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METHODS AND APPARATUS FOR 
PROVIDING TRAVEL INFORMATION 

FIELD OF THE INVENTION 

0001. This invention relates to mobile devices, and pref 
erably navigation systems. Illustrative embodiments of the 
invention relate to portable navigation devices (so-called 
PNDs), in particular PNDs that include Global Positioning 
System (GPS) signal reception and processing functionality. 
Other embodiments relate, more generally, to any type of 
mobile processing device that is configured to execute navi 
gation Software so as to provide route planning, and prefer 
ably also navigation, functionality. 

BACKGROUND TO THE INVENTION 

0002 Portable navigation devices (PNDs) that include 
GNSS (global navigation satellite systems), such as GPS, 
signal reception and processing functionality are well known 
and are widely employed as in-car or other vehicle navigation 
systems. 
0003. In general terms, a modern PND comprises a pro 
cessor, memory (at least one of volatile and non-volatile, and 
commonly both), and map data stored within said memory. 
The processor and memory cooperate to provide an execution 
environment in which a Software operating system may be 
established, and additionally it is commonplace for one or 
more additional software programs to be provided to enable 
the functionality of the PND to be controlled, and to provide 
various other functions. 
0004 Typically these devices further comprise one or 
more input interfaces that allow a user to interact with and 
control the device, and one or more output interfaces by 
means of which information may be relayed to the user. 
Illustrative examples of output interfaces include a visual 
display and a speaker for audible output. Illustrative examples 
of input interfaces include one or more physical buttons to 
control on/off operation or other features of the device (which 
buttons need not necessarily be on the device itself but could 
be on a steering wheel if the device is built into a vehicle), and 
a microphone for detecting user speech. In a particularly 
preferred arrangement the output interface display may be 
configured as a touch sensitive display (by means of a touch 
sensitive overlay or otherwise) to additionally provide an 
input interface by means of which a user can operate the 
device by touch. 
0005 Devices of this type will also often include one or 
more physical connector interfaces by means of which power 
and optionally data signals can be transmitted to and received 
from the device, and optionally one or more wireless trans 
mitters/receivers to allow communication over cellular tele 
communications and other signal and data networks, for 
example Wi-Fi, Wi-Max GSM and the like. 
0006 PND devices of this type also include a GPS antenna 
by means of which satellite-broadcast signals, including loca 
tion data, can be received and Subsequently processed to 
determine a current location of the device. 
0007. The PND device may also include electronic gyro 
Scopes and accelerometers which produce signals that can be 
processed to determine the current angular and linear accel 
eration, and in turn, and in conjunction with location infor 
mation derived from the GPS signal, velocity and relative 
displacement of the device and thus the vehicle in which it is 
mounted. Typically such features are most commonly pro 
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vided in in-vehicle navigation systems, but may also be pro 
vided in PND devices if it is expedient to do so. 
0008. The utility of such PNDs is manifested primarily in 
their ability to determine a route between a first location 
(typically a start or current location) and a second location 
(typically a destination). These locations can be input by a 
user of the device, by any of a wide variety of different 
methods, for example by postcode, Street name and house 
number, previously stored “well known destinations (such 
as famous locations, municipal locations (such as sports 
grounds or Swimming baths) or other points of interest), and 
favourite or recently visited destinations. 
0009 Typically, the PND is enabled by software for com 
puting a “best” or “optimum route between the start and 
destination address locations from the map data. A “best” or 
“optimum route is determined on the basis of predetermined 
criteria and need not necessarily be the fastest or shortest 
route. The selection of the route along which to guide the 
driver can be very Sophisticated, and the selected route may 
take into account existing, predicted and dynamically and/or 
wirelessly received traffic and road information, historical 
information about road speeds, and the driver's own prefer 
ences for the factors determining road choice (for example the 
driver may specify that the route should not include motor 
ways or toll roads). 
0010. In addition, the device may continually monitor 
road and traffic conditions, and offer to or choose to change 
the route over which the remainder of the journey is to be 
made due to changed conditions. Real time traffic monitoring 
systems, based on various technologies (e.g. mobile phone 
data exchanges, fixed cameras, GPS fleet tracking) are being 
used to identify traffic delays and to feed the information into 
notification systems. 
0011 PNDs of this type may typically be mounted on the 
dashboard or windscreen of a vehicle, but may also be formed 
as part of an on-board computer of the vehicle radio or indeed 
as part of the control system of the vehicle itself. The navi 
gation device may also be part of a hand-held system, such as 
a PDA (Portable Digital Assistant) a media player, a mobile 
phone or the like, and in these cases, the normal functionality 
of the hand-held system is extended by means of the instal 
lation of software on the device to perform both route calcu 
lation and navigation along a calculated route. 
0012. In the context of a PND, once a route has been 
calculated, the user interacts with the navigation device to 
select the desired calculated route, optionally from a list of 
proposed routes. Optionally, the user may intervene in, or 
guide the route selection process, for example by specifying 
that certain routes, roads, locations or criteria are to be 
avoided or are mandatory for a particular journey. The route 
calculation aspect of the PND forms one primary function, 
and navigation along Such a route is another primary function. 
0013 During navigation along a calculated route, it is 
usual for such PNDs to provide visual and/or audible instruc 
tions to guide the user along a chosen route to the end of that 
route, i.e. the desired destination. It is also usual for PNDs to 
display map information on-screen during the navigation, 
Such information regularly being updated on-screen so that 
the map information displayed is representative of the current 
location of the device, and thus of the user or user's vehicle if 
the device is being used for in-vehicle navigation. 
0014. An icon displayed on-screen typically denotes the 
current device location, and is centred with the map informa 
tion of current and Surrounding roads in the vicinity of the 
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current device location and other map features also being 
displayed. Additionally, navigation information may be dis 
played, optionally in a status bar above, below or to one side 
of the displayed map information, examples of navigation 
information include a distance to the next deviation from the 
current road required to be taken by the user, the nature of that 
deviation possibly being represented by a further icon Sug 
gestive of the particular type of deviation, for example a left or 
right turn. The navigation function also determines the con 
tent, duration and timing of audible instructions by means of 
which the user can be guided along the route. As can be 
appreciated a simple instruction such as “turn left in 100 m 
requires significant processing and analysis. As previously 
mentioned, user interaction with the device may be by a touch 
screen, or additionally or alternately by steering column 
mounted remote control, by Voice activation or by any other 
suitable method. 
0015. A further important function provided by the device 

is automatic route re-calculation in the event that: a user 
deviates from the previously calculated route during naviga 
tion (either by accident or intentionally); real-time traffic 
conditions dictate that an alternative route would be more 
expedient and the device is suitably enabled to recognize Such 
conditions automatically, or if a user actively causes the 
device to perform route re-calculation for any reason. 
0016. It is also known to allow a route to be calculated with 
user defined criteria; for example, the user may prefera Scenic 
route to be calculated by the device, or may wish to avoid any 
roads on which traffic congestion is likely, expected or cur 
rently prevailing. The device software would then calculate 
various routes and weigh more favourably those that include 
along their route the highest number of points of interest 
(known as POIs) tagged as being for example of Scenic 
beauty, or, using stored information indicative of prevailing 
traffic conditions on particular roads, order the calculated 
routes in terms of a level of likely congestion or delay on 
account thereof. Other POI-based and traffic information 
based route calculation and navigation criteria are also pos 
sible. 
0017 Although the route calculation and navigation func 
tions are fundamental to the overall utility of PNDs, it is 
possible to use the device purely for information display, or 
“free-driving, in which only map information relevant to the 
current device location is displayed, and in which no route has 
been calculated and no navigation is currently being per 
formed by the device. Such a mode of operation is often 
applicable when the user, Such as a commuter, already knows 
the route along which it is desired to travel and does not 
require navigation assistance. 
0018. It has been observed that users travelling familiar 
routes may not utilise a navigation device, already knowing 
route. Whilst the user does not need turn-by-turn guidance 
they also do not receive the benefit of information which the 
navigation device may be capable of providing. It is an aim of 
some embodiments of the invention to provide information to 
a user of a mobile device without the user being required to 
enter details of their journey into the mobile device. 

SUMMARY OF THE INVENTION 

0019. According to a first aspect of the present invention 
there is provided a mobile device, comprising: 
0020 a processor communicably coupled to a trip data 
base storing information indicative of a personal road net 
work of a user of the mobile device; and 
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0021 a memory storing information indicative of a pri 
mary route to a destination location and an attribute of the 
route, 
0022 wherein the processor is arranged to operably 
execute a route attribute module (RAM) to determine one or 
more alternate routes to the destination location and an 
attribute of each alternate route, and to display on a display 
device attribute information associated with at least one alter 
nate route to the destination when a location of the mobile 
device is proximal to a decision point of the personal road 
network. 
0023 The decision point of the personal road network 
may be a location from which at least one alternate route 
exists to the destination location via the personal road net 
work. The personal road network of a user is preferably a 
network of road segments previously traversed by the user. 
0024. The RAM may be arranged to recalculate the 
attribute of the primary route to the destination in view of 
received information. The received information may be one 
or more of received traffic information and received weather 
information. The RAM maybe arranged to calculate the one 
or more alternate routes in view of the received information. 
0025. The RAM may be arranged to determine an attribute 
delta for each alternate route and to display the attribute delta 
as the attribute information. 
0026. In embodiments, the mobile device comprises a dis 
play device, and the processor may be arranged to cause the 
display device to display an indication of the attribute of the 
primary route associated with a road segment of the primary 
route and the attribute information of the one or more alter 
nate routes associated with road segments of the respective 
one or more alternate route from the decision point. The 
processor may be arranged to display the indication as the 
attribute delta. 
0027. The RAM may be arranged to select one of the 
alternate routes as a new primary route when the attribute of 
the alternate route improves upon the attribute associated 
with the current primary route. The RAM may be arranged to 
select the new primary route when the attribute of the alter 
nate route improves upon the attribute associated with the 
current primary route by more than a predetermined margin. 
The RAM may be arranged to identify the former primary 
route as one of the alternate routes. The RAM may be 
arranged to display the indication of the attribute of the new 
primary route and the attribute delta of the one or more 
alternate routes. 
0028. In embodiments, the attribute is an estimated time of 
arrival (ETA). 
0029. According to another aspect of the present invention 
there is provided a method of providing route attribute infor 
mation, comprising: 
0030 accessing information indicative of a primary route 
to a destination location determined with respect to a trip 
database storing information indicative of a personal road 
network of a user of a mobile device, and an attribute of the 
primary route; 
0031) determining one or more alternate routes to the des 
tination location and an attribute of each alternate route; and 
0032 outputting attribute information associated with at 
least one alternate route to the destination when a location of 
the mobile device is proximal to a decision point of the 
personal road network. 
0033. The one or more alternate routes may be routes to 
the destination location via the personal network. 
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0034. In embodiments, the method comprises receiving 
traffic information and recalculating the attribute of the pri 
mary route in view the received information, and calculating 
the attribute of each of the one or more alternate routes in view 
of the received information. 

0035. In embodiments, the method comprises determining 
when the attribute of one of the alternate routes improves 
upon the attribute associated with the current primary route 
and selecting the alternate route as a new primary route. The 
alternate route may be selected as a new primary route when 
the attribute of the alternate route improves upon the attribute 
associated with the current primary route by more than a 
predetermined margin. 
0036. In embodiments, the method comprises determining 
an attribute delta indicative of a difference between the 
attribute associated with the primary route and each alternate 
route. An indication of the attribute of the primary route and 
the attribute delta may be displayed. The attribute delta may 
be associated with an alternate route having a best attribute. 
0037. In embodiments, the method comprises displaying 
an indication of the primary route on a display device, an 
indication of an exit from the primary route associated with 
the at least one decision point and the attribute of the at least 
one alternate route. 

0038. The steps of the method of the present invention in 
any of its aspects or embodiments may be carried out in part 
by a server and in part by a navigation device. The steps of the 
method may be performed exclusively on a server, or some on 
a server and the others on a mobile, e.g. navigation, device in 
any combination, or exclusively on a mobile device. The 
mobile device may be a navigation device, e.g. a personal 
navigation device (PND) or an integrated, e.g. in-vehicle, 
device. 

0039. Any of the methods in accordance with the present 
invention may be implemented at least partially using soft 
ware, e.g. computer programs. In other words, the present 
invention is preferably a computer implemented invention, 
and any of the steps described in relation to any of the aspects 
or embodiments of the invention may be carried out under the 
control of a set of one or more processors. The present inven 
tion thus also extends to a computer program comprising 
computer readable instructions executable to perform, or to 
cause a device, e.g. mobile device and/or server, to perform, a 
method according to any of the aspects or embodiments of the 
invention. 

0040. The invention correspondingly extends to a com 
puter Software carrier comprising Such software which, when 
used to operate a system or apparatus comprising data pro 
cessing means causes, in conjunction with said data process 
ing means, said apparatus or system to carry out the steps of 
the methods of the present invention. Such a computer soft 
ware carrier could be a non-transitory physical storage 
medium such as a ROM chip, CD ROM or disk, or could be a 
signal Such as an electronic signal over wires, an optical 
signal or a radio signal Such as to a satellite or the like. The 
present invention provides a machine readable medium con 
taining instructions which when read by a machine cause the 
machine to operate according to the method of any of the 
aspects or embodiments of the invention. 
0041. Thus, in another aspect of the present invention, 
there is provided computer software operable, when executed 
on a device, such as a mobile device or a server, to cause one 
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or more processors to perform a method as described above. 
The computer Software may be stored on a non-transitory 
computer-readable medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042. Various embodiments of the present invention will 
now be described with reference to the accompanying draw 
ings, in which: 
0043 FIG. 1 is a schematic illustration of a Global Posi 
tioning System (GPS): 
0044 FIG. 2 is a schematic illustration of electronic com 
ponents arranged to provide a navigation device; 
004.5 FIG. 3 is a schematic illustration of the manner in 
which a navigation device may receive information over a 
wireless communication channel; 
0046 FIG. 4 shows a preferred embodiment of a software 
stack on a preferred mobile navigation device; 
0047 FIG. 5 is a schematic illustration of an apparatus 
according to an embodiment of the invention; 
0048 FIGS. 6a and 6b are illustrations of data stored in a 
trip database according to an embodiment of the invention; 
0049 FIG. 7 illustrates a method according to an embodi 
ment of the invention; 
0050 FIG. 8 is an illustration of a suggested destination 
interface according to an embodiment of the invention; 
0051 FIG. 9 illustrates a method according to an embodi 
ment of the invention; 
0.052 FIG. 10 illustrates a method according to an 
embodiment of the invention: 
0053 FIG. 11 is a display screen for a navigation device 
according to an embodiment of the invention; 
0054 FIG. 12 is a display screen for a navigation device 
according to an embodiment of the invention; 
0055 FIG. 13 is an illustration of digital map data and data 
stored in the trip database according to an embodiment of the 
invention; 
0056 FIG. 14 is an illustration of a portion of a road 
network and traffic information according to an embodiment 
of the invention; 
0057 FIG. 15 is an illustration of a portion of a road 
network and traffic information according to an embodiment 
of the invention; 
0058 FIG. 16 is an illustration of traffic information 
according to an embodiment of the invention; 
0059 FIG.17 is an illustration of an incident list according 
to an embodiment of the invention; 
0060 FIG. 18 is an illustration of first and second incident 
lists according to an embodiment of the invention; and 
0061 FIG. 19 illustrates a method according to an 
embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0062 Preferred embodiments of the present invention will 
now be described with particular reference to a PND. It 
should be remembered, however, that the teachings of the 
present invention are not limited to PNDs but are instead 
universally applicable to any type of mobile processing 
device that is configured to execute Software so as to provide, 
for example, route planning and/or navigation functionality. 
It follows therefore that in the context of the present applica 
tion, a navigation device is intended to include (without limi 
tation) any type of mobile route planning and navigation 
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device, irrespective of whether that device is embodied as a 
PND, a navigation device built into a vehicle, or a mobile 
telephone or portable digital assistant (PDA) executing route 
planning and navigation software. 
0063. In some embodiments of the invention the naviga 
tion device is a mobile device which is intended for use by 
commuters and other “regular travellers', i.e. those who fre 
quently travel one or more routes to the same destinations. 
The mobile device therefore aims to provide personal traffic 
and travel information. Personal traffic and travel information 
is intended to mean relevant to the user. Such traffic and travel 
information may be provided to the user without the user 
necessarily having entered a specific destination into the 
device, as would be expected by a user travelling to a frequent 
destination such as their place of work. The mobile device 
may not provide turn-by-turn Voice guidance since it would 
be expected that the user already knows the route that they 
intend to travel. However the device may provide visual 
prompts to the user regarding the route ahead and relevant 
traffic and/or travel information. These visual prompts may 
be schematically illustrated to provide the user with a simple 
to-view illustration of the road network. In some embodi 
ments the user is able to entera destination from a plurality of 
destination pre-set by the user, or to confirm a likely destina 
tion Suggested by the mobile device. 
0064 FIG. 1 illustrates an example view of Global Posi 
tioning System (GPS), usable by navigation devices. Such 
systems are known and are used for a variety of purposes. In 
general, GPS is a satellite-radio based navigation system 
capable of determining continuous position, Velocity, time, 
and in Some instances direction information for an unlimited 
number of users. Formerly known as NAVSTAR, the GPS 
incorporates a plurality of satellites which orbit the earth in 
extremely precise orbits. Based on these precise orbits, GPS 
satellites can relay their location to any number of receiving 
units. 
0065. The GPS system is implemented when a device, 
specially equipped to receive GPS data, begins Scanning radio 
frequencies for GPS satellite signals. Upon receiving a radio 
signal from a GPS satellite, the device determines the precise 
location of that satellite via one of a plurality of different 
conventional methods. The device will continue Scanning, in 
most instances, for signals until it has acquired at least three 
different satellite signals (noting that position is not normally, 
but can be determined, with only two signals using other 
triangulation techniques). Implementing geometric triangu 
lation, the receiver utilizes the three known positions to deter 
mine its own two-dimensional position relative to the satel 
lites. This can be done in a known manner. Additionally, 
acquiring a fourth satellite signal will allow the receiving 
device to calculate its three dimensional position by the same 
geometrical calculation in a known manner. The position and 
Velocity data can be updated in real time on a continuous basis 
by an unlimited number of users. 
0066. As shown in FIG. 1, the GPS system is denoted 
generally by reference numeral 100. A plurality of satellites 
120 are in orbit about the earth 124. The orbit of each satellite 
120 is not necessarily synchronous with the orbits of other 
satellites 120 and, in fact, is likely asynchronous. A GPS 
receiver 140 is shown receiving spread spectrum GPS satel 
lite signals 160 from the various satellites 120. 
0067. The spread spectrum signals 160, continuously 
transmitted from each satellite 120, utilize a highly accurate 
frequency standard accomplished with an extremely accurate 
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atomic clock. Each satellite 120, as part of its data signal 
transmission 160, transmits a data stream indicative of that 
particular satellite 120. It is appreciated by those skilled in the 
relevant art that the GPS receiver device 140 generally 
acquires spread spectrum GPS satellite signals 160 from at 
least three satellites 120 for the GPS receiver device 140 to 
calculate its two-dimensional position by triangulation. 
Acquisition of an additional signal, resulting in signals 160 
from a total of four satellites 120, permits the GPS receiver 
device 140 to calculate its three-dimensional position in a 
known manner. 

0068 FIG. 2 is an illustrative representation of electronic 
components of a navigation device 200 according to a pre 
ferred embodiment of the present invention, in block compo 
nent format. It should be noted that the block diagram of the 
navigation device 200 is not inclusive of all components of 
the navigation device, but is only representative of many 
example components. 
0069. The navigation device 200 is located within a hous 
ing (not shown). The housing includes a processor 210 con 
nected to an input device 220 and a display screen 240. The 
input device 220 can include a keyboard device, voice input 
device, touch panel and/or any other known input device 
utilised to input information; and the display screen 240 can 
include any type of display Screen such as an LCD display, for 
example. In a particularly preferred arrangement the input 
device 220 and display screen 240 are integrated into an 
integrated input and display device, including a touchpad or 
touchscreen input so that a user need only touch a portion of 
the display screen 240 to select one of a plurality of display 
choices or to activate one of a plurality of virtual buttons. 
0070 The navigation device may include an output device 
260, for example an audible output device (e.g. a loud 
speaker). As output device 260 can produce audible informa 
tion for a user of the navigation device 200, it is should 
equally be understood that input device 240 can include a 
microphone and Software for receiving input voice com 
mands as well. 
0071. In the navigation device 200, processor 210 is 
operatively connected to and set to receive input information 
from input device 220 via a connection 225, and operatively 
connected to at least one of display Screen 240 and output 
device 260, via output connections 245, to output information 
thereto. Further, the processor 210 is operably coupled to a 
memory resource 230 via connection 235 and is further 
adapted to receive/send information from/to input/output 
(I/O) ports 270 via connection 275, wherein the I/O port 270 
is connectible to an I/O device 280 external to the navigation 
device 200. The memory resource 230 comprises, for 
example, a Volatile memory, such as a Random Access 
Memory (RAM) and a non-volatile memory, for example a 
digital memory, such as a flash memory. The external I/O 
device 280 may include, but is not limited to an external 
listening device Such as an earpiece for example. The con 
nection to I/O device 280 can further be a wired or wireless 
connection to any other external device such as a car stereo 
unit for hands-free operation and/or for Voice activated opera 
tion for example, for connection to an ear piece or head 
phones, and/or for connection to a mobile phone for example, 
wherein the mobile phone connection may be used to estab 
lish a data connection between the navigation device 200 and 
the internet or any other network for example, and/or to 
establish a connection to a server via the internet or some 
other network for example. 
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0072 FIG. 2 further illustrates an operative connection 
between the processor 210 and an antenna/receiver 250 via 
connection 255, wherein the antenna/receiver 250 can be a 
GPS antenna/receiver for example. It will be understood that 
the antenna and receiver designated by reference numeral 250 
are combined schematically for illustration, but that the 
antenna and receiver may be separately located components, 
and that the antenna may be a GPS patch antenna or helical 
antenna for example. 
0073. Further, it will be understood by one of ordinary 
skill in the art that the electronic components shown in FIG. 2 
are powered by power sources (not shown) in a conventional 
manner. As will be understood by one of ordinary skill in the 
art, different configurations of the components shown in FIG. 
2 are considered to be within the scope of the present appli 
cation. For example, the components shown in FIG.2 may be 
in communication with one another via wired and/or wireless 
connections and the like. Thus, the scope of the navigation 
device 200 of the present application includes a portable or 
handheld navigation device 200. 
0074. In addition, the portable or handheld navigation 
device 200 of FIG.2 can be connected or "docked' inaknown 
manner to a vehicle Such as a bicycle, a motorbike, a car or a 
boat for example. Such a navigation device 200 is then remov 
able from the docked location for portable or handheld navi 
gation use. 
0075 Referring now to FIG. 3, the navigation device 200 
may establish a “mobile' or telecommunications network 
connection with a server 302 via a mobile device (not shown) 
(such as a mobile phone, PDA, and/or any device with mobile 
phone technology) establishing a digital connection (such as 
a digital connection via known Bluetooth technology for 
example). Thereafter, through its network service provider, 
the mobile device can establish a network connection 
(through the internet for example) with a server 302. As such, 
a “mobile” network connection is established between the 
navigation device 200 (which can be, and often times is 
mobile as it travels alone and/or in a vehicle) and the server 
302 to provide a “real-time' or at least very “up to date' 
gateway for information. 
0076. The establishing of the network connection between 
the mobile device (via a service provider) and another device 
such as the server 302, using an internet (such as the World 
WideWeb) for example, can be done in a known manner. This 
can include use of TCP/IP layered protocol for example. The 
mobile device can utilize any number of communication stan 
dards such as CDMA, GSM, WAN, etc. 
0077. As such, an internet connection may be utilised 
which is achieved via data connection, via a mobile phone or 
mobile phone technology within the navigation device 200 
for example. For this connection, an internet connection 
between the server 302 and the navigation device 200 is 
established. This can be done, for example, through a mobile 
phone or other mobile device and a GPRS (General Packet 
Radio Service)-connection (GPRS connection is a high 
speed data connection for mobile devices provided by tele 
com operators; GPRS is a method to connect to the internet). 
0078. The navigation device 200 can further complete a 
data connection with the mobile device, and eventually with 
the internet and server 302, via existing Bluetooth technology 
for example, in a known manner, wherein the data protocol 
can utilize any number of standards, such as the GSRM, the 
Data Protocol Standard for the GSM standard, for example. 
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007.9 The navigation device 200 may include its own 
mobile phone technology within the navigation device 200 
itself (including an antenna for example, or optionally using 
the internal antenna of the navigation device 200). The mobile 
phone technology within the navigation device 200 can 
include internal components as specified above, and/or can 
include an insertable card (e.g. Subscriber Identity Module or 
SIM card), complete with necessary mobile phone technol 
ogy and/or an antenna for example. As such, mobile phone 
technology within the navigation device 200 can similarly 
establish a network connection between the navigation device 
200 and the server 302, via the internet for example, in a 
manner similar to that of any mobile device. 
0080 For GRPS phone settings, a Bluetooth enabled navi 
gation device may be used to correctly work with the ever 
changing spectrum of mobile phone models, manufacturers, 
etc., model/manufacturer specific settings may be stored on 
the navigation device 200 for example. The data stored for 
this information can be updated. 
I0081. In FIG. 3 the navigation device 200 is depicted as 
being in communication with the server 302 via a generic 
communications channel 318 that can be implemented by any 
of a number of different arrangements. The server 302 and a 
navigation device 200 can communicate when a connection 
via communications channel 318 is established between the 
server 302 and the navigation device 200 (noting that such a 
connection can be a data connection via mobile device, a 
direct connection via personal computer via the internet, etc.). 
0082. The server 302 includes, in addition to other com 
ponents which may not be illustrated, a processor 304 opera 
tively connected to a memory 306 and further operatively 
connected, via a wired or wireless connection 314, to a mass 
data storage device 312. The processor 304 is further opera 
tively connected to transmitter 308 and receiver 310, to trans 
mit and send information to and from navigation device 200 
via communications channel 318. The signals sent and 
received may include data, communication, and/or other 
propagated signals. The transmitter 308 and receiver 310 may 
be selected or designed according to the communications 
requirement and communication technology used in the com 
munication design for the navigation system 200. Further, it 
should be noted that the functions of transmitter 308 and 
receiver 310 may be combined into a signal transceiver. 
I0083 Server 302 is further connected to (or includes) a 
mass storage device 312, noting that the mass storage device 
312 may be coupled to the server 302 via communication link 
314. The mass storage device 312 contains a store of naviga 
tion data and map information, and can again be a separate 
device from the server 302 or can be incorporated into the 
Server 302. 

I0084. The navigation device 200 is adapted to communi 
cate with the server 302 through communications channel 
318, and includes processor, memory, etc. as previously 
described with regard to FIG.2, as well as transmitter 320 and 
receiver 322 to send and receive signals and/or data through 
the communications channel 318, noting that these devices 
can further be used to communicate with devices other than 
server 302. Further, the transmitter 320 and receiver 322 are 
selected or designed according to communication require 
ments and communication technology used in the communi 
cation design for the navigation device 200 and the functions 
of the transmitter 320 and receiver 322 may be combined into 
a single transceiver. 
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I0085 Software stored in server memory 306 provides 
instructions for the processor 304 and allows the server 302 to 
provide services to the navigation device 200. One service 
provided by the server 302 involves processing requests from 
the navigation device 200 and transmitting navigation data 
from the mass data storage 312 to the navigation device 200. 
Another service provided by the server 302 includes process 
ing the navigation data using various algorithms for a desired 
application and sending the results of these calculations to the 
navigation device 200. 
I0086. The communication channel 318 generically repre 
sents the propagating medium or path that connects the navi 
gation device 200 and the server 302. Both the server 302 and 
navigation device 200 include a transmitter for transmitting 
data through the communication channel and a receiver for 
receiving data that has been transmitted through the commu 
nication channel. 

0087. The communication channel 318 is not limited to a 
particular communication technology. Additionally, the com 
munication channel 318 is not limited to a single communi 
cation technology; that is, the channel 318 may include sev 
eral communication links that use a variety of technology. For 
example, the communication channel 318 can be adapted to 
provide a path for electrical, optical, and/or electromagnetic 
communications, etc. As such, the communication channel 
318 includes, but is not limited to, one or a combination of the 
following: electric circuits, electrical conductors such as 
wires and coaxial cables, fibre optic cables, converters, radio 
frequency (RF) waves, the atmosphere, empty space, etc. 
Furthermore, the communication channel 318 can include 
intermediate devices such as routers, repeaters, buffers, trans 
mitters, and receivers, for example. 
0088. In one illustrative arrangement, the communication 
channel 318 includes telephone and computer networks. Fur 
thermore, the communication channel 318 may be capable of 
accommodating wireless communication Such as radio fre 
quency, microwave frequency, infrared communication, etc. 
Additionally, the communication channel 318 can accommo 
date satellite communication. 
0089. The communication signals transmitted through the 
communication channel 318 include, but are not limited to, 
signals as may be required or desired for given communica 
tion technology. For example, the signals may be adapted to 
be used in cellular communication technology Such as Time 
Division Multiple Access (TDMA), Frequency Division 
Multiple Access (FDMA), Code Division Multiple Access 
(CDMA), Global System for Mobile Communications 
(GSM), etc. Both digital and analogue signals can be trans 
mitted through the communication channel 318. These sig 
nals may be modulated, encrypted and/or compressed signals 
as may be desirable for the communication technology. 
0090. The server 302 includes a remote server accessible 
by the navigation device 200 via a wireless channel. The 
server 302 may include a network server located on a local 
area network (LAN), wide area network (WAN), virtual pri 
vate network (VPN), etc. 
0091. The server 302 may include a personal computer 
Such as a desktop or laptop computer, and the communication 
channel 318 may be a cable connected between the personal 
computer and the navigation device 200. Alternatively, a per 
Sonal computer may be connected between the navigation 
device 200 and the server 302 to establish an internet connec 
tion between the server 302 and the navigation device 200. 
Alternatively, a mobile telephone or other handheld device 
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may establish a wireless connection to the internet, for con 
necting the navigation device 200 to the server 302 via the 
internet. 
0092. The navigation device 200 may be provided with 
information from the server 302 via information downloads 
which may be periodically updated automatically or upon a 
user connecting navigation device 200 to the server 302 and/ 
or may be more dynamic upon a more constant or frequent 
connection being made between the server 302 and naviga 
tion device 200 via a wireless mobile connection device and 
TCP/IP connection for example. For many dynamic calcula 
tions, the processor 304 in the server 302 may be used to 
handle the bulk of the processing needs, however, processor 
210 of navigation device 200 can also handle much process 
ing and calculation, oftentimes independent of a connection 
to a Server 302. 

0093. As indicated above in FIG. 2, a navigation device 
200 includes a processor 210, an input device 220, and a 
display screen 240. The input device 220 and display screen 
240 are integrated into an integrated input and display device 
to enable both input of information (via direct input, menu 
selection, etc.) and display of information through a touch 
panel Screen, for example. Such a screen may be a touch input 
LCD screen, for example, as is well known to those of ordi 
nary skill in the art. Further, the navigation device 200 can 
also include any additional input device 220 and/or any addi 
tional output device 241. Such as audio input/output devices 
for example. 
0094. The mobile, e.g. navigation, device 200 may com 
prise one or more software modules, executable on an appli 
cation framework, the functions of which are described in 
more detail below. It will be appreciated that some embodi 
ments may comprise only a single one of the modules, 
whereas other embodiments may comprise two or more or all 
of the modules. 
0.095 One of the software modules comprises a trip 
recording module which operatively stores information 
indicative of trips, or journeys, made by the user of the navi 
gation device 200. The trip recording module stores trip infor 
mation in a trip database 510, illustrated in FIG. 5, to which 
the navigation device 200 is communicably coupled. The trip 
database 510 may be stored local to the navigation device 
200, such as in the memory 230 of the navigation device 200, 
or may be remotely accessible to the navigation device 200 
such as via communications channel 318. The trip database 
510 stores information indicative of a route taken by the 
navigation device 200 for each trip or journey. In this sense 
the term “trip' may be understood as a previous journey. The 
trip database 510 may alternatively be known as a historical 
journey database storing information indicative of journeys 
made by the navigation device 200 including the route fol 
lowed by the navigation device 200. The trip database 510 
may be a layer of information associated with map data, i.e. 
may comprise information identifying segments in the map 
data which have been traversed by the user. An exemplary 
structure of the data stored in the trip database 510 is 
described below. 
0096. The navigation device 200 is also communicably 
coupled to a favourites database 520 which stores information 
associated with one or more locations selected by the user of 
the navigation device 200, i.e. favourite locations. The 
selected locations may be user-defined points of interest 
(POI) such as home, work, stations, School, family, restau 
rant, etc. The favourite locations may be selected by the user 
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either via interaction directly with the navigation device 200 
or indirectly Such as remotely via a webpage. The user inter 
acts in either manner with the favourites database 520 to 
select and store therein map locations as favourite locations. 
Each favourite location is preferably a point location, 
although alternatively may be a geographic area. As with the 
trip database 510, the favourites database 520 may be stored 
local to the navigation device 200, such as in the memory 230 
of the navigation device 200, or may be remotely accessible to 
the navigation device 200 Such as via the communications 
channel 318. Each favourite location may be stored in the 
favourites database 520 associated with one or more identi 
fiers such one or more of a name, icon or colour selected by 
the user. At least some of the trips stored in the trip database 
510 will be associated with favourite locations stored in the 
favourites database 520. For example a trip stored in the trip 
database 510 may be associated with a location in the favou 
rites database 520 at which the user either departed from, or 
arrived at, on the trip. 
0097 FIG. 6a illustrates an exemplary portion of digital 
map data 600. The digital map data 600 may be formed from 
information indicative of segments interconnecting nodes, 
wherein the segments represent a navigable network. Alter 
natively the map data 600 may be formed by nodes having 
associated attributes wherein at least some attributes are 
indicative of connections between nodes having common 
attributes representing a connection there-between. The con 
nections are indicative of navigable segments in the real 
World. The navigable segments may be road segments, but 
may also be segments of any navigable network Such as a 
cycle or path network. Each segment is associated with an 
identifier such as letters A-I shown in FIGS. 6a and 6b. 

0098. The trip information stored in the trip database 510 
is indicative of those navigable segments in the map data 600 
previously traversed, or travelled along, by the user. Thus the 
trip database 510 represents a subset of navigable segments in 
the digital map data 600 which have been travelled by the 
user. The trip database 510 may be considered as a personal 
network of the user. That is, the trip database 510 represents 
the Subset of navigable segments used by the user from the set 
of navigable segments in the digital map data. The trip data 
base may be a layer of information for use in combination 
with the digital map data, wherein the layer identifies seg 
ments in the map data which have been previously traversed 
by the user. The navigable network may be a road network, 
although the navigable network may comprise navigable seg 
ments of other networks, such as cycle paths, for example. It 
will be appreciated that the trip database 510 may be flushed 
of information, for example over a predetermined age. Such 
that the trip database 510 does not store information identi 
fying every road segment ever traversed by the user, but 
instead represents recent travel behaviour of the user. 
0099. If the user travels a route along road segments A, B, 
F and G illustrated in FIG. 6a information identifying this 
route with respect to the digital map data including those 
segments is stored into the trip database 510 by the trip 
recording module 410. 
0100. In some embodiments the information stored in the 

trip database 510 comprises, for each traversed road segment, 
one or more of: 

0101 
0102 time information indicating a time of traversal of the 
road segment; and 

a segment identifier, e.g. A; 
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0.103 previous segment information indicating a previous 
segment from which the user entered the current segment. 
0104. The time information may indicate one of a plurality 
of time slots during which the segment was traversed. For 
example, a week may be divided into a plurality of time slots 
which may or may not be equally sized. In one embodiment 
the week may be divided into 336 time slots of 30 minutes, 
although other durations may be used. The time information 
may identify the time slot during which the segment was 
traversed. Table 1 illustrates an exemplary structure of the trip 
database 510. The trip database 510 comprises four columns. 
A first column "Trip” stores an identifier to uniquely identify 
each trip in the database 510. The identifier may be assigned 
sequentially as each trip is stored in the database 510. The 
'Segment column stores information identifying each navi 
gable segment in the digital map data 600 that forms part of 
the trip or journey. The “Previous Segment” column stores 
information identifying a segment in the trip from which the 
user entered the current segment, if the segment is not the first 
segment forming the trip. The “Time Slot' column stores 
information identifying one of the plurality of time slots 
during which the segment was traversed. It will be noted from 
the example below that for trip 1 segments A and B were 
traversed in time slot 212, which may correspond to 14:00 
14:30 on Thursday, and segment C was traversed during time 
slot 213 which may, for example, relate to 14:30-15:00 on 
Thursday. The time slot may identify a time at which the 
segment began to be traversed. The “Favourite' column may 
identify a favourite location from the favourites database 520 
when the segment is an end segment of the trip and the end 
segment is proximal to a favourite location in the database 
520. Since it may be expected that a user may not always park 
at precisely the favourite location, the end segment may be 
associated with the favourite location in the trip database 510 
when an end of the segment is within a predetermined dis 
tance of the favourite location. The distance may be 250 m 
although other distances may be used. It will be appreciated 
that this allows more than one different road segment to be 
associated with the same favourite location i.e. multiple seg 
ments ending within the predetermined distance of the favou 
rite location. 

TABLE 1 

Exemplary structure of trip database 510 

Previous 
Trip Segment Segment Time Slot Favourite 

1 A. 212 
1 B A. 212 
1 C B 213 610 
2 G 163 
2 F G 163 
2 B F 164 
2 A. B 164 62O 

0105. In some embodiments the trip database 510 may 
also store traversal information identifying a number of times 
each segment in the trip database 510 has been traversed 
within each time slot. The traversal information may be stored 
in a separate data structure in the trip database 510 identify 
ing, for each segment in the database 510, a number of times 
the segment is traversed during each time slot. It will also be 
appreciated that this information may be derived from the 
database structure shown in Table 1. This information may be 
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used to delete trips which are not frequently undertaken so 
that the trip database 510 is maintained at a manageable size. 
0106 Some embodiments of the navigation device 200 
comprise a prediction module. 
0107. In one embodiment, the prediction module is 
arranged to operatively predicta destination of the user based 
upon the information stored in the trip database 510. The 
prediction module is arranged to predict the destination of the 
user from the personal network of the user of the navigation 
device 200. In other words, the prediction module is arranged 
to predict the destination based on information identifying a 
navigable network of segments previously travelled by the 
user and the current location of the navigation device. The 
predicted destination may be selected based on the trip data 
base 510 from amongst the favourite locations stored in the 
favourites database 520. The prediction module may also 
predict a route to be followed by the user, even if the user is 
utilising the navigation device 200 in the “free driving mode, 
as will be explained. 
0108. A method 700 according to an embodiment of the 
invention will now be explained with reference to FIG. 7. The 
method 700 may be performed by the prediction module. The 
method 700 is a method of predicting a destination of a user 
of the navigation device 200. 
0109. In step 710 the method 700 determines a current 
location of the navigation device 200 and one or more time 
slots. The location of the navigation device 200 may be deter 
mined from received wireless signals such as GPS signals, at 
least in part, as described above. The prediction module may 
receive location information from another module of the 
navigation device 200. The time may be determined from an 
on-board clock of the navigation device 200 and compared 
against a plurality of predetermined time slots used in relation 
to the trip database 510. The time slot is a time slot within 
which the current time of day falls. In some embodiments, a 
plurality of time slots may be determined in step 710 includ 
ing the current time slot and one or more adjacent time slots, 
such as time slots before and after the current time slot. Some 
embodiments may select a plurality of adjacent time slots, 
e.g. two time slots before and after the current time slot. 
0110. In step 720 one or more road segments are selected 
based on the current location of the navigation device 200 and 
the time slot(s) selected in step 710. FIG. 6b illustrates the 
same portion of digital map data 600 shown in FIG. 6a and a 
location 650 of the navigation device 200. It can be appreci 
ated that the navigation device (shown at location 650) is 
currently on segment I of the road network. In embodiments 
of the invention the destination of the user is predicted based 
upon the information stored in the trip database 510, i.e. upon 
segments of the road network which have been previously 
traversed by the user. It can be appreciated from the exem 
plary portion of the trip database 510 shown in Table 1 that the 
user may not be located at the time of execution of steps 
710-720 on a previously traversed segment. The user may not 
be located on any segment, i.e. they may be adjacent a road 
Such as in a car park. Therefore, in order to increase an 
accuracy of destination prediction, some embodiments of 
step 720 may select one or more road segments based on the 
current location and a predetermined radius. The predeter 
mined radius may be 250 m, although it will be realised that 
this is merely exemplary. FIG. 6b illustrates the predeter 
mined radius 660 around the current location 650 of the 
navigation device 200. In step 720 one or more segments are 
selected from the trip database 510 based on the location and 

Mar. 10, 2016 

time slot(s). It can be appreciated that, whilst segment I is not 
in the portion of the trip database shown in Table 1, segment 
F is within the predetermined radius 660 of the current loca 
tion 650 and is thus selected, along with segment G. It is then 
determined whether the selected segment(s) were traversed 
during the one or more time slots selected in step 710 based 
upon the current time. If each selected segment(s) was not 
traversed within the selected time slot(s) then they are de 
selected from further consideration. Therefore step 720 
selects segments which have been traversed by the user at an 
approximately similar time based on the current location of 
the navigation device 200. In step 730 it is determined 
whether any segments are selected as a result of step 720. If no 
segments are selected, i.e. no segments within the predeter 
mined radius 660 which were traversed at a similar time, then 
the method moves to step 750. If, however, one or more 
segments are selected the method moves to step 740. 
0111. In step 740 one or more destinations of the user are 
predicted based, at least in part, on the selected segments. The 
one or more destinations are predicted based on the traversal 
information for the selected segments. As noted above, the 
traversal information identifies a number of times the respec 
tive segments have been traversed by the user during the 
respective timeslot(s). The route search algorithm may utilise 
cost information derived from the traversal information. The 
cost information may be based on an inverse of the traversal 
information Such that segments having an associated greater 
traversal count indicating more usage have an associated 
lower cost, thus being preferentially selected by the route 
search. Further discussion of modified cost values is provided 
below. The route search may be a Dijkstra-based search algo 
rithm, e.g. an A* route search (as known in the art), although 
other searching algorithms may be used. Further details of the 
modified cost information are provided below. By searching 
the trip database 510 the prediction module arrives at a road 
segment associated with a favourite destination from the 
favourites database 512 which may be used as a predicted 
destination. As a result of the search being performed with 
respect to the trip database and segment(s) selected in step 
720 a destination and associated route to the destination may 
be predicted. Some embodiments of step 740 may also select 
one or more further, less likely, destinations and routes. The 
most likely destination, and any less likely predicted destina 
tions, may be displayed to the user on the display device, for 
example in descending order of determined likelihood. Alter 
natively, step 740 may display an indication of the favourite 
destination and associated route. 
0112 Returning to step 730, as noted above if no segments 
were selected in step 720 corresponding to the current time 
slot, or one or more adjacent timeslots, then in step 750 one 
or more segments are selected based on the current location 
but without limitation as to time. For example, if a proximal 
segment had been traversed at a dissimilar time then this time 
slot would not be selected in step 720, but would be selected 
in step 750. 
0113. In step 760 it is determined whether any segments 
are selected as a result of step 750. If no segments are selected, 
i.e. no road segments exist in the trip database 510 within the 
predetermined radius 660, then the method moves to step 780. 
If, however, one or more segments are selected by step 750 
then the method moves to step 770. 
0114. In step 770 one or more destinations of the user are 
predicted based on the selected segments. The one or more 
destinations are predicted based on a route search of the trip 
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database 510 for the selected segments. Step 770 is as previ 
ously described for step 740. One or more routes or favourite 
destinations associated with those routes may be displayed on 
the display device allowing the user to select therefrom. 
0115. In step 780, if no segments were selected in step 750, 
then one or more favourite destinations are selected based on 
a time slot associated with segment(s) adjacent the destina 
tion in the trip database 510. For example, for a favourite 
destination “Office the segment adjacent (leading to) the 
destination may be traversed in the time slots 8:00-8:30 on 
Mondays-Fridays. Step 780 determines an expected arrival 
time from the current location 650 at each favourite destina 
tion in the favourites database 520. If the time slot associated 
with the expected arrival time corresponds to a time slot of an 
adjacent segment in the trip database 510 then the favourite 
destination is selected in step 780. It will be realised that in 
Some embodiments a degree of error may be allowed in step 
780 by considering, for example, a time slot of the expected 
arrival time and an adjacent timeslot either side. The expected 
arrival time may be determined based on an “as the crow flies' 
route at a predetermined speed, for example 60kmh'. In this 
way it is unnecessary to calculate a route to each favourite 
destination from the current location via the road network. 
Step 780 allows for the user starting from an unfamiliar 
location and heading to a favourite destination. The selected 
favourite destinations may then be displayed on the display 
device for selection by the user. Step 780 may not provide a 
route from the trip database 510. 
0116. It will be appreciated that the method 700 shown in 
FIG. 7 is able to provide suggested destinations and, for some 
destinations, routes to those destinations based on the trips 
database 510 and the favourites database 520. Thus the 
method 700 is particularly suitable for suggesting regularly 
used destinations based on previous behaviour of the user as 
characterised by the information indicative of previous trips 
or journeys stored in the trip database 510. 
0117 FIG. 8 illustrates a suggested destination interface 
800 according to an embodiment of the invention. The inter 
face 800 provides an indication to the user of a destination, 
preferably one of the locations stored in the favourites data 
base 520, suggested according to the method described 
above. The interface 800 comprises one or more of: a name 
810 of the Suggested destination, Such as a text string indica 
tive of the street address (although it may be a word associated 
with the stored favourite, e.g. “home'); an icon 820 associ 
ated with the destination and controls for the user to either 
reject 830 or accept 840 the suggested destination. Some 
embodiments may further comprise a background image 850 
which may be a representation of a portion of the digital map 
data proximal to the location of the Suggested destination. 
0118 Embodiments of the invention are arranged to deter 
mine a route to a destination which favours, or preferentially 
selects, segments on which the user has previously travelled. 
As noted above, the digital map data represents a road net 
work using road segments to interconnect nodes. Each seg 
ment may have one or more associated attributes each indi 
cating a cost for traversing that segment according to a 
respective characteristic. For example, a first attribute may 
indicate a cost for an expected speed of traversing the segment 
whilst a second attribute may indicate a cost for expected fuel 
consumption in traversing the segment. A routing algorithm 
when determining a route between an origin location and a 

Mar. 10, 2016 

destination location selects segments for inclusion in the 
route based on their associated cost and one or more routing 
criteria. 

0119 Embodiments of the invention determine or modify 
a cost for one or more segments based, at least in part, on the 
trip database 510. A cost attribute for at least one road seg 
ment in the digital map data is updated or modified according 
to the presence of the road segment in the trip database 510 
and/or whether the road segment forms part of the predicted 
route determined by the prediction module. 
I0120 For example, three road segments are present in the 
digital map data S. S. S.; each road segment having an 
associated cost attribute. The cost value in the digital map 
data may be an existing cost value used to indicate a charac 
teristic of the road segment, such as travelling speed or fuel 
consumption, or may be newly introduced. In the case of a 
newly introduced cost value, the cost associated with each 
road segment in the digital map data may be initially set to the 
same value Such that a routing algorithm does not preferen 
tially select road segments based on that cost value. 
I0121 The exemplary trip database 510 does not containan 
entry for segment S indicating that the user does not travel 
via this road segment, or at least has not travelled via this road 
segment recently. However the trip database 510 contains 
entries for road segments S and S, and thus the cost values 
for segments S and S in the digital map data are updated to 
reflect their presence in the trip database 510. The routing 
algorithm is caused to preferentially select segments having a 
lower cost. For example, the routing algorithm is caused to 
preferentially select segments S and S over S in the case 
that all other routing criteria are equal for the segments. It will 
be appreciated that the routing algorithm may still base the 
determination of a route on one or more other factors, such as 
travelling speed, time, fuel consumption etc., for the seg 
ments. Thus for a particular start location and destination 
location segment S may still be chosen over S. However, 
where possible, the routing algorithm favours segments 
included in the trip database 510. Furthermore, where a route 
has been predicted as described above, such as in steps 740 
and 770 in FIG. 7, the cost values in the digital map data 
associated with segments forming the predicted route may be 
further modified to increase the tendency of the routing algo 
rithm to select those segment(s). For example, if segment S. 
forms part of the predicted route, the cost is preferably further 
modified so that segment S would be preferentially chosen 
over S, assuming all other factors being equal. 
I0122. It will also be appreciated that the cost information 
for road segments in the map data may also be modified based 
on historic information. In one embodiment at least Some of 
the segments in the map data may be associated with a historic 
speed profile indicative of an average speed of travel on that 
road segment during a plurality of periods of time. For 
example the historic speed profile may define 5 minute inter 
vals for each day of the week and the average speed during 
each of those intervals. The historic speed profile may be 
determined from probe data. The historic speed profile may a 
reference profile, but may instead be one of a plurality of 
standard reference profiles. In other words the probe data on 
which the historic speed profile is based may not necessarily 
relate to that particular road segment. Thus a scalar may also 
be utilised with the historic speed profile to scale the historic 
speed profile according to data measured for that particular 
road segment. The one or more historic speed profiles and 
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Scalars may be stored and communicated separately from the 
map data, Such as being Stored in a memory of the navigation 
device. 
0123 Real-time data may be obtained for the road seg 
ment from one or more sources such as GPS probe data, GSM 
probe data and journalistic data. Based on the obtained real 
time data and the appropriately scaled historic speed, traffic 
events may be identified when the real-time data differs from 
the scaled historic speed information. In response to a traffic 
event being identified a traffic message may be communi 
cated to navigation devices within a predetermined range of a 
location associated with the traffic event. Traffic messages 
deemed to be important. Such as those relating to a particular 
class of road or above, may be communicated to navigation 
devices within a second, larger, range of the location. In this 
way, cost information associated with road segments in the 
map data may be modified to indicate a lower speed of travel. 
0.124. A method 900 according to an embodiment of the 
invention will now be described with reference to FIG.9. The 
method 900 may be performed by a route attribute module of 
the device 200. 

0.125. In step 910 one or more cost values associated with 
digital map data are modified, as described above, based on 
the trip database 510. Thus, in one embodiment the cost 
values are modified based upon the presence of road segments 
in the trip database 510 so as to preferentially selector bias the 
routing algorithm towards road segments which the user has 
previously traversed. Similarly, in some embodiments the 
modification of the cost values is extended to further prefer 
entially selector bias the routing algorithm towards segments 
in the predicted route, as described above. 
0126. In step 920 a route between a current location of the 
navigation device 200 and a destination location is calculated. 
The destination location may be a favourite location stored in 
the favourites database 520. The determination of the route is 
based upon the modified cost values associated with road 
segments determined in step 910. In some embodiments of 
step 920 a route to the destination location may also be cal 
culated only on the basis of the digital map data, i.e. without 
modified cost values. 
0127. In step 930, which is optional dependent on the 
previous calculation of a route using unmodified cost values, 
an attribute associated with each of the two routes is com 
pared. The attribute may be a travelling time to the destina 
tion. For example, in step 930 the time taken to reach the 
destination by each of the two routes is compared. 
0128. In step 940 one of the routes is selected based on the 
comparison performed in step 930. The route determined 
according to the modified digital map costs may be selected as 
a default in step 940. However the route determined accord 
ing to the original or unmodified digital map costs may be 
selected if he attribute, such as time taken, for the modified 
costs route is more than a predetermined margin greater than 
the unmodified costs. The margin may be 25% or 50% 
greater, although it will be realised that these are merely 
exemplary. therefore the route determined upon the digital 
map data alone is selected if it is, in one embodiment, more 
than 50% quicker, i.e. shorterintime, to reach the destination. 
Otherwise the route determined based upon costs values 
modified according to the trip database 510 is selected in step 
940. 

0129. Some embodiments of the invention provide an 
indication of an attribute of a route. Such as an estimated time 
of arrival (ETA) at a destination location. It will be realised 
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that embodiments of the present invention may be applied to 
other attributes of a route. Such as fuel consumption, for 
example. In embodiments of the invention, the ETA value is 
provided for at least one route determined as described above 
which preferentially includes segments in the trip database 
510 and, in some embodiments, more preferentially those 
segments in a predicted route. The ETA value may be based 
upon an expected travelling speed or travelling time of the 
segments forming the route and may be modified according to 
information received by the navigation device 200, such as 
traffic and/or weather information. The received information 
may cause the expected travelling speed to be reduced or the 
expected travelling time to be increased of one or more road 
segments included in the route. 
0.130 Embodiments of the invention recalculate an ETA 
via at least one alternate route based on the trip database 510 
in response to received information Such as traffic and/or 
weather information. In response to the received information 
the route may be changed so as to continually follow the route 
having the shortest ETA. When a location of the user, and 
hence navigation device 200, reaches or is proximal to a 
decision point ETA information is displayed along with ETA 
information associated with at least one alternate route. A 
decision point is a point along a route at which one or more 
alternate routes to the destination are possible via a “travel 
network” of road segments of the digital map. The travel 
network comprises the road segments of the personal network 
and stored in the trip database 510, together with any road 
segments forming a calculated primary route to the destina 
tion (in situations where a predicted route to the destination is 
not determined by the prediction module). In other words, the 
travel network is a Subset of road segments of the digital map 
along which it is believed a user will travel to the destination, 
e.g. based on previous trips made by the user. For example, a 
decision point is a junction where a first road from the junc 
tion forms part of a current route to the destination on the 
travel network, but where a second road from the junction 
forms part of an alternate route the destination using the travel 
network. ETA information includes a time at which the user is 
expected to arrive at the destination and an expected remain 
ing duration of the journey. 
I0131. A method according to an embodiment of the inven 
tion will now be described with reference to FIG. 10. The 
method may be performed by a route attribute module. 
0.132. In step 1010 a destination is selected. The destina 
tion may be received by the navigation device 200 from the 
user, Such as the user entering a name of the destination, or 
other details, into the navigation device 200. The destination 
may be selected by the user from amongst a plurality of 
destinations. The plurality of destinations may be destina 
tions stored in the favourites database 520. In one embodi 
ment, the user is provided with a list of destinations retrieved 
from the favourites database 520 from which to select the 
desired destination, such as by pressing on an appropriate 
area of the display device. However in other embodiments the 
destination may be that predicted by the navigation device 
200, as previously described. The destination may have been 
automatically selected by the navigation device 200. In one 
embodiment the destination may be automatically suggested 
or provided to the user and confirmation received from the 
user indicative of the destination being correct. 
I0133. In step 1020 a primary route to the selected destina 
tion is calculated. The primary route may be calculated as 
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previously described with reference to FIG. 9 based upon the 
trip database 510 and/or a route predicted using the prediction 
module. 
0134) In step 1030 an ETA is determined of the user at the 
destination following the primary route determined in step 
1020. The ETA may be solely based on the attributes of the 
digital map data, such as travelling speeds associated with 
road segments, or may also include data relating to the speed 
of one or more users previously travelling along those road 
segments, so called historical data. Furthermore, the ETA 
may be based upon information previously received by the 
navigation device 200 such as traffic and/or weather informa 
tion which affects travelling speeds of road segments forming 
the route. The ETA may be displayed on the display device 
240 in step 1030. The ETA may be an expected arrival time at 
the destination, or journey duration. The ETA for the current 
route may be known as a primary route ETA. 
0135 FIG. 11 illustrates an embodiment of a display 
screen showing the ETA. The display screen is arranged to 
provide an indication of the route to be followed and ETA 
information 1110 which comprises an expected arrival time 
1110. As can be appreciated, the display screen shown in FIG. 
11 is indicating that the user should continue straight ahead 
toward the indicated expected arrival time 1110, i.e. continue 
following the current road segment. However it can be appre 
ciated that an upcoming left turn is indicated with associated 
time information 1120, as will be explained. Therefore the 
user is approaching a decision point where the user faces a 
decision regarding making the possibly indicated turn. In 
other words, the primary route is to continue straight ahead 
whereas a secondary route to the destination exists via the 
upcoming left-turn, wherein the primary and secondary 
routes intersect at the decision point. The route via the left 
turn is the secondary route because it does not form the 
current optimal route to the destination, i.e. having the short 
est ETA. Therefore the secondary route is an alternate route to 
the destination. 
0136. In step 1040 the method determines whether a deci 
sion point on the route has been reached, or is proximal to the 
current location of the navigation device 200. For example, it 
may be determined whether the current location of the navi 
gation device is within a predetermined distance such as 500 
m of the decision point. As noted above, the decision point is 
a point on the current route where a plurality of diverging road 
segments present in the travel network are available to reach 
the destination. 

0.137. Once the navigation device 200 is at, or proximal to, 
the decision point the method moves to step 1050. In step 
1050 an ETA at the destination via the alternate route acces 
sible at the decision point is determined. The ETA may be 
known as the secondary route ETA. It will be expected that the 
secondary route ETA will be greater than the primary route 
ETA. It will be noted that the secondary route ETA does not 
necessarily need to be calculated in response to the device 
being proximal to the decision point. The secondary route 
ETA may already be stored in the memory of the navigation 
device 200, for example as a result of the route calculation 
step 1020 or a subsequent recalculation of the route in 
response to received traffic and/or weather information. 
0.138. In step 1060 an ETA delta 1120 indicative of the 
time difference between the primary and secondary route 
ETAs is generated in step 1060 and is displayed on the display 
device 240 as shown in FIG. 11. In some circumstances, for 
example due to changed traffic conditions indicated by the 
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received traffic information, the primary route first selected 
may have a longer ETA than the secondary route. In which 
case the primary and secondary routes may be reversed, i.e. 
the user indicated to follow the secondary route having the 
shorter ETA. In this case, the ETA delta is indicative of the 
difference in following the longer route represented by the 
previous primary route. Alongside the ETA delta 1120 in FIG. 
11 is a symbol 1130 indicative of a speed camera being 
present on the secondary route. It will be realised that this may 
be omitted from embodiments of the invention. Although not 
shown in FIG. 11, the display device of FIG. 11 may addi 
tionally show the location of traffic jams, and an associated 
delay, or other similar travel information. 
0.139. As can be appreciated, embodiments of the inven 
tion described with reference to FIGS. 10 and 11 periodically 
update the user with information about an attribute. Such as 
ETA, of routes to a destination as the user approaches deci 
sion points along a primary route. Thus the user is able to 
decide whether to continue on the current primary route or to 
follow the secondary route to the destination in view of the 
information associated with the difference between the pri 
mary and secondary routes. Although the above description 
refers to primary and secondary routes it will be realised that 
more than one alternate route to the destination from a deci 
sion point may exist. 
0140. Some embodiments of the invention include a driv 
ing view module which is arranged to operatively display on 
the display device 240 a representation of a road network 
based on the digital map data. The driving view module is 
arranged to generate a schematic representation of the road 
network within a field of view of the user based on the loca 
tion of the navigation device 200. The representation provides 
the user with an indication of a road topology within the 
user's field of view. In particular, the driving view module is 
arranged to provide a simplified schematic representation of 
the road network within a predetermined range of the current 
location. In some embodiments, the predetermined range is 
based upon a class or type of road to which the current 
location corresponds. In particular, some embodiments of the 
invention are arranged to distinguish between roads present in 
the trip database 510 and those merely present in digital map 
data, as will be explained. 
0.141. An illustration of a representation provided on the 
display device by the driving view module is shown in FIG. 
12. As noted above, the digital map data comprises informa 
tion indicative of a layout of a road network in a geographic 
area and the trip database 510 stores information indicative of 
a subset of the road network previously travelled by the user 
of the navigation device 200, i.e. the personal network of the 
user of the navigation device 200 as identified from the trip 
database 510. The driving view module is arranged to distin 
guish, on the display device 214, roads present in the trip 
database 510. The roads in the trip database 510 are distin 
guished in the representation from roads only present in the 
digital map data. 
0.142 FIG. 13 illustrates a portion of digital map data and 
a corresponding portion of the trip database 510. The portion 
of digital map data comprises information relating to roads 
1310-1360 whilst the trip database 510 comprises informa 
tion indicative of roads 1310 and 1340 (as distinguished in 
broken lines) i.e. the user has only previously driven along 
road segments 1310 and 1340 and not along, for example, 
road segment 1330, at least within the history of trip database 
510. It will be appreciated that road segments 1310, 1340 are 
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included within the digital map data and trip database 510 
whereas road segment 1330 is only included within the digital 
map data. 
0143 Referring again to FIG. 12, the display device 240 is 
caused to display the driving view 1200 comprising a sche 
matic illustration of roads within the user's field of view up to 
a predetermined range from the current location of the navi 
gation device 200. The current location 1210 is identified as a 
location at a bottom-centre of the display device 240. A cur 
rent road segment on which the user is located or currently 
travelling, is arranged to project upwardly away from the 
current location 1210 and is schematically represented as a 
straight line extending forward away from the user's location 
1210 at a base of the display device 240 to an upper area 1220 
of the display device 240. The portion of road segment 
between the current location 1210 and the upper area 1220 is 
that within the predetermined range. In an exemplary 
embodiment the predetermined range is 800 m, although it 
will be realised that this may be suitably chosen. In one 
embodiment, the predetermined range may be a first range, 
such as 800 m for roads of one or more predetermined classes 
or types, such as main roads, or a second range, such as 400 m, 
for one or more predetermined classes corresponding to 
minor roads. The ranges may be chosen accordingly such that 
the first range is greater than the second range. It will be noted 
that the current road segment is schematically represented as 
a straight line. The straight line runs from an origin indicative 
of the current location to a horizon. In contrast the digital map 
data indicative of the current road segment may comprise 
information indicative of a curvature of the road segment i.e. 
the road segment may not be geographically straight. 
0144. The driving view 1200 further comprises a repre 
sentation of roads which are accessible from the current road 
segment via an exit Such as a junction. The roads are repre 
sented as being arranged at 90 degrees to the current road 
segment, although it will be realised that this is not necessar 
ily the angle of intersection of the real-world road network. 
Furthermore, it will be noted that roads are graphically 
denoted as being one of two types according to the trip data 
base 510. Road segments adjacent the current road segment 
which are not identified in the trip database 510 are indicated 
in a “greyed-out” style such as road 1230. The greying out is 
used to indicate to the user that they have not previously 
travelled along this road, i.e. that the corresponding road 
segment is not listed in the trip database 510. It will be 
appreciated that the user may have travelled along the road 
previously and Such recorded usage has been expunged from 
the trip database 510 such as during management of the trip 
database 510 size. Road segments identified in the trip data 
base 510 indicative of the user's previous use of the road are 
displayed in a highlighted manner, such as road 1240. The 
highlighting is used to indicate that the road will be familiar to 
the user. Referring again to FIG. 13 which illustrates a portion 
of the digital map data comprising road segments 1310-1360, 
although the road segments are shown as intersecting at 90 
degrees it will be realised that this is merely for illustration. 
When travelling along road segment 1310 the adjacent road 
segment 1340 is highlighted in the driving view in the manner 
of road 1240 in FIG. 12 whilst, for example, road 1320 is 
indicated as greyed-out. It will be noted from FIG. 12 that the 
current road extending forward from the current location is 
highlighted. However it will be appreciated that the current 
road may be partially greyed out where the user has only 
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previously travelled along part of the road shown ahead 
within the range shown on the display device. 
0145 Embodiments of the invention relate to the provi 
sion of relevant, or at least potentially relevant, traffic infor 
mation. In some embodiments of the invention traffic infor 
mation which has a likelihood of being relevant to the user is 
provided. In some embodiments of the invention traffic infor 
mation which is possibly relevant to the user is provided. 
Embodiments of the invention relate to providing a list of 
traffic information to the user. 

0146 Embodiments of the invention comprise a traffic 
information module which is arranged to operatively provide 
traffic information to the user. In one embodiment the traffic 
information module determines traffic information which is 
at least potentially relevant to the user based on the trip 
database 510. As explained above, the trip database 510 stores 
information indicative of road segments which have previ 
ously been traversed by the user, at least within the lifetime or 
maintenance period of the trip database 510. Thus the content 
of the trip database 510 represents a personal road network of 
the user of the navigation device 200. 
0147 The traffic information module receives traffic 
information associated with the digital map data. The traffic 
information may first be received, such as overa wireless, e.g. 
GPRS, connection, by another module of the navigation 
device 200 and provided to the traffic information module. 
The traffic information may include, without limitation, 
information relating to traffic jams or delays caused by acci 
dents, road or lane closures, road works, weather conditions, 
etc. The traffic information comprises traffic events associ 
ated with respective locations in the digital map data. The 
location associated with a traffic event may correspond to one 
or more road segments in the digital map data. The traffic 
information module operatively filters the received traffic 
information by determining items of traffic information asso 
ciated with road segments present in the trip database 510. 
The traffic information module is arranged to filter out traffic 
events which are not associated with the personal network 
stored in the trip database 510. In other words, ifa traffic event 
is associated with a road segment which is not indicated in the 
trip database then the traffic information module is not 
responsive to that traffic event. However, if the traffic event is 
associated with a road segment in the trip database 510, the 
traffic information module further utilises or processes that 
traffic event. Thus only traffic events associated with the 
personal road network of the user are utilised. The traffic 
information may further be filtered by the traffic information 
module based on one or more of a driving time or distance 
from the current location, or an as-the-crow-flies distance 
from the current location. Hereinafter traffic events deter 
mined as potentially relevant following filtering by the traffic 
information module are referred to as probable traffic events. 
0.148. In some embodiments the traffic information mod 
ule is arranged to generate no-am events based on the trip 
database 510. The term “no-jam' is used broadly to mean 
"no-event as encompassing a lack of traffic and weather 
events. A no-jam event is indicative of there being no traffic 
events associated with a road segment or location in the trip 
database 510. The traffic information module may determine 
no-jam events only for one or more predetermined classes of 
road i.e. major roads, such as motorways, highways etc., in 
order to avoid an excess of no-am events being generated. 
Further details of the no-jam events are provided below. 
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014.9 The traffic information module may determine a 
probability value for one or both of the probable traffic events 
and the no-jam events. The probability value is indicative of a 
probability of the user actually traveling along the road seg 
ment associated with the respective probable jam or no-am 
event. The probability value may be indicative of the user 
experiencing the traffic or no-am event. The probability may 
be based upon one or more of whether the event is on a road 
segment forming part of a current route to a destination, Such 
as a destination predicted as described above; a direction of 
the road segment to which the event applies; a distance 
between the current location of the navigation device 200 and 
the event; and a travelling time between the current location 
and the event. 

0150. In one embodiment of the invention, a method of 
determining the probability comprises determining a current 
timeslot, i.e. the timeslot into which the current time falls into, 
which may be calculated as: 

3600: 247 ) timeslots= (timestamp % 1800 

0151 wherein 3660 is the number of seconds in an hour, 
24 is the number of hours in a day, 7 is the number of days in 
a week, 1800 is the number of seconds in half an hour, and% 
is the modulus operator. Thus the variable timeslot is one 
half-hour period of the week. 
0152 The method further comprises determining a mini 
mum distance to a node associated with the event. The dis 
tance may be a distance between the current location and a 
nearest node associated with the event, such as a node at an 
end of a road segment to which the event applies. The distance 
may be as the crow flies. 
0153. A time difference timediff may be calculated which 

is indicative of a time required for the user of the navigation 
device 200 to arrive at the event. The time may be calculated 
based upon the minimum distance and the current timeslot. 
0154 The probability may then be calculated based upon 
the time difference. In one embodiment the probability P may 
be calculated as: 

P = (s - timediff 336 :100 

O155 wherein 336 is the number of timeslots in a week 
which it will be realised may be varied. Thus the probability 
of an event is greater for events which are closer to the 
location of the user. The probability value may be further 
modified by, for example, whether the event is on a road 
segment forming part of a current route and/or a direction of 
the road segment to which the event applies, i.e. northbound 
carriageway, in relation the user's current direction of travel. 
0156 FIG. 14 illustrates a portion of the personal network 
determined from the trip database 510. A location of the 
navigation device is indicated as 1700 in relation to first to 
third probable jams 1710, 1720, 1730 which are present on 
navigable segments included within the personal network. 
The first and second 1710, 1720 jams have respective asso 
ciated probabilities which are greater than 0 and thus repre 
sent probable jams which the user may encounter. However 
the third probable jam, although on a navigable segment 
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forming the personal network and within a predetermined 
range of the current location 1700, has a probability of 0% due 
to, for example, the traffic event relating to a road segment 
having an opposing direction of travel to the current travel 
direction of the user. 

0157 FIG. 15 illustrates a region of the personal network 
for which a plurality of no-jam events have been generated, 
only one of which is indicated with a reference numeral 1810. 
Each no-am event is determined as relating to a road having 
a number in its name, thus being at least a predetermined class 
or type of road, the road segment being more than a predeter 
mined length such as 600 m, the road being within a prede 
termined range 1820 of the current location such as 50 km, as 
indicated and the road being less than a predetermined trav 
elling time from the current location Such as 35 minutes. 
0158. In some embodiments of the invention the traffic 
information module is arranged to determine possible traffic 
events. A possible traffic event is one which may be relevant 
to the user, but which does not relate to the personal network 
i.e. a possible jam relates to a navigable segment in the digital 
map data which does not form part of the personal network 
stored in the trip database 510. A possible traffic event may be 
determined to relate to a road segment or location within a 
predetermined distance of a current location of the navigation 
device 200. The predetermined distance may be, for example, 
50 km of the current location and may be a haversine distance 
of the current location, as the crow flies, or via the road 
network. Furthermore, in some embodiments of the inven 
tion, possible traffic events may be determined to relate to a 
predetermined direction in relation to one or both of a course 
or heading of the road segment associated with the traffic 
event, and a predetermined angle in front of the navigation 
device's heading. 
0159 Referring to FIG. 16, a current location of a naviga 
tion device 200 is indicated 1910 and a current heading 1911 
of the navigation device 200. The current heading 1911 is a 
direction of travel of the navigation device 200. The heading 
may be instantaneously determined i.e. based on the direction 
of travel at that moment. However the direction of travel may, 
in Some embodiments, be determined based on an average 
direction of travel over a predetermined period of time prior to 
the current time, such that direction of travel is not exces 
sively affected by, for example, a bend in a road which may 
influence the instantaneously determined direction. A prede 
termined sector 1920 ahead of the current direction of travel 
1911 is determined. The predetermined sector 1920 may 
assume an angle either side of the current direction 1911, for 
example+60°, although it will be realised that other angles 
may be chosen. Traffic events not located within the prede 
termined sector 1920, such as traffic event 1925 are not con 
sidered as possible traffic events. A direction of each traffic 
event 1930 may be considered in some embodiments. A direc 
tion of a traffic event may be determined from the road seg 
ment, and possibly direction upon the road segment, with 
which the traffic event is associated. Traffic events may be 
uni-directional where associated with a carriageway of a road 
segment, whilst others may be bi-directional where applying 
to both carriageways, or a road segment in general. A direc 
tion of a traffic eventis indicated as 1930. If the direction 1930 
is within a predetermined angle of the current direction of 
travel, indicated specifically as 1935, then the traffic event 
may be a possible traffic event. For example, traffic event 
1940 is not a possible traffic event as its direction is not within 
the predetermined angle of the current direction of travel 
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1935, 1920. The predetermined angle may be the same as that 
used for the predetermined sector 1920 or assume a different 
angle. 

(0160 FIG. 17 illustrates an incident list 2000 according to 
an embodiment of the invention. The incident list 2000 is 
generated by the traffic information module and displayed on 
the display device 240. The incident list 2000 comprises a 
plurality of items of incident information 2010, or incident 
items. The incident list 2000 may contain a predetermined 
maximum number of incident items. The items of incident 
information may be listed in a ranked order determined 
according to an embodiment of the invention. In Such ranked 
order the incident items most relevant to the user are dis 
played toward a top of the list 2000. Each item 2010 com 
prises an indication of a road segment to which the item 
applies, an indication of the type of incident and an indication 
of a delay time associated with the incident. The indication of 
the type of incident may be a graphical indication selected 
from amongsta plurality of types of incident. For example the 
incident at a head of the list 1900 in FIG. 20 graphically 
indicates that the incidentis heavy traffic having an associated 
28 minute delay, whereas the second incident is of type acci 
dent having a delay of 14 minutes. A colour of the graphical 
indication may be selected to indicate a severity of the delay. 
(0161 The incident list 2000 may be generated by the 
traffic information module based upon the above-described 
probable traffic events, no-jam events and possible traffic 
events. In one embodiment, probably traffic events and no 
jam events take precedence over possible jam events. That, it 
possible traffic events are only displayed when the incident 
list 2000 is not fully occupied by probable traffic events or 
no-jam events. Furthermore, when the incident list 2000 com 
prises all three events the probable and no-jam events are 
listed above possible traffic events. The incidents 2010 may 
be sorted by criteria including alphabetically based on road 
segment name or number, severity, distance from a current 
location. However in one embodiment the incidents are sorted 
based on a relevance score determined according to an 
embodiment of the invention. 

0162. In some embodiments the traffic information mod 
ule is arranged to determine a relevance of each probable 
traffic event and no-jam event. The relevance may be based on 
at least one of a distance to the traffic event, a delay caused by 
traffic event (i.e. severity), a tendency of the traffic event (i.e. 
whether the delay caused by the event is increasing and/or 
decreasing), and a predicted duration of the traffic event (i.e. 
a prediction of when the traffic event will end). 
0163. In one embodiment of the invention, the relevance 
of each traffic event is determined according to: 

D-D) 

0164 wherein R is a relevance score, P is the probability 
associated with the traffic event as described above which 
may assume a value between 0 and 1. D is a delay associated 
with the traffic event, Di is a distance of the current location 
from the traffic event and c is a constant which, in one 
embodiment, is 7 although it will be realised that other values 
may be chosen. 
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0.165. In one embodiment a relevance of a possible traffic 
event is determined as: 

(0166 wherein Di is a distance of the current location hav 
ing 20 km subtracted, but not going below 0 distance. 
(0167. In some embodiments the incident list 2000 is dis 
played in a dedicated screen or GUI on the display device 240 
i.e. the incident list occupies substantially the entirety of the 
display device 240. In some embodiments, a short incident 
list may be displayed in combination with a representation of 
the road network proximal to the location of the navigation 
device 200, such as that shown in FIG. 12. An embodiment of 
the short incident list 2100 is shown in FIG. 18. The short 
incident list 2100 is shown alongside the incident list 2000 
shown in FIG. 17. However it will be realised that the two are 
not displayed on the display device together and that they are 
shown alongside each other in FIG. 18 for the purpose of 
explanation. The short incident list 2100 comprises incident 
items selected from those in the long or complete incident list. 
Thus a method step according to an embodiment of the inven 
tion comprises selecting one or more items from the full 
incident list 2000. The selected items may be a first predeter 
mined number of items from the full incident list 2000. The 
first predetermined number may be the most relevant items, 
such as the top 1 and 2" items from the full incident list 
2000. However when a location of the navigation device 200 
is within a predetermine distance of a first, top ranked, inci 
dent in the full incident list, the first incident may be omitted 
from the short incident list 2100. The predetermined distance 
may be 800 m, although it will be appreciated that other 
distances may be used. In this case, the 2" and 3" incident 
items are selected for inclusion in the short incident list 2100. 
It will be appreciated that more than two incident items may 
be shown in the short incident list, but less than the number in 
the full incident list 2000. Furthermore, it can be appreciated 
from FIG.15 that an ordering of the incident items in the short 
incident list 2100 is reversed from that in the full incident list 
2000. The first and second incident items selected from full 
incident list 2000 (themselves being the 2" and third items 
the full incident list 2000) are transposed in order to form the 
short incident list 2100. Where only one probable traffic item 
is present in the full incident list as an incident item and the 
remaining items are no-am events, an item indicative of there 
being no-ams on any road may be displayed in the short 
incident list 2100. 
(0168 FIG. 19 illustrates a method 2200 for providing 
traffic information according to an embodiment of the inven 
tion. The method may be performed by the traffic information 
module. Details of steps forming the method are provided 
above. The method 2200 comprises a step 2210 of receiving 
traffic information. The traffic information may be received 
by the navigation device wirelessly for example via a data 
connection from a server or in a broadcast form e.g. over FM 
or digital radio signals. In step 2220 any probable traffic 
events are determined based on the received traffic informa 
tion and the trip database 510. In Step 2230 any no-jam events 
are determined. In step 2240 probability values are deter 
mined for the probable and no-jam traffic events. In step 2250 
any possible traffic events are determined based on the 
received traffic information and the digital map data. In step 
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2260 a relevance of the events are determined. In step 2270 an 
incident list 2200 is generated and in step 2280 a short inci 
dent list 2000 is generated for display on the display device 
240. 
0169. A summary of an exemplary device, and the soft 
ware operating thereon, inaccordance with an embodiment of 
the present invention will now be described. The main fea 
tures of the device are as follows: 

0170 designed for aiding commuters; it is not a navi 
gation device perse in that it does not provide turn-by 
turn guidance instructions; aim to provide personal traf 
fic and travel information when a favourite is selected 
AND near traffic when no destination input (i.e. free 
driving) 

0171 ETA and ETA delta to favourite destination using 
personal main and alternate routes 

0172 predicting destination from one of your input 
favourites 

0173 determining personal relevant traffic 
0.174 permanent active dock; click and go solution 
0.175 ecosystem: web portal and/or mobile app for 
maintaining, e.g. adding and deleting, favourites; view 
ing current traffic for your favourites; registration 

0176 speed camera alerts and reporting 
0177 2.4" colour screen with 7 capacitive touch areas 
0.178 GPRS device for communicating with a server for 
LIVE services, e.g. traffic, speedcameras, weather, OTA 
Software updates 

(0179 GPS device for determining device location 
0180 small battery to support minimum requirements 
when not powered (e.g. GPRS operation, anti-theft use 
cases, and minimal time of operation) 

0181 on/off/reset hard button on the back of the device 
0182 basic speaker, suitable for tones, not voices 
0183 anti-theft features, e.g. remote lock and unlock 
from web portal, pin protection on the device (possibly 
only for first activation following undock and dock) 

Favourites Database 

0184 The favourites database contains the location of one 
or more favourites, e.g. a POI Such as home, work, station, 
School, family, restaurant, etc, up to a maximum number, 
together with an identifier Such as a name, icon and/or and 
colour (all editable by the user). Each favourite will typically 
therefore be a point location. A favourite can be added to the 
database by the user selecting a location on a digital map, or 
based on a current location of the device. 
0185. Favourites can be added on device or using a web 
portal. 
0186 Each favourite may have an associated Zone, e.g. a 
circle of radius 250m centred on the favourite's location. If a 
new favourite is added within the Zone of an existing favou 
rite, then the user is asked if the location of the existing 
favourite is to be changed. 
0187. When using the web portal, one or more (previously 
input) favourites can be selected, and a representation of the 
map sized to contain all selected favourites is shown, together 
with current traffic information superposed on the map. This 
allows the user to view the current traffic situation for travel 
between particular favourites before starting a journey. 
0188 The favourites database can be stored on the device, 
or on a remote server in association with an identifier of the 
device. 
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Trip Database 
0189 The trip database stores the routes travelled by the 
device/user in association with the time of travel. The trip 
database is essentially a personal (or learnt) network, which is 
a subset of the network represented by the digital map. 
0190. The routes are stored with respect to a digital map: 
the digital map comprising a plurality of segments represen 
tative of a network of navigable segments. Each route there 
fore comprises a plurality of segments, and wherein for each 
segment of the route there is stored the following data: 

0191 a segment identifier 
0.192 time slot identifier (recording when travel along 
the segment occurred; time slots of 30 minutes across 
week time period are used in the preferred embodiment, 
i.e. 336 timeslots, but larger or smaller time slots can be 
used as desired) 

0193 a segment identifier of the previous segment (i.e. 
identifying the segment from which the device/user tran 
sitioned to the current segment) 

0194 The routes are therefore stored in such a way that, 
for example, the route from home to work in the morning is 
stored as a separate route from that of work to home in the 
evening. 
0.195 The trip database also stores a count of the number 
of times a segment is traversed in a given time slot. This count 
is used to keep the trip database up to date (and given the 
limited memory capacity available), with older, less fre 
quently used trips being replaced with newer routes as 
required. The trip database therefore always reflects the most 
recent travel behaviour of the devicefuser. 
0196. The end segment of each route in the trip database is 
associated with a favourite from the favourites database. As 
will be appreciated, a user may stop/park at several different 
locations around a particular favourite, and thus different end 
segments may be directed to the same favourite. 
0197) The trip database is created and stored on the device 
in preferred embodiments. It is envisaged, however, that the 
trip database could be created and stored on a server in asso 
ciation with an identifier of the device (or particular user of 
the device). In this latter embodiment, the device sends posi 
tional data to the server representative of its movement on the 
navigable network over time, e.g. time stamped lat-long coor 
dinates received from the GPS device. 

Relevant Traffic Algorithm 
0198 One function of the device is to provide the user with 
relevant, personal traffic information. 
(0199. It is known to show all current traffic events in an 
area to user, the traffic events being Superposed on a repre 
sentation of a digital map. It is also known to inform driver's 
about “relevant traffic on a previously calculated route, e.g. 
on a traffic bar. 
0200 Traffic information is received by the device, e.g. 
HDT feed over GPRS connection. The traffic information is 
received in relation to the base map, and not just the learnt 
network. Traffic information can include information on traf 
fic jams/delays caused by accidents, road closures, road 
works, lane closures, etc. 
0201 Three groups of traffic events can be determined as 
being of relevance to the user, and which can be shown to the 
user in a Jam List. A portion of the Jam List is preferably 
shown in a Short Jam List displayed simultaneously with the 
driving view. Each traffic event in the Jam List is displayed 
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with at least one of: a road name or number, the direction of 
the traffic event (N, S E or W), an icon representing the type 
of the traffic event, the distance to the traffic event, and the 
delay caused by the traffic incident. In use, the entry for a 
traffic event may repeatedly switch between showing the 
distance to the event and the delay caused by the event. 

0202 Probable jams: These are traffic events present on 
the learnt network. The relevance of the identified traffic 
events is based on at least one of distance to the traffic 
event, delay caused by traffic event (i.e. severity), ten 
dency of traffic event (i.e. whether the delay caused by 
the event is increasing and/or decreasing), and predicted 
duration of the traffic event (i.e. a prediction of when the 
traffic event will end). 

0203 Relevant no-jams: The user may be informed 
about segments on the learnt network, typically major 
roads, e.g. motorways, highways, etc. that currently do 
not have any traffic events. Such “no-jams' messages are 
typically in relation to major roads that are in the vicinity 
of the current position. 

0204 Possible jams: These are traffic events that may 
impact the user's journey, but are not determined using 
the learnt network. Possible jams are determined if they 
are within a predetermined distance of the current device 
position (e.g. haversine distances50 km), the jam direc 
tion is within a predetermined angle of the course of the 
device (e.g. +/-120), and the jam is within a predeter 
mined sector in front of the current device position (e.g. 
+/–120°). 

0205 Probable jams and relevant no-jams take precedent 
over possible jams in the displayed Jam List. Traffic events 
are displayed in the Jam list up to a predetermined maximum 
number. Traffic events in the Jam List are sorted using any 
criteria as desired, including: alphabetically based on road 
name and/or number, severity, distance from current position, 
etc. 

Destination Prediction Algorithm 

0206. The prediction engine is used to predict the likely 
destination when a user begins a trip from the learnt network 
and the favourites database. 

0207. The prediction engine uses a current position, time 
slot and the learnt network to predict at least a most probable 
favourite the user is heading toward. The predicted destina 
tion/favourite is shown to the user, and confirmation 
requested that it is correct. If the prediction engine fails to 
return a result, or the predicted destination/favourite is said to 
be incorrect by the user, then the user can select the intended 
destination/favourite or simply select just drive'. 
0208. The prediction engine can also return a most prob 
able route to be travelled to the predicted destination; can 
occur even if the user selected just drive. The predicted route 
is used in the steps of the “route calculation' section dis 
cussed below. 

0209 Prediction engine uses a route search algorithm, 
such as A* or a variant thereof, to search the learnt network 
using cost values based on the relative number of times trav 
elled on each segment leaving a node. For example, at a node 
in the learnt network having two possible paths at a decision 
point, a first path being travelled 20 times and a second path 
being travelled 10 times, the probability of taking the first 
path is 2/3 and the second path is 1/3. 
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0210 Prediction has three components: 
0211 (i) The prediction engine takes the current device 
position and current time, and attempts to identify any seg 
ments of the learnt network that are within a 250 m range of 
the current position and have an associated time slot matching 
the time slot containing the current time or one of the adjacent 
timeslots thereto. If any Such segments are identified, then the 
prediction engine performs a route search on the learnt net 
work starting from each of the identified segments to deter 
mine the most probable route (and accordingly the most prob 
able destination). 
0212 (ii) If no segments are identified in step (i), then 
identify any segments that are within a 250 m range of the 
current position, regardless of time slot. Repeat the route 
search of the learnt network from each of the identified seg 
ments, but wherein the probabilities associated with potential 
paths from nodes are modified, typically reduced, based on 
the difference between the desired time slot and the time slot 
associated with the path. 
0213 (iii) If no segments are identified in step (iii), then 
look at the time slots associated with the segments having a 
favourite associated therewith, i.e. the “end” segments. Sug 
gest the favourite with associated time slot that is the least 
different from the current time slot, assuming a “as the crow 
flies' route from the current position to the favourite at an 
average speed of 60 kph. 
0214 Steps (i) and (ii) provide a likely destination/favou 
rite and route; whilst step (iii) only provides a likely destina 
tion. 
0215. As will be appreciated, the accuracy of the predic 
tion engine improves with: the position and time slot being in 
the learnt network; a regular user travel behaviour, e.g. "com 
muting behaviour, and a higher density of data in the learnt 
network. 

Generating the Schematic Road 
0216. The driving view uses a schematic representation of 
the digital map to provide information to the user, including: 
traffic events and attributes thereof, speed camera locations, 
destination locations, ETA labels and ETA delta labels. ETA 
and ETA delta labels are discussed in more detail below. 
0217 Traffic information in respect of traffic events either 
on the current road and/or exits therefrom are depicted as a 
layer displayed on the schematic representation. Users are 
therefore informed about nearby traffic events, both on and 
off the learnt network. The traffic layer is preferably used to 
inform the user of the distance to the beginning and/or end of 
a jam and the delay associated with the jam. 
0218. The schematic representation shows the road topol 
ogy of the road ahead, e.g. road exits from the current road, 
bends in the current road, and dead ends in the current road, 
up to a predetermined range ahead of the current position. A 
first predetermined range, e.g. 800 m, can be used if the user 
is travelling on a main road, and a second predetermined 
range, e.g. 400 m, can be used if the user is travelling on a 
minor road. Preferably, different colour schemes are used to 
indicate the portions of the schematic road that are on the 
learnt network, and those that are only present in the base 
map. 
0219. The “schematic road' shows the road currently 
being traversed as a line projecting from the base of the 
display window to the top of the display window, the base 
representing the current device location and the top represent 
ing the predetermined range. Shown along this line, project 
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ing to the left or right as appropriate, are exits from the road 
currently being traversed and bends in the current road greater 
than 45°. 
0220. The 'schematic road' is generated from a simplified 
map data structure, which is created at run-time based on the 
topology and geometry of the navigable network present in 
the digital map. 

Creating the Simplified Map Data Structure 
0221 Each segment of the digital map has a start node and 
an end node; at least one of the nodes being connected to at 
least other segment in the digital map. An example of a node 
connecting only two segments is when the same road is split 
into two segments because some of the attributes of the road, 
e.g. name, speed limit, etc, changes in that node position. An 
example of a node connecting a segment with multiple out 
going segments is typically a road with one or more exits in 
that node position. 
0222. At least Some of the segments also have associated 
data indicating the geometry of the segment; this could be 
mathematical representation of the geometry Such as a 
clothoid, or the segment could comprise one or more inter 
mediate nodes can be used to indicate changes in the geom 
etry of the road. The latter is the more common approach, and 
the one described below. 
0223) The aim of the simplified map data structure is 
essentially to identify the road features ahead of the vehicle as 
either “left”, “right” or “straight ahead” based on a compari 
son between the current course (whilst traversing a current 
segment) and the course of the segments ahead of the vehicle. 
In embodiments, this is done by considering the angle 
between a master reference line for a segment and one or 
reference lines for the segment. The “master reference line' is 
the straight line connecting the current position and the next 
node (or intermediate node). A “reference line' is a straight 
line between a node (or intermediate node) and the next node 
(or another intermediate node). 
0224 Exits are positioned along the “schematic road' at 
positions corresponding to their position in the map based on 
the chosen scale for the schematic road. The scale is typically 
not linear, but varies according to a predefined function. 
0225. The schematic road is continually updated as the 
vehicle progresses along the road, with the schematic road 
rotating to the left or the right about a suitable pivot point 
when a driver takes an exit to the left/right or follows a bend 
to the left/right. 

Route Calculation 

0226. A minimum cost route, typically a fastest route, is 
calculated to the destination using the base map, but wherein 
the cost values associated with traversal along segments is 
modified using the learnt network. In particular, the cost 
values of the base map are modified such that the routing 
algorithm favours the segments that form the predicted route 
from the prediction engine (if one is available) and any seg 
ments that are in the learnt network. Segments of a predicted 
route are favoured above those that are on the learnt network. 
0227. The routing algorithm is designed to take account of 
current traffic conditions; in preferred embodiments received 
traffic information reducing a time-dependent average speed 
for the road segment. 
0228. As will be appreciated, due to these modifications in 
the segments costs of the base map, the calculated route 
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should be the fastest route to the destination (given current 
traffic) on the user's favoured routes; although it may not 
always be the overall fastest route to the destination. 
0229. In some embodiments, if the fastest route deter 
mined using the base map as modified by the learnt network 
is Substantially slower than that on the base map alone, e.g. 
50% slower or any threshold level as desired, then route may 
be recalculated to simply reflect the fastest route on the base 
map. 
0230. Although the invention has been described in rela 
tion to time, i.e. fastest routes, etc.; the same invention can be 
applied to other costs, e.g. most economical, etc. 
0231. On the driving view, the user is shown an ETA label 
on the primary, i.e. fastest, route, together with a maximum of 
two ETA delta labels for alternate routes are displayed. 
0232. In order to determine the ETA and ETA delta labels: 
0233 1. The user first selects a destination; this can be 
confirmation of a destination from the prediction engine or 
simply a user selection from the stored locations in the favou 
rites database. 

0234 2. Determine primary route from the current loca 
tion to the selected destination; use traffic information if 
available, or recalculate once traffic information received. 
0235 3. Calculate ETA, and display ETA label for the 
primary route on the driving view. 
0236 4. As user travels, at each decision point of the learnt 
network, i.e. at each point where there are multiplepaths from 
the same segment to reach the same favourite/destination, an 
alternate route is calculated using the less favoured path (on 
the modified base map) and an ETA delta determined. 
0237) 5. Traffic updates are continually received, and the 
primary and alternate paths continually monitored and recal 
culated based on received traffic information. Due to traffic, 
an alternate path may become the primary path, i.e. have a 
quicker ETA, and thus the ETA label is then applied to the 
“new” primary path and the ETA delta label applied to the 
“new” alternate path. 
0238. It will be appreciated that whilst various aspects and 
embodiments of the present invention have heretofore been 
described, the scope of the present invention is not limited to 
the particular arrangements set out herein and instead extends 
to encompass all arrangements, and modifications and alter 
ations thereto, which fall within the scope of the appended 
claims. 

0239 For example, whilst embodiments described in the 
foregoing detailed description refer to GPS, it should be noted 
that the navigation device may utilise any kind of position 
sensing technology as an alternative to (or indeed in addition 
to) GPS. For example, the navigation device may utilise other 
global navigation satellite systems, such as the European 
Galileo system. Equally, it is not limited to satellite-based 
systems, but could readily function using ground-based bea 
cons or other kind of system that enables the device to deter 
mine its geographic location. 
0240. It will also be well understood by persons of ordi 
nary skill in the art that whilst the described embodiments 
implement certain functionality by means of Software, that 
functionality could equally be implemented solely in hard 
ware (for example by means of one or more ASICs (applica 
tion specific integrated circuit)) or indeed by a mix of hard 
ware and Software. As such, the scope of the present invention 
should not be interpreted as being limited only to being imple 
mented in software. 
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0241 Lastly, it should also be noted that whilst the accom 
panying claims set out particular combinations of features 
described herein, the scope of the present invention is not 
limited to the particular combinations hereafter claimed, but 
instead extends to encompass any combination of features or 
embodiments herein disclosed irrespective of whether or not 
that particular combination has been specifically enumerated 
in the accompanying claims at this time. 

1. A mobile device, comprising: 
a processor communicably coupled to a trip database stor 

ing information indicative of a personal road network of 
a user of the mobile device; and 

a memory storing information indicative of a primary route 
to a destination location and an attribute of the route, 

wherein the processor is arranged to operably execute a 
route attribute module (RAM) to determine one or more 
alternate routes to the destination location and an 
attribute of each alternate route, and to display on a 
display device attribute information associated with at 
least one alternate route to the destination when a loca 
tion of the mobile device is proximal to a decision point 
of the personal road network. 

2. The mobile device of claim 1, wherein the decision point 
of the personal road network is a location from which at least 
one alternate route exists to the destination location via the 
personal road network. 

3. The mobile device of claim 1, wherein the RAM is 
arranged to recalculate the attribute of the primary route to the 
destination in view of received information. 

4. The mobile device of claim 3, wherein the received 
information is one or more of received traffic information and 
received weather information. 

5. The mobile device of claim 3, wherein the RAM is 
arranged to calculate the one or more alternate routes in view 
of the received information. 

6. The mobile device of claim 1, wherein the RAM is 
arranged to determine an attribute delta for each alternate 
route and to display the attribute delta as the attribute infor 
mation. 

7. The mobile device of claim 1, comprising a display 
device, and wherein the processor is arranged to cause the 
display device to display an indication of the attribute of the 
primary route associated with a road segment of the primary 
route and the attribute information of the one or more alter 
nate routes associated with road segments of the respective 
one or more alternate route from the decision point. 

8. The mobile device of claim 7, wherein the RAM is 
arranged to determine an attribute delta for each alternate 
route and to display the attribute delta as the attribute infor 
mation, and wherein the processor is arranged to display the 
indication as the attribute delta. 

9. The mobile device of claim 1, wherein the RAM is 
arranged to select one of the alternate routes as a new primary 
route when the attribute of the alternate route improves upon 
the attribute associated with the current primary route. 

10. The mobile device of claim 9, wherein the RAM is 
arranged to select the new primary route when the attribute of 
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the alternate route improves upon the attribute associated 
with the current primary route by more than a predetermined 
margin. 

11. The mobile device of claim 9, wherein the RAM is 
arranged to identify the former primary route as one of the 
alternate routes. 

12. The mobile device of claim 8, wherein the RAM is 
arranged to select one of the alternate routes as a new primary 
route when the attribute of the alternate route improves upon 
the attribute associated with the current primary route, and 
wherein the RAM is arranged to display the indication of the 
attribute of the new primary route and the attribute delta of the 
one or more alternate routes. 

13. The mobile device of claim 1, wherein the attribute is an 
estimated time of arrival (ETA). 

14. The mobile device of claim 1, wherein the personal 
road network of a user is a network of road segments previ 
ously traversed by the user. 

15. A method of providing route attribute information, 
comprising: 

accessing information indicative of a primary route to a 
destination location determined with respect to a trip 
database storing information indicative of a personal 
road network of a user of a mobile device, and an 
attribute of the primary route; 

determining one or more alternate routes to the destination 
location and an attribute of each alternate route; and 

outputting attribute information associated with at least 
one alternate route to the destination when a location of 
the mobile device is proximal to a decision point of the 
personal road network. 

16. The method of claim 15, wherein the one or more 
alternate routes are routes to the destination location via the 
personal network. 

17. The method of claim 15, comprising: 
receiving traffic information and recalculating the attribute 

of the primary route in view the received information; 
and 

calculating the attribute of each of the one or more alternate 
routes in view of the received information. 

18. The method of claim 15, comprising determining when 
the attribute of one of the alternate routes improves upon the 
attribute associated with the current primary route and select 
ing the alternate route as a new primary route. 

19. The method of claim 18, wherein the alternate route is 
selected as a new primary route when the attribute of the 
alternate route improves upon the attribute associated with 
the current primary route by more than a predetermined mar 
gin. 

20-23. (canceled) 
24. A non-transitory computer readable medium compris 

ing computer Software operable, when executed, to cause one 
or more processors to perform a method according to claim 
15. 


