; e3e&&L: 6RTCG 1 7 APR 2003 KEYLESS ENTRY FOR VEHI CLE SHARI NG SYSTEM Thi s
appl ication is a continuation in part of United States Serial

09/ 349,049 filed July 7, 1969, and incorporates the disclosure of t Ad APR 2003
parent application by ref erence as though fully set forth herein.
BACKGROUND COF THE | NVENTI ON Fi el d of .tthe I nvention: The present “itiventi on
rel ates, generally, to systens and nethods for sharing a fl i

| es
anong a plurality of Users and, in preferred enbodi nents, UEM%H‘MM@@@MHTB
and nethods for sharing a flees of electric vehicles, incl and
met hods relating to allocating, tracking, securing, managi ng antf“¥el ocati ng
shared el ectric vehicles. Description of the Related Art: In nost nodern,
i ndustrial countri KEYLESBVENERXJF@HD\V)EH@-Q)S&‘%&NG @S EEM: and someti mes
i ndi spensabl e role as a nmeans for transporting people within and beyond
| ocal areas, for exanple, to and from places of work, study or worship on

errand trips or in commercial activities, such as deliveries, sales visits,
repair visits or This ddptieatias ia ar esntinuation lregert w&)UnttadtSttacb(e&a§ertahe nunmber

f bi | d I d h
Fear ons oo Dauedo LB IR 7 hebErenHnrRiRr L oIS JGH P €8 Tesul Ts i n
| nCr easi NG, ARG UHbRESRSH Bl feidlehice 4o M IRMBEfortiPheRdRki Ny spaces.

BACKGROU ID OF THE INVENTION
Field of the Invention:

The present invention relates, generally, to systems and
methods for sharing a fleet of vqhicles among a plurality of Users and, in
preferred embodiments, to such'!systems and methods for sharing a fleet
of electric vehicles, including sy#tems and methods relating to allocating,

tracking, securing, managing and relocating shared electric vehicles.

Description of the Related Art:

In most modern, industrial countries, private automobiles play
an important and sometimes indispensable role as a means for
transporting people within and beyond local areas, for example, to and
from places of work, study or wbrship, on errand trips or in commercial
activities, such as deliveries, salés visits, repair visits or the like. As a
result of these important roles, tiﬂe number of automobiles in and around
most industrialized cities and nei:ghboring regions continues to grow. The
increasing numbers of automobiles results in increasing occurrences of

traffic jams and demands for par‘;king spaces.
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1 7 APR 2003 _2  Mass transit systens, ;such as busses, comuter trains,
subways, streetcars or the like can fulfill some of the transportation

needs of those communities and nunicipalities that have such systens]7 APR 2003
However, travel with such systens is confined to pre-set stop |ocations and
times, set by the route and tine schegl:il_e of the bus, train, subway or
streetcar. The prescribed routes and tinme schedul es typically do not neet
many travel ers' needs or aye too inconvenient .forWFFrQacti cal usage of the

mass transportati onassy Feaalt W eBaeSH RS RSSeS FGPMIAHIE 95t r anspor t at i on
Users, th re-set_ . st |.ocafion |s n fer i Len or
dost nati SHEGRR IR TEaac T sy S ISR A R, Faftia Py kbR
transport ffi1BRst @ oPimlhRMBst 41 RidisRhliteoRhatrREVEXaBRIKistéPEE Users drive
private vehicles to and from preset stop |ocations and park the vehicles
near the $Hopelegatamwvitisemehmssemsdssoonfinati tonpeysetes®pelveatipnovi de
vehicle parking facilities near pre-set gt OB Iog%&iﬂgns for such Users. For
exanpl e, @OFNUIMES. BELPY tBEJBYIRARTTINGe SCHFSUleohtle RESr TSieS WRYs are

often proy i i \ t 184 o[ TRVE:NE ehi cl es.
ovever, Gomtsekan  PRE HrBRRed rites Srft Bmie Eiied delbicRly K8} ft OO0 o
| arge par im#dt inkfydeavel@iid ndeds i afentodningohehizet Ifor pragtidad Waigedpft he User
to the train or bus stop and in the evening to take fromthe train or bus
stop. Thughewhsssetrapdeenatian systemsporeats BAVelpss.eMOrdaaNY R/ in a

reduced nunber of .vehicles on the road at an iyen ti such nmss
transport ﬁngﬁoé?é'togng??fé’ ﬁ@? PEFTS xﬁg?%??%%'%h%qy ro‘?'nopl'f'rziﬁt{/Hto(g_1 \1}%?1'|rcl es and
can resul brigihabrd BEUESGH SN Y tRfndtHatahey RO EFAS. adfifiensl makxs dfhere is
a need for a systemand nethod for 'the efficient and conveni ent use private

vehi cl es, tsanshosstian wf 6i bioemthamde sehstop tor shxarepley shintd Blssystereand
met hod. Shared vehi ¢l e systens can provi de nor.e flexibility than other
Teans. of BUNPI: VERTR Y R TBRT Rip-SotStePAoRRIISBDE NP el K OIS i e
system angyphes s&p YsdHiIngS QFﬁwé‘Hfa@@HH(néBiﬂrfEt%rU% sidin$ 8V8h HrodRRI gnat ed
par ki ng areas. Each User is allowed to pick up a vehicle at one parking
area, andvebiale patkieg\fetilitiee rtear the-sedrstopdocateannéar asth tsethe User's
destination. The gser may al so drive a .vehicle out of a desigaat ed par ki ng

area for an errandCafyeFt 8 FOMMRUIREHTRIN S1PBS @RE RURSIRSIYABH &¥3ar ki ng
area. Sha vehicl ; YR r nunber of
subscri be%g%sehgmag a?ﬁ(?fﬁéc{ggg%\glp ?gl\gﬁtﬁ F}sézgﬁ\rgll)l%{);élééggﬁ%ggt%s lpt)élg% z‘ét t he
vehi cl es pfiveta véieictesanHoalesuerf oehiodée ot stible paskingf lotsntgpicaity r&imaired

vehi cl e systenms nmust be sufficiently convenient to notivate Users to enpl oy
the syst eRPAESUPHEPUT odRias Baahvel 1thBidat 2 nd et Aridepedvianbe tinme of a
User's re f Lol ea I nd, &n 0 : uch d
Toystom a8 oApHSRE e M Yol TR R e, RN 18 e
fleet of wdkarfrdnvels ¢lads or thie stopl. | Thuk) Whilef madeehingdss abnapyrigtivan tine
can be increased. However, systemcost is mnimzed and the efficiency of
vehi cl e USYRIEMSSCARXETHIT B aviiedhcedanyrabey ehivehicles oat he mathetPRYl y, them
is a need.; h i t Lm zes r ience yet
mny m zes2 AR Anln BHER MG, FlaReB Pl e U iteeten DAY e o Yoy
enpl oyi ngforedrivedtessdhiclas il €8n resiiig g asyipleeizient W8k I oprivatdi dHIBRs,

ecol ogi cal advantages can be achi eved. Vehicles in a shared system may be
of many types. ThAGCRESINBY . tthere tmgdiasdofrdla prstesn and meseed Jassheéne or

di esel fugl. e_vehicles. The however. | oy ,cl eaner,.f or 0

propul si oeﬁgf'sctij% %{%GeﬁgpHSH@In-[éis\épgﬁﬁﬁ?ﬁ@%ﬂeﬁ?ﬂﬁ@?ge&@\fé‘f\%hc?%?f %‘J'Cfﬁii}sqféé vehi cl es
pover ed byorysHiogeBhaler @6hidfe dy&@en @hdmedhodly BHAled JEIEEEIdYEt¥@RI Cl es may
draw energy frombatteries, fuel cells, generators driven by internal

conbust i okRreREPYids, more Elemltiilityt thatsother means of public transportation. In



1 7 APR Z003 -4 of different energy sources. Electric vehicles powered by
both |l ead acid and nickel netal hydride batteries have shown nuch pro.inﬁﬁ
and several nmanufacturers have produced viable electric vehicles e Sé 60”3
these battery technol ogies. Electric propulsion is a good candi date for use
as a shared vehicle. Sharing systemsngnd met hods are in no way dependent on
the use of an electric vehicle, and y be enployed with a nunber of non

el ectrical or hybrld t echnol ogi es, including comon gasoline power. The use
of el ect mi shasederahicleatvisieras aimaber @éwebfcl%mafeeaovanllt%@mtwaﬁév@r

ts furt t | t hi cl F
ool e VBN GosAAP Ao BGiEREnEachH e vem ATV ERas A PRBMH Fty durng
char gi ng, LS -1 85«99@119 NSy ﬁefauﬁpw%hmﬂ@ko\fﬁ@@r% Hegetric.

vehi cl es typl caIIy re charging nore often than t entlonal

vehi cl es negesstre ‘Jh%fUQérl @@esﬁﬁsh@rﬁ gTng Wseathansiss eriveta nebidiy oas odvai | abl e
as conventional petroleum notor fuels. Moreover, recharql ng of an electric
vehicl e taymﬁamagedtmrémmtﬁa tesran efrapdtanchreteruahe r\/@h e dAVidret $aR4l

hi cl Th ' t hi ted Ki
i ca of HCSIEPLP FRH OB g T oh ot UUBSRIETRAVE &Lt HREPIRY o el b moet

a User's tibavely n%fg@%unﬁm Hedivdcribedd sRBuRMineEklde E6ffugsedsdddityade
avail able to the However, even when an electric vehicle is idle in a

desi gnat edegsarks ng psphess, thetvamclamtfrcamathle&ﬂ)aredtadﬁcatQJQemteumltbssUsetr has a
sufficient existing state of charge (SOC) to nake the User's intended trip.
Typi cal | y/OTA®TEM®ct ri ¢ vehicl e cannot be re-charged quickly enough to nmake

the »ntended tr! Bpdted Lenff %%5%%2@8 4 QBARANAF coM chfhrdbher hand, 1

t he User intends make a sh e vehi cl e may be capabl e of maki ng

the int emﬁd/éteumsamn ér’ﬁpld:g'hthet systenot AadorginghgrggdcleAncratiilitgl y, there
is a further need for system and net hod 1 7 APR 2003 5 for managi ng
shar ed ew&h'm%rww'@bé%t'm ahaditarmiregussiiton aarehiels ise@ vt he needs of a

maxi mm Wﬂgﬂgnf)fto YRE" %cWeE?o@ J&;Q'J““Vé{é%ﬁfb%f 95u?§%h'b§ll l%%mtam]lna PR 2003

greater number of vehicles in the fleet of shared vehicles, the availability
of a vehicle at any given time can be increased. However, system cost is
minimized and the efficiency of vehicle usage is maximized with smaller
vehicle fleets, Accordingly, there is a need for a shared vehicle system
that maximizes User convenience yet minimizes the number of vehicles
required in the fleet.

In particular, by employing vehicles in a shared vehicle system
or method, additional ecological advantages can be achieved. Vehicles in
a shared system may be of many types. They may be the conventional
petroleum based gasoline or diesbl fuel type vehicles. They may however
employ cleaner forms of propulsi:'on such as methanol or propane powered
vehicles, or may be vehicles powered by hydrogen stored as a gas or
metal hydride. Electric vehicles may draw energy from batteries, fuel

cells, generators driven by internal combustion engines, or combinations



-6 SUMVARY OF THE | NVENTI ON Preferred enbodi ments of the present invention
relate to shared vehicle systens and net hods that maxi m ze User conveni (ﬁ
and mnimze the nunber of vehicles required in the shared fleet. ATEEAE@@K
vehi cl e system according to an enbodi ment of the present invention includes
a central station, at |east one port fgr_ vehicle distribution and a
plurality or fleet of vehicles, each hdving a vehicle subsystem In
general, the central station, port and each of the vehi cl are able to
comuni catog-d'gfﬁret’ﬁaﬁ”qrﬁé SPERFE 'egﬁ%ﬁiﬁcﬁ’é’ &&ﬁé’s‘lvéﬁr,e‘jaw g’@zﬁéﬁa‘gﬁﬁ'%sed in
an efficient, a | i - BLi Y, ' r 9N to
Foquest a AeheRel e d iR RatteriEl reveTen duHiBlch BrBirie ALY Ea R
central stahheRctiees Bal/Beroalieedwidne discipicogsisiskd dnipRyiystiesaaont r ol
conputer to select a vehicle fromthe fleet for allocation to tile User at
t he port. bEttergystenologis. oEleconpprepulsmmrisng gaodscandidate taonpsa es a
subsystem | ocaé ed jn t%«-ﬁépprt from V\Qrié(fh the User entered the a,request The

syst em corf'@b8d ¢8HSlR-ePNEINEY BHIRTS: geethods &'eyn\iia WahdereRdgied
vehicle t Vi u - : t I i gned
Ueer . o RoniTEueE ol 3oy EBEBREEENcld] SiEnas BE AblSTRHaM RN Y bt B
state of cloar gectricatlortytrid whinol dgiegnithclwdipgmdrdenadt asolfnenpdivens
descri bed bel ow. Accordi ng to one aspect of the inventiogn, allocation of
shared vehicl es t dhesese of £lenttiePawerss Yeliglas ivaifleehodshafedn recei ved

from Users. By allocating vehicles,base o =\ i I t he usage
of “vent of YeeS EF ARk R e G TR B S B Vet DhorRBte

enbodi mentpp e déifdIcs0 i ExAPBRCYelikid BRatdiNg hbhaRermBYt£BERHAYHAa for m of
shared vehicle, according to further enbodinents of the present invention,

vehi cl e shunevaiiakilitt dntingrharginigodmesrgie dyd ingortaros rwish convenaprab003

vehi cles i nhtwge shared fleet are disclosed. The allocation of electric
vehicl es ' ( &Fs is managed to triaximze vehicle availability and
mnimze vehicle @&ﬂtri'cn@ehiéljég'tVﬁidaﬂlEIQeagﬁ@L&fﬁarPh@ At & fedn eha ggeof a
vehicle as well as the charging rate of a vehicle. In preferred

enbodi nentceonvestivoblevghlic Esetegus e setbelng . sFecodrgngragtions are ack eveasiyd
processed for agllé[)ga(f)ses of efficient allocati on icles to Users as well

e For - serPactyRbB S ntupBbond:saraRyhg ot R uelent BIRiETEn PEReGiRe: rom
veni ol e it BReRYSVBAIOR1BhING ST ol PR ETHRLYABY (EASIA 5 equency

transm ssion. In the prese y preferred enbodi nent, radio fréquency

t ransm ssiconvestibndgl veltitieon@hys aiflovbngemessalgeshi€ledmprheeteat ral st ati on
to be transm tt?d to {'f.ndi Vi dua}l vehi c esh.ai wel | . Tge l,ocat i or?1 of vehicles
s al so t PRCIAHTEhBOEKBRToR P oRRBIEG Ko Gl P Eete Ty PWedBERMPAINaAat i on. I
further pieledicRelnaaednBB by sdne il Abeagulny Db Bsh UiteauRKNeNI I e

| ocat or system such as gl ot5al positioning system (GPS), dead reckoning
system r aefiueléstbandmade avgilbblei tontheyWsem Howaverrdvenywbiencametectric
techniques. |In particularly preferred enbodi nenfis, vehi clﬁg | ocati on

i nf or mat i YRNILE i K8 @ dssianated ATk SRAERI BAgMNCHAVEHaBIEstem 8RN as that

operat ed 'g.g«uel.,%' BHa% GERELAAEisTng dibABFRMSrg Qs §b ke (RE! SPad

User's intended trip. Typically, an electric vehicle cannot be re-charged
quickly enough to make the intended trip if its existing SOC is inadequate.
On the other hand, if the User iﬁtends to make a short trip, the vehicle
may be capable of making the ir;'\tended trip even though it is not fully

charged. Accordingly, there is a further need for a system and method



Accordi ng to anot her aspect of the invention, a shared vehicle system or

nmet hod provides controlled or secured access to the shared vehicles.
preferred enbodi nents, User identification information is provided fb7;PR2M3
vehi cl e that has been assigned to a User and such information nmust match
informati on presented by the User in g User interface device installed on
the vehicle, before the User is allowed access to the vehlcle In yet
further p eferred e S _personal 2003 8
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enbodi mrenjSicrkaff identification information |s permanently stored in the
vehi cl e subsystem Accordingly) staff nenbers may gain entry and operate
any of the vehicles without the need to have the vehicle allocated by the
systemcontrol conputer. In another particularly preferred enbodi nent, User
interface devices in vehicles not allocated remain in a power conservation
;mode until allocated. According to yet another aspect of the invention, a
shared vehicle system and nethod i nvol ves allocating vehicles froma group
of avail able vehicles and returning Vehicles allocated to a User to the
group of avail abl e vehicles upcr:~de~~~tion of a parking state while the
vehicle is located at a port. In preferred enbodi nents, the detection of a
parking state is acconplished by, for exanple, the detection of the setting
of the vehicle in a parking gear, the lank of notio;i of a vehicle for a
period of tinme, the opening and/or closings of a vehicle door, or a

conbi nati on of such events, each of which require no User interaction other
than the typical actions taken to park a vehicle. According to a further
aspect of the present invention) a shared vehicle system and net hod

i nvol ves transporting or relocating vehicles fromone area or port having a
surplus of vehicles to another area or port having a shortage of vehicles.
Vehicl es may al so be transported to effectively use storage space for the
par ki ng of the vehicles. According to another aspect of the present;,

i nvention, a shared vehicle systemand nethod i nvolves a vehicle transport
system for transporting a first vehicle 1 7 APR 2003 .g. with a second
vehicle, for exanple, for relocating the first and/or second vehicle.



The above and ot her 6spects, features, and advantages of the present

I nvention, wll becone apparent fromthe foll ow ng description when tf:’l%%rﬁ

in conjunction with the acconpanyi ng drawi ngs in which preferred R 2003
enbodi nents of the present invention are shown by way of illustrative

exanpl e. 1 7 APR 2003 - 10 BRI EF DESERI PTI ON OF THE DRAW NGS Referring

now to the drawi ngs in which |ike reference nunbers represent correspondi ng

parts throughout: Fig. 1 i 8| gqm th-ﬁ Aoy aTRdnan overvi ew of the
vehi cl e sharing system Fi g. IS ailow chart representation of steps
carried out to | ofPreféreedieindiodiriahtCcofiphié eresntankemsdn réiage t8 sheradf | ow
chart representation of steps carried out by a User to request, select and
al | ocat e aehéte slyeterrs @gndamethadst thaw roR¥INiZe dpves vanientceopndt eps carri ed
out by a Sr%i%flgwizgetmerﬁurg’\ge;g %%ﬁ?clgsﬁgeqsuqleedp}n ﬁwevglbér%ldefleet.
A shared vehicle system according to an embodiment of the
present invention includes a central station, at least one port for vehicle
distribution and a plurality or fleet of vehicles, each having a vehicle
subsystem. In general, the central station, port and each of the vehicles
are able to communicate so that the vehicles can be requested, allocated
and used in an efficient and reliable manner.
Briefly, a User enters information to request a vehicle at a port.
That information is communicated to the central station, where the
information is precezsed by a system control computer to select a vehicle
from the fleet for allocation to the User at the port. The system control
computer communicates with a computer subsystem located in the port
from which the User entered the request. The system control computer
also communicates directly with the assigned vehicle to provide secure
access to the selected vehicle by the assigned User, to monitor vehicle
location and operating status, to monitor the state of charge of electric
vehicles and to provide other functions described below.
According to one aspect of the invention, allocation of shared
vehicles to Users is based in part on travel information received from
Users. By allocating vehicles based on travel information, the usage of
vehicles and User convenience ¢an be optimized. While various
embodiments related to this aspect of the invention may employ any form

of shared vehicle, according to further embodiments of the present

invention, vehicle sharing systems and methods employing electric



Figure 5 consists of diagrams of the vehicle subsystemto showits
conponents as located in a vehicle (5A) and (5C), and in schematic fDbymPR 2003
(5B); Fig. 6 is a flow chart representation of steps carried out by the

vehi cl e subsystem when a User accesses an assigned vehicle; Fig. 7 is a
flow chart representation of steps cazr_i ed out to track vehicle |ocation
and exchange nessage inforrration duri ng vehi cI e use including steps taken
when use of a vehicle ends d| at{caram of the system

8]
control ¢8hisleRMN ‘h%éhﬁl’(ﬁdn@eﬁ"t ﬂ?%‘:"é@al o&RlIRCRY AR Ot SIeGElSt s  of the
vehicl e Shﬁ“ ng x&e?mrg]a%agggrt% r%aklnqwgqiw |erm.@gg.g§%'domm§%ggs

carried oGt vy’ the °ce er l"ogs I
system thh%ﬂlé‘%ﬂmrﬂlMéhtéﬂlﬁg mtolar?cdiﬁﬁ #@0stald of charge of a vehicle as

well as the charging rate of a vehicle.

In preferred embodiments, vehicle parameters such as stored
energy are tracked and processed for purposes of efficient allocation of
vehicles to Users as well as for selection of vehicles for charging. This
information is sent from vehicles to the system control computer,
preferably by radio frequency trahsmission. In the presently preferred
embodiment, radio frequency trahsmission is bidirectional, allowing
messages from the central statiom to be transmitted to individual vehicles
as well,

The location of vehicles is also tracked and stored by
computers located in the central station. In further preferred
embodiments, the vehicle subsystem includes a vehicle locator system
such as global positioning system (GPS), dead reckoning system, radio
beacon triangulation system, or a variety of other techniques. In
particulatly preferred embodiments, vehicle location information is
provided by a radio beacon triangulation system such as that operated by
Teletrac® (Teletrac is a trademark. of Teletrac, Carlsbad California).

According to another aspect of the invention, a shared vehicle
system or method provides contralled or secured access to the shared
vehicles. In preferred embodiments, User identification information is
provided to a vehicle that has been assigned to a User and such
information must match information presented by the User in a User
interface device installed on the v;\ahicle, before the User is allowed access

to the vehicle. In yet further preférred embodiments, a User's personal



Fig. 10 is a flow chart representation of steps carried out by the system
control conputer when ~1D and kiosk information is entered by a User 2Qﬁﬁ
requesting a vehicle; Fig. 1 1 is a flow chart summari zi ng progran1f1 2003
when a vehicle is not available; Fig. 12 is flow chart summarizing the

steps carried out by the systemcontrog.conputer a staff nenber |ogs onto
the systemto request a vehicle Fig. 13 is a flow chart representation of
steps car gt tuhiofGimbaP (SIRF PRRIEY Bhidi ol fe URLPEH & ddioriecessi by

for vehicle relocation and the er is requesting a vehicle according to an

embodi mentn @k facBe dViES a¥talidty YitHi®Ahe vehidle APRcROMIst hratoRSERI PTI ON OF THE
PREFERRED EMBODI MENTS The fol | owm ng description of preferred enbodi nents

ref ers toexpectescBitharaforg thie sehisiss isvenalietl Fomomepatien ofintrrycdiaslyl osur e.

These enbodi jrents illystrate s,in.which the invention may be practiced.
It isto lB’ée{E’E'(fé’r%'?’ 8 "'Fﬁ'&"ts'é\fl\%il‘d%’ﬁ“bfbccﬂtf%h{ OfR§UBR 'ﬁtqelrf“f)éﬁniﬁd changes

may be m@forr%B iE*}ﬂe%?ﬁélfei&Jb%kéfé%.‘”/ﬁec&!aiﬁ@ghgfja?f ﬂﬁ@beﬁeﬂwa\v b hput

departing om the scope of the present invention. I nvention rel ates
gener al | y eherysyrsd eperaashnyedhdss vebicleshaithoytahtl resdd of heebhitbees anong a
plurality of Users) and various aspects of such systems and net hods

i ncl udi ngveptalarieeaieddn Ehe systese SONHR! coeMmUles 1 ANATHET PaBiGHPY, and
chargi ng an

above. | bR ElBRAnbRaPared Sl dnfd BB uReL it FatflbE LB AU SRa A S

Mai Nt ai NegemBirsRVE pdlwlesd iR SGoP M dd Bndil eRscarider red to herein as ports.
The ports al so include equi pnment for charging the batteries of the

vehi cl es, as wel | Agsoednpuceyelsameter @agaect Bf thdMmyanten i mghaiach t he

(o COMBA USSR A et AR DASRALAP LR

User may Begildblé Viehidlefbnanetdding VeRRIEL b6 catedetovghigdraot heagn@per port
nore convenient to the User's destination, or to return the vehicle to the

port faci Pfeyadablanedic!es e por getpgtiopeafum paTiinguiets sthile theavehigta ipeopl e
to subscrjbe,and, beco Users of ,a _shar.ed vehj.cl te t he st em nust
bo sufficlo8RtPd 2LaRANi dRePERY T ¢ h e MAn S S5 TG At PAPIRA R (Rr s shoul d
be abl e t otk GK abBopYi€REE I, abr BxERTNENHNHe RSN Ot deidd ofitRe mal  or

no waiting tinme. The system shoul d be easy and inexpensive for the User and
cost ef f exehigke fhoa parking gurrR, 200 3dk of motion of a vehicle for a period of

time, the opening and/or closing! of a vehicle door, or a combination of
such events, each of which require no User interaction other than the
typical actions taken to park a vehicle.

According to a further aspect of the present invention, a shared
vehicle system and method involves transporting or relocating vehicles
from one area or port having a surplus of vehicles to another area or port
having a shortage of vehicles. Vehicles may also be transported to
effectively use storage space for the parking of the vehicles. According
to another aspect of the presentfjinvention, a shared vehicle system and

method involves a vehicle transport system for transporting a first vehicle



- 13 the systemadm nistrator to operate. To have m ni mal environnental

i npact, the system should be capabl e of addressing the above needs d

enpl oyi ng cl ean power sources, such as electric vehicles, as its pr 2&#§2%3
shared vehicle. Preferred enbodi nents of the present invention relate to
shared vehicle systens and net hods whi ch address the above-descri bed needs
and provi de additional advantages di scUissed bel ow. As will becone appar ent
from the discussion bel ow, sonme enbodi ments pertain only to sharing systens
cont ai ni nyvith alsegondswmuclel &t exaraplevdar c¢lesatimadbe féﬁb@aﬂfmrnwcmdgt he
invention relate to charging or the state of charge of electric vehicles
and may b¥eMefi-enented with or without various ot her aspects relating to,

for example, vehi¢he Md\aCald 8fherl EANICETNe AN SHUT bdhnSHEL Ay,

enbodi ments-cf tl~a invention relating to vehicle allocation aspects nay be
i mpl ement gekskint inwintivri, NIt ba@drhe W pat éer fragpeed Solfdwihgadeyaiptedre char gi ng,
tracki ng and securing, and enbodinments relating to vehicle securing nmay be
i npl emrent Btheni takesrinvgamiongtion heth e eeeampadty g dianindseint wWidki ng,

al l ocation aqr caar Lng“ A chenatic regresentation of a ,shared Yehicle
syst em 10PHCELP i‘?{g PAMENHP & N ERT CERBLUTYREMION P & HIOWPRENYEY Rlention i s
shown in fiugtrative B3@ns&t emincludes a central facility f 1 10) conprising
a systemcontrol conputer for adm nistering the vehicle sharing system at
| east one port including a kiosk (120) with a conputer subsystem i ncl udi ng
i nput and out put equi pnent in communication with the system control
conputer, and a fleet of vehicles 130, one of which is shown in Fig. 1,
each having a vehicle subsystem (140) in comrunication with a system
control conputer. The system control conputer comrunicates with the
conput er subsystemin kiosk (120) and the vehicle subsystem 140, 1 7 APR
Q03 - 14 according to various enbodi nents described below) to allocate
vehicles in response to requests by Users, to notify a User of the vehicle
al l ocated) to provide secure User access to the selected vehicle, to
nonitor the |ocation and operating status of vehicles in the fleet, to
nonitor the state of charge of electric vehicles and to provide ot her
functions described below. In preferred enbodi nents the system contr ol
conput er and the conputer subsystens are configured as sever and client
respectively. The server and client conmunicate using standard | nternet
based hypertext transfer protocol ("http"). Wen information is requested
from Users, the request preferably is made by transmtting active server
web pages requesting the information to the client conputer subsystem and
~pro~z.JJIl1g the User's response thereto. In alternative ernhodi nents the
nmessage requesting information fromthe User nay be generated | ocally or
stored at the conputer systemand call ed by appropriate conmand fromthe
server. Iri further enbodinments, the conputers nay be |linked directly be
dedicated lines rather than by Internet. 1. Selection and Allocatio_n_ of
Vehi cl es According to one aspect of the present invention, systens and

nmet hods for sharing electric vehicles involve selecting and all ocating
vehicles to Users based on a conbination of factors for maxim zing both
efficiency and conveni ence. Such factors include the |ocation of the
vehicles relative to the port fromwhich a request is submtted, the state
of charge of the vehicles, the distance that the User expects to travel
the period of time that the User expects to use the vehicle, the User's
expected arrival time, the User's expected destination, vehicle use



1 7 APR 2003 -15 patterns of particular Users, the nunber of individuals
waiting for vehicles in the port, and the nunber of vehicles avail alPVeAP?tZUUJ
the port. Vehicle selection and allocation occurs in real time by direct
comuni cati on between the central station, the ports and the vehicles. As
shown in Figure 1, User 150 desiring obtain the use of a vehicle 130
arrives at a port. As shown in the flow chart of Figure 2, at block 210,
the User swipes a smart card % mchi n-r&dable token, at a
card reader on the outBREE BESERETWONOHR Abk b N which is | ocated at
the port. In a presently preferred enbodi nent, the nmachi ne readabl e token
is a contactless security access card that is read by a passive RF antenna.
The card is encodggkapiih nglv TBRGHE RRahaE M VIR Sike TRPerbhESInUMBEES are
common to all Users and"a're referred to herein as a facility ID; the next
16 bits aepresirqualryespasidimedatte tbaohghdser, and are referred to herein as a
personal ID, the last two bits are used to verify the integrity of the
encoded i nf or mat i [JA- N8P BGNIMAtE &i2ERE ALYV ERW| HothBaYehiGe The 26 bits
are coll egti vel "User ID." OQher machi ne readabl e tokens, such as those
r eadabl eesg’a%g’t ¥ycsgf3msi gnals, are also within the scope of the invention.

Fol | owi ng a card migi peisal fiblvoekar? ¥eprddetaen loftstepOcamrigdadt by lagcard
reader attached to the outside of the kiosk. If the facility IDis correct,
t he ki oskntmideksinameromieteusdr kigskbl e to enter and access the conputer

subsystem | ocat ed..i nsj de. A screen _saver referably displa when t he
corrpﬁt er subsyst gﬁf‘?i? 'ﬁﬁaﬁ?mﬁt‘arﬁge%%éﬁﬁ% lesgsﬁyfgﬁ,'g%#'g?’yt Ae ki osk
door unl qoksr (PIRfles2AEiectTEfd HABEath RRhi@esMBIt card at a second card

reader located within the kiosk. The User ID and the kiosk location is sent
to a system cont riob. dosputlew ehartifepcasentation figtepy carried oaPPRY2803 - 16

(bl ock 22 From the persopal I D pqortiop. of User ID information, the
system co%%ifomeeﬂaﬁ&&e’%q#fﬁﬁgénﬁs g{)cgrqnvﬁﬁ{cﬁ)%n as to whether the IDis _
assigned to a Userig(iZed b, corfstdts df2Bhgrffis ioF theMAHifle(Dsystdmideshs@r 1D is
assigned to a User, programflow continues to a User Subroutine, summarized
i n Fi gur éts3cormpolentk a800¢atedencowphicts (SAbendt(©@E)f pochimisohientdtéc User
Initiat e& a rgi#est receives signal 2 fromthe systemcontrol conputer,

whi ch caudS¥8 equest for the User's destination to be displayed. The User
s requested Lo ifguls Bizsfibal ERBIE]ehieintBS I RN W&l oLt tiFRNe 1O Lhe
system control conputer and stored In a data base. In response to signal
2.5 fr omuehiclsystheystontwbén eodpert accessiesdroaksighedtvehidleer i s asked

whet her the vehi c&_e gi,ll ﬁe used for a Destination Tri P,or for an Errand
Trip. A Destinati'df- Tr'#g gwd%'?qrﬁéapa%segt@wb of RPD FEMRA PUE danot her

whil e an Thd B A uggoe t: I t - not the
final destt':%]’égtolg%;rgéemdg?@h at g?%%iﬁ@%%né%&%g%tlﬂﬁ?@i@gghﬁhg {]éqe'?‘elsndi cates
t hat t he usegnebididg sedp<takdnswhenbasaiséd feticnedds.and Tri p, ~t he User rnay

be asked to provide additional information, such as the nunber of

addi tional m | es f838)is @ blogk dagniam efdhetsyreaoytreheompuday trip is
expect ed; i rand Tr.ip i,S.t0 he included,
o | Ueer SIQUEFRLIE oy dF O S LA ol SR AR kBt Fart it hem
bl ock 345. Fig. 9 is a flow chart rapresentation of steps carried out by the

central control computer when a user logs into the system to request a

vehicle;



Currently, the conputer subsystem asks the user the nunber of passengers
for the intended trip. Currently, this question is used only for Io@%iﬁ@ZMﬁ
pur pose, but may be advantageously utilized for relocating the vehicles
fromone port to another for efficient utilization of the vehicles. In such
a case) the system needs to know the punber of eligible drivers anong the
passengers, and the user is required to declare the nunber of eligible
drivers. As an i nt hve .t . e - ' | 1 7 APR
2003 -17 in car rrl:gsbigt'?oanﬁo h%ﬁ%rygg%%ss%@a@ %J%\?/%édée/g%métq:ggk%grtrhaengerrent
for rewargishemtdimhtHs ompbier auBeMiibl 410 kfod kPR g iRdfitdrb@nsl adriver to
relocate a second vehicle (or even a plurality of vehicles). Wen a user
enters a Usguebénfrequestireheoclehi¢lepm t he t ouch panel or keyboard of the
conput er subsystem the system asks the user if the jntended trip is a
direct or indiredtg¢digs aﬂi‘éwd?@ﬁritﬁ(‘:’f’?’Bﬁ”B'é‘lgv@ré’rgrémdh?\é’cW p and an

i ndirect fkk I Jrelatively accurate estimation of the tinme duration
of the t?%%"ﬂigagggﬁygg%@gfding to the analysis of data which was coll ected
during the oper atAign1 2fis tilev enatesupvedriang ené aitépd cariqEbuod)y the was found
that the vehicles were used for a direct trip in a majority of cases, if

t he user syé&tesstcsutep! momopudier faes taft nfarnahenlogspaintiouthe prstem e reguest wor ds,
the tine dungtfons of trips to a sane destination typically fall into a

nar r ow t iPmES W ifdow, any cases of extended tinme durations or errand trips
are relatively rag. 183501 dHUre reSERaRLAtIAN of isteps cBAR BLE viielo anay
with the reg~rirenent to declare if the intended trip is a direct path or

i ndi r ect thatshstar hountral aeshmgteardetstignife necessityr orsvahiclesteiomtiong t he ti ne
duration _of trip sinmply fromthe distance to the destinatir-~n

Accor di narg, PecUskr B EBksing Lolh FEfrae T sRBBHIBEYt BZRaR for his
desti nat inegsertfintBRtidhnal destination is different than the port at which
the trip begins, the trip is considered a Direct Trip. Experience shows
that when the final destination is not the sane as the place where a trip
is begun, in the great majority of cases, the tripis a Direct Trip. It is
believed that streamlining the vehicle allocation process by elimnating a
step in which Users are asked whether a trip is a Direct Trip or an Errand
Trip will make the system nore user friendly. 1 7 APR 2003 - 18 As
described in greater detail below, the system determ nes whet her vehicles
are available for the trip requested (block 350). If available, a vehicle
is allocated and the vehicle nunber is displayed by the conputer subsystem
(block 365). If a vehicle is not then available, the waiting tine for a
vehicle is displayed (block 370). At block 375, the User is asked to accept
or decline the vehicle offered. If the offer is accepted, the nunber of the
assigned vehicle is displayed by the conputer subsystem (block 380). If the
offer is declined, the programends |Iblock 385). As described in nore
detail below, in preferred enbodi nents, individual passengers traveling
together may be assigned to different vehicles to assist in relocating
vehi cl es when appropriate. As shown in the Kiosk Flow Chart (Fig. 2), the
system of the present invention distinguishes between a staff ID and a User
ID. If the User IDis recognized as a staff ID, programflow branches to
the Staff Subroutine shown in Figure 4. As shown in Fig. 4) in response to
a signal fromthe systemcontrol conputer the Staff Subroutine, staff
menbers are asked at bl ock 410 for their destination. At block 420 the
conput er subsystem di spl ays the status of each vehicle in the vehicle
fleet,



together with a "check box" which provides staff nmenbers with an
opportunity to select one or nore vehicles, Staff nenbers nay be pﬁ Eﬂ%ﬁgg
with information concerning all vehicles |ocated at the particul ar 3@ \
wel | as indications of which vehicles require relocation. Vehicle
information displayed at block 420 pygferably includes the state of charge
of the vehicle, and any required nmai ntenance. Based on this information, a
staff menber may select a particular vehicle for naintenance or relocation
pur poses. 1 7 APR 2003 -19 2. Description of Vehicle -Subs s~e_m Each

vehicle 130 in thgrshaiedosecgEf bretEREEDravBdgMENISan onboard
conputer systemreterred to herern as a "vehicle subsystem 140 for
comuni cat i ng vehhe Falosyisigedesamipticocat prafedatdaembotineesisstedarsctmt r ol

conputer and for performng a variety of other, functions deaﬁ]i bed bel ow.
The f eatiNeeaCHIBP BHRG AraMIRISFVICH dRTI Pl B e IS @S WiSowhNE$e Fi gur es 5a
and b in diagrar=i ma~tic fornL . The.: el 0 jcates with a
o tor G057 5Ekas Tt fie S50b i UyER R B SRR FREOTRAER O, o

i nf or matis @B BEoaEisigod higat eflrigmMbadith&itatiisy ife eakied ehddrangest he fl eet
of shared vehicles. The vehicle subsystemobtains information from

i nst rumeney he rade toHdesphaiiie stuchurgs arHeedstred SelqsBdoyVitedtbat t ery
charge i ndi cai or iSZ?%, as vvegl as_engine ar}d t ransrni ssion nonitoring
devi ces {%@65'9ng§_ S ORE ‘?;hg}eggr?ﬁe t Ve &tion and auxiliary batteries
I's preferably defgy mv@%oﬁ%@msr&fﬁe@anmew@%t_e%%hesr%@m@dymrt ed States

patent 5,614,804, the disclosure of which is incorporated herein by

r ef er encharivigha dleet sf aebixclentorarat aqiutadigpeolidisans  Bnd etearclus- agemitéi ¢

identification information is broaddast peri.odically, ef erably every 30
seconds Hysueh FUHERSMRA M Qﬁsi'ﬂg]fjgl”?geﬂgm'ﬁ'f‘ﬁ ‘f%gk?eﬁ[ocﬂaé'.or‘si gnal s

br oadcasjoriitel A KiRENSRIDAS! aAliSaREIHE by GRbGSnb oL AELOR! LASRR det er i ned

by, for exanple, ra acon trian tion. O t echni ques known in the
navi gat iedectticelehiclps evAodidoussedtabaved in meshakdovdieclesetktetn & he presently

preferred enbodj nent., vehicle status and | ocation information js relayed to
a syst erﬁ%‘l’u?’cP%VF*NPl@ﬁf%’@eﬂ%’)}’“aﬁL\f BlaRRingg s ABYR & AERig\Ated Parking vehicl e

subsyst i % gﬁ% C Lido TRELE 1 ). 540 t hat
recei Ve;%%él%ﬁ % _ ?{o‘?ﬁ R_é'%%i% [ %Ogrh% g@ﬁgia#s Enﬁr‘én%%?““ auégé f%lrnd ot her
devi ces dhergipgohieth Aigerial of fRé veRidiegladdivegl ¥ebbmpitet dlibsSystend, he
presently preferred enbodi nent, the mcrocontroller is a Mtorola nodel
68HC11. for communicating with the central computer system. Preferably,

computer subsystems are located within kiosks to provide security and to

protect the equipment from weather. A User may begin a trip at one

port, and return the vehicle to another port more convenient to the User’'s

destination, or to return the vehicle to the port facility at which the trip

was begun.

To successfully attract people to subscribe and become Users
of a shared vehicle system, the system must be sufficiently convenient
and inexpensive. More particularly, Users should be able to pick up a

vehicle at a convenient location and with minimal or no waiting time. The

system should be easy and inexpensive for the User and cost effective for



In addition to nonitoring vehicle status information, the mcrocontroller

al so provi des secure access to the vehicles. User ID and PIN information is
broadcast to each vehicle and stored in the microcontroller, at thel#iAPR 2003
the vehicle is allocated by the systemcontrol conmputer, to insure that
only authorized Users may operate the yehicle. The m crocontrol |l er conpares
the User 1D information provided by a card reader (5~5), accessible from

the exterjor of the vehicle and PILN infornmation enter in lti display
t er mi nal tbewxﬁmfaﬁgﬂ“wa{tﬁ'?ﬁé’p\?ﬂ esfl-BrWed dn'ﬁnyalterpglq@%?%ﬂﬁgyont rol
conput er . rif i Lt r mti

vehi cl e. .'%ﬁ\é?’njlhg%\%sgg?qr%f el? % g%p%gfoﬁo?cgar%g% e{gwgd%%?@lfggﬁés %@?5) in
response gnenieQARERan gkt SeuzEs! e0LE At slobtrroubhictss, dshitagdintargn, the

m crocontrol l er also controls the vehicle ignition system (550), thereby
enabl i ng sbiarell sablclewg t he el ectrical notor that powers the vehicle. The

m crocontroll er preferably includes ndom access mem)rgmkRAM 555) and
hi% ehod

el ectrical ly prodréalias embegimsnts o P{ESERONVEREDY f ERfcle is

al l ocate i r b f0 |, O, | ; o« RAM  When
Fhe oo JebRI8 FRHemE dhmikias }lﬁé@?&bégrd!régﬁs{e@a%%BY%fdgfﬁgteuégg‘e‘feg? t he

pr evi ous adaleproivide beditiotahadvaialgebadistines etlebépvas Agmeldl bedsemd s stored. In

order to allow any staff nmenber to access and drive a vehicle, for exanple,
in the ePPRETYT WPBUeedisguasien slowh Some eaPIEMenss &8l &R1eltectrical Iy

erasabl e ry. af f 1 2003 -21
inforr nafﬁéﬁ%%%i@g‘?&@%& %ﬁéﬂ%%ﬁvﬁéggt Yéﬁ\% si' chggé; turned off.
Once undembddimenite offithE PeREHtIEH Elats endhak@iRg cdrethet statds df heirgatdfon to a

moni toring process running on the systemcontrol conputer to provide
const ant Ie?qupdatempleehhdl reay thet insplementedawitbror withoriMasiousipbier arri val at

a port at _the conclusion of a trip h icrocontrol|er perfornms.a shut
own seqUEREEHTIPIAE 1€ oo @Rt RevebiTe SVERELSD: 16k on e, S nt r ol
conput er SidRaMR! EbolfRRBn 1St Bt LidviertlARLkaskiby tb hehlakealicaetisyst em and
this would not create any problemwhile the vehicle is in notion. Because,
even i f eBpevshineldarimmplemartted awiihi erdwithout fvariouiseotbps taspectsheustehi cl e
will eventually conme out of the blind sport, and.the systemw ]l be able to
5. ai | PSOROBRTEY 8O SREING 2PE R e AL TRatTRET, B0 ouni ch t he
vehi cl e y8hiche 8EEGri Ynékpbehﬁq;ﬁé’t’ﬁ%;w% RYitth Be WRhSIT athayadgilbts Isuchay be so
due to the unfortunate selection of the | ocation of the port or a tenporary
probl em a6 tvehidle tadkedy,aallyastoanor thaggibher case, any failure to locate a
vehicle by the systemrenders the vehicle unavail abl e for use _even though
the vehicle may BeSST%TFHG PRI ENEAYPR Ot Enarp Y%Pl’i\/\%\’sﬁﬁ@ 3911 abil ty in
| ocat | NOatbg dfigliG ConerEAER BRbbaMRINDS! BOKIEathiihl Bnfosiekholange radio
comuni cation systemfor locating the vehicles in the particular port.
Because Fige Mefihel ysteml inchided dyenhml Tetilily 4t16) soemrizieg acsptssede t he
port, the rgro osed system may be considered as a hybrid systi%r% n the sense
it combi RRITPhECHIPYEE farRADINistess: e Kghiels ghedrd $¥3t4 e af k2t | ocati ng

e g Bab PRSI ke LR8P LR cor
input and output equipment in communication with the system control
computer, and a fleet of vehicles 130, one of which is shown in Fig. 1,
each having a vehicle subsystem (140) in communication with a system
control computer. The system coqtrol computer communicates with the

computer subsystem in kiosk {120) and the vehicle subsystem 140,



1 7 APR 2003 -22 Such a hybrid conmunication systemis val uable in other
situations as well. In this system the user initially enters data pT‘AIPII?UU}
trip needs and his ID fromthe touch panel and the card reader of the
conput er subsystem respectively. The system assigns a vehicle which suits
his needs, and permits the :door of tyas vehicle to be unlocked sinply in
response to a swiping of the correct 1D card at the vehicle. It is

acconpl i shed the central I ter, di I qgurgi catlng with
the vehi @IC8°ECB%%3}8tvearﬂoutsy%mgéﬁﬁ/é@isacc%r%%ﬁi %gég\flcttt?l %#OCCp one hg@%%/i"ge. Such
a public geldideafo RIRRRISBIMISSs, ROWBYIR) .a UBYr BOthdQehlé bRbYaled,i abl e.
Shoul d the systemfail to operate properly due to a breakdown of

conmuni cab ippoyidehsscane hiwer zedess ¢o thededectet! \mhialel ¢o troonindrothe t he door or
use the vehicle. Such an occurrence can serjously danmage the users' trust

of the sjegalinn Tomh-opesating ylatypdll Ehiplesdpdnefiadt; o meonéeette sHade
conpletiaq f the,use .of a,vehicl of
comuni c&?ic ra§ ﬁée %atF'ﬁevethégF%gnﬁst rp%ﬂﬁ&?%%@%ﬁfﬂﬁ@eﬁ}% ?%Sﬁ&ﬁ)seg)rllmafter he
has rel eagggfythe vehicle, and this would lead to serious consequences. To
avoi d such a situatibn fromoccurring, it is desirable to provide a
secondary |ine ofn poefearddcetnibodirbents frar sypdtao sgnirolehimrwenead gl e to a
user, and for detecti ng the co fJ eti (F)’n of atri A conveni .ens ar r angenent

woul d b~CPERIBERBUBSYHEMS ehearQtigWer 35,58%heRe iflIENE retPesVE t he vehicl e
to conmmuki j tdig W - Hasygt AEt bhseport in which
t he vehi ?:hgaglegv o%gg dé‘¥nmcggj$Pﬁlcﬁg@gggﬁ gﬁal e tﬁé‘?{e{he usg? can at | east
unl ock t hgpdaext arhsééraprotbbel Vehipt).e When infornfetion jsysdmsted feorho operat e
properly once the vehicle is assign o the user. Wen he parks the car

e
out si de” HUsE pathes equest grefesahily i'aMmadmeYHERHR THRO P ALESY VED WER vehi cl e,
and start, i N,y . - i I 0 operate
proper | yTpaP%s ?%I téesrtleré%r?%ﬁlrﬁﬁrrﬁ%ﬂégéﬁ%&%@%@t%@é?%r%%b%y\glglﬁ?c%rewﬁw th a
storage geyéegivgtied Uskpsesspbasélahéretd. tihaaltarhbove zedhvidieferitsaimet he

initial assignnent of the vehicle to the user until the final conpletion of
the tri pmessage reauesdey informgtientfsodprieat/set Rax baiganersiachivealdny

i nterrupt. en | t f ahlur vehicle is assigned
to him otr(#%ﬁ%r%})gn% h%né&%g’ﬁlgért%ess%%]ef?a 5%"(%? @hgaé&ﬁrgﬁneccg’%%\?gdd frequent
request s ffodh tAS Sept@NCRI furamartdiabbghents3 th¥etrebetebeendy ba-iley r~ Wth
Reduced Power Consune tion In preferred enbodinents, to m nim ze

consunpt ABACHY bel dedicptad lipesveathenthan Pyhinéedetare not in use the vehicle
subsystemreverts to a | ow power state when ~ti=~e vehicle subsystem
detects that the vehicle is idle, as when the transmssion is set to "park"
or the ehectric Beledtionsamd faliokBtibAWPPBRIcIdede, no power is supplied the
vehicle electric notor, the card reader or MDT, and the transponder is in a
| ow power or "Ii&cenrdigy teoere papedli ehthe peesentdsgentonosystgmas enflr om t he

veni ol o MBahgYa SORNaThy olee il EhidlED e P e gt 2B SlegR B eni cl e s

assi gnedygRicfs to Users based on a combination of factors for maximizing both

efficiency and convenience. Such factors include the location of the
vehicles relative to the port from which a request is submitted, the state
of charge of the vehicles, the distance that the User expects to travel, the
period of time that the User expects to use the vehicle, the User's

expected arrival time, the User's expected destination, vehicle use



User, User ID and PIN information are transmtted to the vehicle's

m crocontroller fromthe systemcontrol conputer at block 610 by rqqi APR 2003
frequency transm ssion. In the presently preferred enbodi nent, the
information is transmtted using a commercial system operated by Tel etrac.
In the nost preferred enbodi nents, a_specialized RF |ink between the
conput er subsystem at the port and th&-vehicle is used to transmt User ID
and PIN information to inprove the reliability of data, 1 7 APR Z003 - 24
rel ated pattemssi ei patiseilari Ygers) the nermleered hindoyidugs: wiapingh forPy &hictiSor nat i on

by th ehi cl b X ) Tl ed o (e t ion
ot er MrEEReR 58 She TS O P ERE R PSR g ekt Y aRa N O

i nf ormat | o) in r ; L. i - !
m or ocont 712y 0P et Pa RS ERFErEIL Bl obF coVRUEAST ¢ ¢ he
t ransponglgivédn the c¥ntrapsaitionahe rpades bht abk \adiglespower is al so suppli ed

to the MDT and card reader, causing those systems to al so becone
operational . |f As\sbleiven én Figussd glaé'tf 180Heairdng taerBain thasee mf of Staft

I D information will .also restqore,the vehicle subsystemitp. full per ati onal
mode, | Af VT FoheD AipUER et Eap et dARAROW rLtTeT IR EIE ot bl AXatr 1 D

i nf or mat jaRi by 6 QYRS OE kiRl at @1 60,06 LeeleR b owiAendaidadie f or
exanple, the waiting period my be five mnutes. IF a card swi pe is not

det ect edtdken5 atiancdresreaidee ovnethiect etssdbh sy &icgk i 20Uunnsgue a, vawcposer

condi tion ébl ock 640). To determ ne whether a User is attenpting to access
t he vehiler t%é?&?\%ﬂc’fto him User IDor staff IDinformation input fromthe
card reader 1s copHeComth! Brefifled! dnBbafthahi, thE BEAMENYLARLRE VI ously
received and stored’in random access nenory In the mcrocontroller at block

645. Accerkzntie 4 bentazhieck accsripenotésedard dhateisaepdehy bypamsiveRFng t he
vehicle's doors if User IDor staff IDinformati on nmatches_that received

f rom t hePRipENam tomcrtl ITBRpede? VHY 28 Bashinsreaneiepdsy bhedligt 3

m crocong r I : L:ApLt L Bvor, staff 1D
't or mar s 56 o6 e gE o Useys and el BT 1 BercARAC s vREfiey OPERS ¢ o
correct, newit N i precdeigeely assgned ito kacholUsex am erd hafefrer Ut es t he

vehi cl e doors do not unlock and both the card reader and MDT return to 1
7 APR 200@ein 2s a peigopaly; Hieless twphiitesee useq 19evenifyt thectndaotyy Bégin t he
regi stragio . KLQsk. .| f er i re User 1D
or staff eDgri]%cr(;e(rben@P%?{'gﬁéeégﬁjﬁeg]ea% ﬁea{d@b@e%%{%ﬁg}rﬁg&. a?b%hi cle,

the User26 bagsagneslidetiNenuabessevupt " botdit @aeHiddicadahte Mledy, sddr
exanpl e, pressing agPr opriate keys on a key pad connected to the MDT at

bl ock 65% thoagswradiaylebyrantiasd sianadsit ene tlie wihirethe seepeddha
predeterigbﬁﬁﬂoﬁunber of times, for exanple, five tinmes (block 660) . If the
correct Pl as’' not been entered after the specified nunber of attenpts, or

three mnutes haw&mbmgs@@aﬁdi RGBpé R BisEK 2w ameeficRity ND 8 RBbl mumber, the
User will be instructed to repeat the registration process at the ki osk,

and t he etsdrreader etiecheditol tbevputisideook thexkiank. alfl th tagilithidDUser a peri od of
time Lo exilod e yehicl e (RLockyGRDusal ' S YS! ShilPhno didegopel ter the
computer subsystem located inside. A screen saver, preferably displayed
when the computer subsystem is inactive, is removed at block 250, after
the kiosk door unlocks (block 240). The User swipes a smartcard at a
second card reader located within the kiosk. The User ID and the kiosk

location is sent to a system control computer at the central facility



information are provided, as the ignition is then enabled (block 670). At
that time, vehicle status informatipn is transm~rted fromthe VehLFt%P
subsystemto the nonitoring process of the systemcontrol conputer ‘& R 2003
described in nore detail below. Accordingly, preferred enbodi nents provide
mul tiple levels of security. A first qlgevel of security is provided by
requiring an ID card with the correct facility information to enter a

ki osk. A ev i i i AT i e t for
Sttt er BBERLAPIT Eor ihe BEHda 15T iR S ds OIS o ERMETIREL 1D
| evel of ;5@ icbYitrios cBRUtEEfhakestd18ev@fifhBomber® hWhetheethaSts ent er
valid identification information (for exanple, by swiping a card key or

t oken) tessgighadaocedset 27 hStathidB)eor As fromtidh(2%vel of security is

provi ded by the requirenent that, once tge User enters the vehicle, the
User must input & Henserald is assiangmkio godsendProgrdBsiWdeer iy ¥¢etSame User
associ at ed ,wi t i dent|fi i Enf tA % t hese
entries ﬁuq'é erb%“ér%g'ém\% ?hﬁ’*‘%ﬁ%‘éﬂgg‘ef@b’gé {ggddgﬁrotﬁl}{bn%.gsTﬁé%ggﬂm{ﬂHt%l e levels

of secur ktysyREHE Trohhoviitskhefudianithesd zed geekt yedives eigHal \efiogh es or
theft. Thus, Users are provided with a nore secure environnent within the
vehi cl esthendystesn gohtrol 6oowmdes Whiths9auegh adanuest fadtthesUseres provi ded with

a reduced risk.of vehicle theft or, msuse. 4. Vehicle eration During a
Crl oo velpatitetidhig BegGedebes, FoRtT B SrrEa D NEtTe Tl RS veni ol o
data basgnaPde#MABrRHIE N s/ 1dTRN 505t @ oRLIRATRPSp Pler AehsitRBECl € i n
use via a graphical User interface. Wen a User arrives at a static-~ --

t hough niot a tadadsaei | in tehpodes to ségnadr . Spkent thedsystepackatmmd exits the
vehicle, the User is autgnatically, |ogge ff the syste At the sane tine,
Uhe. vehi EPEAET, Gitddath il Crite D363 AEFE FO1e 08k Thg VBhIRAF 40 e BT car 1 o
par ked ehﬁr sEina®Bndtip BY 16N aRErfKE ribD, AlH sﬁétﬁcﬁ{nﬁ@'rilédr%]fﬂ%@ the

vehi cl e, but the vehicle remains assigned to the sanme Us e User can
reent er asd i froat enthmrvebdiatloehdry whids entErmandiTsipsimeivdesaatlemsd Pl N

nunber at the vehicle card reader and MDT as previously described. Figure 7
i || ust r aPBe ShomvatifePeipdtaat sonet Hhe Eaﬁbﬁ?%ﬁ'”%g?ﬁrﬁm%’&f’e%t Beek I8 s whil e

driving pefi gher #0 BREERSAINicAL Ha?%é r)éﬁﬂé&de%l YéficldNs t%: BEK,sEHO the

vehi cl e subsystemreceives a nessage fromthe system control conputer. For
exanpl e, fa areEsrage Tip easeclUebargs yowskedhtochrevideygdbzicsmnt if the system
control caonputer determnes that the state of charge is too |low to reach
the destiMiatmationesiieh asgbeinumbesef aggirianahmile O) of theygdditignadr

eSS AQESy RO R PG IRE R 1Y ERhEL AR\ £ Ot BL B AR YA | el ude

Errand Trip is to be included, all Users are asked for. the number of
passengers traveling with them at block 345,

Currently, the computer subsystem asks the user the number
of passengers for the intended trip. Currently, this question is used only
for logging purpose, but may be advantageously utilized for relocating the
vehicles from one port to another for efficient utilization of the vehicles.
In such a case, the system needs to know the number of eligible drivers
among the passengers, and the user is required to declare the number of

eligible drivers. As an incentive to make the users more actively involve



-27 energency conditions, such as an accident, or a flat tire. The nessage,
once received, is displayed on the MDT of the vehicle subsystem (bl ocli\
715). The mcrocontroller is programmed to acknow edge recei pt of t h& APR 2003
messages fromthe central control conputer (block 720). If a nmessage is not
acknow edged, the systemattendant is_alerted to the mal function. (bl ock
725) and the programhalts. If a Us’e?7reply is detected at bl ock 730, the
reply is broadcast to the systemcontrol conputer at block 735. If no User
reply i sindereeiamton, thesks3o mandesyoveded drith an ar6apAREENT fi®fer r ogat es
the vehicle at block 740 to determne if the vehigle i arked. ~If it is
det er ni T€YVaTRHTY thee USIS; ‘é’&“‘@ 31 \WHing 1 1pEQVIGeRD PP@W%ﬁﬁﬁetyP'?Or epeats. If a

par ked s i . 0 740,31k 914 HeSi gnal is sent fromthe
rnicr ocortr??&rco tFZarg%a%&ii}egg?'ﬁFee @Hi%@né%ouénlﬁﬁgg%ﬁ% ition at block 745.

Usi ng regul arly \aneads agkr Eradis Rorslrlessifgnal shitlaefrsystmeadh paheconput er
determ nes whether the vehicle is in a port at block 750. If~the vehicle is

det er ni nedkeybdeedatf thepmrmputer ssibsyieterB0 the sysem asks Hbesysardimtleent r ol
conmput er, sends, a.command to the vehicle_to end the current User (bl ock
755y THatHSEY fiE T et O iTEreAt s SrecTBURT U PARIERN AL ETES merory. A
the sanmg i r f.+and ransponder
returnrsm[{% ?ﬁ?@nﬁﬁggﬁﬂggﬁwsf}%ﬂ%@?@aﬁ L{*gﬁg%g@a;[?rﬁi %ﬁgﬁgmﬁ"nned t hat
t he vehiduratios afotheatripa plomieverheacuetdicy aortbreanaysis Sifgied Wwhidhe sane

User, and the vehicle's doors |ock. At block 760 the assigned User follows
the sameVpf Godesied durpg dae opeeai@miod|the sYSIeRrOYY Fr§liadT 6M%cept bl ock

610 and B E 1 i ' t : - vehi cl e and
onters. H) i Sy bS8 s wERL fs0d T Mgt Wple C € S pond
to the majofitARIR H3@8, ifAbe Wi estedseport bigfereht frloen dogspamure espond, but

waits for the correct information to be provided. 5. Vehicle Trio and
Condi t i APTRbANPEhYOraR. HieiMmALERtANhot tiRhir aaaiBedessinatioe present

i nventi . afhit efr r . Lgnition.as di ve with
respect q?é"%t”ggfag%%%g Wf".t"sblr}&g"ﬁg ‘&/Eﬁ%’?’ebé‘f ;&{%ﬁ% iogfeg(rqgfgé:ég&ﬁﬁg transnitted
as a radjpafibagwengyarid g afe anatihelyviehé ClBasedbsy shigmeco ghhttorsyistiem
control conputer. This information may include the state of charge of the
vehi cl e R@sg'de detda enlayveithcinesiecatiterpetieto gpeleeg ifofd intardedttepgssuch as

odonet er, j e n t - or_drive.timg, . and whether the
vehicl e’ éﬁgd{aggwnéfjﬁ\ﬁ'iﬁcglp%‘ﬁﬁ%gﬁ%’BﬁE%%{“ ear}jyeF'é’r%ﬁ%t'#]%% $78M the relative
strengt ksendtiify shdhitds dOFRAIC350) trAcsipfsly dohothdl diskdiytgghgods. I n the
presently preferred enbodi nent, a commercial systemusing triangulation

al gori t @@stingtiaBed, Information is transmtted fromthe vehicle subsystem
18 to a vehicle ni t.oring. process of the systemcontrol. co ter at
periodic interv C_sqorfngt'\ﬁemp?%égtﬁfrl‘?t'\b? gmalcgﬁ'egﬁbag'?ﬁn'ﬁs'%iyi nterval is
30 secondRred fBr hiY 8eSMatRin. INthSYREEALSGRANIO iCATPIEAE tABY thegshhy track
each vehicle in the fleet and all ocate vehicles based on information that

i s currehtwhigb thesicip beginabtive trip is @ddistdesad a R#esy Jripm Esperiehceonput er

may nonitor the state pf charge of vehicles for purposes pf alerting Users
and porfﬁ?_ﬁ’cﬁ {l]att))"’g?'f‘éﬁﬁa{magO%Fm_f’ﬁ@'oﬁe'éd‘cltoth_reeﬁ{g? WS/ BIRE WNeA® User
| nt er f ageipnal BeEng AnYReb? BRajbfitfiod.catbstimPbAY i MblrgE: rhbor fation to
the User, for exanple, usage tirne) state of charge or other vehicle
par anet &r bslievedashatodtresnliningt thaevekhichd allomatiam psecdss bpralinhieating a

step in which Users are asked whether a trip is a Direct Trip or an Errand

Trip will make the system more user friendly.



1 7 APR 2003 -29 systemcontrol conputer. In addition, the system control
conputer may send a warning to a vehicle, to informthe User that the state
of charge of the vehicle is | ow or has experienced an unusual fl uctiuA®PR {003
The User may be informed to return the vehicle to the nearest port or to
sinply connect the vehicle to a charg% upon the User's schedul ed return.
Through use of vehicle data collectéd”by the central control conputer and

mai ntai ned in data bases to be described, the duration of trips nay be
predicted. This PA$§ %@&@reﬂl inyareptrs da tter%evvt» thpSysteN§tBENINGS ps, as the

di st ance he trip w bl for hand, because
the di stgg@e%%ro\’/%}?'ggesd?ﬂﬁr %‘@a'lglbf ‘Hnﬁlr % d@"’&g%g@rom such trips is
| ess usefybildyie P4 %hrctré N all6 ¢ edud it tw@veﬁr&m@%%érr.bra.g%%a%w be used
to determ ne whether a User has encountered di Fficuily during a trip. For

exanpl e, comptuber subbspsaem~fbleclu8€5) atlf a \poritleiis roel tayeeobvaalabysttem at t endant
may contact the user by way of the vehr cle subsystem 6. Vehicle Relocation

And St af YvaNéng sinester Vr‘r}é‘rﬁier'% dmaw tRlgak Pk oAp&I9Idr AV 8 therent t asks
to ensurgﬁt h%t adi& hc! Fo §[§8§P %ragg rge khe (/?F] ll‘é%‘ffewgée I?PﬁeC'oH aI ! y, st af f

nmenber s a2 es’ i ere AT e not & suffrcient nunber

of vehi Cé@@erﬂbdpfﬂrﬁé InGHAEET ¢otHeSasREhQE Fehle MY ispea AL BYRheshed by dri vi ng
a vehicle or by towing it with another vehicle. Staff nenbers may al so have

to char geoerpe(c@rr $ubgisyepolbéodd 38&hi df tae obtertis dreeboeer the peddrene that is
abandoned t he g i mary purposes

D naneenk tipgk R, o8 desgrbefidPane ™S detail eloNy. B tSr8ei on Y o et the
demand Of mbYs3irRBh IS Sh&ividliE basengbsttrhbed P o ginee i) ee Alsigied k@ns

becone i nbal anced, the condition s detected, and vehicles are relocated to
correct diiterenbakhictss tnassist o eeldeatimg lvehrcdes whert hpprmesdat |y preferred

5 ChockNeed] k] A5 STEHEREN haKipat APY GBATEi(FE: dloree GG (s o
T S ey
t hr eshol dsealiés Yfeaogniréd as a staff ID, program flow branches to the Staff
Subroutine shown in Figure 4. As shown in Fig. 4, in response to a signal
from the system control computer the Staff Subroutine, staff members are
asked at block 410 for their destination. At block 420 the computer
subsystem displays the status of each vehicle in the vehicle fleet,
together with a "check box" which provides staff members with an
opportunity to select one or more vehicles. Staff members may be
presented with information concerning all vehicles located at the
particular port, as well as indications of which vehicles require relocation.
Vehicle information displayed at block 420 preferably includes the state of
charge of the vehicle, and any required maintenance. Based on this
information, a staff member may select a particular vehicle for

maintenance or relocation purposes.



vehcnt = is the' nunber of vehicles available for use at station k; arriving
= nunber of vehicles in route to station k, as determ ned by vehiclp7AP 003
regi stration process waiting = nunber of Users waiting to obtain a vehlgI@
at station k The station with the smallest nunber of vehicles has priority
to receive a relocated vehicle. If Chgckneed is not below icvmn for any
station, no relocation will occur. In presently preferred enbodi nents,

icvsmin = 1 . Wien the. sys det i nes that vehicle relocation is needed)
staf f mefibers mﬁﬁ%ﬁéﬁ%i%@%ﬁ%s. Rel ocati on may be acconpli shed
by driving a VehE&éi?vQﬁictﬁYm@%%e'éha%Bh/e%'ﬂﬂéh%et“@fﬂrﬁb%ed%ﬁhfarﬁm”ber5
may al so have to charge electrically powered vehicles, or to recover a

vehi cl e éhisdardscabpottorsdtan referradperrabtie. asTa ‘haelricdatsibsysemt| e by
driving, or to charge a vehicle, a staff penber sw pes his card 1 7 APR

2003 - 3114Rdgr gpmunknisaking Mehicle Hystemmng locadionids® 1o pystERe card

der, |.Dint i . i h .
hon t he AR R fao BB S8rER B oth i Nindiibrls Fatlted PP f -
staf f nmegdiglyv. trhe fehafrks IPESmhenBAESENbaEHIEIENs b SYBBMOfrePHARNAI al

destinations to which relocation of vehicles is required. The staff nenber
sel ect s in Rigowsi om and in diedremmnadtic felrocate a vehicle. The system di spl ays

the status of each vehjcle, including state of charge and .nai nt enance
required, if anf/‘f;hel'P‘féR %ﬁpb%e}cg&@l&?lga{%w Pgl“%nttB”B% rel ocated, and

sends hig 3eleglkiiAg o Q:giénrﬂeclgm?&l]f‘d”ﬂtrﬁ&%rr%f&% dea?».{bﬁirﬁ%ﬁh?ﬂ};ﬁom rol

conput er sends the | 0 e sta nmenber "to e ve e to be
r el ocat aegardinglthedosétisredndrstbtiess wEbach evemiaie oo ahtrftddtestf. shkvegai n access
to the vehicle, the staff nenber sw Pe_s his key card past the card read;.r

at t ached’&iciepe Vyehisle sgbsygtepnpbiaing iNfeRMetionplforbiusigMems st af f
o i R VLG, HEBSEHE S qeR T i BERBEPBREAR Lo DO DT

OW ng ve owed vehicle

at t achednbicat@wi 3RD)g@arwelNast dreginde shidnadhomissidre nséwitdrim@@leelcedi sconnect s
t he tow n%@gear, and parks the vehicles. Alternatively, a staff nenber may
drive tH&3@enithestadg@afrghagoe afdbattrastionendrawdlidiyabaidpries ie rel ocat ed

VD! <1 shag@tBl) gl ol LOESA ORGSR SR SR |

vehiclerequir , arter er-s re

recogni zedent BE6 B4 FJ4, nbehEEcieBlLAY 6f MtsicHeiigd & panshePRERiH B§ charge hatch
door. The staff nenber attaches the charging equipnent to the receptacle on

the vehiféffé.en%e vehicle is then charged, and returned to the fleet of
avai |l abl e vehi Cl\?es‘ﬁicle status information together with vehicle-specific

identification information is broadaast periodically, preferably every 30
seconds by a transponder (535) installed within the vehicle. Signals
broadcast by the transponder also -permit vehicle location to be
determined by, for example, radio beacon triangulation. Other techniques
known in the navigation field, previously mentioned, may also be used. In
the presently preferred embodimen:t, vehicle status and location
information is relayed to a system/vehicle interface by Teletrac®.

As shown in Figure 5, the vehicle subsystem includes a

programmable processor ("microcontroller”) 540 that receives inputs from



1 7 APR 2003 -32 7. ComJauter System Ovepview. There are three main
conponents of the conputer systemin the presently preferred enbodirfehRR 263
the vehicle sharing system 1 ) the User registration conponent; 2) the
syst em managenent conponent; and 3) the vehicle conponent. Conputer
subsystens (805 in Figure 8) correspdiid-to the regi strati on conponent.
Conmput er subsystens are | ocated at a vehicle port to allow Users to input
vehi cl e nesvesknts, adigebadid Bededsevites dsspas/iding inbmdhation regutdirmeat i on of
vehicles, as required. The managenent conponent is enbodied as a system
control oeinnic etatt810) e piesanty grsferedd emddigentete Micioeopariert o
requests. according to a F to be described below, nonitors vehicle

| ocat i on'SAIMEIYL m%% Hes an operator interface for intervention as
may be required. i i ~pdj : i cl e subsystem
that all ows noni tl%-:glﬁﬁ}g{% %&ﬁf@%gg\ic@ngg&n{aeg?ﬁ?@@'ﬁ?l as

bi di r ect ingigedcorAraNeniatsd pesvibes weenrd Becaanta ahe sthiclery) asdr Usedrsd oper ati ng
vehicles. A Redistration Conponent As shown in Figure 8, in preferred
enbodi nefiN iafortagionnigdripirdnast teeayh vehiade ndostocesputiee (8101 recei ves

ts f. hi f : t b 05), whi ch I ted
|kt os kNSRRIl caL L U BIAE i N AP AU DLk T BGHCTEl or - User

I D data perfiMef ®YinklR BtdbrigatRhori2ed Ukara ned} 8pBEatRYtHESeEISicles
transmtted to the nmanagenment conponent, preferably by way of the Internet
usi ng conhenniconadnifARé toppetexctie Uskt &P natemetivodp reided thysa daon

dedi cated n t\ggg:ﬁ are also within the ,sc?ege of this irrg%gmgi on. The User

i nt er f acESafer conprsihe Simpyheeextsrier & dbryvahitisra client

CONPU &1 i orehafioARR @A 3l ACAAINEFriEICORIST A e {put and

out put devices such as a card reader for reading smart cards or the like,
and a towvaluesqgrreeitedhay the syapsahl evrafoldicappaierng califyr tHenignitisy dfra
preferred enbodi nents the registration process of the system control

conput er User atigam g teecenst the¥ehide, pting | anguage routines to

conmuni cate with S ' S A Each
vehicle in the vghlpgpgqgggéﬁ%&sj@gpeéntﬁffgmg?uq\g%@gcémg?rﬁ}gz%iﬁe(r?ﬁcﬁg}wsubsystem
815 i nst eddpethsencecsrimeditscirenpthd bgsteehicoheross hammeret) datadditieh, i ncl udes a
m crocontroller (540 in Figure 5) capable of nonitoring vehicle functions
as wel | He priecssstiplienatsosconiraly the yehisiatanitionsystem (585Gl ti di spl ay
terrnina ! i : r Al i S vehicle from
t he syst{ehn%rgg tefﬁgl%hégndgu(?gél?hrg%t%\glefe%éég%%ogg%ﬁﬂ&g%&e%Otgglcﬁa'e system
control conput er Theutiltrésomtbler pfefEid8ipundlatss random &¢ensperasdryt hat
transmts_signals for determning vehicle location, as well as vehicle
status dE€tAMIA858hand ¢'ackicliverregramenakdpirepd asupspemeny tR&Mhits data to

and recej S frgm. t ont r. t for exanpl e,
adi o1 T oy e e LRk AP BRE SRl TRt UadiB vea aata i s
conver t eiphfymATIEn 5/ StRBUGARAM. GORPHYRE VehidlBGhianechearledbaoemsie by an
interface (820), which conmunicates with a nonitoring process (825),

further 'desrisssdDoiefeormation fhe thy previoesnd el isclapigdesnd Thet for B ace
conprises_t subsystens:. a _sysieminterface for providing vehicle |ocation
dat a, anﬁe‘é{y\‘gaﬁﬂﬁﬂg‘igﬁ%dg S‘lt?l%/eéfrface for decoding vehicle status

| nformat i on and ROSNR OB i) SttPHIBRDECTPBLLELE aHiild}ifdig shared system
alta Dase.

vehicle, for example, in the event of trouble, staff ID information is stored

in an electrically erasable programfnable read only memory. The staff ID



1 7 APR 2003 -34 C. System Control Conputer The system control conputer and
interfaces are |l ocated at the central station. The system control qquﬂfﬁm
is preferably located in a secure environnment, such as a secure offi’c
bui |l di ng, where access to data relating to User identification codes and
other sensitive or private informatjep_may be controlled. The system
control conputer includes a registration process that conmunicates with

conput er, subsyst e 5) . T kst ' 0 ; ehicles in

- esponsd 1 TATIE USRS Ve PP LR O M MBI SR Re el R R o,

Vehi cl esyare nmade available to Users in response to requests in accordance
with the nethod already described. An advantage of the network

i npl enent ati on o®ntéendevevdy,aheimidrosohtrekebsénds veichostatuehi cl e may be
~.~laced a~;yV~here that access to the Internet is avail able. The system

i s t her dNEPENEIYLER BUNENTP AT HIGCRTHPINURI AN NSy elesn CONIE | ntet net. Thus

Users of _the stem may acce t [ I |l e to make
reservat?%ﬁgu?%rto_swé’rvé%e \c}%ﬂ?%ﬁggmeadza%gé&egrhﬁ]a%sttlg#l}'svgﬁ?é?cg%t?cgfe avai |l abl e at
a port, jheorfedriri Ny IRoKrhangt a perk lattther@rctudien of ¥ efib ctrs to apply for
menbership in the vehicle sharing systemor for other reasons. The steps
carri ed midrobyntrhber perifstmatei Snutptmessequencdearyt Wrats far aletthier tbel ow. The
regi stration gfocess eggl oys infgrmati on stored in data bases maintai ned by

a roni t JFAHG® '85'_é§'§et5 e GRETO ﬁ8m9‘étﬁf'!y on the system control conputer
in allocating velbahgs, desgetlafctishessted Byl thdeTaPracdayfteh$3Mq vehicle
data (835) and request ‘data (840). The nonitoring process updates the data
bases withis datudd meteirea: dmopratienyetilel dneavehicienisuhenosiobsyst ens. I n

preferr enbodi ments vehicles are polled at, 30 second intervals, the
Tt et vl BRALSg: SVBD T IRArERETEE S| LD 6 DT SHORER B08YS 1850 geh ¢ 1 p, and

t he dat r i i QS a iy . The
operati g’né?ﬁflgf\ﬁgl %@gaﬁggﬁﬁﬁ;wggﬁgﬁ%Beqlmiassﬁs%trtﬁ'r%'?ﬁ?;gg%?ﬁ I gvd?EEQQ- 14, and
i s descrdiedolet ow. thideadtsitie-t HoweRencirss pitssiilecka®fite pbriFinguitecld, the

regi stration process receives personal ID informtion together with the

i dent i t ythgfvahigeds dekatedgrawniat P e ceugigss by itgesTeq%%Trth%vsgemohtamaWp

i nf or maty i5.chegke i : ! i f. the request
is fr omdaér)lgguot%ﬁao{ral %dgﬁs%g?‘f'{%noflé?%nség?gméfgﬁgératﬁcﬁ‘eggtetﬁé r?QFOTS i nformation
I S assi geeatpdrarySpadtileiewninr tHeOBOE Trac thetemr dngetteradasel, asy ffiluksers (9401 .
If the personal ID information is not recognized, a signal that the

per sonalto'pepte p MehiGle bystheepystem fendars JoR (ahielsiunavadighle far yse t he User

IDis i | i ' : [ t toth t
Subsyst oen B FRRLAREl By B SRR DA I 0ot ¥y S°C) gnal . and ot her &

sent fromthe remp shpaiveothedredia®iRytio 1bbaticeapetvehidedsysdemdrt hfaya web
page. Alternatively, a conplete nessage may be stored at the at the client
conput ePe BiRyided Math ByshersTeyigs radiorRANENEUPR TN SY§tARiPERERNG . I n yet

anot her odi. ment . .t he nessage may,be_called as. ubroytine at the |ocal
conput eftsg?/feg&'ﬂes b%lilg%r'?glrt'?%a?ﬁ%)tr n‘EF?%Hg‘? é‘i iv§§bcq3ts gcfcc?gﬁdgjl\b%i’% valid and
TeleTrac system once outside the port, the proposed system may be
considered as a hybrid system in the sense it combines the global locating
system by TeleTrac and the local lbcating system at each port using the
short-range radio communication, and can provide a high reliability at a

low cost.



shows that the requester is a User, then programflow branches to the steps
shown in Figure 10. At block 1010, signal 2 is sent to the corrputer”AP 2003
subsystemto request the User to provide the destination to which he'w smes
to travel. Fromthe destination input by the User (10~ 5) the correspondi ng
di stance is determned fromi nfor mat_i?%_stored in the request data portion
of the shared system data base (840). Foll ow ng 1 7 APR 2003 -36 receipt

f the destinati inf t ignal. 2.5 | t ot t whether th
Lripis to be a DUQLe Moy Gommbreetioh systei Saakle JioTeuer i ned

1020). | j I ; I LR ks, to b
rrant 12 IBRSFROARE? IR YEGteR, oS tar PRl Pettemt el o Ponal -
di st ance naRdstdritehishil friohe tiié itPudts paxpeshedht caréqeader 610861050). |f,

however the trip is to be a destination trip, that is wthout intervening
st ops betopseputehsubsygiem aregpepdvelynal hesysisratassions aoshjcletwbist he

program fl ow hranches gr.ound.these . inquirjies. At, block 1055 sjgnal, 5 1is
sent, wi SHEHYES NESFst aﬂﬁaﬁerfr}‘n@ @l?n%_%?ref)!f 5N 9 g%ﬁ&?%‘ﬁ%{*dng'&%{ae aski ng
for the nymbesofe RASSENBHIS of 1AW BbiREtab &dracdt tHabPehibld. afist he data
obtained fromthe User is stored to the Request Data at bl ock 1062. The

r egi st r ataiconmylisbed shyd e cantralesontreteo mpuiteudirstdy ecofimahérsgimg equi red for

t he distance tb be travel ed during the _requesiied trip a“ bl ock 1065,
accor di ndVit'd thae ebiflataUbRY ST e BCY e purdl celiVranNeRe egrvice-10 + 10,
where SOC is the : f L rent to a
drive notor, and S\%chigpiﬁhlhghfe#g?aﬁfﬁr%g}é)g{a%%eé&?tﬁg?H%gﬁvg‘zoﬁ%ven per 10%
of maxi memtit€ls. relinbleheSpoelsiettd gyqrent e4ir ed opahudi prenerly dudtda The result
of the calculation is the mninumstate of charge required for the trip

r equest ed®reaian wostidcepmuniedtient igeawihor kadiusnes Werkr get PReljenpcl e' s
battery N i_nf tJo i ANE

al | ocat i gﬁfﬂ% gﬁ%%ﬁitﬁﬁn@?@é&?ﬂféhgggﬁiac 5;%9@”% cﬁg?ﬁgaﬁ?\s{@?‘lsy request
based ondeuidagdthe norstatuvistheratem.t Donvehdaly eshadid P syoenof the
shared system data base (Fig. 8, block 835). A vehicle search group is
defined ffel teetpel the campletiem oHtze use gfravelifle bhyatheseserfidpde a o depart .
The vehi ¢l h oup includes vehicles |gcated and,parked at. the port
t hat ar e%ﬁo?éoeéora\&geonf%?)“ﬁmnd%aatf%'ﬁ t[hg, BIHer tl9s{e?1resps h\évo\}"é(ﬁicglngmé’ afch group
may al sorun@vedeattehhelRs RidiRetethel Gelfbld, \dhdthis Reowarieafiael ddriousM thin a
pre-defined tinme period. Vehicles scheduled to | eave the port for transfer
t o anot héPngeavengesst herwi se are excluded fromthe vehicle search group.
The pre-defined tinme period is.selected to mininmze.User-waiting tine, yet
maxi m ze vehi cl ewfsaﬁg'deﬁ"qu’cf’ eshté'ﬂf'%ﬂyf,erofrbpccé%rélpﬁ’é?'s#éﬁf'ﬁ’?\,@fantﬁ ener gy
usage. | brévigees sEcORdAryaHE ¥EBbAIRuANAILADShdrTbIaking §vemtcieharge to
make the requested trip, that vehicle will be offered at block 1090. I|f

t her e ar @veikblertonmriserednc fasdetestingblhe opmiplatidf of iaetiip.car ge, the

vehicle with the. second reatesid Etate of char wll be offered to the
User . |n°8PY8PWQEi%'éa’1ﬂ%‘gﬂ?tn’éfﬁP } Dg| o Wé’h’i”glae%aqﬁ?tt@%ﬁcq\f‘?'cme‘?ﬁc harge may
be of fer ; I i ; t e } .H'me tate of
char ge, ?%Qias%éﬁé%ov\éfﬁ&ggﬁgﬁgrfgbmiu@@%c{?ﬁe{tﬁfe}wﬁfhgﬂjeg}:estat eﬁof char ge.

A war ni ngubsygpieaviofiede tport rewdseh thequwdstleng lddetedehi cl e i nform ng the User
that the state of charge may ~be insufficient for the trip requested (bl ock

1080) . Also, it11s desirable that the user can at least unlock the door
and start the vehicle even if the system fails to operate properly once the
vehicle is assigned to the user. When he parks the car outside the ports,

it is essential that he can gain access to the vehicle, and start it even



Wiile in the presently pr-eferred enbodi nent, the vehicle fleet is made up
of specially nodified Honda mnivans, in alternative embodi ments di{ et
types of vehicles may be offered to Users. In such enbodi nents, the vehicle
allocation will take into account the passenger capacity of each vehicle in
the vehicle fleet. If the User accepﬁi the Vehicle offered, programflow
continues with the assignnent of the“offered. vehicle according to the

nmet hod supmarj zed in Figure G 1 7 APB quS -38.1n the event that no
vehi cl esVBeR tHE SYSHINGS ANablfelH8PEr e HPRAI¥h '8 theg (88 Y & Bade (bl ock

1075), the.systemw l.l, search.for vehicles at, other rts th wll be
arrivin eéfra%ngetOpBF?V'fjﬁ tﬁﬁé’eﬂ'ﬁlﬁr"é'?h ‘F‘h%to{?%dteef'ciﬁa}’vtrﬁ&?)rs%%re\?gﬁ?iecl eis

di spl ay Ya ¢t s Bl s : i 4G, PP d the User
s Bskod e oo AARBHAES LR o e o T Do e 8™ e
User deahenesrtumil ahé dinal thenpevgs amtheanpendisug,1thke303er isfabilaeoUser accepts

the vehicle offered, the vehicle arrives at the port at block 1 140. The
User is oRskate the vehicle witheat asyuisierraptipn syeniinisase o agvakeM ow t hen

cont| ”“‘?Snb’vet%é’&h&é‘b@h%?é'i@%‘ﬁ?%ed 3 rﬁ%”gﬁrthé%%% Rahli9HKG tRe | T the User
does not “confirm the requéest, programilow ends. 1f the vehicle request is
froma YpfrbtdvRithdle sydiem gamavam frequelt semiirss tfor Begigtenhckfronst ead of
Figure 10. At block 1210 signal 2 is sent to-the conputer subsystemfrom
whi ch t Hberusgn®st was racei ~ed, resulting in display of a nessage asking
the staff nenber to input his intended destination, The registration
process receives the Staff Menber's destination froma conputer subsystem
at a kigsk at bhagick2@8eurfly HVAeky WABD RdIR e WEF BlJ R NHIREESS

determ nes the distance and tinme that the requested trip is expected to
require based ornipreternedt eorbaslimentasioyméniorizel consuhmptidgseef ptactiioal of t he

shared systemdata (Fi,g. 8, block 840). The di stance and t] data is then
Stored PBWHeWTg Hettcida e s dr S ous NS A0 SHe VTP BLIE VESOta o ot atus. o
al | vehiighegoiver keitel WHEA thEQBHiIOE SR¥ystemdatiachasfat e WinEk 260, those
vehicles in the vehicle search group corresponding to the port from which
t he requdist asswhewldhe ttoayeshiesion istsethei Tpakatusheiedestint modot Feeotfonput er

subsystem at the port, The Staff Menber el ects a vehicle at bl ock

t hen
1270, afd QY BPWEK MO heOVEL P 5URR e tReOTIHE SParIC AR T o sent o
the sel eetgde¥&dl & fIDT, dnd tﬁ@%aﬁ%g%naé%é h Qﬁ@x‘?ﬁﬁéﬁ%r%}b%‘téﬁﬂ $, when the
system determ nes that vehicle relocation 1s required, as for exanple in
t he al gonodéin dvtschosedn abspand Us signatmyrdie thelkdtem cabtowolt e vehicles. |f
during vehicle aJlocation, the nonitori ngf process, determ nes a need for
vehi cl e COBMRILAE i Bt EBEHERT Papycastiionglerior depereiBayeRidn lecaliRR t set of
questions &gy Adet erm ne whether a passenger mght drive a vehicle that
requires relocation to the passenger's intended destination. At bl ock 1320,
the Uset is asked sheinhaizeddi@ Figupe Beguiest @dvélsicle is assigned to a

User, User ID and PIN information are transmitted to the vehicle's

microcontroller from the system control computer at block 610 by radio
frequency transmission. In the presently preferred embodiment, the
information is transmitted using a commercial system operated by
Teletrac. In the most preferred embodiments, a specialized RF link
between the computer subsystem &t the port and the vehicle is used to

transmit User ID and PIN informatian to improve the reliability of data



a destination or an errand trip. If the trip requested is an errand trip,
the User is not asked to assist with relocation and the program fl ow
returns to the vehicle assignment nmethod of Figure 6. If at block 133APR 1963
User responds that only one person will be meking the requested trip, then
there is no extra driver for vehicle~~relocation~ and programfl ow
continues with vehicle assi gnnent ac & di ng to the nmethod of Figure 6. If

there is a | east one passenger in the requested trip | ock 1330), then at
bl ock 1348/ated, éhivehic!e sepntitr elf tharrecelnd it ¥ oer @aadp%fgls@r%@@?“% bl ock

L0 e R e R B AR 05 s A8 B S et =0

reader a e conputer
subsyst e ngidfl cBdiltar keviettdtd BR inRRPeNE @IScIdB8DE)] USAND bAdIFIR vehi cl e
for assignnent to the passenger. At block 1380 the nunber of the vehicle
assi gnedinfersamnibnt aretdteraxbimprarators desgss enematy bl ackeHie®0s t he passenger

ei ther accepts or decfinas the vehicle offered, The flow of, Figure 1 1
repeats GHEfQCaRerier atdloek &% t RERaIPt Pid8Rg St UY APFIREPL 1B® rel ocat e

vehi cl es, 7 - .2 m, Dat r time data
pase 1 o venaPebagtlt 1 ereiorRy ool MR IR0 PEhE SSo ubBheg

i mpl enent@dhaMBTSHid ebrd FeHdRA, Eabting thoeessishkémstto desbddeengoni toring and
registration processes. The tables contain data fromthe various

subsyst egperadiorfalorf &l pbvi¢leHamssigmedutea siaffrrapmbert recelat ef StatfdD
managenent. i s_hand| by co reial ,data base. engin uch..a crosoft
Access. JI‘H@"H'&P&"b‘%@g@sérrgs{ggc}%?ovrehéa\?a gty§teorpg(9as§l¥,§?enr€f('8 ?lr\lﬂg vehi cl e
al l ocati ghipdeal culation of the time and distance a trip requires, as well
ab tracking and nonitoring vehicle status. Qther tasks that nay be

i mpl ement ed t hr oddten pewdaua theseard readadevaitpfavinpgt tidJgrreeti stafbn of

vehicl e rival tinmes, and deterjnin n vehicle relocati.on. wll be
necessar@? T é'oﬁr%’ﬁé’ﬁf‘??"‘ﬁf’%f(gh‘%dg%%g i?’r@ﬁ?&erteﬁ@r'%ecg%”{aﬂriﬂ%r shar ed
system d‘é&@n’ﬁﬁéethlésﬁ[ait% Ben(iEHgna@abeBﬁ@é miRGtdes: £ eepd @%vi?fa ISRt
information and statistics, such as the time required for travel to

parti cul detetgstiindt nonstesattheiviehérlersiubsiy stesn oéturhe tday Josspawwket as a record

of the system by, registered Users. A request data base (840) contains a
record o%opgﬁl?é‘g{%og%%“@hi cles and allocation information for each vehicle

i s maintained. The yaliGife daldnBREeSHTs GRNALNAGI B LdBI g about vehicle
status, including requests that cannot be | nmedi agel y'filled, for lack of a
vehi cl e wehicte ebgigoadeothiat, Wier NDebr sta&filD, infamatnst omoe monmetrextri cal
vehicle, lack of a vehicle with suffjcient battery charge. In an alternate
embodi mefrd ferdefdmicoreraisd Wb easl® rhytafe IlAdBEyERRI Yy PAEISEF Yhavi ng
rights t > i t fr r, such as
he. compLi el Sneiaralel bn R e %8 gy 1IN R S AT 4

Moni t or i bipclRr 48 s sAdbessmMantieo v e P i peasittyl) doe e xanhsie bl i wilockirighe shar ed
system data base using information broadcast from vehicles concerning

vehi cl e Hiaavehicknhg daseatt biser iReormtaft & infgrprieasvatdins 1 and

Col soonmarseaatd Ko dfi ekt G ot #lp SRIBE FuRomenvadl . e

noni t ori fie BiOGRDPtid el MHloeREEEE PNa UYeR & M BYpYit Usar 1@ dRlsdaff

transm ssion conputer that manages -communi cation between 'the system
control tifereetiandon ishrrigerddl orstaffjlierivformasiemitheft isdnrot ks N2Y a f| eet
mRnagerenl SRR bk iALE e, TBPckSht SRRAT A cat  on of

vehicle doors do not unlock and both the card reader and MDT return to



and 3) a control conputer that generates and records all nessages sent to
and fromthe fl eet nanagenent conputer and carries ou~k protocols nﬁ?i\?’ﬁ%ﬂ}{
for systemoperation. In the presently preferred enbodi nent the fle
managenment conputer runs comrercially available "fleet director” software.
It is the integration of the control ,gonputer with the fleet nanagenent
conputer that creates a unified shared vehicle system Data fromthe

vehicle fleet is copstantly, nonitored. e ta i s received froma

veht ¢l o, lovh oyt SRt ahe SR aray tas it tedfe el G ThaslialioR e

noni tori | observes the use request portion of the data base.
Wen a u@%cgég%gzﬁeﬁ(s@%dbmtted by the registration process, the nonitoring

process prepar esifthesal has preddedritectfBserufeor Shafé [Driofardestidrr,ansmi tti ng
the appropriate User ID and PIN information to the vehicle, to insure that
the al | oerd gdineshacdassito thedietenien phplvehielet Hee User st ashioremdmMNt ed t he

di t. Th i for| | so_keeps. track of th
1 5t ance HPPUEAS R ar RS Rer PRV G §EaTRGs LIS made of the
vehi cl e, 5§ 0 oWRERe ke%s 6 PR3 edrnbigdUseind Miher diséiaees . dpi ven may be

in excess of the battery charge available, and to insure that the vehicle
i s not tdkemisgvayniftedmot éreteartiea correct seqpensera bredatefreineddnembedi nent, a

hi cal interf YGULT) I | ded th t t
Ty b ie 'O X TP s BTSSP DRSOl 17 cPErecoR NGl Lo ol |ow
the systemPRRIALAN ARGKSAN RIS ORORRcH: YRbohilisa mmp based

envi ronnent . al so OWs operating a selected vehicle to
be revi eneik eflapball lsyncd tree Ogkr Bebaneritheng \ssPENMaopesat ohe tisesend specific
nmessages to individual vehicles. The foregoing description of the preferred
enbodi nef IBHrYgieditavenRepbiNh BRI IBERHOPRISERER AL BP Kitrk. AN Bego8FS
illustrat] esar | pti | 1y S~ i . 0~ i or to
limt tﬁtté) ﬁ%vg%ﬂf%naﬁ (f)Icﬁ'fé(%'EtreercaltlIsoé"gw F 8?@1%9%%?%2%3‘.0%%%9”%5?? ?Féat ieeons and
vari at i opghigleebpss6BER in |ight of the above teaching. For exanple, while
many of the data processing and deci sion nmaking functions are described
above as bei ng pEMg Sehiste Fiav he dibery aftesthe corechitssr |PnyodPifent s may
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some of 'such Yy I ment’s, vehi Cl'e” subsystem

may be pihagrmmeTEGeHiflePSat@s TAfoAMBLIBhH i§ Yrdhdriiteld A8 tHOeeRfse, it is
i ntended that the scope of the invention be limted not by this detailed
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CLAI M5 Vg]eastcrfb%dcl!warlng;seddle?éil below.

Accordingly, preferred embodiments provide multiple levels of
security. A first level of security is provided by requiring an ID card with
the correct facility information to enter a kiosk. A second level of
security is provided by the requirement for proffer of valid User
identification to be assigned a vehicle. A third level of security is
provided at the vehicle where the User must enter valid identification
information {for example, by swipi:‘;\g a card key or token) to gain access
to the vehicle. A fourth level of security is provided by the requirement

that, once the User enters the vehicle, the User must input a PIN that



1 . Avehicle sharing systemincluding a plurality of vehicles, each
vehicle further including a mcrocontroller that controls access to the
vehicle; the microcontroller further including random access nenoryy Wj%”y@
read only nmenory, both for storing identification information) wherein e
identification code for Staff Membersgis stored in read only menmory and the
I dentification codes for Users are stored in random access nenory. 2. The
vehi cl e sharin stemof claiml, wherein.the read.only menory is an

el ectri c&Pf'ﬁSBgré‘z%B‘P hﬁﬁé@}%ﬁﬁ%???%&?%w&}‘ ﬁéq*rbcfle)?.tﬁ':??%ﬂnrret hod for

contr ol | itrmAG6RS bPedk! BLER df tndse BALGLE IR bIthsESWaiRin | whi Ch user s

and st af ers may access vehicles and in which each user or nenc~er is

assi gnedpeed#itipgiiiod detitid. | Tatsomudgdk, levels obtbodrivomgiuce the tisle o$t eps of :
providing a plurality of vehicles, each vehicle conprising a
ni cr ocontinabtharizedagntener rusesofaeltislest @ thedt.y diius) &)sef haraiPEpvesht r ol | er

further conprising a random access nepory_and.a. rea nly qrepory; storing
the i denﬂ'ﬁ@ﬁ?b%sf:%ﬂg ‘?rbvr”_oﬂrﬁ?'?t Wé%réti%e i g'tmggﬁ agﬁl‘@n.en%%?(}? and storing
the i denbifriesatan@nsy SAERY SBHIMNSIrEQrs W E Yol Rl st @RrRa VBRI EL @ risk ¥Ssi gned in
random access nenory; the nethod allowing staff nenbers to access any

vehi cl e vehichetledfaoednisebecl e fleet. . A{. A&Y . AQU

4, Vehicle Operation

During a trip, vehicle status data is transmitted from the vehicle
to the vehicle data base. A system operator can monitor the progress of
each vehicle in use via a graphical User interface. When a User arrives at
a staticn -- though not necessarily the destination specified -- parks and
exits the vehicle, the User is automatically logged off the system. At the
same time, the vehicle is locked and made available for use by others. If
the car is parked elsewhere, as during an errand trip, the system still
locks the vehicle, but the vehicle remains assigned to the same User. The
User can reenter and activate the vehicle by presenting his smart card and
PIN number at the vehicle card reader and MDT as previously described.

Figure 7 illustrates how the system control computer
communicates with Users while driving vehicles as necessary, and tracks
vehicle use. At block 710 the vehicle subsystem receives a message
from the system control computer. For example, a message "please
charge your vehicle” may be sent if the system control computer
determines that the state of charge is too low to reach the destination
vehicle port. A User may reply "Yes", or "No." Other messages

exchanged between a vehicle and the central station could include
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emergency conditions, such as an accident, or a flat tire. The message,
once received, is displayed on the MDT of the vehicle subsystem (block
715). The microcontroller is programmed to acknowledge receipt of the
messages from the central control computer (block 720). If a message is
not acknowledged, the system attendant is alerted to the malfunction.
(block 725) and the program halts. If a User reply is detected at block
730, the reply is broadcast to the system control computer at block 735.

If no User reply is detected at block 730, the system control
computer interrogates the vehicle at block 740 to determine if the vehicle
is parked. If it is determined that the vehicle is not parked, the flow of
Fig. 7 repeats.

If a parked state is detacted at block 740, a follow-up signal is
sent from the microcontroller to set tha ignition to an "off" condition at
block 745. Using regularly broadcast transponder signals, the system
control computer determines whether the vehicle is in a port at block 750.
If'the vehicle is determined to be at a port, at block 750 in Fig. 7, the
system control computer sends a command to the vehicle to end the
current User (block 755). The MDT jumps to its initial state, clearing
random access memory. At the same time, the card reader and MDT are
turned off and the transponder returns to listening mode.

If, however, at block 750 it is determined that the vehicle is not
at a port, the vehicle remains assigned to the same User, and the
vehicle's doors lock. At block 760 the assigned User follows the same
protocol to access the vehicle similar to Figure 6 except block 610 and
625. The user swipes his smart card to unlock the vehicle and enters his

PIN in the MDT. If either the User ID or PIN does not correspond to the
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(in electrical vehicles) and other operational parameters such as odometer
reading, speed, and actual usage or drive time, and whether the vehicle is
charging. Vehicle location may be determined from the relative strength
of the signals broadcast, according to all known methods. In the
presently preferred embodiment, a commercial system using triangulation
algorithms is used. Information is transmitted from the vehicle subsystem
18 to a vehicle monitoring process of the system control computer at
periodic intervals. In the presently preferred embodiment, the interval is
30 seconds. In this manner, the system control computer may readily
track each vehicle in the fleet and allocate vehicles based on information
that is current, as described above. In addition, the system control
computer may monitor the state of charge of vehicles for purposes of
alerting Users and port facility attendants of the need to recharge a
vehicle.

A User interface including an MDT (565 in Fig. 5) display similar
information to the User, for example, usage time, state of charge or other

vehicle parameter such as notices or travel information sent from the
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system contr mputer.” In addition, the system control computer may

send a warning to a vehicle, to inform the User that the state of charge of

the vehicle is low or has experienced an unusual fluctuation. The User

may be informed to return the vehicle to the nearest port or to simply

connect the vehicle to a charger, upon the User's scheduled return.

Through use of vehicle data collected by the central control

computer and maintained in data bases to be described, the duration of

trips may be predicted. This is especially true when the trips are direct

trips, as the distance of the trip will be reasonably uniform. On the other

hand, because the distance covered during errand trips will vary, data

from such trips is less useful in predicting trip duration. Expected trip

duration may be used to determine whether a User has encountered

difficuily during a trip. For example, if the arrivai of & user at a port is

delayed, a system attendant may contact the user by way of the vehicle

subsystem.

B. Vehicle Relocation And Staff Action

Staff members may be required to perform different tasks to
ensure that vehicles are available for use. More specifically, staff
members may have to relocate vehicles if there are not a sufficient
number of vehicles at particular ports. Relocation may be accomplished
by driving a vehicle or by towing it with another vehicle. Staff members
may also have to charge electrically powered vehicles, or to recover a

vehicle that is abandoned or is inoperable.
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One of the primary purposes of the system is to provide
sufficient vehicles at each station to meet the demand of system Users.
When the distribution of vehicles at stations become imbalanced, the
condition is detected, and vehiclas are relocated to correct the imbalance
in vehicle distribution.

In the presently preferred embodiment, the algorithm used to
determine the need for vehicle relocation is:

CheckNeedlk] = vehcnt + arriving - waiting

where Checkneedik] is a number representing the relative
need of station k to have vehicles relocated to it.

for a station to be eligible Checkneed must be below a

threshold value “icvmin”

vehcnt = is the number of vehicles available for use at station

k;

arriving = number of vehicles in route to station k, as

determined by vehicle registration process

waiting = number of Users waiting to obtain a vehicle at

station k
The station with the smallest number of vehicles has priority to receive a
relocated vehicle, If Checkneed is not below icvmin for any station, no
relocation will occur. In presently preferred embodiments, icvsmin=1,

When the system determines that vehicle relocation is needed,
staff members may have to relocate vehicles. Relocation may be
accomplished by driving a vehicle or by towing it with another vehicle.
Staff members may also have to charge electrically powered vehicles, or
to recover a vehicle that is abandoned or is inoperable. To relocate a

vehicle by driving, or to charge a vehicle, a staff member swipes his card
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109& () - 5\}&%& ControllOdkpller fognizes the ID mformatlon as that of a staff
member, the staff member is presented with a menu of potential
destinations to which relocation of vehicles is required. The staff member
selects a location to which he will relocate a vehicle. The system displays
the status of each vehicle, including state of charge and maintenance
required, if any. The staff member selects the vehicle to be relocated,
and sends his selection to the system control computer. The system
control computer sends the ID and PIN of the statf member to the vehicle
to be relocated, which is stored in the vehicle microcontroller. To gain
access to the vehicle, the staff member swipes his key card past the card
readcr attached to the vehicle.

To relocate the vehicle by towing, the staff member moves the
towing vehicle into position, arranges the towing gear, and drives the
towing vehicle to the destination with the towed vehicle attached by
towing gear. At the destination, the staff member disconnects the towing
gear, and parks the vehicles. Alternatively, a staff member may drive the
vehicle requiring relocation. After relocation, the relocated vehicle is
available for inclusion into a vehicle search group.

If the vehicle requires charging, after the staff member's ID and
PIN are recognized, the staff member enters the vehicle and opens the
charge hatch door. The staff member attaches the charging equipment to
the receptacle on the vehicle. The vehicle is then charged, and returned

to the fleet of available vehicles.
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7. Computer System Overview:

There are three main components of the computer system in
the presently preferred embodiment of the vehicle sharing system: 1) the
User registration component; 2) the system management component; and
3) the vehicle component. Computer subsystems (805 in Figure 8)
correspond to the registration component. Computer subsystems are
located at a vehicle port to allow Users to input vehicle requests, and
staff members to assess the condition and location of vehicles, as
required. The management component is embodied as a system control
computer (810) which assigns vehicles to Users in response to requests
according to a method to be described below, monitors vehicle location
and status, and provides an operator interface for intervention as may be
required. The vehicle component is embodied as a vehicle subsystem that
allows monitoring of vehicle location and status as well as bidirectional

communication between the central station and Users operating vehicles.

A. Reagistration Compopent

As shown in Figure 8, in preferred embodiments of the
inventions the system control computer (810) receives requests for
vehicles from computer subsystems (805) which may be located in
kiosks. Vehicle request information, including a kiosk identifier, User 1D
data received by the card reader, and data entered by Users is transmitted
to the management component, preferably by way of the Internet using
conventional TCP/IP protocol. Alternate embodiments based on dedicated
networks are also within the scope of this invention. The User interface

of each computer subsystem preferably comprises a client computer,
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capable of displaying color images. In preferred embodiments the

registration process of the system control computer is a web server that
uses scripting fanguage routines to communicate with the computer

subsystems.

B. Vehicle Subsystem

Each vehicle in the vehicle sharing system is equipped with a
vehicle subsystem 815 installed in each vehicle of the vehicle sharing
fleet which includes a microcontroller (540 in Figure 5) capable of
monitoring vehicle functions as well as processing and storing data
related thereto, a multidisplay terminal (MDT 565 in Figure 5) for
displaying messages to the vehicle from the system control computer, as
well as for sending messages to the system control computer, such as
entry of PIN numbers, and a transponder that transmits signals for
determining vehicle location, as well as vehicle status data.

As shown in Figure 8, the vehicle subsystem transmits data to
and receives messages from the system control computer by, for
example, radio frequency transmission, or other wireless link. Received
data is converted by the system control computer to machine readable
code by an interface (820), which communicates with a monitoring
process (825}, further described below, in the system control computer,
The interface comprises two subsystems: a system interface for providing
vehicle location data, and a communications interface for decoding
vehicle status information and converting it to a format compatible with

the shared system data base.
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C. System Control Computer

The system control computer and interfaces are located at the

central station. The system control computer is preferably located in a
secure environment, such as a sécure office building, where access to
data relating to User identification codes and other sensitive or private
information may be controlled.

The system control computer includes a registration process
that communicates with computar subsystems (805). The registration
process allocates vehicles in response to requests by Users and staff
through computer subsystems. Vehicles are made available to Users in
response to requests in accordance with the method already described.

An advantage of the network implementation of the invention is
its flexibility. A port vehicle may be placed ariywhere that access to the
Internet is available. The system is therefore accessible from any
computer with access to the Internet. Thus Users of the system may
access the system remotely, for example to make reservations for shared
vehicles, to determine if vehicles are available at a port, to determine how
long a wait there is for a vehicle, to apply for membership in the vehicle
sharing system or for other reasons.

The steps carried out by the registration process are described
in detail below. The registration process employs information stored in
data bases maintained by a monitoring process that runs concurrently on
the system control computer in allocating vehicles. These data bases
include user data (830), vehicle data (835) and request data (840). The
monitoring process updates the data bases with data received from the
vehicle and computer subsystems. In preferred embodiments vehicles are

polled at 30 second intervals, the interval calculated from the beginning of
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Figures 9-14, and is described balow.

i Registration Process

At block 910 of Figure 9, the registration process receives
personal ID information together with the identity of the kiosk from which
a request is sent. The personal ID information is checked against User
data (850) to determine if the request is from an authorized User, and if
so, whether the personal ID information is assigned to Staff Member
(950) to the more general class of Users (940). If the personal ID
information is not recognized, a signal that the personal ID is invalid is
sent to the kiosk (block' 960}, If the User ID is invalid, an appropriate
message (Signal 1) is sent to the computer subsystem at block 970. In
preferred embodiments, this signal, and others sent from the registration
process to the computer subsystems, is a web page. Alternatively, a
complete message may be stored at the at the client computer, and called
by a signal from the central system computer. In yet another
embodiment, the message may be called as a subroutine at the local
computer,

If the personal ID information received at block 910 is valid and
shows that the requester is a User, then program flow branches to the
steps shown in Figure 10. At block 1010, signal 2 is sent to the
computer subsystem to reguest tﬁe User to provide the destination to
which he wishes to travel. From the destination input by the User (1015)
the corresponding distance is determined from information stored in the

request data portion of the shared system data base (840). Following
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receipt of the destination information, signal 2.5 is sent to request

whether the trip is to be a Direct Trip or an errand trip, as previously

defined (1020). If the response received at block 1025 is that the trip is

to be an errand trip, then program flow continues to determine the

additional distance and time that'the trip is expected to require (1035-

1050). If, however the trip is to be a destination trip, that is without

intervening stops between the origin and the final destination (1030},

then the program flow branches around these inquiries. At block 1065

signal 5 is sent, with the result that the computer subsystem displays a

message asking for the number of passengers traveling at block 1060,

All of the data obtained from the User is stored to the Request Data at

block 1062.

The registration process determines the minimum state of
charge required for the distance to be traveled during the requested trip at

block 1065, according to the equation:
minimum SOC required = total miles/>< x 10 + 10,

where SOC is the state of charge of a battery that supplies current to a
drive motor, and where < is the number of miles that can be driven per

10% of maximum SOC. In the presently preferred embodiment, &< = 6.5.

The result of the calculation is the minimum state of charge required for
the trip requested, expressed as a percentage of the total charge the
vehicle's battery can accommodate.

From the information obtained, a vehicle allocation algorithm
determines which vehicles match the User's request based on current
information stored in the vehicle data portion of the shared system data

base {Fig. 8, block 835). A vehicle search group is defined for the port
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from which a User wishes to depart. The vehicle search group includes
vehicles located and parked at the port that are not presently allocated to
other Users. The vehicle search group may also include vehicles
expected to arrive at the port facility within a pre-defined time period.
Vehicles scheduled to leave the port for transfer to another port or
otherwise are excluded from the vehicle search group. The pre-defined
time period is selected to minimize User-waiting time, yet maximize
vehicle usage efficiency, by, for example, minimizing energy usage. If
there is only one vehicle available with sufficient charge to make the
reguested trip, that vehicle will be offered at block 1090. I[f there are two
or more vehicles available with sufficient charge, the vehicle with the
second greatest state of charge will be offered to the User. In alternative
embodiments, all vehicles with sufficient charge may be offered.

If all vehicles have less than the required minimum state of
charge, the system will offer the vehicle with the highest state of charge.
A warning is provided to the User requesting the vehicle informing the
User that the state of charge may ‘be insufficient for the trip requested
(block 1080).

While in the presently preferred embodiment, the vehicle fleet is
made up of specially modified Honda minivans, in alternative
embodiments different types of vehicles may be offered to Users. In such
embodiments, the vehicle allocation will take into account the passenger
capacity of each vehicle in the vehicle fleet.

If the User accepts the vehicle offered, program flow continues
with the assignment of the offered. vehicle according to the method

summarized in Figure 6.
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In the event that no vehicles are available at the port from
which a request is made (block 1075}, the system will search for vehicles
at other ports that will be arriving at the port in the future. The time to
wait for a vehicle is displayed by the computer subsystem (block 1110,
Fig. 11) and the User is asked to accept or decline the offered vehicle at
block 1120. If the User declines the offer, the program flow ends {1130).
If the User accepts the vehicle offered, the vehicle arrives at the port at
block 1140. The User is asked to confirm the request at block 1150.
Program flow then continues with vehicle assignment, as summarized in
Figure 6. If the User does not confirm the request, program flow ends.

If the vehicle request is from a Staff Member, then program
flow branches to Figure 12 instead of Figure 10. At block 1210 signal 2
is sent to the computer subsystem from which the request was received,
resulting in display of a message asking the staff member to input his
intended destination. The registration process receives the Staff
Member's destination from a computer subsystem at a kiosk at block
1220. At block 1230, the registration process determines the distance
and time that the requested trip is expected to require based on
information previously stored in the User portion of the shared system
data (Fig. 8, block 840). The distance and time data is then stored to the
request data base at block 1240. At block 1250 the status of all vehicles
is retrieved from the vehicle data base. At block 1260, those vehicles in
the vehicle search group corresponding to the port from which the
request is made, together with their status, is sent to the computer
subsystem at the port. The Staff Member then selects a vehicle at block
1270, and at block 1280 the User-ID and PIN of the staff member are

sent to the selected vehicle.

)-1L
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In preferred embodiments, when the system determines that
vehicle relocation is required, as for example in the algorithm disclosed
above, Users may be asked to relocate vehicles. If during vehicle
allocation, the monitoring process determines a need for vehicle relocation
(block 1310), the User is presented with a short set of questions to
determine whether a passenger might drive a vehicle that requires
relocation to the passenger's intended destination.

At block 1320, the Usef is asked whether the trip requested is
a destination or an errand trip. |If the trip requested is an errand trip, the
User is not asked to assist with relocation and the program flow returns
to the vehicle assignment method of Figure 6. If at block 1330 the User
responds that only one person will be making the requested trip, then
there is no extra driver for vehicle’:relocation‘ and program flow continues
with vehicle assignment according to the method of Figure 6. If there is a
least one passenger in the requested trip (block 1330), then at block
1340 a vehicle is offered for relocation by a passenger. At block 1350
the passenger accepts or declines the offer. If the offer is accepted, the
passenger swipes his smart card past the card reader at the computer
subsystem, and at block 1370 the;appropriate data is sent to the vehicle
for assignment to the passenger. At block 1380 the number of the
vehicle assigned is sent to the computer subsystem. At block 1280, the
passenger either accepts or deciinqs the vehicle offered. The flow of
Figure 11 repeats until there are no additional passengers available to

relocate vehicles.
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2. Shared System Data Base

A real time data base is used as part of the monitoring
component. The data base is implemented as a set of shared tables
accessible to both the monitoring and registration processes. The tables
contain data from the various subsystems, or from algorithms that use
and refine the date. Data management is handled by commercial data
base engines, such as Microsoft Access. The data bases are used for a
variety of tasks, including vehicle  allocation, calculation of the time and
distance a trip requires, as well as tracking and monitoring vehicle status.
Other tasks that may be implemented through the data bases include
improving the prediction of vehicle arrival times, and determining when
vehicle relocation will be necessary.

In the presentiy preferrad embodiment, there are three shared
system data base User Data (Fig. 8, 830) includes records of User
information and statistics, such as the time required for travel to particular
destinations, at different times of the day, as well as a record of the
system by registered Users. A request data base (840) contains a record
of requests for vehicles and allocation information for each vehicle is
maintained. The vehicle data base 835 contains information about vehicle
status, including requests that cannot be immediatelyfilled, for lack of a
vehicle or in the case that the vehicle is, for instance an electrical vehicle,
lack of a vehicle with sufficient battery charge. In an alternate
embodiment, the vehicle use data base may be accessed by a User having
rights to access the wait request déta base from a remote computer, such

as the computer subsystem located at a kiosk.
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3. Monitoring Process
The monitoring process:updates information in the shared

system data base using information broadcast from vehicles concerning
vehicle status and location. The monitoring process controls and
communicates with the vehicle fleet by way of computer and
telecommunication equipment.

In the presently preferred embodiment, the monitoring process
is implemented on three computers: 1) a data transmission computer that
manages communication between the system control computer and the
RF (radio frequency) messaging network; 2) a fleet management computer
that initiates and monitors messaging and location of the vehicle fleet;
and 3) a control computer that generates and records ail messages sent
to and from the fleet management .computer and carries out protocols
necessary for system operation. In the presently preferred embodiment
the fleet management computer runs commercially available "fleet
director” software. It is the integration of the control computer with the
fleet management computer that creates a unified shared vehicle system.

Data from the vehicle fleet is constantly monitored. When data
is received from a vehicle, the vehigle request data base is immediately
updated. The monitoring process also observes the use request portion
of the data base. When a use request is submitted by the régistration
process, the monitoring process prepares the allocated vehicle for use.
This includes transmitting the appropriate User ID and PIN information to
the vehicle, to insure that the allocated vehicle is made available to the
User that submitted the corresponding request.

The monitoring process also keeps track of the distance driven

so that the User may be charged for the use made of the vehicle, to warn
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In the presently preferred embodiment, a graphical user

interface ("GUI") is also provided so that a system operator may observe
the overall system operation. The GUI is configured to allow the system
operator to observe the location of each vehicle in a map based
environment. The GUI also allows operating data for a selected vehicle to
be reviewed. Finally, the GUI allows the system operator to send specific

messages to individual vehicles.

The foregoing description of the preferred embodiment of the
invention has been presented for the purposes of illustration and
description. It is-not inténded tc be exhaustive or to limit the invention to
the precise form disclosed. Many modifications and variations are
possible in light of the above teaching. For example, while many of the
data processing and decision making functions are described above as
being performed by the central station, other embodiments may include
port facility computer subsystems. that are programmed to perform some
of such functions. In yet further embodiments, the vehicle subsystem
may be programmed to perform some of such functions. Therefore, it is
intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereto.
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CLAIMS
What is claimed is:
1. A vehicle sharing system including a plurality of vehicles, each

vehicle further including a microcontroller that controls access to the
vehicle; the microcontroller further including random access memory and
read only memory, both for storing identification information, wherein the
identification code for Staff Membiers is stored in read only memory and

the identification codes for Users are stored in random access memory.

2. The vehicle sharing system of claim 1, wherein the read only

memory is an electrically erasable programmable read only memory.

3. A method for controlling access to vehicles in a vehicle sharing
system, in which users and staff members may access vehicles and in
which each user or member is assigned a unique identification code, the
method comprising the steps of:

providing a plurality of v;ehicles, each vehicle comprising a
microcontroller that controls access to the vehicle, the microcontroller
further comprising a random access memory and a read only memory;

storing the identification code for staff members in read only
memory; and

storing the identification information for users to whom a
vehicle is assigned in random access memory;

the method allowing staff members to access any vehicle in the

shared vehicle fleet,



