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application is a continuation in part of United States Seri al 5 APR 2003
09/ 349,049 filed July 7, 1999) and incorporates the disclosure of tL

parent application by reference as though fully set forth herein.
BACKGROUND COF THE | NVENTI ON Field of the Invention: The present invention
rel ates, generally, to systens and net hods for sharing a f cles
anong a plurality of Users and, in preferred enbodi nents, mmmmmmmmmmuv

and nethods for sharing a eret of electric vehicles, including systenms and
met hods relating to allocating, tracking, securing, nmanaging and relocatlng
shared el ectric vehicles. Description of the Related Art: In nost nodern,
industrial countries, private autonobiles play an inportant and soneti nmes
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| ocal areas, for exanple, to and from places of work, study or worship, on
errand trips or in commercial activities, such as deIiveries, sal es visits,
repair visits or the like. As a result of these inportant roles, the nunber
of aut onobi | es i nTardappliaattbmissa contoseripalin zedt of tirdtechhtlatesi ¢rdr i ng
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parent application by reference as though fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates, generally, to systems and
methods for sharing a fleet of vehicles among a plurality of Users and, in
preferred embodiments, to such systems and methods for sharing a fleet
of electric vehicles, including systems 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 worship, on errand trips or in commercial
activities, such as deliveries, sales visits, repair visits or the like. As a
result of these important roles, the number of automobiles in and around
most industrialized cities and neighboring regions continues to grow. The
increasing numbers of automobiles results in increasing occurrences of

traffic jams and demands for parking spaces.
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1 6 APR 2003 -2 Mass transit systens) such as busses, comuter trains,
subways, streetcars or the like can fulfill some of the transportat] &mPR 2003
needs of those comunities and nunicipalities that have such systens.
However, travel with such systens is confined to pre-set stop |ocations and
times, set by the route and tine schedule of the bus) train, subway or
streetcar. The prescribed routes and tinme schedules typically do not neet
many travel ers’ needs or are too inconvenient for practical usage of the

t tati tem b t | F t t at
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desti nat'éjl_lrb\Jv%Qtét‘?é‘étfctapéabrttngmk@'“tsatn dlﬂﬂi s@ﬂﬁé bt eRalr ALt flon needs
transportation’to or fromthe pre-set or exanpl e, some UBers: dri ve
private vehitdsescémnandtibs @mpmensapaiatsspmamcraweomraedsmﬁéﬁ the vehicles
near the stop | ocations. Some mass transportation systens even provide
vehicl e pLéﬁlMet’Y@T,fHéNBh Vildissuen by presns & cgrﬂb@eqi dedrEo®d Stop lecehonsers. For
exanpl e) ter tr}a/n st ops _and near, sone gllttl es are

, {b)us Stﬁ% fatn 0

of t en pro%)1 S S 57 L R IS P64 g pal LUgeor 0P P KAy iVRE3X ehi ¢l es.
However,, d’re?ﬂfrgéiﬁ%r' 5 RATDELNG K 0 SnbvhEAchedURELIbiBaRKEE ddy oughout a
| ar ge part 0 e are driven only in the norning to bring the User
to the trraient m.arﬁusrasbmps ‘anged ot hee everinoghvenitak forf premtichbut sgé mfor bus
stop. Thus, while nodern nass transportati on systens can result in a
reduced ﬁ@ﬁﬂé‘ﬁséﬁf%moéWé@rbﬁV%Tﬁ@ Pdaipra@ tEAHE ISy eiok MAsY B3R rmass
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can result an ine vate ve ccor di y, there is
a need fQ)'ngﬂn@M@th@é'sdm%QUhOI@cEﬂbnE haaeiméwmt faid ag @ RusTH| @nﬁﬁ)dé@@fOf
private vehicles, such as an efficient and conveni ent shared vehicle system
and met hddanmt@tmbw@wmfeor@ymeew @@tnstppovF@@emmlﬁlwm@wwy diilegn ot her
means of public transportation. APR 2003 hicl e
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area, and return the vehicle to the parking area nearest to the User's
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area for an erran%lqand return the vehicle to thg sane desig %ied par ki ng
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syst ens rpmxatbe/eswléscww\tvle)aecomlmleenh duwhnpaikiag ¢otdsemscdlly esmbioy t he

system Accordingly, vehicle availability within a reasonable tine of a
User's rafuikst thepughargm Jﬂréelgar@@rfyth%ﬁéf/t and are e aetedsth such a
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of share l'es, %& aval OF “a VR el "%t an y giventtime can be
i ncr easec{akaqvwemqe ﬁmt &MbaeStops ThHUY, MvERE radderdrhé 86T tr&m@itYattdn vehi cl e
usage is maxim zed with smaller vehicle fleets. Accordingly, there is a
need for systevasapnvedsuty o @ygdemcﬂ inatm erxe v eleislagsen tbermeedi ainary yet

m ni m zes .t he nunber o es re uired artlc(ilar

enpl oyi ng' Nt sS T a“assr?af!aasre%rﬁﬁ P Sé’?%%%cg% Préteﬁ%nata?d % 1"6R

ecol ogi caby %‘F'\(/%@é @Qﬁ&l@@@n@%éﬁ%ﬂ?% aN@Héﬁ'ic@éﬂ' sl of PARRde SXPiQBy MRy be
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di esel fuel type Aetordirggy, Thene sy needegvere gqiboyaoteantdrod tomeheof
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can provide more ﬂe><|blllty than other means of public transportation. In



1 6 APR 2003 -4 of different energy sources, Electric vehicles powered by
both |l ead acid and nickel netal hydride batteries have shown nuch pT?Wﬂ??UM
and several nmanufacturers have produced viable electric vehicles enploying
these battery technol ogies. Electric propulsion is a good candi date for use
as a shared vehicle, Sharing systens and nethods are in no way dependent on
the use of an electric vehicle, and nmay_be enployed with a nunber of non

el ectrical or hybrid technol ogi es, including conmon gasoline power. The use

kg R N

presents over other alternate p vehicles. For

exanpl e vehi &lae debiahatdd phRGHY esRNt $28AdUyehk dilewHRYabiablbid y during
charging times are not concerns with conventional vehicles, Electric
vehi cl es vypictabt ynegruking arear ghdgewmethef venictehtmthdhpacidongenreaonal

vehicles require refueling. Rechargi ations are not nearly as ayail able
as convenfE®ifal tpebed=aim %%W?atf%l-@%e %Féé‘(}%\f ??Speérh‘é? §i Ygl6e aHt Bf ectric

veni ol 0. YRisaTrlated BEROBFRAEN SobaTEnd R SFUEN S SR ERTL I har ki ng

vehi cl e. Thus ronal v 'e Ts prese a desi gnat

area of adsfighsttdVehiiGhS as¥St SNarddit eBnes sReterhaBasufd Usé@mly duel to neet
a User's travel needs, the vehicle can be quickly refuel ed and nmade

avai | abl erdlativdie |ageEr nuiibeewérsubsodheshgmowd Iotikkidersufigtmitdesurdyidle in a
desi gnat ed parki ng space, .it iﬁ' notfavai a{)I e%go a User un] sshlt has a
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Typi cal | y¢ ogﬁ‘cﬁh%‘?t ric vehicle cannot be re-charged quickly enough to nake
the i ntendre tripif its existing SOC is inadequate. On the other hand, if

t he User intends Sharmkeekickhoydtetrrd pust e welictdretlyraynbenieapabl e of naki ng

the intended trip even though it is not fully charged, Accordi ,n_%l y, there
is a furthetivateysess ta eaylp¥ingmy sketho ccordipgixpreditis availeBiithanagi ng

o SR SR8 0 PRI HEARLIO, e EGhp e needs of &
important to the success of such a system. Of course, by maintaining a
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 diesel fuel type vehicles. They may however
employ cleaner forms of propulsion 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



1 6 ApR 2003 -6 SUMVARY OF THE | NVENTI ON Preferred enbodi nents of the
present invention relate to shared vehicle systens and nethods that, PR 2003
maxi m ze User conveni ence and mnim ze the nunber of vehicles requi ;gda i r;z
the shared fleet. A shared vehicle system according to an enbodi nent of the
present invention includes a central station, at |east one port for vehicle
distribution and a plurality or fleet4af vehicles, each having a vehicle
subsystem |In general, the central station, port and each of the vehicles

are abl e o, QML £aL6 A LRAl dilie KQJUIRLES FEeRS EEWRRTET Rid ocat ed

b
and used 1 n an reli e manner. Brirefly, a User enters

i nfor mat ien hRkEEARS! h@dri@hbetteriat hvRosHowrhalich frer1®d kA8 déveral
comuni cated to the central station, where the information is processed by

a syst emmcantfzctureosmaterprodused eddbla eletiricl eefficem ¢rhpldiregthése al | ocati on
to the User at the port. The s%(stem control conputer co nicates wwth a
|

t
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assigned vehicle rovi d€ secure access to the selected ve by the

assi gned ddseife ut® offaimi élettricchelicts, | aahanbahppeedtwig Shatitser 400 noni tor

the state of charge of electric vehicles and to provide other functions

descri beddvetlentricat eortdibig tashoedogispertcledingomMmpengpedineabPwtedt i on of

shared vehicl es Users.i travef\'eei nf.ormat i on received
I

h di t, .
from Users. By alllBchtf A e\?/eequﬁ?fle%os"lvg%e%g{ﬁeaﬁpetsr RIS T, the usage
of vehiclgs;apd hSREVEP r%@iarerfbcﬁjrﬂ?é}fé@'n?)&%ﬁég%gier W d e Y@z @S

enbodi ments related to this aspect of the invention nmay enploy any form of
shar ed velivedreyeldciesr dif srgekample vakeicleeobadjingnequioénehes pnaseatticienvent i on,
vehi cl e shari E%D@%/stems and net hods enpl oying electrjc 1 6 APR 2003

vehi cl es YA Ve AFBENE | BBy 9Rgetidies ATESRRE. CAMErRP | WALV et Of%ct ri ¢
vehi cl es tpidfsers i s nanaged to nmexin ze vehicle availability and mnimze
vehi cl e e{owntl me, taking into account the state of charge of a vehicle as
wel | as the char @lawgricatehiokesaypehllglrequire greberg abredfosh meat shevehi cl e
paraneters such as stored ) , . _

conventional vehicles require refueling. Recharging stations are not nearly

as available as conventional petroleum motor fuels. Moreover, recharging

of an electric vehicle typically takes much more time than refueling a

conventional vehicle. Thus, if a conventional vehicle is present at a

designated parking area of a shared vehicle system, but does not have

sufficient fuel to meet a User’s travel needs, the vehicle can be quickly

refueled and made available to the User. However, even when an electric

vehicle is idle in a designated parking space, it is not available to a User

unless it has a sufficient existing state of charge {(SOC) to make the

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 intends to make a short trip, the vehicle

may be capable of making the intended trip even though it is not fully

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



energy are tracked and processed for purposes of efficient allocation of
vehicles to Users as well as for selection of vehicles for charging] §RRR 3003
information is sent fromvehicles to the systemcontrol conputer

preferably by radio frequency transm ssion. In the presently preferred
enbodi ment, radio frequency transm ssion is bidirectional, allow ng
messages fromthe central station to pﬁ_transnitted to individual vehicles
as well. The location of vehicles is al'so tracked and stored by conputers

I ted th t tati t.h f d enbodi t
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posi i ont i Sushem (CRokar RPAlAREKA 0GrSYRIAT pliAfhOPEAGRR; i angul ation

system or a vari et ni ques Icularl erred
enbodlnenmghmmghlcle | ocation information is prOV|ded by a radi o beacon
triangul ati on 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 nmethod provides controlled or
secured access to the shared vehicles. In preferred enbodi nents, User
identification information is provided to a vehicle that has been assi gned
to a User and such information nmust match information presented by the User
in a User interface device installed on the vehicle, before the User is

al l oned access to the vehicle. !'n yet further preferred enbodi nents, a
User's personal 1 6 APR 2003 -s. identification nunber ("PIN'1 nust be
entered by the User in a second interface device installed within the
vehi cl e which nmust match an expected PIN, before the vehicle is enabled for
operation. In particularly preferred enbodi nents, staff identification
information is permanently stored in the vehicle subsystem Accordingly,
staff nmenbers may gain entry and operate any of the vehicles wthout the
need to have the vehicle allocated by the systemcontrol conputer. In

anot her particularly preferred enbodi nent) User interface devices in
vehicl es not allocated remain in a power conservation node until all ocated.
According to yet another aspect of the invention, a shared vehicle system
and nmet hod i nvol ves allocating vehicles froma group of avail able vehicles
and returning vehicles allocated to a User to the group of avail able
vehi cl es upon detection of a parking state while the vehicle is |ocated at
a port. In preferred enbodi nents, the detection of a parking state is
acconpl i shed by, for exanple, the detection of the setting of the vehicle
in a parking gear, the |ack of notion of a vehicle for a period of tineg,

t he opening and/or closing of a vehicle door) or a conbination 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 nethod invol ves transporting
or relocating vehicles fromone area or port having a surplus of vehicles
to another area or port having a shortage of vehicles. Vehicles may al so be
transported to effectively use storage space for the parking of the
vehi cl es. According to anot her aspect of the present invention, a shared
vehi cl e system and net hod invol ves a vehicle transport systemfar
transporting a first vehicle



1 6 APR 2003 _g_ with a second vehicle, for exanple, for relocating the
first and/or second vehicle. The above and other aspects, features; gaieh 2003
advant ages of the present invention, wll beconme apparent fromthe

foll owi ng description when taken in conjunction with the acconpanyi ng

drawi ngs in which preferred enbodi nents of the present invention are shown
by way of illustrative exanple. 16 pR 2003 - 10 BRI EF DESCRI PTI ON OF
THE DRAW NGS Referring nowto the drawngs in which |ike reference nunbers

represent corresponding parts throughout: Fi 1 is a schematic di agram of
an overvi ew of the vehicl Mﬂﬂ@&&ﬁsﬁ@ﬁﬁﬂm a flow chart
representation of P?éf%Pr%dC@r%Bbg%ths 5f0t}'|eogresent invention relate to shared
vehicle systems and methods that maximize User convenience and
minimize the number of vehicles required in the shared fleet.

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 processed by a system control computer to select a vehicle
from the fleet for allocation to the User at the port. The system control
comouter 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 can 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



into a termnal conputer at a kiosk; Fig. 3 is a flow chart representation
of steps carried out by a User to request, select and allocate a vggi cPI eZ
Fig. 4 is a flowchart representation of steps carried out by a st #APR 2003
menber to request and select a vehicle; Figure 5 consists of diagrans of
t he vehicle subsystemto show its conponents as |ocated in a vehicle (5A)

and (5C), and in schematic form (SBA, Fig, 6 is a flow chart representation
of steps carried out by t he vehicl e subsystem when a User accesses an
assigned vehicle; Fig is a flow chart representation of steps carried

out to treeikcleshndhe srtaéadlftmtaaﬁ@i déscdnthe ﬂf@s@lw@tww T Ioh durl ng
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represent ion of steps carr
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 transmission. In the presently preferred
embodiment, radio frequency transmission is bidirectional, allowing
messages from the central station 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
particularly 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 controlled 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 vehicle, before the User is allowed access

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



central control conputer when a user logs into the systemto request a

vehi cl e; 1 6 APR 2003 Fig. 10 is a flow chart representati on of ?r;tgeé)@
carried out by the systemcontrol conputer when |ID and ki osk infornat SALRS
entered by a User when requesting a vehicle; Fig. 1 1 is a flow chart
sunmmari zi ng program fl ow when a vehicle is not available; Fig. 12 is flow
chart sunmmarizing the steps carried ouf by the system control conputer a
staff nmenber |1 ogs onto the systemto request a vehicle Fig. 13 is a flow

chart representation of steps carried out wh stem contro| conputer
detects tH@Mé@é’é‘@ﬁt%méﬁr@w\'c?éﬂ%&l ﬁm%ﬁggwdnl%@é%é? aj %8 esting a

vehicle aCQter ace év?cealnns g?eoodl/ﬂﬁﬂﬁ tRé \}e'm’cle which must match an

expected PIN, before the vehicle 1s enabled for operation. In particularly
preferred embodiments, staff identification information is permanently
stored in the vehicle subsystem. Accordingly, staff members may gain
entry and operate any of the vehicles without the need to have the
vehicle allocated by the system control computer. In another particularly
preferred embodiment, 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 method involves allocating vehicles from a group of
available vehicles and returning vehicles allocated to a User to the group
of available vehicles upon detection of a parking state while the vehicle is
located at a port. In preferred embodiments, the detection of a parking
state is accomplished by, for example, the detection of the setting of the
vehicle in a parking gear, the lack 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 present invention, a shared vehicle system and

method involves a vehicle transport system for transporting a first vehicle



present invention; 1 6 APR 2003 12 DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS The fol |l ow ng description of preferred enbodi nents refeTﬁlﬂ?ZU%
t he acconpanyi ng draw ngs which forma part of this disclosure. These
enbodi nents illustrate ways in which the invention may be practiced. It is
to be understood that other enbodiments may be utilized and changes may be
made to the specific structure, or netphods disclosed wthout departing from
the scope of the present invention. The invention relates generally to
systens and net hods for sharing a fleet of vehicles anon plurality of
Cher o andvifas SHS GsPRUES . dPT SYBMPLE o8 FEIOLaAn BN RS LAY BEAGOBBL ] i 21 ng
vehi cl e ablﬂﬁﬁgion, vehi cl e tracking, security, and chargi ng and managi ng a
fleet of SRared electric vehicles. As discussed above) in a shared vehicle
system a nunber ghevfitivd 85d dtReM@sp@dtkY feRUA A 1 alDasRNRET Besi gnat ed
parking areas referred to herein as ports. The ports al so include equi pnent
f or char gpresanienpantier,i edl become amldrehedronaghedblioasa depatiptiosubsyst ens,
for conmunicating with the central conputer syste Preferably, conputer
subsyst em'NGnetakEEaNetP WH P ATIAN W&MEG@&CﬁW%ﬂ%Q@Wﬂ@S Yhavitishprotect the
equi prent BFJf%FPeﬁeear%BSB'{mén‘ésﬁ t@ér&%%ﬁ'n@erit?}drp@gé sRO% PR .tWa\?Q)q return the
vehicle to another port nore convenient to the User' s destination, or to
return thgueehitickexaonplae port facility at which the trip was begun. To
successfully attract people to subscribe and beconme Users of a shared
vehicle system the system nust be sufficiently convenient and inexpensive.
More particularly, Users should be able to pick up a vehicle at a

conveni ent |ocation and with mniml or no waiting time. The system shoul d
be easy and inexpensive for the User and cost effective for 1 6 APR 2003
- 13 the system adm nistrator to operate. To have m ni mal environnental

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

enpl oyi ng cl ean power sources, such as electric vehicles, as its primary
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 prﬁ¥”ﬁ§20m
addi ti onal advant ages di scussed below. As will becone apparent fro

di scussi on bel ow, sonme enbodi nents pertain only to sharing systens
containing at | east sone electrical vehicles. Those enbodi nents of the
invention relate to charging or the state of charge of electric vehicles
and may be inplenented with or wi t hout'Ovari ous ot her aspects relating to,
for exanple, vehicle allocation, tracklno and securlng Simlarly,

embodi nents of the i nvBRIEAMBESARAPTIS &l DFAWINGSat i on aspects may be
i npl emented with or wi thout various ot her aspects such as vehicl e charging,
tracking and securing, and enbodi ments rebating to vehicle securing may be
i mpl emented wi th A eamih BOLy %hﬁé HEPRRES .ﬁwmcﬁs.k\éer@tgﬂe%cterm'begs

al l ocation or charging. A schematic representation of a shared vehicle

syst em 10repcesurti ngréspandmgbertsethreapodiutrent of the present invention is
shown in Fig. 1 . _The systemincludes a central faC|I|t¥ ( 1 10) conprising
a system control Eigrpuiser stematifiHagrasniaign REeenvchfethehdehisle system at
| east oneiﬁﬁrt |nclud|ng a kiosk (120) with a conmputer subsystemincl uding
i nput and® qunent in comruni cation with the system control

conput er, and a ft@etz _fa Yeli ehss rtg%sém@n@ﬁ MY1ePsicarsdo W@ Blgd. 1,
each having a vehi ¢l e subsystem (14 I n conmuni ca |on wth a systent
control conpatermifdesystemaankiosk; conput er communi cates with the

conput er subsystem in kiosk (120) and the vehicle subsystem 140, 1 f~ APR
2003 14 accor di ng" 8o 3/'8r3 Hegv E%Hdleﬁé‘?ﬁes“taegerquﬁéapﬁélaéwdtoé”eh\{ 8cat e

vehi cl es | SR&B& t &r o notify a User of the vehicle
aIIocated Q JE} rovi e’ggégggﬁﬁbnggg%éssﬁ%%%the sel ected vehicle, to
nonitor t he I ocatangn 4aiach diper ahamngepredaraatbnudhitepesarmed hasitfieat, to
nonitor the state of charge of electric vehicles and to provide other
funct i onsSTEESEETIRG eledwest ANPrasiest &y eBi®di ment s the system contr ol
computer and the @gUPéJ%eéor?s‘féﬁy&t&%r%@ G Gulied &?o SY&N t}”ghgw ent

respectively. The Server and ¢l Conmini cat & US| ng andar er net
based hypes texipdricans berops@doacd vehitié P5A) andVise), laﬂtmhr@dHe@ﬁah@ request ed
from Users, the request preferably is made by transmtting active server
web page§0r@qﬁﬁﬁt|ng the information io the client conputer subsysten1 and
processing the LB onse, t hereto. t ative e

nessage requesti ndgi' ﬁf 'SramaP 1t oﬁh?rorﬁPf%SerlﬁganﬁﬁyﬁBBS &é‘ﬁ'égg rgay ég?l y or
stored atydHi@leCQAAYEEEMSYBERMN BBEr sakéastsbin aee.@qeauaérﬁcleommnd fromthe
server. In further enbodi nents, the conputers may be linked directly be
dedi cated |ines r%tghé’rlStEhﬁnV\byh&ln’ttrepn@&ematlonSél%GDS ®aragd oAltltocat i on of
Vehi cl es Ac o one aspect, of the \%ﬂ sent_inventi st ens and

vt hode” tEsSenEh ik I2RR, SaP 83k anet Meliatra ARG ARG B | ng
vehi cl es (1 |H%ﬁf(§n5%5t§|5is Q5K &h 9\9‘@?1‘ nat 9 QEhlché3598§ for maxim zing both

ef ficiency and convenience. Such factors include thé |ocation of the
vehicles rel ativeFigo8tibes plactk dingraminfctheasystquesonirs! sobmuteed, the state
of charge of t he vehicles, the distance that the User expects to travel,
the peri oac'yAing s iptRIECHAR Wik othepalanens ekt H@hwmlawéngt%tmr s

expected arrival @, st W eha SEPERhRdndR ABhL Qar¥e R 8, YRE

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

vehicle;



1 6 APR Z003 -15 patterns of particular Users, the nunber of individuals
waiting for vehicles in the port, and the nunber of vehicles avail ég gE
the port. Vehicle selection and allocation occurs in real tinme by di 8 003
comuni cati on between the central station, the ports and the vehicles. As
shown in Figure 1, User 150 desiring to obtain the use of a vehicle 1 30
arrives at a port. As shown in the flqﬁ/chart of Figure 2, at block 210,
the User swipes a snmart card 1 60) of 'other machi ne-readabl e token, at a
card reader on the outside of kiosk 120 in Figure 1, which is |located at

the port. In a prB&Sentd ¢ prlovechalt ErpetrMate] IheeradarHed ieddantae t oken

is a cont I [ C J . Y ant enna.
The card i &gﬁig §§%ﬁfbh*&@gﬁ§@hﬁd§f?géﬂﬁ%?%ﬁgﬁﬁﬁg“gﬁégfﬁﬁéﬁﬁggﬁﬁfs are
common toyakt wWHER eefedtiah& Vehierd.ed to herein as a facility ID; the next
16 bits are uniquely assigned to each User, and are referred to herein as a

personal |ID; the Fast!t isoa Biovg cheet siwadharezing iprégranhdlavmtvelgen ey of t he
encoded infqrgfiion reag ' the card reader by checking parity. The 26 bits
are col | e¥8NGE § 2Pt RIS * Ot her nachi ne readabl e tokens, such as those
readabl e by optical, sjigpals, L s Wit o H S S aRE el & | aygNnti on
Foll ow ng a card gﬁfgéggi %Wd?&ﬁi%o, tﬁg ?gcilithID ig reégg%§ a card
reader atéwgnbedcbetrbheoowiuséde sodfftrhembiepdbgs bhtd hiee fsgstdrintty ddduestcorrect,
the ki osk unlocks, and the User is able to enter and access the conputer
subsyst en® vébdtled i nsi de. A screen saver, preferably displayed when the
conput er subsystemis 4 nactive, is renpved at block 250, .after the kiosk
door unl ocks (blogh'gigf.a HéVEEEFt% r%%'%Q%gﬂép?%gpa(§¥”5d§%gdﬁgen

card
reader | ogat &¢kwid BbRrbheokipesk: ddhRtYIRE deeasith tbevkhRsk réigeatibAn is sent
to a systemcontrol conputer at the central facility 1 6 APR 2003 -16

(bl ock 228)d tiFre dimer he repevsdima a MOhpde tacsrwrdingUsesn leDnbediorardtdfotine t he
system cont r ol coQPute( makes a determination as to whether the IDis

assi gned R'G@SENLERENI®FY, Staff (28), or is invalid (29). If the User IDis
assigned to a User) programflow continues to a User Subroutine, sunmmarized
in Figure 3. At block 300, the conputer subsystem from which the User
initiated a request receives signal 2 fromthe system control conputer

whi ch causes a request for the User's destination to be displayed. The User
is requested to input his intended final destination which is sent to the
system control conputer and stored in a data base. In response to signa
2.5 fromthe systemcontrol conputer, at block 310 the User is asked

whet her the vehicle will be used for a Destination Trip or for an Errand
Trip. A Destination Trip is defined as a trip fromone port to another,
while an Errand Trip includes at | east one stop at a point that is not the
final destination entered at block 300. If at block 320 the User indicates
that the requests d vehicle is to be used for an Errand Trip) the User may
be asked to provide additional information, such as the nunber of
additional mles (330) or the additional tine (340) the errand trip is
expected to require. Regardl ess whether an Errand Trip is to be included,
all Users are asked for the nunber of passengers traveling with them at

bl ock 345.



Currently, the conputer subsystem asks the user the nunber of passengers
for the intended trip. Currently, this question is used only for qugig@
pur pose, but may be advantageously utilized for relocating the vehilc @ 2003
fromone port to another for efficient utilization of the vehicles. In such
a case, the systemneeds to know the nunber of eligible drivers anong the
passengers, and the user is required to declare the nunber of eligible
drivers. As an incentive to make the  li8ders nore actively involve 1 6 APR
2003 -17 in car relocation, the systemrnay be provided with an arrangenent
for rewarding the users who are willing to provide an additional driver to
rel ocate a second -gi le (ar e a_p LLLY.-of V. higl- | . Wen a user
enters a request flgES5Ra SR 2 HEh o= eyboard of the
conput er subsyst t rif i Lpis a
direct or indiregf“?3?€§§¥§b8§%§?§ﬁ¥{?gﬁpﬁﬁk%%%%*§%3W5%§?955FE§Eﬁd an

i ndirect el fclrhpasyidgr@balinyehyhiabcarmt £ past bhetisalis@bstihe Theeedur ati on
of the trip. However, according to the analysis of data which was coll ected
during t hembpdiragitsnllostrateevwaystisrvbicdy the icwentibn mawdperdaddted.t twas f ound
that the vehicles were ysed for a direct trip in a nmajority qf cases, if
the user SdPt Hadﬁrsﬂifﬁ?%’l tg?'f P@%n‘imwaW%ﬂﬁe’%ﬁy&ﬁ &gg%‘?‘i .a”pnglﬂrlﬂaers wor ds,
the tine duvald Ansieofo IHd PSedific AtAaTBrdest ifeat b dispd &l Witdald into a
narrow ti me’ w ndow, and cases of extended tine durations or errand trips
are rel atdamdryingdremn tBasewbpenot bives presargrinteotionit i s possible to do away

with the requirenent to declare if the bntended tri pc{' s a direct path or

i ndirect path witHORIMESEEME2SF SFHPIY CARYSEPEANTG MedEedHdei ng the tine
duration [ [ [ t i

Accor di ngﬁ%rﬁ‘lig é%ethr‘rngérﬁ‘é{‘?g?”@gnﬁ%gi @r&?\?,ﬁga&f&%}%f g?‘?i \ﬁ%ﬁ/dsggﬁ%%c?or hi s
desti nat igsudt s{srentd Bad rdesiddzaihcnriing opitinhigingny ehiBanallbeatpor,t at which
the trip begins) the trip is considered a Direct Trip. Experience shows

t hat whenv@Melefiraghindesesyratyi emad eha@ing Redsaaeagiv ot aélegt Adshahere a trip
is begun)_,in the great jprity of cases, the trip s a Drect Trip. It is
bel i eved %l‘ﬁ% MesYF g n?‘%éﬁ?%uegs\?gh?% ee’dPIaoéﬁ?riegnp%rﬂ'glcee %St&m'e‘?i m nating a
step in wireBetsekehrli®s askadrmarRy hesintaihed in issvardddeednateh ki Errand
Trip will nmake the systemnore user friendly. 1 6 APR 2003 -18 As

descri bedrens getedtast talberdin dsebos. t Hee speisaatsel dd@aE ey ipmeniider vehi cl es
are available. for, the trip regueste bl ock 350). 1f available, a vehicle
is all oca%g%{q%gavgﬂ?g!oé%ﬁﬁrﬁ?&ﬂ’gfaé ar %?@9%&059‘3%‘?&3&"8%5&%?53ubsyst em
(bl ock 368} corfmBnieRing! &ithStHOLe AEN. AVALEALLB e fe pr&Yct g, time for a
vehicle is displayed (bl ock 370?. At block 375, the User 1s asked to accept
or decl i nrhpeterehibclyeterh§ eredocdtedt \wahof kiesks sogquoeptedecttiy andber of the

assigned vehicle is displayed by the conplﬁter subsystem Sbl ock 380). If the
of fer is RIGLEFINIEG CTHRMENEJFAM WEAE bl OCKSYBBRY DEIBALTR BEPNen nore

detail b o [ i i ndivi RAS i ng
t oget her %r?.g;f/v %%&éggﬁéﬁégggeﬁ%??g’e?ﬁn %\T/edﬁ?gﬁdsrg@nasa %@p?ﬁqﬁ%l ()S%gt%i ng
vehi cl es ddweimagippt @pribakeurn the vehicle to the port facility at which the trip

was begun.

To successfully attract people to subscribe and hecome 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



As shown in the Kiosk Flow Chart (Fig. 2)) the system of the present

i nvention distinguishes between a staff ID and a User ID. If the Usgrﬁ 2053
recogni zed as a staff ID, programflow branches to the Staff Subroutin
shown in Figure 4. As shown in Fig. 4, in response to a signal fromthe
system control conputer the Staff Subroutine, staff nenbers are asked ac

bl ock 410 for their destination. At block 420 the conputer subsystem

di spl ays the status of each vehicle in the vehicle fleet, together with a
"check box' which provides staff menbers with an.opportunity to sel ect one
or more veR? VS SUIFNISTEAIBLT OREF e o deyA DI i HESM TR Pby
concernin viehi I ri4 t

i ndi cati oﬁgsg#t'vﬁi}acﬁjs{?@ﬁi o eslgﬁﬁeeg%?éé;ﬁ? Febﬁoagdé]??%)ﬁﬁgggﬁi %tfdgﬁii ﬁ%%)ésngf]idon

di spl ayed eaiplbliogkcl420 pprvedres@blcys) nothudesslédeicsteliieledf aghas geinadryt he

vehi cl e, and any required mai ntenance. Based on this information, a staff
menber mayhaedckerehiglgparticul ar vehicle for maintenance or rel ocation

. - ; jpti f hi cl. b h
Vehi o 130 in tné aRArRee UBRPLTE TR abid 8sou ke i PR G alard

comput er  SURIGN| 8fcfhd At IR Ahash 8ddMaki ¢leeaisshsyietenbed 4Rebar
comuni cating vehicle systemand | ocation data to the system control

conput er and grorvideeadditichabadvaratriges \isdussehdrelbunctisons!| desoniebed bel ow.
The features and conponents of a vehicle subf}%}stem are shown in Figures 5a

and b i n APRBFAERTCPETIRPUSHRN RAHP ¢ SOSUDETRUHTEHITRAT G 88 MR h a
moni tor i ngherirqg%ﬁ/gté%s tc'aﬁt?%xﬁ%a%em 2% 5%&91@% 1) JéhiPleQVi figo updat ed
on rega h ocC eac

i nformati Ing the Ion and status o vehicle in the fleet
of shar edemgdudilests dhehe éhtarlteorsdisistenhatifiag s thef stan@bif aat g rmf
instrunments wiithin the vehicle sur:h as the odoneter (510). and battery
char ge i nlecitiovehidey anggnakine grplemsNied yHdh tar AN ERPSEVERORSMAEF i ng

devi 2 T f h : - i i
o prof er oy adt B HALS e eGPRAE Por e phaRE P ARRCR A AR ot o2

patent 5, 8AISOA, ehBedRhSEIsOSUTe: Py ety dl StindeonReidaE ediodetishn by
reference. Vehicle status information together with vehicle-specific

i denti fi cashesisimppheaimpamentbd oddo st wbplbdiacalbyothpr eéseeatsl suevery 30

ds b d 35) installed within t hicle, Signal
b1 oadcast by “THEC ERANLRBndaL FI 8 parct Ve 61 8 POOrPR (oo Wada8t or m ned

by, Tor eyanpleses@HP hRAEONHILARAME AWM or Kibesut SN ART1KROWR 1 n the

navigation field, previously nentioned, may al so be used. I'n the presently
pr ef er r edagvisbdiletrackingehilicetionadusharging.ocati on i nformation is relayed to

a systemvehicle interface by Teletrac. As sho in.Figure 5, the vehicle
subsyst em i ncl ude& SFNHBEIE rtﬂsénbﬁ’tb%'éé’éérsr(arvﬁvgc‘f‘%}fﬁtﬁ $GIEBE P 540 t hat

recei ves Loplisd 1O pretePedRnBO8Rnent of the present invention is shown in

Fig. 1. The system includes a central facility (110) comprising a system
control computer for administering the vehicle sharing system, at least
one port including a kiosk {120) with a computer subsystem including
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 control computer communicates with the

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



20 instrunents, gauges and ot her devices for providing information
regardi ng vehicle status. In the presently preferred enbodi nent, the

m crocontroller is a Mdtorola nodel 68HC11 . In addition to nonitoritndPR 2003
vehicl e status information, the mcrocontroller also provides secure access
to the vehicles. User ID and PIN information is broadcast to each vehicle
and stored in the mcrocontroller) at the tine the vehicle is allocated by
the system control conputer, to i nsur &%t hat only authorized Users may
operate the vehicle. The microcontroller conpares the User ID information
provi ded BCH I &0 VanQEp gersyimenie skescpbediieam He alecaie yehitles e
vehicl e and PI N i.nformatjo tered in.. lLti display.termnal. (;"MOT"1
(565 wi (R G APUBEURH b Pty thalulle et B TR LoBets e ty ¢ e
identity @f Pffo»tﬂa@rse@me@mgtenr REckSs ACeRSSeldt@claRINGdIB, td Reomt&r gfont rol | er

al so controls powered door |ocks (545) in response to cor~~mands fromthe
syst em colettetibncorpaperatirignstdds oif oehi¢lbe imitbe deent toMmarital e smterol s t he
vehicle ignition system (550), thereby enabli of disabling the electrical
not or tha?PBBW@resoﬁlﬁ%%’é“hi"@%ﬁ'e&r%drFPo‘?’Bé’&EﬂP I‘?ref{unﬁﬁ'@f‘ér%‘?ﬁcﬁ'tqeﬁcl udes
random ac S, menmory (RAM) (555) and electrically programmable read only
menory (R@E (560). When a vehicle is allocated to a particular User, User

I D information is|spafeetnerRdlinWier thRespsabictentrsl abhmpeagedntiohanot her
User, User ID information for the previous User is cleared and that for the
new y asst@nedtesssubiystemsrasd.caniianrderast eevdlr| ow ahgntstespiechieaber to access
and drive_a vehicle), for exanple, inh the event, of trouble) staff ID

i nf or mat i bR isgr\éetroar%%Cﬁﬁmaﬂo@lné"ﬁ'ﬁ?aﬁ'{/’gesrtﬁggmi']rBFB@?ta%%edzfe read only
menory. The&kakd trhPster hrBtd¥dR (208p~ 21 whah Of ki i BMRighe s8I PFRMi N the
E2- PROM when the vehicle is turned off. Once under way, the mcrocontroller
sends vehUs¢ms, shatraguestf prafatabbn it ovaalenfoyitt orysnnigtipy eceiys saumai mgelon t he
system control conputer to provide con tan_tl¥ updat ed vehicle status and

| ocat i on RIATY FRAUESHNIUSEN AR TMAAPN &¢ tﬁer%'rep SOTRHECE SHEPYSIEN 8PCa tri p)
the mecr | : [ 1: S F ot her

ri P eUaet P o TS Sy ar das oty 1% catpu o e e T s afPel o1 s
tracked byietbegdet@ieathgsysbenatiandrdmithewosddmagt be peakeataaylopadpl em whi |l e
the vehicle is in notion. Because, even if the vehicle noves into a blind
spot for heosedadihetqrnpeteravsteinl andgahed Y sPrIGREaduCoFMERE bl i nd
sport, a hg s AP : a t vehicl.e. r., it is
possi bl enﬁt??léﬂﬁ-{ é@rb%ﬂ %rfuﬁﬁ%l%é%%tﬁ%&\%e%nﬁgl nga? ggﬁ"&cdé?l’esdlnnaﬁ’ygg\gﬁ{%g covered
by the TedieddtRe bsdBFatelt lifBRYrdtResthaliBytiatddetunfortunate sel ection of
the location of the port or a tenporary problemw th the Tel eTrac system
In either case, any failure to locate a vehicle by the systemrenders the

}[/ﬁgl glorGt upavai I abéglefc ruse, %gga%grquoql\/éﬁglevsehl cle may be sitting idle in

According to one aspect of the present invention, systems and
methods for sharing electric vehicles involve selecting and allocating
vehicles 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



To inprove the reliability in |ocating the vehicles) each port may be
provided with a short-range radi o communi cation systemfor |ocating the
vehicles in the particular port. Because the vehicle is |ocated by 1tthgPR 7003
Tel eTrac system once outside the port, the proposed system may be
considered as a hybrid systemin the sense it conbines the global |ocating
system by Tel eTrac and the local |ocating systemat each port using the
short-range radi o comuni cation, and-cda&n provide a high reliability at a

| ow cost. 1 6 APR 2003 -22 Such a hybrid comunication systemis valuable
in other gptteas ehoasicwler Users thairgirahst emindinelugservaiting ifal vghereers dat a
on his trirg hneeds and rlﬂ s ID frorp tge Itouch. ga]nel nd t he &a}é'dl reader of
the conpuief&ABEY SN RUBBET P ¥e)iclgh & Valdblem tadsi e oV 631 e whi ch
suits hisspeedsh AfifaRedtldsobbersdAdEaPlinldby Rl EdinkR el ocked simply
in response to a swping of the correct ID card at the vehicle. It is
acconpl i shedvbyn tthe ce@ntal akattont thel paospuidethedy lgetdsy communi cating with

t he vehicle subsystem typically via a public cellular phone service. Such
a public cellul ar Ashorvadniigere holeger Sh@gsings teeokelatn g yiseedt abl e.

Shoul d the_syst fall to. operate,properly e .o a breakdown o

communi caf‘”la%%/??e ?ﬁ@ %{G&VﬁqutzazaoﬁSeﬁgvS\g&“ﬂn H%SHBJO%IC@%BOEEI'%%I? %‘ngt door or
usc~ the WRRKC) €0, FUCSBP sQGEEE BENEEtCAIdSEED OB bih&lamBeRidN s’ trust
of the system Conversely, should the systemfail to detect the conpletion

of the uswlan, atvehan ediertdrethsentsdde of ias brl@ékidoguod 1¢omiah sat i on,
the charge to the user would continue to run even after he has rel eased the
vehicle, %%31%%hat theRodt| ead to serious consequences, To avoid such a

si tuati on fr om Ocﬁpéyrggfn{l? ﬁiréfeqree%j é%'o%i%gnpr \éi ﬁi\%cﬁirﬁeef:éjd}%%é( line of
communi cati on bot r placing a vehicle avallable to a user, and for
det ect i ngtdke® BonpRbatacilesefsex ity pcchAsseaveénhents @adangenpsadsivoRfd be to
nount a radi o transceiver in each vehicle to allow the vehicle to

comuni cag®@tedingecT g Gar € fis eneceemvitier2 & ompjdnesataliadifsor T e inghi&h t he

vehicle is. |located, Al so, ,t, .l i_rabl h the .user can. at ke unl ock
'he door St 248 <R R unl Deete 08T 47 TeRut &8 bo AR RL 2SRk BE SRR oper
once the Mefi ¢haitsSaaseh@rl, bosithedusesachesr henParksefdpeeces outside the

ports, it is essential that he can gain access to the vehicle, and start it
even 1 bespRagzOBex®nal ID; the last two bits are used to verify the integrity of

the encoded information read by the card reader by checking parity. The

26 bits are collectively a "User ID." Other machine readable tokens, such

as those readable by optical signals, are also within the scope of the

invention.

Following a card swipe at block 210, the facility ID is read by a
card reader attached to the outside of the kiosk. If the facility ID is
correct, the kiosk unlocks, and the User is able to enter and access 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



when the systemis unable to operate properly. In this regard, it is
desirable to provide the vehicle with a storage device which stores the
data of the authorized user fromthe initial assignnent of the vehig EPR%HUS
the user until the final conpletion of the trip. Thus) the user is able to
operate the vehicle without any interruption even in case of a system
failure once the vehicle is assigned to himon the one hand, and the
operator of the system can avoid freq'ué‘?lt’ requests for assistance fromthe

users. 3. Vehicle Security System Wth Reduced Power Consunption In
preferred Ié%?ﬁ@m sromghyg; peseral LoReuhpr b oF 181 BéermePnptiter whil e

vehi cl es ar, t ] se t i S emreyer I ower state
when t he %gﬁfé}ﬁec%ﬁ@ysqnéﬁﬁ?\eﬁgég ééatah%%%{rﬁgna&]enl %:l?égi%gﬁ%(ﬂ%er,tﬂgsﬁ en the
transm ssiQRidre S8 al@serP@7, S@éfft(bgf,eJJreFétIhk/EIicHTQQQI. is off. In~l ow power
node, no power is supplied the vehicle electric notor, the card reader or
MDT, and the trandponelérser 4Diin zaslgnedpnerUsar, 'brogtaeniflog? comdieues wohi ch it
can respond to si %nal s fromthe, sys_tﬁ;n contral conputer, but does not

br oadcast &H§RAPYDf Yttt SHHNEREIVBHIIBHE Poldth!Brk P&t AU MBY & ummar i zed

in Figure 6, I i i t , I R
it or ot sV 3R WAL 1 BR8 Bt Do 2 b e les HoRB 2O
syst em conheQlyseompadafoladoribatds, OlchYcdiRdE FacRGuUerey thé aneissi on. In

the presently preferred enbodi nent, the information is transmtted using a

commer ci aldesyisedianopebadéab dyedrel e tMser i requrstadde ippet &iy bdeafbddi nent s,
iali link bet) th t b t t th t th

Veht ol i ST SR ERoNF AT 1B R MR RITHRET ST PRBISIET he

reliability Piagdabgse. In e MIriee2PSigndft 2 ehalRdnb s ebicéensecurity. If the

recei pt of User ID and PIN'Information by the vehicle subsystemis not
acknow edgeaanbienckt 6lbck) 31 Oethsyds ans camkiedolvhetmputher velgeker ¢l be wed ni ti al

state (block 605). User_ID and PIN_inforpation are stored . in random access
menory i n 18" felpliratonTepdoltr ras Feengt T odk Destinafiepel iR ivfefingde
signal s restor, ond f . rati - b 30);
power is gﬁ%s%tgégbgﬁe%{%ggﬂh% %E)ci'{h%ﬁdwcrgbrédgfgé%ercfﬁﬁéd'g?ﬂgetg héggggggstems to
al so becomneopaipabt andint tHatds velitbkefing dssingnied drtededbaflodre o,

receipt of Staff IDinformation wll also restore the vehicle subsystemto
ful |y operhet siegk gafaheddseringinades ipat Hee eegubstedd@hiclaiis $oflor USRBUL  of
User or staff 1D in nat,| [0 SW I . 635) .f.ar pr edet er m ned
peri od; ngrgQa% ré%' Gﬂt’rWé théﬂ{?%gmgg?qeoggﬁic{,%g%ﬁgg ancl}dn'ﬁ QEE If a card

swi pe is neforBRitRe, eflichnad e Ruheser dMed¥igbhel mileslSpEsl &N thet addisiohal a | ow
power condition (block 640?. To determ ne whether a User is attenpting to

access t hgirnenB4Pe the sir trifpishéxpeaisertol Pagirest Begandesmidrarher én i nput

fromthe rd der .is,_conpare ' User ID or. staff ID,informtion
bt vi ous! s TR A8 AR S LT BT e MRGER AL BESE ARty ML RHeST

m cr ocont rpggslsgﬁg@gzs_ I}gggilfng%\ﬁm Ae&ess bieckhsyehicle is permtted, for
exanpl e, by unl ocking the vehicle's doors it User ID or staff ID

i nformati on mat cheSurteattly, ébeiooedp titeprauttsy styatamiscibiet usdr thenputdrerand
stored in the nmenor

y of the mcrocontroller Tgbl ock 650%‘9&) If a User does not
i nput UseroTI IR SSENgRET 1o S IMteRdRa o SruTentnetniz 8L eptop s disgck only
informati [ i Sa { tH%tE*' or. 4N (@ 1RE eLRk9ed P&l od,
for examﬁgrtmgbmdﬁgpg% !tjﬁe Y h?clag%ghg?%gd% ot 'unﬁggt a%gﬁogh tehe card
reader and,dvidles dtamnoridport 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



1 6 APR 2003 -25 | ow power states. The User nmay be instructed to begin the
regi stration process at the kiosk, If a User has provided correct eéggﬁms
or staff IDinformation, and gai ned access to the interior of a vehitc

the User's assigned PIN nunber nust be entered into the MDT by, for
exanpl e, pressing appropriate keys on a key pad connected to the MDT at

bl ock 655. A User is permtted to enter. the correct sequence a

pr edet er mi ned nunber of tinmes, for exdﬁﬁ1e five times (block 660). If the
correct PIN has not been entered after the specified nunber of attenpts) or
t hree mi nif esr rﬁalveatecp'apt§eds\mtﬁeemawebwéw@égawtenftrearrﬁggam‘arm feunber, the

User wll be |({15trh1cted t o ,repeat 'IE tre |strat|o%q,é3hocels§ {he Ki osk
and the dBoYer4iBodhe Yrers &he qiq illiggklo BEgade an) 8 Ehe ' Bel® a period of
time to e?ﬂéu&cétféea\égébﬁb%%ng%r 8629 -a fRaghhcl enifR)) be driven after the

correct User PI'N i nformation are provi ded, as the ignition is then
enabl ed (bl ock 67@hen Atudchatnteisne reyebstcfe stabicte frohorthattobanhisanel

transmtted fromthe vehicle subsystemto the nonitoring process of the
syst em cofit keybeeithat dhe asmpeser Fbeey SIAThOINE BEiem apd big UA@fctfrT@lengl Y,
preferred nt.s pr.ovi.de Ltiple | eI f r|t rst. |l evel of
Cecurt ty. MEoBReY TS sy P Py eaR e chrttioRteRo e sate 4 i ty

i nformati g bAdesH ﬁ{d.@ackltﬂﬁ I(ano/o\Jsssqem.dew%bceifateeecswnhéwyom iRRAvEAed by the
requi renent for proffer of valid User identification to be assigned a

vehi cl e. Autdtiardof ¢éveltripf Heeavet, wdergingviaddte abalykes vebietd evhvibbre t he
User nust enter valid |den i fication iTnformatlon (for exanple, by swi ping a
h

card key ¥ra st eRisDed GugiontngcerESties ehENs eKFteMe oVAr oQﬁrf‘?l'”ltémél of
t t th
\S/g(r:\:J::: e?/ t)%rlgélg\{l\grgrggwpgrjﬁﬁ?{g%bkﬁt hat VM?% Uéae B‘Ig?zat)ggeas%o %%E;Zspoﬁds to

t he sane kﬂs;@asrlassbca@égadfMé bstheeledesd f paatdiidaramffosmes ideparibeeover,

each of these entries nmust be made within a preset period of tinme. These
nul ti pl e Peitel & e?hege@efdwhﬁetaneéittrﬁeowsoli tafﬂsaﬁamﬁﬁmq Qeat'reaﬂqry or use of

vei ol es oo IR Pl TOHS: pRRS L2 A SR MR B envi  onrent

within th cles an eowner‘s an emadmnl trators are
provi ded Witdtjchs 8EEEGHdIHiBY 08 ré%ﬁlv(é'l\,eréﬂéef Ba&¥d Bhstse redog8BhCEis

Qperation During a trip) vehicle status data is transmtted fromthe

vehi cl e possible to do away with the requirement to declare if the intended trip is
a direct path or indirect path without causing any significant errors in
estimating the time duration of a trip simply from the distance to the
destination.

Accordingly, in an alternative embodiment, a User is simply
asked for his destination. If the final 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 same as the place where
a trip is begun, in the great majority of cases, the trip is a Direct Trip. It
is believed that streamlining the vehicle allocation process by eliminating 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.



to the vehicle data base. A system operator can nonitor the progress of
each vehicle in use via a Gaphical User interface. Wen a User arriv§§ ﬂ%3
a station -- though not necessarily the destination specified -- pgrm %
exits the vehicle, the User is automatically |ogged off the system At the
same time, the vehicle is | ocked and nmade avail able for use by others. If
the car is parked el sewhere, as duriqgg$n errand trip, the systemstil

| ocks the vehicle, but the vehicle renai ns assigned to the sane User. The
User can reenter gnd  activate the vehicle hy presenting his snmart card and
PIN nunber at thei\r?\eﬁ?%ﬂ@e@amgrreé‘é%feﬁje%ob??@wfaigepsr‘/é\??rg’ugqﬁ;?r@\é‘é%sribed.
Figure 7 |l ow t - . Ol cgnﬁg [cates with
Users mhikgh%ﬁkbgﬁgﬁwgh?%ﬁggé@%ﬁézgtgggﬁéﬁr%ﬁﬁgﬁgggkg)ve |@re§tse. At bl ock

710 the vglhhpiige SHDRISEIENS HEEEHMESaRd MBS SRUGIE MU EEIsSYIS b RVEOn 19é
conputer. For exanple, a nessage "please charge your vehicle" may be sent

if the sysbemuwenspbbysemlitieek déiter nif megehinkt ist et Yieat eveafaidbatiye is too

|l ow to reach .the destination vehjcle r{. A r reply "Yes", or "No."
Qt her ms%@@gé%ﬁzﬂb@d’%‘gﬁéé '%P'%‘E‘?éplé’c_ér%%@he%@??gla%éat?‘ieon coul d

i ncl ude U%;Fﬁié“g’&@cp‘?@ a‘c%ZpFHPrd%ﬁr?é’éﬁé’%hEﬁlg%Sffer%g?hfEiﬁﬁgﬂ@%ﬁ%' dent, or a

[
flat tire. e nessage, ONce recelve i's l ayed on t of the

vehi cl e spbsystedmthblrekbarls) thelbesighed acdid|e o ldésplape @ bygthanmed to
acknow edge recei pt of the nessages fromthe central control conputer
(bl ock 720pmpuUternsHbssdge (HoalS3knbihedrdtay)istdnrslisgdt dhe areerdant is

lerted to th L fynctiqn. , (bl ock 725 t. Its. If a Us
Fenty i QaMEdbBRRTEE ode A0 e abr S WA BelRaLT PR systam -
control cemea&s,hhewﬁ%aslsfenaersuﬁ@oen@@w%éﬁne(#eﬁgxgbo%da@gn%ma@q!s 730,

t he system control conputer interrogates the vehicle at block 740 to
det er m nedifferehe vebhiled o iassipairkeglochfingtveahicldetvehen nedropvadtet he vehicle is

not parked, the flow of Fi.g. 6K 7 repeats. a parked state is detected at
bl o_cE_ 740, a foll @\ﬁ-ﬂlﬁj‘@fi‘gﬁéf‘eié‘ogﬁ%ﬁo‘f"réhﬁ"&tﬁg'% rdESrﬁ‘/r%‘Fme‘?Ffrbe set the
Ignition bPes%'ﬁt"iR@éHtiﬁB‘thHg%’?s@és Qét@@&ﬁ%@tahﬁﬂmgg?%@%@lﬁ iy, brqpdcast

t ransponder signal s, e system control conputer Arm nes whet her the

vehi cl e i EIsenl@ipoetogiizéd acka &I IDf ptdgrawefioed brarschoet ey than&datfo be at a
port, at block 750 in Fig. 7, the systemcqgntrol conputer sends a conmand
to the veRHEreUtinge ehawme Bigrredt B8sthqWNIRKIF58) IN TRPANSE JOURAPLIRR its

initial Sﬁ%b‘&m%%g@féﬂ%orn‘%{)lﬂf%@gﬁggﬁﬁgh%ﬂysu§$o&t SAAE ke e khGcar d

reader an urned sponder returns to listening

mode. |f, afloaeveblodit 4bboek tKBR ddstinatidet enmibhesk yhat tHaheov@hitet € is not at
a port, the vehicle remains assigned to the same User, and the vehicle's
doors | ockUbgtstpoeispieG theestadds ghagchserhielsl Nce Yeldckalteetpr ot ocol to

ccoess | Mool Py ol e, SBURBR Bl CRERORIRP: T e
I'f eitherophertUpy toDectbhk RasoPleRRIGLSBOAE rhomblees mdy 8eAPR 2003
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.



-28 assigned User, the vehicle does not respond, but waits for the correct
information to be provided. 5. Vehicle Trig and Condition Monitoring APWZUDS
accordance with further aspects of the present invention, after a User
turns on the ignition as discussed above with respect to step 670 of Figure
6, vehicle status information is transmtted as a radio frequency signal
fromthe vehicle subsystemto the systelgm control conputer. This information
may include the state of charge of the“vehicle (in electrical vehicles) and

ot her operational _paraneter ch aés odonet er readi ng) speed, and act ual
usage or frive tigﬁﬁmm cle is charging. Vehicle
Jocation may be d m far. t i Str th of ¢t Sl S

br oadcast, accordlgél(gﬁ tvgﬂgjlq? 1@(;?%”]%%ﬁ%§g.y%ﬁéﬁeh@g%rlg err(ljtv}i({/]eedp\r'\}eI e?qued
enbodi Meng pbFarOSBRHGtR s\EXEHEMIEEEAG Ot Fdranguk at I eshialeggihd3aBni"s used.
Information is transmtted fromthe vehicle subsystem 18 to a vehicle

nmoni t or i ny4Priocesenrofintdaeingystremecoystenl acdipeatern dbtpeo itbdisystetherval s. In

the presently preferred enbodi nent, the interval is EO seconds. In this
manner, tRRNEYSERMPEHRHT R TRORPUPEP NFRY Vraé@am? qtPgERVBGLEMNY ERPETIBEH N t he
fleet and.alloc i cl.e Lofor i h 4§ as
descri bedbg (%e%f%n%g’glg%tsi%n&eﬁﬁgog%g#g%?gﬁ%@[% %:%t?répyugttém %%e{/gﬁ%\’rflvint or the
state of phriggeePbaVRit Blielid@armuapesesmof al erting Users and port
facility attendants of the need to recharge a vehicle. A User interface

i ncl udi ng an MDT (Beé¥ehitlEisgbsgytedn serapusiasteamvithfaomeaitosnst o t he User,
for exanple) usage,tinme, state of ci~arge or other veghicle paraneter such
as noti ce%”)(‘fresﬁ rogvtgfa Siyrﬁif)'?"_rr%?ri’té?l] %%’HP‘# ot Piide i’péj%ﬁ\'?‘%”}f@é@a?'f’@ system
control  CIRWERY: tHeMoBEAbh Y stehfs DY HaBM CHILIOh GRMLLES ! BBYr3end a
warning toa vehicle, to informthe User that the state of charge of the
vehi cl e isehiolgsor Thayeexpesubagsi@namwbumus uaforflatctruatoinomstileeblser nay be

infornmed to return the vehjcle to the neares 0 or to sinply connect the
vehicl e tWRILRARg @{éﬁc?%ﬁaﬁhwhﬁseﬁOg*eé%rh{e%lﬁ)e%#@@aﬁeﬁv HRfgtigh use of
vehi cl e d; | b ; (e I ined in
dat = basen s L R e B e T B AR T S, Thi s 1 s
especi al | §p30ueTmhernatchef thame @ thaltraetbntaridpsuxitiary baetdrigsagnce of the
trip will be reasonably uniform_ On the other hand, because the distance

covered defefRFheY HRRIMIPEHE P amOriingatioyMedaRes FIsRsRER Hitsd $9tpess usef ul

in predict] t tion,: ec j 10 : to

determ ne‘géﬁg‘t‘[h%?ﬁ)é%g’r{meag'sgrlo%gﬂ%fogr\&éfcﬁi gw\géf%@a@ﬁ%&‘ﬁ rip. For
exanpl e, #dfetdigearrival of a user at a port is delayed, a system attendant
may contact the user by way of the vehicle subsystem 6. Vehicle Relocation
And Staff Action ‘$ehfcie giatberisfarmetise tagpiheedvitto vebidiespedififf erent tasks

to ensure that. vehiclgs are available for .use. Mre ificall staff
menbers. ey HAGEI00 P BEARS UaHieRRaest pouHare kr B HAE Y URTY nt number
of vehi cl gscHdPRY bl GHhS ot S 357aho&REH ANitARY tHe vaRkMPIdighad by driving
a vehicle or by towng it wth another vehicle. Staff nenbers may al so have
to char gebmagicest oglthy paveredieretiselpesmitoveltioler ecavien @ behicle that is
abandoneddgtrer%wsmécpge,e?grbéfémple, radio beacon triangulation. Other techniques

known in the navigation field, previously mentioned, may also be used. In

the presently preferred embodiment, 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 6 APR 200 -30 One of the primary purposes of the systemis to provide
sufficient vehicles at each station to neet the denmand of system US'EESA'P
When the distribution of vehicles at stations becone inbal anced, th R 2003
condition is detected, and vehicles are relocated to correct the inbal ance
in vehicle distribution. In the presently preferred enbodi nent, the
algorithmused to determ ne the need for vehicle relocation is:
CheckNeed[ k] = vehcnt + arriving - wai 44 ng where Checkneed[ k] is a nunber
representing the relative need of station k to have vehicles relocated to
it. for ainEEMMBAt: @av@es|angl pihercutkeeédr RMidipg IHEPGIAOR KE@]KHNE val ue
"icvm n" vehcnt =.is the nunber of vehicles avajlable for .use at ation k;
arriving YERGIbETtYE: BrinG Wesrnly e (e erthmeRt e it dlfhy

vehi cl e regh shbad b RIRF e ting = nunber of Users waiting to obtain a
vehicle at station k The station with the smallest nunber of vehicles has
priority to recei we additedrocaneshivgmaglbehicld s@Gieskneechdatomotebel ow i cvm n
for any station) no relocation will occur. In presently preferred

enbodi menfrycracoysialler 2lso proyieas sREVLS 3EePiSIER Q?Wﬁw%am%ﬂpc%d

Tl oot | ORI o R E B Rt berERTDE BefB el RS Aol SBLOE M Bo¥ s o ne

Rel ocation' rving a“vehicle"or By towing it with
anot her vellbdd @Rt f affBdehse PRy vahRee ﬁ@!ﬁ»‘oéé%e@h%f 8¢ el edrhicealttyl pover ed
e

vehicles, or to recover a vehicle that is abandon or is inoperable. To
rel ocat e aowwhitet,etobipsdra vhatgonlgrautbochad déseas vedy oberate dteaf éhiskarber
sw pes i ?’h%argwgcrocontroller compares the User ID information provided by a card
reader (575), accessible from the exterior of the vehicle and PIN
information entered in a multi display terminal ("MDT") (565) with the
values provided by the system control computer to verify the identity of a
User attempting to access the vehicle.
The microcontroller also controls powered door locks (545) in
response to cornmands from the system control computer. In addition;
the microcontroller also controls the vehicle ignition system (550},
thereby enabling or disabling the electrical motor that powers the vehicle.
The microcontroller preferably includes random access memory
(RAM) (555) and electrically programmable read only memory (ROM)
(5660). When a vehicle is allocated to a particular User, User ID
information is stored in RAM. When the vehicle is allocated to another
User, User ID information for the previous User is cleared and that for the
newly assigned User is stored.
In order to allow any staff member to access and drive a

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

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



1 6 APR 2003 -31 key at a kiosk. The staff nenber's card is read by the
card reader, and ID information read fromthe card is sent to the Dgst
conput er. \Wen the system control conputer recognizes the ID infor QABWU%
that of a staff menber, the staff nenber is presented with a nenu of
potential destinations to which relocation of vehicles is required. The
staff menber selects a location to whi,ch he will relocate a vehicle. The
system di spl ays the status of each vehicle, including state of charge and
mai nt enance required, if any. K The staf nmber sel ects.the vehicle to be
"ol boat o aaedenasains SOYadin G £4-PRBTLySren RO ERI SoRpedt - The
system co&lfrol conputer sends the ID and PIN of the staff nenber to the
vehicle t0 be relocated, which is stored in the vehicle mcrocontroller. To
gai n access to then¢ehirfde? whierrsd gidrod@mrotier S8hBevehidie keytgar d past the
card reader attached to the vehicle. To relocate the vehicle by tow ng, the
staf f menbérrmaves to lemooviiony JVEieceEe riRBBgpeRithE Giystenrediges t he t ow ng
gear, and drives the to 'n% vehilcle %o tdhe desti nation \gith.the t oned

Vehi ¢l 6 RABRHIET PER hGOBE RNV AP RE TIERNF It 1701 SPHCEEUPR mrenber

di sconnec, L oW e ' S er ively, a staff
menber ma';F/ﬁO ri %té&?'heuq%erﬁlgﬁ{vgﬂ%gg’u'ip?'irt% tﬁ%l %C\éﬁ%]Pgilr(])% ?Aff fﬁlé];ls'r glﬁ%cati on) the

rel ocat ednwabceheoilsr pedbtrablesior dbnel sisdwandantod avaiehifel enseearcihipgr oup.

If the vehicle requires charging, after the staff nenber's ID and PIN are
recogni ze@aueke fromafthe pyatrm conter! Saeutashi cl e and opens the charge hatch
door. The staff nﬁnber Iatta hes itczeiscﬂ rgliecrf e&ui poent. tg tﬂee recept acl e on
the vehicle. The v Flrin?,%' 7 H%Pﬁ enargea, and returnedt8Yehe f FEEL of

avai | abl enyeigili8@sot créafe ARRPZOOR M Ihile tKOUBHIRS isSystRmdaver vi ew. There
are three main conponents of the conputer systemin the presently preferred
enbodi rerBeafuseheveehf the vehinlé npwaesingma blind tspet erethe eyttt athon

conmponent; 2) the system managenent ,c nent; and 3),the vehicl,
component Vet EE Y SUE) L LaHe CRos" HERTGUr 88} EBRrbETRIcTONIRbe

regi stratiinp (cOBRPAREHe vRRRYT B vwalRSY H 8B &fie el PaRtRE Rt & VahlkRl € port
to allow Users to 1 nput vehicle requests, and staff nenbers to assess the

condi ti onthangehioleaiti lonateld melyi rodtelse caseradbiyribd. TdbErambagement(t coagponent

is enbodi ed as a system control caonmputer (810) which assigns vehicles to
Users in Bespditsetd 8¢ shirdrratecsddeeiiony af dhg Ireetien of dhBeP Y& X¥rd bed bel ow,
noni tors icle | I . I rovi g alnterface
for intertégrﬂ%clﬁgﬁy &ggﬁ'rﬁypﬁwéﬁfga%fr%ﬁa%%é)sg%ﬁ cl?ﬁeg@ienrpa%an%gsgrﬁé?%}%gdi ed as a

vehi cl e sigbisyatemidiatieddy) aves syDiRint O&hdersofhevestiielceuheaitatom fandsst at us as
wel | as bidirectional conmunication between the central station and Users
oper at i ng\“REhiRQuE the vRbigis i Pe s ttegpishe it 12 PSRlown in Figure 8, in

preferred enbodi t. i nt.i ons Y, r t (810)
recei ves request ?Qé’?‘p%‘ﬁ% tglﬁeeég‘raﬁjélﬁﬁk’clgrrlﬁtﬁggpastﬁgg\g/gsrﬁ@rgé' %6@?"%.’@@ may be
| ocat ed ine kt®sked WrhiLkieomagHgstratitf o6 mhliGidatibAGydedmdfon |KE@EKg

identifier, User |ID data received by the card reader, and data entered by
Users is thearsfiithesdn the natéchianagetreecesaponentehipgeds deateg by thay of the

| nt er net i conventional TCP/IP protocol. Alterpate enbodi nents based on
dedi cat ed 181 (5t Re B% ORFE PUUFERI o He e g E §FOTH] oY ORI BRE The Ler
'CSESLI 2?@:&1‘51@&% £OTNUNIRID SUBENS e M PEBASE ALY EMBY HREe§Ib £ I1b&Ming

system by TeleTrac and the local locating system at each port using the
short-range radio communication, and can provide a high reliability at a

low cost,



1 6 APR ?.003 -33 including a keyboard, and other input and output devices
such as a card reader for reading smart cards or the like, and a tbGPR 2003
screen that is capable of displaying color images. In preferred enbodi nents
the registration process of the systemcontrol conputer is a web server
that uses scripting | anguage routines to conmunicate with the conputer
subsystens. B. ~/ehicle Subsystem Each_,.vehicle in the vehicle sharing
systemis equipped with a vehicle subsystem 81 5 installed in each vehicle
of the vehicle sh%ring fleet which jnc]ludes a mcrocontroller f540 in

Fi gure 5) capabl e 8N oRYERY ICREVERICAO N THFIEMbIFsV S 281 1N @8r ocessi ng and
storing da ‘el a er tidlspl . m ( 1 b0.Figure 5/
for displ%&@%@gk%éggﬁgg Pﬁﬁﬁﬁégﬁe |Cﬁgé?¥8ﬁ¥yh§ﬁ%§5$%ﬁ1%%%t?@?”%gﬁguter, as

vell as fReegeaHbNds TBSPE9eH ol Ducher SYSIHM BRNEER] (&R Wiethe Such as entry
of PIN nunmbers, and a transponder that transmts signals for determning

vehi cl e | ocapiuter, sassweeein, agspatiivelye Sthett sisstdat assidss shosmicimwiighire 8, the
vehi cl e subsystemtransnts data to and receives nessages fromthe system

control cofbtDE Negds.ia5d BRERPE dhe dadr P e uERKIE 17 AssHilosk8h,SIBP bt her
i | | i i i o]l t t
e oo e R By ARG AR S Ped B RV IEREC TS TR 1

moni t or i ngegdMpRSsed 8%5he damttdeondes ardrhedtdpeliautlyi toinheusystieqm control
conputer. The Interface conprises two subsystens: a systeminterface for
provi di ngwighihel eehigtas ilogy sdema,ty pied g \dammpwb ket brgr Phoeef weeideor

decodi ng vehicle ﬁta us inlforrrﬁti on, and con.verli_‘i r&geit to a f?rmat
conpatible with tRECRFAPRYSGETUAT GRPREFRINICE: NPVERVAPR ™01 82 €. system
Cont ol ConpidletelHMe SSHAM GROLHSlerf AANUL Y pat: bR SEifpaes @rg | ocated at
the central station. The system control conputer Is preferably |ocated in a
secur e enierédoent pf sockmasicatisec tine aoftfio e dustdivglld wherke ableess t o dat a

relating to gger ieéjenti fication c,o?essf:‘tabgrdta ot her sensitive or. private

i nf or rrati'_ebWO yhE %n@rrwré*ae.v‘?h@ Sy st RO MAGCHI TERGRPtRATEFETIAds N des a

regl Stfata%ageq%%ﬁetrg%ugpmﬁé %9&%%3"’!(‘:&%\9@38 - oY S L§HBe ,805) . The
regi stration process allocates vehicles in response to requests by Users
and st af f fdilhtoodetect ahp wWoeniplatiba st esusd/ehiact @sclar ey nhdaisavaideald @ t o Users

in response to requests in accordance with the nethod al ready described. An
advanaageb'@Ekgrw mef ROPKNURSIRERBNTAE ICHFT D 10 KBeiudpeY Pl ¢@nfinue to

run even after he has released the vehicle, and this would lead to serious
consequences.

To avoid such a situation from occurring, it is desirable to
provide a secondary line of communication both for placing a vehicle
available to a user, and for detecting the completion of a trip. A
convenient arrangement would be to mount a radio transceiver in each
vehicle to allow the vehicle to communicate directly with the computer
subsystem of the port in which the vehicle is located.

Also, it is 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



its flexibility. A port vehicle may be placed anywhere that access to the
Internet is available. The systemis therefore accessible from any 1C5)'/IPR‘?[M
with access to the Internet. Thus Users of the system may access the system
remotely, for exanple to nake reservations for shared vehicles, to
determne if vehicles are available at a port, to determ ne how | ong a wait
there is for a vehicle, to apply for ?%nbership in the vehicle sharing
system or for ot her reasons. The steps~carried out by the registration
process ar cribed in det bel ow, The r tration, process enpl oys

i nfor mat i C8Y $19 M At 'é”%@%s@ Wrﬁi%upﬁ%laefﬁ\g i” ﬁgﬁl rte@talrﬁg ﬁ?ocess t hat

runs conc b Y00, g hlcles
These datg ggtgels tPncIO&g]g ﬁﬂ}slenggg a (ﬁg% 5)%8% %Vlcg H ?b%ﬁg request
dat a (840}atalBE tRPRULIS ARG REACREM HRARTIBS ddggsiakat laa&ﬁé \mmdﬂe%t a
received fromthe vehicle and conputer subsystens. In preferred enbodi ments

vehi cl es #ne upet Lietl! Et‘te B80alsewoptetion ef vad ¢$)ipt Nehimttbewadercalabilg aved from
t he begi nni ng of 0OD3 -35 each trip, and the data bases are

1
updat ed ceﬁﬁiﬂédhgl%ﬁh'%{é "M%%%“b@%r‘r’é%er%%ﬂqfhﬁ}’%” TRESBRr ALY 8IFOf t he

d bed
setow 1 Hae PR e K BRI b e ety TR R gr sttt on

process r@g@ra\t@sopehé@oaienhEéainnémawre@meﬁw@thaefs Yart ks difnicdembhty of the
ki osk fromwhich a request is sent. The personal ID information is checked

agai nst Ushg udatsa i 850) to determine if the request is froman authorized
User, and if so, whether the personal ID information is assigned to Staff
Menber f950) to the nore general class of Users [940). If the personal ID
informatign i s noychRGOGRILERy SVs8é@NAlitd Raliutde PReISOtoAkuMBtich i nvalid is
sent to the kiosk (block 960). If the User TDis invalid, an appropriate
message (Signal 1In p'res‘esredtembodhreemmutmmirsliﬂ@sqcsmmmatioblm‘c«leemalI n
preferred enbodi an ot hers s fromthe regl stration

n h| S
P ocass tBOEE wbTp il B afbi bsd dhe NebH B B Vala o RuET s dros o
CoMpl &1 & [R5 SARPe M DGREOLG BhiI AR BLY Lk BEAENL (FATRKE YenigBds cal | ed by
a signal fromthe central system conpute I n yet anot her enbodi nent, the
nmessage nidje bes edidretheatraassiidriontis set ab "phek't ocahe etymtitenotdd ist dif,

per sonal ID i nformation received at block 910 is valid and shows that the
request er I V4 PGYERT, MOHEN NBr BYVEM'T FERPIRAHRheEhice EIReIEEEPRIamARA in

Figure 10 I uUhsystemto
request tﬁaé[bée%lragt?? é'\??ﬁl (?%dg 3 Hég%?%@?%ﬁ 'ﬁoé \%ﬁfﬁﬁ hg \?)VIF Iﬁles t'i travel .
From til enubekt unn@hnc)ﬂmcrmutesmy)ntihm Ugesly frddilHe thetesorgoespndi ng di st ance
is determned frominformation stored in the request data portion of the
shared sySPEWRUERN »Uaaes Baobroadsashrigng!s far éeWIDF@“Z'@BSVGhG@ location

or status.

As summarized in Figure 6, when a vehicle 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. [n 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 at the port and the vehicle is used to

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



recei pt 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 previfbl '%2 3
defined (1020). If the response received at block 1025 is that the ﬁ&g i@
to be an errand trip, then programflow continues to determ ne the
additional distance and tine that the trip is expected to require (
10351050). If, however the trip is to be a destination trip) that is

wi t hout intervening stops between thé 6r gin and the final destination
(1030)) then the program fl ow branches around these inquiries. At bl ock
1055 si gnédlated &0 yehicle speWitynel fribsuecetrial ¥ ey @)ﬁﬁdtéN wihpgpatiem di spl ays
a nessage,_asking for the nunber of passe rs traveli t block 1060. All
ot The-dabh b6t ehnida SRR Lol RER3FIRLATY SPRRE +DhRls Skl ac bi ock
1062. The?aﬁ%%sa{dlﬁ@r RIRFESE dRtiRRA Bestel (BRodR BDBYMISLAI® 9hd FhAr ge
required for the distance to be traveled during the requested trip at bl ock
1065, accorfdimgtibn drbestegdaini amdonm ricouss SETnoaqli nethucletd al mles/ x 10 +

10, where SOC is the state of charge of a battery that supplies current to
a drive nBlemocomphal &0k 62Re REp®EE CbfthAFE sidnatares@rehéh@ri ven per 10%

of maxi mum 50C. Ln th resentl referr.ed inent., ~ = 6.5 The result
of the cabelrapref T RRLERF R RIRT e P ERREL PoMsr Belof sopliEde r
request edi, eXPNESTeFhPEard RAHEENEAGENGTthbBE &/Qtdhs GBad|96 e nyehicl e’ s
battery can acconmodate. Fromthe information obtained, a vehicle

al | ocat i onpatagmmial hii detednicte nessalgined Wehisthidsmestbeh, tdmeisef Ssatfdfuest
based on cyrrent. information stored in the vehicle data porti.on of the
shar ed sy iainaHpa WUASe Ergors MBI BAEPS) MR RP LY SEHEHORbup | 5
defined fg e port 1 6 APR 2003 -37 fromwhich a User wi shes to depart.
The vehicl e search group includes vehicles |ocated and parked at the port
that are not presaitdrypaikocoptibed daodatehder UsstssforTheuveliildder seasrath gr oup

may al so include vehicles expected to arrive at the port facility within a
pr e- def i nbdl IR foR@asien; kb\dPa%ﬁPjéFP%éb@@ﬁe%é@)eﬁPrt% PreERIETTIREDBLIICH oI Ok 1 ansf er
to anot he r 0, i - I . h Lele group,
The. pre ek IBe e AL BE 88 L EeLiTY o MR B BB SGuPE R e, et
maxi m ze wetddike ingagenefeki ehenepicl®wubbosteexasflras tai Hidvzidgeener gy
usage. If there is only one vehicle available with sufficient charge to
nmeke the feqdéivretlesk 40 hat vehicle will be offered at block 1090, If
there are two or re.vehicle val lable .with sufficient charge, the
vehicle with the ;Foc%entgnwn_eeaf'vzjse?h%i gﬁgsegf'_sc tgerraaflwﬁp %?e()sfsf ehr ed to th;-a
User. In abhididabsidRe@nBadimendes, |IDabl s¥shilDligformdtibre Wdutchrent tehar ge may
be offered. If all vehicles have | ess than the required m nimum state of
charge) therssigadaninicompireerwithédsarhilepe staff ADtinkormafies previave!yof char ge.

A warning is.provi geg tod t he ﬁer reguestiﬁg thetvehi cle inf oth' ng t he User
that the 514t E°0F "ChaPte Half e T GFPP dMBRETY o Pﬁé“‘tcrf??)o?‘_éa Esfed (bl ock
10807. Wih|Rd Babheapiesend tne RERICRS 1LhegARAd, MBRlexabife Vel @liBckliRet is
made up of specially nodified Honda m nivans, in alternative enbodinents

di ff erent the pebiockd'sviturslie¥sanyD e dbffellethfoomblsensnatahesutdtrtenbodi nent s,

the vehicle allocation will take into account the passenger capaciiy of
each vehi E@‘@‘Y‘?\é)tcf'?%ndéﬁisdlséemlfémtfo'lqomﬁét%%“ré éEQ:’égt'E HReMEEM Y %¥ of fered,

pr ogr am f Loy GOMdJNIES M bR ckEs 35S LR d¥fes RSt ALRTSEVNbPlsafRoc0r di NG
to the method summarized 'In Figure o.

D information or if the User ID or staff ID information that is input is not

correct, within a predetermined period, for example three minutes the

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



1 6 APR 203 -38 In the event that no vehicles are available at the port
fromwhich a request is made (block 1075)) the systemwill search fb6 APR 2003
vehicl es at other ports that will be arriving at the port in the future.
The tine to wait for a vehicle is displayed by the conputer subsystem
(block 1 1 10, Fig. 1 1) and the User is asked to accept or decline the
of fered vehicle at block 1120. If the ﬁer declines the offer, the program
flow ends (1130). If the User accepts the vehicle offered, the vehicle
arrives aﬁ the port at block 1 140. The User is asked to confirmthe
request atQWyl R efLi?S@?SPrﬁber HeeF M pﬁé‘ﬁ“&%@ﬂqdnﬁbge%”tWevé@rﬂ‘%qf@t‘@@si gnnent ,
as sunmmarized in _E:hg?u&e g If the User does not confirmthe request,
programfl%%%ﬁ?dg. It “t9E " vehicl e request is froma Staff Menber, then
program fl ow branghgs df OpfRided cBreead)eh (Bl UM iMforRlaAR)n, 1210
signal 2 is sent to the conputer subsystem from which the request was

recei ved, anesgdinedqdcessitsphayngdrica afes vagelgsitiengsehe sssafrfednBhiber to

i nput his intended destination. The reqistration process receives the Staff
Menber' s &SRR HaNUSH PErGHPEEL BHBUDNErMEUbSY s tUNPAMAIIRIERSIRE bl ock 1220. At

bl ock 123%pgtr$‘§rie§t%9&alsr8‘ﬁ‘aoﬁeypb%%%%r%%tr@é %QR% B fo BldiCE5aNdat i e t hat
the requesteéd irip IS expected to require based on informatron previously
stored i nUdee iYpermpoed torneér thecshatedegysti@mdatde{drhgned .ndrhbek 840) .
The distance and time data is then stored to the request data base at bl ock
1240. At Iifdtres.280 axanpleafivs toneal(blogghfePlks Ifi er earirpel/ BN hasmathe

hicle data base. At block 1260, th i inth hi cl h
droun. cor Pebpoaeies b TEE bR e AR e Tl el st Bhbe St her
with theif 9kaditSsed Sirg@Nthet QséhBe HEI@rﬁzn%HhﬁNSﬁ@er%P, teUReF twiThe Staf f

Menmber then selects a vehicle at bl ock and at block 1280 the User-1D
and PI N obetinetrsctdd toreaheat tneer egiaitation phecessl actredkiveki @ahd.the do6rsAPR

2003 -39 I n preferred enbodi nents, when the system,determ nes that vehicle
rel ocati ofCit er\’éqq\.‘l‘?'fae“aﬁl l8§Ef g?‘eéﬁg?rm”ég itheﬁhsé%eﬂ BS?‘P& #ecrot®y Bhove,

Users may R@iAskeRciosssl ocate vehicles. If during vehicle allocation, the
noni toring process determ nes a need for vehicle relocation (block 1310),
the User is presenthedveiitle maghor tiriset adterqurestomast UseddD esrd REN whet her a
passenger mght drive a vehicle that requires relocation to the passenger's
i nt ended HEOIMRAONo# e RC VIt s BY0igniten i dhen gnablesybipek BeClt hettrip
request ed,| estinati r d i . t t I quested is an
errand tr idf)?t ?H%’&égfa%ssq%% lgsﬁrggéﬁﬁpgssé{ag? mv'v#ttLH fP(g'lﬂo{:HaetD Y%ﬁgg&nd t he
program f lsowsy efent 16 the rhbRityehd ¢ ecss b el steh hemtafl Jorgptiertas | T at

bl ock 1330 the User responds that only one person wll be nmaking the

r equest ed desrpbed hameneed etaildPetgwext ra driver for vehicle rel ocation and

program fl ow cont ippues wi th velgér(%!a ea{gg&g.nneqt aCCOJd 10 t he maf hod of
bl ock

Ln
Figure 6. If there Glosorg'qg \é(s?reo_ne pass ng'énrenl R 'R reea"ues I_gaieflﬂspo
1330), theacatitpl ackrsk3d0eltovedt ittg ik prol ey frequirRlgosat Dotk raywith
passenger. At bl ock 1350 the passenger accepts or declines the offer. If
t he of f er the catsptiedility fopassiendger erswar gekiokks Ameconddedepakt t he card

reader at the .conputer.  subsystem and at bl ock,137Q the ropriate data is
ot T ot RECTUR BB i S BT e e el REBURE 27 Vo EPBek 1580t ho

nunber of i§diginehict & BESIANRR $ BANIa! A kARAIETRU Checihgyst em AL DI ock

1280, the passenger elther accepts or declines t fered. The
fl ow of Fipgovided &t thepestisieuwhiete the s earausioe aiddivalidnidenpéissanger s
available to rel ocate vehicles. 16 ~ PR 2003 )

information (for example, by swiping 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



-40 2, Shared System Data Base A real time data base is used as part of the
noni toring conponent, The data base is inplemented as a set of shared ApR 2003
tabl es accessible to both the nonitoring and registration processes. The
tabl es contain data fromthe various subsystens, or from al gorithns that
use and refine the date. Data nmanagenent is handl ed by commerci al data base
engi nes) such as Mcrosoft Access. The 61data bases are used for a variety of
tasks) including vehicle allocation, ‘Al cul ation of the time and distance a
trip requires, as well as tracking and. rmnit_oritggé,%ehi,cle,stat us. O her

tasks thatCOfERFPREIF HBI ERetRRE W%ﬁﬁﬂctaﬁ%d ¢at'a IBE4RNYHRALRE i nproving the
predi cti Ori‘nﬁfrm\é?%'n(?l MRELL ¥R eatchfﬁrﬁme%@derﬂ%g;rﬁggfeﬁg rH‘ché‘ vx\/i%hc)ﬂ €

I
rel ocation w be necessary. | e presently erred” enbodi nent, there
are three shasesersysbemiat aHaasenbiple Ralas (FisgcuBiy P8 céd med videsofr ecords
of User information and statistics, such as the tinme required for travel to

parti cul anndeshonzad enty etush bf eebraies philkefdf Thies, dasgrsaarewnlolvided a record
of the system b%lpr egi stered Users. A.rﬁ: utgt%t atra\ bar}s{;g A840¥1&§c?nt ains a
record of WYL PEFUTRANKINRRMERY WINBCRE Wi Flsf et ioN eP6i€ each vehicl e
i's maintaif T i RASE 8320 M &k e+ ’f QF O ut vehicle
status, | r?gfﬂecfisn%?drg %}lgg,t‘ gdﬂﬂgt%tcannot b% I rlmedi a%el yr%fd:[ﬁ:&}eggff!;@g? | ack of a
vehi cl e orvehitlé heetagenifiale.the vehicle is, for instance an electrical

vehicle, lack of a vehicle with sufficient battery charge. In an alternate
enbodi ment, the vehicle use data base rnay be accessed by a User having

rights to access e ei L& Iu%st data base froma renpte conputer) such as
t he conputer subs%‘m%rgg—at a ki osk. 1 6 APR 2003 -41 3,

Moni tori ng Proces kg Fofibt Oehide RENCESSatdNdat 85 rhitf< B @Re iveHidle shar ed
system data base using information broadcast from vehicles concerning

vehi cl e statths vahitle slzdeitmse. TAes ab@int op ¢ragope ot essnitonthreopsogneds of

conmmuni cat es Wi%h t he vehicle

h fl t b ) f )
e B2 e b G dsentie & pherimiee oY st Pl £F arlhEact Ligoar kst 1t ne

noni to_ri ng LHBRSS tﬁéu%ﬂmo@ﬁ‘éﬁe‘égaﬁw M’ér@é‘sﬁ?r%m §;5§éifiéd)--%a¢@§ and
transm ssion conputer That manages communi cation between the system control
conput er ardstthe VRhi¢leadh® Useeduentynahesibadpggedetivdbreksyaena fAtetdte

managenment conputer that initiates ang nonitors nessa ingléand Iocatjon of
diszile odh

the vehi cPBMA B&; By eR)cls it otk 2pompater vahaklegen 8 etords al |
nessages f I r i es out

bt ot ogol s ah o Pk B P Bl P

enbodi mentodkzetHel egiic magedienteltioRpiehedins WisSigreniney eiakhyheavaket.able "fl eet
director” software. It is the integration of the control conputer wth the
fl eet man&§ERSAD '€BRTAIt ¥1d PREVaty g ¥8hig!eiRiviRreqesHag dus vemrElcardyatderry.

f h ' fl .' I i i i ved
from a vehera e il EFhiclEpERLT AN A RIT S R e PP Brkieba e

noni toring processiqlrgo7 Qhrgrates HoW tHe & yisesuesintporddrdpuedr the data base.
When a use request Is submtted by the registration process, the nonitoring

process prepunesicetes wlittoblseesl widle diieinborehiskes ahinscésralrvdesdtirasksri tti ng
t he appropriate User, | D and infgrmatiqgn to the vehicle, to insure that
the al | ocdFREGURF oAt PEtknactaba YUNE 1 HMiscendere i » iBTad%ed | e
cor r espongiong th&QYsedm ciMirdTEUhBULENY PEOERSSIpH, SO i8R el ALK Of the

di stance driven so that the User may be charged for the use nade of the
vehi cl e, tamgr 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



1 6 APR 2003 -42 the User if the distance driven may be in excess of the
battery charge available, and to insure that the vehicle is not takgnppimy
fromthe area. In the presently preferred enbodi nent, a graphical user
interface ("GUI") is also provided so that a system operator may observe
the overall system operation. The GU is configured to allow the system
operator to observe the location of each vehicle in a map based
environment. The GQJ also all ows oper'a%? ng data for a selected vehicle to
be reviewed. Finally) the GQU allows the systemoperator_to send specific
nessages tEONEMIENGY duHIdiens ciusd) aTiRe AGHegdi iy VESERT t i 101e BfessAEepr ef err ed
enbodi ment_ of the.invention has been presented for the, purpos of,

1 st at (95 it St o SHSHURYSq N Qi B dfbaaRiod® BOoBYRBIR P or 10
imit the J7enthemniooddifrddiGh sRobPIee ssetwine Rdidd sations and
variations are possible ir; light of the above teaching. For exanple, while
many of t heeskatgespiroceds ogntaaldcaetecdiscompuedi (igdoc K UREY) | dhs raeesagsds | bed
above as bei ng perforE~ed the central station, other enbodi ments nmay

by .
i ncl ude pdrat FESAVEJIednBif 8YSISHHSVISNEART ihaleradet Dl M HY per f or m

some of s fu |ons....Ln further ' e 4h i Gl bsystem
may be prgégé%rzgélsnéépF &rﬁg};sadﬂé{ aé&'sdiﬁ%%{gﬁ%oﬁés E‘T’ﬁeec\rltg oaﬁeﬁofs‘k IS

i ntended tisg, theer$PORELATaddA8t kHVMRBLSVRPeMa drthd It @npaterbit Bibicg Pt ai | ed
description, but rather by the clains appended hereto. 1 6 aPR 2003 -43

CLAI MB What is cldf medUse;reply s detdedeld fagrblaeini/t36), ithg svséemceonirpy of

L o o eREl S Rk Mo YRR ST B, TP R Pl e
is parked. If it is determined that the vehicle is not parked, the flow of
Fig. 7 repeats.

If a parked state is detected at block 740, a follow-up signal is
sent from the microcontroller to set the ignition to an "off" condition at
block 745. Using regularly broadcast transponder signals, the system
control computer detarmines 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



b) ¢c) d) termnate; and e) tine predicted in identifying a vehicle to be
used fromthe trip; calculating the expected duration of the trip; \
predicting the time at which the trip is expected to ascertaining W%éﬁﬁQQM3
the trip has termnated at the step d). 2. The method for nonitoring the
activity of a vehicle in a vehicle sharing systemof claim1 wherein the
step of calculating the expected durqt'gn of a trip further conprises
identifying the ports fromwhich the tTip originates and term nates, and

determ ning the average duration of trips bet n the.sa ort and

dest i nati GnSIGEITHEEaliR IR URSi R 1956 e RECV 93 {06 CORRFL e i n a
vehi cl e shatli syst e f Glalm 2, wherein the average duration of a trip
S determ%én}%}% %Or F%%é% |(Sli%(lejl&:curml ated in a vehicle use data base for
trips fromthe sane port to the sanme destination

CAFLUA % ATL ALYL. A 4. AS% A(. A .AS-.A(.A %A An%A AL A LA A L AT.A
A ALAS. A LAA%AI@. A%AL. A@A . A(. A y9. AS. AS. A A . A . Aye. A A% AS. A{

5. Vehicle Trip and Condition Monitoring:

In accordance with further aspects of the present invention,
after a User turns on the ignition as discussed above with respect to step
670 of Figure 6, vehicle status information is transmitted as a radio
frequency signal from the vehicle subsystem to the system control
computer. This information may include the state of charge of the vehicle
(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 Jocation 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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from such trips is less useful in predicting trip duration. Expected trip
duration may be used to determine whether a User has encountered
difficulty during a trip. For example, if the arrival of a user at a port is
delayed, a system attendant may contact the user by way of the vehicle

subsystem,

8. 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 vehicles 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:

CheckNeed[k] = vehcnt + arriving - waiting

where Checkneedlk] 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”

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

k;

arriving = number of vehicles in route to station k, a3

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



10%& ()- 10%& ()-10%& ()-L', 10%& ()-?!}[ <YNCsS 109%0& ()- ! 10%1/6&&#% b
1006T& ()-1 109 ()-110%& ()-' S| 10%T& () - 21 | #35080084 r g\ =5810% & () - " T0H

10T 10T@! 10967& ()- !:1109& ()-:!1096& ()-!S 109& ()- 98& ()*"?g\=s
109%2& ()-'yz 10%.& ()-yz 10%& ()-! 10% & ()-
1092 & ()-F10%& ()-*'+ ,,,,, G~ @ 109%@& ()-F109%@& ()-' 109%@ ()- 10z 10z

10zf,:110%& ()-"! 10% & ()-G7 17233%83}rg\ =ss' S10%& ()- 10@ 10@
10@ ! 109@& ()-s!!109& ()-!109%@& ()-! T09& ()- F33H4AQ44p5q5r 5s5dYNCs 10b 10b

key at a kiosk. The staff member's card is read by the card reader, and
ID information read from the card i1s sent to the host computer. When the
system control computer recognizes the |D information as that of a staff
member, the staff member 1s 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 staff member to the vehicle
to be relocated, which is stored in the vehicle microcontroller. To gain
access to the vehicle, the staff mambar swipes his key card past the card
reader 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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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, arid 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 hetween the central station and Users operating vehicles.

A, Registration Component

As shown in Figure 8, in preferred embodiments of the
inventions the system control computer (810) receives requests for
vehicles fram computer subsystems (805) which may be located in
kiosks. Vehicle request information, including a kiosk identifier, User |D
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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reader for reading smart cards or the like, and a touch screen that is
capable of displaying color images. In preferred embodiments the
registration process of the system control computer is a web server that
uses scripting language 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 recetves 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 secure 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 computer 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 anywhere 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 below.

i, Regqistration Process

At block 910 of Figure 9, the registration process receives
personal 1D 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
prefarred embodiments, this signal, and others sent from tha 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 request the 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 1055

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 1085, 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
requested trip, that vehicle will be offered at block 1080, If there are two
or more vehicles available with sufficient charge, the vehicle with the
second greatest state of charge will be offered to tha User. In alteinative
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.

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

summarized in Figure 6.

19 % 1003
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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.
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vehicle relocation is required, as for example in the algorithm disclosed
above, Users may be asked to relocate vehicles. [f 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 User 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 declines 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 determming when
vehicle relocation will be necessary.

In the presently preferred 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 immediately filled, 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 data 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 all 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 vehicle 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 registration
process, the monitoring process prepares the allocated vehicle for use.
This includes transmitting the appropriate User 1D 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 GUJ 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
inventicn has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to
the precise form disclosed. Many modifications and variations are
possible ir: 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 method for monitoring the activity of vehicles in a vehicle

sharing system comprising the steps of:

a) determining whether a trip is a direct trip or an indirect
trip;

b) identifying a vehicle to be used from the trip;

c) calculating the expected duration of the trip;

d) predicting the time at which the trip is expected to
terminate; and

e) ascertaining whether the trip has terminated at the

time predicted in step d).

2. The method for monitoring the activity of a vehicle in a vehicle
sharing system of claim 1 wherein the step of calculating the expected
duration of a trip further comprises identifying the ports from which the
trip originates and terminates, and determining the average duration of

trips between the same port and destination.

3. The method for monitoring the activity of a vehicle in a vehicle
sharing system of claim 2, wherein the average duration of a trip is
determined from trip data accumulated in a vehicle use data base for trips

from the same port to the same destination.



