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VEHICLE MONITORING IN VEHICLE SHARING SYSTEM

This application is a cohtinuation in part of United States Serial
No. 09/349,049 filed July 7, 1999, and incorporates the disclosure of the

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 electri¢ 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 parkihg spaces.
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Mass transit systems, such as busses, commuter trains,
subways, streetcars or the like can fulfill some of the trarisportation needs

of those communities and municipalities that have such systems.

.However, travel with such systems is confined to pre-set stop locations

and times, set by the route and time schedule of the bus, train, subway
or streetcar. The préscribed routes and time schedules typicail\/ do not
meet many travelers’ needs or are too inconvenient for practical usage of
the mass transportation system by some travelers. For many mass
transportation Users, the pre-set stop location is far enough from their
origination or destination locations that they must find additional modes of
transportation to or from the pre-set stop. "For example, some Users drive
private vehicles to and from pre-set stop locations and park the vehicles
near the stop locations. Some mass transportation systems even provide
vehicle parking facilitiés near pre-set stop loéations for such Users.

For example, commuter train stops and bus stops in and near
some cities are often provided with parking lots for train Users to park
private vehicles._ However, vehicles.in such parking lots typically remain
parked throughout a large part of the day, and are driven only in the
morning to bring the User to the train or bus stop and in the evening to
take from the train or bus stop. Thus, while modern mass transportation
syStems can result in a reduced number of vehicles on the road at any
given time, such mass transportation systéms do not eliminate the need
for private vehicles and can result in an ineffic_:fent use of private vehicles.

Accordingly, there is a need for a system and method for the
efficient and convenient use of private vehicles, such as an efficient and
convenient shéréd vehicle system and method. Shared vehicle systems

can provide more flexibility than other means of public transportation. In
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a shared vehicle system, a number of vehicles are normally maintained in
several designated parking areas. Each User is allowed to pick up a
vehicle at one parking area, and return the vehicle to the parking area
nearest to the User's destination."l;he User may also drive a vehicle out of
a designated parkiné area for an errand and return the vehicle to the same
designated parking area. Shared vehicle systems that are used by a
relatively large number of subscribers should include sufficient security
measures to protect the vehicles from theft and also to protect the User
from crime. |

Shared vehi.cle systems must be sufficiently convenient to
motivate Users to employ the system. Accordingly, vehicle avaifability
within a reasonable time of a User’s request for a vehiéle'is very
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 g'iven time can be incréased. However, system cost is
miﬁimized and the efficiency of vehicle usage is maximized with smaliler
vehicle fleets. Accordingly, there is a need for a shared vehicle system
that maximizes User convénience 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 clea.ner forms of propulsion such as methanol or propane powered
vehicles, or may be vehicles powered by hy'drogen'stored as a gas or
metal hydride. Electric vehicles may draw energy from batteries, fuel

cells, generators driven by internal combustion engines, or combinations
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of different energy sources. Electric vehicles powered by both lead acid
and nickel metal hydride batteries have shown much promise and several
manufacturers have proauced viable electric vehicles employing these
battery technologies. 'Electric propulsion is a good candidate for use as a
shared vehicle. Shéring systems and methods are in no way dependent
on the use of an electric vehicle, and may be employed with a number of
non electrical or hybrid technologies, including common gasoline power.

The use of electric powéred'vehiclés in a fleet of shared
vehicles, however, presents further complexities over other alternate
power vehicfes. For example vehicle charging requirements and vehicle
unavailabi!ity. during charging times are not concerns with conv_entional
vehicles.

Electric vehicles typically require charéin'g more often than '.che
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 thé 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
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for managing shared electric vehicles in an optimum fashion and to meet

the needs of a maximum number of Users with a minimum number of

vehicles.

This Sheet Has Been Replaced

ARG

Express Mail '#EL32_831 8565US

LADOCS\2611032 1



10

15

20

25

-6-

SUMMARY OF THE INVENTION

Preferred embodiments of the present 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 havihg 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 fc_ar allocation to the User at the port. The system control
computer communicates with a computer subsystem located in the port
from which the User éntered the request. The system control computer
also cofnmunicates direcﬂy with the assigned vehicle to providg secure
access to the selected vehicle by the assigne_d 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, ailocation of shared
vehicles to Users is based in part on travel information received from
Users. By allocating vehicles based on travel informatfon, 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
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vehicles in the shared fleet are disclosed. The allocation of electric
vehicles to Users is managed to maximize vehicle availability and minimize
vehicle downtime, taking into account the state of charge of a vehicle as
well as the charging rate of a vehicle. . '

In preferred embodiments, vehicle parameters such as stored
energy are tracked and processed for purposes of efficient allocation of
vehicles to Users as well as for selection of vehicles for charging. This
information is sent from vehicles to the system control computer,
preferably by radio frequency 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. | . | o

The locatian of vehicles is also tracked and stored by
computers located in the central statioﬁ. In further preferred
embodiments, the vehicle subsystem includes a vehicle locator system
such as gldbal positioning system (GPS), dead reckoning system, radio
beacon triangulation system, or a \}ariety of other techniques. 'In
particularly preferred embodimepts, vehicle location informatioq is
provided by a radio beacan 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 p-rovides controlled or secured access to the shared
vehi_cles. 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
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identification number ("PIN"} must be entered by the User in a second
interface deviée, installed within the vehicle which must match an
expected PIN, before the vehicle is 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 deviées 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 prefgrred embodiments, the detection of a parking
state is accomplished by, for example, the detection of the setting of the
vehicle in a parking geaf, the lack of motion of a vehicle for a period o'f
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 p'ark a vehicle. -

According to a further aspect of the present invention, a shared
vehicle system and method involves transportmg or relocatmg vehicles
from one area or port having a surplus of vehicles to another area or port
having a shortage of vehicles. Veh:cles may also be transported to
effectively uée storage space for the parking of the vehicles. According
to another aspect of the bresent invention, a shared vehicle system and

method involves a vehicle transport system for transporting a first vehicle
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with a second vehicle, for example, for relocating the first and/or second
vehicle.

The above and other aspects, features, and advantages of the
present invention, will become apparerit from the following description
when taken in conjunction with the accompanying drawings in which
preferred embodiments of the present invgntion are shown by way of

illustrative example.
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BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference numbers
represent corresponding parts throughout:

Fig. 1 is a schematic diagram of an overview of the vehicle
sharing system

Fig. 2 is a flow chart representation of steps carried out to log
into a terminal computer at a kiosk;

Fig. 3 is a flow chart represen;cation of steps carried out by a
User to request, select and allocate a vehicle;

' Fig. 4 is a flow chart representation of steps carried out by a
staff member to request and select a vehicle;

Figure b consists of diagrams of the vehicle subsystem to show
its components as located in a vehicle {5A} and (5C}, and in schematic
form (5B); '

Fig. 6 is a flow chart representation of steps carrisd out by the-
vehicle subsystem when a User accesses an assigned veﬁicle;

) Fig. 7 is a flow chart representation of steps carried out to

~ track vehicle location and exchange message information during vehicle

~ use including steps taken when use of a vehicle ends.;

Fig. 8 is a block diagram of the system control computer,
including its interaction with other el.'ements of the vehicle sharing system.
' Fig. 9 is a flow chart representation of steps carried out by the
central control computer when a user logs into the system to request a

vehicle;
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Fig. 10 is a flow chart representation of steps carried out by the
system control computer when D and kiosk information is entered by a
User when requesting a vehicle;

- Fig. 11 is a flow chart summarizing program flow when a
vehicle is not available; _

Fig. 12 is flow chart sur}\marizing the steps carried out by the
system control computer a staff member logs onto the system to request
a vehicle

Fig. 13 is a flow chart representation of steps carried out when
the system control computer detects the necessity for vehicle relocation
and the User is réquesﬁng a vehicle according to an embodiment of the

present invention;
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DESCRIPTION OF THE PREFERBED EMBODIMENTS

The following description of preferred embodiments refers to

the accompanying drawings which form a part of this disclosure. These

embodiments illustrate ways in which the invention may be practiced. It

is to be understood that other embodiments may be utilized and changes

may be made to the specific structure, or methods di_sctosed without

departing from the scope of the present invention.

The invention relates generally to systems and methods for

. sharing a fleet of vehicles among a plurality of Users, and various aspects

of such systems and methods including optimizing vehicle allocation,

- vehicle tracking, security, and charging and managing a fleet of shared-

electric vehicles. As discussed above, in a shared vehicle system, a

number of vehicles are no}mally maintained in several designhated parking

areas referred to herein as ports. The ports also include equipment for

charging the batteries of the vehicles, as well as computer subsystems,

for communicating with the central computer system. Preferably,

computer subsystems are located within kiosks to provide security and to

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

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

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

was begun.

To successfully attract people to subscribe and become Users

of a shared vehicle system, the system must be sufficiently convenient

and inexpensive. More particularly, Users should be able to pick up a

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

system should be easy and ine'xpensive for the User and cost effective for
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the system administrator to operate. To have minimal environmental
impact, the éystem should be capable of addressing the above needs and
employing clean power sources, such as electric vehicles, as its primary
shared vehicle. |

Preferred embodiments of the present invention relate to shared
vehicle systems énd methods which address the above-described needs
and provide additional advantages discussed below. As will become’
apparent from the discussion below, some embodiments pertain only to
sharing systems containing at least some electrical vehicles. Those
embodiments of the invention relate to charging or the state of charge of
electric vehicles and may be implemented with or without various other
aspects relating to, for example, vehicle allocation, traéking, and securing.
Similarly, embodiments of the invéntion relating to vehicle allocation .
aspects may be implemented with or without various other aspects such
as vehicle charging, tracking and securing, and embodiments relating to
vehicle securing may be implemented with or without other aspects such
as vehicle tracking, allocation or charging.

A schematic representation of a shared vehicle system 10

according to a preferred embodiment of the present invention is shown in

'Fig. 1. The system includes a central facility {110) comprising a system

control computer for administering the vehi_cle sharing system, at least
one port including a kiosk (120) with a cofnputer subsystem including
input and output equipmént in communication with the system control
computer, and a fléet' of vehicles 130, one of which is shown in Fig. 1,-
each having a vehicle subéystem (140) in communication with a system
control corﬁputer. The system control computer communicates with the

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

Express Mail #EL328318665US

LADOCS\2611032 1

This Sheet Has Been Replaced

AN



R S L S -

10

15

20

25

-14 -

according to various embodiments described below, to allocate vehicles in
response to requests by Users, to notify a User of the vehicle allocated,
to provide secure User access to the selected vehicle, to monitor the
location and operating status of vehicles in the fleet, to monitor the state
of cha[ge of electric vehicles and to provide other functions described
below.

In preferred embodiments the system control computer and the

- computer subsystems are configured as sever and client respectively.

The server and client communicate using standard Internet based
hypertext transfer protocol {"http”). When information is requested from
Users, the request preferably is made by transmitting active server web
pages requesting the information to the client computer subsystem, and
processing the User's response thereto. |n alternative embodimentjs the
message requesting information from the Uéer may be generated locally
or stored at the cémputer systerﬁ and called by appropriate command
from the server. In further embodiments, the computers may be linked

directly be dedica_ted fines rather than by Internet.

1. Selection and Allocation of Vehicles

According to one aspect of the presenf 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
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patterns of particular Users, the number of individuals waiting for vehicles
in the port, and the number of vehicles available at the port. Vehicle
selection and allocation occurs in real time by direct communication
between the central station, the ports and the vehicles.

As shown in Figure 1, User 150 desiring to obtain the use of a
vehicle 130 arrives at a port. 'As shown in the flow 'chart of Figure 2, at
block 210, the User 'swipes a smart card 160, or other machine-readable
token, at a card reader on the 6utside of kiosk 120 in Figure 1, which is
located at the port.

In a presently preferred embodiment, the machine readable
token is a contactless security access card that is read by a passive RF
antenna. The card is encoded with 26 machine readable bits. The first 8
bits are common to all Users and are referred to herein as a facility.|D; the

next 16 bits are uniquely assigned to each User, and are referred to

“herein as a personal.|D; 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, aﬁd 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 femoved 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
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{block 220}. From the personal ID portion of User‘lD information, the
system control computer makes a determination as to whether the ID is
assigned to a User {27), Staff (28), or is invalid {29).

If the User ID is assigned to a User, program flow continues to
a User Subroutine, summarized in Figure 3. At block 300, the computer
subsystem from which the User initiated a request receives signal 2 from
the system control c.:omputer, which 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 computer and stored
in a data base. In response to signal 2.5 from the system control
computer, at block 310 the User is asked whether the vehicle will be used
for a Destination Trip or for an Errand Trip. A Destination Trip is defined
as a trip from one port to another, while an Errand Trip includes at least

one stbp at a point that is not the final destination entered at block 300.

If at block 320 the User indicates that the réquested vehicle is to be used

for an Errand Trip, the User may be asked to provide additional
information, sﬁch as the number of additional miles {(330) or the additional
time (340) the errand trip is expected to require. Réga'rdie'ss whether an
Errand Trip is to be included, all Users are asked for the number of
passengers tra;/eling with. them at block 3;45.

Currently, the compufer subsystem asks the user the number
of passengers for the inténded trip. Currently, this qUestibn is used only
for logging purpose, but may be advantageously utilized for relocating the
vehicles from one pdrt 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
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in car relocation, the system may be provided with an arrangement for

rewarding the users who are willing to provide an additional driver to

relocate a second vehicle {or even a plurality of vehicles).

When a user enters a request for a vehicle from the touch panel
or keyboard of the computer sub‘systefn, the system asks the user if the
intended trip is a direct or indirect trip. The distinction between a direct
trip and an indirect frip allows a re_latively_ accurate estimation of the time
duration of the trip. However, according to the analysis of data which
was collected during the operation of the system over a certain time
period, it was found that the vehicles were used for a direct trip in a
majority of cases, if the user selected a port different from a departure
port. In other words, the time durations of trips to a same destination
typically fall into a narrow tin;1e window, and cases of extended time
durations or errand trips are relatively rare. Based on this recognition, it is
possible to do away with the requirement to declare if the intended trip is
a direct path or indirect bath without causing any sfgnificant 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. Experiénce
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.
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As described in greater detail below, the system determines
whether vehicles are available for the trip requested {block 350). If
available, a vehicle is allocated and the vehiclé number is displayed by the -
computer subsystem (bfock 365). If a vehicle is not then available, the
waiting time for a vehicle is displayed {block 370). At block 375, the
User-is asked to accept or decline the vehicle offered. If the offer is
accepted, the number of the assigned vehicle is displayed by the
computer subsystem (block 380). If the offer is declined, the program
ends (block 385}. As described in more detail below, in preferred
embodiments, individual passengers travelmg together may be assngned to
different vehicles to assist in relocating vehicles when approprlate

As shown in the Kiosk Flow Chart {Fig. 2}, the system of the
present invention distinguishes between a staff ID and a User ID. If the
User ID 1s recognized as a staff ID, program flow branches to the Staff
quroutine shown in Figure 4. As shown in FiQ. 4, in response to a signal

from the system control cbmputer_ the Staff Subroutine, staff members are

-asked at block 410 for their destination. At block 420 the computer

subsystem displays the status of each vehicle in the vehicle fleet,

~ together with a "check box" which provides staff members with an

opportunity to select one or more vehicles. Staff members may be

presented with information concerning all vehicles located at the

_ particular port, as well as indications of which vehicles require relocatnon

Vehicle lnformatlon displayed at block 420 preferab!y includes the state of
charge of the vehicle, and any required mamtenance Based on this
information, a staff member may select a particular vehicle for

maintenance or relocation purposes.
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2. Description of Vehicle Subsystem.
Each vehicle 130 in the shared vehicle fleet is provided with an

onboard computer system referred to hersin as a "vehicle subsystem”
140 for communicating vehicle system and location data to the system

control computer and for performing a variety of other functions described

‘below. The features and components of.a vehicle subsystem are shown

in Figures 5a and b in diagrammatic form.

The vehicle subsystem communicates with a monitoring
process of the system control computer to provide 'updated information
regarding the location and status of each vehicle in the fleet of shared
vehicles. The vehicle subsystem obtains information from instruments
within the vehicle such as the odometer (510) .and battery charge
indicator (520), as well as engine and transmission monitoring devices
(630). The state of charge of the traction and auxiliary batteries is
preferaply-determined according to methods disclosed in United Sfateé

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

reference.

Vehicle staﬁis information together with vehicle—spgcific
identification information is broadcast periodically, preferably every 30
seconds by a tranéponder (535) installed within the vehicle. Signals
broadcast by the transponder also permit vehicle location to be
determined by, for example, radio beacon triangulation. Other tec‘hﬁiqu.es
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/vehiclé interface by Te‘let_ra_c®.

As shown in Figure 5, the vehicle subsystem includes a

programmable processor {"microcontroller”) 540 that receives inputs from
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instruments, gauges and other devices for providing information regarding
vehicle status. In the presently preferred embodiment, the microcontroller
is a Motorola model 68HC11.

In addition to monitoring vehicle status information, the
microcontroller also provides secure access to the vehicles. User ID and
PIN information is broadcast to each vehicle and stored in the
microcontroller, at the time the vehicle is.allocated by the sysfem control
computer, to insure that only authorized Users may operate the vehicle.
The microcontroller compares the User ID information provided by a card
reader (5735), accessible from the exterior of the vehicle and PIN
information entered in a multi display terminal ("MDT") (565} with the
val_ues 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 commands 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 membry
(RAM) {555) and electrically programmable read only memory (ROM)
(660). When é Vehicle is allocated to a particular User, User ID
information ié 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 troubie‘, staff ID information is stored

in an electrically erasable programmable read only memory. The staff ID
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information remains stored in the E2-PROM when the vehicle is turned
off.
Once under way, the microcontroller sends vehicle status
information to a maonitoring process running on the system control
5 computer to provide constantly updated vehicle status and location
information. Upon arrival at a port at the conclusion of a trip, the
microcontroller performs a shut down sequence and waits for another trip
request from the system control computer. |
Normally, each vehicle is tracked by the TeleTrac system, and
10 this would not create any problem while the vehicle is in motion.
Becausé-, even if the vehicle moves into a blind spot for the system, the
'vehicle will eventually come out of the blind sport, and the system will be
able to locate the vehicle. HoWevér, it is possible that the port in which
- the vehicle is located may not be covered by the TeleTrac system. It may
15 : be so due to the unfortunate selection of the location of the porf ora
temporary problem with the TeleTrac system. In either case, any'failure
to locate a vehicle by the system renders the vehicle unavailable for use
even thoqgh the vehicle may be sitting idle in the port.
To improve the reliability in locating the vehicles, each port may
20 - be provided with a short—rangé radio communication system for locating
the vehicles in the particular port. Be.cause the vehjcle is located by the
TeleTrac system once outside the porf, the proposed system may be
considered as a hybrid system in the sense it combines the global locating
system by TeleTrac and the local locating system at each port using the
25 short-range radio c_ommunication. and.can provide a high reliability at a

low cost. }
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Such a hybrid communication system is valuable in other
situations as well. In this system, the user iniﬁally enters data on his trip
needs and his ID from the touch panel and the card reader of the
computer subsystem, respectively. The system assigns a vehicle which
suits his needs, and perrﬁits the door of this vehicle to be unlocked simply
in response to a swiping of the correct ID card at the vehicle. It is
accomplished by the central control computer directly communicating
with the vehicle subsystem, typically via a public cellular phone service.

Such a public cellular phone service, however, may not be
entirely reliable. Should the system fail to operate .properly due to a
breakdown of communication, the authorized user would not be able to
unlock the door or use thé vehicle. Such an occurrence can seriously
damage the users’ trust of the system. Conversely, should the system
fail to detect the completion of' fhe use of a vehicle by the user due to a
breakdown of comrhunication, the charg-e to the user would continue to
run even after he has released the vehicle, and this would lead to serious
conseguences. _

To avoid such a situation from occurring, it is desirable to
prpvjde a secondary line of commﬁnication 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 eve-n 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
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. when the system is 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 from the initial assignment of the vehicle to
the user until the final completion 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 him on the one hand, and the
oberator of the system can avoid frequent requests for assistance from

the users.

3. Vehicle Security System With Reduced Power Consumption

In preferred embodiments, to minimize consumption of electrical
power while vehicles are not in use the vehicle subsyétem reverts to a
low power state when the vehicle subsystem detects that the vehicle is
idle, as whfen the transmission is set to "park" or the elecfric motor is off.
In low power mode, no power is supplied the vehicle electric motor, the
card reader or MDT, and the transponder is in a low power or "|istenirig"
mode in which it can respond to signals from the system control

computer, but does not broadcast signals for determining vehicle 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. In the presently preferred embbdiment, the
information is transmitted using a commercial system operated by
Teletrac. . In the most preferred emquimenté, a specialized RF link
between the computer subsystem at the port and the vehicle is used to

transmit User 1D and PIN information to improve the reliability of data
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related to vehicle security. If the receipt of User ID and PIN information
by the vehicle subsystem is not acknowiedged_ {block 615) the system .
control computer reverts to an initial state {block 605). User ID and PIN
information are stored in random access memory in a vehicle's
microcontroller at block 625. Receipt of these signals restores the
transponder to fully operational mode (block 630); power is also supplied
to the MQT and card reader, causing those systems to also become _
operational. If a vehicle is assigned to a staff member, receipt of Staff ID

information will also restore the vehicle subsystem to fully operational

- mode,

After power-up the card reader waits for input of User or staff
ID information by 6ard swipe (block 635) for a predetermi;\ed period; for
example, the waiting period may be five minutes. If a card swipe is not
detected in 5 minutes, the vehicle subsystem returns to a low power
condition (block 640).

| To determine whether a User is attempting to access the

vehicle assigned to him, User ID or staff ID information input from the
card reader is compared with User ID or staff ID information previously
received and stored in random access memory in the microcontroller at
block 645. Access to the vehicle is permitted, for example, by unlocking
the vehicle's doors if User ID or staff ID information matches that
received from the system control computer and stored in the memory of
the microcontroller {block 650}. If a User does not input User ID or staff
ID information or if the User ID or staff iD information that is input is not
correct, withir) a predetermined period, for example three minutes the

vehicle doors do not unlock and both the card reader and MDT return to'
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low power states. The User may be instructed to begin the registration
prodess at the kiosk.

If a User has provided correct User ID or staff ID information,
and gained access to the interior of a vehicle, the User's assigned PIN
number must be éntered into the MDT by, for example, préssing
appropriate keys on a ke,y' pad connected to the MDT at block 655. A
User is permitted to enter the correct sequence a predetermined number
of times, for example, five times (block 660). If the correct PIN has not
been entered after the specified number of attempts, or three minutes
have elapsed _sinc.e the User began entering a PIN number, the User will
be insti'tlcted to repeat the registration process at the kiosk, and the doors
to the vehicle will lock, after allowing the User a period of time to exit the
vehicle {block 665). ' |

The vehicle may be 'driven after the correct User ID and PIN

information are provided, as the ig_nition is then enabled (block 670). At

that time, vehicle status informa'tion is transmitted from the vehicle

subsystem to the monitoring process of the system control computer as

described in more detail below.

Accordingly, preferrec] embodiments provide muitiple levels of
security. A first level of security is provided by requiring an ID Eard with
the correct facility information to enter a kiosk. A second level of
security is provided by the requirement for proffer of valid User
identification to be assigned a vehicle. A third level of secdurity is
provided at _the vehicle where the User must enter valid identification
information (for éxamp_le, 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
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corresponds to the same User associated with the identification
information. Moreover, each of these entries must be made within a
preset period of time. These multiple levels of security reduce'.the risk of
unauthorized entry or use of vehicles or theft. Thus, Users are provided
with a more secure environment within the vehicles and the vehicle
owners and system administrators are prbvided with a reduced risk of

vehicle theft or misuse.

4. Vehicle Operation

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

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

exchanged between a vehicle and the central station could include
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emergency conditions, such as an accident, or a flat tire. The message,
once received, is displayed on the MDT of the vehicle subsystem (block
715). The microcontroller is programmed to acknowledge receipt of the
messages from the central control computer (block 720}. If a message is
not acknowledged, the system attepdant is alerted to the malfunction.
{block 725) and the program halts. If a User reply is detected at block
730, the reply is broadcast to the system control computer at block 735.
If no User reply is detected at block 730, the system control
computer interrogates the vehicle at block 740 to determine if the vehicle

is parked. If it is determined that the vehicle is not parked, the flow of

Fig. 7 repeats.

If a parked state is 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 determines whether the vehicle is in a port at block 750.
If the vehicle is determined to be at a port, at block 750 in Fig. 7, the

system control computer sends a command to the vehicle to end the

_current User (block 755). The MDT jumps to its initia! state, clearing

random access memory. At the same time, the card reader and MDT are
turned off and the transponder returns to listening rr-lode. '

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 U§ér follows the same
protocol to access the vehicle similar to Figure 6 except block 610 and
625. The user sw.ipes' his smart card to unlock the vehicle and enters his

PIN in the MDT. If either the User ID or PIN does not correspond to the
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assigned User, the vehicle does not respond, but waits for the correct

information to be provided.

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 ié transmitted as a radio
frequency signal from the vehicle sdbsystem to the system control
computer. This information may include the state of charge of the vehicle
(in electrical vehicles} and other operationé! parameters such as odometer

reading, speed, and actual usage or drive time, and whether the vehicle is

‘charging. Vehicle location may be determined from the relative strength

of the signals broadcast, according to all known methods. In the
presently preferred embodimenf_, a commercial system using triangulation
algorithms is used. Information is transmitted from the vehiclé subsystem
18 to a vehicle monitoring prodess of thg system control cofnputer at
periodic intervals. In the presently preferred embodiment, the interval is
30 seconds. In this manner, fhe 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
computér may monitor the state of_charge of vehicles for purposes of
alerting Users and port facility atfendants of the need to recHarge a
vehicle. '

. A User interface inclu'ding an MDT.(5'65 in Fig. 5} display similar
information to the User, for example, usage time, state of charge or other

vehicle parameter such as notices or travel information sent from the
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system control computer. In addition, the system control computer may .
send a warning to a vehicle, to inform the User that the state of charge of
the vehicle is low or has experienced an unusual fluctuation. The User
may be informed to return the vehicle to the nearest port or to simply
connect the vehicle to a charger, upon the User's scheduled return.
Through use of vehicle data collected by the central control
computer and maintained in data bases to be described, the duration of
trips may be predicted. This is especially true when the trips are direct
trips, as the distance of the trip will be reasonably uniform. On the other

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

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

duration may be used to determine whether a User has encountered
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 yéhicle

subsystem.

6. - 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
5 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 Checkneed[k] is a .number representing the relative
10 need of station k to have vehicles relocated to it.
for a station to be eligible Checkneed must be below a |
threshold value “icvmin”
vehcnt = is the number of vehicles available for use ét station
k; _ '
15 . arriving = number of vehicles in route to station k, as
determined by vehicle registration process
waiting = number of Users wai.ting to obtain a vehicle at
station k o
The station with the smallest number of vehicles has priority to receive a
20 - relocated vehicle. If Checkneed is not below icvmin fof any station, no
relocation will occur. In presently preferréd 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.
.25 . Staff members may also have to charge electrically powered vehictes, or
to recover a vehicle that is abandoned or is inoperable. To rélocate a

vehicle by driving, or to charge a vehicle, a staff member swipes his card
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key at a kiosk. The staff member's card is read by the card readér, and
ID information read from the card is sent to the host computer. When the
system control computer recognizes the ID information as that of a staff
member, the staff member is presented with a menu of potential
5 destinations to which relocation 6f 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
10 control computer sends the 1D 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 member swipes' his key card past the card
reader attached to the vehicle. '
To relocate the vehicle by towing, the staff member moves the
15 towing vehicle into position, arranges the towing gear, and drives the
towing vehiclé to the destination with the towed veh_icle attached by
towing gear. At the destination, the staff member disconnects the fowing
gear, and parks the vehicles. Alternatively, a staff member may drive the
vehicle requiring relocation. After relocatibn, the relocated vehicle is
20 ©+ available for inclusion into a vehicle search group.
If the vehicle requires chargihg, after the staff member's ID and
PIN are recognized, the staff membgf enters the vehicle and opens the -
charge hatch door. The staff member attaches the charging equipment to
the receptacle on the vehlcle The vehlcle is then charged, and returned

25 to the fleet of avallable vehicles.
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7. Computer System Overview:

There are three main components of the computer system in
the presently preferred embodiment of the vehicle sharing system: 1) the
User registration component; 2} the system management component; and
3) the vehicle component. Computer subsystems (805 in Figure 8} |

correspond to the registration component. Computer subsystems are

- located at a vehicle port to allow Users to input vehicle requests, and

10

15

20

25

staff members to assess the condition and location of vehicles, as
required. The mana'gement' component is embodied as a system control
computer {(810) which assigns vehicles to Useré in response to requests
according to a ﬁethod to be described below, monitors vehicle location
and status, and provides an operator interface for intervention as may be
required. The vehicle component is embodied as a vehicle subsystem that
allows monitoring.of vehicle location and status as well as bidirectional

communication between the central station and Users operating vehicles.

istrati : onen
As shown in Figure 8, in preferred embodiments of the

inventions the system control corhputer (810) receives requests for
vehicles from computer subsystems (805) which méy be located in
kiosks. Vehicle request information, 'inc_lpding a kiosk identifier, User ID
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/P protocol. Alternate embodiments based on dedicated
networks are also within the scdpe of this invention. The User interface

of each computer subsystem preferably comprises a client computer,
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including a keyboard, and other input and output devices such as a card
reader for reading smart cards or the like, and a touch screen that is
capable of displaying color images. In preferred embodi.ments the
registration process of the system control computer is a web server that
uses scriptin-g 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
displa\)ing messages to the vehicle from the system contro!_computer, as
well as for sending messages to the system control computer, such as
entry of PIN numbers, and a transponder that transmits signals for
determining vehicle location, as well as vehicle status data.

As shown in Figure 8, the vehicle subsystem transmits data to
and receives messages from the system control computer by, for
example, radio frequency transmission, or other wireless link. Received
data is converted by the system control computer 'go.' machine readable
code by an interface (820), which communicates with a monitoring
process (825), further described below, in the system control compdter.
The interface comprises two subsystems: a system interface for providing
vehicle lo.cation_'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 in_cludes a registration process
that communicates with compuier 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 syétem may

access the system remotely, for examplé 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
d_ata bases maintained by a monitoring process that runs concurrently on
the sy's_tet:n control computer in allocating vehiéles. Th'ése_ data baées
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 calculatedg;from the beginning of

B
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each trip, and the data bases are updated continuously, as data becomes
available. The operation of the system control computer is summarized in

Figures 9-14, and is described below.

t. * [Registration Process -

At block 910 of Figure 9, the registration process receives
personal |D information together with the identity of the kiosk from which
a request is sent. The personal ID information is checked against User
daté (850} to determine if the request is from an authorized User, and if
so, whether the personal |D information is assigned to St'aff Member
(950) to the more general class of Users (940). If the personal ID
information is not recognized, a signal that the personal ID is invalid is -
sent to the kiosk (block 960). If the User ID is invalid, an appropriate
message {Signal 1} is sent to the computer subsystem at block 970. In.
preferred embodiments, this signal, and others sent from the registration
process to the computer subsystems, is a web page. Alternétively, 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 reduester 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). Foliowing
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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
5 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

.10 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 traveléd during the requested trip at

15 block 1065, according to the equafion:
minimum SOC required = fotal 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.

20 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 inférmation obtained, a vehicle allocation algorithm
determines which vehicles match the User's request based on current

25 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 arri.ve 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.gfoup; The pre-defined
time period is selected to minimize User-waiting time, yet maximize
vehicle usage efficiency, by, for example, minimizing energy usage. [f
there is only one vehicle available with sufficient charge to make the
requested trip, that vehicle will be offered at block 1090. [f there are two

or more vehicles available with sufficient charge, the vehicle with the

- second greatest state of charge will be offered to the User. In alternative

embodiments, all vehicles with sufficient charge may be offgred.

_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 charée may be insufficient for the trip requested
{block 1080). | .

While in the presently préferred 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
capacit\/ of each vehicle in the vehicle fleet. |

If the User accepts the vehicle offered, program flow_con'tinues

‘with the assignment of the offered vehicle according to the method

summarized in Figure 6.
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In thé event that no vehicles are 4vdilable 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,

5 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 Usér is asked to confirm the request at block 1150,
Program flow then continues m}ith vehicle assignment, as summarized in
10 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

15 ' 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

20 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 searéh group corresponding to the port from which the
request is made, together with their étatus, is sent to the computer

25 subsystem at the port. The Staff Memb_er 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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In preferred embodiments, when the system determines that
vehicle relocation is required, as for example in the algorithm disclosed
above, Users may be asked to relocate vehicles. If durihg vehicle
allocation, the monitoring process determines a need for veh_icle relocation
(block 1310}, the User is presented with a short set of questions t6
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 rqtﬁms
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 thereis a
least one passenger in the iequestéd 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 p.ast the card read:er at the computer
subsystem, aﬁd at block 1370 the épprépri‘até data is sent to the vehicle
for assignment to the passenger. At block 1380 the number of the
vehicle aséigned is sent to the computer subsystem. At block 1280, the
passenger either accepts or declines the vehic_fe’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 veﬁicle status.
Other tasks that may be implemented through the data bases include
improving the prediction of vehicle arrival times, and determining when
vehicle relocation will be necessary.

" In the 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 vehiclés and allocation information for each vehicle is
maintained. The vehicle data base 835 contains information about veh_icle
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,acceééed by a User having
rights td' 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.

fn 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 operatibn. 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 ID and PIN information to

the vehicle, to insure that the allocated vehicle is made available to the

User that submitted the corresponding request.

The monitoring process also keeps track of the distance driven

so that the User may be charged for the use made of the vehicle, to warn
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the User if the distance driven may be in excess of the battery charge -
available, and to insure that the vehicle is not taken away from the area.

In the bresently preferred embodiment, a graphical user
interface ("GUI") is also provided so that a system operator may observe
the overall system operation. The GUI is conflgured to allow the system
operator to observe the location of each vehicle in a map based
environment. The GU{ also allows operating data for a selected vehicle to
be reviewed. Finally, the GUI allows the system operator to send specific
messages to individual vehicles.

The foregoing description of the preferred embodiment of the
invention has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to
the precise form disclosed. Many modifications and variations are
possible in light of the above teaching. For example, while many of the
data processing and decision making functions are described-above as
being performed by the central station, other embodiments may include
port facility computer subsystems that are programmed to perform some
of such functions. In yet further embodimenté, 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) identifying a vehicle to be used for a trip
b) calculating the expected duration of the trip;

c} predicting the time at which the trip is expected to

. terminate
d} ascertaining whether the trip has terminated at the time
predicted in step c).
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 originétes 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.
4, The method for monitoring the activity of a vehicle in a vehicle

sharing system of claim 3, further comprising the step of determining

whether a trip is a direct trip or an indirect trip.
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