(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2017/191241 A1l

09 November 2017 (09.11.2017) WIPOI|IPCT

(51) International Patent Classification:
G0I1C 21/34 (2006.01) G01C 21/36 (2006.01)

(21) International Application Number:
PCT/EP2017/060623

(22) International Filing Date:
04 May 2017 (04.05.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/331,916 04 May 2016 (04.05.2016) US
62/334,429 10 May 2016 (10.05.2016) US
1608233.1 11 May 2016 (11.05.2016) GB

(71) Applicant: TOMTOM NAVIGATION B.V. [NL/NL];
De Ruijterkade 154, 1011 AC Amsterdam (NL).

(72) Imventors: FISCHER, Johannes Robert; De Ruijterkade
154, 1011 AC Amsterdam (NL). KONIG, Felix Godafoss;
De Ruijterkade 154, 1011 AC Amsterdam (NL). PSZONA,
Pawel Karol; De Ruijterkade 154, 1011 AC Amsterdam
(NL).

74

62y

(84)

Agent: SARIOT, Eray; De Ruijterkade 154, 1011 AC Am-
sterdam (NL).

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

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

(54) Title: METHODS AND SYSTEMS FOR DETERMINING SAFE RETURN RANGE

Figure 1

wo 2017/191241 A1 | 00O
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METHODS AND SYSTEMS FOR DETERMINING
SAFE RETURN RANGE

Field of the Invention

The present invention relates generally to methods for determining an area which may be
travelled within when travelling between a departure node and a destination node. The present invention
also extends to mobile devices, optionally portable navigation systems, systems and computer program
products for implementing such methods. The methods may be computer implemented. lllustrative
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 navigation software so as to provide route planning, and preferably also navigation, functionality.

Background of the Invention

Portable navigation devices (PNDs) that include GPS signal reception and processing
functionality are well known and widely employed as in-car or other vehicle navigation systems.

In general terms, a modern PND comprises a processor, memory (at least one of volatile and
non-volatile, and commonly both), and map data stored within the 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.

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. lllustrative examples of output interfaces include a visual display and a speaker for
audible output. lllustrative 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.

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 transmitters/receivers to allow communication over cellular
telecommunications and other signal and data networks, for example Wi-Fi, Wi-Max GSM and the like.

PND devices of this type also include a GPS antenna by means of which satellite-broadcast
signals, including location data, can be received and subsequently processed to determine a current
location of the device.

The PND device may also include electronic gyroscopes and accelerometers which produce

signals that can be processed to determine the current angular and linear acceleration, and in turn, and in



10

15

20

25

30

35

40

WO 2017/191241 PCT/EP2017/060623

-2-

conjunction with location information 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
provided in in-vehicle navigation systems, but may also be provided in PND devices if it is expedient to do
SO.

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.

Typically, the PND is enabled by software for computing 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.

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.

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 navigation 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 installation of software on the
device to perform both route calculation and navigation along a calculated route.

Route planning and navigation functionality may also be provided by a desktop or mobile
computing resource running appropriate software. For example, the Royal Automobile Club (RAC)
provides an on-line route planning and navigation facility at http://www.rac.co.uk, which facility allows a
user to enter a start point and a destination whereupon the server to which the user’s PC is connected
calculates a route (aspects of which may be user specified), generates a map, and generates a set of
exhaustive navigation instructions for guiding the user from the selected start point to the selected
destination. The facility also provides for pseudo three-dimensional rendering of a calculated route, and
route preview functionality which simulates a user travelling along the route and thereby provides the user
with a preview of the calculated route.

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
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calculation aspect of the PND forms one primary function, and navigation along such a route is another
primary function.

During navigation along a calculated route, it is usual for such PNDs to provide visual and/or
audible instructions 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.

An icon displayed on-screen typically denotes the current device location, and is centred with the
map information of current and surrounding roads in the vicinity of the current device location and other
map features also being displayed. Additionally, navigation information may be displayed, 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 suggestive of the particular type
of deviation, for example a left or right turn. The navigation function also determines the content, 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.

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 navigation (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.

Although the route calculation and navigation functions 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 performed by the device. Such a mode of operation is often
applicable when the user already knows the route along which it is desired to travel and does not require
navigation assistance.

Devices of the type described above provide a reliable means for enabling users to navigate from
one position to another.

A navigation user may often be concerned about how far they can travel in a vehicle given a
particular constraint. For example, it is important for a user to know how far they can travel based on the
current fuel load of petrol, diesel, etc. in the case of a conventional combustion engine vehicle, or in the
increasingly common case of an electric vehicle (EV) the amount of the charge current carried by the
vehicle batteries. Such a concern is commonly referred to as “range anxiety”, where the user is
concerned about reaching a destination, such as a home location or a charging point, without becoming

stranded.
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Simplistically, a 360 degree reachable range based upon the current vehicle location and fuel
load could be displayed to the user on a map. For instance, EP 0638887 A2 describes one method of
calculating and displaying a reachable range for a certain amount of residual fuel. An improved method
that also takes into account route planning preferences of the navigation device is described in WO
2014/001565 A1. EP 1926074 A1 discloses a map displaying device including search means for
calculating travel time information regarding a travel time to an arbitrary point accessible from a particular
reference point, i.e. the current position of a user’s vehicle.

However, these methods only display information relating to the currently reachable area from the
device and do not provide any information regarding whether the user can reach a given segment on a
map and then still reach the desired destination given the current fuel load or other constraint. This may
be referred to as the “safe return range” between the current position of the device and the desired
destination given the current fuel load or other constraint.

Ideally, both of the currently reachable range from the vehicle and the safe return range from
which the destination can still be reached would be maintained simultaneously so that both ranges can be
displayed to the user together, or at least both be immediately available for separate display to the user.
Unfortunately, however, determining the area that can be reached from a given point is inherently
computationally expensive. Calculating a safe return range may involve having to determine a reachable
area for each of a large number of locations within a map region, e.g. all possible locations within the
currently reachable range, and is even more prohibitively expensive. Hence, it is not generally feasible to
expend the amount of effort required for the computation of both the currently reachable area and the
safe return range using conventional techniques. This is especially the case for mobile devices with
limited processing power such a driver's smartphone.

The present invention therefore aims to provide an improved method and system for reducing so-

called “range anxiety”.

Summary of the Invention

In accordance with a first aspect of the present invention there is provided a method for
determining an area which may be travelled within when travelling between a departure node and a
destination node, the method comprising:

determining or retrieving data indicative of a first boundary enclosing a first area around the
destination node that is representative of the locations from which a person or vehicle may travel to the
destination node given a first value of a parameter, wherein the value of the parameter constrains the
distance travelable by the person or vehicle;

estimating a value of the parameter when the person or vehicle is at a first location within the first
boundary, other than the departure and destination nodes, based on an initial value of the parameter at
the departure node and the estimated change in value of the parameter associated with travelling from
the departure node to the first location; and

comparing the estimated value of the parameter at the first location with the first value to
determine whether the first location can be reached by the person or vehicle from the departure node

while still reaching the destination node, given the initial value of the parameter.
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The embodiments allow a determination of whether any particular location can be reached from a
departure node whilst still reaching the destination node, given the initial value at the departure node of
some parameter — the value of which constrains the distance travelable by the person or vehicle. The
totality of these locations therefore represents the area within which the person or vehicle can travel
whilst still reaching the destination node, and so this determination can help reduce the range anxiety of a
user.

Furthermore, and importantly, this determination can be made with a relatively low computational
overhead through a relatively simple comparison between the expected value of the parameter at a given
location (e.g. the first location) after travelling from the departure node to that location and the value of the
parameter associated with the boundary that first location is within. For instance, if the expected value of
the parameter at the first location is such that it is determined that the destination node can be reached
from the first location, then the first location is within a safe return range of the destination node. By way
of example, where the parameter is a charge level of an electric vehicle, if the expected remaining charge
level at the first location lying within the first boundary is 50%, and the first boundary represents that only
10% charge is required to reach the destination node, then the first location would be determined to be
reachable from the departure node whilst still reaching the destination node. Because the first area
around the destination node is associated with a particular value of the parameter and is pre-determined
(i.e. determined or obtained in an initial step of the method), it is then only necessary to check whether
the first location falls within the first area, and compare the two values as described above. It will be
appreciated that the determination of whether the first location can be reached from the departure node
while still reaching the destination node given the initial value of the parameter may thus be determined
directly via this comparison, without e.g. having to separately compute the reachable area from the first
location. This reduces the computational overhead of the method, particularly when the method is
repeated to determine if other locations can be reached from the departure node whilst still reaching the
destination node, given the initial value of the parameter.

The safe return range comprising the plurality of locations that may be reached from the
departure node while still reaching the destination node given the initial value of the parameter may thus
be determined relatively simply, in such a manner that it may even be implemented on a mobile device
with relatively limited processing power.

It will be understood that the term “safe return range” as used herein refers to the range of
locations that can be reached from the departure node whilst still reaching the destination node given the
initial value of the parameter.

The value of the parameter constrains the distance travelable by the person or vehicle from a
particular starting position. The first boundary therefore represents the maximally reachable points from
which the person or vehicle may travel to the destination node given the first value of the parameter.
Similarly, the plurality of different boundaries around the destination node referred to below represent the
maximally reachable points from which the person or vehicle may travel to the destination node given the
respective values of the parameter associated with each of the different boundaries. A particular
boundary around the departure node may generally be constructed using a plurality of points around the

destination node, with the points being interconnected to define the shape of the boundary. It will be
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appreciated that a boundary need not necessarily be a complete continuous boundary surrounding the
destination node, e.g. where the boundary is only determined in certain directions from a particular node.
It will also be appreciated that where a determination is being made in real time, it may not be practical to
determine the full extent of the boundary before a change in the initial value of the parameter or the
departure node occurs.

In general, it is contemplated that the distance travelable may be constrained by one or more
parameter, and the method may therefore take into account more than one parameter. However,
typically, only a single constraining parameter will be taken into account.

In general, the method may relate to a method for determining an area which may be travelled
within when travelling between a departure node and a destination node based on digital map data,
wherein the digital map data comprises a plurality of links connected by nodes representing navigable
paths of a network. The departure node, destination node and first location may therefore each comprise
a respective link or node within the network. The boundaries and areas around a node may therefore
similarly comprise a number of links or nodes within the network.

A boundary around a given node associated with a particular value of a parameter that constrains
the distance travelable, as described herein, may generally be determined using any suitable method for
determining the distance travelable from (or to) the node based on the particular value of the parameter.
For instance, in embodiments, it is contemplated that the boundaries may be determined based on the
respective value(s) of the parameter and a route-planning algorithm that takes into account route-
planning preferences of the or a navigation device associated with the person or vehicle. The route-
planning algorithm may e.g. take into account a route-planning function such as the length, travel time
and/or travel speed associated with each of a plurality of links defining a route extending around a
particular node in order to preferentially select the shortest, fastest, or most fuel or energy efficient routes
between the node and any particular location from which a person or vehicle may travel to the node given
a first value of the parameter. Generally, the algorithm will explore links around the destination node
using a one-to-many searching algorithm. For any given route between the destination node and a
location, each of the links along the route will be assigned a certain value or cost in terms of the
parameter and optionally in terms of a route-planning function, such that the route has an accumulated
value or cost in terms of the parameter and optionally in terms of the route-planning function. A boundary
associated with a certain value of the parameter may thus be determined by the endpoints of routes
whose accumulated cost or value of the parameter matches that value. Typically, the algorithms used to
determine the reachable area or boundary may explore links that are closer to the destination node in
more detail than links that are further away.

The first boundary and/or the plurality of boundaries may be determined as a first step of the
method, or may be pre-determined, with data indicative of the boundaries being retrieved (e.g. from a
persistent memory of a device implementing the method, or from an external server) and then used in the
subsequent step of comparison. It will be appreciated that because the destination node is typically a
fixed point, the reachable area around the destination node does not tend to change drastically over time,

so that the determined reachable areas or boundaries around the destination node can be re-used, or at
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least re-determined with relatively little computational overhead, for multiple distinct instances of travel
through the map region.

The destination node is typically a fixed location on the map, e.g. corresponding to a home
location, or some other predetermined location. For example, in the case where the parameter is a fuel
load of a vehicle or a level of charge of an electric vehicle, the destination node may comprise a particular
re-fuelling or re-charging point. It will be appreciated that because the location of the destination node is
typically fixed, the reachable boundaries around the destination node may be expected to remain
relatively constant over time.

It is also contemplated that there may be multiple fixed destination nodes, and the method may
determine the safe return range to any or all of these. For instance, the method may change the
destination node being used in real time upon moving out of the safe return range of one destination node
but into the safe return range of another destination node. Alternatively, the safe return ranges
associated with different destination nodes may be visualised together using e.g. different colours on a
map.

The first location is generally a location within the currently reachable area from the departure
node. The first location also lies within a reachable area (i.e. the first area, within the first boundary)
around the destination node. For other locations within the currently reachable area from the departure
node that do not lie within a reachable area or boundary of the destination node, it would not be possible
to safely return to the destination node, so these will always be outside of the safe return range.

The method may generally be a method for determining an area which may be travelled within
when travelling between a departure node and a destination node for a mobile navigation device, or a
vehicle to which the mobile navigation device is mounted. The device may be a portable navigation
device (PND), e.g. of the type described in the background section above.

It will be appreciated that e.g. the value of the parameter at the first location is only an estimate of
the expected value of the parameter at the first location, and that, for instance, a change in the traffic
conditions may cause a deviation from the estimated value. Thus, the method may be considered to be a
method of approximating an area which may be travelled within when travelling between a departure
node and a destination node given an initial value of a parameter that constrains the distance travelable
by a person or vehicle.

In embodiments, the method comprises determining or retrieving data indicative of a plurality of
different boundaries around the destination node, each different boundary associated with a different
respective value of the parameter, the different boundaries enclosing areas around the destination node
that are representative of the locations from which a person or vehicle may travel to the destination node
given the value of the parameter associated with that boundary,

wherein the method further comprises determining between which two adjacent of the boundaries
the first location lies, and comparing the estimated value of the parameter at the first location with the
value of the parameter associated with the outer boundary and/or the inner boundary of the two
boundaries to determine whether the first location can be reached by the person or vehicle from the

departure node while still reaching the destination node, given the initial value of the parameter.
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Typically, the comparison is made between the estimated value of the parameter at the first
location and the value of the parameter associated with the outer boundary of the two boundaries
between which the first location lies. Thus, the inner boundary effectively serves only to identify which
outer boundary to use in the comparison. However, it will be appreciated that the comparison may also
or additionally be based on the value of the parameter associated with the inner boundary of the two
boundaries between which the first location lies. The outer boundary is the boundary that is furthest away
from the destination node.

Each boundary may be associated with a progressively increasing value of the parameter such
that each boundary represents a progressively increasing distance travelable from the destination node.
For example, the boundaries may be concentrically arranged around the destination node. However, it
will be appreciated that depending on how the parameter is defined, each boundary may be associated
with a progressively decreasing value of the parameter such that each boundary represents a
progressively increasing distance travelable from the destination node.

The plurality of boundaries generally represents a series of progressively increasing travelable
distances to the destination node such that adjacent boundaries define a series of ring-like areas around
the destination node. The method may thus comprise determining which of the ring-like areas a particular
location lies within, and comparing the expected value of the parameter at that location with a value of the
parameter associated with that ring-like area. Adjacent ring-like areas may be associated with a range of
travelable distances corresponding to adjacent ranges or values of the parameter. That is, each ring-like
area represents an additional reachable range associated with changing the value of the parameter. For
instance, the ring-like area defined between an inner boundary associated with a first value of the
parameter and an outer boundary associated with a second values of the parameter represents the
additional travelable distance associated with changing the value of the parameter from a value less than
(or equal to) the first value to a value between the first value and the second value.

In embodiments, the method further comprises:

estimating a value of the parameter when the person or vehicle is at a second location within the
first boundary and/or between an adjacent two of the plurality of boundaries, other than the departure and
destination nodes and the first location, based on an initial value of the parameter at the departure node
and the estimated change in value of the parameter associated with travelling from the departure node to
the second location; and

comparing the estimated value of the parameter at the second location with the first value and/or
with the value of the parameter associated with the outer boundary and/or the inner boundary of the two
boundaries to determine whether the second location can be reached by the person or vehicle from the
departure node while still reaching the destination node, given the initial value of the parameter.

The second location may be within the first area enclosed by the first boundary, or may be within
a different area defined between an adjacent two of the plurality of boundaries. The method may thus
comprise comparing the estimated value of the parameter at the second location with the value of the
parameter associated with the area within which it lies to determine whether the second location can be
reached by the person or vehicle from the departure node while still reaching the destination node, given

the initial value of the parameter.
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The method may comprise estimating a value of the parameter when the person or vehicle is at a
third or further location (other than the departure and destination nodes and the first and second
locations) within the first boundary and/or between an adjacent two of the plurality of boundaries based
on an initial value of the parameter at the departure node and the estimated change in value of the
parameter associated with travelling from the departure node to the third or further location; and
comparing the estimated value of the parameter at the third or further location with the value of the
parameter associated with the first boundary and/or with the outer boundary and/or the inner boundary of
the two boundaries to determine whether the third or further location can be reached by the person or
vehicle from the departure node while still reaching the destination node, given the initial value of the
parameter.

The method may comprise performing the steps of estimating a value of the parameter and
comparing the estimated value of the parameter described above at each of a plurality of locations.

The method typically involves determining whether the first and second, or the first, second, third
and further, locations can be reached by the person or vehicle from the same departure node, i.e. when
the departure node is at a single fixed location. This may then be repeated for the (or different) first,
second, third and/or further locations for a different departure node e.g. as the departure node moves or
is updated, as discussed in more detail below.

In embodiments, the method comprises determining an area around the departure node
representative of the locations from which the person or vehicle may travel from the departure node
based on the initial value of the parameter; and

determining, using the first boundary and/or at least some of the plurality of different boundaries,
for each of a plurality of the locations within the area around the departure node whether each of the
plurality of locations can be reached while still reaching the destination node.

The area around the departure node representative of the locations from which the person or
vehicle may travel from the departure node based on the initial value of the parameter may be determined
using any suitable method e.g. for determining a currently reachable area around the departure node.
For instance, the currently reachable area based on the initial value of the parameter may be determined
using the same methods used to determine the boundary or boundaries around the destination node.

For each of the plurality of locations, it may first be determined whether or not the location lies
within a reachable area or boundary of the destination node.

If a particular location is outside the furthest reachable area to the destination node (i.e. outside
the boundary associated with the maximum (or minimum) value of the parameter), then that location
could never be reached from the departure node while still reaching the destination node. Locations
falling outside of the furthest reachable area to the destination node may be disregarded, or may be
included in the analysis but e.g. compared with an effectively infinite value of the parameter such that
they would always be determined to be not reachable given the current value of the parameter.

However, for locations that do fall within a reachable area or boundary of the destination node
(i.e. within the first boundary and/or one or more of the plurality of boundaries), the method may proceed

as above, such that the value of the parameter at the location can be compared with the value of the
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parameter associated with the area around the destination node within which the location falls so as to
determine whether or not it is possible to still reach the destination node.

It will be appreciated that the area around the departure node representative of the locations from
which the person or vehicle may travel from the departure node based on the initial value of the
parameter essentially represents the currently reachable area from the departure node. Thus, the
embodiments allow the safe return range to the destination node to be directly computed based on the
determination of the currently reachable area without significantly increasing the computational effort.

The area around the departure node representative of the locations from which the person or
vehicle may travel from the departure node based on the initial value of the parameter may be determined
using live positional data, e.g. live GPS data, reflective of the current or recent traffic conditions within the
region of the map containing the departure and destination nodes.

In embodiments, the method further comprises using the method to create map data of, and/or
display an area, comprising locations between the departure node and destination node that can be
reached from the departure node whilst still reaching the destination node based on the initial value of the
parameter, optionally in real-time.

The created map data may e.g. be maintained for subsequent display to a user, e.g. upon a user
selecting that information for display. By displaying the area comprising locations between the departure
node and destination node that can be reached from the departure node whilst still reaching the
destination node based on the initial value of the parameter, the user is provided with a visual
approximation of the areas that can be reached whilst still reaching the destination node, thus helping to
reduce the driver’'s range anxiety. The area may be visualised and displayed in any suitable manner.
Generally, the area will be defined by a plurality of discrete points, with at least some of these points
being interconnected to shape the area.

The departure node and initial value of the parameter may change over time, in which case the
method may be performed continuously such that the safe return range is continually re-determined. The
area that is to be displayed may therefore change in real time as the departure node and/or initial value of
the parameter change.

In embodiments, the method comprises creating map data of, and/or displaying the or an area
around, the departure node representative of the range from which the person or vehicle may travel from
the departure node based on the initial value of the parameter.

The range may correspond to the currently reachable area around the departure node.
Optionally, the map data of this range, or this range may be displayed in real-time. The currently
reachable area from the departure node and the safe return area to the destination node may be
simultaneously available for display or may be displayed simultaneously.

In embodiments, the departure node is a current position of the person or vehicle, and wherein
the initial value is the current value of the parameter.

The method may then comprise repeating the steps of estimating the value of the parameter at
the first location and comparing the estimated value of the parameter at the first location with the first

value in real time as the current position and current value of the parameter changes.



10

15

20

25

30

35

40

WO 2017/191241 PCT/EP2017/060623

-11 -

The current position of the person or vehicle may be determined from live positional data, e.g.
provided by GPS, that is continuously or periodically updated as the person or vehicle moves within the
environs of the map region.

The steps of estimating the value of the parameter and comparing the estimated value of the
parameter may be repeated at the or a second or further location, with the estimated value of the
parameter at the second or further location being compared with the value of the parameter associated
with the area or boundary within which the second or further location lies.

In embodiments, (i) the parameter may be a fuel load or an electric charge level; and/or (ii) the
parameter may be representative of a travel time or a travel distance; and/or (iii) the first value of the
parameter may be the travel time or distance from the first boundary to the destination node, the initial
value of the parameter may be a desired or maximum travel time or distance, and the estimated value of
the parameter at the first location may be an estimated remaining travel time or distance after travelling
from the departure node to the first location.

For example, where the parameter is a travel time, the constraint may be a desired maximum
travel time or a desired arrival time at the destination node. Similarly, where the parameter is a travel
distance, the constraint may be a desired maximum travel distance. Where the parameter is a fuel load
or electric charge level, the constraint may be the initial or current value of the fuel load or electric charge
level.

The value of the parameter may essentially progressively decrease without increasing (or
progressively increase without decreasing) over time as the person or vehicle moves from the departure
node to the destination node. The method may determine whether a particular location can be reached
by the person or vehicle from the departure node while still reaching the destination node without, e.g. a
step of refuelling or recharging the vehicle at a dedicated refuelling or recharging point.

The destination node may be a fixed location and/or the boundary or boundaries around the
destination node may be determined using, or retrieved from, stored or historic data.

The destination node may be a fixed location on the map such that the first boundary and/or the
plurality of boundaries around the destination node may be expected to not change significantly over
time. Hence, the boundaries may be determined using or retrieved from stored or historic data and this
may still provide a good approximation of the safe return range. The stored or historic data may be re-
used or used multiple times over an extended period of time, e.g. corresponding to multiple distinct
performances of the method or multiple distinct journeys within the map region.

The position of the destination node and the boundaries around the destination node may be
stored semi-permanently e.g. in a persistent memory of a mobile device such that this data is retained for
subsequent use even after the method is complete and/or the mobile device is turned off.

From another aspect, there is provided a mobile device, optionally a portable navigation device,
for navigating between a departure node and a destination node comprising:

a memory; and

a processor, wherein the processor is configured to:

determine or retrieve data indicative of a first boundary enclosing a first area around the

destination node that is representative of the locations from which a person or vehicle carrying the device
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may travel to the destination node given a first value of a parameter, wherein the value of the parameter
constrains the distance travelable by the person or vehicle carrying the device;

estimate a value of the parameter when the person or vehicle carrying the device is at a first
location within the first boundary, other than the departure and destination nodes, based on an initial
value of the parameter at the departure node and the estimated change in value of the parameter
associated with travelling from the departure node to the first location; and

compare the estimated value of the parameter at the first location with the first value to determine
whether the first location can be reached by the person or vehicle carrying the device from the departure
node while still reaching the destination node, given the initial value of the parameter.

From a further aspect, there is provided a system for navigating between a departure node and a
destination node comprising:

a mobile device having a memory and a processor; and

a server, wherein the mobile device is configured to communicate with the server;

wherein the server and/or the processor is arranged and configured to:

determine or retrieve data indicative of first boundary enclosing a first area around the destination
node that is representative of the locations from which a person or vehicle carrying the device may travel
to the destination node given a first value of a parameter, wherein the value of the parameter constrains
the distance travelable by the person or vehicle carrying the device;

estimate a value of the parameter when the person or vehicle carrying the device is at a first
location within the first boundary, other than the departure and destination nodes, based on an initial
value of the parameter at the departure node and the estimated change in value of the parameter
associated with travelling from the departure node to the first location; and

compare the estimated value of the parameter at the first location with the first value to determine
whether the first location can be reached by the person or vehicle carrying the device from the departure
node while still reaching the destination node, given the initial value of the parameter.

The mobile device may e.g. be a user’s smartphone or smartwatch running appropriate software.
Alternatively, the mobile device may be a dedicated portable navigation device, e.g. having any of the
features described in the background section above. Generally, the mobile device will have a GPS
functionality and access to live data relating to the region surrounding the mobile device. This live data
may be communicated to the mobile device via a wireless connection from an external server. Typically,
the mobile device will have a display so that the safe return range may be visualised or displayed to the
user.

The processor may be arranged and configured to provide the functionality recited above, with
the server merely providing information or data for use by the processor in performing these steps. For
example, the server may provide live data representative of current map conditions that may be used to
estimate the value of the parameter. In other embodiments, some or all of the recited functionality may
be provided at the server, with the results or data indicative of the results then being communicated to the
mobile device, e.g. for subsequent use by the processor and/or subsequent display to the user. ltis also
contemplated that the server and processor may be arranged and configured to co-operate so as to

provide the recited functionality.
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The processor and/or server may also or additionally be arranged and configured to perform any
or all of the method steps described above in relation to the first aspect, at least to the extent that they are
not mutually exclusive. Again, these steps may be performed directly by the processor of the mobile
device or, alternatively, the method steps may be performed by the server, with the results or data
indicative of the results then being communicated to the mobile device e.g. for subsequent display to the
user.

In embodiments, data indicative of the first boundary enclosing the first area around the
destination node may be stored in a persistent memory portion of the memory.

In other embodiments, data indicative of the first boundary enclosing the first area around the
destination node may be retrieved from the server or from an external server.

It will be appreciated that where a plurality of boundaries around the destination node are used,
data indicative of each of the plurality of boundaries may either be stored in a persistent memory portion
of the memory or may be retrieved from the server or from an external server.

From a yet further aspect, there is provided a computer-implemented method for determining an
area which may be travelled within when travelling between a departure node and a destination node
comprising a method substantially as described above.

From another aspect, there is provided a computer program product comprising computer
readable instructions that, when executed on a computer, cause the computer to perform a method
substantially as described above.

The aspects and embodiments of the present invention as set out above can be additionally or
alternatively described in the following manner.

In accordance with another aspect of the present invention there is provided a method of
determining a first boundary enclosing a portion of a geographic area containing a navigable network
representing the area that is reachable from a first location on the navigable network while still allowing a
second location on the navigable network to be reached given a value of a parameter that limits the
amount of the navigable network that can be traversed, the navigable network being represented by an
electronic map comprising a plurality of segments representing navigable elements of the navigable
network, the method comprising:

determining a position on a segment representative of the first location and obtaining the value of
the parameter at said determined position;

exploring the segments of the electronic map from the determined position representative of the
first location using a search algorithm having an associated cost function and, for segments that are
explored and determined to be reachable, wherein a segment is reachable if it is associated with a value
of the parameter due to traversing an optimum cost route from the determined position representative of
the first location that is less than the obtained value of the parameter, determining if a segment lies within
a second boundary that is associated with a value of the parameter greater than the difference between
the obtained value of the parameter and the value of the parameter associated with the segment, wherein
the second boundary is one of a plurality of predetermined second boundaries, each being associated

with a different value of the parameter, and that each enclose a portion of the geographic area around the



10

15

20

25

30

35

WO 2017/191241 PCT/EP2017/060623

-14 -

second location representing the area from which the second location can be reached given the
associated value of the parameter; and

using the segments determined to be within the second boundary to determine the first boundary.

The present invention provides a method of determining a so called “safe return range”, i.e. the
portion of a navigable network that can be reached from a first location, such as a current location, while
still allowing a second location, such as a predetermined ‘home’ location, to be reached given a value of
parameter that limits the amount of the navigable network that can be traversed. As will be discussed in
more detail below, the parameter can be a fuel load or energy level of a vehicle, or in other embodiments
it may be a maximum time or distance that can be taken in a journey, and thus the value of the parameter
associated with the first location, e.g. current location, can reflect a current fuel load or energy level of the
vehicle (i.e. a value between zero, i.e. empty, and a maximum value, i.e. full) or a remaining distance or
time that can be travelled.

The present invention extends to a system for carrying out a method in accordance with any of
the aspects or embodiments of the invention herein described.

Thus, in accordance with a further aspect of the invention there is provided a system for
determining a first boundary enclosing a portion of a geographic area containing a navigable network
representing the area that is reachable from a first location on the navigable network while still allowing a
second location on the navigable network to be reached given a value of a parameter that limits the
amount of the navigable network that can be traversed, the navigable network being represented by an
electronic map comprising a plurality of segments representing navigable elements of the navigable
network, the system comprising:

means for determining a position on a segment representative of the first location and obtaining
the value of the parameter at said determined position;

means for exploring the segments of the electronic map from the determined position
representative of the first location using a search algorithm having an associated cost function and, for
segments that are explored and determined to be reachable, wherein a segment is reachable if it is
associated with a value of the parameter due to traversing an optimum cost route from the determined
position representative of the first location that is less than the obtained value of the parameter,
determining if a segment lies within a second boundary that is associated with a value of the parameter
greater than the difference between the obtained value of the parameter and the value of the parameter
associated with the segment, wherein the second boundary is one of a plurality of predetermined second
boundaries, each being associated with a different value of the parameter, and that each enclose a
portion of the geographic area around the second location representing the area from which the second
location can be reached given the associated value of the parameter; and

means for using the segments determined to be within the second boundary to determine the first
boundary.

As will be appreciated by those skilled in the art, this further aspect of the present invention can
and preferably does include any one or more or all of the preferred and optional features of the invention

described herein in respect of any of the other aspects of the invention, as appropriate. If not explicitly
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stated, the system of the present invention herein may comprise means for carrying out any step
described in relation to the method of the invention in any of its aspects or embodiments, and vice versa.
The present invention is 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 means for carrying out any of the steps described in relation to the system may be
a set of one or more processors.

The system of the present invention in any of its aspects or embodiments may be in the form of
any suitable device, such as a navigation device. In general, the system of the present invention may be
at least one processing device. The or a processing device may be a device of a mobile device, such as
a navigation device, whether a portable navigation device (PND) or an integrated device, or may be a
device of a server.

In preferred embodiments the method of the present invention in any of its aspects or
embodiments is carried out using a mobile device, such as a navigation device, and the present invention
extends to a mobile, e.g. navigation device arranged to carry out the steps of the method of any of the
aspects or embodiments of the invention. The navigation device may be a portable navigation device
(PND) or an integrated, e.g. in-vehicle, device.

In accordance with any of the aspects or embodiments of the invention the system, e.g.
navigation device, may comprise a display for displaying an electronic map to a user, together with at
least a representation of the determine first boundary, a set of one or more processors configured to
access electronic map data and cause an electronic map to be displayed to a user via the display, and a
user interface operable by a user to enable the user to interact with the device.

Regardless of its implementation, a device, e.g. navigation apparatus, used in accordance with
the present invention in any of its aspects or embodiments may comprise a processor, memory, and
digital map data (or electronic map) stored within said memory. The processor and memory cooperate to
provide an execution environment in which a software operating system may be established. One or
more additional software programs may be provided to enable the functionality of the apparatus to be
controlled, and to provide various other functions. The device, e.g. navigation apparatus, may preferably
include global navigation satellite system (GNSS), e.g. GPS or GLONASS, signal reception and
processing functionality. As will be appreciated the device may use other means for determining its
current location as desired, e.g. terrestrial beacons, the mobile telecommunications network, etc. The
apparatus may comprise one or more output interfaces by means of which information may be relayed to
the user. The output interface(s) may include a speaker for audible output in addition to the visual
display. The apparatus may comprise input interfaces including one or more physical buttons to control
on/off operation or other features of the apparatus.

In other embodiments the method of the present invention in any of its aspects or embodiments
may be carried out by a server, and the present invention extends to a server arranged to carry out the
steps of the method of any of the aspects or embodiments of the invention. The system of the present
invention of any of its aspects or embodiments may be a system e.g. processing device of a server.

Of course, 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 apparatus. For example, the first boundary may
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be determined by a server, e.g. at the request of a navigation device, and provided to the device for
output to a user. The steps of the method may be performed exclusively on a server, or some on a
server and the others on a navigation device in any combination, or exclusively on a navigation device.
Performance of one or more of the steps on the server may be efficient and may reduce the
computational burden placed on a navigation device. Alternatively if one or more steps are performed on
the navigation device, this may reduce any bandwidth required for network communication. Thus, the
system of the present invention may be provided in part by a navigation device or other mobile device,
and in part by a server.

The navigable network is represented by an electronic map. The electronic map comprises a
plurality of segments connected by nodes. The electronic map (or mathematical graph, as it is
sometimes known), in its simplest form, is effectively a database containing data representative of nodes,
most commonly representative of road intersections, and lines between those nodes representing the
roads between those intersections. In more detailed digital maps, lines may be divided into segments
defined by a start node and end node. These nodes may be “real” in that they represent a road
intersection at which a minimum of 3 lines or segments intersect, or they may be "artificial” in that they
are provided as anchors for segments not being defined at one or both ends by a real node to provide,
among other things, shape information for a particular stretch of road or a means of identifying the
position along a road at which some characteristic of that road changes, e.g. a speed limit. The nodes
and segments are further defined by various attributes which are again represented by data in the
database. For example, each node will typically have geographical coordinates to define its real-world
position, e.g. latitude and longitude. Nodes will also typically have manoeuvre data associated therewith,
which indicate whether it is possible, at an intersection, to move from one road to another; while the
segments will also have associated attributes such as the legal speed limit, etc. The segments also have
an associated traversal direction, the traversal direction indicates the possible direction(s) that the
segment can be travelled along. For example, when the navigable network is a road network, a segment
may be representative of a one-way road, or it may be representative of the lanes on one side of a
highway, and thus the segment would be mono-directional, i.e. allowing travel from one node to another
node, but not in the other direction. Alternatively, and as is typically more often the case, the segment
may be bi-directional, i.e. allowing travel from one node to another node, and vice versa. A bi-directional
segment can therefore always be an outgoing segment from an area of a soft location, but this is not the
case with a mono-directional segment.

While embodiments of the present invention are described with reference to road segments, it
should be realised that the invention may also be applicable to other navigable segments, such as
segments of a path, river, canal, cycle path, tow path, railway line, or the like. For ease of reference
these are commonly referred to as a road segment, but any reference to a "road segment” may be
replaced by a reference to a "navigable segment” or any specific type or types of such segments.

In the present invention, data representative of a first location is obtained. The first location
preferably is a current location of a user or mobile device, but it can be any location from which a user
desires to start a journey. The data representative of the first location can therefore be obtained from a

position determining means of the mobile device, such as a GNSS receiver, in the case where the first
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location is a current location of the mobile device. Alternatively, the data representative of the first
location can be based on information received from a user, e.g. where the user provides an address or
marks a location on a representation of an electronic map. The data representative of the first location is
used to determine a position on a segment of the electronic map that corresponds to the first location.
The position on the segment can be a position along the segment, or can be one or other of the nodes
defining the segment. A value of the parameter at the position on the segment, i.e. at the first location, is
also obtained. The value of the parameter can be received from the vehicle, e.g. when the device is
operably connected to the vehicle, either by a wired or wireless connection. This can be the case, for
example, where the parameter reflects a current fuel or energy level of the vehicle. Alternatively, the
value of the parameter can be received from a user, e.g. with the user providing the value using suitable
input means of the device. This can be case, for example, where the parameter reflects a remaining (or
maximum) time or distance to be travelled. As will be appreciated, the value of the parameter that is
obtained, either automatically or based a received user input, will preferably be a value between zero
(e.g. representing an empty fuel tank) and a maximum value (e.g. representing a full fuel tank). It will also
be appreciated that the value of the parameter can be based on received information, e.g. from the
vehicle or user, such that the value of the parameter used in the method may not directly match the value
that is received.

In the present invention, segments of the electronic map are explored from the determined
position using a search (or route planning) algorithm having an associated cost function. The search
algorithm preferably comprises an undirected search, and thus operates to identify optimum paths or
routes, e.g. typically minimum cost paths, through the electronic map (and thus through the navigable
network) from the determined position representative of the first location. The search (or route planning)
algorithm is thus preferably a “forwards” search, since the intended direction of travel is outwards from the
first location. The search is undirected in that there is no predetermined destination or goal. In other
words, the search algorithm can be thought of as a one-to-many algorithm, and thus operates to identify
optimum paths or routes from the determined position representative of the first location to a plurality of
nodes of the electronic map. As will be appreciated a one-to-many route planning algorithm is
distinguished from a one-to-one route planning algorithm in that the latter algorithm is designed to
determine an optimum path between two positions in the electronic map. The route planning algorithm of
the present invention can take any suitable form as desired, such as one based on Dijkstra’s algorithm or
similar. The optimum (or minimum cost) routes referred to herein, and which are determined by the route
planning algorithm, are optimal by reference to the associated cost function. The cost function may be
predetermined, or be selected by the user as desired, and may aim to identify routes between two
locations having, for example, a shortest distance between the two locations, a fastest travel time
between the two locations, a minimum fuel consumption between the two locations, or any combination of
these as desired. The cost of a route may be determined as the sum of the cost of traversing the at least
one segment forming the route, wherein the cost for traversing each segment is determined using the
cost function and typically at least one attribute associate with the respective segment, e.g. a length of the
segment, an expected speed of travel along the segment, changes in elevation along the segment, a

curvature (or shape) of the segment, etc.
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The exploration step comprises determining whether segments that are explored by the route
planning algorithm are reachable from the position representative of the first location given the obtained
value of the parameter at the first location. As discussed above, a segment is determined to be
reachable if it is associated with a value of the parameter due to traversing an optimum, e.g. minimum,
cost route from the position representative of the first location that is less than the obtained value of the
parameter. In other words, for each segment that is explored, there is a determined a path comprising
one or more segments from the position representative of the first location that is optimum in terms of
cost, e.g. is a minimum cost route. As will be appreciated, each of the one or more segments forming the
path to a particular segment results in a value of the parameter being associated with traversing the
navigable network from first location to the navigable element of the network represented by the segment
in question. In other words, traversing the navigable network requires, for example, a certain amount of
time, distance or fuel to be consumed. Thus, for example, the cost function associated with the route
planning algorithm is used to determine a first cost for traversing a segment, while an objective function is
used to determine a second cost for traversing the segment, e.g. where the second cost is one of a time,
distance, fuel or energy. The optimum path to the segment being, for example, the path with the
minimum accumulated first cost. In such embodiments, the parameter associated with an explored
segment is the accumulated second costs of the one or more segments forming the optimum path to the
segment from the position associated with the first location, e.g. the time needed to traverse the path, the
distance of the path, the fuel needed to traverse the path, etc. It will therefore be understood that the
search algorithm preferably comprises an undirected forwards search that stops when the parameter
exceeds the obtained value on all explored paths.

Since the present invention includes determining whether explored segments are reachable, the
method of determining the first boundary that is representative of the safe return range can also include
determining a third boundary enclosing a portion of the navigable network in the geographic area that is
representative of reachable area from the first location given the obtained value of the parameter at the
first location. Indeed, preferably the first and third boundaries are determined in the method of the
present invention, such that representations of both boundaries can be displayed, e.g. simultaneously
displayed, to a user.

As discussed above, the first and/or third boundaries enclose a portion of the geographic area.
The boundaries can be defined in any suitable and desired manner. For example, the boundaries can be
defined by a plurality of discrete locations, such as a plurality of nodes of the electronic map, with the
boundary being defined by interconnecting these locations. For example, in the case of the first
boundary. the node of the segment along each of the explored paths that is furthest from the first location
can be used as the plurality of discrete locations. For example, and as described in WO 2014/001565
A1, the entire content of which is incorporated herein by reference, the portion of the geographic area
around the first location can be divided into a plurality of sectors, e.g. 16 sectors, and, for each sector, the
furthest most point of the determined boundary, e.g. node, from the first location is stored. The discrete
locations, e.g. nodes, are preferably connected by lines, e.g. arcs, so as to form a continuous boundary.

In the present invention, for segments that are explored and deemed to be reachable, the method

comprises determining if segments lie within a second boundary that is associated with a value of the
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parameter greater than the value of the parameter associated with the respective segment. The second
location is preferably a location selected by a user, and preferably one that represents a location that is
commonly used by the user. For example, the second location could be a ‘home’ location, and thus the
safe return range is the area that is reachable from the first location, e.g. current location, on the
navigable network while still allowing the home of the user to be reached. It will be appreciated, however,
that the second location could be any predetermined location, such as a user’s ‘work’ location, or a family
member’s house.

The second boundary is one of a plurality of predetermined second boundaries, each of which is
associated with a different value of the parameter. Each second boundary encloses a portion of the
geographic area around the second location representing the area from which the second location can be
reached, such that the plurality of second boundaries effectively form a series of rings or layers around
the second location. Data indicative of the plurality of second boundaries is preferably stored in a
memory of the device. The data is preferably stored in a non-volatile memory, e.g. such that the data is
retained in memory upon the device being powered off and on. The method preferably comprises
determining the plurality of second boundaries.

The determination of a second boundary for a value of the parameter preferably comprises
determining a position on a segment representative of the second location, and exploring the segments of
the electronic map from the determined position representative of the second location using a search (or
route planning) algorithm having an associated cost function. The search algorithm preferably comprises
an undirected search, and thus operates to identify optimum paths or routes, e.g. typically minimum cost
paths, through the electronic map (and thus through the navigable network) that end in the determined
position representative of the second location. The search (or route planning) algorithm is thus preferably
a “backwards” search, since the intended direction of travel is towards the second location. The search is
undirected in that there is no predetermined destination or goal. In other words, the search algorithm can
be thought of as a one-to-many algorithm, and thus operates to identify optimum paths or routes from a
plurality of nodes of the electronic map to the determined position representative of the second location.
The route planning algorithm of the present invention can take any suitable form as desired, such as one
based on Dijkstra’s algorithm or similar. As discussed above, the optimum (or minimum cost) routes
referred to herein, and which are determined by the route planning algorithm, are optimal by reference to
the associated cost function. The cost function may be predetermined, or be selected by the user as
desired, and may aim to identify routes between two locations having, for example, a shortest distance
between the two locations, a fastest travel time between the two locations, a minimum fuel consumption
between the two locations, or any combination of these as desired. The cost of a route may be
determined as the sum of the cost of traversing the at least one segment forming the route, wherein the
cost for traversing each segment is determined using the cost function and typically at least one attribute
associate with the respective segment, e.g. a length of the segment, an expected speed of travel along
the segment, changes in elevation along the segment, a curvature (or shape) of the segment, etc. In
preferred embodiments, the same cost function is associated (and used) with the search (or route

planning) algorithm used to determine the first boundary, and optionally also the third boundary, as is
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associated (and used) with the search (or route planning) algorithm used to determine the plurality of
second boundaries.

The exploration step of the method used to determine the plurality of second boundaries
comprises determining whether the position representative of the second location is reachable from a
segment given a predetermined value of the parameter. The second location is determined to be
reachable from a segment if the value of the parameter due to traversing an optimum, e.g. minimum, cost
route from the segment is less than the predetermined value of the parameter. Conversely the second
location is determined not to be reachable if the value of the parameter due to traversing an optimum, e.g.
minimum, cost route from the segment is greater than the predetermined value of the parameter. In other
words, for each segment that is explored, there is a determined a path comprising one or more segments
from the segment to the position representative of the second location that is optimum in terms of cost,
e.g. is a minimum cost route. As will be appreciated, each of the one or more segments forming the path
to the position representative of the second location is associated with a value of the parameter, e.g.
since traversing the navigable network requires, for example, a certain amount of time, distance or fuel to
be consumed. Thus, for example, the cost function associated with the route planning algorithm is used
to determine a first cost for traversing a segment, while an objective function is used to determine a
second cost for traversing the segment, e.g. where the second cost is one of a time, distance, fuel or
energy. The optimum path to the segment being, for example, the path with the minimum accumulated
first cost. In such embodiments, the parameter associated with an explored segment is the accumulated
second costs of the one or more segments forming the optimum path from the segment to the position
associated with the second location, e.g. the time needed to traverse the path, the distance of the path,
the fuel needed to traverse the path, etc. It will therefore be understood that the search algorithm
preferably comprises an undirected backwards search that stops when the parameter reaches a
maximum value on all explored paths, e.g. full, since the parameter is taken as zero, e.g. empty, at the
second location. The reachability range defined by the complete search preferably forms the outermost
second boundary, and the other second boundaries are at intermediate parameter values between zero
and the maximum value.

Each of the second boundaries is associated with a different value of the parameter, such that
the second boundaries effectively form a series of layers or rings around the second location. For
example, in embodiments where the parameter is representative of a fuel load or energy level of a
vehicle, the outermost second boundary, i.e. the one enclosing the largest portion of the geographic area,
is representative of the portion of the navigable network from which the second location can be reached
given a maximum amount of fuel or energy. The remaining second boundaries represent progressively
smaller portions of the geographic area as they are associated with a fuel or energy levels of the vehicle
less than the maximum amount. For example, a boundary may be determined for 10%, 20%, 30%... to
100% full fuel or energy levels of the vehicle. It will be understood, however, that any number of
boundaries could be determined as desired, e.g. a boundary could be determined for 5 km or 10 km
distance intervals, i.e. fuel or energy levels equivalent to such distance ranges, from the second location
to a maximum reachable distance. In embodiments where the parameter is indicative of a time or

distance that can be taken for a journey, i.e. with the obtained value of the parameter being a maximum
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time or distance, and wherein the obtained value is one selected from a predetermined range, the
plurality of second boundaries could be determined for selected time or distance intervals within the
predetermined range.

In embodiments, the plurality of second boundaries can be recalculated whenever a
predetermined trigger event occurs. The trigger event could be one or more of the following: a change in
the second location; a change in the electronic map; a change in a selected cost function to be used in
the route planning algorithm; when the mobile device (on which the method is executed) is restarted, i.e.
is turned ‘on’ from an ‘off state; and when the software application (performed the method) is opened, i.e.
is executed by a software launcher application. As will be appreciated, by triggering the recalculation of
the plurality of second boundaries each time the mobile device and/or software application is started, this
allows the plurality of second boundaries to be kept relatively up-to-date with current conditions on the
navigable network, e.g. road closures, significant traffic congestion events, etc.

It will be understood by those skilled in the art, that the route planning algorithm used to
determine the first boundary, and optionally the third boundary, preferably always take account of real-
time traffic and other travel conditions on the navigable network (when available), whereas since the
plurality of second boundaries are predetermined and stored then they will not always be representative
of current traffic and travel conditions on the navigable network. The safe return range determined by the
method of the present invention will typically therefore be an estimation of the actual range. Accordingly,
in embodiments, the parameter used in the present invention may not correspond to an actual fuel or
energy level of the vehicle, but may include a buffer, such that, for example, the outermost second
boundary may correspond to 95% fuel or charge level, rather than 100% fuel or charge level.

Each of the plurality of second boundaries enclose a portion of the geographic area, and can be
defined in any suitable and desired manner. For example, the boundaries can be defined by a plurality of
discrete locations, such as a plurality of nodes of the electronic map, with the boundary being defined by
interconnecting these locations. For example, and as described in WO 2014/001565 A1, the portion of
the geographic area around the second location can be divided into a plurality of sectors, e.g. 16 sectors,
and, for each sector, the furthest most point of the determined boundary, e.g. node, from the second
location is stored. The discrete locations, e.g. nodes, are preferably connected by lines, e.g. arcs, so as
to form a continuous boundary.

As discussed above, in the present invention, for segments that are explored and deemed to be
reachable, the method comprises determining if the segment lies within a second boundary that is
associated with a value of the parameter greater than the difference between the obtained value of the
parameter and the value of the parameter associated with the segment. Each second boundary, again as
discussed above, is representative of the portion of the geographic area, and thus portion of the
navigable network, from which the second location can be reached given the value of the parameter
associated with the specific second boundary in question. Therefore, and as will be appreciated, as
paths are explored out from the position representative of the first location, at some point along each path
there will be identified a segment that falls within the appropriate second boundary and therefore from

which the second location can be reached, whereas the next segment in the path (away from the first
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location) does not fall within the second boundary and therefore from which the second location can’t be
reached.

In an embodiment of the present invention, the location of the current segment being explored is
compared to the geographic extent of the plurality of second boundaries to identify the outermost
boundary within which the segment can be found. The difference between the obtained value of the
parameter and the value of the parameter associated with the segment, i.e. the difference value, can then
preferably be compared to the parameter associated with the identified boundary. In the event that the
difference value is greater than the parameter associated with the boundary, then the segment is within
the safe return range; otherwise it can be determined that the segment is outside of the safe return range.
In embodiments the node between a segment along a path that is within the second boundary and an
adjacent (or neighbouring) segment along the path that is at least partially outside of the second
boundary can be used, together with the nodes for all other paths, to determine the discrete points that
define the boundary of the safe return range.

In other embodiments of the present invention, the second boundary is preferably selected from
the plurality of second boundaries based on the difference value. The selected second boundary is
preferably the second boundary associated with a value of the parameter closest to the difference value,
and more preferably the second boundary associated with a value of the parameter closest to, and also
less than, the difference value. In other words, the selected second boundary is the outermost second
boundary associated with a value of the parameter less than the difference value for the segment in
question. Accordingly, if the segment is located within the geographic area enclosed by the selected
second boundary, then it is possible to reach the second location by traversing the navigable network,
and thus the segment should be used to determine the first boundary. Conversely, if the segment is
located outside the geographic area enclosed by the selected second boundary, then it is not possible to
reach the second location by traversing the navigable network, and thus the segment should not be used
to determine the first boundary.

In embodiments of the present invention, information representative of at least some, and
preferably all, of the first boundary, or the area enclosed thereby, is displayed to a user on a display, e.g.
associated with the mobile device. Additionally, in embodiments, information representative of at least
some, and preferably all, of the third boundary, or the area enclosed thereby, is displayed to a user on the
display, e.g. associated with the mobile device, preferably simultaneously with the information
representative of the first boundary. As will be appreciated, the plurality of second boundaries are
intended to be used to determine the first boundary, and preferably are not intended to be displayed to
the user. In embodiments where the method is performed by a mobile device, then the first and/or third
boundaries, or portions thereof, can be displayed on a display of the mobile device. Alternatively, in
embodiments where the method is performed by a server, then the information representative of at least
some, and preferably all, of the first and/or third boundaries, or the area or areas enclosed thereby, can
be transmitted to a mobile device for display thereon.

As will be appreciated, and in embodiments wherein the first location is representative of a
current location of a mobile device, the method is preferably repeated as the location of the mobile device

changes, such that the first boundary, and optionally the third boundary, is continually recalculated and
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preferably the most recently calculated boundary or boundaries shown in the user. The method may be
performed at any desired frequency, e.g. after a certain period of time, after a certain distance has been
travelled, after a certain amount of fuel or energy has been used, etc.

In embodiments, it is envisaged that the method may extend to determining and/or accessing
data indicative of a plurality of second boundaries for each a plurality of second locations. A safe return
range can therefore be determined, for example, for a user's ‘home’, ‘work’, ‘gym’, etc as desired. In such
embodiments, the method may include obtaining a selection of one of a plurality of predetermined second
locations, e.g. based on a received user input, and performing the above described method in respect of
the selected predetermined second location.

Any of the methods in accordance with the present invention may be implemented at least
partially using software e.g. computer programs. The present invention thus also extends to a computer
program comprising computer readable instructions executable to perform, or to cause a navigation
device and/or server to perform, a method according to any of the aspects or embodiments of the
invention.

The invention correspondingly extends to a computer software carrier comprising such software
which, when used to operate a system or apparatus comprising data processing means causes, in
conjunction with said data processing means, said apparatus or system to carry out the steps of the
methods of the present invention. Such a computer software 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 sighal such as to a satellite or the like. The present invention
provides a machine readable medium containing 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.

Regardless of its implementation, an navigation apparatus used in accordance with the present
invention may comprise a processor, memory, and digital 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. One or more additional software programs may be provided to enable the
functionality of the apparatus to be controlled, and to provide various other functions. A navigation
apparatus of the invention may preferably include GPS (Global Positioning System) signal reception and
processing functionality. The apparatus may comprise one or more output interfaces by means of which
information may be relayed to the user. The output interface(s) may include a speaker for audible output
in addition to the visual display. The apparatus may comprise input interfaces including one or more
physical buttons to control on/off operation or other features of the apparatus.

In other embodiments, the navigation apparatus may be implemented at least in part by means of
an application of a processing device which does not form part of a specific navigation device. For
example the invention may be implemented using a suitable computer system arranged to execute
navigation software. The system may be a mobile or portable computer system, e.g. a mobile telephone
or laptop, or may be a desktop system.

Where not explicitly stated, it will be appreciated that the invention in any of its aspects may
include any or all of the features described in respect of other aspects or embodiments of the invention to

the extent they are not mutually exclusive. In particular, while various embodiments of operations have



10

15

20

25

30

35

WO 2017/191241 PCT/EP2017/060623

-24 -

been described which may be performed in the method and by the apparatus, it will be appreciated that
any one or more or all of these operations may be performed in the method and by the apparatus, in any
combination, as desired, and as appropriate.

Advantages of these embodiments are set out hereafter, and further details and features of each
of these embodiments are defined in the accompanying dependent claims and elsewhere in the following

detailed description.

Brief Description of the Drawings
Various embodiments will now be described, by way of example only, and with reference to the
accompanying drawings in which:
Figure 1 is a schematic representation of one embodiment of the present invention;
Figure 2 is a flowchart illustrating an embodiment of the present invention; and

Figure 3 is an example of how a reachable area may be visualised for display to a user.

Detailed Description of the Preferred Embodiments

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 processing device that is configured to execute
navigation software so as to provide route planning and navigation functionality. It follows therefore that
in the context of the present application, a navigation device is intended to include (without limitation) any
type of route planning and navigation device, irrespective of whether that device is embodied as a PND, a
navigation device built into a vehicle, or indeed a computing resource (such as a desktop or portable
personal computer (PC), mobile telephone or portable digital assistant (PDA)) executing route planning
and navigation software.

The embodiments of the present invention allow a determination of an approximation of the area
which can be reached from a current position (departure node) whilst still reaching a home or any other
predefined location (destination node), given the current value of a parameter that constrains the
reachable distance. This so-called “safe return range” may then be visualised or displayed to a user on a
map in order to help reduce their range anxiety. For example, where the parameter is a current fuel load
or electric charge level of a vehicle, the safe return range representing the range of locations between the
current location and the home location that can be safely reached whilst still reaching the home location
without running out of fuel or charge can be displayed.

Although in the embodiments of the present invention described below the parameter is the
charge level of an electric vehicle, it will be appreciated that the techniques described herein are not
limited to this context and may also be applied with any other suitable constraint. For example, the
parameter may be representative of a travel time or distance. Naturally, the maximum travel time or
distance may be related to the current fuel load or charge level, as a certain fuel load or charge level will
provide a certain amount of reach or travel time. However, it is also contemplated that the constraint

could simply be a time by which the home location must be reached or the distance the user wants to
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travel, e.g. by running. It will also be appreciated that there may be multiple constraining factors or
parameters, and the techniques described herein may generally take one or more of these into account.

In the embodiments of the present invention, the safe return range is essentially computed in two
steps using a computation of the currently reachable area. First, a series of boundaries are obtained or
determined representing the areas from which the home location can be reached for different respective
pre-defined values of the parameter (e.g. charge level). For instance, the boundaries may be obtained or
determined for a series of discretely increasing values of the parameter. Then, the currently reachable
area around the current position of the vehicle or device is determined based on the current value of the
parameter (e.g. the current charge level). Because the boundaries of the reachable areas around the
home location for different values of the parameter have already been obtained or determined in the first
step, it is then easy to determine whether or not any given position within the currently reachable area is
also within a reachable area to the home location given the current value of the parameter by simply
comparing the estimated value of the parameter at that position with the value of the parameter required
to reach the home location from that position (as determined using the boundaries obtained from the first
step). Thus, it is not required to separately compute both the currently reachable range and the safe
return range. A determination of whether any given position is within a safe return range of the home
location can be made directly from the calculation of the currently reachable area without significantly
increasing the computational effort.

This method is illustrated schematically in Figure 1 for the case of an electric vehicle whose
travelable distance is constrained by the level of charge stored in the battery.

Figure 1 schematically shows a region of map data around a fixed home location 2, wherein a
vehicle has a current position 1. Although not shown in Figure 1, it will be appreciated that the region
generally contains a network comprising a series of interconnected nodes and links, i.e. roads and
junctions, within which the vehicle may travel along. Thus, the vehicle is constrained to travel along
certain links, and generally there may be no straight line path between any two nodes or points within the
region. A series of boundaries 21, 22, 23, 24, 25 around the home location 2 are illustrated, with each
boundary 21, 22, 23, 24, 25 enclosing an area representing the distance from which the home location 2
can be reached with progressively increasing levels of charge. For instance, the first boundary 21 may
represent a series of points from which the home location 2 can just be reached with 20% charge
remaining. The second boundary 22 may then represent a series of points from which the home location
2 can just be reached with 40% charge remaining, the third boundary 23 with 60% charge remaining, the
fourth boundary 24 with 80% charge remaining and the fifth boundary 25 with a fully charged (100%)
battery. For points that lie outside of the fifth boundary 25, i.e. that would require greater than 100%
charge to travel to the home location 2, the home location 2 is not reachable (unless e.g. the battery is re-
charged), so these points always lie outside of the safe return range.

It will be appreciated that each boundary 21, 22, 23, 24, 25 encloses an area representing the
locations that can potentially be reached with the charge level associated with that boundary. The ring-
like areas defined between adjacent boundaries thus define the locations that can be reached with the
range of charge levels as defined between the two boundaries. For example, the ring defined between

the first 21 and second 22 boundaries represents the additional area that is reachable with 40% charge,



10

15

20

25

30

35

WO 2017/191241 PCT/EP2017/060623

-26 -

relative to the area enclosed by the first boundary 21 that represents the area that is reachable with 20%
charge. It will be appreciated that the shape and extent of the boundaries 21, 22, 23, 24, 25 is generally
determined using the map data, and a route searching algorithm, as discussed in more detail below, and
so is generally a polygon of arbitrary shape, representative of the routes through the network between the
home location 2 and the boundary used to determine the boundary. However, in its simplest
implementation, the boundaries could just be approximated as a series of circles around the home
location.

Figure 1 also shows the currently reachable area 3 around the current position 1, which may be
determined in real-time based on map data, such as live map data, and the current charge value. The
current position 1 of the vehicle may be determined using GPS data. It will be understood that “live” map
data refers to information relating to current or relatively current conditions in the map region, including
e.g. traffic and weather conditions that may affect the travel times and/or speeds throughout the links of
the network of the map region. Such live data may be provided to the device via i.e. downloaded from an
external server, as is known in the art, and may be updated regularly. Using the boundaries 21, 22, 23,
24, 25, the safe return range to the home location 2 for any given location 12 within the currently
reachable area 3 can easily be determined. For instance, for a given position 12 within the currently
reachable area 3, it is straightforward to determine between which two of the boundaries 21, 22, 23, 24,
25 around the home location the position 12 lies within, i.e. in the illustrated case, the location 12 lies
between the first 21 and second 22 boundaries. To determine whether the position 12 is within the safe
return range to the home location 2, all that is then required is to compare the expected remaining charge
after travelling (e.g. along route 112) from the current position 1 to that position 12 with the charge value
associated with the corresponding boundary 22. For instance, if the remaining charge level at the
position 12 was 50%, then it would be possible to reach that position 12 from the current position 1 while
still reaching the home location 2 (e.g. by travelling along route 122, which may be selected using a route
planning algorithm as being the shortest route between the position 12 and the home location 2), since
the position 12 lies within the 40% boundary around the home location 2. However, if the remaining
charge at the position 12 was only 20% (or less), then the home location 2 would not be reachable, as the
position lies beyond the 20% boundary.

It will be appreciated that the accuracy of the approximation may in principle be increased by
using more or more closely spaced boundaries, e.g. corresponding to smaller increments of charge value.
However, it will also be appreciated that the boundaries themselves are only an approximation, and that
the expected charge value at any given position is at most an estimate. Because the boundaries are only
an approximation, it may be desired to include some buffer with the charge level associated with each
boundary, such that the boundary 21 identified to the user as the 20% charge level may actually
correspond e.g. to an 18% charge level. It may also be desired to display to the user for a particular
location the confidence level associated with that location being within the safe return range. For
example, a location that is determined to only just be within the safe return range may be indicated in a

different shade or colour to a location that is expected to be well within the safe return range.
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Figure 2 is a flowchart illustrating the embodiment described above in relation to Figure 1 in more
detail. Again, therefore, Figure 2 describes an embodiment relating to determining the safe return range
to a home location for a PND mounted within an electric vehicle.

In a first step 101, a “backwards” route search is performed from the home location to generate a
series of boundaries each associated with a progressively increasing level of charge (e.g. or kilometres of
reach). Each boundary therefore encloses an area comprising the locations that are reachable given a
particular level of charge. The series of boundaries therefore define a series of concentric or ring-like
areas around the home location, each ring-like area associated with a different range of charge values
(i.e. those associated with the two adjacent boundaries defining that ring-like area). For example, the
ring-like area enclosed between the 20% and 40% boundaries represents the additional locations from
which the home location can be reached with up to 40% charge, relative to those locations enclosed by
the 20% boundary from which the home location can be reached with up to 20% charge.

The boundaries that enclose the reachable areas for a given level of charge may be determined
by any suitable method including, for instance, those described in WO 2014/001565. In general terms,
for the purposes of the present invention, a boundary around a given node (e.g. the home location) for a
particular value of the constraining parameter may be determined using a one-to-many searching
algorithm that explores many possible links extending away from a single node and assigns each link a
cost in terms of the constraining parameter, such that each route comprised of a series of connected links
has an associated accumulated cost corresponding to the cost associated with traversing each link along
that route. Any given point at the end of a route is thus determined to be reachable so long as the
accumulated cost does not exceed a certain threshold value relating to the initial value of the parameter
at the node. A particular boundary associated with a certain value of the parameter is thus determined
using the set of points that are just reachable with that value of the parameter. These maximally
reachable point locations may be connected to define the boundary, e.g. for visualisation purposes, as
described in more detail below in relation to step 105.

For example, where the constraining parameter is the level of charge of an electric vehicle, as in
the particular embodiments described above, the searching algorithm proceeds by searching on a map to
explore links extending from the node and assigning each link a cost in terms of the charge level, i.e. the
amount of charge required to traverse that link. For the particular case of electric charge, it will be
appreciated that the battery may be recharged, e.g. if the electric vehicle is travelling downhill, such that
the cost associated with a link may be positive or negative. Any given route from the node to a particular
point on the map therefore has an associated cost representing the accumulated cost for traversing each
of the links along the route. That point is determined as being reachable, given the particular level of
charge at the node, so long the accumulated cost to reach the point from the node does not exceed the
level of charge at the node. The set of points that are just reachable with a certain level of charge define
the boundary associated with that level of charge. It will be appreciated that where the parameter is not
the level of charge, the determination of a reachable boundary may proceed similarly. For instance,
where the constraining parameter is time, the boundary may be determined using the time taken to

traverse each link, and hence the total time to traverse each route.
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The determination of the reachable area may also be based on one or more route planning
criteria. That is, the searching algorithm may also take into account the routing preferences of the
navigation system as well as the constraining parameter. For instance, the route planning algorithm may
direct the user along routes having the shortest travel time or distance, or which are the most energy or
fuel efficient, or may direct the user away from certain road types. The route planning criteria may be
defined in terms of a cost of a route planning function. For example, where the route planning criteria is
to determine the fastest route between the node and a particular point, each link may be assigned a cost
based on the time taken to travel that link, and the route is selected based on the series of links that
minimise the accumulated travel time along the route. Other route planning criteria may assign a cost
based e.g. on the length of the link, the average speed along the link, or the expected fuel or energy
consumption associated with traversing the link. A suitable searching algorithm taking into account
routing preferences as well as the constraining parameter may therefore involve assigning each link a first
cost in terms of the parameter (i.e. charge) and a second cost using a cost function associated with the
routing algorithm, such that each route has a first accumulated cost in terms of the parameter and a
second accumulated cost being the minimum/maximum accumulation of second costs. The reachable
area is then defined by the plurality of points that can be reached based on the initial value of the
parameter along routes that are selected based on a route planning criteria, e.g. along the shortest or
fastest route.

Since the home location is generally a fixed location that does not change often, it can be
assumed that the reachable areas from the home location for the particular values of charge do not vary
drastically. Hence, the series of boundaries and/or reachable areas about the home location determined
in step 101 may be stored in a persistent memory of the mobile device, such that they survive rebooting
of the device. The boundaries and/or reachable areas may only need to be re-calculated under certain
circumstances such as a change in home location, or a change in map data, etc. Hence, the boundaries
and/or series of areas determined in step 101 may be retrieved from the memory of the device without
having to re-compute these. This advantageously further reduces the computational load.

In a second step 102, once the reachable areas associated with the home location are
determined and/or retrieved, the currently reachable area from the current position of the device based on
the current charge level is calculated by a route search. The determination of the currently reachable
area may be performed in the manner described above, and optionally also takes into account routing
preferences of the navigation device. For each point in the currently reachable area reached in the route
search, the expected remaining value of the charge at that point is determined, based on the cost
associated with reaching that point from the current position.

At step 103, for each point in the currently reachable area reached in the route search, a check is
performed as to which of the ring-like areas around the home location contains that point, i.e. which of the
adjacent boundaries that point lies between. A comparison is then made (step 104) between the
expected remaining charge level of the electric vehicle at the point and the charge level associated with
the ring-like area/boundaries within which that point lies. Through this comparison, it is therefore possible
to easily determine whether or not any given point in the currently reachable area is also within the safe

return range of the home location. For example, if at a given segment the expected remaining charge
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level of the electric vehicle is 50%, and that segment lies within the 40% reachable area of the home
location, the home location will be reachable. However, if that segment lies within the 60% reachable
area of the home location, the home location is not reachable.

If the method is left to run indefinitely, or e.g. is performed off-line, these checking and
comparison steps (steps 103 and 104) may be performed for every point within the currently reachable
area. However, especially where the method is performed in real-time, this step may be performed only
for some of the points that are within the currently reachable area. Typically, the checking and
comparison steps (steps 103 and 104) will be performed for each point in the currently reachable area as
and when that point is reached by the route searching algorithm, i.e. whilst the route search (step 102) is
on-going. It will be appreciated that the checking and comparison steps (steps 103 and 104) are
relatively simple, and can readily therefore be performed during the route search (step 102) without
significantly increasing the computational load or processing time.

The safe return range comprising the currently reachable points from which the home location is
still reachable given the current level of charge as determined in step 104 is then visualised and displayed
to the driver at step 105. Any suitable technique may be used to visualise and display the safe return
range. For example, the same visualisation techniques used to draw the currently reachable range (e.g.
those described in WO 2014/001565) can be used to visualise the safe return range. The safe return
range and the currently reachable range may be simultaneously displayed to the driver, or at least
simultaneously available so that the driver can switch between the displays immediately. Generally, the
currently reachable area and/or the safe return range will comprise a plurality of discrete point locations.
The arealrange may then be shaped by interconnecting these point locations, or a selected number of
these point locations. For instance, the visualisation process may involve dividing the region around the
current position into a plurality of sectors, with a point location from each sector being used to visualise
the area. The resolution of the display can be increased by increasing the number of sectors/points used
in the visualisation process. This is described in WO 2014/001565. For ease of visualisation, the
discrete points used to shape the area may be connected by arcuate lines to provide a smooth area,
reflective of the approximate safe return range. The accuracy or confidence level associated with the
safe return range may be indicated on the display by means of shading or colouring. For instance, for
points close to the boundary of the safe return range, a lighter/darker shade may be used than points that
are well within the safe return range.

Figure 3 illustrates generally how a reachable area may be visualised. In the case illustrated in
Figure 3, the reachable area around a node 32 is determined by interconnecting a series of maximally
reachable points 33, 34. The points may be interconnected directly 36 to provide the boundary of the
reachable area. However, for ease of visualisation, it is often better to display the reachable area to a
user as a smooth approximation 30. Hence, the connections between the adjacent points 33, 34 around
the perimeter of the reachable area may be approximated by arcuate lines to provide a smooth
representation of the reachable area 30 for display to a user. This technique may be used for both the
visualisation of the currently reachable area from the current position of the device and for the
visualisation of the safe return range. If it is desired to display the reachable areas or boundaries around

the home location, the same or similar techniques can be used.
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Steps 102-105 are typically performed repeatedly, continuously and in real-time as the current
location of the electric vehicle (and the current charge level) changes. It will be appreciated that because
the current position is changing continually, the route searching algorithm may not have time to explore
each of the links or reachable points around the current position, so the areas generated and visualised in
these steps may be incomplete.

In the embodiment described above, the reachable areas or boundaries around the home
location are stored in the persistent device memory and are re-used, except in exceptional
circumstances. Hence, the reachable areas from the home location are determined using only static data
in the map and do not account for received live data, e.g. indicating current traffic conditions. This works
because it can be assumed that the home location will not change, and the static data can provide a
sufficient approximation of the safe return range to reduce the range anxiety of the user. It can be
advantageous to store the reachable areas in the persistent memory, and then retrieve these for
comparison with locations within the currently reachable range. This may be especially advantageous
where the techniques are being performed on a device with limited processing power e.g. a user’s
smartphone, as it can be computationally expensive to continually re-calculate the reachable areas,
unless necessary (e.g. to account for a change in home location, or change in map data). However, it is
also contemplated that, for instance when the method is applied on a server such that the processing
power is less limited, the reachable area and boundaries around the home location may be re-calculated
on a more regular basis, to provide a more accurate approximation, e.g. accounting for current or recent
traffic conditions.

Although the present invention has been described with reference to certain embodiments, it will
be understood by those skilled in the art that various changes in form and detail may be made without

departing from the scope of the invention as set forth in the accompanying claims.
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CLAIMS:

1. A method for determining an area which may be travelled within when travelling between a
departure node and a destination node, the method comprising:

determining or retrieving data indicative of a first boundary enclosing a first area around the
destination node that is representative of the locations from which a person or vehicle may travel to the
destination node given a first value of a parameter, wherein the value of the parameter constrains the
distance travelable by the person or vehicle;

estimating a value of said parameter when the person or vehicle is at a first location within the
first boundary, other than the departure and destination nodes, based on an initial value of the parameter
at the departure node and the estimated change in value of said parameter associated with travelling
from the departure node to the first location; and

comparing the estimated value of the parameter at the first location with said first value to
determine whether said first location can be reached by the person or vehicle from the departure node

while still reaching the destination node, given the initial value of the parameter.

2. A method as claimed in claim 1, comprising determining or retrieving data indicative of a plurality
of different boundaries around said destination node, each different boundary associated with a different
respective value of the parameter, the different boundaries enclosing areas around the destination node
that are representative of the locations from which a person or vehicle may travel to the destination node
given the value of the parameter associated with that boundary,

wherein the method further comprises determining between which two adjacent of said
boundaries said first location lies, and comparing the estimated value of the parameter at the first location
with the value of the parameter associated with the outer boundary and/or the inner boundary of said two
boundaries to determine whether the first location can be reached by the person or vehicle from the

departure node while still reaching the destination node, given the initial value of the parameter.

3. A method as claimed in claim 1 or 2, further comprising:

estimating a value of said parameter when the person or vehicle is at a second location within the
first boundary and/or between an adjacent two of said plurality of boundaries, other than the departure
and destination nodes and the first location, based on an initial value of the parameter at the departure
node and the estimated change in value of said parameter associated with travelling from the departure
node to the second location; and

comparing the estimated value of the parameter at the second location with said first value and/or
with the value of the parameter associated with the outer boundary and/or the inner boundary of said two
boundaries to determine whether the second location can be reached by the person or vehicle from the

departure node while still reaching the destination node, given the initial value of the parameter.
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4. A method as claimed in any preceding claim, comprising determining an area around said
departure node representative of the locations from which the person or vehicle may travel from the
departure node based on the initial value of the parameter; and

determining, using said first boundary and/or at least some of said plurality of different
boundaries, for each of a plurality of said locations within said area around said departure node whether

each of said plurality of locations can be reached while still reaching the destination node.

5. A method as claimed in any preceding claim, further comprising using the method to create map
data of, and/or display an area, comprising locations between the departure node and destination node
that can be reached from the departure node whilst still reaching the destination node based on the initial

value of the parameter, optionally in real-time.

6. A method as claimed in any preceding claim, comprising creating map data of, and/or displaying
the or an area around, said departure node representative of the range from which the person or vehicle

may travel from the departure node based on the initial value of the parameter.

7. A method as claimed in any preceding claim, wherein the departure node is a current position of

the person or vehicle, and wherein the initial value is the current value of the parameter.

8. A method as claimed in claim 7, wherein the method comprises repeating the steps of estimating
the value of the parameter at the first location and comparing the estimated value of the parameter at the
first location with said first value in real time as the current position and current value of the parameter

changes.

9. A method as claimed in any preceding claim, wherein:

(i) said parameter is a fuel load or an electric charge level; and/or

(i) said parameter is representative of a travel time or a travel distance; and/or

(iii) the first value of the parameter is the travel time or distance from the first boundary to the
destination node, the initial value of the parameter is a desired or maximum travel time or distance, and
the estimated value of the parameter at the first location is an estimated remaining travel time or distance

after travelling from the departure node to the first location.

10. A method as claimed in any preceding claim, wherein the destination node is a fixed location
and/or wherein the boundary or boundaries around the destination node are determined using, or

retrieved from, stored or historic data.

11. A mobile device, optionally a portable navigation device, for navigating between a departure node
and a destination hode comprising:
a memory; and

a processor, wherein the processor is configured to:



10

15

20

25

30

35

WO 2017/191241 PCT/EP2017/060623

-33-

determine or retrieve data indicative of a first boundary enclosing a first area around the
destination node that is representative of the locations from which a person or vehicle carrying the device
may travel to the destination node given a first value of a parameter, wherein the value of the parameter
constrains the distance travelable by the person or vehicle carrying the device;

estimate a value of said parameter when the person or vehicle carrying the device is at a first
location within the first boundary, other than the departure and destination nodes, based on an initial
value of the parameter at the departure node and the estimated change in value of said parameter
associated with travelling from the departure node to the first location; and

compare the estimated value of the parameter at the first location with said first value to
determine whether said first location can be reached by the person or vehicle carrying the device from the

departure node while still reaching the destination node, given the initial value of the parameter.

12. A system for navigating between a departure node and a destination node comprising:

a mobile device having a memory and a processor; and

a server, wherein said mobile device is configured to communicate with the server;

wherein said server and/or said processor is arranged and configured to:

determine or retrieve data indicative of first boundary enclosing a first area around the destination
node that is representative of the locations from which a person or vehicle carrying the device may travel
to the destination node given a first value of a parameter, wherein the value of the parameter constrains
the distance travelable by the person or vehicle carrying the device;

estimate a value of said parameter when the person or vehicle carrying the device is at a first
location within the first boundary, other than the departure and destination nodes, based on an initial
value of the parameter at the departure node and the estimated change in value of said parameter
associated with travelling from the departure node to the first location; and

compare the estimated value of the parameter at the first location with said first value to
determine whether said first location can be reached by the person or vehicle carrying the device from the

departure node while still reaching the destination node, given the initial value of the parameter.

13. The device or system of claim 11 or 12, wherein data indicative of the first boundary enclosing

the first area around said destination node is stored in a persistent memory portion of the memory.

14. The device or system of claim 11 or 12, wherein data indicative of the first boundary enclosing

the first area around said destination node is retrieved from the server or from an external server.

15. A computer program product comprising computer readable instructions that, when executed by
at least one processor of a device or system, cause the device or system to perform a method according

to any one of claims 1 to 10, optionally stored on a non-transitory computer readable medium.
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16. A method of determining a first boundary enclosing a portion of a geographic area containing a
navigable network representing the area that is reachable from a first location on the navigable network
while still allowing a second location on the navigable network to be reached given a value of a parameter
that limits the amount of the navigable network that can be traversed, the navigable network being
represented by an electronic map comprising a plurality of segments representing navigable elements of
the navigable network, the method comprising:

determining a position on a segment representative of the first location and obtaining the value of
the parameter at said determined position;

exploring the segments of the electronic map from the determined position representative of the
first location using a search algorithm having an associated cost function and, for segments that are
explored and determined to be reachable, wherein a segment is reachable if it is associated with a value
of the parameter due to traversing an optimum cost route from the determined position representative of
the first location that is less than the obtained value of the parameter, determining if a segment lies within
a second boundary that is associated with a value of the parameter greater than the difference between
the obtained value of the parameter and the value of the parameter associated with the segment, wherein
the second boundary is one of a plurality of predetermined second boundaries, each being associated
with a different value of the parameter, and that each enclose a portion of the geographic area around the
second location representing the area from which the second location can be reached given the
associated value of the parameter; and

using the segments determined to be within the second boundary to determine the first boundary.

17. The method of claim 16, wherein the first location is a current location of a user or mobile device.

18. The method of claim 16 or 17, wherein the second location is a predetermined location, such as a

home location.

19. The method of any of claims 16 to 18, further comprising receiving a selection of a location, and

setting the selected location as the second location.

20. The method of any of claims 16 to 19, wherein data indicative of the plurality of second
boundaries is stored in a memory, and the method further comprises accessing the stored data to retrieve

data indicative of the second boundary.

21. The method of any of claims 16 to 20, further comprising determining the plurality of second
boundaries, wherein the determination of a second boundary for a predetermined value of the parameter
comprises:

determining a position on a segment representative of the second location; and

exploring the segments of the electronic map from the determined position using a search

algorithm having an associated cost function, and, for segments that are explored, determining if the
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position representative of the second location is reachable from the segment given the predetermined

value of the parameter.

22. The method of any of claims 16 to 21, further comprising at least one of: (i) displaying information
representative of at least some of the first boundary, or the area enclosed thereby, on a display; and (ii)
transmitting information representative of at least some of the first boundary, or the area enclosed

thereby, to a mobile device for display thereon.

23. The method of any of claims 16 to 22, further comprising determining a third boundary enclosing
a portion of the geographic area around the first location and represent the area that is reachable from

the first location given the obtained value of the parameter art the first location.

24, The method of any of claims 16 to 23, further comprising at least one of: (i) displaying information
representative of at least some of the third boundary, or the area enclosed thereby, on a display; and (ii)
transmitting information representative of at least some of the third boundary, or the area enclosed

thereby, to a mobile device for display thereon.

25. A system for determining a first boundary enclosing a portion of a geographic area containing a
navigable network representing the area that is reachable from a first location on the navigable network
while still allowing a second location on the navigable network to be reached given a value of a parameter
that limits the amount of the navigable network that can be traversed, the navigable network being
represented by an electronic map comprising a plurality of segments representing navigable elements of
the navigable network, the system comprising:

means for determining a position on a segment representative of the first location and obtaining
the value of the parameter at said determined position;

means for exploring the segments of the electronic map from the determined position
representative of the first location using a search algorithm having an associated cost function and, for
segments that are explored and determined to be reachable, wherein a segment is reachable if it is
associated with a value of the parameter due to traversing an optimum cost route from the determined
position representative of the first location that is less than the obtained value of the parameter,
determining if a segment lies within a second boundary that is associated with a value of the parameter
greater than the difference between the obtained value of the parameter and the value of the parameter
associated with the segment, wherein the second boundary is one of a plurality of predetermined second
boundaries, each being associated with a different value of the parameter, and that each enclose a
portion of the geographic area around the second location representing the area from which the second
location can be reached given the associated value of the parameter; and

means for using the segments determined to be within the second boundary to determine the first

boundary.
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26. A computer program product comprising computer readable instructions that, when executed by

at least one processor of a system, cause the system to perform a method according to any one of claims

16 to 24, optionally stored on a non-transitory computer readable medium.
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