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A method for, providing information regarding a vehicle that follows a route and stops at a stop along the route. The method
Includes the following steps: (1) Generating a signal including identification information for the vehicle, (2) Transmitting the signal
from a transmitter sub-system on this vehicle, (3) Recelving the signal at a recelver sub-system near the stop on the route; and
(4) Processing the signal at the receiver sub-system to identify the vehicle and to estimate a time period to arrive at the stop.
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ABSTRACT

A method for providing information regarding a vehicle
that follows a route and stops at a stop along the route.

The method includes the followling steps:

(1) Generating a signal including identification

information for the wvehicle,

(2) Transmitting the signal from a transmitter sub-

system on this vehicle,

(3) Receiving the signal at a receilver sub-system

near the stop on the route; and

(4) Processing the signal at the receiver sub-system
to identify the vehicle and to estimate a time

period to arrive at the stop.
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METHOD AND SYSTEM FOR PROVIDING INFORMATION
REGARDING THE LOCATION OF A VEHICLE

FIELD OF THE INVENTION

This invention relates 1in general to an advance
notification method and system and more particularly to a

method and system for providing information regarding the

location of a vehicle.

BACKGROUND OF THE INVENTION

In transport systems, problems may arise due to
uncertainty about the whereabouts of a vehicle and when the
vehicle will arrive at a given location. Typically, the

vehicle will either drop-off or pick-up a person or item at

the given location.

This problem can arise with school buses, which pick-
up and deliver children at thelr homes or a nearby stop.
In the morning, when the children are being picked up, they
and their parents will be uncertain regarding the exact
arrival time of the bus. Accordingly, the children must be
at the stop location waiting for the bus before the bus 1s
expected to arrive. If the bus 1is late for any reason, the
children may be waiting in a cold or deserted area for an
extended period of time. If the bus 1s ahead of schedule,
or the children are late arriving at the pick-up spot, the
bus may have to wait for the children, thereby delaying the

subsequent pick-up of other children further along the

route.

Problems may also arise when the bus is delivering the

children at the end of the day, due to uncertainty
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regarding when the bus will arrive at a drop-off location.
When parents arrive home, they may be uncertain whether the
bus has in fact gone by, and whether or not theilr children

have arrived home from school.

Prior art notification systems have been devised tO
address the above-noted problems. Generally, these prior
art systems involve three-way communication between a bus,
2 central station, and each drop-off or pick-up location.
Specifically, the vehicle first determines its location
using, say, an onbcard Global Positioning System (G.P.S.).
Then, the vehicle communicates its location to a control
unit at a centralized location. The control unit then
determines the relative position of the Dbus in the route
and notifies a series of receivers, located at or nearby
the various pick-up and drop-off points, of the approach of

the vebicle.

U.S. Patent ©No. 5,400,020 discloses an advance
notification system including a vehicle control unit for
each bus, as well as a base control unit located 1n a
centralized location. In operation, the vehicle control
unit determines the location of the bus using a G.P.S5. Or
other suitable systemn. The vehicle control unit then
transmits this location information to the base control
unit, which determines the relative position of the bus 1n
trhe route from the absolute position determined by the
G.P.S. When the bus is a certain predefined distance from
a stop for a particular home on the bus route, the Dbase
control unit automatically telephones this home to 1nform

the children or their parents that the bus is about to

arrive.
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While solving some of the above-mentioned problems,
this system suffers from a number of disadvantages. The
system depends on the centralized control unit, and if this
centralized control unit fails, then the entire system will
fail. The demands placed on the centralized control unit
are considerable - 1t must keep track of each location to
be notified of the approach of the vehicle. As a result,
the centralized control unit 1s complicated and expensive,
as is the G.P.S. or other suitable location system mounted
on the bus. The system also ties up telephone lines, or,
if the telephone line 1s 1n use, the message regarding the
approach of the vehicle may not get through. Thus, an
advance notification system that does not rely on a

centralized communication system is desilrable.

SUMMARY OF THE INVENTION

An object of one aspect of the present invention 1is to

provide an improved advance notification system.

In accordance with an aspect of the present invention
there 1is provided an advance notification system for
providing information regarding a vehicle that follows a
route and stops at a vehicle stop along the route. The
system comprises a transmitter sub-system for generating
and transmitting & signal, and a recelver sub-system for
receiving the signal transmitted by the transmitter sub-
system. The signal includes identification information for
the route. The transmitter sub-system 1s mounted on the
vehicle. The receiver sub-system 1s located near the
vehicle stop and has a data processing means for processing
the signal received by the receiver system to identify the

route and to estimate a time period for the vehicle to

arrive at the vehicle stop.
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Preferably, the receiver sub-system 1ncludes a
plurality of receivers distributed along the route for the
vehicle, the route has a plurality of stops and each
receiver in the plurality of receivers 1s operable to
receive the signal and 1is located near an associlated
vehicle stop in the plurality of vehicle stops. The data
processing means includes a plurality of data processing
units, each receiver in the plurality of receilvers belng
linked to an associated data processing unit 1in the
plurality of data processing units. For each receiver, the
associated data processing unit is operable to process the
signal to identify the route and to estimate the time

period for the vehicle to reach the associated vehicle

stop.

In accordance with another aspect of the present
invention, there 1is provided a method for providing
information regarding the vehicle that follows the route
and stops at a stop along the route. The method includes
the steps of generating a signal including identification
for the vehicle, transmitting the signal from a transmitter
sub-system on the wvehicle, receiving the signal at a
receiver sub-system near the stop on the route, and
processing the signal at the receiver sub-system to
identify the vehicle and to estimate a time period for the

vehicle to arrive at the stop.

Preferably, the route has a plurality of stops, the
receiver sub-system includes a plurality of receilvers
distributed along the route for the vehicle, each receiver
in the plurality of receivers being located near an
associated stop in the plurality of stops, and the step of

receiving the signal comprises receiving the signal 1n each
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receiver in the plurality of receivers and processing the

signal to identify the vehicle and to estimate a time

period for the vehicle to arrive at each stop.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of the preferred aspects of the
invention is provided herein below with reference to the
following drawings, in which:

Figure 1, in a Dblock diagram, illustrates a
transmitter subsystem in accordance with a preferred
embodiment of the present invention;

Figure 2, in a block diagram, 1llustrates a receiver
subsystem for communication with the transmitter subsystem
of Figure 1 in accordance with a preferred embodiment of
the present invention; and,

Figure 3, in a block diagram, 1illustrates a data
packet for transmission from the transmitter subsystem of

Figure 1 to the receiver subsystem of Figure 2.

DETAILED DESCRIPTION OF PREFERRED ASPECTS

Referring to Figure 1, there is illustrated 1in a block
diagram a transmitter subsystem in accordance with a
preferred embodiment of the invention. The transmitter
subsystem 20 1s installed on a bus, and 1ncludes a UHFE
transmitter 32 for transmitting information from the bus.
Typically, the transmitter 32 1is a 1/2 watt UHF

transmitter, which has a natural range of about 2 mlles.

The transmitter subsystem 20 also 1includes a

transmitter microprocessor Z22. Referring to Figure 3,

there is illustrated a fixed format data packet 80 that 18

[T Sy N idbrlN s « . - . . . gt o man oy W weem »
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generated by the microprocessor 22Z2. The data packet 80
includes a plurality of fields ordered according to the
format of the data packet 80. One of the fields 1in the
data packet 80 1is a route identification field 82 for
storing route identification 1information. This route
identification information may be entered by the bus driver

or other operator, or, preferably, may be electronically

downloaded.

According to a preferred embodiment of the invention,
each bus is assigned a pre-defined route. Sometimes a bus
will break down, or will be assigned for other purposes and
will not be available for 1ts wusual routes. If the
transmitter subsystem 20 is built into the bus, then 1t
will be inconvenient and labour-intensive to transfer the
transmitter subsystem to another Dbus. Fven 1f the
transmitter subsystem 1is not built into the bus, 1t will

still be inconvenient to move the transmitter subsystem

from bus Lo bus.

According to the preferred embodiment of the invention
shown in Figure 1, the transmitter subsystem 20 includes a
data key module 2£8. A data key having a unique route
identification stored thereon is assigned to each route and
to the bus allocated to this route. When a bus A 1is not
available for a particular bus route for any reason, the
data key for bus A can be inserted into the data key module
28 of the transmitter subsystem 20 of a bus B. Via the
data key module 28, the data key configures the
microprocessor 22 of the transmitter subsystem 20 of bus B
to store the route identification information in the route
identification field 82 of the data packet 80. The data
key is typically a key with an attached chip that may be

W Rada teebeete e el g v R L > 5 IAREENRID P .t b s AN AN LT T h L B 4 Ak e 1Y - . o e AT SRR 2T AL NGIBAS e e Taer e T e e ) . . Lo n ey avds e s el P ARV O o I n
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used to readily update the transmitter subsystem 20.

In addition to the route i1identification field 82, the
data packet 80 includes a next stop field 92 for storing
the next stop along the route, and a time estimate field 94
for storing the estimated time to reach the next stop. The
next stop is determined by the transmitter microprocessor
22 from route information stored on a transmitter storage
module 360. The time estimate 1s determined by the
transmitter microprocessor 22 based on the current speed
and previously measured lengths of time between stops that

are stored on the transmitter storage module 36.

In addition to the route identification field 82, the
fixed format data packet 80 includes other fields in which
the microprocessor 22 can store 1information regarding the
bus. Specifically, information regarding the speed of the
bus 1is storable in a speed field 86 of the fixed format
data packet 80, and information regarding the position of
the door of the bus is storable in a door field 88 of the
fixed format data packet 80. In the transmitter subsystem
20 of Figure 1, the microprocessor 22 1s linked to bus
sensors 24 that collect this additional information stored
in the data packet 80. The bus sensors 24 1include a door
sensor that determines when a door of the bus 1s open or
closed, and a speed meter that determines the speed of the
bus. Information read by the door sensor and speed meter
is stored 1in the door field 88 and speed field 86
respectively of the fixed format data packet 80.

Optionally, the data packet 80 may also include fields

for storing information regarding the 1identity of the bus,

the identity of the bus driver, the number of passengers on

. o 0 LRI WL IRV 2T e § PN A2 o b b N e ta S BN el S A L e POV A L N RO M5 | S R BT AN O ] Wt 1m R et e -
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the bus, the absolute 1location of the bus (1f, say, a

G.P.S. 1s i1ncluded onboard), the i1dentity of each passenger

and bus status (how many empty seats).

After the microprocessor 22 has stored information
regarding the 1dentity, speed, next stop, time to next
stop, and door position in the appropriate fields of the
data packet 80, the data packet 80 1s sent to an encoding
and modulation module 30 where the data packet 80 1s
configured for transmission. The configured data packet 80

is then sent to the transmitter 32 and 1s transmitted to at

least one receilver subsystem.

Referring to Figure 2, there 1s i1llustrated a receiver
subsystem 50 in accordance with the preferred embodiment of
the 1nvention. The receiver subsystem 50 1ncludes an
operator 1interface module 54 having a liquid crystal
display. Using the operator 1interface module an operator
enters route identification information as well as the stop
number along that route for each bus that either picks up
or drops off a child at the house. This 1dentification
information 1s stored 1n a storage module 60 of the
receiver subsystem 50. The receiver subsystem 50 may
listen for a number of different buses, where, for example,

children in the house are wailting for different buses from

different schools.

The receiver subsystem 50 also includes a UHF receiver
58 for receiving a configured data packet 80 transmitted
from the UHF transmitter 32. The configured data packet 80
received by the UHF receiver 58 1s sent to a decoding and
demodulation module 56. Here, the configured data packet

80 is demodulated to yield the fixed format data packet 80.
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The data packet 80 is then sent to a receiver
microproc:essor 02 . The receliver microprocessor 52 reads
the route identification information f rom the
identification field of the data packet 80. It the route
identification information <corresponds to the route
identification information stored in the storage module 60,
then the information from the remaining fields of the data
packet 80 1s read The data obtained from the data packet
80 is then converted into an estimated time of arrival and
displayed beside the route identification on the liquid

crystal display of the operator interface 54.

In operation, the receiver subsystem 50 1s
continuously 1listening to the UHF channel wused by the
transmitter subsystem 20 and receiver subsystem 50, and 1s
constantly decoding and demodulating signals recelved to
look for relevant route identification information. The
mere fact that the receiver microprocessor 52 recognizes
tﬁe route identification means that the bus for that route
is close to the receiver 50 due to the relatively short
range of the UHF telemetry system. In many cases, and
especially for rural routes, this short range may enable
the estimated arrival time of the bus to be pinpointed with
sufficient accuracy. For example, the bus may consistently
arrive at the stop approximately five minutes after the
signal is first received by the recelver. The remainling
fields are used to refine this estimate as may be required
in urban areas where the bus may pass in and out of range
many times in following its route and, consequently, the
signal may be received long before the bus reaches the

stop. The receiver storage module 60 need only store
previous time intervals for the bus to travel between the

desired stop and each stop in the route that precedes the

PR ITAPESRNTI ST 70 TF - ERTNETN T S W P SRR PR T 1P L M R - TR T 2D ) D St toe ) - ] Creait o AT IR A L S L 2 P £ M WINPT OTMNI ATt 10, 1 AR P Al e e e A SRR S A Pl s s SN WA ALON T4 I L B TR B Mty e’ SAKI . O ', O, = Dt | S s (L s a



10

15

20

20

30

CA 02341987 2001-03-23

-10-

desired stop. Using the next stop number and the estimated
time to the next stop that are stored 1n fields 92 and 94
of the data packet 80, respectively, the receiver
microprocessor can readily calculate the estimated time to
the desired stop using the 1nformation stored 1n the
receiver storage module 60. These estimates can be further
refined using the speed of the bus read from the speed
field of the data packet, as well as by using location
information if this 1is provided by a G.P.S. or other
locating system mounted the bus. The operator interface 54
may include an automatic notification device, such as a

buzzer, that 1s used to alert the household when the

arrival time diminishes to a preselected value.

Information regarding the position of the door of the
bus may be useful for a number of reasons. First, how long
the bus stops at each stop 1s an 1mportant variable 1n
estimating the arrival time of the bus. The transmitter
microprocessor 22 can measure the approximate amount of
time spent at each stop by measuring the length of time the
door is open, or, more accurately, by measuring the length
of time the speed of the bus is equal to zero at a location
in which the bus door is open for some of this time. This
length of time is then stored, and can be averaged with
earlier recorded stcp times to provide an estimate of how
long the bus will ke stopped at each stop preceding the
stop near the receiver subsystem 50. These estimates can

then be used in adjusting the estimated time of arrival at

the next stop and suitably revising the estimate stored 1n

the time estimate field 94 of the data packet 80.

Information regarding the position of the door of the

bus may also be used to determine the position of the bus
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itself. When bus route information, including information
about the location of bus stops, 1s stored on the storage
module 60, the microprocessor will be able to determine the
location of the bus on the route by counting the number of
bus stops and then locating the bus stop on the route at

which the bus is stopped. Thus, from counting the number

of stops the bus has made, the microprocessor 22 can, from
the route information, determine the segment of the route
where the bus is currently located. This information 1s

then used to fill the next stop field 92 of the data packet
80.

By storing past estimates 1in the storage module 60,
the receiver microprocessor 52 can improve 1ts estimates by
reviewing past estimates to see if estimates are too high
or too low on a consistent basis. Specifically, 1f 1t
appears from the stored estimates that the receilver
microprocessor consistently underestimates that amount ot
time required to reach the stop near the receiver
subsystem, the amount of this underestimation 1s used to

upwardly adjust future estimates of the time required to

reach the stop.

The transmitter subsystem 20 includes a driver
interface 34 that can be used by the driver to notify the
various receiver subsystems 50 of relevant information.
For example, say the driver 1s given advance notification
that children at a particular stop will not be at that stop
on a given day. Then the driver can skip thls stop on the
route. The next stcop and time estimate stored in the next
stop fielid 92 and time estimate field 94 1n the data packet
80 need only be updated accordingly by the transmitter

microprocessor 22 , and all the receivers will continue to
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function as described above.

When the bus stops at a stop or passes a stop, this

fact 1s stored in the receiver storage module ©60 and
displayed on the liquid crystal display 54. This enables
one to determine if the children or other passengers

dropped off by the bus should be at home, or if the bus has

been missed.

The present invention may be embodied 1in other
specific forms without departing from the spirit or
essential characteristics thereof. Certain adaptations and
modifications of the invention will be obvious to those
skilled 1in the art. Specifically, while much of the
description of the present invention relates to the
implementation of the invention in a school bus context, 1t
will be apparent to those skilled in the art that the
invention can be practiced in any context in which vehicles
pick-up and drop-off items or people at different stops
along a vehicle route. Therefore, the presently discussed
embodiments are considered to be 1illustrative and not
restrictive, the scope of the invention being 1ndicated by
the appended claims rather than the foregoing description,
and all changes which come within the meaning and range of

equivalency of the claims are therefore 1intended to be

embraced thereiln.
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WHAT IS CLATIMED IS:
1. An advance notification system for providing

information regarding a vehicle that follows a route and
stops at a vehicle stop along the route, the system
comprising:

a transmitter subsystem for generating and
transmitting a signal, the signal including identification
information for the route, the transmitter subsystem being
mounted on the vehicle; and,

a receiver subsystem for receiving the signal
transmitted by the transmitter subsystem, the recelver
subsystem

being located near the vehicle stop, and
having a data processing means for processing the
signal received by the receiver system to identify the

route and to estimate a time period for the vehicle to

arrive at the vehicle stop.

2 . The advance notification system as defined in claim 1
whereln

the receiver subsystem comprises a plurality of
receivers distributed along the route for the vehicle, the
route having a plurality of stops and each receiver 1n the
plurality of receivers being operable to receive the signal
and being located near an associated vehicle stop 1n the
plurality of vehicle stops; and,

the data processing means comprises a plurality of
data processing units, each receiver in the plurality of
receivers having linked thereto an associated data
processing unit in the plurality of data processing units,
the associated data processing unit being operable to
process the signal to identify the route and to estimate

the time period for the vehicle to reach the assoclated

PR T S e e e e TN R T ' I - ot P VLY | § R AL S . IO . . . . e s ' . . . ool ®
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vehicle stop.

3. The system as defined in claim 2 wherein
the signal comprises a data packet, the data packet
having a plurality of fields for storing a plurality of

parameters regarding the vehicle, each field in the
plurality of fields belng operable to store an associated
parameter in the plurality of parameters;

the transmitter subsystem has a processor for
compiling the data packet before transmission; and

for each receiver in the plurality of receivers, the
associated data processing unit is operable to read the

associated parameter from each field.

4., The system as defined in claim 3 whereiln the plurality

of fields includes an identification field for storing a

route identification parameter for the route.

5. The system as defined in claim 4 whereln

the transmitter subsystem includes a transmitter
storage means for storing stop information for the route
including an order of the stops and an estimated travel
time between successive stops in the route; and

the plurality of fields includes a nexXt stop field
for storing a next stop in the route, and a time estimate

field for storing an estimated time for the bus reach the

next stor.

0. The system as defined 1in claim 4 wherein each receiver
in the plurality of receivers has an associated storage
means for storing a selected route identification for a

selected route, the associated data processing unit being

. C e de s et TR s N . s 4. ST g em et g sfe e b . ..
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operable to compare the route information parameter read

from the identification field to determine if the route 1s

the selected route.

7. The system as defined in claim 4 whereiln

fhe transmitter subsystem includes a door monitor for
determining a door position of the vehicle; and,

the transmitter storage means records a stop time when
the door is open for each stop; and

the processor 1is operable to store the stop time for

each stop in a door field 1in the plurality of fields

8. The system as defined 1in claim 4 wherein the
transmitter subsystem includes a speed meter Ifor measurling
a time-specific speed of the vehicle, the processor beilng
operable to store the time-specific speed of the vehicle 1in

a speed field 1in the plurality of fields.

9. The system as defined 1n claim 8 wherein the

associated storage means 1s operable tTO store route

information for the selected route.

10. The system as defined in clalm 9 wherein the route
information stored by the assoclated storage means for each
receiver includes, for each stop preceding the assoclated

stop for the receilver, an estimated time interval between

the stop and a next stop 1n the route.

11. The system as deflined in claim 10 wherein the
fransmitter subsystem comprises an interface means tfor
receiving update information entered by a user, the

processor being operable tO store the update information 1in

an update field in the plurality of fields.
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12. The advance notification system as defined in claim ©
wherein each receiver in the plurality of receivers has an
associated proximity indicator for indicating when the
estimated time period for the wvehicle to arrive at the

associated stop reaches a selected minlmum time period.

13. The advance notification system as defined in claim ©
wherein each receiver in the plurality of receivers has an
associated stop indicator for indicating whether the

vehicle has stopped at the associated stop.

14. A method for providing information regarding a vehicle
that follows a route and stops at a stop along the route,
the method comprising:

generating a signal including identification
information for the vehicle;

transmitting the signal from a transmitter subsystem
on the vehicle;

receiving the signal at a receiver subsystem near the
stop on the route; and,

processing the signal at the receiver subsystem tCO

identify the vehicle and to estimate a time period for the

vehicle to arrive at the stop.

15  The method as defined in claim 14 whereiln

the route has a plurality of stops:;

the receiver subsystem comprises a plurality of
receivers distributed along the route for the vehicle, each
receiver in the plurality of receivers being located near
an associated stop in the plurality of stops; and,

the step of receiving the signal comprises receiving
the signal at each receiver 1n the plurality of receivers

and processing the signal toO identify the vehicle and to
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estiméte a time period for the vehicle toO arrive at each

stop.

16. The method as defined in claim 15 wherein
the signal comprises a data packet;
the step of generating the signal comprises
determining a plurality of parameters
regarding the vehicle, and
storing the plurality of parameters 1in the
data packet, the data packet having a plurality
of fields for storing the plurality of
parameters, each field in the plurality of fields
being operable to store an assoclated parameter
in the plurality of parameters; and,
the step of processing the signal at each receiver

comprises reading at least one parameter from the plurality

of fields.

17. The method as defined 1n claim 16 wherein the
plurality of fields includes a route identification field
for storing a route identification parameter for the
vehicle, the method further comprising

for each receiver in the plurality of recelivers,

storing “he route identification parameter on an assoclated

receiver storage means for the recelver,

when a signal is received Dby a receiver, comparing the
route identification parameter stored in the data packet
with the route identification parameter stored on the
associated receiver storage means, and

if the route identification parameter stored 1in the
data packet matches the route identification parameter
stored on the receiver storage means, then reading other

parameters from the plurality of parameters stored on the
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data packet.

18. The method as defined in claim 17 whereln

the plurality of parameters determined include a next

stop in the route and an estimated time for the bus to

reach the next stop in the route; and,

the plurality of fields includes a next stop field for
storing the next stop in the route and a time estimate

field for storing the estimated time for the bus to reach

the next stop in the route.

19. The method as defined in claim 18 wherein the
plurality of parameters regarding the vehicle comprises a

door position monitor.

50. The method as defined in claim 18 further comprising,
for each receiver in the plurality of receivers, storing,
for each stop preceding the assocliated stop for the
receiver, an associated time interval for the vehicle to

travel from the preceding stop to the next stop.

71. The method as defined in claim 20 wherein for each

receiver in the plurality of receivers and for each stop
preceding the associated stop for the receiver, the
qssociated time interval for the vehicle to travel from the

preceding stop to the next stop is updated each time the

vehicle travels the route.

59  The method as defined in claim 105 wherein each
receiver in the plurality of receivers provides a proximity
warning when the estimated time period for the vehicle to

arrive at the associated stop reaches a selected minimum

time period.
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d as defined 1n claim 15 wherein each

receiver 1n the plurality of receivers provides a binary

stop i1ndicator regarding whether the vehicle has stopped at
the associated stop.

RIDOUT & MAYBEE
Toronto, Canada
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