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VEHICLE MONITORING IN VEHICLE SHARING SYSTEM 

This application is a continuation 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 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 som_etimes 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 

· ~ctivities, such as deliveries, sales visits, repair visits or the like. As a 

result of these important roles, the number of automobiles in and around 

mos~ 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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Mass transit systems, such as busses, commuter trains, 

subways, streetcars or the like can fulfill some of the transportation needs 

of those communiti~s 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 <?f the bus, train, subway 

or streetcar. The prescribed routes and time schedules typically do not 

r:neet many travelers' ne.eds 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 

origina~ion 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 

~ear the stop locations. Some mass transportation systems even provide 

vehicle parking facilities near pre-set stop locations for such Users. 

For exam.pie, commuter train stops and bus stops in and near 

some c!ties 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 tim_e, such mass transportation systems do not eliminate the need 

for private vehicles and can result in an inefficient 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 shared 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. The User may also drive a vehicle out of 

a designated parking 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 sub~cribers should include sufficient security 

measures to protect the vehicles from theft and also to protect the User 

from crime. 

Shared vehicle systems must be sufficiently convenient to 

motivate Users to employ the system. Accordingly, vehicle availability 

within a reasonable time of a User's request for a vehicle 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 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 b~ 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 

Express Mail #EL328318565US 
LADOCS\2611032 1 

This Sheet Has Beem.Replaced 

llllllllll 



q;. 

5 

10 

15 

20 

25 

- 4 -

of different energy sources. Electric vehicles powered by both lead acid 

and nickel metal hydride batteries have shown much promise and several 

manufacturers have produced viable electric vehicles employing these 

battery technologies. Electric propulsion is a good candidate for use as a 
. . 

shared vehicle. Sharing 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 powered·vehicles in a fleet of shared 

vehicles, however, presents further complexities over other alternate . 
. . 

power vehicles. For example vehicle charging requirements and vehicle 

unavailability during charging times are not concerns with conventional 

vehicles. 

Electric vehicles typically require charging more often than the 

conventio·nal vehicles require refueling. Recharging sta~ions are not nea.rly 

as available as conventional petroleum motor fuels. Moreover, recharging 

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

conventional vehicle. Thus, i~ a conventional vehi~le is present at a 

designated parking area of a shar~d vehicle system, but does not have 

sufficient fuel to meet a User's travel needs, the vehicle ca~ be quickly 

refueled c;tnd made available to the User. However, even when an electric. 

vehicle is idle in a designated parking space, it is n<?t 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 
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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. 
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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 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 reque~t a vehicle at a port . 

. That information is communicated to the central station, where t~e 

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 

computer communicates with a computer subsystem located in" the port 

from which the User entered the request. The system control computer 
. . 

also communicates directly with the assigned vehicle to provid.~ 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 inventio~, 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 ~o this aspect of the invention may employ any form 

of shared vehicle, ~ccording 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 ~ent from vehicles to the system control computer, 

preferably by radio frequency transmission. In the presently preferred 

emb.odiment, 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, ?r a variety of other techniques. · In 

par~icularfy preferred embodime~ts, vehicle location information. is 

provided by a radio beacon triangulation system such as that operate(( by . . 

Teletrac® (Teletrac is a trademark·of Teletrac, Carlsbad California). 

A~c.ording to another aspect of the inve~tion, 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 b.een 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 devic~ 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 devices in vehicles not allocated 

remain in a power conservation mode until allocated. 

According to yet another aspe.ct 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 o~ relocating vehicles 

from one area or port having a surplus ~f vehicles to another area or port 

having a shortage of vehicles. Vehicles .may also be transported to 

.effectively use storage space for t~e parking of the vehicles. According 

to another aspect of the present invention, a shared vehicle system and 

method· involves a vehicle transpo~t system for tr'ansporting a first vehicle 
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with a second vehicle, f~r example, for relocating the first and/or second 

vehicle. 

The above and other aspects, features, and advantages of the 

present invention, will become apparent from the following description 

when taken in conjunction with the accompanying drawings in which 

preferred embodiments of the present inv~ntion 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 o~t to log 

into a terminal computer. at a kiosk; 

Fig. 3 is a flow chart representation 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 5 consists of diagrams of the vehicle subsystem to show 

its components as located in a vehicle {5A) and (5C), and in schematic. 

form (58); 

Fig. 6 is a flow chart representation of steps carried out by the· 

vehicle subsystem when a User accesses an assigned vehicle; 

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 c_onti-ol computer, 

including its interaction with other elements 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 whe.n ID 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. 1 2 is. flow chart summarizing the steps carried out by the 

system control computer a staff member logs onto the system ti:> request 

a vehicle 

Fig. 1 3 is a flow chart representation of steps carried out when 

the system control computer detects the necessity for vehicle relocation 

and the User is requesting a vehicle according to an embodiment of the 

present invention; 
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DESCRIPTION OF THE PREFERR!:D 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 ~tructure, or methods disclosed without 

departing from the scope of the present invention. 

The invention relates generally to systems and methods for 

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

15 

20 

25 

of such systems and methods including optimizing vehicle allocation, 

· vehicle tracking, security, and charging and managing a f~eet of shared· 

electric vehicles. As discussed above, in a shar:ed vehicle sy~tem, a 

number of vehicles are no.rmally maintained in several designated parking 

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

ch~rging the batteries of the vehicles, as well as computer subsystems, 

fQr communicating with the central computer system. Preferably, 

computer subsystems are located within kiosks to provide security and to 

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

po.rt, and return the vehicle to another port more convenient to tlie· Us.~r' s 

destination, or to return the vehicle to the port faci.lity at which the trip 

was begun·. 

To successfully attract people to subscribe and. become Users 

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

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

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

system should be easy and inexpensive for the User and cost effective for 
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the system administrator to operate. To have minimal environmental 
. 

imp(ict, the system 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 and 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 electricat 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, tracking, and securing. 

Similarly, embodiments of the invention 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 representatio.n of a _shared vehicle system 10 

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

Fig. l. The system includes a central facility ( 110) comprising a system 

control computer for administering the vehicle shar_ing system, at least 

one port including a kiosk (120)_ with a computer subsyste_m including 

input and output equipment in comi:nunication with the system control 

computer, and a fleet of vehicles 130, one of which is shown in Fig. 1, 

each havi_ng 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, 
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according to various embodiments described below, to allocate vehicles in 

response to requests by U~ers, 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 charge 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 a·nd client respectively. 

The server and client communicate using standard Internet based 

hypertext transfer protocol ("http"). When information is reqµested 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. In alternative embodiments the 

message requesting information from the User may be generated locally 

or stored at the computer system and called by appropriate command 

from the server. In further embodiments, the computers may be linked 

directly be dedicated lines rather than by Internet. 

1. Selection and Allocation of Vehicles 

According to one aspect of the present invention, systems and 

. methods for sharing electric vehicl_es involve selecti.ng and allocating 

vehicles to ~sers 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 1 50 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 outside of k~osk 1 io 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 ID; the 

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

· herein as a personal. ID; the last two bits are used to v·erify 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 withi_n the scope of the 

invention • 

. ·Following a card s~ipe at block 210, the facility ID is read by a 

card reader attached to the outside of the kiosk .. I( the facility ID is 
. . 

correct, the kiosk unlocks, and the User is able to enter and ~ccess 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 i~ sent to a system control computer at the central facility 
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(block 220). From the personal ID portion of User ID 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 iri Figure 3. At block 300, the computer 

subsystem from which the User !nitiated a request receives signal 2 from 

the system control computer, 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 c~mputer 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 stop a~ a point that is not the final destination entered at block 300. 
. . 

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

for an Errand Trip, the U~er may be asked to provide additional 

information, such as the numbe·r of additional miles (330) or the additional 

time (340) the errand trip is expected to require. Regardless whether an 

Errand Trip is to be included, all Users are asked for the number of 

passengers traveling with them at block 345. 

Currently, the computer subsystem ask~ the user the number 

of passengers for the intend.ed trip. Currently, this question is used only 

for logging purpose, but may be advantageously utilized for relocating the 

vehicles from one port to another for efficient utilizatio"n 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 subsystem, the system asks the user if the 

intended trip is a direct or indirect trip. The distinction between a direct 

trip and an indirect trip allows a relatively accurate estimation of the time 

duration of the trip.· However, according to the analysis of data which 

was collected during th~ 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 time window, and cases of extended time 

durations or errand trips are (elatively rare. Based on this recognition, it is 

possible to do away yvlth 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, tne· 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 vehiQle is allocated and the vehicle number is displayed by the · 

computer subsystem (block 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 traveling together may be assigned to 

different vehicles to assist in relocating vehicles when appropri·ate. 

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 Is recognized as a staff ID, program flow branches to the Staff 

Subroutine shown in Figure 4. As shown in Fig. 4, in response to a signal 

from the system control compute~ the Staff Subroutine, staff members are 

·asked at block 410 for their destination. At block 42.0 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 !ocated at the 

particular port, as well as indica.tions 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 

i_nformatiori, a staff member may select a particular vehicle for 

maintenanc·e or reloc.ation purposes. 
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2. Description of Vehicle Subsystem. 

Each vehicle 130 in the share<;f vehicle fleet is provided with an 

onboard computer system referred to herein as a "vehicle subsystem" 

140 for communicating vehicle system and location data to the system 

control computer and for perform·ing a variety of other functions described 

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

in Figures Sa 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 

(530). The state of charge of the traction and auxiliary batteries is 

preferably·determined according to methods disclosed in United States 
. . . . 

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

reference. 

Vehicle status information together" with vehicle-specific 

identification informatio·rt is broadcast periodically, preferably every 30 

seconds by a transponder (535) installed within the vehicle. Signals 

broadcast by the transponder also permit vehicle !~cation to be 

determined by, for example, radio beacon triangulation. Other techniques 

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

the presently preferred embodiment, vehicle status and location 

information is relayed to a system/vehicle interfac~ by Telet.rac®. 

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 system control 

computer, to insure that only authorized Users may operate the vehicle. 

The microcontroller compares the User ID information provided by a ca·rd 

reader (57 S), accessible fro.m the exterior of the vehicle and PIN 

information entered in a multi di~play terminal ("MDT") (565) with the 

values provided by the system control comp_uter to verify the identity of a 

User attempting to access the vehi_cle: 

The microcont~oller 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 memory 

(RAM) (555) and electrically programmable read o·nly memory (ROM) 

(560). When a vehicle is allocated to a particular User, User ID 

information is stored in RAM. When the vehicle is _allocated to another 

User, !-)ser 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 ev~nt of trouble~ 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 monitoring process running on the system control 

computer to provide constantly u·pdated 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 

this would not create any problem while the vehicle is in motion. 

Because; even if the vehicle move$ 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. However, it is possible that the port in which 

·the vehicle is located may not be covered by the TeleTrac syste_m. It may 

be so due to the unfortunate selection of the location of the port or a 

temporary problem with the TeleTrac system. In either case, any failure 

to locate a vehicle by the system renqers the vehicle unavailable for use 

even though the vehicle may be sitting idle in the port. 

To improve the reliability in locating the vehicles, each port may 

be· provided wi~h a short-range radio communication system for locating 

the vehicles in the particular port. Because the ve~Jcle is located by the 

TeleTrac system once outside the port, the proposed system may be 

co_nsider~d as a hybrid system in the sense it comb!nes the global locating 

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. 
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Such a hybrid communication system is valuable in other_ 

situations as well. In thi~ system, the user initially enters data on his trip 

needs and his ID from the touch panel and the card reader of the 

c9mputer subsystem, respectively. The system assigns a vehicle which 

suits his needs, and permits 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, -~av. not be 

entirely reliable. Should the system fail to operate properly due to a 

breakdown of communication, the authorized user would not b~ able to 

unlock the door or u.se the vehicle. Such an occurrence can seriously 

damage the users' trust of the system. Conversely, should the system 

fail to detect the completion of the use of a vehicle by the user due to a 

breakdown of communication, the charge to the user would continue 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 

pro~ide 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 radi~ transceiver in each 
. . 

vehicle to allovy the vehicle to communicate· directly with the computer 

subsystem of the.port in which the vehicle is located. 

Al.so, 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 
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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 

operator of the system can avoid frequent requests for assistance from 

the users. 

3. Vehicle Sec·urity System With Reduced Power Consumption 

In preferred embodiments, to minimize consumption of electrical 

power while vehicles are not in use the vehicle subsystem reverts to a 

low power state when the vehicle subsystem detects that the vehicle is 
. . 

idle, as when the transmission is set to "park". or the electric motor rs 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 "listening" 

mode in which it can respond to signals from the system control 

compu:ter, but does not bro.~dcast signals for de~ermining vehicle location 

or status. 

As summarized in Figure 6, when a vehicle is assigned to a · 

User, Us~r ID and PIN information are transmitted ~o the vehicle's 

microcontroller from the system control computer at block 610 by radio 

frequency transmission. In the presently preferred embodiment, the 

information is transmitted using a commercial system operated by 

!eletrac.: In the most preferred embodim~nts, a specialized RF link 

between the computer subsys.tem at the port and the vehicle is used to 

transmit User ID 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 acknowledged (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 MDT and card reader, causing those systems to also become . . 

operational. ff 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 card swipe {block 635) for a predetermined 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 attemP:ting 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, within 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 

process 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 entered into the MDT by, for example, pressing 

appropriate keys on a k~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, fiv~ times (block 660). If the correct PIN has not 

been entered after the specified number of attempts, or three minutes 

have elapsed since the User began entering a PIN number, the User will 

be instructed 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 

15 · information are provided, as the ignition is then enabled (block 670). At 

20 

25 

that time, vehicle status information is transmitted from the vehicle 

subsystem to the monitoring process of the system control computer. as 

described in more detail below. 

Accordingly, preferred embodiments provide multiple levels of 

security. A first level of security is provi~ed by requiring an ID card with 

the correct facility information to enter a kiosk. A. second level of 

security is provided by the requirement for proffer of valid User 

identification to be assigned a vehicle. A third level of security is 

provided at the vehicle where the User must enter valid identification 

information (for example, by swiping a card key or token) to g~in 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 provided 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 Cf:!n 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 parked elsewhere, as during an errand trip, the system still 

locks the vehicle, but the vehicle remains assigned to the same User. The 

User can reenter and activate the vehicle by presenting his smart card and 

PIN number at the vehicle card reader and MDT as previously described. 

Figure 7 illustrates how the system contro_I computer 

communicates with Users w_hile driving vehicles as. necessary, and tracks 

vehicle use. At block 1·10 the vehicle subsystem receives a message 

from the system control computer. For example, ·a .message "please 

charge your vehicle" may be sent if the system control computer 

determines that the state of charge is too low to reach the destination 

vehicle port. A User may reply "Yes", or "No." Other messages 

exchanged between a vehicle and the central station could include 
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emergency conditions, such as an accident, or a flat ti.re. The message, 

once received, is displayed on the MDT of the vehicle subsystem (block 

715). The microcontroller is programmed to acknowledge receipt of the 

messages from the central control computer (block 720). If a message is 

not acknowledged, the system attendant is alerted to the malfunction. 

{block 725} and the program halts. If a User reply is detected at block 

730, the reply is broadcast to the system control computer at block 735. 

If no User reply is detected at block 730, the system control 

computer interrogates the vehicle at block 740 to determine if the vehicle 

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

Fig. 7 repeats. 

If a parked state is detected at block 740, a follo~-up sign~! is . 

sent from the m'icrocontroller to set the ignition to an "off" condition at 

block 745. Using regularly. broadcast transponder·signals, t~e system 

control computer determines wh~ther 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 en~ the 

. current User (block 755). The MDT jumps to its initial state, clearing 

random access memory. At the same time, the card reader an~ MDT are 

turned off. and the transponder returns to listening mode. 

If, however, at block 750 it is determine~ ·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 61 O 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 co.rrect 

information to be provided. 

5. Vehicle Tri_p 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. Vehi~le location may be determined from the relative strength 

of the signals broadca~t. acc<?rding 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 mo.nitoring process of th~ sv:sterri 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, th.e system control 

computer may monitor the state of charge of vehicles for purposes of 

alerting Users and port facility attendants of the need to recharge a 

vehicle . 

. A User interface including an MDT {565 in Fig. 5) display similar 

information to the User, for example, usage time, state of charge or other 

vehicle parameter such as ·notices or travel information sent from the 
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system control computer. In additior:i, 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 

d_elayed, a system. attend~nt may contact the user by way of the vehicle 

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 J'.llay 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 dema·nd 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 Checkneed[k) is a number representing the relative 

need of station k to have vehicles relocated to it. 

for a station to be eligible Checkneed must be below a 

threshold value "icvmin" 

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

k; 

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

determined by vehicle· registration process 

waiting = number of Users waiting to obtain a vehicle at 

station k 

Th~ .station with the smallest number of vehicles has priority to receive a 

relocated vehicle. If Checkneed is not below icvmin for any stati"on, no 

relocation will occur. In presently preferred e".lbodjments, 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 vehictes, or 

to recover a vehicle that is abandoned or is inoperable. To relocate a 

vehicle by driving, or to charge a vehicle, a staff member swipes his card 
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key at a kiosk .. The staff member's card is read by the card reader, and 

ID information read from the card is sent to the host computer. When the 

system control computer recognizes the ID informatio~ as that of a staff 

member, the staff member is presented with a menu of potential 

destinations to which· relocation Of vehicles is required. The staff member 

selects a location to which he will relocate a vehicle. The system displays 

the status of each vehicle, including state of charge and maintenance 

required, if any .. The staff member selects the vehicle to be relocated, 

and sends his selection to the system control computer. The system 

control computer sends the ID and PIN of the 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 

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 req~ires charging, after th~ staff member's ID and 

PIN are recognized, the staff member enters the vehicle and opens the · 

charge hatch door. The staff member attaches the charging equipment to 

the receptacle on the vehicle .. The vehicle is then charged, and returned 

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

There are three main components of the computer system in 

the presently preferred embodiment of the vehicle sharing system: 1) the 

User registration component; 2} the system management component; and 

3) the vehicle component. Computer subsystems (805 in Figure 8) 

correspond to the registration component. Computer subsystems are 

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

staff members to assess the condition and location of vehicles, as 
. . 

required. The management component is embodied as a system control 

computer (810) which assigns vehicles to Users in response to requests 

accoraing to a method to be described below I 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 loca~ion and status as well as bidirectional 
. . . 

communication between 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 (81 0) receives requests for 

vehicles from computer subsystems (805) which f'l'.lay be located ·in 

kiosks. Vehicle request information, including a kiosk identifier, User ID 

data received by the card reader, and data entered by Users is transmitted 

to the ma.nagement 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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including a keyboard, and other input and outp_ut 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 embodiments the 

registration process of the system control computer is a web server that 

uses scripting language routines to communicate with tt:ie 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 yehicle sharing 

fleet which includes a microcontroller (540 in Figure 5) capable of 

monitoring vehicle functions as well as processing and storing data 

related thereto, a multidisplay terminal (MDT 565 in Figure 5) for 

displaying messages to the vehicle from the system control computer, as 

well as for sending messages to the system-control computer, such as 

entry of PIN numbers, and a transponder that transmits signals for 

determining vehicle location, as well as vehicle status data. 

As shown in Figure 8, the vehicle subsystem transmits data to 

and receives messages from the system control computer by, for 

example, radio frequency transmission, or other wireless link. Received 

data is converted by the system control computer ~o· machine readable 

code by an interface (820) I which communicates with a monitoring 

process (825), further des~ribed below. in the system control computer. 

The interface comprises two subsystem.s: 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 includes a registration process 

that communicates with computer subsystems (805). The registration 

process allocates vehicles in response to r~quests 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 implement~tion 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, t9 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 describe_d 

in detail below. The registration.process employs i_nformation 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 calculateifrom the beginning of 
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each trip, and the data bases are updated_ continuously, as data becomes 

available. The operation of the sy~tem control computer is summarized in 

Figures 9-l_4, and is described below. 

i. · .Registration Process 

At block 910 of Figure 9, the registration process receives 

personal ID information together with the identity of the kiosk from which 

a request is sent. The personal ID information is checked against User 

data (850) to determine if the request is from an authorized User, and if 

so, whether the personal ID information is assigned to Staff Member 

(950) to the more general class of Users (940). If the personal ID 

information is not recognized, a signal that the personal ID is invalid is 

sent to the kiosk (block 960). If the User ID is inv8:lid, an appropriate 

message (Signal 1) is sent to the computer subsystem at block 970. In . 

preferred embodiments, this signal, and othe.rs sent from the registration 

process to the computer subsystems, is a web page. Alter~atively, 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 

sh.ows that the requester is a User, then program flow branches to th.e 

steps shown in Figure 1 O. At block 1010, signal 2 is sent to ~he 

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 determir:ted f~om 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 ttie 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 ~rip, 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 require<;f for the distance to be traveled during the requested trip at 

block 1065, according to the equation: 

minimum SOC required = total miles/<X x 10 + 10, 

where SOC is the state of charge of a battery that supplies current to a 

drive motor, and where ex is the number.of miles that can be driven per 

10% of maximum SOC. In the pres~ntly preferred embodiment, ex = 6.5. 

The result of the calculation is the minimum state of charge req~ired for 

the trip requested, expressed as a percentage of the total charge the 

vehicle's battery can accommodate. 

Frorn the information obtained, a vehicle ·allocation algorithm 

determines which vehicles match the User's requ~st 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 U~er wishes to depart. The vehicle search group includes· 

vehicles located and parked at the port that are not presently al.located 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 ·tor transfer to another port or 

otherwise are excluded from· the vehicle search group; The pre-defined 

time period is selected to minimize Use~-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 1090. If there are two 

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

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

embodiments, all vehicles with sufficient charge may be offered. 

If all vehicles have less than the required minimum state of 

charge, the system will offer the vehicle with the highest state of charge. 

A warning is provided to the User requesting the vehicle informing the 

User that the state of charge may be insufficient for the trip requested 

(block 1080). 

While in the presently preferred embodiment, the vehicle fleet is 

made up of specially modified Honda minivans, in alternative 

embodiments different types of vehicles may be offered to Users. In such 

embodiments, the vehicle allocation will take into account the passenger 

capacity of each vehicle in the vehicle fleet. 

If the User accepts the vehicle offered, program flow_ continues 

with the assignment of the offered vehicle according to the method 

summarized in Figure 6. 
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In th~ 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 th~ 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 w_as received, 

resulting in display of a message asking the staff member to input his 

intended destin~tion. The registration process receives the Staff 

Member's destination from a computer subsystem at a kiosk at block 

1220. At b_lock 1230, the· registration process determines th~ distance 

and time that the requested t~ip 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 Memb_er th.en 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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IFl preferred embodiments, when the system determines that 

vehicle relocation is requfred, as for example in the algorithm disclosed 

above, Users may be asked to relocate vehicles. If during vehicle 

allocation, the monitoring process determines a need for vehicle relocation 

{block 1310), the User is presented with a short set of questions to 

determine whether a passenger might drive a vehicle that requires 

relocation to the pa~senger's intended destination. 

At bfock 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 ri<:>t asked to assist with relocation and the program flow r~turns 

~o the vehicle assignment method of Figure 6. If at block 1330 the User 

responds that only one person wm be making the requested trip, then 

there is no extra driver for vehicle relocation and program flow continues . . . 

with vehicle assig~ment according to the method of figure 6. If there is a 

least one passenger in the requested trip (block 13~0), 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 apprppriate 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 vehic_le offered. The flow of 

Figure 11 repeats until there are no additional passengers available to 

relocate vehicles. 
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2. Shared System Data Base 

A real time data base is used as part of the monitoring 

component. The data base is implemented as a set of shared tables 

accessible to both the monitoring and registration processes. The tables 

contain data from the various subsystems, or from algorithms that use 

and refine the date. Data management is handled by commercial data 

base engines, such as Microsoft Access. The data bases are used for a 

variety of tasks, including vehicle allocation, calculation of the time and 

distance a trip requires, as well as tracking and monitoring vehicle status. 

Other tasks that may be implemented through the data bases include 

improving the prediction of vehicle arrival times, and determining when 

vehicle relocation will be necessary. 

In the presently preferred embodiment, there are three shared 

system data base User Data (Fig. 8, 830) includes records of User 

information and statistics, suph 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 instan9e 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 us·er having 

rights to_ access the wait request data base from _a remote computer, su~h 

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 ne~work; 2) a fleet management computer 

that initiates and monito~s messaging and location of the vehicle fleet; 

and 3) a control computer that generates and records all mess~ges sent 

t_o and from the fleet management computer and carries out protocols 

necessary for system operation. In the presently preferred embodiment 

the fleet management computer rui:is 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 reql!est is submittec:f 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 presently preferred embodiment, a graphical user 

interface ("GUI 11
) 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 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 ligh.t of the above teaching. For example, while many of the 

data processing and decision making functions are describ~d ·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 

. terminate 

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 

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 i.dentifying the pons 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 du·ration 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 d.irect trip or an indirect trip. 
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