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A method and system for managing vehicles within a bound-
ary is provided. Boundary units positioned at predetermined
locations in a managing area define a boundary, within which
multiple docking stations that secure the vehicles are posi-
tioned. Each docking station comprises a client component
and a locking unit. The client component, in communication
with a central server, allocates a vehicle to a user based on
allocation criteria. The locking unit unlocks the allocated
vehicle from a docking station. Each vehicle comprises a
vehicle control unit, in communication with the boundary
units, for determining proximity of the allocated vehicle to
the defined boundary, and for restricting movement of the
allocated vehicle when the allocated vehicle is in close prox-
imity to the defined boundary. The central server, in commu-
nication with the boundary units, determines location of the
allocated vehicle, when the allocated vehicle is in close prox-
imity to and breaches the defined boundary.
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101

PROVIDE A VEHICLE MANAGEMENT 5YSTEM COMPRISING MULTIPLE g
BOUNDARY UNITS, MULTIPLE DOCKING STATIONS THAT PARK AND SECURE
MULTIPLE VEHICLES, A VEHICLE CONTROL UNIT, AND ACENTRAL SERVER

102
k4
REGISTER USERS ATTHE CENTRALSERVER _@./
g 103
-

CHARGE THE VEHICLES BY A CHARGING UNIT PROVIDED IN EACH OF THE
DOCKING STATIONS

, 104

AUTHORIZE A USER BY THE CLIENT COMPONENT IN COMMUNICATION WITH
THECENTRAL SERVER

. 105
REQUEST CHARGE LEVEL OF EACH OF THE VEHICLES BY THE CLIENT »y

COMPONENT

Il 106

ALLOCATE ONE OF THE VEHICLES TO THE USER BY THE CLIENT ey

COMPONENT

] 107

Y

UNLOCK THE ALLOCATED VEHICLE FROM THE DOCKING STATION BY A
LOCKING UNMIT

¥

DETERMINE PROXIMITY OF THE ALLOCATED VEHICLE TO A DEFINED -

BOUKDARY BY THE VEHICLE CONTROL UNITIN COMMUNICATION WITH
THE BOUNDARY UNITS

k

SEND A WARNING SIGNAL TO THE USER WHEN THE ALLOCATED VEHICLE IS |/
IN CLOSE PROXIMITY TO THE DEFINED BOUNDARY

,

®

FIG. 1A
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110
MANAGE MOVEMENT OF THE ALLOCATED VEHICLE WITHIN THE DEFINED k.,./
BOUNDARY
110a
RESTRICTMOVEMENT OF THE ALLOCATED VEHICLE WITHIN THE M}
DEFINED BOUNDARY BY THEVEHICLECONTROL UNIT
p— S ———— — 110b
LOCK THE ALLOCATED VEHICLE BY THE LOCKING UNIT, WHEN Mﬂ_,;
THE USER PARKS THE ALLOCATED VEHICLEATONEOFTHE
DOCKING STATHONS
i 111
LOGUSAGE STATISTICROF THE ALIOCATED VEHICLE BY THE CENTRAL «-‘”}
SERVER
i 112
GENERATE BILLING INFORMATION FOR THE USER BASED ON THE LOGGED .
LUSAGE STATISTICS

FIG. 1B
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1
VEHICLE MANAGEMENT SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of non-provisional
patent application number 3669/CHE/2010 titled “Vehicle
Management System”, filed on Dec. 6, 2010 in the Indian
Patent Office.

The specification of the above referenced patent applica-
tion is incorporated herein by reference in its entirety.

BACKGROUND

The issue of global warming is often in the news and is now
of critical importance. Global warming refers to an increase
in average global temperatures. The increase in average glo-
bal temperatures is caused primarily due to an increase in
greenhouse gases such as carbon dioxide, methane, nitrous
oxide, etc. Of these gases, carbon dioxide is a major contribu-
tor to global warming. Burning fossil fuel in transportation
vehicles is one of the reasons for the increase in atmospheric
concentrations of greenhouse gases. To mitigate global
warming, there is a need for an increased use of eco-friendly
vehicles, for example, bicycles, tricycles, etc., as a means for
commute and transportation.

Since the use of such eco-friendly vehicles is not feasible
for travel over long distances due to the vehicles’ slow speed,
inability to carry multiple passengers, and the requirement of
a driver to be fit enough to pedal the eco-friendly vehicle over
an extended distance, it becomes imperative to make as much
use of the eco-friendly vehicles as possible for covering
smaller distances, for example, within campuses. However,
carrying the eco-friendly vehicles over large distances to use
them over smaller distances is tedious and often not possible.
Hence, there is a need for pooling eco-friendly vehicles at
common parking areas that are then made available for use
among users within a particular area.

The relatively small size and mass of these vehicles render
these vehicles prone to theft. Although such eco-friendly
vehicles are viable and environment friendly, their security is
an important concern. Conventional methods of providing
security within an area include erecting a physical fence along
the boundary of an area and having security personnel guard
the boundary area. Providing a physical fence along a bound-
ary of an area, for example, a technological park, is not always
possible where many corporate campuses share the land
along with other corporate campuses. Having security per-
sonnel guard the area is inefficient, as they often take short
breaks during which the area is left unguarded. Hence, there
is a need for setting up a virtual boundary along the boundary
of the area for preventing the eco-friendly vehicles from
breaching the boundary area.

Hence, there is a long felt but unresolved need for a method
and system that defines a virtual boundary around a pre-
defined area and manages and tracks multiple vehicles within
the defined boundary.

SUMMARY OF THE INVENTION

This summary is provided to introduce a selection of con-
cepts in a simplified form that are further described in the
detailed description of the invention. This summary is not
intended to identify key or essential inventive concepts of the
claimed subject matter, nor is it intended for determining the
scope of the claimed subject matter.
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The method and system disclosed herein addresses the
above stated need for defining a boundary around a pre-
defined area and managing and tracking multiple vehicles
within the defined boundary. A vehicle management system is
provided. The vehicle management system comprises mul-
tiple boundary units, docking stations, a vehicle control unit
for each of the vehicles, and a central server. The boundary
units are positioned at predetermined locations in a managing
area for defining a boundary along a perimeter of the manag-
ing area. Multiple docking stations are positioned at prede-
termined locations within the defined boundary for parking
and securing the vehicles.

The central server is in electronic communication with the
boundary units, the docking stations, and the vehicle control
unit of each of the vehicles in a networked environment. The
central server monitors and manages the boundary units, the
docking stations, and the vehicle control unit of each of the
vehicles. The central server registers users, the vehicles, the
docking stations, and the boundary units. The central server
stores identification information of the registered users, the
registered vehicles, the registered docking stations, and the
registered boundary units in a database residing in the central
server. The central server provides a user identifier to the user
on registration of the user with the central server.

Each of the docking stations comprises a client component
and a locking unit. Each of the docking stations further com-
prises a charging unit for charging the vehicle control unit of
each of the vehicles. The client component of each of the
docking stations provides a communication interface for
receiving identification information from the user for autho-
rization of the user, in communication with the central server,
for allocating one of the vehicles to the user. The client com-
ponent provides a communication gateway to the central
server for the user at a docking station. The client component
receives the identification information, for example, a user
identifier, from the user via the communication interface and
transmits the identification information to the central server.
The central server then verifies the identification information
transmitted by the client component by mapping the identi-
fication information to its own database and returns an autho-
rization status to the client component. Thus, the client com-
ponent, in communication with the central server, authorizes
the user prior to the allocation of one of the vehicles to the
user.

After receiving the authorization status for the user from
the central server, the client component allocates one of the
vehicles from its docking station to the user based on alloca-
tion criteria. The user then can take the allocated vehicle from
that docking station and use the allocated vehicle for com-
mute to another docking station within the defined boundary.
The allocation criteria for allocating one of the vehicles from
the docking station comprise, for example, charge level of
each of the vehicles parked and secured at the docking station,
user authorization, etc. The client component detects that the
user has retrieved the allocated vehicle from its docking sta-
tion automatically and communicates the vehicle identifier of
the allocated vehicle to the central server. On receiving the
vehicle identifier from the client component, the central
server associates the user identifier with the vehicle identifier
and stores the vehicle identifier in the database.

After authorization of the user, the client component deter-
mines the charge level of each of the vehicles in the docking
station by requesting each of the vehicles to return their
charge levels to the client component for selecting the vehicle
with the highest charge level, or the vehicle whose charge
level is above a predefined threshold when the charge levels of
the parked vehicles are low, for allocation to the user. The
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client component then determines position and a vehicle
identifier of the selected vehicle on a support structure of the
docking station and communicates the determined position
and the vehicle identifier to the locking unit. The client com-
ponent communicates the vehicle identifier to the locking unit
along with an unlock instruction. The locking unit unlocks the
allocated vehicle from the docking station.

The locking unit is slidably attached on the support struc-
ture in each of the docking stations. The locking unit contacts
a securing component provided on the support structure for
engaging and disengaging the allocated vehicle from the
docking station. The locking unit identifies and unlocks the
allocated vehicle from the docking station, for example, by
sliding along the support structure, scanning vehicle identi-
fiers of the vehicles secured at the docking station, and match-
ing the vehicle identifiers with the vehicle identifier of the
allocated vehicle communicated to the locking unit by the
client component. The locking unit comprises a first drive
mechanism operably connected to a first opposing surface of
ahousing of the locking unit. The first drive mechanism ofthe
locking unit drives the locking unit to the determined position
of the allocated vehicle to enable unlocking of the allocated
vehicle. The locking unit slides along the support structure to
the determined position and disengages the allocated vehicle
from the securing component provided on the support struc-
ture. In an embodiment, one or more inductive proximity
sensors are positioned on the housing of the locking unit. The
locking unit, in communication with the securing component,
monitors output of the inductive proximity sensors to deter-
mine and track status of the vehicles at each of the docking
stations based on arrival and parking of the vehicles at each of
the docking stations and a lock condition of the vehicles.

The securing component comprises an elongate member
with an outwardly protruding extension, and a securing
socket. The securing socket is configured on a base plate
rigidly attached to the elongate member. The securing socket
receives a protruding element extending from each of the
vehicles for securing each of the vehicles by the elongate
member. The locking unit further comprises a pair of jaw
members and a second drive mechanism. The pair of jaw
members is defined on a handle rigidly attached to a second
opposing surface of the housing of the locking unit. The pair
of jaw members extends outwardly from the handle and
defines a space for receiving the outwardly protruding exten-
sion of the elongate member of the securing component. The
second drive mechanism of the locking unit is engageably
connected to the handle for moving the handle vertically in an
upward direction and a downward direction, whereby the
outwardly protruding extension of the elongate member of
the securing component held within the space defined by the
pair of jaw members of the moved handle is moved in the
upward direction and the downward direction for disengaging
and engaging the protruding element extending from each of
the vehicles.

The vehicle control unit of each vehicle is electromechani-
cally connected to the vehicle. The vehicle control unit is in
electronic communication with the boundary units and the
client component in each of the docking stations. The vehicle
control unit, in communication with the boundary units,
determines proximity of the allocated vehicle to the defined
boundary. The vehicle control unit sends a warning signal to
the user when the allocated vehicle is in close proximity to the
defined boundary. The vehicle management system manages
movement of the allocated vehicle within the defined bound-
ary. The vehicle control unit restricts movement of the allo-
cated vehicle within the defined boundary, when the allocated
vehicle is in close proximity to the defined boundary. When
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the user parks the allocated vehicle at one of the docking
stations, the locking unit of the docking station locks the
allocated vehicle.

A disabling unit is provided on each of the vehicles. The
disabling unit is operably connected to the vehicle and the
vehicle control unit. The disabling unit comprises a brake
actuator and a lock actuator. The brake actuator is operably
connected to wheels of each of the vehicles. The vehicle
control unit controls the brake actuator for braking the allo-
cated vehicle to bring the allocated vehicle to a halt. The lock
actuator is operably connected to the wheels of each of the
vehicles. The vehicle control unit controls the lock actuator
for locking the wheels of the allocated vehicle, when the
allocated vehicle attempts to breach the defined boundary. In
an embodiment, the vehicle control unit communicates with
the boundary units to detect auxiliary movement of the allo-
cated vehicle after locking and disabling of the allocated
vehicle by determining the change in proximity to the bound-
ary units from the initial proximity determined at the instance
when the allocated vehicle is disabled. If any change in prox-
imity is determined, the boundary units notify the central
server about a theft attempt in progress.

In an embodiment, one or more of the boundary units sends
a notification to the central server regarding the breach of the
defined boundary by the allocated vehicle on detection of
auxiliary movement of the disabled vehicle. The central
server, in communication with the boundary units, deter-
mines the location of the allocated vehicle based on the loca-
tion of the notifying boundary unit, when the allocated
vehicle is in close proximity to the defined boundary or
breaches the defined boundary. The database of the central
server logs usage statistics of the allocated vehicle in com-
munication with each of the docking stations, the vehicle
control unit, and the boundary units. The central server gen-
erates billing information for the user based on the logged
usage statistics.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, is better understood when read in
conjunction with the appended drawings. For the purpose of
illustrating the invention, exemplary constructions of the
invention are shown in the drawings. However, the invention
is not limited to the specific components and methods dis-
closed herein.

FIGS. 1A-1B illustrate a method for managing multiple
vehicles within a boundary.

FIG. 2 exemplarily illustrates a managing area managed by
a vehicle management system.

FIG. 3 exemplarily illustrates a geometrical representation
implemented by a proximity calculation algorithm for deter-
mining proximity of an allocated vehicle to a boundary
defined by multiple boundary units of the vehicle manage-
ment system.

FIG. 4 exemplarily illustrates definition of grids by the
boundary units of the vehicle management system for
restricting movement of an allocated vehicle within a bound-
ary defined by the boundary units.

FIG. 5 illustrates a system for managing multiple vehicles
within a boundary.

FIG. 6 exemplarily illustrates a perspective view of a dock-
ing station with multiple vehicles parked and secured to the
docking station.

FIG. 7 exemplarily illustrates a perspective view of a sup-
port structure of a docking station, showing a client compo-
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nent rigidly attached to the support structure, and securing
components housed in the support structure.

FIG. 8 exemplarily illustrates a partially cut away rear
perspective view of a docking station, showing a locking unit
slidably attached in the support structure.

FIG. 9 exemplarily illustrates a perspective view of a lock-
ing unit of a docking station.

FIG. 10 exemplarily illustrates a protruding element
extending from a vehicle for insertion into a securing socket
of a securing component housed in the support structure.

FIG. 11 exemplarily illustrates engagement of the protrud-
ing element of the vehicle to the securing component in the
docking station, where the locking unit engages and disen-
gages the protruding element of the vehicle from the securing
component.

FIG. 12 exemplarily illustrates a vehicle control unit.

FIG. 13 exemplarily illustrates a boundary unit.

FIG. 14 exemplarily illustrates a perspective view of the
vehicle control unit and a disabling unit mounted on a vehicle.

FIG. 15 exemplarily illustrates a perspective view of a
disabling unit operably connected to a wheel of a vehicle.

FIG. 16 exemplarily illustrates the architecture of a com-
puter system employed by a central server of the vehicle
management system for managing multiple vehicles within a
boundary.

FIG. 17 exemplarily illustrates a flow chart comprising
steps for allocating a vehicle to a user.

FIGS. 18A-18B exemplarily illustrate a flow chart com-
prising steps for determining a breach of a defined boundary
by an allocated vehicle.

FIGS.19A-19B exemplarily illustrate a flow chart showing
communication between the boundary units.

FIG. 20 exemplarily illustrates a flow chart comprising
steps for securing a vehicle in a docking station.

FIG. 21 exemplarily illustrates a map of a managing area
displayed on a graphical user interface of the central server,
when an allocated vehicle breaches the defined boundary.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1A-1B illustrate a method for managing multiple
vehicles within a boundary. As used herein, the term
“vehicles” refers to eco-friendly vehicles, for example,
bicycles, tricycles, electric carts, electric golf carts, non-pol-
Iuting light vehicles, etc., that enable a user to commute
within a managing area of a facility such as a campus. The
method disclosed herein provides 101 a vehicle management
system 200 comprising multiple boundary units 201, multiple
docking stations 202, a vehicle control unit 501, and a central
server 204 as exemplarily illustrated in FIG. 2 and FIG. 5. The
boundary units 201 are positioned at predetermined locations
in a managing area 206 for defining a boundary 205. The
vehicles 203 are intended to be shared among users within the
managing area 206. As used herein, the term “managing area”
refers to any large area that necessitates use of the vehicles
203 for commuting from one point to another point within the
area, for example, a campus, a technology park, etc. Also, as
used herein, the term “boundary” refers to a virtual boundary
205 defined along a perimeter 2064 of the managing area 206
by the boundary units 201 and created using radio frequency
signals of the boundary units 201.

The central server 204 is in electronic communication with
the boundary units 201, the docking stations 202, and the
vehicle control unit 501 in a networked environment. The
central server 204 monitors and manages the boundary units
201, the docking stations 202, and the vehicle control unit
501. Users who wish to use the vehicles 203 for commuting
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within the managing area 206 register 102 with the central
server 204 by providing user identification information. The
central server 204 provides a user identifier to the user on
registration of the user with the central server 204.

The docking stations 202 are positioned at predetermined
locations within the defined boundary 205 for parking and
securing the vehicles 203 as exemplarily illustrated in FIG. 2.
Each of the docking stations 202 comprises a client compo-
nent 503 and a locking unit 502. In an embodiment, each of
the docking stations 202 further comprises a charging unit
509 for charging 103 the vehicle control unit 501 of each of
the vehicles 203. The charging unit 509 is positioned, for
example, below each securing component 602 on a support
structure 601 of each of the docking stations 202 as exem-
plarily illustrated in FIG. 6. The client component 503 is an
application or a computer system connected to each of the
docking stations 202. In an embodiment, the client compo-
nent 503 is configured as a thin client that depends on the
central server 204 to perform its functions, for example,
authorizing the user prior to allocation of a vehicle 203 to the
user, etc. The central server 204 performs information pro-
cessing on behalf of the thin client. As exemplarily illustrated
in FIG. 5, the client component 503 communicates with the
central server 204 via a communication network 510, for
example, a WiFi communication network, a general packet
radio service (GPRS) network, a mobile telecommunication
network, a local area communication network, an internet
connection network, a Bluetooth™ communication network,
an infrared communication network, etc. A mobile telecom-
munication network is, for example, a global system for
mobile (GSM) communication network, a code division mul-
tiple access (CDMA) network, a third generation (3G) mobile
communication network, etc.

The client component 503 provides a communication
interface 504 for receiving identification information, for
example, the user identifier, biometric identifiers, etc., from
the user for authorization of the user, in communication with
the central server 204, for allocating one of the vehicles 203 to
the user. The client component 503, in communication with
the central server 204, authorizes 104 the user using, for
example, the user identifier. The client component 503, in
communication with the central server 204, allocates one of
the vehicles 203 from one of the docking stations 202 to the
user based on allocation criteria, for enabling the user to
commute from one docking station 202 to another docking
station 202 within the defined boundary 205. The allocation
criteria for allocating one of the vehicles 203 from the dock-
ing station 202 comprise, for example, charge level of each of
the vehicles 203 parked and secured at the docking station
202, user authorization, etc. The central server 204 associates
the user identifier with a vehicle identifier of the allocated
vehicle 203a.

On authorization, the client component 503 requests 105
the vehicles 203 in the docking station 202 to return their
charge levels. In an example, the client component 503 allo-
cates 106 the vehicle 203 with the highest charge level or
battery life to the user. The locking unit 502 of each of the
docking stations 202 is slidably attached on the support struc-
ture 601 in each of the docking stations 202. The locking unit
502 contacts a securing component 602 provided on the sup-
port structure 601 for engaging and disengaging the allocated
vehicle 2034 from the docking station 202 as disclosed in the
detailed description of FIG. 11. The locking unit 502 identi-
fies the allocated vehicle 203a secured at the docking station
202 by sliding along the support structure 601, scanning
vehicle identifiers of the vehicles 203 secured at the docking
station 202, and matching the vehicle identifiers with the
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vehicle identifier of the allocated vehicle 2034 communicated
to the locking unit 502 by the client component 503. The
locking unit 502 then unlocks 107 the allocated vehicle 203«
from the docking station 202 by disengaging the allocated
vehicle 203a from the securing component 602 of the docking
station 202. The locking unit 502, in communication with the
securing component 602, determines and tracks status of the
vehicles 203 at the docking station 202 based on arrival and
parking of the vehicles 203 at the docking station 202 and
lock condition of the vehicles 203. When the allocated vehicle
203a is unlocked, the client component 503 sends a message
to the central server 204 to initiate a timer 2044 for timing the
usage of the allocated vehicle 203a within the defined bound-
ary 205.

The user can use the allocated vehicle 2034 only within the
defined boundary 205 of the managing area 206. The vehicle
control unit 501 of each of the vehicles 203 is electromechani-
cally connected to each of the vehicles 203. The vehicle
control unit 501 is in electronic communication with the
boundary units 201 and the client component 503 in each of
the docking stations 202. The vehicle control unit 501, in
communication with the boundary units 201, determines 108
proximity of the allocated vehicle 2034 to the defined bound-
ary 205 as disclosed in the detailed description of FIGS. 3-4.
The vehicle control unit 501 sends 109 a warning signal to the
user when the allocated vehicle 203a is in close proximity to
the defined boundary 205.

The vehicle management system 200 manages 110 move-
ment of the allocated vehicle 203a within the defined bound-
ary 205. The vehicle control unit 501 restricts 110a move-
ment of the allocated vehicle 203a within the defined
boundary 205, when the allocated vehicle 203¢ is in close
proximity to the defined boundary 205. When the allocated
vehicle 203a is in close proximity to the defined boundary
205, the vehicle control unit 501 restricts the movement of the
allocated vehicle 203q, for example, by reducing the speed of
the allocated vehicle 203a to a low speed by controlling
braking of the allocated vehicle 2034 to bring the allocated
vehicle 203a to a halt. The vehicle control unit 501 further
restricts the movement of the allocated vehicle 203a, for
example, by controlling locking of the wheels ofthe allocated
vehicle 203a to disable the allocated vehicle 203a and bring
the allocated vehicle 2034 to a halt.

On reaching a destination, the user parks and secures the
allocated vehicle 203q in the docking station 202 nearest to
the destination. The locking unit 502 of this docking station
202 locks 1105 the allocated vehicle 203a at the docking
station 202. The client component 503 at this docking station
202 sends a message to the central server 204 to stop the timer
204d initiated for this allocated vehicle 2034. In an embodi-
ment, the central server 204, in communication with each of
the docking stations 202, the vehicle control unit 501, and the
boundary units 201, logs 111 usage statistics of the allocated
vehicle 203a and generates 112 billing information for the
user based on the logged usage statistics. For example, the
central server 204 tracks the allocated vehicle 203a using the
vehicle identifier and the user identifier in the database 2045
and determines the usage time from the timer 2044 for billing
the user.

In an embodiment, the central server 204, in communica-
tion with the boundary units 201, determines 113 location of
the allocated vehicle 203a, when the allocated vehicle 203a is
in close proximity to the defined boundary 205 and when the
allocated vehicle 203a breaches the defined boundary 205.
Each of the boundary units 201 defining the boundary 205 in
the managing area 206 is given a unique identifier (ID). The
central server 204 stores the unique identifier of each of the
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boundary units 201 in a database 2045 residing in the central
server 204 and associates each of the boundary units 201 with
the nearest landmark, for example, a building name, gate
number, etc., in and around the managing area 206. When an
allocated vehicle 203« is disabled, the boundary unit 201 that
is nearest to the allocated vehicle 2034 sends a message to the
central server 204. The central server 204 looks up the unique
identifier of the boundary unit 201 stored in the database 2045
and determines the location of the boundary unit 201. The
central server 204 uses the location of the boundary unit 201
as areference to determine the location of the disabled vehicle
2035. The central server 204 displays the location informa-
tion on a graphical user interface, for example, by means of a
map 2100, as exemplarily illustrated in FIG. 21, that high-
lights the location of the boundary unit 201 that is nearest to
the allocated vehicle 203a that breached the defined boundary
205.

FIG. 2 exemplarily illustrates a managing area 206 man-
aged by the vehicle management system 200. The vehicle
management system 200 disclosed herein manages multiple
vehicles 203 within the boundary 205 defined by the bound-
ary units 201. The vehicle management system 200 is imple-
mented within a perimeter 2064 of the managing area 206.
The boundary units 201 are positioned at predetermined loca-
tions along the perimeter 2064 of the managing area 206 to
define the boundary 205, thereby precluding the need for a
physical fence along the perimeter 2064 of the managing area
206. The defined boundary 205 represents the boundary 205
of the managing area 206 within which the vehicle manage-
ment system 200 manages the vehicles 203.

Each of the boundary units 201 comprises a radio fre-
quency (RF) transceiver 2015 that defines a virtual boundary
205 of any shape and size. The boundary units 201 are posi-
tioned at intervals along the perimeter 2064 of the managing
area 206 that enable the RF transceivers 2015 in the boundary
units 201 to communicate with each other and define the
boundary 205. The number of the boundary units 201
required to define the boundary 205 depends on a communi-
cation range 403 of the RF transceivers 2015 and the number
of'corners 2065 in the managing area 206. Each of the corners
2065 along the perimeter 206a of the managing area 206
requires a boundary unit 201 positioned at that corner 2065
for indicating the end of the boundary 205 at that corner 2065.
The boundary units 201 are positioned such that the distance
between two boundary units 201 is less than or equal to the
communication range 403 of the RF transceivers 2015 in the
boundary units 201. The distance between two boundary
units 201 lies, for example, between 70 meters and 100
meters. In an example, in the absence of the boundary unit C
201, the boundary 205 would be a straight line defined by AB
between the boundary unit A 201 and the boundary unit B
201.

Multiple docking stations 202 are positioned at predeter-
mined locations within the defined boundary 205. The dock-
ing stations 202 park and secure multiple vehicles 203. The
docking stations 202 are positioned at places where users are
most likely to congregate or pass through, for example, a car
parking lot, a cafeteria, a building entrance, etc. The docking
stations 202 are located across the managing area 206, for
example, a college campus, such that a user can borrow a
vehicle 203 from the docking station 202 nearest to the user,
for example, near a car parking lot and travel to his destina-
tion, for example, a library and park the vehicle 203 in the
docking station 202 near the library. When the vehicle 203 is
parked at the docking station 202, the vehicle 203 is made
available to other users. Therefore, the user need not return
the vehicle 203 to the same docking station 202 from where
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the user borrowed the vehicle 203. Moreover, the user need
not hold on to the vehicle 203 for the duration of the time the
user spends at a destination; rather the user can take another
vehicle 203 from the docking station 202 nearest to the user
when the user needs to travel back from the destination. At
any time, the vehicles 203 are either parked and secured in
one of the docking stations 202, or are being used by the users.

The central server 204 monitors and keeps track of all the
vehicles 203. For example, if the vehicle 203 is parked at the
docking station 202, the central server 204, in communication
with the docking station 202, tracks the vehicle 203 using the
vehicle identifier and determines in which docking station
202 the vehicle 203 is parked. If the vehicle 203 is in use, the
central server 204 tracks that a user is using the vehicle 203
using the vehicle identifier associated with the user identifier.

In an embodiment, the vehicle control unit 501 communi-
cates with the boundary units 201 to detect auxiliary move-
ment of the allocated vehicle 203a after locking or disabling
of the allocated vehicle 2034. The vehicle control unit 501
detects the auxiliary movement of the disabled vehicle 2035
by checking for change in its proximity to the boundary units
201 from the initial proximity that was determined at the
instance when the allocated vehicle 203a was disabled using
a proximity calculation algorithm disclosed in the detailed
description of FIG. 3. If any change is detected, the central
server 204 is notified about the theft attempt in progress.

FIG. 3 exemplarily illustrates a geometrical representation
implemented by a proximity calculation algorithm for deter-
mining proximity of an allocated vehicle 2034 to a boundary
205 defined by multiple boundary units 201 of the vehicle
management system 200. The proximity calculation algo-
rithm determines if a point is in between two parallel lines,
when the distance between the parallel lines and the distance
between the point and the corners of one of the parallel lines
is known. The boundary units 201 setup a critical grid 401 and
a deadline grid 402 with reference to the defined boundary
205 as disclosed in the detailed description of FIG. 4. The
parallel lines in FIG. 3 can be modeled as the line of the
defined boundary 205 and the critical grid 401 or the line of
the defined boundary 205 and the deadline grid 402. The point
represents the allocated vehicle 203a whose location has to be
determined. The corners of one of the parallel lines represent
the boundary units 201.

Consider the corners C and D of the parallel line CD
represent two boundary units 201. The defined boundary 205
is represented by the line CD, and the critical grid 401 or the
deadline grid 402 is represented by the line AB in FIG. 3. The
lines AB and CD are parallel to each other and separated by a
distance CA. The allocated vehicle 203a is represented by the
point E in FIG. 3. E is a point in proximity to the line AB. The
vehicle control unit 501, in communication with the boundary
units 201, determines whether the vehicle 203 represented by
the point E is between the lines AB and CD as follows:
Consider a triangle CED formed by the points C, E, and D.
The vehicle control unit 501 computes the angle 6 made by
the lines CE and CD, for example, by applying the cosine
rule:

ED?=CE?+CD?-2(CE)(CD)cos(0)
The vehicle control unit 501 obtains EF, for example, using
the formula:
EF=CE sin(0)

If the vehicle control unit 501 determines that EF is lesser
than CA, then the vehicle control unit 501 determines that the
point E lies between the lines AB and CD.
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FIG. 4 exemplarily illustrates definition of grids 401 and
402 by the boundary units 201 of the vehicle management
system 200 for restricting movement of an allocated vehicle
203a within a boundary 205 defined by the boundary units
201. The boundary units 201 set up a critical grid 401 and a
deadline grid 402 with reference to the defined boundary 205
within the communication range 403 of each of the boundary
units 201. The boundary units 201 set the critical grid 401 at
a distance from the defined boundary 205 that provides
enough time for the allocated vehicle 203a to be slowed down
to a low speed and locked before the allocated vehicle 203a
crosses the defined boundary 205. The boundary units 201 set
the critical grid 401 at a distance, for example, about 3 meters
from the defined boundary 205 in the managing area 206.
When the allocated vehicle 203a reaches the critical grid 401,
the vehicle control unit 501 initiates braking of the allocated
vehicle 203a. The boundary units 201 set the deadline grid
402 closer to the defined boundary 205 than the critical grid
401, to allow the allocated vehicle 203a to be locked and
disabled before the allocated vehicle 203a breaches the
defined boundary 205. The boundary units 201 set the dead-
line grid 402 at a distance, for example, about 1 meter from
the defined boundary 205 in the managing area 206. On
reaching the deadline grid 402, the vehicle control unit 501
initiates locking of the allocated vehicle 203a.

The vehicle control unit 501 of the allocated vehicle 203a
broadcasts a beacon signal at regular intervals. The beacon
signal is a data packet configured, for example, as a single hop
signal and coded with a destination address class belonging to
each of the boundary units 201. Each of the boundary units
201, in addition to having a unique ID, is also assigned an
address identical to each type of boundary unit 201. For
example, if the boundary units 201 are addressed within a
range, for example, 0100 to 1000, then the address space
0100-1000 becomes the address class of the boundary units
201. The single hop feature of the beacon signal enables any
boundary unit 201 to receive the beacon signal configured as
“single hop” directly from the allocated vehicle 2034, but
cannot re-route the beacon signal further. The boundary unit
201 that receives the single hop beacon signal drops the
beacon signal if the destination address class of the beacon
signal does not match its own destination address class. The
vehicle control unit 501 continuously broadcasts the beacon
signal at regular intervals until the vehicle control unit 501
gets a response from one or more of the boundary units 201.

One or more boundary units 201 receive the beacon signal
when the allocated vehicle 203a enters the communication
range 403 of the RF transceivers 2015 of the boundary units
201. The beacon signal broadcasted by the vehicle control
unit 501 further comprises the address ofthe allocated vehicle
203a coded into a source address field of the data packet of the
beacon signal. Each of the boundary units 201, in response to
the beacon signal, transmits a response signal comprising the
address of the boundary unit 201 coded in a data packet of the
response signal to the vehicle control unit 501.

Upon receiving the response signals from one or more of
the boundary units 201, the vehicle control unit 501 computes
the signal strengths of the received response signals by
retrieving the received signal strength indicator (RSSI) values
of'the response signals. The process is repeated for about two
trials for each of the boundary units 201. The vehicle control
unit 501 computes an average RSSI value of the received
response signals for each of the boundary units 201. The
vehicle control unit 501 uses the average RSSI value to cal-
culate the approximate distance between the allocated vehicle
203a and the responding boundary unit 201 by mapping the
computed RSSI value on to a table that indicates a RSSI
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value-distance relation. The vehicle control unit 501 pre-
generates the RSSI value-distance relation list by performing
an adequate number of trials to measure the RSSI values at
different known distances and by plotting the RSSI values to
generate a reference table.

The vehicle control unit 501 then dynamically creates a list
that enlists all the boundary units 201 with which the vehicle
control unit 501 is able to receive a response signal. The list
also specifies the respective distances of the allocated vehicle
203a from each of the boundary units 201, at an instance in
time. When the list is created, the vehicle control unit 501
considers two of the boundary units 201 with the least dis-
tance from the allocated vehicle 203a.

The vehicle control unit 501, in communication with the
boundary units 201, determines whether the allocated vehicle
203a has crossed the critical grid 401 or the deadline grid 402
by implementing the proximity calculation algorithm dis-
closed in the detailed description of FIG. 3. Based on the
proximity calculation algorithm, the parallel lines can be
modeled as the defined boundary 205 and the critical grid
401, or the defined boundary 205 and the deadline grid 402.
The parallel lines are differentiated by the distances between
the parallel lines. The corners of one of the parallel lines
represent the boundary units 201. By retrieving the RSSI
values, the vehicle control unit 501 determines the distance of
the allocated vehicle 203a from the boundary units 201. If the
distance between the allocated vehicle 2034 and the defined
boundary 205 is more than the distance between the critical
grid 401 and the defined boundary 205, the vehicle control
unit 501 determines that the defined boundary 205 and the
critical grid 401 are not breached by the allocated vehicle
203a. If the defined boundary 205 is not breached by the
allocated vehicle 2034, the vehicle control unit 501 takes no
action. The distance between the allocated vehicle 203a and
the boundary units 201 is refreshed and the proximity calcu-
lation algorithm is executed at regular intervals to detect any
breach of the defined boundary 205 as long as the allocated
vehicle 2034 is within the communication range 403 of the
boundary units 201.

If the distance between the allocated vehicle 203a and the
defined boundary 205 is lesser than the distance between the
critical grid 401 and the defined boundary 205, the vehicle
control unit 501 determines that the critical grid 401 is
breached by the allocated vehicle 203q. If the allocated
vehicle 203a breaches the critical grid 401, the vehicle con-
trol unit 501 sends a warning signal to the user. The vehicle
control unit 501 notifies the user by playing an audio signal,
for example, an iterative beep through the speaker 501; for
alerting the user to move out of the critical grid 401 as soon as
possible. Moreover, the vehicle control unit 501 monitors the
speed ofthe allocated vehicle 203a using on-board Hall effect
sensors 1402f as exemplarily illustrated in FIG. 15. The
vehicle control unit 501 gradually reduces the speed of the
allocated vehicle 203a if the speed is more than a preset speed
limit, for example, 5 kilometers per hour. The preset speed is
the speed that is safe for halting and locking the allocated
vehicle 203q in case the allocated vehicle 203a breaches the
deadline grid 402, without damaging the vehicle control unit
501 and a disabling unit 1402 operably connected to the
allocated vehicle 203a or posing danger to the user, for
example, a rider who may be thrown off the allocated vehicle
203a if the allocated vehicle 203a is locked at high speeds.

In cases where a large number of allocated vehicles 203a
simultaneously try to breach the defined boundary 205, the
low speed maintained by the vehicle control units 501 in each
of the allocated vehicles 203a provides a buffer time for the
boundary units 201 to communicate with other allocated
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vehicles 203a. Moreover, the low speed of the allocated
vehicle 203a provides the vehicle control unit 501 in each
allocated vehicle 2034 enough time to lock and disable each
allocated vehicle 203a, if necessary, before the allocated
vehicles 203a manage to breach the defined boundary 205
and go outside the premises of the campus.

If the distance between the allocated vehicle 2034 and the
defined boundary 205 is lesser than the distance between the
deadline grid 402 and the defined boundary 205, the vehicle
control unit 501 determines that the deadline grid 402 is
breached by the allocated vehicle 203a. When the allocated
vehicle 203a breaches the deadline grid 402, the vehicle
control unit 501 notifies the user about the breach, and stops
and disables the allocated vehicle 203a. When the vehicle
control unit 501 disables the allocated vehicle 203a, the
vehicle control unit 501 on the disabled vehicle 2035 sends a
breach signal that contains the vehicle identifier (ID) of the
disabled vehicle 2035 to the nearest boundary unit 201, that
is, the first boundary unit 201 listed in the list, which in turn
forwards the breach signal to the central server 204 through
the communication network 510 established by the boundary
units 201.

Upon receiving the breach signal from the disabled vehicle
2035, the first boundary unit 201 before forwarding the
breach signal to the next boundary unit 201 in the networked
environment via the communication network 510 that leads to
the central server 204, appends its own unique ID to the
breach signal. The central server 204 can therefore determine
the location of the disabled vehicle 2035 using the unique ID
of the first boundary unit 201 as disclosed in the detailed
description of FIG. 1. The central server 204 renders the
determined location, for example, as a position ona map 2100
displayed on a graphical user interface of the central server
204 for viewing by a system administrator, as disclosed in the
detailed description of FIG. 21.

In an embodiment, the system administrator sends an
enable signal to the disabled vehicle 2035 from the central
server 204 to re-enable the disabled vehicle 2035. The enable
signal travels via the communication network 510 to reach the
disabled vehicle 2035. The enable signal triggers the dis-
abling unit 1402 to re-enable the disabled vehicle 2036 by
unlocking the disabled vehicle 2034.

FIG. 5 illustrates a system 200 for managing multiple
vehicles 203 within a boundary 205. The vehicle manage-
ment system 200 disclosed herein comprises multiple bound-
ary units 201, multiple docking stations 202, a vehicle control
unit 501 mounted on each of the vehicles 203, and a central
server 204 connected via a communication network 510 in a
networked environment. The communication network 510 is,
for example, a WiFi communication network, a general
packet radio service (GPRS) network, Zighbee® communica-
tion network, a mobile telecommunication network, a local
area communication network, an internet connection net-
work, a Bluetooth™ communication network, an infrared
communication network, etc.

The boundary units 201 are positioned at predetermined
locations along a perimeter 206a of a managing area 206 to
define a boundary 205 as exemplarily illustrated in FIG. 2.
The docking stations 202 are positioned at predetermined
locations within the defined boundary 205 as exemplarily
illustrated in FIG. 2. The docking stations 202 park and secure
multiple vehicles 203. Each of the docking stations 202 com-
prises a client component 503 and a locking unit 502. In an
embodiment, each of the docking stations 202 further com-
prises a charging unit 509 for charging the vehicle control unit
501 of each of the vehicles 203.
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The central server 204 is in electronic communication with
the boundary units 201, the docking stations 202, and the
vehicle control unit 501 in a networked environment. The
central server 204 monitors and manages the boundary units
201, the docking stations 202, and the vehicle control unit
501. The central server 204 comprises a registration module
204a that registers users, the vehicles 203, the docking sta-
tions 202, and the boundary units 201. The central server 204
stores the identification information of the registered users,
the registered vehicles 203, the registered docking stations
202, and the registered boundary units 201 in a database 2045
residing in the central server 204. The registration module
204a acquires personal information, contact information
such as a mobile phone number, etc., from the user during
registration. The central server 204 stores the acquired infor-
mation in the database 2045. The central server 204 further
comprises a verification module 204c¢ that verifies identifica-
tion information received from the user via a communication
interface 504 provided by the client component 503.

The client component 503 comprises the communication
interface 504 implemented as an input and output interface
for the user as disclosed in the detailed description of FIG. 7.
The communication interface 504 receives the identification
information from the user for authorization of the user. The
client component 503 further comprises a microcontroller
507 and a radio frequency (RF) transceiver 508 as exemplar-
ily illustrated in FIG. 5 and disclosed in the detailed descrip-
tion of FIG. 9. The client component 503 further comprises an
authorization module 505 and an allocation module 506. The
authorization module 505, in communication with the central
server 204 via the communication network 510, authorizes
the user prior to allocation of one of the vehicles 203 to the
user. The allocation module 506, in communication with the
central server 204 via the communication network 510, allo-
cates one of the vehicles 203 from one of the docking stations
202 to the user based on allocation criteria comprising, for
example, charge level of each of'the vehicles 203, user autho-
rization, etc. The allocation module 506 determines the
charge level of each of the vehicles 203 for selecting one of
the vehicles 203 for allocation to the user. The allocation
module 506 determines the vehicle identifier of the selected
vehicle 203, communicates the vehicle identifier to the lock-
ing unit 502, and instructs the locking unit 502 to disengage
that vehicle 203 from the docking station 202. The locking
unit 502 then slides along the support structure 601 of the
docking station 202 and scans the vehicle identifier, for
example, a radio frequency identifier on a radio frequency
identification (RFID) tag mounted on the protruding element
1001 of each of the vehicles 203 in that docking station 202.
When the locking unit 502 encounters the RFID tag matching
with the vehicle identifier indicated by the allocation module
506, the locking unit 502 locates the vehicle 203 that needs to
be disengaged.

The locking unit 502 is slidably attached on the support
structure 601 in each of the docking stations 202. The locking
unit 502 slides along the support structure 601 in the docking
station 202 to the determined position of the selected vehicle
203 and disengages the selected vehicle 203 from a securing
component 602 provided on the support structure 601. The
locking unit 502 locks and unlocks the allocated vehicles
203a by engaging and disengaging the allocated vehicles
203a from the securing component 602 as disclosed in the
detailed description of FIG. 11. The locking unit 502 contacts
the securing component 602 for engaging and disengaging
the allocated vehicle 203a from the docking station 202. The
locking unit 502 further comprises a microcontroller 502a
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and a radio frequency (RF) transceiver 5025 as exemplarily
illustrated in FIG. 5 and disclosed in the detailed description
of FIG. 9.

The vehicle control unit 501 is electromechanically con-
nected to each of the vehicles 203 as exemplarily illustrated in
FIG. 14. The vehicle control unit 501 is in electronic commu-
nication with the boundary units 201 and the client compo-
nent 503 in each of the docking stations 202. The vehicle
controlunit 501 comprises a proximity determination module
501a, a speed monitoring and alerting module 5015, and a
disabling module 501¢. The proximity determination module
501a, in communication with the boundary units 201, deter-
mines proximity of the allocated vehicle 203a to the defined
boundary 205 as disclosed in the detailed description of
FIGS. 3-4. The speed monitoring and alerting module 5015
monitors the speed of the allocated vehicle 203a. The speed
monitoring and alerting module 5015 also sends a warning
signal to the user when the allocated vehicle 203a is in close
proximity to the defined boundary 205. The disabling module
501c restricts movement of the allocated vehicle 2034 within
the defined boundary 205, when the allocated vehicle 203a is
in close proximity to the defined boundary 205.

The vehicle management system 200 disclosed herein fur-
ther comprises a disabling unit 1402 operably connected to
each of the vehicles 203 and the vehicle control unit 501 as
exemplarily illustrated in FIG. 14. The disabling unit 1402
comprises a brake actuator 14025 and a lock actuator 1402¢
as exemplarily illustrated in FIG. 15. The brake actuator
14025 is operably connected to the wheels 1403 of each
vehicle 203. The disabling module 501¢ of the vehicle control
unit 501 controls the brake actuator 14025 for braking the
allocated vehicle 203a to bring the allocated vehicle 2034 to
a halt or to slow the allocated vehicle 2034 down to a
restricted speed upon breaching the critical grid 401 defined
by the boundary units 201. The lock actuator 1402c¢ is oper-
ably connected to the wheels 1403 of each vehicle 203. The
disabling module 501 ¢ ofthe vehicle control unit 501 controls
the lock actuator 1402¢ for locking the wheels 1403 of the
allocated vehicle 203a, when the allocated vehicle 203a
attempts to breach the defined boundary 205.

The locking unit 502 scans through the RFID tags of each
of the vehicles 203 for unlocking the allocated vehicle 203a
by sliding across the support structure 601 of the docking
station 202 and locates the allocated vehicle 203a whose
vehicle identifier matches with the vehicle identifier indicated
by the allocation module 506 of the client component 503.
The locking unit 502 unlocks the allocated vehicle 203« and
then indicates the same to the client component 503. The
client component 503 then requests the vehicle control unit
501 of that allocated vehicle 203a to unlock the onboard
disabling unit 1402 of the allocated vehicle 203a to com-
pletely unlock the allocated vehicle 203a.

In an embodiment, each of the boundary units 201 com-
prises a notification module 2014 that sends a notification to
the central server 204 when the allocated vehicle 203a
breaches the defined boundary 205. In another embodiment,
the central server 204 further comprises a location determi-
nation module 204f that communicates with the boundary
units 201 to determine location of the allocated vehicle 203a,
when the allocated vehicle 203a is in close proximity to or
breaches the defined boundary 205.

In another embodiment, the vehicle control unit 501 con-
tinues communicating with the boundary units 201 to detect
auxiliary movement of the allocated vehicle 203a after lock-
ing or disabling of the allocated vehicle 2034, by determining
the change in proximity to the boundary units 201 from the
initial proximity determined by the vehicle control unit 501 at
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the instance when the allocated vehicle 203a was disabled.
The speed monitoring and alerting module 5015 of the
vehicle control unit 501 sends a notification to the central
server 204 on detection of auxiliary movement of the disabled
vehicle 2035.

In an embodiment, the central server 204 further comprises
atimer 2044 that measures usage time of the allocated vehicle
203a from disengagement from one docking station 202 to
engagement to another docking station 202. The database
2045 in the central server 204 logs usage statistics of the
allocated vehicle 2034, in communication with each of the
docking stations 202, the vehicle control unit 501, and the
boundary units 201. The central server 204 further comprises
a billing module 204¢ that generates billing information for
the user based on the logged usage statistics and the usage
time measured by the timer 204d. The billing module 204e
transmits the generated billing information to the user’s com-
munication device, for example, a mobile phone using a mes-
saging service gateway, for example, a short message service
(SMYS) gateway. The billing module 204e retrieves the user’s
mobile phone number from the user information stored in the
database 2045 of the central server 204 to transmit the gen-
erated billing information.

FIG. 6 exemplarily illustrates a perspective view of a dock-
ing station 202 with multiple vehicles 203 parked and secured
to the docking station 202. The docking station 202 parks and
secures the vehicles 203 that are not in use. The docking
station 202 also charges batteries 5014 of the vehicle control
unit 501 of each of the vehicles 203 using the charging unit
509, when the vehicles 203 are parked. The charging unit 509
comprises a retractable charging cable 509a that can be
plugged into the charging socket 501% of the vehicle control
unit 501 exemplarily illustrated in FIG. 12, for charging the
battery 501d of the vehicle control unit 501. The docking
station 202 comprises the client component 503 that, in com-
munication with the central server 204, allocates one of the
vehicles 203 from the docking station 202 to a user based on
allocation criteria. The client component 503 also acts as a
communication gateway between the docking station 202 and
the central server 204.

The client component 503 is supported by the support
structure 601 of the docking station 202. The support struc-
ture 601 is, for example, a hollow rectangular metal plank.
The support structure 601 also houses multiple securing com-
ponents 602 that secure the vehicles 203 parked at the dock-
ing station 202. Each of the securing components 602 in the
docking station 202 parks one vehicle 203 and the number of
vehicles 203 that can be parked in the docking station 202 is
limited by the number of securing components 602 available
on the support structure 601 of the docking station 202.

FIG. 7 exemplarily illustrates a perspective view of a sup-
port structure 601 of a docking station 202, showing a client
component 503 rigidly attached to the support structure 601,
and securing components 602 housed in the support structure
601. The client component 503 is connected to and rests on a
support pillar 701 of the support structure 601. The client
component 503 provides the communication interface 504
for receiving identification information from a user. The cli-
ent component 503, in electronic communication with the
central server 204, authorizes the user for allocating one of the
vehicles 203 in the docking station 202 to the user. The
communication interface 504 comprises input devices 504a
and output devices 504b. The input devices 504a receive
input identification information from the user. The input
devices 504a are, for example, a barcode reader, a radio
frequency identification (RFID) scanner, an iButton, biomet-
ric scanner, etc. The communication interface 504 also pro-
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vides a keypad 504¢ comprising a push button that allows the
user to initiate the allocation process. One of the output
devices 5045 is a screen, for example, a liquid crystal display
(LCD) screen, a light emitting diode (LED) screen, etc. The
output devices 5045 display information, for example, autho-
rization status, to the user.

Each registered user receives a user identifier, for example,
abarcode, an RFID, an iButton tag, etc. The user identifier is,
for example, coded onto an identifier (ID) tag that can be
carried by the user. In the case of a biometric user identifier,
the registered user’s biometric data, for example, fingerprints,
iris scan data, etc., is stored in the database 2045 of the central
server 204. The input devices 504a receive the user identifier
from the user who requires a vehicle 203 from the docking
station 202. In an example, a biometric scanner scans the
fingerprint of the user.

If a user A loses the ID tag comprising the user identifier
and does not register a complaint, a user B who finds the lost
1D tag can use the lost ID card in the name of'user A. To avoid
this and to ensure security of the user’s identification, the
central server 204 associates a password with each user iden-
tifier. The user can change the password after the user iden-
tifier is assigned to the user. Before authorizing the user, the
client component 503 additionally requests the user for the
password after receiving the user identifier from the user via
the input devices 504a. In an example, the user swipes a
barcode tag at the barcode reader and then the client compo-
nent 503 requests the user for the password via an LCD
screen. The user can input the password using the keypad
504c¢. In another example, a biometric scanner acquires the
biometric traits of the user for authorization.

Each of the securing components 602 housed on the sup-
port structure 601 comprises a securing socket 602a config-
ured on a base plate 6025 that secures each vehicle 203 when
the vehicles 203 are parked in the docking station 202. The
securing socket 602a acts as a female socket to a protruding
element 1001 attached in front of each of the vehicles 203.
When the protruding element 1001 is inserted into the secur-
ing socket 6024, the vehicle 203 is locked from inside via the
locking unit 502 and is released only on allocation of the
vehicle 203 by the client component 503 as disclosed in the
detailed description of FIG. 11.

FIG. 8 exemplarily illustrates a partially cut away rear
perspective view of a docking station 202, showing a locking
unit 502 slidably attached in the support structure 601. Sup-
port pillars 801 vertically attached to the support structure
601 support the support structure 601 of the docking station
202. Multiple support pillars 802 vertically attached to the
support structure 601 are provided at regular intervals
between the support pillar 801 and the support pillar 701 that
supports the client component 503 for providing additional
support to the support structure 601 of the docking station
202. The support pillars 802 add robustness to the support
structure 601 of the docking station 202 and increase the
distance between the support pillar 801 and the support pillar
701 of the client component 503. The more the number of
support pillars 802 provided on the support structure 601 the
more the number of vehicles 203 that can be parked in the
docking station 202.

The support structure 601 comprises grids 803 and 804 that
are horizontal strips of metal that run along the length of the
support structure 601 of the docking station 202. The locking
unit 502 is slidably attached to the support structure 601, such
that the locking unit 502 moves along the grids 803 and 804 in
the support structure 601. The support structure 601 further
comprises a teethed metal strip 805 that runs along the length
of the support structure 601. The locking unit 502 comprises
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a first drive mechanism 901, for example, a geared motor that
drives the locking unit 502 across the length of the support
structure 601. The first drive mechanism 901 of the locking
unit 502 sits on the teethed metal strip 805 and is driven on the
teethed metal strip 805 as disclosed in the detailed description
of FIG. 9.

FIG. 9 exemplarily illustrates a perspective view of a lock-
ing unit 502 of a docking station 202. The locking unit 502
slides along the length of the support structure 601 for locking
and unlocking the vehicles 203 parked in the docking station
202. The locking unit 502 comprises a frame like housing 905
that supports components, for example, 904, 907, etc.,
required for locking and unlocking operations and also the
components, for example, 901, 902, 903, etc., required for
movement of the locking unit 502 across the docking station
202.

The locking unit 502 comprises a first drive mechanism
901 operably connected to a first opposing surface 905q of a
housing 905 of the locking unit 502. The first drive mecha-
nism 901, for example, a geared motor, drives the locking unit
502 along the length of the support structure 601 via a shaft
901a. The first drive mechanism 901 sits on a teethed metal
strip 805 along the length of the support structure 601, and
drives the locking unit 502 on the teethed metal strip 805.
When the first drive mechanism 901 is activated, the locking
unit 502 moves on the teethed metal strip 805 based on the
direction of rotation of the shaft 901a on the teethed metal
strip 805. Gear teeth 9015 of the shaft 901a engage with gear
teeth 8054 of the teethed metal strip 805 to move the locking
unit 502 along the length of the support structure 601. A pair
of rotating elements 902 and 903 supports the locking unit
502 on the grids 803 and 804 of the support structure 601
during the movement of the locking unit 502 along the length
of the support structure 601. The rotating elements 902 and
903 hold the locking unit 502 horizontally and move on the
grids 803 and 804 respectively. The locking unit 502 further
comprises the microcontroller 502a¢ and the RF transceiver
5025 in the housing 905 of the locking unit 502. Since the
locking unit 502 moves across a small distance, the locking
unit 502 can also be powered using the retractable charging
cable 509¢a of the charging unit 509. In an embodiment, a
provision is made for providing wireless power supply to the
locking unit 502 for charging a battery (not shown) of the
locking unit 502 when the locking unit 502 is not in use.

The locking unit 502 further comprises inductive proxim-
ity sensors 9064, 9065, and 906¢ positioned on and supported
by the housing 905 of the locking unit 502. The default
position of the locking unit 502 is on one end 601a of the
support structure 601 as defined by a first inductive proximity
sensor 906a. The first inductive proximity sensor 906a is
connected to the input of the microcontroller 502¢ in the
housing 905 of the locking unit 502. The first inductive prox-
imity sensor 9064 sends a signal to the microcontroller 502a
when the locking unit 502 comes in close proximity, for
example, about 10 mm to about 15 mm, to any metal surface.
When the allocation module 506 of the client component 503
determines which of the vehicles 203 needs to be allocated to
the user, the allocation module 506 sends the vehicle identi-
fier of the allocated vehicle 2034 that needs to be locked or
unlocked to the locking unit 502. The locking unit 502 then
moves along the support structure 601 scanning the RFID
tags mounted on the protruding elements 1001 of the vehicles
203, locates the allocated vehicle 203a whose RFID tag
matches with the vehicle identifier indicated by the allocation
module 506, and performs the locking or unlocking operation
as indicated by the allocation module 506. The first drive
mechanism 901 drives the locking unit 502 across the support
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structure 601. The locking unit 502 is moved from its default
position by passing a current signal to the first drive mecha-
nism 901 in such a way as to move the locking unit 502 away
from the default position. The microcontroller 502a disposed
in the housing 905 of the locking unit 502 controls the current
signal passed to the first drive mechanism 901. After the
locking or unlocking operation, a current signal is passed to
the first drive mechanism 901 in the opposite direction for
activating the first drive mechanism 901 to return the locking
unit 502 to its default position. The current signal is passed to
the first drive mechanism 901 until a signal is received from
the first inductive proximity sensor 906a, which is fed as
sensing input to the microcontroller 502a.

The locking unit 502 further comprises a pair of jaw mem-
bers 904a defined on a handle 904 rigidly attached to a second
opposing surface 9055 of the housing 905 of the locking unit
502 via horizontal bars 908. The horizontal bars 908 extend
outwardly from the second opposing surface 9055 of the
housing 905 of the locking unit 502 and support the handle
904 having the jaw members 9044a. The pair of jaw members
904q extends outwardly from the handle 904 and defines a
space 9045 for receiving an outwardly protruding extension
11014 of an elongate member 1101 of the securing compo-
nent 602 that in turn locks the protruding element 1001
extending from each of the vehicles 203. A push switch (not
shown) is provided in the securing component 602 that is
engaged by the protruding element 1001 extending from each
of'the vehicles 203. The output of the push switch is fed to the
microcontroller 507 of the client component 503 to notify the
microcontroller 507 each time a new vehicle 203 is returned
to the docking station 202. In order to reduce the amount of
computations and circuitry, output lines of the push switches
at each securing component 602 in the docking station 202 are
routed to a single input line of the microcontroller 507 in the
client component 503 through a multiplexer. Thus, the micro-
controller 507 senses if a new vehicle 203 has been returned
to the docking station 202.

The locking unit 502 further comprises a second drive
mechanism 907, for example, a geared motor having a shaft
907a, engageably connected to the handle 904 for moving the
handle 904 vertically in an upward direction and a downward
direction, whereby the outwardly protruding extension 1101a
of'the elongate member 1101 of the securing component 602
held within the space 9045 defined by the pair of jaw mem-
bers 9044 of the moved handle 904 is moved in the upward
direction and the downward direction for disengaging and
engaging the protruding element 1001 extending from each
of the vehicles 203. The second drive mechanism 907 drives
the handle 904 vertically up and down. The handle 904 is
configured with gear teeth 904¢ on one side of the handle 904
in engageable communication with gear teeth 9075 of the
shaft 9074 of the second drive mechanism 907. The gearteeth
9075 of the shaft 9074 of the second drive mechanism 907
engageably communicates with the gear teeth 904¢ on one
side of the handle 904 to drive the handle 904 vertically in an
upward direction and a downward direction. The pair of jaw
members 9044 on the handle 904 is driven vertically in an
upward direction to disengage the protruding element 1001 of
the allocated vehicle 2034 from the securing component 602,
thereby unlocking the allocated vehicle 203a. The pair of jaw
members 904q is driven vertically in a downward direction to
engage the protruding element 1001 of the allocated vehicle
203a, thereby locking the allocated vehicle 203a. Based on
the signal received by the RF transceiver 5024 in the housing
905 of the locking unit 502, the microcontroller 5024 in the
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housing 905 decides the direction of rotation of the second
drive mechanism 907 for locking and unlocking operations to
occur.

The second inductive proximity sensor 9065 and the third
inductive proximity sensor 906¢ identify the status of each
securing component 602 in the docking station 202. The
second inductive proximity sensor 9065 and the third induc-
tive proximity sensor 906¢ identify whether there is a vehicle
203 secured in the securing component 602 on the docking
station 202. If there is a vehicle 203 secured in the securing
component 602, the second inductive proximity sensor 9065
and the third inductive proximity sensor 906c¢ identify
whether the vehicle 203 is locked. The locking unit 502 uses
different combinations of the signals sent by the second
inductive proximity sensor 9065 and the third inductive prox-
imity sensor 906c¢ to identify the status of each securing
component 602 as disclosed in the detailed description of
FIG. 11.

The second inductive proximity sensor 9065 and the third
inductive proximity sensor 906¢ also detect the arrival of a
new vehicle 203. When a vehicle 203 is returned to the dock-
ing station 202, the push switch of the securing component
602 engages the protruding element 1001 fitted in front of the
vehicle 203. The push switch circuit is connected to one of the
inputs of the microcontroller 507 in the client component 503
of the docking station 202. The RF transceiver 508 in the
client component 503 then sends a signal to the locking unit
502 indicating the arrival of the vehicle 203. The locking unit
502 then starts moving away from the default position and
scans each securing component 602 in the docking station
202 to check for the status of the second inductive proximity
sensor 9065 and the third inductive proximity sensor 906¢
until the locking unit 502 arrives at the securing component
602 that engaged the arrived vehicle 203.

FIG. 10 exemplarily illustrates a protruding element 1001
extending from a vehicle 203 for insertion into a securing
socket 602a of a securing component 602 housed in the
support structure 601. Each of the vehicles 203 comprises the
protruding element 1001 attached, for example, proximal to
the handle of the vehicles 203. The protruding element 1001
is, for example, a ring shaped protrusion fitted on each of the
vehicles 203. When a vehicle 203 needs to be parked in the
docking station 202, the protruding element 1001 is inserted
into the securing socket 6024 of the securing component 602
on the support structure 601 in the docking station 202.

FIG. 11 exemplarily illustrates engagement of the protrud-
ing element 1001 of the vehicle 203 to the securing compo-
nent 602 in the docking station 202, where the locking unit
502 engages and disengages the protruding element 1001 of
the vehicle 203 from the securing component 602. The secur-
ing component 602 comprises an elongate member 1101 with
an outwardly protruding extension 1101a and a securing
socket 602a. The securing socket 602a is configured on a base
plate 6025 rigidly attached to the elongate member 1101. The
securing socket 602a receives the protruding element 1001
extending from the allocated vehicle 203a for securing the
allocated vehicle 203a by the elongate member 1101. The
pair of jaw members 904a of the handle 904 of the locking
unit 502 receives the outwardly protruding extension 1101a
of'the elongate member 1101 of the securing component 602
and moves the elongate member 1101 in an upward direction
and a downward direction for engaging and disengaging the
allocated vehicle 203a from a position determined by the
allocation module 506 of the client component 503 on reach-
ing the determined position.

The elongate member 1101 has a bolt like structure on the
inside of the securing component 602 supported by a first
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hollow tubular member 1103 disposed at the top of the secur-
ing component 602. The elongate member 1101 is fitted with
the outwardly protruding extension 1101a, which is used to
move the elongate member 1101 vertically. The outwardly
protruding extension 1101a of the elongate member 1101 fits
into the space 9045 defined between the jaw members 904a of
the handle 904 of the locking unit 502. Therefore, moving the
handle 904 having the jaw members 904a also moves the
outwardly protruding extension 1101« of the elongate mem-
ber 1101 vertically in an upward direction and a downward
direction. The elongate member 1101 of the securing com-
ponent 602 is moved in a downward direction to lock the
allocated vehicle 203a by engaging the protruding element
1001 of the allocated vehicle 203a. The elongate member
1101 is moved in an upward direction towards the first hollow
tubular member 1103 to unlock the allocated vehicle 203a by
disengaging the protruding element 1001 of the allocated
vehicle 203a. If there is no vehicle 203 at the securing com-
ponent 602, the elongate member 1101 is set in the unlocked
position, that is, the elongate member 1101 is disposed in the
upward direction in the first hollow tubular member 1103. A
magnet 1102 is provided on the top surface 11034 of the first
hollow tubular member 1103 to hold the elongate member
1101 in the unlocked position.

The second inductive proximity sensor 9065 on the locking
unit 502 is aligned to the elongate member 1101 in the
unlocked position, so that when there is no vehicle 203 at the
securing component 602, the locking unit 502 while scanning
can identify this securing component 602 by sensing the
elongate member 1101 of the securing component 602. If
there is a vehicle 203 at the securing component 602 and the
elongate member 1101 is in a locked position, that is, the
elongate member 1101 is disposed in the downward direction
to engage the protruding element 1001 of the vehicle 203, the
second inductive proximity sensor 9065 cannot sense the
elongate member 1101. The third inductive proximity sensor
906c¢ is therefore aligned with the protruding element 1001 of
the vehicle 203 to sense the elongate member 1101 in the
locked position.

The protruding element 1001 that is fixed to the vehicle 203
engages with the securing component 602 and is locked by
the locking unit 502, when the vehicle 203 is parked in the
docking station 202. The protruding element 1001 is fixed in
front of the vehicle 203 so that the user can easily push the
protruding element 1001 into the securing socket 6024 of the
securing component 602 while returning the vehicle 203.
When a vehicle 203 is returned to the docking station 202, the
elongate member 1101 of the locking unit 502 is slid into the
protruding element 1001 and is firmly locked and held. The
securing component 602 further comprises a second hollow
tubular member 1104 disposed at the bottom of the securing
component 602. The second hollow tubular member 1104
supports the elongate member 1101 when the elongate mem-
ber 1101 is in the locked position. When there is a vehicle 203
atthe securing component 602 and the elongate member 1101
is in the locked position, the third inductive proximity sensor
906c¢ senses the protruding element 1001 on the vehicle 203
and identifies the securing component 602.

In order to identify at which securing component 602 the
latest vehicle 203 arrived and waits to be locked, output of the
second inductive proximity sensor 9065 and the third induc-
tive proximity sensor 906¢ are used. The second inductive
proximity sensor 9065 outputs a signal if the elongate mem-
ber 1101 is in the unlocked position. The third inductive
proximity sensor 906¢ outputs a signal if the protruding ele-
ment 1001 of the vehicle 203 is inside the securing socket
602a of the securing component 602. Therefore, when the
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second inductive proximity sensor 9065 and the third induc-
tive proximity sensor 906¢ output signals, it is determined
that a vehicle 203 has arrived and is waiting to be locked at the
securing component 602. On detecting this condition, the
locking unit 502 stops at that securing component 602 to
receive the outwardly protruding extension 1101¢ in the
space 9045 between the jaw members 904a. The alignment of
the jaw members 904a of the handle 904 is performed prior to
the initiation of movement of the locking unit 502 from the
default position. The second drive mechanism 907, for
example, the geared motor is then rotated to drive the elongate
member 1101 downwards to lock the vehicle 203 by engaging
the inserted protruding element 1001 of the vehicle 203. The
client component 503 receives the vehicle identifier broad-
casted by the vehicle control unit 501 of the vehicle 203 and
the identifier of the securing component 602 sent by the
locking unit 502 after locking the vehicle 203. When the
vehicle 203 is locked, the client component 503 transmits the
vehicle identifier and the determined position identified by
the identifier of the registered docking station 202 and the
identifier of the securing component 602 where the vehicle
203 is parked, to the central server 204.

The locking unit 502 identifies each securing component
602 by monitoring the output of the second inductive prox-
imity sensor 9065 and the third inductive proximity sensor
906¢. For example, if the vehicle 203 is secured to the docking
station 202 by engagement of the protruding element 1001 of
the vehicle 203, the third inductive proximity sensor 906c¢ is
in close proximity to the protruding element 1001 as exem-
plarily illustrated in FIG. 11. Thus, the third inductive prox-
imity sensor 906¢ reports a high signal to the microcontroller
502a of the locking unit 502. In the same scenario, the second
inductive proximity sensor 9065 is not in close proximity to
the outwardly protruding extension 1101a of the elongate
member 1101 of the securing component 602, as the out-
wardly protruding extension 1101a is pushed down by the
handle 904 during the locking process and therefore reports a
low signal to the microcontroller 502a of the locking unit 502.
The combination of the low signal from the second inductive
proximity sensor 9065 and a high signal from the third induc-
tive proximity sensor 906¢ indicates that a vehicle 203 has
been engaged and locked at the securing component 602.

In a second scenario, if there is a vehicle 203 parked at the
securing component 602 but not locked yet, then the out-
wardly protruding extension 1101a of the elongate member
1101 is in close proximity to the second inductive proximity
sensor 9065 and the protruding element 1001 of the vehicle
203 is also in close proximity to the third inductive proximity
sensor 906¢. The combination of the high signals from the
second inductive proximity sensor 9065 and the third induc-
tive proximity sensor 906¢ indicates that the vehicle 203 has
just been returned to the docking station 202 and needs to be
engaged.

In the third scenario, if there is no vehicle 203 docked at the
securing component 602, then the elongate member 1101 is in
the unlocked position and hence the outwardly protruding
extension 1101a of the elongate member 1101 in close prox-
imity to the second inductive proximity sensor 9065. The
second inductive proximity sensor 9065 therefore reports a
high signal to the microcontroller 502a of the locking unit
502. The third inductive proximity sensor 906¢ reports a low
signal since there is no protruding element 1001 of the vehicle
203 inserted at that securing component 602. The combina-
tion of the high signal from the second inductive proximity
sensor 9065 and the low signal from the third inductive prox-
imity sensor 906c¢ indicates that there is no vehicle 203
docked at the securing component 602. The status of the
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inductive proximity sensors 9065 and 906c¢ changes only
when the locking unit 502 reaches the securing component
602, thus the locking unit 502 can sense each time the vehicle
203 crosses the securing component 602 and keep track of the
vehicle’s 203 position every time.

Since the second inductive proximity sensor 9065 or the
third inductive proximity sensor 906c¢ outputs a signal
depending on the status of the securing component 602, the
locking unit 502 determines the identifier of the securing
component 602 by counting the number of securing compo-
nents 602 crossed before reaching the required securing com-
ponent 602. When a request for a vehicle 203 is made, the
client component 503 requests the vehicle control units 501 in
each of the secured vehicles 203 to return their charge levels.
The client component 503 determines the vehicle 203 with
the highest charge level or battery life and transmits the
vehicle identifier and an “unlock signal” to the locking unit
502. The locking unit 502 then locates the vehicle 203. In an
embodiment, the client component 503 requests the central
server 204 for the vehicle’s 203 position. The client compo-
nent 503 then sends the position and the unlock signal to the
locking unit 502. The locking unit 502 then travels to the
determined position and unlocks the vehicle 203 by moving
the elongate member 1101 of the locking unit 502 vertically
in the upward direction.

The handle 904 with the jaw members 904a moves down-
wards to perform a locking operation and moves upwards to
perform an unlocking operation. The locking unit 502 there-
fore positions the jaw members 9044a of the handle 904 and
therefore the elongate member 1101 with the outwardly
extending protrusion in the locked position or the unlocked
position prior to performing the unlocking operation and the
locking operation. Since there is no room for repositioning
the jaw members 9044 when the locking unit 502 is moving,
the jaw members 904a are positioned based on the signal
received from the client component 503 when the locking unit
502 is in its default position. After being positioned, the
locking unit 502 starts moving towards the securing compo-
nent 602.

FIG. 12 exemplarily illustrates a vehicle control unit 501.
The vehicle control unit 501 comprises a microcontroller
501f, an RF transceiver 501e, a ceramic antenna 501g, a
speaker 501/, a dual motor controller 5014, a battery 5014, a
battery monitor 501/, a memory 501/, and a charging socket
501%.

The battery 5014 powers the components, for example,
501e, 5017, etc., of the vehicle control unit 501. The battery
5014 is, for example, a 12-volt lithium-ion rechargeable bat-
tery. The 12-volt lithium-ion rechargeable battery when fully
charged provides power supply for more than 10 hours. The
charging units 509 at the docking stations 202 charge the
battery 501d of the vehicle control unit 501 of each of the
vehicles 203. The client component 503 allocates the vehicle
203 with the highest charged battery 501d to the user, thereby
reducing the possibility of the vehicle 203 running out of
charge while being used.

The RF transceiver 501e in the vehicle control unit 501
enables wireless data communication with the boundary units
201, the docking stations 202, and the central server 204. The
RF transceiver 501e transmits and receives signals in a fre-
quency range of about 2.4 gigahertz (GHz) and supports, for
example, the Zigbee® protocol. The RF transceiver 501e uses
the frequency range of, for example, about 2.4 GHz. More-
over, the RF transceiver 501¢ used in the frequency range of
2.4 GHz has a built-in support for collision avoidance, retries,
and acknowledgements. The RF transceiver 501e is, for
example, an XBee® embedded RF unit. The XBee® embed-
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ded RF unit provides wireless connectivity to end-point
devices in Zigbee® mesh networks. Setting up a network
using the XBee® embedded RF unit does not require any
configuration or additional development. The Zighee® RF
transceiver 501e provides a separate dedicated microcontrol-
ler which takes care of noise filtering, routing, and polling and
functions independently from the microcontroller 501fin the
vehicle control unit 501. The Zigbee® RF transceiver 501e
also has an independent protocol stack. This independent
protocol stack eases memory consumption of main memory
501/ of the vehicle control unit 501 and leaves the microcon-
troller 501f free to do its own processing without worrying
about data transfer and polling.

The microcontroller 501f'in the vehicle control unit 501 is
a microcontroller that can communicate with the RF trans-
ceiver 501e. The microcontroller 501f/supports a power-saver
mode or a sleep mode during which battery consumption is
minimum, for example, as low as a few microamperes, to save
power and increase the battery life of the vehicle control unit
501. The microcontroller 501f is, for example, Atmel®
ATmegal28RFA1 of Atmel Corporation, Jennic® JN5148 of
Jennic Ltd., etc. The Atmel® ATmegal28RFA1 and the Jen-
nic® JN5148 are microcontrollers that have an inbuilt RF
transceiver 501e. In an embodiment, the microcontroller 5011
and the RF transceiver 501e are integrated on a single chip to
reduce the size of the entire component.

The ceramic antenna 501g in the vehicle control unit 501
increases the communication range of the RF transceiver
501e to over four kilometers in an open field environment.
The ceramic antenna 501g covers a communication range of
over 500 meters in crowded environments dominated with
buildings and trees that cause a lot of obstruction for wireless
communication. Though the RF transceiver 501¢ provides a
range of about 70-100 meters in an open field environment
with no obstructions, the signal strength drops each time the
signal passes through an obstruction. The ceramic antenna
501g overcomes a drop in signal strength and thus increases
the communication range. The ceramic antenna 501g is spe-
cifically used due to its small form factor.

The dual motor controller 501/ is an integrated circuit (IC)
that drives motors requiring external power and that cannot be
powered by internal power supplied by the microcontroller
501falone. The dual motor controller 501/ acts as a switch for
the external battery 5014. The microcontroller 501f operates
the dual motor controller 501/ to supply extra external power
to a disabling unit 1402 in the vehicle 203. When an attempt
to breach the defined boundary 205 is detected, the microcon-
troller 501/ instructs the dual motor controller 501/ to acti-
vate the brake actuator 14025 and the lock actuator 1402¢ of
the disabling unit 1402. The dual motor controller 501/ in-
turn routes the power from the battery 5014 to the brake
actuator 14025 and the lock actuator 1402c.

The speaker 501/, in communication with the speed moni-
toring and alerting module 5015 of the vehicle control unit
501, is a low wattage speaker 501/ that generates sounds, for
example, beeps, loud enough to be audible to a user using an
allocated vehicle 203a. The sounds made by the speaker 501/
alert the user when the allocated vehicle 203« is in the prox-
imity of the defined boundary 205. In an embodiment, the
speaker 501/ generates sounds when the allocated vehicle
203a is running out of charge, and after the allocated vehicle
203a is successfully returned to a docking station 202. At
each of these occasions, the speaker 501/ makes different
sounds that are pre-trained to the user.

The battery monitor 501/ monitors the charge in the battery
501d regularly when the allocated vehicle 203a is in use. The
charge in the battery 5014 determines the battery life of the
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vehicle control unit 501. More the charge, higher is the bat-
tery life. When the battery life drops below a threshold value,

for example, 30 minutes battery life, the microcontroller 501/
sends instructions to the user to return the allocated vehicle
203a to the nearest docking station 202 and take another
vehicle 203 if required, by means of a unique beep sound
generated through the speaker 501i. If the user fails to return
the allocated vehicle 2034 to the docking station 202 before
the battery life drops below a critical value, for example, 1

minute, the microcontroller 5017 instructs the disabling unit
1402 to disable the allocated vehicle 2034. The microcontrol-
ler 501/ then notifies the central server 204. Moreover, the
battery monitor 5017 monitors the battery life of the vehicle
203 when the vehicle 203 is parked in a docking station 202.

When the client component 503 requests the vehicle control
unit 501 to return the battery life of the vehicle 203 for
allocating the vehicle 203 to the user, the battery monitor 5015
returns the status of the battery life of the vehicle 203 to the
client component 503.

A charging socket 501k is provided on the vehicle control
unit 501 for enabling charging of the battery 5014 of the
vehicle control unit 501 using the charging unit 509 when the
vehicle 203 is parked in the docking station 202. The retract-
able charging cable 509a of the charging unit 509 in the
docking station 202 can be pulled out and plugged into the
charging socket 501% of the vehicle control unit 501.

FIG. 13 exemplarily illustrates a boundary unit 201. The
boundary unit 201 comprises a power supply socket 201e, a
microcontroller 201¢, a radio frequency (RF) transceiver
2015, and a ceramic antenna 201d. The RF transceiver 2015
enables wireless data communication with the vehicle control
unit 501 and between neighboring boundary units 201. The
wireless data communication between the boundary unit 201
and the vehicle control unit 501 predominantly involves com-
putation of the proximity of allocated vehicle 2034 to the
defined boundary 205. The wireless data communication
between the boundary unit 201 and the neighboring boundary
units 201 is forwarding data regarding breaching of the
defined boundary 205 by the allocated vehicle 203a. The
boundary units 201 form a chain link in which each boundary
unit 201 transmits information that it receives from the pre-
ceding boundary unit 201 along the chain link to the boundary
unit 201 installed right after it. This process continues until
the information reaches the boundary unit 201 that directly
connects this link to the central server 204. The RF transceiver
2015 in each of the boundary units 201 enables wireless
interconnection between them by generating routing tables
containing the addresses of the neighboring boundary units
201. The RF transceiver 2015 embeds the addresses of the
neighboring boundary units 201 into the microcontroller
201c¢ of each of the boundary units 201 to form a wireless
communication network. The RF transceiver 2015 forms the
communication gateway between the boundary units 201.
The boundary units 201 positioned at predetermined loca-
tions in a managing area 206 define a boundary 205 along a
perimeter 206a of the managing area 206. Moreover, the
boundary units 201 check for breach of the defined boundary
205 by the allocated vehicle 203a. The wireless communica-
tion network acts as a transmission line for linking the bound-
ary units 201, the client component 503 in each of the docking
stations 202, and the vehicle control unit 501 of each vehicle
203 to the central server 204. Therefore, the client component
503 and the vehicle control unit 501 transfer the data intended
for the central server 204 through this wireless communica-
tion network.

The microcontroller 201¢ decodes the received data from
the vehicle control unit 501 and the neighboring boundary



US 9,068,374 B2

25

units 201 and determines the next operation that the boundary
unit 201 should perform. The ceramic antenna 2014 in the
boundary unit 201 increases the communication range 403 of
the RF transceiver 2015 to over four kilometers in an open
field environment; this implies that the ceramic antenna 2014
covers a communication range 403 of over 500 meters in
crowded environments dominated with buildings and trees
that cause a lot of obstruction for wireless communication.
Furthermore, by varying the transmission power of the RF
transceiver 2015, the transmission range and strength of
transmission signals is varied for better accuracy and sensi-
tivity of the received signal strength indicator (RSSI) values
aiding in the implementation of the proximity calculation
algorithm. The power supply socket 201e in the boundary unit
201 provides power to the components, for example, 2015,
201c, 2014, etc., of the boundary units 201. Since the bound-
ary units 201 are wireless for all purposes other than the
power supply, the power supply socket 201e is mounted on
the nearest electric pole or hung onto a wall of a building
without affecting the purpose and usage of the boundary unit
201.

FIG. 14 exemplarily illustrates a perspective view of the
vehicle control unit 501 and a disabling unit 1402 mounted on
a vehicle 203. The vehicle control unit 501 and the disabling
unit 1402 are provided on each of the wheels 1403 of the
vehicles 203. The vehicle control unit 501 is electrically
connected to the disabling unit 1402, for example, via a
hollow metal pipe 1401. The hollow metal pipe 1401 is part of
the body frame of the vehicle 203. Moreover, the hollow
metal pipe 1401 conceals the electrical connections between
the vehicle control unit 501 and the disabling unit 1402;
thereby protecting the electrical connections from damage by
the environment, misuse, etc.

FIG. 15 exemplarily illustrates a perspective view of a
disabling unit 1402 operably connected to a wheel 1403 of a
vehicle 203. In an embodiment, the disabling unit 1402 com-
prises a disc 1402a, a brake actuator 14025, a lock actuator
1402¢, a permanent magnet 14024, a metal rod 1402£, and a
Hall-effect sensor 1402/ The disc 1402a has perforations
1402¢ and is fitted parallel to the wheel 1403, to a rear wheel
axle of the vehicle 203 on the same axis. Therefore, the
rotation of the wheel 1403 is reflected on the disc 14024 as
well. Therefore, by controlling the rotation of the disc 1402a,
the rotation of the wheel 1403 is restricted. The brake actuator
14025 is coupled to a rubber pad 1402g. When the disabling
module 501c of the vehicle control unit 501 activates the
brake actuator 14024, the rubber pad 1402g is pushed against
the disc 1402a for braking the wheel 1403 and therefore
reducing the speed of the vehicle 203.

The Hall-effect sensor 1402/ constantly monitors the speed
of the vehicle 203. The Hall-effect sensor 1402f'is a trans-
ducer that varies its output voltage in response to changes in
a magnetic field. The permanent magnet 14024 is attached to
one of spokes 1403a of the wheel 1403. The output voltage
varies each time the permanent magnet 14024 passes the
Hall-effect sensor 1402f. The vehicle control unit 501 detects
the speed of the vehicle 203 by calculating the number of
times the output voltage varies per unit time. The disabling
module 501¢ of the vehicle control unit 501 activates the lock
actuator 1402¢ when the speed of the vehicle 203 is detected
to be zero, that is, when the vehicle 203 is completely stopped.
The metal rod 1402% coupled with the lock actuator 1402¢ is
pushed into the perforations 1402¢ in the disc 1402a, locking
the wheels 1403, and disabling the vehicle 203 from further
movement. In an embodiment, the brake actuator 14025 and
the lock actuator 1402¢ can be driven, for example, by ener-
gized solenoid actuators or high torque-low revolutions per
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minute (RPM) electric motors. The high torque of the electric
motors or the magnetic action of the solenoid actuators main-
tains the wheels 1403 of the vehicle 203 in the locked position
by pushing the head of the lock actuator 1402¢ into the per-
forations 1402e of the disc 1402a, thereby locking the wheels
1403 of the vehicle 203 even after the current signal to drive
them is cut off, and preventing unlocking of the vehicle 203.

In an embodiment, the vehicle control unit 501 detects
auxiliary movement of the disabled vehicle 2035 after the
locking and disabling. That, is, when the user intends to steal
the disabled vehicle 2035, for example, by carrying the dis-
abled vehicle 2035, the vehicle control unit 501 which is still
in communication with the boundary units 201, registers any
further change in the proximity of the disabled vehicle 2035
compared to the proximity values that the vehicle control unit
501 calculated at the instance of disabling the vehicle 203.
Any change in the proximity of the disabled vehicle 2035
triggers the speed monitoring and alerting module 5015 of the
vehicle control unit 501 which then notifies the central server
204 with a high priority signal that indicates an urgent need
for attention. The high priority signal also contains the
vehicle identifier of the disabled vehicle 2035.

In an embodiment, the vehicle management system 200
further prevents theft of the disabled vehicle 2035 by sepa-
rating the vehicle control unit 501 from the disabled vehicle
2035. A voltage high line 1402 is connected from a +Vce pin
of the microcontroller 501fin the vehicle control unit 501 to
the disabling unit 1402. The free end of the voltage high line
1402i is connected to one end of a metal strip 1402/ mounted
on the body of the disabling unit 1402. The other end of the
metal strip 1402/ is soldered to another wire 14027 whose free
end is fed as input to the microcontroller 501fin the vehicle
control unit 501. In a normal sequence, the voltage high line
1402 passes the voltage corresponding to digital 1 in the
circuitry of the microcontroller 501f'to the metal strip 1402/
continuously. The wire 1402; soldered to the other end of this
metal strip 1402/ carries the same signal as input to the
microcontroller 501f. Therefore, as long as the vehicle control
unit 501 stays mounted on the disabled vehicle 2034, this path
is complete and the microcontroller 501falways reads a logic
1 at the input line that the second wire 1402; is connected to.
If the vehicle control unit 501 is separated from the disabled
vehicle 2035 or if one of these wires 1402 or 14027 complet-
ing the path are broken, it results in logic 0 at the input to the
microcontroller 501f. The microcontroller 501/ upon sensing
the logic 0 at its input broadcasts a “breach signal” with the
vehicle identifier. Moreover, the speed monitoring and alert-
ing module 5015 of the vehicle control unit 501 also sounds
alarms to alert persons or security around the managing area
206. In an example, the speed monitoring and alerting module
5015 is configured to play a recording indicating that the user
is stealing the vehicle 203.

The breach signal broadcasted by the vehicle control unit
501 after the vehicle 203 is disabled, appends a source indi-
cation value in the breach signal. The source indication value
identifies the boundary unit 201 that picks up the breach
signal directly from the vehicle control unit 501. The vehicle
control unit 501 prior to initiating this broadcast equates the
value of the source indication value to 0 and embeds the
source indication value as part of the broadcast data packet’s
payload. The boundary unit 201 that first picks up this data
packet checks the value of the source indication value. If the
source indication value is 0, the boundary unit 201 under-
stands that it is the first recipient boundary unit 201, changes
the value of the source indication value to 1, and appends its
ownunique identifier as part of the payload. It should be noted
that only a boundary unit 201 is authorized to change the
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source indication value of the breach signal for identifying the
last known location of the vehicle control unit 501 with
respect to the first boundary unit 201 which detected the
breach signal, and it is not necessary that this boundary unit
201 is actually the first boundary unit 201 to receive the
broadcasted breach signal directly from its originator. Each of
the boundary units 201 is static in nature and hence used as a
positional reference. The intermediate boundary units 201
then act as repeater nodes and complete the broadcasting
procedure without altering the source indication value.

When the central server 204 receives the broadcasted
breach signal, the central server 204 retrieves the unique
identifier of the boundary unit 201 that first received the
breach signal in the broadcast process and notifies the system
administrator of the location of the boundary unit 201 being
the last known location of the stolen vehicle 203. This process
continues until the vehicle control unit 501 stays in the trans-
mission range of at least one of the boundary units 201 in the
communication network 510 to form a link to the central
server 204 to transmit the continuously generated breach
signal.

FIG. 16 exemplarily illustrates the architecture of a com-
puter system 1600 employed by the central server 204 of the
vehicle management system 200 for managing multiple
vehicles 203 within a boundary 205. In an embodiment, the
client component 503 and the central server 204 employ the
architecture of the computer system 1600 exemplarily illus-
trated in FIG. 16.

The boundary units 201, the docking stations 202, and the
vehicle control unit 501 communicate with the central server
204 via a short range communication network 510 or a long
range communication network 510. The client component
503 also communicates with the central server 204 via the
communication network 510. The communication network
510 is, for example, a local area network (LAN), a wide area
network, a mobile communication network, etc. The com-
puter system 1600 comprises, for example, a processor 1601,
a memory unit 1602 for storing programs and data, an input/
output (1/O) controller 1603, a network interface 1604, a data
bus 1605, a display unit 1606, input devices 1607, a fixed
media drive 1608, a removable media drive 1609, output
devices 1610, etc.

The processor 1601 is an electronic circuit that executes
computer programs. The memory unit 1602 is used for stor-
ing programs, applications, and data. For example, the mod-
ules 505, 506, etc., of the client component 503 are stored in
the memory unit 1602 ofthe computer system 1600 employed
by the client component 503. The modules 2044, 204¢, 204f,
etc., of the central server 204 are stored in the memory unit
1602 of the computer system 1600 employed by the central
server 204. The memory unit 1602 is, for example, a random
access memory (RAM) or another type of dynamic storage
device that stores information and instructions for execution
by the processor 1601. The memory unit 1602 also stores
temporary variables and other intermediate information used
during execution of instructions by the processor 1601. The
computer system 1600 further comprises a read only memory
(ROM) or another type of static storage device that stores
static information and instructions for the processor 1601.
The network interface 1604 enables connection of the com-
puter system 1600 to the communication network 510. The
computer system 1600 of the central server 204 communi-
cates with the boundary units 201, the client component 503
of each of the docking stations 202, and the vehicle control
unit 501 through the network interface 1604. The computer
system 1600 of the client component 503 communicates with
the central server 204 through the network interface 1604.
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The network interface 1604 comprises, for example, a Blue-
tooth™ interface, an infrared (IR) interface, a WiFi interface,
a universal serial bus interface (USB), a local area network
(LAN) interface, a wide area network (WAN) interface, etc.
The I/O controller 1603 controls the input and output actions
performed by a system administrator of the central server
204. The data bus 1605 of the central server 204 permits
communications between the modules, for example, 204a,
204c¢, 204¢, 204/, etc., of the central server 204. The data bus
1605 of the client component 503 permits communications
between the modules, for example, 505, 506, etc., of the client
component 503.

The display unit 1606 displays, via a graphical user inter-
face (GUI), the results computed by the central server 204 to
the system administrator. For example, the display unit dis-
plays the location of an allocated vehicle 2034 that breached
the defined boundary 205 as a position on a map 2100 dis-
played on the GUI of the display unit 1606. The input devices
1607 are used for inputting data into the computer system
1600. The input devices 1607 are, for example, a keyboard
such as an alphanumeric keyboard, a joystick, a mouse, a
touch pad, a light pen, etc.

The computer system 1600 further comprises a fixed media
drive 1608 and a removable media drive 1609 for receiving
removable media. Computer applications and programs are
used for operating the computer system 1600. The programs
are loaded onto the fixed media drive 1608 and into the
memory unit 1602 of the computer system 1600 via the
removable media drive 1609. In an embodiment, the com-
puter applications and programs may be loaded directly via
the communication network 510. Computer applications and
programs are executed by double clicking a related icon dis-
played on the display unit 1606 using one of the input devices
1607.

The computer system 1600 employs an operating system
for performing multiple tasks. The operating system is
responsible for the management and coordination of activi-
ties and the sharing of the resources of the computer system
1600. The operating system further manages security of the
computer system 1600, peripheral devices connected to the
computer system 1600, and network connections. The oper-
ating system employed by the central server 204 recognizes,
for example, signals received from the client component 503
on each of the docking stations 202 and the boundary units
201, the output display, files, and directories stored locally on
the fixed media drive 1608, for example, a hard drive. The
operating system on the central server 204 executes different
programs, for example, the billing module 204e, initiated by
the system administrator using the processor 1601. The pro-
cessor 1601 retrieves the instructions for executing each of
the modules, for example, 204a, 204¢, 204¢, 2041, etc., of the
central server 204 and the modules, for example, 505, 506,
etc., of the client component 503 from an associated program
memory in the form of signals. A program counter determines
the location of the instructions in the program memory. The
program counter stores a number that identifies the current
position in the program of the modules, for example, 204a,
204c¢, 204¢e, 204/, etc., of the central server 204 and the mod-
ules, for example, 505, 506, etc., of the client component 503.

The instructions fetched by the processor 1601 from the
program memory after being processed are decoded. The
instructions are placed in an instruction register in the pro-
cessor 1601. After processing and decoding, the processor
1601 executes the instructions. For example, the registration
module 204a defines instructions for registering the user, the
vehicles 203, the docking stations 202, and the boundary units
201 and associating identifiers with the user, the vehicles 203,
























