!? OIrhié u%ﬁ%% e y é ﬁ’%e&,&%% I&l '3 trgfr‘?t lfege %ocated

position of t “fork

alé]taéﬁnp%ttﬁe d&lé ?XCEJ 18 Somé (r;aesgsg% ?aﬁl}{lg rt helsfuoni( in order%o g‘acﬂltate

nmeans e e aRENTY

the agv?aglcfrﬂevéG%/u?@ haghet o%kftg "t transpglrrt1 dSOf O{“l!fe E)agmg ramp 1is
designed to ease the transition for the AGV 10 between the two different surfaces.
Because this transition may be somewhat uneven, the track wheel, if used, may need to
be lifted and rendered inoperable to avoid it being damaged.

[0031] The AGV 10 will use its primary guidance system to transport 50 the load to
the loading dock and near to the transport 50. In a preferred embodiment, the AGV 10
will use its primary guidance system to move 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



all ows nore robust operation, the additiona
conponents required nmake this a nore expensive and
WO e®9/121833 r abl e configuration. [0030] Once theP@IBA/SE09/038910
has been | oaded, the AGY 10 will travel to the | oading
dock area of the factory. The transport 50, in this,
measyaing deyiggsi20tand 3P descrifpd abope The Eekbdisiapgeneasirineyieyises 20
| oadi ng dock. In sone cases, a loading ranp is used in
agsrwidized ¢ ppecate ivihan ghe AGW Fuiketravsiing Fawadyand ther fgant dipgance
dock to the transport 50. The | oading ranmp is designed
nteasugiag devibes I0r arm gititizedrio foperatehghen@ie A6 V&R weleayelikgbaojgyard.
di fferent surfaces. Because this transition nay be
Tho pefinat distpvemeastutieg deveekarahradg sonfc sessets, thowgh nlesed-typs, a
be lifted and rendered i noperable to avoid it being
ldarsagedr with @diing BaanA¥pé, diGanvipkitaltvéseoni systeqprconteibg used instead.
gui dance systemto transport 50 the |oad to the
Eaclostt ofjthd diskanad\ themating dovideb evill bparapeudch tbdl.thd AGY 10 will seek
preferred enbodi nent, the AGV 10 will use its primary
iU daR T tise/Sdneport §0. TDME ist fcdiflishéd @St glthe kerlsti@ such that the
opening 52 of the transport 50. At this point, a
dBRSENEGN Y@ tEnsENS e siis (58 BY Bk thahigoAGY islfibitadidd fien the distance
enabl ed and used to guide the AGY 10 into the intended

floBP@le BBSH denf? to tHe 0P 5iaE 84 LEthe @ARYPAHFONG crehtd@ +/- error signal.
secondary gui dance system conprises the two sets of

TdisSt/ 280658 @%ﬁﬁlﬂaﬁ BY ubla\WyGESstelin@ Mk BAIHESChE Re PRVAide the

The rear stance neasuring devices 20 are utilized to

A?W ngte t%{;"%’%e ARt ih Drder &Y BlusOehel-OF VRS LigrANE dgpfoach

ront di neasuring devices 30 are utilized to

zQxB??x?ﬁl?s By, aiea M 0 3Qu s gert b @MElat NG ﬂ?@&%\é@rﬁso, TREherefore
e e dhna

pretrerre I'Stance neasuri ng devi ces ar 0g sonic

t ‘. . Wi .
HRR0S 5 PV A heRSioduaer o bAIRL REQTNGRO Y topune
set of

S50 BBy 35 oS VR BES B e
S B O g ol B o Wi v
ssﬁ%agcgér%glo&lp Wﬁgg%eg{%%@gelgtgsagﬁ t IétAGL;\Q lb %eing in the middle
of the transport 50 to obtain the +/- error signal, which can be used by the steering
mechanism of the AGV 10 to guide the AGV 10 in the appropriate direction in order to
cause the +/- error signal to approach zero. In another embodiment, the AGV 10 does
not track the middle of the transport 50 but instead maintains a specified distance from
one of the sides 54 of the transport 50.

[0032] The AGV 10 is guided by the secondary guidance system to the intended
load position. Preferably, the intended load position is the frontmost unoccupied section
of the transport 50. In the preferred embodiment, the AGV 10 will continue forward in

the approximate middle of the transport 50 until detecting the end 56 of the transport 50
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fromthe other sensor to the other side 54 of the
transport 50 to create a +/- error signal. This +/-
weeron2@rygnal can be used by the steering necheeii/E8009/038910
the AGY 10 to guide the AGY 10 in the appropriate
direction in order to cause the +/- error signal to
onpysionH loadedbloadson the Fapsppis &P, Thiseleigepnmax\pq pccemplished by
the mddle of the transport 50, and therefore
ap GppreprselE chriigusatyPressnis Sepsof IRe sgserst | 1dgipagsswe sensar could be
transport 50 in relation to the | oading dock. It is
ppsitisiedltebe on thsendaf the dorls peishEote defeceeppiiciwith the ead il 56 of
transport 50 to be | oaded is of a known width. In this
tintomdparestt or dther loHidsiraimaeprefened emheodimentsiepressnressanngl doué be
subtracted fromthe known distance that correl ates
posititmeti loa thGvhdiGendenif iy fork pdvs 1161 td ddteragfwithhibe tload nvatporthe load
50 to obtain the +/- error signal, which can be used
itoslf tdieacatthe endngalieE bastharoal Ihhie prEdrddembodinémethe ARGV 10
AGVY 10 in the appropriate direction in order to cause
sloR8 dblvn t€ R NG siSded Rtkn itappjopcheais iztedided 1dad pasidbiedd the AGV
enbodi nent, the AGV 10 does not track the m ddl e of
10 f'&t&:fsaﬂ\ﬁ?ﬁ}{gt otSBle Retd Wilts tiRachdnFH 6K tE MSnpoRBECHT dthét load by
di stance fromone of the sides 54 of the transport 50.

md}A3alg feedrNSVcullni 6f B¢l Hedr BY HNARGIEIONUR YesBtaheRRL Bavel

systemto the intended | oad position. Preferably, the

ihddsndesd éx%ﬁle%?ejntd Rihtiv8ly tikgn ol BN LHRE! coH RS GRPWE 10, the
section of the transport go. In the preferred

HFOR AL TR to ttﬁbeelT%@é thBtolb the ARR 1A SighilhAY Yi@fe?sés.n Thid&ncrease

approxinate mddle of the transport 50 until detecting

illtl g\ﬁ'rdﬁ‘ﬁpcqan%g uQJd & [&f‘e iMi@'ﬂi%g g'.ietlgl_:ﬁﬂﬁg ré%[‘:}?e\ﬁii@ li'lﬁ!:r}ﬁeéi RJ%Q ‘f)gsition.

ads on the transport I's detection may be

@@%Em ISREd PR AP 18R QRLh & Bl YineRRh! 194 gﬁsétﬁ’cglg%%uk%v 10

or or sensors. he pressure sensor co
T R R L R
Bl PP e T B S s 1
CNERETN 8 RLNTNNIET SRR NE A
iIllc &%'shilﬁ?ngt tﬂee foelg ggir%rl%e(gvitﬁ g;%oegligagn%g Eo’ad)t g]u?wé tova'agds the side of the
transport 50 by means of the side-shifting mechanism 22 before depositing the load. Ina
preferred embodiment, the load is comprised of two independent pallets, each of which is
engaged with one of the fork pairs 16 illustrated in FIG. 1. In this embodiment, when the
AGYV 10 is approaching the intended load position in the direction of travel of the AGV
10, the side-shifting mechanism 22 begins to shift the fork pairs 16, and the engaged
independent pallets, outwardly towards the sides 54 of the transport 50 and away from

each other. The encoders 23 track the change in position of the fork pairs 16 during this

side shifting. In a preferred embodiment, when the encoders 23 detect that the position
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slows down to a | ow speed when it approaches the
i ntended | oad position and the AGV 10 detects bunpi ng
w@toovhzs4rvad with the end 56 of the transport BOI/G82009/038910
other load by nonitoring the drive current of the
nmotor of the AGV 10. As resistance to travel
of ther fedspairs 160p nexlengel ehapgies, the fasflds preaymyed; yrfgya pordacted the
obj ect contacts the AGV 10, the current delivered to
stdag 5¢ & tertrapspont ¥, and thendGXGontimnes itqvirieet finy the fermeand disection
This increase in current can be used as the indication
untiledetapting thasnd 8@ chibd tiangpoit 1 @n dediohgntbageskloadsom, the transport
[ 0033] Once the AGY 10 has reached the intended | oad
5posidescnibed dtoee. Ahis@oohe plxsliobtdhdseachagiatic inkemded Joadpamsitioacind
enbodi nent, this conprises |owering the |oad onto the
ther lasbsip dovter&lonioy thebase ©f dife tiahgpoal5evat or nmechani sm 18,
and then noving the fork pairs 16 out of engagenent
[0034h t hevakiouk mpadkaions td e ahiepliméntdegosbddi abgvotart be made
| oad can al so include shifting the fork pairs 16 (wth
withGuetpagiag flogady seipeVrttt ¢10REdsvehtien. SFeleex@iplelien AGV 10
transport 50 by means of the side-shifting nmechani sm

tifa? hREHAY Sn6l ERRPalrl 180cah R dse@elith!the teflolfoflticeRhvention. In this
enbodi nent, the load is conprised of two independent

cRBbAifest, aRasR pafr 18RS Be S RNGARGHS ¥ thb s1aB8hiRTng i@ hdink 22
pairs 16 illustrated in FIG "1. In this errbodl nment ,

smeﬁ]latt Hﬁl\/ﬁ@‘{l ilogdsl. Sarf b E)Q@é‘d"htnﬁe tshe dnbendahnl In this

position in the direction of travel of the A 10 t he

n%ing§ ﬁl? élfahgﬁg S%ECQH P '1&%&2811 Qfl AS §ife. Sﬂ"({ % etdhﬁlefﬁ%‘b" 10 can

pairs the engaged I ndependent

a%t @@rpﬂk the spdé’%ﬁg)t%ﬁ% ﬂes% o%« 0n thgg) ?Es%é@s?trﬁ 151%&1“ Ghis

rom each e enco ers rac

1mﬁn€(%n alltows f COXG{JI]G %a& (JP d{i’ gmynl acI nalgurafjo 0 Ce] g p L

erre enc

l?a § égi:;- éd:?h t tﬁ? ﬁlg)o\‘s I(t) | ontgjfclétr Eq gr‘:i1 hgg\s;@:slqn ia pref’%rred
ST o0 8 B TR B e
S a0 D ERTBEDY WSl BRSO
Iétggeltc?l!f? > ag;zfgrtnemtcgl loalld(g at%e Ii]oaacsis (r:aenalg:ehaergnéer(]iesulclmhgp goerrtxje allr(e) ?cgated
with respect to others, as shown in FIG. 4c (in which the loads indicated by 60' are
rotated 90° from the alignment of the loads 60) and FIG. 4d (in which the loads 60 are
arranged in a "pin-wheel" layout). In the illustrated layouts of FIGS. 4a-d, rectangular
loads are shown, however any shape load may be used with the present invention.

[0035] Because of the flexibility in position for depositing the loads by the AGV
10, the optimum configuration for the loaded transport 50 can be achieved. In a common

arrangement, the transport 50 is loaded such that a minimum amount of empty space

(i.e., without a load) is achieved, however, for heavy loads it is possible that the weight
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the load is |owered onto the base of the transport 50.
[ 0034] Various nodifications to the enbodi nents
waele®entdaexl above can be nmade w t hout departi ngPET/O800$€38910
scope of the clained invention. For exanple an AGV 10
t hat _has only ne fark alr 6 C sed with th
ligwit pb el Tyt XCWG% i sie rfbﬁﬁﬂ gration. ﬂmynee of
pair 16 can be shifted by neans of the side-shift
Cifé‘t’ﬁ%ﬁ"%rﬁrﬂ anqthey ey epytof M%ﬁ‘ Ve fully jaadefstrangperied, phf'a@wt of
at the side 54 of the transport 50. In this manner
thenloads; rile GRSPSI S0£an e 2anged do sHRMigHutipe Af fhepgads|during
desired, the AGY 10 can also alternate the side 54 of
traROftr S sIosach Saseo hevii ¥hi 0t and merher! pE thgensesents iagention can be
Further, this invention allows the AG/ 10 to | oad the
utitigaddp a¢hievs thd desizagylogdanecpfdlrifangpartati on, e.g., two
| oads si de-by-side fromthe front to the back of the
[0038h s porAftes Aeffoaiing thealopt, ¢leeser@damyrduatdneresystein| Wilishenalheawbed
in FIG 4a), alternating rows of two side-by-side
b gacds tband Gha0lbeeldta apprévematclydihe shmeodatien fuhenetthe sedohdary
back (FIG 4b), or any other conceivable layout. In
guldeneaystenf wasfiimnatabled,ain d prafdsred eimbodimantisthe shredheld 52 of the
arranged such that some are rotated with respect to
tQhdpertSS0. aBnhudwis ildtafidrGthedgrinidrin gwldngde sykiem|wifldBen be used to
i ndicated by 60" are rotated 90 fromthe alignnment of
gufdie te0Rd¥ 160 isfmevdH, Gor e4tnfleNo pltk ©p ahdtBerl|@RAA It HQackIveheel is
arranged in a "pin-wheel" layout). In the illustrated

vk @Y A8t aQrefetrédSemBtiflent! Bt R UIIRE] 1sOBWSred & af41AWintact the
however any shape | oad nay be used with the present

grdWME B bORilizE Bt iBeGaUSRrAl, ghiagndelsgtdRi 11ty in
position for depositing the Ioads by the AGV 10, the

(7] TS AN GHERLHORhl, B SrihARTEHladd:AUHAR% bift Qolhfle to

be achi eve In a conmon arrangerrent t he transport

(’iék lt}QalggtgonhMCJﬂe t g) ‘mle'ﬁ' g]fsﬂ’b e{i/'é; g'ﬁ]lh%dat) Wge}f idance

out a ver, heavy

%&Qﬁls Tfuts c&gldlg . lgh%éﬁmtfo} ehr% Wr&mel %ﬂlnﬁu&f oilé%l?dance by the

ransport exceede I'n Suc

p%%{yh%li'c{a%é %fgte In this type of circunmstance, or in

of a less than fully | oaded transport
[6_’&’8] the lu?élmalflcal?v Unloading a Transport:

[0039] 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 therefore the AGV 10
must be designed to compensate for this and other variability in the position of the load.
A preferred method includes the step of guiding the AGV 10 with a primary guidance
system to a position near the transport 50, most preferably at the threshold 52 of the
transport 50. At this point, a secondary guidance system, preferably including the analog

sonic sensors described above, guides the AGV 10 to mate with the load. As described
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the loads in the transport 50 can be arranged to
mnimze shifting of the |oads during transport 50. In
weawb/12@se, the AGY 10 and nethod of the presePCT/US2009/038910
i nvention can be utilized to achieve the desired
Ioadingﬂ}f the transport 50. [0036] After depasiting
abaye, the AV 16 sould be medifigd duplleantos 2 iderapnegiof foad W@ﬁ“ﬂb‘éng by
used to guide the AGY 10 back to approxi mately
ingiuding entigeli sspsopher er rase theefeds dértilatgc@rl@alrrc\ee%y%tie?ﬁt\%fork
first enabled, in a preferred enbodi nent the threshold
packetsfof thedoad: AMBnthe AGY. 1(peoaghes i 1gad lggation ¢ theytrasport 50,
primary gui dance systemw || then be used to guide the
@y oficaberisors onkived switdhed oxtanfidethetforippedketap Based learthe
load. If a track wheel is used, as in a preferred
detetzed| positivin, oft the fark pokketsh el AGY 10oweylé dnoddy aggiath of travel or,
contact the ground to be utilized by the first, i.e.
prafieratily ahe fogksi Idavoold e yndjustad by MOaE]of Fark shifiere{ier, rtheiside shlftlng
enbodi nent, the primary gui dance systemw || continue
nieQhdnisac B2 the verttdl alidesf St dvscrd@Y ali@eptanalldw ifa heiemgnt of the
gui ded by the secondary gui dance system This
f6rRphirO Uaindtgenddatf @ f el AWM 10 0suck thadthe fakeairs €6 and fork pockets
resunpti on of gui dance by the primary gui dance system
il8@&8] O teap@icll Ciat load dohaamdi It d by the BRPAGT mechafiomOl8 of the
The process of unloading a transport 50 is very

AG oar The séddBddrP 3didagcePdyReRS Hofla Sthéd ?ﬁde AROWEGV Theack to
main difference 1s that it is difficult to ensure that

E)}E'@xﬁxﬁ&@y @ shife gés‘fti%%%ﬂéﬂ;e it Bedanl dulifndhORRTV POSiel, IR khRBhold
e transport 5 and therefore the AGV 10 nust be

5?@% n&ds Opfoﬂ s@ormgﬁ?ﬁﬁt Rlori glamc@;y@eﬁl »vana ﬁx*éh bé hidéd to

Ition oad preferred nmet hod

g d éﬁ'éj 9\%\} hE o3t ﬁsotragfelsg Uj,d ?%férp:ﬂ é%@édr'ngenw ﬁlp AmRfy) %Hﬁ&ﬁce

ance systemto a positron near the trans ort

sg%srﬁ X\Rﬁ fg%n%ngp tﬁeh r%oﬁcﬂ{ (gstﬂé) AQW5 gOaQ/BGII R? l%eﬁr%qgiﬁ&)erdtby the

a secon gul nce
B eIia%r/ %ubllance rs]}(l:sltelilx%:l Isont%attahnqor% r}])raelcgg resumption of guldance by the primary

guidance system is possible.

[0040] 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. 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 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
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soni ¢ sensors descri bed above, guides the AGV 10 to
mate with the | oad. As descri bedabove, the AGY 10
w@owbd2daes nodified to allow for a w der range BET/US2AI/038910
positioning by including optical sensors on or near
the forks 16 that coul d be used to detect the fork
thipeqies; the gpmpensatpdigriial gridaneqsysigparan be yplized ¢ foad of prload the
| oad | ocation on the transport 50, these optica
trgpsRe A Q IbuRRChEeTE Witilan e dha descrbed in dhe Framplss fo¥pcket s.
Based on the detected position of the fork pockets,
(048] AGV Tho faxeseing digseission disclospraang dggcribesgpesxergplary embodiment
preferably, the forks 16 could be adjusted by neans of
of dhrek prsheint timvestiqn. . eOne tskidled jin] ¢hes At fwill nigadiyciveetingas fPom such
and vertical slides 15 described above) that allow for
disowssioenando fromh thef apcdmpraying dréwingsl @pe retiéms [that ofaripise chaayes,
10, such that the fork pairs 16 and fork pockets
modifendais . anvedateongegeet, mideahdreiadvitoul dbphrting ififotedie lipe spirit
the el evator nechanism 18 of the AGY 10. The secondary
agdifattabge of yietisveniadsdiefiheirbyghe fbéoting chims. 10 back to
approxi mately the sane position where it began gui ding
the AGV 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 prinmary gui dance system w | |
continue to track the notion of the AGY 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. [0040] Anot her enbodi nment
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
inertial guidance systemis utilized to guide the AGY
10 to the threshold 52 of the transport 50 to be
| oaded. At the threshold 52 of the transport 50, the
second gui dance system for exanple conprising a
novi ng beam | aser or optical system is used to
determ ne the skew of the transport 50. This can be
acconpl i shed by neasuring and
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conmparing the distance to the two sides of the
transport 50. Once the skew is determ ned, the

WO p@pti2@ls gui dance system can be adjusted to CROPEMRNA2/E@38910
for the skew. Atthis point, the conpensated inertial
gui dance system can be utilized to | oad or unload the
transport 50 in a manner YeAIMSinilar to that
descri bed in the exanpl es above. [0041] The foregoing
Whatdsgaimsd isdi scl oses and describes an exenpl ary
enbodi nent of the present invention. One skilled in
the drt wAlmethedhigr lopding e orgmeper Withemastomhtidgedudsshiole,(AGV)
and fromthe acconpanyi ng drawi ngs and cl ai ns t hat
opmprising: changes, nodifications and variati ons can be
made therein w thout departing fromthe true spirit
and feagagingadpael with hhdadwventi on as defined by the
followi ng clainms. CLAIMS What is claimed is: 1. A
met hgdidingrthd AGY1 with @fifst @uidepos $ystaint th a difst podigsmAt | C
gui ded vehicle (AGY) conprising: engaging a load with
the AfMdinggthe AGY fedie sABMiMd pdbitdnf fof & inBdadetBNRZE RoYRibE Wsing
to a first position; guiding the AGVY fromsaid first
dofbinkd @fta FrOmaAid @Rkl s9REm RASH tdooill Hisdanee ok ned
data fromsaid first gui dance system and a second
gui dapgRitiny $4i€ Bad SRBUX thdnSitbrSAkAd IR@-ePRLP pdsitfon; and,
transport at said intended | oad position; and guiding
sai d gi@gWald) ACPTRIRErA @ §di2 RosPsda felrbiSina@Rdo R g‘lﬁﬁglce
gui dance systens from said i ntended l'oad position to a
sSRGRNFoR A5l bdtHaed Bad g&%ldﬁqggggo% (gitﬁjlnm 1 wherein said
Second gui dance system conpri ses B east one di stance
measuring sensor. 3 . The nmethod of Caim2 wherein
the transport includes a first sidewall and a second
%g:gﬁrﬂ: Lgﬁ%g‘ﬁ‘é\@& gf(’e ?lea?rﬁ:l ﬁvsé}getreiulh gzg tsec%pu? gl(iiiI grgc%rggs?em comprises

at least one distance measuring sensor.

3. The method of Claim 2 wherein the transport includes a first sidewall and
a second sidewall and wherein said at least one distance measuring sensor determines the

distance of the AGV to each sidewall.

4. The method of Claim 3 wherein said AGV uses the distance from each

sidewall to determine the skew of the transport.

5. The method of Claim 3 wherein the transport includes a threshold and
wherein the AGV determines the distance of the AGV to each sidewall at the threshold

of the transport.
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di stance of the AGY to each sidewall. 4. The nethod of
Caim 3 wherein said AGY uses the distance from each

WG @emed4rs t o determ ne the skew of the transpoP€T/US2009/038910
The nmethod of Claim3 wherein the transport includes a
t hreshol d and wherein the AGY determ nes the distance
of the AGV to each sidewall at the threshold of the
transport. 6. The nethod of Claim3 wherein data
recefved Thomethededinfllimg therei datamecsivef frave da@mining the
each sidewal | adjusts said primry guidance systemto
digasernfathe AV ftheadk sidewnll tddistsr mgrmma.ry Buidihes system to
nmet hod of Claim6 wherein said primry gui dance system
cgupersate ferahogkowtod thediadsportt ended | oad position. 8. The
met hod of Claim 7 wherein said secondary gui dance
system updates said prinmary gui dance system as the AGY
noves to said intended |oad position. 9. The nethod of
d ai th 6 Whisr @bthod of dlajn b vebeseirgsaidigriaay gyidheMNsiySerd Guides the
inertial guidance system 10. The nethod of Claim®6
A teesaid imeendeddoadpisitiogui dance systemis one of a | aser
gui dance system or an optical guidance system 11. The
method of Claim1 wherein said primary gui dance system
and sai d secondary gui dance system each use said sane
di st ance TRASEhbNEf SRS 9fwhefefn saldSocBRIaROLLi@hcChyRteM dpdates
wherein said at | east one di stance neasuring sensor is
séid !ﬂiﬁﬁiaﬂé%u%ﬁé@ dy8eRIas theA GV R vBPbRAE ibndel Ralpdsitihier ei n
said at |least oOne di stance neasuring sensor is an
optical system 14. The nethod of Cdaim1l wherein said
first position is approximately at an

9. The method of Claim 6 wherein said primary guidance system is an

inertial guidance system.

10.  The method of Claim 6 wherein said primary guidance system is one of a

laser guidance system or an optical guidance system.

11.  The method of Claim 1 wherein said primary guidance system and said

secondary guidance system each use said same distance measuring sensor.

12. The method of Claim 2 wherein said at least one distance measuring

sensor is a moving beam laser.

13. The method of Claim 2 wherein said at least one distance measuring

sensor is an optical system.
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end of the transport. 15. The nethod of Caim1l
wherein said second position is simlar to said first
weomotiz@ams 16. The method of Caim 1 wherein tPE/US2009/038910
transport includes sidewalls and wherein the AGY

mai ntai ns a specified distance fromone of the

sidewal I s as the AGV noves fromsaid first position to
said intended | oad position. 17. The nethod of C aim

16 wHér ei hihg methadof E@ge Argherdiesai¢ firss penitionads aprreptiinately at an
intervals. 18. A nethod for |oading a transport having
eafl @gbthe agppartt hr eshold with an autonmatic gui ded vehicle
(AGV) conprising: engaging a load with the AGY,

guiding the AGY with a gui dance systemto a position
near the threshold of the transport; sensing the

| ocatlf.on ©he methbé aéClamel sihdeinofaid heeotd powstimar it similar to said
gui ding the AGY past the threshold of the transport
fugtipagitiemi d gui dance system and wherein sai d gui dance
system uses the location of the at |east one side of

the transport to guide the AGYV fromsaid first

position to an intended | oad position; depositing said

| oad1@nt oThdethod EFPOlim at whétid thot@AgRe in6lages sidewalls and
position; andguiding the AG/ with said gui dance system
whegsi thel AGV mieisliada kpadicd Asstdnt® Foi®nd of @OdtwRNS hd thOAGY
19. The method of C aim 18 wherein said guidance

n$oV8¢ R isSid YRR pSitich tb AN intdHASH RAY Pésitdh, Optical system

20. The nethod of C aim 18 wherein said gui dance

system i ncl udes an

17. The method of Claim 16 wherein the AGV rescans the transport at regular

intervals.

18. A method for loading a transport having sides and a threshold with an
automatic guided vehicle (AGV) comprising:

engaging a load with the AGV;

guiding the AGV with a guidance system to a position near the threshold of the
transport;

sensing the location of at least one side of the transport;

guiding the AGV past the threshold of the transport using said guidance system
and wherein said guidance system uses the location of the at least one side of the
transport to guide the AGV from said first position to an intended load position;

depositing said load onto the transport at said intended load position; and
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inertial guidance system and a di stance neasuri ng

sensor for sensing the |ocation of the at |ast one
wae@e/12f478 he transport and wherein sai d | ocat i BEI/U§20091€38910

at | east one side of the transport side allows the AGY/

to determne the skew of the transport. 21. The nethod

of Cigdidinerthe MR withsaidgyidaneepysiom Fom gaid iptended Jaaypesition to a

position near the threshold uses an inertial guidance

s§dPAIHP wherei n sai d step of sensing the |ocation

of the side of the transport is perforned with one of

a | aser scanner or an optical system 22. The nethod

of Claim2 1 wherein said step of guiding the AGV past

t he tlAr eshbé¢ thethod ah Claimdddetrdin sald goslatdecpstém asrotenef a laser

first position is perforned with the inertial guidance

systemenen gBicalBygemet hod of Cl ai m 22 wherein said step

of guiding the AGY past the threshold to an intended

| oad position includes the step of updating the

inertial guidance systemw th the |ocation of the

si devdal | . 2He nthwdt bfoQlainr 18 adelemgsad tgh@ABROE stehA ich@es an

at least one side and a threshold with an automatic

igdtiial @dlidadel syhtem (AABY)di st eSuflg s@BGABT Hisiflg HRAGabA Bf the

the AGV; guiding the AGY wth a first guidance system

at QisBorfel sidtofARSIrdrsPott ARBIhdr&IR shilN&ANG 8 @E af RSt one side of the

transport; determning at the first position the

thaf§Rk QIR abwihe [ACAS o RletRin@ fhelsREw bF @B %Q&?Brt_USI ng a

second gui dance system guiding the AGV from said

first position with said second gui dance systemto an

i ntended | oad position on the transport; depositing

sai dzl.oadTWIé@thB!? Rt lEIARS PO heftin S48 dich NireRERL: HR2AGY 1o a

position; an
position near the threshold uses an inertial guidance system and wherein said step of

sensing the location of the side of the transport is performed with one of a laser scanner

or an optical system.

22. The method of Claim 21 wherein said step of guiding the AGV past the
threshold to an intended load position from the first position is performed with the

inertial guidance system.
23.  The method of Claim 22 wherein said step of guiding the AGV past the

threshold to an intended load position includes the step of updating the inertial guidance

system with the location of the sidewall.
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guiding the AGY with said second gui dance system from

said i ntended position to a second position. 25. The
woreionozb4ef Cl ai m 24 wherein said step of gui di POI/UR09/038910

AGY fromthe first position further includes the step

of mai nt ai ni ng a di stance from at | east one sid

The #bt ho msthod) fay lepding g ffansepm havipgatdeashonst Sl‘&tﬁ“&lar@:“h"ld

the AGV fromthe first position further includes the
vgtheag apomaag mlw%wehgl%@\@@@mpp%@ga bet ween two sides of
the transport. 27. The nethod of C aim 24 wherein said
fi rs@ngggﬂmgaﬂf@évéshéh%ﬁﬁé{s,& sts said second gui dance
systemin guiding the AGVY fromsaid first position to
sai dguiding e AGBYaditlpasfitst gnidance system to a first position near the

threshold of the transport;

determining at the first position the location of at least side of the transport using
a second guidance system,;

guiding the AGV from said first position with said second guidance system to an
intended load position on the transport;

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

guiding the AGV with said second guidance system from said intended position

to a second position.

25.  The method of Claim 24 wherein said step of guiding the AGV from the

first position further includes the step of maintaining a distance from at least one side.

26. The method of Claim 24 wherein said step of guiding the AGV from the
first position further includes the step of maintaining a travel path between two sides of

the transport.
27. The method of Claim 24 wherein said first guidance system assists said

second guidance system in guiding the AGV from said first position to said intended

load position.
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