
(10) International Publication Number

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property 

Organization
International Bureau

(43) International Publication Date 
8 May 2014 (08.05.2014) WIPOIPCT

WO 2014/066948 Al

(51) International Patent Classification:
G06Q 50/30 (2012.01)

(21) International Application Number:
PCT/AU2013/001265

(22) International Filing Date:
1 November 2013 (01.11.2013)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
2012904817 1 November 2012 (01.11.2012) AU

(71) Applicant: METAROVE PTY LIMITED [AU/AU];
Level 1, 68 Alfred Street, Milsons Point, New South Wales 
2061 (AU).

(72) Inventors: SMYRK, Martin; 12/108-110 Shirley Road,
Wollstonecraft, New South Wales 2065 (AU).
RICHARDS, Allan; 7/80-82 Atchison Street, Crows Nest, 
New South Wales 2065 (AU).

(74) Agent: GRIFFITH HACK; GPO Box 4164, Sydney, New 
South Wales 2001 (AU).

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available)·. AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, 
ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available)·. ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
KM, ML, MR, NE, SN, TD, TG).

Published:
— with international search report (Art. 21(3))

w
o 

20
14

/0
66

94
8 

A
l III

III
III

III
III

III
III

III
III

III
III

III
III

III
III

III
III

H

(54) Title: MONITORING METHOD AND SYSTEM

(57) Abstract: An electronic monitoring system and method for monitoring one or more transport services, wherein for each one of 
one or more portable electronic devices, data of the portable electronic device indicative of the location of the portable electronic 
device is monitored and the location data stored in a memory of the portable electronic device. Each device monitors for a boarding 
trigger event indicative of a user carrying the portable electronic device boarding a transport service, and upon a boarding trigger 
event occurring, communicates monitoring data to a remote monitoring system, the monitoring data including at least time data of 
the boarding trigger event and data indicative of the location of the portable electronic device. The remote monitoring system monit - 
ors one or more transport services using data communicated by the portable electronic devices.
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Title

MONITORING METHOD AND SYSTEM

Field

The present invention relates to a monitoring system that employs methods for monitoring one 

or more transport systems, identifying a transport service, and inferring a boarding event. The 

invention also provides a portable electronic device for implementing all or part of the above 

methods as well as computer program code for implementing the above methods as a client or 

server side application or both.

Background

It can be difficult for public transport users to know when a transport service (such as a train or 

bus) will arrive. Traditionally transport service operators have published timetables and more 

recently such timetables have become more widely available, for example via websites or 

applications that can be downloaded onto smart phones. However, there is no guarantee that 

the relevant transport service will be on time.

More recently, some transport service operators have begun using GPS data to track their 

fleets, however, such data is often not provided to end users or is only published using digital 

signs at stops or stations. Such real-time information is often not available at all stops and 

stations and even where real-time data is published at a stop or station, the information the user 

wants may not be visible (for example only the next train may be shown).

Further where there are multiple transport service operators as is often the case in large cities, 

their data may not be integrated.

Accordingly, there is a need for an alternative technique for capturing real-time transport data.

Solutions have been proposed which rely on GPS information retrieved from smart phones, 

however, typically the GPS sensor consumes a lot of power and can hence have a significant 

impact on the between charge battery life of a smart phone. Accordingly, there is also a need 

for an alternative monitoring technique.

Summary

In a first aspect, the invention provides an electronic monitoring method for monitoring one or 

more transport services, the method comprising:
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for each one of one or more portable electronic devices:

monitoring data of the portable electronic device indicative of the location of the

portable electronic device and storing the location data in a memory of the portable 

electronic device;

monitoring for a boarding trigger event indicative of a user carrying the portable 

electronic device boarding a transport service; and

upon a boarding trigger event occurring, communicating monitoring data to a 

remote monitoring system, the monitoring data including at least time data of the 

boarding trigger event and data indicative of the location of the portable electronic 

device; and

monitoring one or more transport services by the remote monitoring system 

using data communicated by each portable electronic device.

In an embodiment monitoring data is communicated by a portable electronic device in response 

to a request from the remote monitoring system.

Some embodiments further comprise the remote monitoring system identifying a transport 

service boarded by a user. This may comprise inferring the location of one transport services 

based on data communicated by portable electronic devices identified as being on the transport 

services.

In an embodiment identifying a transport service boarded by a user comprises the steps of:

identifying, in response to a portable electronic device communicating data

indicating a triggering event, a plurality of candidate transport services based on the location 

and time data for the triggering event and assigning a likelihood score to each candidate 

transport service;

receiving additional monitoring data from the portable electronic device; and 

updating the likelihood score of each candidate transport service based on the

additional monitoring data.

In an embodiment, the method comprises generating the likelihood score based on at least one 

of:

a published schedule;

a modified schedule based on performance of the transit service relative to the 

published schedule; and

real-time transport service location data.
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In an embodiment, the method comprises generating the likelihood score based on a location of 

the transport service inferred from monitoring data obtained from another portable electronic 

device of another user.
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In an embodiment, the method comprises generating the likelihood score based on a user 

profile corresponding to the user of the electronic device.

In an embodiment, the method comprises generating the likelihood score by comparing at least 

one sensor signal of the portable electronic device to a movement profile for each candidate 

transport service.

In an embodiment, the method further comprises generating transport schedule data at the 

remote monitoring system based on the communicated monitoring data.

In an embodiment of the method generating transport schedule data comprises the steps of:

comparing the inferred location of a transport service with transport service 

schedule data; and

modifying the transport service schedule data based on any difference between 

the transport service schedule data and inferred location data to produce modified schedule 

data.

In an embodiment the modified schedule data is further modified to take into account any 

known real time location data and any relevant known traffic conditions effects.

In some embodiments, the method further comprises the steps of:

providing trip planning information by the remote monitoring system in response

to a trip plan request from a user, wherein the trip planning information comprises template 

itinerary data and trip timing data which is applied to the template itinerary data to provide a 

complete trip plan; and

updating the trip timing data based on real time data.

In some embodiments, the step of monitoring for a boarding trigger event includes inferring a 

boarding event using the steps of:

comparing an output signal from an accelerometer of a portable electronic
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device with at least two movement profiles, one of the movement profiles corresponding to a 

user movement profile and another of the movement profiles corresponding to a form of 

transport available at the boarding location; and

upon the output signal matching a movement profile of a form of transport, 

communicating data indicative of a boarding event having occurred to a remote monitoring 

system.

In an embodiment, the method comprises determining whether the user input to the portable 

electronic device prior to the candidate boarding event is indicative of a boarding event.

In an embodiment, the method comprises comparing the output signal of the accelerometer 

prior to the candidate boarding event to at least one user movement profile.

In an embodiment each portable electronic device is configured to monitor for a boarding trigger 

event in a first monitoring state in which monitoring data is stored in memory of the portable 

electronic device, and upon a boarding trigger event occurring, entering a second monitoring 

state in which data is communicated to a remote monitoring system.

In an embodiment the method further comprises passing control of data monitoring at the 

portable electronic device to the remote monitoring system upon the boarding trigger event 

occurring so that data monitoring in the second monitoring state is performed under the control 

of the remote monitoring system.

In an embodiment, the method comprises monitoring data in a third monitoring state when a 

default monitoring condition is met, data indicative of the location of the portable electronic 

device being sampled less frequently in the third monitoring state than in the first monitoring 

state and stored in the memory of the portable electronic device.

In an embodiment, the method comprises:

comparing the location data to location data of one or more transport boarding

locations; and

upon a proximity condition being satisfied with respect to the one or more 

transport boarding locations, transitioning to the first monitoring state.

In an embodiment, the method comprises transitioning to a fourth monitoring state responsive 

to determining that the portable electronic device has been stationary for a time period.
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In an embodiment, the method comprises transitioning from the fourth monitoring state to a 

third state responsive to a signal from an accelerometer indicating that the portable electronic 

device has been moved.
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In an embodiment, the method comprises altering a sampling rate responsive to a determined 

user behaviour.

In an embodiment the user behaviour comprises a current user activity determined based on 

the user’s interaction with the portable electronic device

In an embodiment the user behaviour comprises a past user activity based on one or more past 

travel events of the user.

In an embodiment the user behaviour comprises a past user activity based on one or more past 

behaviours of a plurality of users.

In a second aspect, the invention provides a monitoring system for monitoring one or more 

transport services comprising:

a remote monitoring system; and

at least one portable electronic device arranged to:

monitor data in an first monitoring state in which data of a portable 

electronic device indicative of the location of the portable electronic device is stored in a 

memory of the portable electronic device;

monitor for a boarding trigger event indicative of the user boarding a

transport service; and

upon a boarding trigger event occurring, enter a second monitoring 

state in which data indicative of the location of the portable electronic device is communicated 

to the remote monitoring system.

In a third aspect, the invention provides a portable electronic device comprising: 

a communication module;

a data monitor arranged to monitor data of a portable electronic device 

indicative of the location of the portable electronic device is stored in a memory of the portable 

electronic device and in response to a boarding triggering event communicate data indicative of
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the location of the portable electronic device to a remote monitoring system via the 

communication module; and

a trigger event monitor arranged to monitor for a boarding trigger event 

indicative of a user of the portable electronic device boarding a transport service and to control 

the data monitor to communicate with the remote monitoring system upon determining that a 

boarding trigger event has occurred.

In an embodiment the portable electronic device further comprises: 

an accelerometer having an output signal;

a memory storing at least two movement profiles, one of the movement profiles 

corresponding to a user movement profile and another of the movement profiles corresponding 

to a form of transport available at the boarding location;

an accelerometer output comparer arranged to compare the output signal from 

the accelerometer with the at least two movement profiles and upon the output signal matching 

a movement profile of a form of transport cause the communication module to communicate 

data indicative of a boarding event having occurred to a remote monitoring system.

In a fourth aspect, the invention provides a monitoring system for identifying a transport service 

boarded by a user, the monitoring system arranged to:

receive monitoring data from a portable electronic device, the monitoring data 

including at least location and time data of a boarding event detected by the portable electronic 

device, the boarding event being indicative of the user boarding a transport service;

identify a plurality of candidate transport services based on the location and 

time data and assigning a likelihood score to each candidate transport service;

receive additional monitoring data from the portable electronic device; and 

update the likelihood score of each candidate transport service based on the

additional monitoring data.

In a fifth aspect, the invention provides a monitoring system for identifying a transport service 

boarded by a user, the monitoring system comprising:

a communication module adapted to receive first monitoring data from a 

portable electronic device and to subsequently receive second monitoring data, the first 

monitoring data including at least location and time data of a boarding event detected by the 

portable electronic device, the boarding event being indicative of the user boarding a transport 

service;

a candidate identifier arranged to identify a plurality of candidate transport
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services based on the location and time data;

a likelihood assigner arranged to assign a likelihood score to each candidate

transport service and to update the likelihood score of each candidate transport service based 

on the second monitoring data.
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The invention also provides computer program code which when executed by a computer 

implements one or more of the above methods. The computer program code may be provided 

on a tangible computer readable medium.

Brief Description of Drawings

An exemplary embodiment of the invention will now be described with reference to the 

accompanying drawings in which:

Figure 1 is a schematic diagram of a monitoring system of an embodiment of an invention; 

Figure 2 is a block diagram of a portable electronic device of an embodiment of the invention; 

Figure 3 is a block diagram of a remote monitoring system of an embodiment;

Figure 4 is a state diagram illustrating transition between a number of monitoring states;

Figure 5 is a schematic diagram illustrating an example of transition between monitoring states; 

and

Figure 6 is a schematic diagram illustrating an example of determining a transport service being 

used by a user.

Detailed Description

Referring to the drawings, there is shown a monitoring system for monitoring one or more 

transport services such as buses, trains, trams or ferries.

Figure 1 illustrates the general configuration of a monitoring system 100 and shows that a 

remote monitoring system 110 communicates with a plurality of portable electronic devices 

120A to 120C over a network such as the Internet 130. While three devices 120 are shown 

persons skilled in the art will appreciate that this is purely for illustrative purposes. Each of the 

portable electronic devices 120 runs a client application that is configured to monitor data 

indicative of the use of transport services by the users of the respective portable electronic 

devices. The remote monitoring system 110 processes the monitoring data obtained from the 

portable electronic devices 120. The remote monitoring system can infer information regarding 

the public transport services being used by the users of the remote monitoring devices from the 

monitoring data, for example real time locations of vehicles, travel times, identify congestion etc.

In some embodiments the remote monitoring system 110 can also be arranged to provide
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information about transport services to respective ones of the portable electronic devices that is 

based on monitoring data from other portable electronic devices.

In some embodiments, the remote monitoring system 110 may incorporate real-time data from 

one or more service providers. In Figure 1, the real-time data is shown as a direct input into 

remote monitoring system 110 but persons skilled in the art will appreciate that it could also be 

transmitted over a network 130.

Referring to Figure 2, there is shown a block diagram of portable electronic device 120 of an 

embodiment. In the embodiment, the portable electronic device is a conventional smart phone 

running a tailored client application that takes advantage of a number of modules that are 

typically supplied with a smart phone. However, persons skilled in the art will appreciate that in 

certain embodiments, a dedicated hardware circuit could be provided within the device for 

carrying out one or more of the software functions. For example, one of the features that will be 

described in detail below involves comparing the output of an accelerometer to one or more 

movement profiles. In the embodiment this is performed by the accelerometer output comparer 

213B based on movement profiles 222B, however, such a feature could be incorporated into 

the accelerometer 230 by being implemented by a microcontroller of the accelerometer 230 and 

hence provided as an output to the processor 210 rather than being determined by the output 

comparer 213B instantiated by the processor.

In any event, the portable electronic device includes a processor 210, memory 220, an 

accelerometer 230, a digital compass 235, a GPS sensor 240 and a communication module 

250. The communication module includes a transmitter and receiver circuit 251 for 

communicating over the air using a mobile telephone communication protocol such as a 3G or 

4G protocol, a data communication circuit 252 and a Wi-Fi circuit 253 for communicating with a 

local area wireless network. Persons skilled in the art will appreciate that the communication 

module 250 may incorporate other communications circuits such as Bluetooth and near field 

communication. Persons skilled in the art will appreciate that the device 120 will also have other 

components such as a display and one or more input devices which are left out in order to 

simplify the block diagram of Figure 2.

In Figure 2, the processor is shown as implementing a number of modules 211,212 and 213 to 

provide the client application based on data stored in memory 220. The processor instantiates 

a data monitor module 211 that gathers data in one of a number of different modes as will be 

described in further detail below. Data from the sensors (i.e. accelerometer 230, digital 

compass 235, GPS sensor 240) gathered by the data monitor 211 is stored as sensor data 

222C in at least some monitoring states. It should be appreciated that data may be gathered 

selectively from the different sensors, for example the GPS sensor may be used only in specific
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states, used only periodically or not used at all in order to conserve battery. Sensor data may 

also include data from the communication module 250, for example, network cell location data 

and signal strength, available WiFi hotspots etc.

A monitoring state controller 213 controls the mode in which the data monitor 211 operates and 

in particular that amount, type and frequency at which data is gathered. In at least one 

monitoring state, the remote monitoring system 110, may alter the standard data gathering 

profile for a state, for example to increase a sampling rate and to this end the processor 

instantiates a monitoring modifier 212 that is arranged to communicate via the communication 

module 250 with the remote monitoring system 212 to control the data monitor 211. In some 

embodiments, the monitoring modifier 212 also acts if defined local criteria are met.

As indicated above, the data monitor 211 monitors in accordance with a number of different 

states and the different sensors to be monitored and data to be gathered in each of these states 

is defined data monitoring rules 221. To enable the monitoring state controller to change the 

state, there are set of monitoring state rules 222 which are implemented by the monitoring state 

controller. By way of example, there is a trigger event determiner 213A that may determine a 

change of state based on trigger event rules 222A. A specific example of a change of state rule 

that can feed into a trigger event is embodied by the accelerometer output comparer 213B that 

compares the output of the accelerometer to several movement profiles 222B in order to 

provide an input to changing of the state. Indeed, in some embodiments, this comparison alone 

may be sufficient to trigger a change in state. For example, identification of a change from the 

phone being stationary to moving based on the accelerometer output. The amount of 

communication (if any) between the user device and the remote monitoring system can also 

vary between states and can also be defined in monitoring state rules.

Figure 3 shows a block diagram of the remote monitoring system 110. The remote monitoring 

system incorporates a processor 310, a memory 320 and a communication module 330 which 

is shown including both a transmitter and receiver circuit 331 and a data communication circuit 

332. However, persons skilled in the art will appreciate that the communication module of the 

remote server is more likely to use a data communication circuit 332. The remote monitoring 

system it typically provided by a server computer running a server application to instantiate a 

number of modules. These are a candidate identifier 311, a likelihood assignor and updater 

312, a schedule updater 313 and a data monitor controller 314. Embodiments can also include 

one or more of a schedule communicator 315 and a trip planner 316. The function of each of 

these elements will be described in further detail below. The memory stores schedule data for 

a number of transport services 321, modified scheduled data 322 created by schedule updater 

313 based on the monitored data, likelihood scores 323 which are maintained for candidate 

transport services, trip data 325 and user profiles 324 which can be used in the generation of
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the likelihood scores by the likelihood assignor and updater 312 as described in further detail 

below. In some embodiments the modified scheduled data 322 created by schedule updater 

313 based on the monitored data can be communicated to portable electronic devices by 

schedule communicator 315.
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In general, in use of the above monitoring system 100, an application is downloaded and 

installed onto a mobile phone 120. The application is intended to run as a background process 

that can communicate with the remote monitoring system 110, in particular to communicate 

monitoring data.

In some embodiments the application is arranged so that the user can access data stored by 

the remote monitoring system 110 such as timetable information 321, trip planning data 325 or, 

modified schedule information 322 which may, for example, indicate the actual location of a 

service relative to the user and provide an estimated arrival time of the service. The type and 

amount of data made available for users to access may vary between embodiments. There 

may be embodiments of the system implemented where users do not access transit data at all, 

for example the application may be linked to or embedded in a game or activity tracker where 

the users’ movements are monitored and use of public transport is identified but the users do 

not actually receive any transit data in return. For example, a carbon footprint tracking 

application may identify whether the user is walking, cycling, driving a car, riding a motorbike or 

taking public transport and allocate footprint points accordingly. In another example the 

application may be embedded in a game where points are awarded for catching obscure public 

transport but the user may receive little or no actual public transport information. In other 

embodiments obtaining information from the remote monitoring system 110 can be a key 

feature of the application, for example a public transport application that provides timetable 

information, trip planning functionality or real time arrival information.

The background process is arranged to run persistently in the background on the user’s phone 

120 and keeps track of the user’s location using a number of sensors available from the device 

120.

To reduce power consumption, the types of sensors used and rate of monitoring by the 

background services are varied as will be described in further detail below. This has the 

advantage of reducing the impact on battery life and hence increasing the likelihood that users 

who will participate in the gathering of monitoring data will adopt the service. That is, there 

would be a risk of low uptake, and hence a small sample size if the application consumed too 

much power, such as would be required by constant use of the GPS sensor with a rapid 

sampling rate.



WO 2014/066948 PCT/AU2013/001265

5

10

15

20

25

30

35

- 11 -

The data monitor monitors for potential transport service boarding events that are

communicated to the remote monitoring system 110 which generates a prioritised list of 

candidates of transport services that the user might have boarded. If the highest scoring 

candidate transport service is above a threshold, then the remote monitoring system 110 infers 

that the user has boarded the transport service. In the embodiment, the remote monitoring 

system 110 continues to update scores of candidate services as the user continues their 

journey as more evidence may change the identified transit service.

If the highest scoring candidate transport service is below another threshold, then the system 

110 infers that the user has not in fact boarded the transport service and instructs the portable 

electronic device 120 to change monitoring state in order to resume monitoring for potential 

boarding events.

From the monitoring data that is gathered, a modified schedule 322 can be generated indicating 

actual locations of the transport service so that other users further along the route can 

determine the location of the transport service and the time at which it will reach their location. 

The data also enables a number of other features such as user profiling in order to tailor the 

user interface of the application without user intervention based on the regularity with which the 

user rides various transit services, route profiling which enables prediction of the preferred form 

of transport in the future, and path profiling. For example, if transport services are following a 

common path such as a major arterial road, information from one transport service can be used 

to infer arrival times of other transport services that share the common path.

As indicated in Figure 2, mobile devices such as mobile telephones typically have a number of 

location sensors. The most common examples include:

Accelerometer 230 senses movement of the phone. In combination with the digital compass 

240 the speed and direction of movement of the phone can be determined. Accelerometer 230 

and digital compass 235 data can be integrated to estimate changes to the user’s location.

Thus the movement of the phone relative to a last known position can be used to monitor the 

location, a technique often referred to a “dead reckoning”. Using this technique, the accuracy of 

the estimate typically deteriorates overtime, but power consumption can be considerably lower 

than constantly sampling the GPS sensor or polling other location sources. The accelerometer 

is an internal device to the phone and does not require any transmission or reception of signals 

and therefore, monitoring location/movement using the accelerometer has relatively low power 

consumption. The accelerometer 230 output can also be used to infer a type of motion, for 

example walking, stepping up or travelling in a vehicle.
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GPS sensor 240 can be used to get more accurate location readings (often down to a few 

metres), but it takes quite a bit of power, and can take tens of seconds to “spin up”. GPS also 

reports an approximate velocity.
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The cell radio (Tx/Rx 251) can be used to get a rough location (usually to within a few hundred 

metres or a couple of kilometres). The cell radio 251 typically needs to be on anyway so taking 

these readings takes very little power.

The 802.11 (Wi-Fi) radio 253 can be used in conjunction with remote third-party transit services 

to get fairly accurate locations indoors or in built-up areas where GPS signals may be blocked 

or susceptible to reflection. Unique identifiers broadcast by nearby 802.11 routers can be sent 

to a remote server, and a location is returned. Again, it can take quite a bit of power to 

communicate with the remote server though, and requires that the phone’s Wi-Fi radio to be on.

Most sensors that report locations also report an approximate accuracy radius. In the case of 

GPS 240, this is a variable attribute, and can be used to get an idea of the signal strength. 

The client application of device 120 is arranged to periodically, request a list of nearby transit 

stops e.g. within a 5km radius from the user device and can store this locally. This is only 

updated when the user moves significantly, e.g., 2kms. The client can also request and store 

some profile data about the current user which may be used as an input to modifying 

monitoring.

As indicated above, a background process in the form of monitoring state controller 213 on the 

phone 120 keeps track of the user’s activity state. The various states modify the frequency with 

which the phone’s sensors are polled, and the persistence of collected samples. As a user gets 

closer to boarding a transit service, the polling frequency can increase under control of the 

monitoring state controller 213 until they’re suspected to have boarded a vehicle, at which point 

the most recent location samples 222C will be sent by the data monitor 211 to the remote 

monitoring system 120.

The monitoring states specified by monitoring rules 221 controls the data gathered by data 

monitor 211. An example of monitoring states of an embodiment shown in Figure 4 are:

IDLE - the lowest state in which the user is presumed to be inactive and accurate location 

samples are taken infrequently, perhaps once an hour. Note that in this state the 

accelerometer 230 will likely be polled much more frequently to detect movement, since it takes 

much less power than more accurate location techniques. In some embodiments there is no
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communication between the remote monitoring system and the user device in the IDLE state. In 

one embodiment the accelerometer only is monitored in the IDLE to detect movement of the 

phone and cause a transition to a higher level state, for example the ALERT state. In this 

embodiment there is no need to integrate accelerometer data into a meaningful location as the 

monitoring is simply for movement of the phone being initiated, and location is monitored in 

another state.

In an alternative embodiment location may be determined in the IDLE state based on dead 

reckoning alone (using the accelerometer and digital compass only) until a triggering event 

occurs. The triggering event may be detected by the triggering event monitor and cause a 

change of state from the IDLE state to a higher state, such as the ALERT state described 

below. Some examples of triggering events are: moving outside a given range (indicative of 

leaving a building); moving into a given range of a transit stop; occurrence in the accelerator 

output of one or more movement signatures indicative of a movement of interest such as 

walking or running; or expiration of a time period beyond which dead reckoning becomes 

unreliable, to enable reestablishment of a more accurate position using an alternative 

technique. Transition from the IDLE state can be triggered by the trigger event determiner once 

a threshold event occurs.

Transition from the IDLE state can also occur in response to a user action such as opening a 

transit application.

ALERT - an intermediate state in which location samples are taken more often, perhaps once 

every 2-5 minutes, using a location technique other than dead reckoning. For example, a 

communication network based location technique using the communication interface 

transceiver 251 or WiFi 253 modules such as cell or WiFi location, or using the GPS 240. The 

data monitor 211 will actively maintain a rough estimate of the user’s location using other 

sensors.

ARMED - a high activity state, where samples are taken using techniques described above for 

the ALERT state but more frequently perhaps several times a minute and dead reckoning is 

used to maintain the location estimate between samples. In this state the monitoring state 

controller 213 is monitoring for a boarding detection process but the data monitor 211 is locally 

recording signals.

TRIGGERED - a mostly autonomous state, where a connection to the remote monitoring 

system 110 is opened and signals can be exchanged between the remote monitoring system
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110 and the user device 120, to provide device location data to the remote monitoring system 

110. The data may be provided in response to discrete requests from the remote monitoring 

system 110, or streamed at rates requested by the remote monitoring system 110. For 

example, the remote monitoring system may request a stream of data if the information is 

considered high priority only, and otherwise poll the device periodically for location data to 

minimise power consumption. The location information may be considered high priority if there 

is a user specifically requesting information for the service being used by the user and the user 

device is the only current source of available data for this service. Where it is determined that 

two or more users are on the same public transport service the remote monitoring system may 

poll each device in turn to share the load across all the available devices. Alternatively or 

additionally the polling rate for the devices may be altered based on urgency or need for the 

location information. For example if there is no current request form a user for data relating to 

the service being used, then the remote monitoring system may reduce the polling frequency 

and only request periodic updates, or may cease to poll the devices. All monitored data can 

eventually be provided to the remote monitoring system 110, for example stored data may 

eventually be requested by poll or provided when the user requests information from the 

system, such as timetables, transit service tracking or trip planning data.

It should be appreciated that the above state description is provided as an example only to 

show one possible graduation in states and other state definitions are possible with the scope 

and spirit of the present invention. For example, an embodiment may use only 2 or 3 states or 

have no discrete states defined but simply vary location determination frequency and accuracy 

(therefore techniques applied) based on criteria defined in data monitoring rules. For example, 

increasing or reducing sampling frequency and accuracy maintained based on proximity to a 

transit stop and identification of boarding/alighting events.

In an embodiment positioning in various states may be performed using a combination of 

communication network based positioning (for example, Cell and WiFi) and dead reckoning 

without using GPS. It can be considered inappropriate to switch the GPS unit 240 on while the 

user is not actively using an application utilising GPS functionality. For example, if the phone’s 

display is off, or the user is using an application other than navigation or transit applications, 

then the GPS 240 may be turned off. On most phone platforms, users can see if the GPS is 

enabled and it’s considered a potential invasion of privacy to monitor users that closely. An 

embodiment is therefore envisaged where the GPS sensor is not used or use of the GPS 

sensor is independent of the state and GPS sensor data is simply utilised if it happens to be 

available. For example, if the user is actively using the transit application for trip planning or to 

request schedule information then the GPS 240 may be enabled, as this can improve the user 

experience and accuracy of data returned. While the GPS is enabled GPS data can be used to
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An example state diagram is shown in Figure 4. In this embodiment the primary indicator of 

user activity is the phone’s accelerometer. The client defaults to the ALERT state 410. In this 

state 410, a balanced trade-off is maintained between accuracy of location and power 

consumption.

If the accelerometer on the phone indicates that the phone is stationary (e.g., if there is a 

constant 1g signal) for some period of time 414 then the monitoring state controller causes the 

data monitor to enter IDLE mode 440. The client will reawaken to the ALERT state 410 if the 

signal from the accelerometer meets some threshold indicating the device is on the move 442.

If a user is determined to approach a known stop 412, the monitoring state controller 213 

causes the data monitor 211 to enter ARMED mode 420. That is, the monitoring state 

controller 213 compares the user's location to the previously downloaded information about 

transport boarding locations (such as bus stops or train stations) within a defined proximity of 

the user. At this point, the client “suspects” the user might be about to board a transport service. 

Accordingly, the portable electronic device 110 is closely monitored for movement away from 

the stop. If movement is determined to be by foot 424, the device 120 reverts to the ALERT 

state 410. Optionally the client application may also use departure information to improve the 

confidence in identification of boarding events. For example, if the departure information 

indicates that a bus is due around the time a possible boarding event movement signature is 

detected then the client application may infer with higher confidence that the user has boarded 

the bus, whereas if no bus is scheduled but a boarding event movement signature is detected 

(for example the user has hailed and boarded a taxi from the bus stop) there may be lower 

confidence in this event identification. The departure information may be obtained from 

timetable data stored in memory 220 or the client application may open communication with the 

remote monitoring system 110 in the ARMED state for passing departure information (static or 

real time) to the client application. In other embodiments schedule information may be used to 

trigger a transition from an ALARMED state back to an ALERT state if the schedule information 

indicates that a boarding event is unlikely or unlikely for some time, for example where a user 

approached a bus stop at 3 am and no buses are scheduled between 1am and 5am. 

Alternatively if the next train is due to arrive in 20 minutes then the client application may 

transition to the ALERT state to conserve power for a period of 15 minutes before reverting to 

the ALARMED state 5 minutes before the scheduled train to monitor for a boarding event.

If a trigger indicative of a boarding event is found 422, the client enters the TRIGGERED state
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430. In this state, a connection is opened to the remote monitoring system 110 and any locally 

stored samples 222C are offloaded. While in this state, the remote monitoring system 120 may 

control the signal sample frequency of the phone’s sensors byway of the monitoring modifier 

212. The device 110 will remain in this state until the connection to the central server is lost, or 

the remote monitoring system 120 instructs the device 120 to change state 432.

The remote monitoring system 110 might request variations to the sample rate in response to a 

number of conditions. For example:

Another user is interested in the location of the transport service that the remote monitoring 

system 110 has inferred this user is riding; or

The user is entering a section of high or low predictability (a long stretch of highway might be 

more predictable than the streets of a CBD).

In some embodiments, the sample rate prescribed by the current state can be tuned by the 

monitoring modifier 212 with a number of other factors including aspects of user behaviour or 

other inputs to the portable electronic device 120, for example:

User profile: if a user is known to frequent a particular stop, or travel at a certain time, then it 

may take more samples around that stop or time.

Stop profile: if it’s known that users tend to congregate in the vicinity of a bus stop, but rarely 

board transit services (consider a minor stop near a popular meeting point), then the sample 

rate might be limited.

Current user activity: if the user has opened the application to check the timetable recently, then 

the sampling rate might increase on the assumption that they are looking for a transport service 

to catch.

Monitoring modifier 212 might look for other applications that the user typically runs immediately 

before catching a bus (a game, perhaps).

In the ARMED state the phone 120 closely monitors the sensors waiting for evidence that the 

user is leaving the stop. Signals from the sensors 230, 235, 240, 251,253 are analysed to 

determine the likely mode by which the user has left the stop and in particular whether a trigger
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As the user leaves the transport stop, the accelerometer 230 will likely either have a noisy 

profile indicating walking, or be much smoother indicating vehicular transport and 

accelerometer output comparer 213B can compare the output to defined movement profiles 

223.

The user’s velocity will also give an indication of the mode of transport. There might be an 

increased “error radius” as the user boards a vehicle. For some modes of transport (buses in 

particular), the accelerometer 230 may show an isolated positive vertical spike with a 

corresponding negative spike soon after as the user steps up into the vehicle. The 

accelerometer may then indicate horizontal movement as the vehicle moves and the 

acceleration and speed may give an indication of the type of transport.

If the phone 120 display was active, then many users will turn their phone off immediately 

before boarding a vehicle.

Sometimes, rather than being stationary immediately before boarding, a user will run, which will 

be detectable with a highly variable accelerometer 230 and increased velocity before boarding.

Using signals such as these, the monitoring state controller 213 decides how the user is 

travelling:

If the monitoring state controller 213 thinks the user is travelling by foot, then it reverts to 

ALERT mode.

If the monitoring state controller 213 thinks the user is travelling in a vehicle, then trigger event 

determiner 213A causes the device 120 to enter TRIGGERED mode.

It’s possible for the monitoring state controller 213 to revert to the IDLE state from here if the 

user isn’t moving for long enough.

When a user’s phone 120 detects a possible boarding event it will notify the remote monitoring 

system 110 and provide ongoing access to samples from the phone’s sensor 230, 235, 240, 

251,253.
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Most importantly, the remote monitoring system 110 will see the time and location of the 

possible boarding event.
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While the user is believed to be on a service, the remote monitoring system 110 will identify 311 

and maintain a list of candidate transport services 323 that the user might be riding. Transport 

services in the list will be sorted by a likelihood score generated by likelihood assigner and 

updater 312, which will be maintained as the user’s journey progresses.

The likelihood score is calculated using a number of criteria depending on what data is 

available. For example:

Real-time vehicle location data provided by the transit operator - a transit service will score 

higher if the remote monitoring system 110 knows a particular transport service was passing the 

user’s stop at the appropriate time.

Transport schedules - a transport service will score higher if it was due to pass the user’s stop.

Route profiling - static schedules might be modified based on historic performance.

Traffic profiling - static schedules might be modified based on recent performance.

Inferred vehicle location - a transport service will score higher if the remote monitoring system 

110 has separately inferred that the transit service was passing the user’s stop (perhaps the 

remote monitoring system 110 determined that another user got on near the start of the route) 

and there is a current candidate in candidate data 323 for the service that matches the new 

candidate.

User profile 324- a service will score higher if the user frequently catches that service or route.

Sensor signals - a service will score higher if the sensor signals match that of the mode of 

transport. Users that follow a train line are likely on a train. Users moving at 30km/hr are 

unlikely to be on foot. Users that stop at stops along a route are unlikely to be driving. Users 

with repetitive cycles on their accelerometer are likely walking.
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Separate scores for these separate criteria can be calculated, weighted and combined using 

any similar techniques.

As discussed above, the location data obtained from each user travelling on the transport 

services can be used to infer which service each user is using. In turn, the location data 

provided by the users can also be used to determine real time or near to real time locations for 

each service. This location data can be used to generate or modify schedule data, and improve 

arrival and trip time estimations. For example, a transit service timetable may be provided by a 

transit service provider as stored in schedule data 321, this provides the scheduled arrival times 

at each stop for a service. The transport service monitoring data obtained from the users 

travelling on the service provides actual location and time data for the services. The schedule 

updater 313 can compare the scheduled and actual times a service passes the defined stops 

and modify the schedule data accordingly. For example, if we have a bus location, this can be 

converted into estimated arrival times at bus stops by looking at when the bus was due at the 

location (for example, 3 minutes behind schedule), and considering anything known about 

congestion up ahead (for example, regular traffic flow or congestion reducing expected 

travelling speed by around 30% for a 5km stretch). Based on a combination of this information 

the schedule updater 313 can estimate when the bus will arrive at future stops and apply a 

temporary modification to the schedule for the bus. This modified schedule data 322 can then 

be used for estimating future arrival times for the service.

Monitoring data for services travelling along the same route as another service may be used to 

update schedule information, for example if there is a consistent delay across a number of 

services this can indicate congestion or a traffic incident that is affecting all services along this 

route and schedule data be updated accordingly, even though actual location data may not be 

available for some of these services.

The modified schedule data 322 may be provided to users 120 by the schedule communicator 

315, for example in response to a timetable request by the user. The modified schedule data 

may also be used in conjunction with a trip planning service.

Some embodiments of the system provide trip planning functionality. In such embodiment the 

remote monitoring system includes a trip planner module 316. The client application for the 

user device 120 may include a user interface to input trip planning requests, for example 

enabling the user to enter start and end locations, a desired departure or arrival time and 

optionally mode of transport preferences/restrictions, which can be sent as a trip plan request to 

the trip planner module 316 of the remote monitoring system.

The trip planner module 316 applies a trip planning algorithm to schedule data to generate a trip
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plan. Preferably the schedule data used includes real-time schedule data which may be real 

time data 140 provided directly from the transit service provider or the modified schedule data 

322. The schedule data can be updated as new information becomes available. The trip 

planning algorithm applied can be a graph search algorithm. The trip planning data 325 stored 

in memory 320 holds a graph representing both the street network and the transit network 

which is searched by the trip planner 316. In this graph, vertices represent intersections and 

transit stops. Edges represent walkable streets and paths, and transit legs (with their 

corresponding board/alight times). A simple graph search algorithm like Dijkstra's Algorithm 

could be run on that graph to find the fastest transit itinerary. Other algorithms may also be 

used that are faster and more complicated, examples of known graphical search algorithms are 

"A-star", and RAPTOR developed by Microsoft. Real time data updates cause times associated 

with transit leg edges to be temporarily amended, in turn modifying the behaviour of the search 

algorithms. The output returned by the trip planner 316 is one or more itineraries defined as a 

series of walking and transit legs with data such as departure time, arrival time, route number or 

directions associated with each leg. This itinerary can be provided to the user device 120 for 

output to the user as a series of instructions for example:

Walk north along Smith Street, departing at 4.22.

Catch the 290 from stop A at 4.38.

Get off at stop B at 5.02.

Walk west along Brown Avenue for 500m to arrive at your destination at 5.10.

Optionally a map of the route or individual legs may also be displayed. In embodiments of the 

present invention the reliability of the itinerary and arrival and departure time information can be 

high due to the use of real time schedule information, particularly if a trip is to be undertaken 

within a very short period from the trip plan request time.

The itinerary can be stored locally in memory 220 of the user device 120 to enable the user to 

refer to the itinerary without needing to resend the request. However, it can be problematic 

once an itinerary is sent to a user if the real time information changes, for example if a traffic 

incident occurs along the planned route.

In an embodiment of the system trip planning information is separated into two components, the 

first component is a template itinerary or itinerary summary indicating the planned route and the 

second component is timing information which can be updated based on real time schedule 

information. For example, the template itinerary may be:

Walk north along Smith Street, to bus stop A.

Catch the 290 from stop A.

Get off at stop B.

Walk west along Brown Avenue for 500m to arrive at your destination.
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Information sent with the template itinerary may also include details such as the walk distance 

and estimated walking time for walking legs. The timing details of when the 290 travels 

between stops A and B is provided independent of the template itinerary. The client application 

on the phone can calculate and display the timing information based on the timing details for 

bus 290 and walking time estimates (i.e. work out when to start walking and when to arrive.

The timing information can be updated, if necessary, based on real time schedule data updates 

provided by the remote monitoring system. For example, if the 290 bus is due at stop A in 10 

minutes when the itinerary is first sent then 5 minutes later real time location data indicates that 

the bus is delayed by 3 minutes, the trip planner 316 may determine this delay effects a 

requested trip plan and forward the updated schedule data to the user device, the client 

application can then update the displayed trip plan accordingly. By keeping track of which 

timings have been sent to which devices, updates can be sent directly to the relevant phones to 

ensure their itineraries are as up-to-date as possible. The client application on the phone can 

alert the user and/or request a new itinerary from the server if an itinerary becomes impossible 

(one late-running bus might no longer connect up with another bus in a given itinerary).

In some embodiments a user may be able to specify a period of time they are interested in for 

the purpose of trip planning, for example a two hour window, 3 days, a week, two weeks, or 

even indefinitely etc. The user may also specify more than one trip of interest for this period, for 

define a multiple stops trip. The trip planner 316 can determine one or multiple template 

itineraries as necessary to fulfil the request and initially provide timing data based on schedule 

data (and may include relevant real time data if available) and periodically provide updated 

timing data based on the current time or updated of real time data may be triggered when the 

user opens an itinerary for viewing. In this manner the user can effectively define an expiry 

time for their itinerary, and does not have to re-request a trip plan each time they wish to view 

an often used trip. This also enables a user to pre-request trips, for example a tourist may 

request trip plans based on places of interest they wish to visit the following day and simply 

open the application to follow the pre-requested trip plan updated with current real time 

information, rather than having to request trips throughout the day. A person may store their 

weekday commute trip plan to enable them to easily view this trip with current information at 

any time.

Persons skilled in the art will appreciate from the above that the names of the various 

monitoring state are arbitrary and, in the claims that follow, the names are numbered in order to 

match the order in which they are introduced in the claims. Persons skilled in the art will also 

appreciate that there are possible alternative server configurations. For example, it is well 

known in the art to provide more than one server in order to provide an element of load
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server. Such servers are usually able to integrate data so it can be shared when needed, for 

example, in a back end database.
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Example 1

Alice wakes up early, and decides to walk to work from home 510 along route 520. Before she 

leaves home 510 at point A on route 520, the client state is IDLE. As she leaves, she picks up 

her phone, which puts it into the ALERT state. The phone notices her getting close to the stop 

550 at point B on route 520 because she is within perimeter 552, and enters the ARMED state. 

As she continues walking, the phone realises that she’s no longer walking toward the stop at 

point C on route 520, so reverts to the ALERT state. At work 570 (point D on route 520), the 

phone will tend to swap between IDLE and ALERT.

Bob gets up on time. The client state is IDLE. He checks his mail on his phone before getting 

ready for work, causing the phone to swap between IDLE and ALERT. As he leaves the house 

510 at point E on route 530, the phone enters the ALERT state. The phone notices him getting 

close the stop at point F on route 530(again based on perimeter 552), so enters the ARMED 

state. He waits at the bus stop 550 a few minutes, before getting on a bus at point G on route 

530. The phone notices the sudden change in velocity, so enters the TRIGGERED state. Soon 

after getting off the bus at stop 560 (point H on route 530) near work 570, the central server 

requests the phone to revert to the ALERT state. After arriving at

Work 570 (at point I on route 530), Bob’s phone enters the IDLE state.

Some days, Bob gets to the bus-stop 550, realises that he’s missed his bus, so walks instead. 

After getting a short distance from the bus stop, the phone realises he’s walking, and reverts to 

ALERT mode.

Example 2

Examples 2 and 3 are treated as if they have occurred in isolation on different days, so no 

assumptions can be made about which buses have already departed in Example 2. It is also 

assumed that there is no real-time location data available from the provider and that scoring is 

based on times at which the buses are due as set out in Table 1.

Stop A

201 7:03am

200 7:05am

202 7:14am
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Stop B

201 7:11am

202 7:19am

Stop C

200 7:10am

Table 1

In each scenario, the central server assumes that all trips are potential candidates. Trips 

occurring much earlier or later in the day have been removed from the example timetables as 

they will be immediately trimmed when identifying candidate transit services.

10 For simplicity, only location and timing information are used as criteria and candidates are 

scored based on the formula: — ---- —— |n practice, a more complex formula might be
l + Hcwrrent ^duel

used, for example to score early transit services harder than late services.

A user boards a 200 bus service leaving Stop A 621 at 7:04am.

15

The central server considers each of the candidates:

Bus 200: Time difference is -1, score is — = 0.50.
1 + 1

Bus 201: Time difference is +1, score is — = 0.50.
1 + 1

20 Bus 202: Time difference is -10, score is —= 0.09.
1 + 10

At this point, the system decides that it’s equally likely the user is on either a 200 or 201 

service.

25 When the bus turns right, it will trim 201 and 202 from its list of candidate transit services, which 

will give 200 the highest score. The bus stops at Stop C 623 at 7:12 (delta 2 minutes), adding 

0.5 to the score. The score will continue to increase as it stops at more stops.
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Example 3

A user boards a 202 service from Stop A 621 at 7:10. Just after boarding, the central server 

considers each of the candidates:
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Bus 200: Time difference is +7; score=0.13

Bus 201: Time difference is +5; score=0.17

Bus 202: Time difference is -4; score=0.20

In this case, the system correctly, but weakly, assumes that the user is on a 202 service. When 

the bus arrives at Stop B 622, the driver realises they are running early, and waits until 7:19 

before continuing. As the bus departs, the scores are increased as follows:

Bus 201: Time difference is +8; score=0.17+0.11 = 0.28

Bus 202: Time difference is 0; score=0.20+1.00 = 1.20

By bringing the bus closer to schedule, the score has increased considerably.

Further aspects of the method will be apparent from the above description of the system. It will 

be appreciated that at least part of the method will be implemented electronically, for example, 

digitally by a processor executing program code. In this respect, in the above description certain 

steps are described as being carried out by a processor, it will be appreciated that such steps 

will often require a number of sub-steps to be carried out for the steps to be implemented 

electronically, for example due to hardware or programming limitations. For example, to carry 

out a step such as evaluating, determining or selecting, a processor may need to compute 

several values and compare those values.

As indicated above, the method may be embodied in program code. The program code could 

be supplied in a number of ways, for example on a tangible computer readable storage 

medium, such as a disc or a memory device, e.g. an EEPROM, (for example, that could replace 

part of memory 103) or as a data signal (for example, by transmitting it from a server). Further 

different parts of the program code can be executed by different devices, for example in a client 

server relationship. Persons skilled in the art will appreciate that program code provides a 

series of instructions executable by the processor.

Herein the term “processor” is used to refer generically to any device that can process 

instructions and may include: a microprocessor, microcontroller, programmable logic device or
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other computational device, a general purpose computer (e.g. a PC) or a server. That is a 

processor may be provided by any suitable logic circuitry for receiving inputs, processing them 

in accordance with instructions stored in memory and generating outputs (for example on the 

display). Such processors are sometimes also referred to as central processing units (CPUs).

5 Most processors are general purpose units, however, it is also know to provide a specific 

purpose processor, for example, an application specific integrated circuit (ASIC) or a field 

programmable gate array (FPGA).

It will be understood to persons skilled in the art of the invention that many modifications may

10 be made without departing from the spirit and scope of the invention, in particular it will be

apparent that certain features of embodiments of the invention can be employed to form further 

embodiments and that not all embodiments need to address all disadvantages of the prior art or 

provide all advantages of the present invention.

15 It is to be understood that, if any prior art is referred to herein, such reference does not

constitute an admission that the prior art forms a part of the common general knowledge in the 

art in any country.

In the claims which follow and in the preceding description of the invention, except where the

20 context requires otherwise due to express language or necessary implication, the word

“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense, i.e. 

to specify the presence of the stated features but not to preclude the presence or addition of 

further features in various embodiments of the invention.
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CLAIMS:

1. An electronic monitoring method for monitoring one or more transport services,

the method comprising:

for each one of one or more portable electronic devices:

monitoring data of the portable electronic device indicative of the location of the 

portable electronic device and storing the location data in a memory of the portable 

electronic device;

monitoring for a boarding trigger event indicative of a user carrying the portable 

electronic device boarding a transport service; and

upon a boarding trigger event occurring, communicating monitoring data to a 

remote monitoring system, the monitoring data including at least time data of the 

boarding trigger event and data indicative of the location of the portable electronic 

device; and

monitoring one or more transport services by the remote monitoring system 

using data communicated by each portable electronic device.

2. A method as claimed in claim 1 wherein monitoring data is communicated by a

portable electronic device in response to a request from the remote monitoring system.

3. A method as claimed in claim 2 further comprising the remote monitoring

system identifying a transport service boarded by a user.

4. A method as claimed in claim 3 further comprising inferring the location of one

transport services based on data communicated by portable electronic devices identified as 

being on the transport services.

5. A method as clamed in claim 3 or 4 wherein identifying a transport service

boarded by a user comprises the steps of:

identifying, in response to a portable electronic device communicating data 

indicating a triggering event, a plurality of candidate transport services based on the location 

and time data for the triggering event and assigning a likelihood score to each candidate 

transport service;

receiving additional monitoring data from the portable electronic device; and 

updating the likelihood score of each candidate transport service based on the
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6. A method as claimed in claim 5, comprising generating the likelihood score

based on at least one of:

a published schedule;

a modified schedule based on performance of the transport service relative to 

the published schedule; and

real-time transport service location data.

7. A method as claimed in claim 5 or claim 6, further comprising generating the

likelihood score based on a location of the transport service inferred from monitoring data 

obtained from another portable electronic device of another user.

8. A method as claimed in any one of claims 5 to 7, further comprising generating

the likelihood score based on a user profile corresponding to the user of the electronic device.

9. A method as claimed in any one of claims 5 to 8, further comprising generating

the likelihood score by comparing at least one sensor signal of the portable electronic device to 

a movement profile for each candidate transport service.

10. A method as claimed in claim 4 further comprising generating transport

schedule data at the remote monitoring system based on the communicated monitoring data.

11. A method as claimed in claim 10 wherein generating transport schedule data 

comprises the steps of:

comparing the inferred location of a transport service with transport service 

schedule data; and

modifying the transport service schedule data based on any difference between 

the transport service schedule data and inferred location data to produce modified schedule 

data.

12. A method as claimed in claim 11 wherein the modified schedule data is further 

modified to take into account any known real time location data and any relevant known traffic 

conditions effects.
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13. A method as claimed in any one of the preceding claims further comprising the

steps of:

providing trip planning information by the remote monitoring system in response 

to a trip plan request from a user, wherein the trip planning information comprises template 

itinerary data and trip timing data which is applied to the template itinerary data to provide a 

complete trip plan; and

updating the trip timing data based on real time data.

14. A method as claimed in any one of the preceding claims wherein the step of 

monitoring for a boarding trigger event includes inferring a boarding event using the steps of:

comparing an output signal from an accelerometer of a portable electronic 

device with at least two movement profiles, one of the movement profiles corresponding to a 

user movement profile and another of the movement profiles corresponding to a form of 

transport available at the boarding location; and

upon the output signal matching a movement profile of a form of transport, 

communicating data indicative of a boarding event having occurred to a remote monitoring 

system.

15. A method as claimed in claim 14, further comprising determining whether the 

user input to the portable electronic device prior to the candidate boarding event is indicative of 

a boarding event.

16. A method as claimed in claim 14 or claim 15, further comprising comparing the

output signal of the accelerometer prior to the candidate boarding event to at least one user 

movement profile.

17. A method as claimed in claim 1 wherein each portable electronic device is

configured to monitor for a boarding trigger event in a first monitoring state in which monitoring 

data is stored in memory of the portable electronic device, and upon a boarding trigger event 

occurring, entering a second monitoring state in which data is communicated to a remote 

monitoring system.

18. A method as claimed in claim 17, comprising passing control of data monitoring

at the portable electronic device to the remote monitoring system upon the boarding trigger 

event occurring so that data monitoring in the second monitoring state is performed under the 

control of the remote monitoring system.
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19. A method as claimed in claim 17 or claim 18, comprising monitoring data in an

third monitoring state when a default monitoring condition is met, data indicative of the location 

of the portable electronic device being sampled less frequently in the third monitoring state than 

in the first monitoring state and stored in the memory of the portable electronic device.

20. A method as claimed in claim 19, comprising:

comparing the location data to location data of one or more transport boarding

locations; and

upon a proximity condition being satisfied with respect to the one or more 

transport boarding locations, transitioning to the first monitoring state.

21. A method as claimed in claim 19 or claim 20, comprising transitioning to a

fourth monitoring state responsive to determining that the portable electronic device has been 

stationary for a time period.

22. A method as claimed in claim 21, comprising transitioning from the fourth

monitoring state to a third state responsive to a signal from an accelerometer indicating that the 

portable electronic device has been moved.

23. A method as claimed in any one of claims 1 to 22, comprising altering a

sampling rate responsive to a determined user behaviour.

24. A method as claimed in claim 23, wherein the user behaviour comprises a 

current user activity determined based on the user’s interaction with the portable electronic 

device

25. A method as claimed in claim 23, wherein the user behaviour comprises a past 

user activity based on one or more past travel events of the user.

26. A method as claimed in claim 23, wherein the user behaviour comprises a past

user activity based on one or more past behaviours of a plurality of users.

27. A monitoring system for monitoring one or more transport services comprising: 

a remote monitoring system; and
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at least one portable electronic device arranged to:

monitor data in an first monitoring state in which data of a portable

electronic device indicative of the location of the portable electronic device is stored in a 

memory of the portable electronic device;

monitor for a boarding trigger event indicative of the user boarding a

transport service; and

upon a boarding trigger event occurring, enter a second monitoring 

state in which data indicative of the location of the portable electronic device is communicated 

to the remote monitoring system.

28. A portable electronic device comprising:

a communication module;

a data monitor arranged to monitor data of a portable electronic device 

indicative of the location of the portable electronic device is stored in a memory of the portable 

electronic device and in response to a boarding triggering event communicate data indicative of 

the location of the portable electronic device to a remote monitoring system via the 

communication module; and

a trigger event monitor arranged to monitor for a boarding trigger event 

indicative of a user of the portable electronic device boarding a transport service and to control 

the data monitor to communicate with the remote monitoring system upon determining that a 

boarding trigger event has occurred.

29. The portable electronic device of claim 28 further comprising:

an accelerometer having an output signal;

a memory storing at least two movement profiles, one of the movement profiles 

corresponding to a user movement profile and another of the movement profiles corresponding 

to a form of transport available at the boarding location;

an accelerometer output comparer arranged to compare the output signal from 

the accelerometer with the at least two movement profiles and upon the output signal matching 

a movement profile of a form of transport cause the communication module to communicate 

data indicative of a boarding event having occurred to a remote monitoring system.

30. A monitoring system for identifying a transport service boarded by a user, the

monitoring system arranged to:

receive monitoring data from a portable electronic device, the monitoring data 

including at least location and time data of a boarding event detected by the portable electronic
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device, the boarding event being indicative of the user boarding a transport service;

identify a plurality of candidate transport services based on the location and

time data and assigning a likelihood score to each candidate transport service;

receive additional monitoring data from the portable electronic device; and

5 update the likelihood score of each candidate transport service based on the

additional monitoring data.

31. A monitoring system for identifying a transport service boarded by a user, the 

monitoring system comprising:

10 a communication module adapted to receive first monitoring data from a

portable electronic device and to subsequently receive second monitoring data, the first 

monitoring data including at least location and time data of a boarding event detected by the 

portable electronic device, the boarding event being indicative of the user boarding a transport 

service;

15 a candidate identifier arranged to identify a plurality of candidate transport

services based on the location and time data;

a likelihood assigner arranged to assign a likelihood score to each candidate 

transport service and to update the likelihood score of each candidate transport service based 

on the second monitoring data.

20

32. Computer program code which when executed by a computer implements the 

method of any one of claims 1 to 26.

33. A tangible computer readable medium comprising the computer program code 

25 of claim 32.
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