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Abstract Title: Bus arrival time estimation system and method

A standalone bus arrival time estimation system
for providing a proximate arrival time of a bus that
travels along a route comprises a transponder
mounted on a bus, a transceiver, a processing unit
and a display device disposed at a bus stop along
the route. The processing unit is in communication
with both the transceiver and the display device.
The transponder is capable of communicating with
the transceiver when the bus arrives at the bus
stop. A method for estimating the arrival time of a
bus comprising the steps of monitoring a bus’s
arrival at a bus stop, recording time stamp of
arrival, determining the time deviation and
calculating the next arrival time independently
without any input from any other systems, and
displaying and counting down the estimated arrival
time.
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2425211

BUS ARRIVAL TIME ESTIMATION SYSTEM AND METHOD
FIELD OF THE INVENTION

The present invention relates to a bus arrival time estimation system and a method for

estimating arrival time of a bus at a bus stop along a bus route.
BACKGROUND OF THE INVENTION

Nowadays, people go to upper floors of a high-rise building by taking a lift. The lift
lobby shows the position and the direction of the lifts. People could estimate how long
they will wait for a lift to take them to their destination floor. Similarly, for riding
trains, people in the platform are also informed with an estimated time the next train

will arrive. Therefore, people could manage their time more effectively.

It would be desirable if such an arrival estimation system is available for people riding
bus, who could similarly be informed with an estimated arrival time while waiting at
the bus stop. People usually spend long time waiting for a bus to their destination and
they know nothing about when the bus could arrive. If they could know the estimated
time of bus arrival, they could adjust their itinerary, re-arrange their jobs, or choose
other alternatives to reach their destinations. If most of the people manage their travel
and get, say, one more minute efficiency, the economy of the society could also

benefit from this one-minute gain and productivity.

There are available a number of systems for keeping track of vehicles traveling in the
field, to provide an estimate of the whereabouts of them at a given time and/or
provide an estimated arrival time to a destination. For example, the systems and
methods disclosed in the following patents are directed to such uses: JP 7320198 A,
JP 8305996 A, JP 9305895 A, US 6191708 B1. Most, if not all, of those systems
require long-distance radio transmission and measurement of electric field strengths
of consecutive transmissions at different vehicle’s locations. Because a long-distance
radio communication is by nature volatile and fragile due to fluctuated
communication delay, varied signal-to-noise ratio, uncertain availability, etc, the

arrival time estimated dependent thereon is also volatile and not robust. In addition,
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those systems require facilities or equipment installed all the way along the route in
order to report arrival time at as minimum as one stop or station. Those systems are
considerably expensive to implement, a contributing factor for the scarcity of such

systems being used in urban public bus transportation.

JP 2002203299 published on July 19, 2002 discloses a system and method for
providing bus navigation schedule. A navigation managing center collects information
showing arrival/departure in respective bus stops, which are supplied from a bus
system installed in the bus, or previously stores a bus diagram. The navigation
managing center calculates waiting time based on the delay of a navigation with
respect to the previous diagram on the first bus stop and calculates waiting time based
on information that the bus leaves the previous bus stop on the other bus stop about
the respective bus navigation systems. The navigation managing center informs the
respective bus stop systems of the calculated waiting time. The bus stop system

displays the informed waiting time and informs the waiting passenger about it.

This system requires a GPS system and a navigation managing center. However, radio
coverage of GPS might not fully cover all the road where the concerned bus travels.

For example, it is difficult to get signal inside tunnels or high-rise buildings.

JP 8305996 discloses a method for transmitting a bus recognition information for
every predetermined transmitting cycle through a specific low power transmitter for
communication between a bus and a stop. The stop receives the transmitted
recognition information. The distance between the stop and the bus is calculated from
the field strength of the received information. Then, the arrival time to the stop is
computed based on the calculated distance and a guidance display is performed at the

stop.

When the bus Ax is the object to be communicated with, the intensity of the electric
field at the time of the reception is detected and its time T1 is detected. The detected
intensity of the electric field is converted into the distance L1 from the bus stop B1 to
the bus Al. Similarly, the distance L2 between the bus stop B2 and bus Al at the
point of time T2 as next transmission timing is obtained. A CPU 15 computes the

speed of the bus Al to calculate the time when the bus arrives at the bus stop B1, and
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displays the arrival time on a display unit 16 and outputs it as a voice through a

speech unit 17.

This system requires a long-distance radio communication between the bus stop and
the bus vehicles. The electric field strength of the radio communication is taken to
determine the distance between the bus stop and the bus as well the estimated arrival
time. The estimation of arrival time heavily depends on the radio communication
between the bus stop and the bus. A long-distance radio communication is by nature
volatile and fragile (long delay, varied random noise, uncertain availability). Thus, the

arrival time estimation is also volatile and not robust.

This system also requires the determination of electric field strengths of two
consecutive transmissions. However, the field strengths can be easily affected by the
movement of other vehicles on the road, rainy weather, blocking by buildings or
mountains, and blocking if the bus travels inside a tunnel. The estimation of arrival

time will be fluctuated and not reliable.

Furthermore, the system requires the determination of electric field strengths of two
consecutive transmissions. With the field strengths of two consecutive samples, the
system determines the distance (L1, L2) from the bus stop B1 and the bus Al, and
then calculates distance the bus Al travels. However, this distance is the radio
distance or a straight-line distance between the bus stop B1 and bus Al. It does not
match the exact distance (route) the bus Al travels on the road. It is even worst if the
road runs radially with the centre at the bus stop (ie, the road is a circumference of the
bus stop). The estimation is strongly affected by the physical orientation of the roads

of the bus route,

JP 9305895 discloses a system that includes a first controller that is arranged in a bus.
A first transceiver of the first controller carries out data communication with a second
controller. The second controller is arranged on the bus stops on the route through
which the bus travels. The identification code of the bus stop is received through the
first transceiver and stored in a first memory. A measurement unit measures the
distance of the bus from the previous bus stop. The transit data consists of the bus

stop identification code, and the measured distance value is transmitted to the next bus
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stop through the first transceiver. A second transceiver is provided in the second

controller. The second transceiver carries out data communication with the bus.

This system requires a long-distance radio communication between the bus stop and
the bus vehicle for reporting the remaining distance between the bus vehicle and next
bus stop. The estimation of arrival time depends on the transit data sent over the radio
communication between the bus stop and the bus. A long-distance radio
communication is by nature volatile and fragile (fluctuated communication delay,
varied signal-to-noise ratio, uncertain availability). Thus, the arrival time estimation is

also volatile and not robust.

This system also requires a least two sets of equipment - “second controller and
transceiver”, installed separately in two consecutive bus stops along the bus route, to
report the estimated arrival time for a single bus stop for a single bus route. The first
set provides the bus with the identification code of the bus stop as a reference to
determine the distance the bus travels. The second set at the next bus stop receives the
“transit data”, measures the distance of the bus from the previous bus stop and
displays the estimated time. For a minimum configuration, this system requires more
than two sets if it supports more than one bus route. Therefore, the system disclosed
in this patent is not flexible for gradual deployment and for deployment at random (or

non-consecutive) bus stops along a bus route.

Furthermore, the system requires a long-distance radio communication between the
bus stop and the bus vehicles. The long-distance radio communication is easily
affected by the movement of other vehicles on the road, rainy weather, blocking by
buildings or mountains, and blocking if the bus travels inside a tunnel. To ensure a
more reliable radio communication, the system requires radio repeaters installed along
the bus route. It is very complicated to design a good quality radio communication
network over the areas of the bus route, and it is not flexible to cater for the change of

bus routes.

JP 7320198 discloses a system which requires long-distance radio communication
between two consecutive bus stops. The previous bus stop sends the actual departure

time of the bus to the next bus stop. The next bus stop then determines the estimated
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departure (arrival) time of the bus based on actual departure time C of the bus, as

follows:

E=B+C-A, where

A = scheduled departure time for the previous bus stop,
B = scheduled departure time for the next bus stop,

C = actual departure time from previous bus stop, and

E = estimated departure time for the next bus stop.

To provide estimation of departure (arrival) time of the bus, the system requires at
least two sets of control units: one installed in previous bus stop; and another installed

in the next bus stop.

This system requires a long-distance radio communication between the previous and
next bus stop for reporting the actual departure time of the bus from previous bus stop
for the estimation of departure (arrival) of next bus stop. The estimation depends
heavily on data sent over the radio communication among the bus stops. A long-
distance radio communication is by nature volatile and fragile (fluctuated
communication delay, varied signal-to-noise ratio, uncertain availability). Thus, the
departure (arrival) time estimation is also volatile and not robust. Even though the
data communication between bus stops are provided by leased circuits, it is not
feasible to provide a mesh data network to connect all bus stops if the system supports

more bus routes.

The system also requires at least two sets of equipment - “control unit”, installed
separately in two consecutive bus stops along the bus route, to estimate and report the
estimated departure (arrival) time for a single bus stop for a single bus route. The
previous set provides the actual departure time of the bus to the next set, which takes
the actual departure time for estimation. For a minimum configuration, the system
requires more than two sets if it supports more than one bus route. Therefore, the
system disclosed in the patent is not flexible for gradual deployment and for

deployment at random (non-consecutive) bus stops along a bus route

Furthermore, the system estimates the departure time only based on the deviation (C-
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A) of the departure time from previous bus stop. It is not accurate because it does not
consider the change of traffic flow between previous and next bus stop along the bus

route.

U.S. Patent No. 6,191,708 discloses an invention comprising two systems: (i) bus
system installed in a bus vehicle to collect and store bus information including
identity, speed, door position, time to next stop, number of stops, current segment of
route or position; and (ii) home system carried by passengers at home near the bus
stop to enquire the estimated arrival time of desired bus route by entering bus & stop

number.

With UHF radio communication, the bus system regularly sends data packets of bus
information to all home systems in the vicinity. If the bus information corresponds to
the desired bus route, the home system will determine and display the estimated

arrival time.

This system requires a long-distance radio communication between the bus vehicle
and the passengers for reporting the bus information and estimated arrival time. The
estimation of arrival time depends on the data packets transferred over the UHF radio
communication. A long-distance radio communication is by nature volatile and fragile
(fluctuated delay, varied signal-to-noise ratio, uncertain availability). Thus, the arrival
time estimation is also volatile and not robust. If one or two data packets are dropped,

the home system will at once incorrectly or cannot determine the arrival time.

The system also requires every commuter who needs the estimated bus arrival times
to have a home system to receive the bus information via UHF radio communication
from the bus vehicles. In case the commuters are located far away from the bus route
or blocked by buildings, walls or mountains, or in case of road diversion, the
commuters cannot receive the bus information. To ensure a more reliable radio
communication, the system requires radio repeaters installed along the bus route. It is
very complicated to design a good quality radio communication network over the
areas or vicinity of the bus route, and it is not flexible to cater for the change of bus

routes.



The home system requires a continuous reception of current bus information from bus
systems to determine the bus arrival time. In case the home system cannot receive any
data packets for a long time, for example, because of road diversion or traffic
congestion, the commuters do not have any idea whether it is really traffic congestion,
failure of home system or transmitter sub-system, or a case that there is no bus

passing the area.

Furthermore, it is cumbersome for every commuter to carry a home system to know
the arrival time. On the other hand, the commuters are required to enter a bus stop
number before they could enquire the estimated arrival time. If the commuters go to
some places they do not usually take bus, it is difficult for them to enter an accurate

bus stop number.

In view of those factors, a more robust and less expensive system is needed for

providing public bus arrival-time estimation.

SUMMARY OF THE INVENTION

With the recent emerge of advanced computer and radio technologies (e.g. Bluetooth,
IEEE802.11 Wireless LAN or Radio Frequency Identification (RFID) technology),
the present invention provides a Bus Arrival Time Estimation (BATE) System that is
simple, low cost, scalable and adaptive. The BATE system of the present invention is
implemented as an independent system and could be installed in preferred locations
of bus stops for selected bus routes. By way of example, not limitation, the BATE
system consists of a Computer System (or a simpler system with a Central Processing
Unit) with a RF Transceiver (preferably RFID), a Display Device to show the
commuters the arrival time information, and a passive or active RFID Transponder

(tag) to be installed in the bus vehicles of selected routes.

Continue with the above example, the Computer System (or a simpler process unit)
installed in a bus stop will continuously listen if there is any bus vehicle with a RFID
tag arriving the bus stop. The RFID tag contains a unique bus identifier (including
bus route, vehicle license number or other code) to distinguish a bus vehicle. If there

is a bus coming, the Computer System will read the RFID tag and its bus identifier.
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The Computer System stores the time stamp of each bus arrival. With a sufficient
number of time stamps and pre-input scheduled bus frequency, the Computer System
could estimate the arrival time of the next bus with an predetermined acceptable level
of confidence, by the use of an appropriate Probability Model (Normal Distribution).

The estimation information is shown in the Display Device in the bus stop.

For a particular embodiment of the estimation system, the main features of the present

invention are described in the following:

1. The accuracy of the estimated time of bus arrival is adjustable according specific
situation where and when the system is used by simply choosing a suitable level

of confidence as an input in the calculation performed by the computer system.

2. The estimated time is adaptive to the current conditions (e.g. road traffic condition)

that are reflected by the latest set of arrival times.

3. The BATE System displays “DELAY” message to the commuters if the estimated
arrival time is over. Commuters could keep waiting or choose other alternative

routes.

4. The BATE System could provide recommended bus route as an alternative in case

a particular bus route is delayed.

5. Only one BATE System is required to be installed in a chosen bus stop.

6. A single BATE System in a bus stop could estimate the arrival time of multiple

bus routes.

7. The BATE System is a standalone system and requires no network connection (no
matter wireless or data circuit connection) to any computer system or any BATE

System in other locations.

8. The BATE System is highly scalable, starting from one bus stop and one bus

route to all bus stops and bus routes.



9. The BATE System could identify a passing-through bus vehicle, though the bus

does not park at the bus stop to provide service.

10. The BATE System could identify a bus vehicle inside a bus stop without line of
sight.

11. The bus identifiers are encrypted for security purpose.

Of course, the above features do not have to be all implemented in a particular
embodiment to provide satisfactory results. One or more of the features can be

omitted without affecting the practice of the present invention.

According to one aspect of the present invention, there is provided a method for
estimating the arrival time of a vehicle that travels along a predetermined route,
comprising the steps of (a) monitoring a vehicle’s arrival at a stop or a station; (b)
recording time stamp of the arrival; (c) determining time deviation of the arrival and
calculating arrival time of a next vehicle; and (d) displaying and counting down the
arrival time. As used in this disclosure and claims, a vehicle’s arrival means either the

vehicle’s entering and stopping at a stop or station or passing through without

stopping.

According to another aspect of the present invention, there is provided a bus arrival
time estimation system, comprising a first signal device adapted to communicate with
a second signal device when both come within a predetermined short distance; the
second signal device being installed aboard in a bus vehicle with bus identifier; a
central processing system, installed in a stop, which is in communication with the first
signal device via wired or wireless communication means and which contains
algorithms, either hardware or software implementation, to calculate the next bus
arrival time with input of several predetermined factors according to a number of
statistical principles; and a display device connected, wired or wireless, to the central
processing system and capable of showing the arrival time and/or counting down

based on the information fed from the center processing system.



The arrival time estimation is calculated statistically and independently by a single
standalone system without any input of real-time data from other systems or other
standalone systems of the present invention at other stops or stations along the route.
As used in this disclosure, a standalone system comprises:

(a) a second signal device mountable on a vehicle;

(b) a processing unit adapted to be placed in or near a stop or station;

(c) a first signal device adapted to be placed in or near a stop or station; and
optionally

(d) a display device; said processing unit being adapted to communicate with
said first signal device and with said display device, and said second signal device
being adapted to communicate with said first signal device only when said vehicle

arrives at said stop or station.

The step of determining time deviation comprises calculating the sample mean p
and sample variance S? of the deviations Dy, Dp+1 5 Dpsa..., Dq of previous estimated
arrival times against previous actual arrival times, from a sufficient number n (n=q-

p+1) of past observations of the deviations, where Di is assumed to be taken from a

normal distribution of measurement with unknown mean 4 and unknown variance 2.

The step of determining time deviation further comprises determining a (1-¢) 100%

prediction interval, with the level of confidence (1-x) 100%, of a future observation

of the deviation Dg+; as follows:

D-t,, -S-J1+% <D,, <D+t,, -S-1/1+%

where tx/2 is the t-value (t distribution) with v = n-1 degrees of freedom, leaving an

area of &/ 2 to the right.

The step of determining time deviation further comprises determining the Estimated
Deviation DEg+; of next Estimated Arrival Time against next Actual Arrival Time as

follows:
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DE . = 5+ta,2~S'1/1+—1- if 1—5+ta,2-S-1f1+l<Dmax
g+l n n

Dmax otherwise
where Dmax is the maximum tolerable and reasonable deviation of arrival time.

The step of calculating arrival time of a next vehicle comprises determining an

estimated arrival time to be f + DEg, with the (1-) 100% level of confidence,

where f is the frequency, in time, of the schedule of the vehicle along the route,

wherein the level of confidence for the estimated arrival time can be chosen and

adjusted by selecting the value of &, preferably before the start of the system, or

during the time of maintenance.
BRIEF DESCRIPTION OF THE DRAWINGS

Specific embodiments of the invention will now be described by way of example with

reference to the accompanying drawings wherein:

FIG. 1 is a block diagram of the bus arrival time estimation system in accordance with

a particular embodiment of the present invention; and

FIG. 2 is a flow diagram of the method for estimating the arrival time of bus vehicles

in accordance with a particular embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a specific embodiment of the Bus Arrival Time Estimation (BATE)
system of the present invention. The BATE system consists of two sub-systems,

namely a First Sub-system 10 and Second Sub-system 20.
The First Sub-system 10 comprises three components, namely a Processing Unit 11, a

First Signal Device 12, and a Display Device 13. The Second Sub-system 20

comprises a Second Signal Device 21.
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The Processing Unit 11 is preferably a computer or micro-controller that implements
the arrival time estimation method of the present invention. The Processing Unit 11
stores a set of arrival time stamps and service time table, real-time calculates the

estimated arrival time, and real-time counts down the estimated arrival time.

The First Signal Device 12 is a radio communication device that transmits and
receives information to and from one or a plurality of Second Signal Devices 21 or
Second Sub-systems 20 that have already entered in the area of a bus stop 14. The
First Signal Device 12 is preferably a RFID (Radio Frequency Identification)
transceiver, WiFi transceiver or Bluetooth t‘;ansceiver. The First Signal Device 12 is
either embedded inside the Processing Unit 11 or connected to the Processing Unit 11
with a standard interface, such as RS232 serial interface, via a cable. The First Signal
Device 12 real-time monitors and senses the presence of any Second Signal Devices
21 entering the area of the bus stop 14. Once the First Signal Device 12 identifies one
or a plurality of Second Signal Devices 21, the First Signal Device 12 informs the
Processing Unit 11. The Processing Unit 11 then starts the communication with those

Second Signal Devices 21.

The Display Device 13 is preferably a LED (Light Emitting Diode) display board or
LCD (Liquid Crystal Display) system that is installed at a place inside the bus stop 14.
The Display Device 13 can be easily seen by passengers who are waiting for buses at
the bus stop 14. The Display Device 13 is connected to the Processing Unit 11 with
either fixed wire or wireless media, such as WiFi or Bluetooth.ﬁ%\he Display Device
13 displays the information of estimated arrival time, count down information of the
estimated arrival time, route delay message or alternative route message, provided by

the Processing Unit 11.

The First Sub-system 10 can comprise only one Processing Units 11, but one or a
plurality of First Signal Devices 12 to increase the radio coverage within the bus stop
14, and one or a plurality of Display Devices 13 to increase the visibility of displayed
information. The Processing Unit 11 is preferably housed inside a cabinet (preferably
water-proof and good ventilation) at the bus stop 14. The First Signal Device 12 is
preferably installed in a pole or cover of the bus stop two to three meters above the

ground level to avoid any interference of pedestrian or passengers. The Display
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Device 13 is preferably installed in a pole or cover of the bus stop two to three meters

above the ground level to increase the level of visibility.

The Second Signal Device 21 is a radio communication device that transmits and
receives information to and from the First Signal Device 12 in the area of the bus stop
14. The Second Signal Device 21 is preferably a RFID (Radio Frequency
Identification) transponder (tag), WiFi transceiver or Bluetootlg transceiver.
Preferably, the Second Signal Device 21 is hard-coded with identification information
of license number, vehicle number and route number. Some of the information may
be omitted and additional information may be added. The Second Signal Device 21,
inside the bus stop 14, transmits the identification information to be received by the
First Signal Device 12, either constantly or upon an instruction from the First Signal
Device 12. The Second Signal Device 21 can be active or passive. If the area of the
bus stop 14 is large, the Second Signal Device 21 must be active so that its radio

signal becomes stronger to reach the First Signal Device 12 fixed at the bus stop 14.

The Second Sub-system 20 is installed on-board in a bus vehicle 26. The Second Sub-
system 20 is mounted in a place adjacent to the windscreen of the vehicle 26 or a
place where the radio signal of the Second Sub-system 20 is not reduced or shielded.
The Second Sub-system 20 can comprise one or a plurality of identical Second Signal
Devices 21 that are installed in different appropriate places inside the vehicle 26, in
order to ensure that the First Signal Device 12 at the bus stop can easily identify the
presence of the Second Sub-system 20 when the vehicle 26 is entering into the bus

stop 14.

The BATE System is deployed per bus stop basis. For example, for a chosen bus
route A where there are, say, a total of thirty bus stops along the route and a total of
five bus vehicles providing the service of that route, one First Sub-system 10 is
installed in only one bus stop (out of thirty bus stops) if only one bus stop is required
for estimated arrival time information, or a number of the First Sub-system 10 are
installed in that number of bus stops (out of thirty bus stops) respectively if that
number of bus stops are required for estimated arrival time information, or thirty First
Sub-systems 10 are installed in all thirty bus stops if all thirty bus stops are required

for estimated arrival time information. However, the Second Sub-system 20 with
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appropriate bus identifiers should be installed in all of the five bus vehicles providing

the bus service of that route.

The BATE System can provide estimated arrival time information for multiple bus
routes simultaneously. For example, in case more than one route (A and B) provides
bus service at one bus stop, only one First Sub-system 10 is required at the bus stop to
provide arrival time information for both routes A and B, instead of two independent
First Sub-systems 10 for estimated arrival time of routes A and B respectively. All
bus vehicles serving route A and all bus vehicles serving route B should be installed
with different Second Sub-systems 20, one Second Sub-system 20 against each bus
vehicle. The Second Sub-systems 20 for both routes A and B are similar except for

the hard-coded information inside the Second Sub-systems 20.

At another bus stop where routes A and C provide bus service, similarly, only one
First Sub-system 10 is required at that bus stop to provide arrival time information for
both route A and route C. The First Sub-system 10 serving routes A and B at one bus

stop is independent of that serving routes A and C at another bus stop.

The BATE system of the present invention collects a series of samples of actual
arrival times and then estimates or predicts the next bus arrival time with the adoption
of Normal and Student t distribution. With the use of the First Signal Device or RFID
Transceiver 12, the BATE System continuously listens to the RF media if there is any
arrival or passing through event of a bus vehicle of the concerned bus route. If a bus
vehicle with RFID transponder on-board is entering into the bus stop 14, the First
Signal Device or the RFID Transceiver 12 will detect the presence of the Second
Signal Device or RFID Transponder 21, read its bus identifier hard-coded in the
RFID Transponder 21, and transfer the bus identity and the arrival event to the
Processing Unit or Computer System 11. Then the Computer System 11 records the
time stamp of each bus arrival. The Computer System 11 implementing a process of
the BATE Method calculates the deviations of the previously estimated arrival times
against the actual arrival times collected at the bus stop 14. Gradually, a set of
samples or observations (say, size n) of the deviations is built up and stored in the

Computer System 11.
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With a sufficient number of deviations of previous estimations (being collected and
built-up at the bus stop 14), and with pre-input scheduled bus frequency, the BATE
System with the implementation of the BATE Method estimates the arrival time of

the next bus at an acceptable accuracy defined by a preferred level of confidence.

Upon the completion of bus arrival time estimation, the BATE System displays the

arrival time information in the Display Device 13 at the bus stop 14, for example,

“The next bus 98D will arrive in about 10 minutes.”

At the same time, the BATE System continuously updates and counts down the
estimated arrival time. For example, after three minutes, the BATE System has
already counted down the estimated arrival time from 10 to 7 minutes, and displays

the latest update of arrival time information, for example,

“The next bus 98D will arrive in about 7 minutes.”

During a time interval when the estimated arrival time is being counted down, if a bus
of the bus route arrives or passes through the bus stop 14, the BATE System will

immediately stop the count down and display an arrival message, for example,

“The bus 98D has just arrived at the bus stop”

The BATE System records the time stamp of the actual arrival and conducts next
iteration of bus arrival time estimation. With the use of the BATE Method, the BATE
System calculates the next arrival time from a total of n samples or observations
(including the one just captured) being most lately collected at the bus stop 14. Then
the BATE System displays and counts down the estimated next bus arrival time as it

did previously.
Back to the previous estimation or iteration, in case the count down of the estimated

arrival time is over before there is any bus arriving or passing through, the BATE

System will display a delay message, for example
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“We are sorry that the next bus 98D is possibly delayed”

Subsequently, the BATE System looks up a table of alternative or similar routes,
checks if each possible alternative route at the same time is also delayed or not, and
short-lists those possible alternative routes that are still normal and not delayed. Then
the BATE System displays a message of recommendation for alternative routes, for

example,

“Please take alternative route 93K to reach your destination”

The present invention provides a benefit of real-time and validated information of
alternative bus routes for the passengers at a bus stop. This advantage allows

passengers to make alternative choices.

On the other hand, if there is no alternative route, or if all possible alternative routes
are also delayed, the BATE System will not display any message of alternative routes.
The BATE System will not conduct any estimation of next arrival time for that route,
say 98D, until there is an arrival or passing through of the bus of the concerned route.
The long period of time during which there is no bus arriving or passing through will
increase the value of deviation of next or subsequent observations, which also
increases the next estimated bus arrival times. The estimations for other routes that are

not delayed remain normal and determine independently.

For an extreme case, just after the time when the BATE System has just displayed a
delay and alternative route message at the bus stop 14, the next bus vehicle of the
route immediately enters the bus stop 14. The BATE System can immediately identify
the arrival of the next bus vehicle, stop displaying the delay and alternative route
messages, and instantaneously display the arrival message of the bus route, such as
“The bus 98D has just arrived at the bus stop”. Even though the BATE System
quickly changes reporting from delay to arrival message, it is a fact that the next
arriving bus is actually late (nonetheless 30 seconds or 5 minutes) for the bus stop 14

and arrives at the bus stop 14 after the end of the estimated arrival time count down.
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In a normal case after the BATE System produces and displays an arrival time
estimation but before the count down of estimated arrival time is over, when a bus of
the route arrives at the bus stop, the BATE System immediately stops the current
count down and displays an arrival message, no matter at the middle or at the end of

the count down of the estimated arrival time.

Afterwards, the BATE System will start the next estimation or iteration after a
reasonable Parking Time, no matter the bus really leaves the bus stop or actually
parks in the bus stop for a longer time, say, because it is out of order. The reasonable
Parking Time is a period of time a bus normally stays at a bus stop for passengers
alighting and embarking. Even though there are more than one bus vehicles of the
same route staying at the bus stop, the BATE System can still perform its next
estimation or iteration normally, and record the time stamps of next arrival, because
each bus vehicle has a unique bus identifier. Though the bus vehicles of the same
route remain at the bus stop 14, the passengers at the bus stop 14 really encounters the

next bus arriving, in accordance to the information of next estimated arrival time.

The BATE Method

The BATE Method statistically estimates the bus arrival times with the following four

assumptions:

i. A time table of scheduled frequency for a bus route concerned should be well
defined.

ii. The route of a bus in question is preferably fixed for each scheduled bus
frequency.

iii. The road traffic condition changes slightly in the time interval between two
successive bus arrivals.

iv. Assume the population (P) of deviations of estimated arrival times against actual

arrival times is approximately normally distributed.

The BATE Method provides an estimation of the arrival times of next buses by
determining the sample mean and the sample variance of a series of deviations of the

previously estimated arrival times against the actual arrival times at an acceptable
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level of confidence by the use of normal and t-distribution probabilistic models. The

flow diagram of the BATE Method is shown in FIG. 2

For a particular bus stop Sj and for a particular bus route R, let’s define the

followings:

Variables | Description

f Scheduled frequency of bus route R (mins).

i The i th observation or iteration

TEi Estimated arrival time of next bus (route R) at bus stop Sj for the i th estimation
(hh:mm:ss).

TAi Actual Arrival Time of next bus (route R) at bus stop Sj for the i th
observations (hh:mm:ss).

Di Deviation (error) of estimated arrival time against actual arrival time for the i th
observation (hh:mm:ss).

n Number of observations (Actual Arrival Time) taken from the population P, or

the size of moving window.

The deviation Di of the previous estimated arrival time against the previous actual

arrival time for the i th observations can be determined in equation (1):

(1) Di=TAi-TEi, wherei€ [p,q]and q>p

where p and q are the p th and q th observations of arrival time for route R

respectively.

A set of random samples or a moving window of observations from p th to q th

observations or samples are established, and the sample size is (q — p+1). Letn=q -

p+landn>0.

Thus, [Dy , Dp+1 , Dp+2..., Dq] represents a set of random samples of size n taken from

the population P. The sample mean D and the sample variance S are defined by the

following statistics (2) and (3):
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Since Di is taken from a Normal Distribution of population P with unknown mean p

and unknown variance 02, a (1-&) 100% prediction interval of a future observation

Dy+1 can be determined by an inequality (4):

4 D-t,-S- 1+1<p <D+t -S-J14t
al? n g+l al2 n

where ty/2 is the t-value in the Student t distribution with v = n-1 degrees of freedom,

leaving an area of /2 to the right, and (1-a.) 100% is the level of confidence or

probability that Dg+ likely falls in the prediction (confidence) interval defined by (4).

Let DEy+1 be the Estimated Deviation of next Estimated Arrival Time against next
Actual Arrival Time, then the estimated deviation for next bus arrival is determined

by equation (5):

= 1 e = 1
(5) DE,, = D+ta/2'S'1/1+; if D+ta/2-S-,/1+;<Dmax

Dmax otherwise

where Dmax represents the maximum tolerable and reasonable deviation of an
estimated bus arrival time against the actual arrival time. For example, Dmax can be

set to a value of 3f or three times of schedule bus frequency f.

Therefore, the estimated arrival time for next bus (TEq+;) at an accuracy of (1-a)

100% level of confidence is calculated by equation (6):

(6) TEq+l = f+ DEq+]
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The BATE System displays a message of estimated arrival time in the display device

13, for example,

“The next Bus 98D will arrive in about [TEq+;] minutes”

with the level of confidence (1-x) 100%.

At the same time, the BATE System continuously updates and counts down the
estimated arrival time [TEq+]. If a bus of the bus route arrives or passes through the
bus stop, the BATE System will immediately stop the count down and displays an

arrival message, for example,

“The bus 98D has just arrived the bus stop”
The BATE System records the time stamp of the actual arrival and conducts next
iteration of bus arrival time estimation. The BATE System calculates the next arrival
time from a new set of n samples or observations, namely, [Dp+1, Dp+2..., Dg, Dgr1]-

The moving window of n samples or observations advances one step.

In case the count down of the estimated arrival time is over before there is any bus
arriving or passing through, the BATE System will display a delay message for
commuters to decide, for example,

“We are sorry that the next Bus 98D is possibly delayed.”
The BATE System can recommend other alternative routes, if any, if the alternative
routes are not delayed at the same time and the count down of the alternative routes

are normal. The message might be:

“Please take alternative route 93K to reach your destination.”
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Since the BATE Method estimates the next bus arrival time from the latest built-up
samples of actual arrival times and their deviations, which automatically increase or
decrease due to the change of traffic condition or ad hoc change of bus routing paths,
the BATE Method can be automatically adaptive to any change of road traffic
conditions or any ad hoc change of bus routing path, without any manual input or

adjustment, or any information about the change of traffic condition and routing paths.

Since the BATE Method estimates the next bus arrival time from the latest built-up
samples of actual arrival times and their deviations, which automatically increase or
decrease due to the change of current speed, direction, travelling distance or position
of bus vehicles, the BATE Method can independently produce an estimation of next
bus arrival time at an acceptable level of confidence, without the need of information
or tracking about current speed, direction, travelling distance or position of bus
vehicles of concerned bus routes. As a result, the present invention provides a benefit
of simplicity without collecting, tracking or processing the information of current
speed, direction, travelling distance or position of bus vehicles of concerned bus

routes, yet at an acceptable accuracy defined by the level of confidence.

The BATE System

For data security and integrity purpose, the bus route, bus license number and/or other
codes are encrypted and hard-coded in the RF Transponder 21. In case someone taps
the information over the RF media, he or she cannot read or modify the contents so
that the operation of bus arrival time estimation is not affected. The Computer System
11 should decrypt the information of bus identity collected from the RF Transceiver

12.

Usually, a bus stop is set up for a plurality of bus routes for picking up or embarking
passengers. The BATE Method can provide the estimation of bus arrival times for a
plurality of bus routes at the same time by operating multiple processes of the BATE
Method, but employing different sets of built-up samples or observations (i.e. actual
arrival times and deviations) for different bus routes. The Computer System 11
operates multiple and independent processes of the BATE Method: one process

against one bus route.
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After power interruption or reset of the BATE System, the BATE System once being
power-on automatically collects and builds up a series of actual arrival times and
deviations, and resumes the estimation and display of estimated arrival time until a
sufficient number of observations (or arrival times) are accumulated. Since it takes
time to build up a sufficient number of observations before the BATE System can
produce an estimation of next arrival time, the BATE System can reduce the time of
building up samples or observations by employing previous samples or observations
that were collected in previous days of similar conditions within the same period of
time. For example, if today is Sunday, the BATE System should recall a series of
samples or observations that was collected last or in the preceding Sundays within the
same period of time. The BATE System employs historic data of similar pattern for a
quick response of providing arrival time estimation after interruption or reset. The
BATE System should immediately switch to process current samples or observations

once a sufficient number of samples or observations are attained.

The accuracy of bus arrival time estimation is defined by the level of confidence (1-a)
100%, which may be adjusted to match different acceptable accuracy standards. For
example, if the value of a is set to 5%, then the level of confidence becomes 95%.
The accuracy of the estimation shall be 95%. In other words, the next bus has 95%
likelihood to arrive at the bus stop in [TEq+] minutes. Once the level of confidence is
configured and set up in the BATE System, the BATE System estimates the bus

arrival times with such accuracy all the time until the time of next re-configuration.

With the use of Normal and Student t probability distribution, and with the use of
short-range RF communication inside the area of the concerned bus stop for detecting
the arrival of bus vehicles, the BATE System and Method estimate the next bus
arrival times solely from the latest built-up samples of actual arrival times and
deviations, and from pre-input scheduled bus frequencies. Thus, the BATE System is
an independent and standalone system solely installed at a bus stop, without any
requirement for real-time or non real-time, wired or wireless communication with any
central offices, any other bus stops, or any bus vehicles outside the area of the bus

stop, and also without any requirements for an establishment of facilities or systems
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outside the concerned bus stops or along the path of bus routes. As a result, the
present invention provides a benefit of zero cost or zero service charge of

communication facilities.

In addition, the independent and standalone BATE System is highly flexible for
deployment at any bus stops in different orientations, including but not limited to, as
minimum as only one bus stop along a bus route, a few of non-consecutive bus stops
along a bus route, or all bus stops along a bus route, or a few scattered bus stops of
different bus routes and paths, with the justification of the importance to the
passengers or commuters at the bus stops. As a result, the present invention provides a

benefit of high scalability of deployment.

Optionally, the BATE System could display entertainment or advertising messages

between those information about Bus Arrive Time Information.

Optionally, the BATE System could be fed with any other information or heuristics
from other traffic information systems to enhance the accuracy of the estimation or

the level of confidence.

While the present invention has been shown and described with particular references
to a number of preferred embodiments thereof, it should be noted that various other
changes or modifications may be made without departing from the scope of the

present invention.
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What is claimed is:

1. A method for estimating the arrival time at a stop or a station of vehicles that
travel along one or more predetermined routes, comprising the steps of:

(a) monitoring the arrival of each of said vehicles at said stop or station;

(b) recording time stamp of said arrival;

(c) determining time deviation of next arrival and calculating arrival time of a

next vehicle;

2. The method of claim 1, further comprising the steps of:

(d) displaying and counting down said arrival time.

3. A method as claimed in claim 2 wherein said steps (a)-(d) are accomplished
using a standalone system which comprises:

(a) a second signal device mountable on a vehicle;

(b) a processing unit adapted to be placed in or near a stop or station;

(c) a first signal device adapted to be placed in or near a stop or station; and
optionally

(d) a display device; said processing unit being adapted to communicate with
said first signal device and with said display device, and said second signal device
being adapted to communicate with said first signal device only when said vehicle

arrives at said stop or station.

4. A method as claimed in claim 1 wherein step (c) is performed statistically and
independently by a single standalone system without any input of real-time data from

other sources.

5. A method as claimed in claim 1 wherein said step of determining time
deviation comprises calculating the sample meanD and sample variance S” of the
deviations Dy, Dp+1 , Dp+2..., Dq of previous estimated arrival times against previous
actual arrival times, from a sufficient number n (n=q-p+1) of past the deviations,

where Di is assumed to be taken from a normal distribution of measurement with

unknown mean M and unknown variance 02.
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6. A method as claimed in claim 5 wherein said step of determining time
deviation further comprises determining a (1-) 100% prediction interval, with the

level of confidence (1-&) 100%, of a future observation of the deviation Dg+ as

follows:

1_)—:(,,2-5-‘/”1 <D, <D+t,, -S-,f1+l
n n

where ty/2 is the t-value (t distribution) with v = n-1 degrees of freedom, leaving an

area of o/ 2 to the right.

7. A method as claimed in claim 6 wherein said step of determining time
deviation further comprises determining the Estimated Deviation DEg+; of next

Estimated Arrival Time against next Actual Arrival Time as follows:

DE,, = 5+’a/z‘S‘W+"’l; if D_+ta,2'S',/l+%<Dmax

Dmax otherwise
where Dmax is the maximum tolerable and reasonable deviation of arrival time.

8. A method as claimed in claim 7 wherein said step of calculating arrival time of

a next vehicle comprises determining an estimated arrival time to be f + DEg+;, with

the (1-0¢) 100% level of confidence, where f is the frequency, in time, of the schedule

of said vehicle along said route, wherein the level of confidence for the estimated

arrival time can be chosen and adjusted by selecting the value of .

9. A method as claimed in claim 1 wherein said displaying step comprises
providing a display device at said stop or station, said displaying device being in

communication with said processing unit.

10. A method as claimed in claim 1 further comprising the step of displaying a

“delay” message if the counting down of said arrival time is over.
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11. A method as claimed in claim 1 further comprising the step of displaying an

“alternate route” message if the counting down of said arrival time is over.

12. A method as claimed in claim 2 wherein said second signal device is a

transponder.

13. A method as claimed in claim 12 wherein said transponder is hard-coded and

encrypted with route number and license number of said vehicle.

14. A method as claimed in claim 2 wherein said first signal device is a

transceiver.

15. A method as claimed in claim 2 wherein said processing unit is a computer or

micro-controller.

16. A method as claimed in claim 9 wherein said display device is a LCD panel.

17. A method as claimed in claim 1 wherein said vehicle is a bus.

18. A method of claim 2, wherein said vehicles travel along at least two

predetermined routes.
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