wo 20207161335 A1 |0 0000 KO Y 00RO 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 August 2020 (13.08.2020)

(10) International Publication Number

WO 2020/161335 Al

WIPO I PCT

(51) International Patent Classification:
GO1C 21/34 (2006.01)

(21) International Application Number:
PCT/EP2020/053199

(22) International Filing Date:
07 February 2020 (07.02.2020)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
1901678.1 07 February 2019 (07.02.2019) GB
(71) Applicant: TOMTOM NAVIGATION B.V. [NL/NL];
De Ruijterkade 154 IP Creation, 1011 AC Amsterdam (NL).

(72) Inventors: NUNEZ, Jose F. Santiago, De Ruijterkade
154, 1011 AC Amsterdam (NL). CASALE, Pierluigi; De
Ruijterkade 154, 1011 AC Amsterdam (NL). OLTHOFF,

(74)

@81)

Taco; De Ruijterkade 154, 1011 AC Amsterdam (NL).
REXWINKEL, Christian; De Ruijterkade 154, 1011 AC
Amsterdam (NL).

Agent: SIEM, Max; De Ruijterkade 154, 1011 AC Ams-
terdam (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, JO, 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, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(54) Title: METHODS AND SYSTEMS USING ELECTRONIC MAP DATA

Figure 2

(57) Abstract: A method of determining a reachable area for one or more vehicles traversing a navigable network in a region covered
by an electronic map includes; obtaining data indicative of a current location of the vehicle; identifying at least one set of one or more
constraints limiting the distance which may be travelled by the vehicle from a current location, and, for the or each set of one or more
constraints, using the identified set of one or more constraints, the obtained current location data and the electronic map data to determine
data indicative of a polygon representing a reachable area as represented by the electronic map, wherein the perimeter of the polygon
is indicative of a limit of an area which may be reached by the vehicle from the current location taking into account the set of one or

more constraints, and generating data indicative of the polygon.

[Continued on next page]



WO 2020/161335 AT | [0 00P 00000 00

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 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, FL, 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).

Published:

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

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

35

40

WO 2020/161335 PCT/EP2020/053199

METHODS AND SYSTEMS USING ELECTRONIC MAP DATA

Field of the Invention
This invention relates to methods and systems for determining a reachable area for one or more
vehicles in relation to an electronic map representing a navigable network. The invention is particularly,
although not exclusively, applicable to determining such an area in the context of managing a fleet of
vehicles.

Background to the Invention

Various fleet management systems (FMS) are known, which may enable a fleet manager to
perform various tasks. For example, fleet management systems may be used to assign driving duties to
different drivers, and to plan routes and estimated arrival times. Other tasks which may be supported by
a FMS include monitoring and attempting to improve vehicle performance, fuel efficiency or driver safety,
supporting risk management, and generally seeking to improve fleet efficiency. Typical fleet management
systems involve a combination of software, such as a "Software-as-a-Service" (SaaS) application, and
vehicle-based technology.

In general, fleet management systems may at least assist a fleet manager in managing routes
and destinations of vehicles, and to better manage the use of the vehicles. Some systems may support
management of the vehicle drivers and their destinations. For example, itineraries may be planned for
individual drivers, incorporating all the destinations required by the driver to fulfil a set of tasks in a given
period. This may be useful in the context of fleets in which the vehicles perform tasks such as picking up
or delivering goods at a number of destinations, or perform a service operation at multiple destinations.

One key consideration which must be taken into account by a fleet manager is the remaining
driving time for each driver. This is the remaining permitted time that a driver may spend performing
driving duties in a predetermined period e.g. day, week or two weekly period, as defined by the applicable
working time regulations. The remaining permitted time may be governed by a number of different
regulations, including working time and driver's hours regulations. Local, national and, in some cases,
international regulations may be applicable. For example, drivers of large commercial vehicles are
restricted by legislation in the EU regarding how drivers may conduct driving duties in different periods
e.g. day, week, two weekly etc. These restrictions are detailed in European Commission mandates (e.g.
2006/561/EC, and 2003/88/EC) and there is a requirement for dedicated equipment (Tachograph) to be
fitted to all qualifying vehicles to accurately record the status of the driver; driving, resting, available,
performing other work. Similar regulations exist in other countries (US, AU). Compliance with such
regulations is paramount, and penalties for contravening regulations high.

When a fleet manager needs to assign a new driving duty, remaining driving time for available
drivers must be considered along with other factors, such as proximity of drivers to the origin and/or
destination, which may be more generally required to be considered when planning a route. Remaining
driving time will limit the area which may be reached by a vehicle from a current location, and hence has
an impact on the allocation of driving duties. Remaining driving time therefore adds another level of
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complexity to vehicle duty assignment and route planning tasks. Planning responses to unplanned
events may be particularly complex, especially where more than one vehicle is to be considered.

Consideration of remaining driving time is usually conducted by a human operator, making
decisions based upon information obtained from multiple different planning tools. The operator may
construct a plan e.qg. itinerary for each for vehicle taking into account remaining driving time for the driver
and then provide this to the FMS. However, such methods are labour intensive, and require the operator
to collate information from multiple sources. It may be difficult to respond to unplanned events which may
occur, and which might prompt a change in the vehicle route plans. Such changes might include
additional work, driver sickness, customer cancellations or vehicle breakdowns, which might necessitate
a reallocation of assignments, or accidents, roadworks, congestion or road closures which might have an
impact on journey times, and likewise may necessitate a reallocation of duties in order to ensure that all
required assignments are performed. The operator will be required to update vehicle route plans in order
to take account of such unplanned events, and redistribute assignments among the vehicles and drivers.

The Applicant has realised that there is scope to improve existing fleet management systems
(FMS), particularly in relation to take into account applicable constraint(s), such as, although not limited
to, remaining driving time, which may limit an area which may be reached by a vehicle. For example,
existing FMS fail to take adequate account of remaining driving time, which may result in sub-optimal
planning e.g. assignment of driving assignments, or provision of accurate estimations of arrival time (e.g.
delivery time), and, in some cases, could lead to contravention of permitted driving time regulations.
While remaining driving time is one important example of a constraint which needs to be considered when
performing fleet management operations, other constraints may limit the reachable area for a vehicle e.g.
remaining fuel, response time targets etc.

Summary of the invention

In accordance with a first aspect of the invention there is provided a method of determining a
reachable area for one or more vehicles traversing a navigable network in a region covered by an
electronic map, the electronic map comprising a plurality of segments representing navigable elements of
the navigable network, the segments being connected by a plurality of nodes, the method comprising, for
the or each vehicle:

obtaining data indicative of a current location of the vehicle;

identifying at least one set of one or more constraints limiting the distance which may be travelled
by the vehicle from a current location,

and, for the or each set of one or more constraints, using the identified set of one or more
constraints, the obtained current location data and the electronic map data to determine data indicative of
a polygon representing a reachable area as represented by the electronic map, wherein the perimeter of
the polygon is indicative of a limit of an area which may be reached by the vehicle from the current
location taking into account the set of one or more constraints, and generating data indicative of the
polygon.
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The present invention determines, for each one of one or more set of one or more constraints, a
polygon representing a reachable area for a vehicle within the region covered by the electronic map. The
perimeter of the polygon (or reachable area) is indicative of the limit of an area which may be reached by
a vehicle from a current location thereof taking into account the set of one or more constraints limiting the
distance which may be travelled by the vehicle. The reachable area is an area with respect to the
electronic map.

The reachable area is in the form of a polygon, and not merely a circle with a particular radius
based on the current location of the vehicle. It has been recognised that, in order to more realistically
reflect the actual situation, the reachable area should have a varying diameter, as the distance which may
be travelled by a vehicle in any direction while satisfying the constraint(s) will be limited by the road
network. For example, a vehicle may be able to travel further in one direction, where road segments are
associated with higher speed limits than in another direction, where the road network is made up of
segments corresponding to more minor navigable elements of the road network. The polygon whose
perimeter defines the boundary of the reachable area is determined using the electronic map data e.g.
using path calculations based thereon, as will be discussed in more detail below.

Any one of the features described herein in relation to a set of one or more constraints, or the use
of the set of one or more constraints to determine data indicative of a polygon representing a reachable
area based on the set of one or more constraints, is, unless the context demands otherwise, applicable to
any one of the one or more sets of one or more constraints, and the resulting polygon(s) determined.
Likewise, the methods described herein may be applied to one or more vehicles. Any of the features
described herein in relation to performing the method in respect of a vehicle may be used in performing
the method in relation to any further vehicle.

The steps of the method may be performed in any desired order. Thus, the step of obtaining
data indicative of a current location of a vehicle may be performed before, after or at the same time as
identifying the at least one set of one or more constraints.

A reachable area as used herein is an area as represented by the electronic map including all
locations that the vehicle may reach from its current location without contravening any one of the
applicable set of one or more constraints. The perimeter of the reachable area (and hence the polygon)
is indicative of a limit of the reachable area. The perimeter defines a boundary of the reachable area.
The reachable area is a continuous area.

The set of one or more constraints may include a single constraint, or a plurality of constraints
which must be simultaneously satisfied. The one or more constraints may be of any type. Each
constraint may be indicative of a limit e.g. upper limit of a parameter.

Preferably the set of one or more constraints includes one or more time related constraint.

A time related constraint may be a maximum response time for a vehicle. For example, the
distance which may be travelled by an emergency or assistance vehicle may be limited by a maximum
response time. Of course, a response time may be applicable in other contexts e.g. corresponding to a
target for a maximum time to arrival e.g. for collection or delivery of an item etc.

In preferred embodiments a time related constraint is a remaining driving time for the vehicle

driver. The remaining driving time may be a remaining continuous driving time e.g. until the next break.
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Alternatively or additionally the remaining driving time may be a remaining driving time within a given time
period e.g. 2 hours or 24 hours. It will be appreciated that the remaining driving time for a vehicle driver
may differ, depending upon the period considered. For example, the driver may only be able to drive for
1 hour in the next 2 hour period, based on the time driven since the last break. However, when the next
24 hours is considered, the driver may be able to drive for a certain number of hours within that period,
taking into account the time already driven. Thus, the remaining driving time within a given time period
may not necessarily be a continuous remaining driving time.

The "remaining driving time" as used herein refers to a remaining permissible time that a driver
may conduct driving duties, and will be a function of applicable regulations and any other rules affecting
driving times e.g. based on an employment contract, a driver's particular circumstances e.g. health etc.

Alternatively or additionally, the set of one or more constraints may include a vehicle energy
related constraint e.g. an energy budget of the vehicle. A vehicle energy related constraint may be a
remaining amount of energy of the vehicle e.g. a remaining amount of fuel or charge level.

Alternatively or additionally, the set of one or more constraints may include a constraint relating to
financial cost. Thus, the distance which a vehicle may travel may be limited by a limit e.g. upper limit as
to financial cost incurred.

The above exemplified constraints are merely provided by way of illustration, and it will be
appreciated that numerous possible constraints may be used. For example, constraints may be
customised depending upon a particular user e.g. fleet manager's requirements e.g. based on the type of
operation provided by the vehicles etc.

Accordingly, in embodiments the one or more constraints include one or more of, an energy
related constraint, a time related constraint and a constraint relating to financial cost.

The set of one or more constraints may be identified in any suitable manner. Identifying a
constraint may comprise receiving data indicative of a constraint, or identifying a predefined constraint.
For example, a constraint may be input by a user e.g. fleet manager. However, in embodiments, the
method comprises obtaining data indicative of one or more vehicle parameters relating to the vehicle, and
using the obtained data to identify at least some of the set of one or more constraints for the or each
vehicle. The one or more vehicle parameters may relate to the vehicle itself e.g. a fuel level of the
vehicle, or may relate to the driver of the vehicle e.g. a time driven since the last break. The one or more
vehicle parameters may include data indicative of a current driving time of the vehicle, a current condition
of the vehicle e.g. remaining energy e.g. fuel or charge amount, and/or a current condition of a driver of
the vehicle. Preferably in embodiments in which the set of one or more constraints includes a remaining
driving time or remaining energy amount for a vehicle, the remaining driving time or energy amount is
identified using the obtained vehicle parameter data e.g. using data indicative of a current driving time or
current condition of the vehicle.

The data indicative of the one or more vehicle parameters relating to a vehicle may be obtained
from any suitable source or sources. The data may be obtained from one or more device associated with
the vehicle, such as a telematics device and/or tachograph. ‘Telematics’ devices, are devices which do
not provide navigation functionality, but log data for storage and/or other purposes, for example for
provision to a server. Such devices are often provided for the purpose of monitoring fleets of commercial
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vehicles such as lorries, buses, taxis, and the like, and/or for providing feedback to a driver. The
TomTom® LINK devices are examples of such telematic control devices The remaining driving time may
be determined using data obtained from a tachograph associated with a vehicle. For example, a
tachograph may provide data indicative of a time driven e.g. since last break for a driver. The obtained
data may be obtained directly or indirectly from the device(s) as discussed below. The data may be
obtained from the device(s) over a wireless communications link.

The steps of the method of the present invention in any of its aspects or embodiments may be
carried out by a server. For example, the steps may be performed as part of a fleet management system
operated by a server. The fleet management system may be a software-as-a-service (SaaS) system
implemented by the server. Where the method is performed by a server, data indicative of the one or
more vehicle parameters for a vehicle may be obtained directly from the vehicle, e.g. through
transmission of data from a device associated with the vehicle to the server, or the data may be
transmitted from the device associated with the vehicle to another device, such as a device associated
with a fleet manager, and provided to the server as required. The device associated with the fleet
manager may be a computing device, such as a portable computing device, running a software
application that communicates with a fleet management system e.g. SaaS run by a server. In other
embodiments, it is envisaged that the method may be implemented by a server e.g. of an electronic map
provider, and then provided to another server or other device implementing a fleet management system.
For example, the reachable area data may be provided to a server implementing a fleet management
system together with the relevant electronic map data. It will be appreciated that it is not necessary for
the steps to be performed by a server, and at least some of the steps may be performed e.g. by a device
associated with a user e.g. fleet operator. The method may be performed by a server alone, another
device alone, or any combination thereof.

The current location of the vehicle may be obtained in any suitable manner e.g. from a device
associated with the vehicle. For example, the location may be provided by positional data obtained from
any suitable positioning system associated with the vehicle, e.g. a GPS system. The positional data may
be data received from the vehicle e.g. by a wireless communications link, and may be provided as a feed,
e.g. a live feed. The data may be time stamped positional data. The data is preferably real time
positional data. Such data may e.g. be GPS data or any other positional data.

The method comprises, for the or each set of one or more constraints, using the identified set of
one or more constraints, the obtained current location data and the electronic map data for the or each
vehicle to obtain data indicative of the polygon representing the reachable area for the vehicle. This may
be performed in any suitable manner.

The step of obtaining the data indicative of a polygon preferably takes into account live conditions
on the navigable network. This may be achieved using real-time information indicative of conditions on
the navigable network. For example, such information may be provided using a live feed. The live
conditions may include live traffic conditions, and/or road conditions (e.g. road status, such as closures or
roadworks, accidents, weather conditions etc.) The method may therefore take into account live data
relating to the traversal of segments of the navigable network.
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Alternatively or additionally, the step of obtaining the data indicative of a polygon may take into
account historical data relating to the traversal of segments of the navigable network e.g. historical
traversal times for segments.

Alternatively or additionally, the step of obtaining the data indicative of a polygon may take into
account the driving behaviour of the vehicle driver e.g. a driving efficiency. For example, a driver may
have a particularly economical driving profile, which may mean that a vehicle may be able to travel further
given the same energy related constraint than another driver.

Taking into account any of these factors may be achieved using appropriate sources of the data.
For example, a live feed of data may be provided, indicative of conditions on the network e.g. traffic
conditions, or relating to driver behaviour. Driver behaviour may be provided by a feed from an FMS.
Alternatively or additionally, live or historical data e.g. traversal time data may be associated with
segments of the electronic map.

The following discussion in relation to the way in which a polygon may be determined based upon
a set of one or more constraints may apply to any or each polygon that may be obtained in respect of a
set of one or more constraints where multiple sets of one or more constraints are used.

The method may comprise determining the data indicative of the polygon based on a cost of
traversing segments in the navigable network represented by the electronic map, wherein the method
comprises determining a set of one or more applicable cost values in respect of each one of the
segments of the electronic map to be considered, wherein each applicable cost value is in respect of a
respective one of the set of one or more constraints, and wherein each constraint defines a limit e.g. an
upper limit (i.e. permissible (e.g. upper) limit) for the cost of a path through the navigable network
represented by the electronic map in respect of the constraint. A path as used herein may comprise one
or more segments of the electronic map. The cost value is indicative of a cost of traversing the segment
i.e. travelling between nodes defining each end of the segment.

The determination of a set of one or more applicable cost values may take into account historical
data relating to the traversal of segments of the network, real-time information indicative of conditions on
the navigable network and/or historical driving behaviour of the vehicle driver. Thus, the effect of any one
or ones of these factors may be taken account of by means of the cost values associated with segments.

It will be appreciated that a constraint will typically define an upper limit of the cost of traversing a
path through the navigable network in respect of the constraint, although this need not necessarily be the
case.

A cost value in respect of a constraint may be any value which may vary to indicate a value of a
variable parameter whose limit e.g. upper limit is defined (whether directly or indirectly) by the constraint.
For example, a cost value for a segment in respect of an energy e.g. fuel or charge related constraint may
be an amount of energy e.g. fuel or charge required to traverse the segment, while a cost value in respect
of a remaining driving time constraint may be a time to traverse the navigable segment. A cost value in
respect of a financial cost constraint may be a financial cost to traverse the navigable segment.

The cost values associated with the segments may be obtained in any suitable manner. The step
of determining the cost values may involve deriving the cost values, or obtaining already existing data e.g.
stored data indicative thereof, or combinations thereof. Cost values may be obtained from different
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sources. For example, a cost value for a segment may be obtained from the electronic map data e.g.
already being associated with e.g. stored in conjunction with the segment, or may be obtained from
another source e.g. from a server. This may be appropriate where existing data may be used to provide
the cost value. For example, segments of an electronic map will typically be associated with data
indicative of traversal time for use in route generation. In some systems, which support obtaining routes
taking into account other factors than time e.g. energy efficiency, segments may be associated with data
indicative of an energy required to traverse the segment. Such data may be used in route generation in
determining a least cost route. In some embodiments, such data may provide a suitable cost value for
traversing the segment in respect of one of the constraints e.g. a cost value in respect of a time related or
energy related constraint as appropriate. However, in some embodiments, the method may extend to
deriving at least some of the set of one or more applicable cost values associated with segments of the
navigable network. Deriving a cost value may involve using a cost function. Thus, in embodiments the
step of determining the set of one or more applicable cost values may comprise using a cost function to
derive the or each applicable cost value. Deriving a cost value may be performed based on other data,
such as other data associated with the segment in the electronic map e.g. traversal time data or energy to
traverse data. A cost function may provide a way of taking into account further factors, such as driver
efficiency e.g. by including a term which will modify a generic cost value which would otherwise be
determined to customise it to a particular driver.

Accordingly, the cost value associated with a segment of the navigable network indicative of a
cost of traversing the segment in respect of a given constraint in respect of any one of the one or more
set of one or more constraints may be determined using a cost function.

It is envisaged that, in some situations, the same cost value may be used in respect of multiple
constraints for a given segment, where the cost is indicative of a value of a parameter, and each
constraint may be defined by an appropriate limit e.g. upper limit for this same parameter. Likewise, for
multiple sets of one or more constraints, the same cost value may be used in respect of constraints in
different ones of the sets e.g. where these provide different limits e.g. upper limits in respect of the same
parameter.

When determining the polygon, an applicable cost value is used for each segment considered.
The applicable cost value may be a cost value applicable to the current time. It will be appreciated that a
cost value for a segment in respect of a constraint may be time dependent. For example, a cost
indicative of a time to traverse a segment may depend upon the time of day, since traffic conditions will
typically vary throughout the day. A constraint itself is typically not time dependent.

A cost value for a segment, in respect of any constraint, may be based at least in part on
historical data. For example, the cost value may be based upon historical data relating to an applicable
time period. A cost value in respect of remaining driving time may be, or be based on a traversal time for
the segment based upon historical traversal times for the applicable time period.

Alternatively or additionally, a cost value for a segment, in respect of any constraint, may be
based at least in part on live data. For example, the cost value may be based upon live data. For
example, the cost of traversing a segment may take into account live traffic conditions, roadworks etc. A
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cost value in respect of remaining driving time may be, or be based on a traversal time for the segment
based upon live traversal times.

Alternatively or additionally, a cost value for a segment, in respect of any constraint, may be
based at least in part on the driving behaviour of the vehicle driver e.g. a driving efficiency.

Of course, combinations of historical and live data may be used. For example, live data may be
used to modify applicable historical data where the current conditions differ significantly from those
expected.

Live data as used herein in accordance with any of the aspects or embodiments of the invention
refers to data which is relatively current and provides an indication of the relatively conditions in the
network. The live data may typically relate to the conditions within the last 30 minutes, 15 minutes, 10
minutes or 5 minutes. "Historical" data, in contrast, refers to data that is not live, that is data that is not
directly reflective of conditions in the network at the present time or in the recent past (perhaps within
roughly the last five, ten, fifteen or thirty minutes).

It is not necessary that cost values are determined in respect of each segment of the electronic
map, provided that such data is determined at least in respect of those segments being considered. For
example, only a subset of the segments may be considered in determining the polygon e.g.
corresponding to a particular map layer and/or area of the electronic map.

In some embodiments the perimeter of the polygon is defined by a closed polyline, and the
method comprises determining data indicative of a closed polyline representing a perimeter of the
polygon.

The term "polyline" is used herein in its conventional sense. The polyline is defined by a series of
points connected by line segments. The data indicative of the polyline may be indicative in any manner of
the polyline, whether directly or indirectly. For example, the polyline data may comprise a list of the
locations, (e.g. in the form of latitude and longitude coordinates) defining the polyline and/or data
indicative of the line segments connecting the points.

Each point defining the polyline corresponds to a location as represented by the electronic map.
The location may be a location along a segment of the electronic map or may be a node thereof.

In some embodiments each point on the polyline is indicative of a furthest node representing a
junction of the navigable network which may be reached when traversing the navigable network
represented by the electronic map without contravening the (applicable) set of one or more constraints.

In embodiments the method comprises determining a set of one or more applicable cost values in
respect of each one of the segments of the electronic map to be considered, wherein each applicable
cost value is in respect of a respective one of the set of one or more constraints, and wherein each
constraint defines a limit (e.g. upper permissible limit) for the cost of a path through the navigable network
represented by the electronic map in respect of the constraint, and the method comprises using the cost
values associated with segments to identify a set of furthest nodes representing junctions of the navigable
network which may be reached from the current location by traversing a path comprising one or more
segments of the electronic map without exceeding the (upper) limit defined by the applicable constraint
for any one of the costs related to ones of the set of one or more constraints.
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Determination of the furthest nodes may be achieved using any suitable algorithm. In some
embodiments an algorithm is used which utilises a recursive function to determine all paths to all nodes
of the electronic map representing junctions and determines a constraint cost value to travel to each node
(junction) from the current vehicle location. As discussed below, the algorithm may build a tree, where
the nodes of the tree represent nodes (junctions) of the electronic map. Each node may contain a
collection of constraint cost values.

In other embodiments, each point defining the polyline may be a location along a path generated
from the current location to a destination, wherein the location along the path is a location beyond which
further travel is not possible without contravening one of the set of one or more constraints. The
destination is the furthest point which may be reached before one i.e. any one of the set of one or more
constraints is contravened. The location along the path may be identified using a suitable cost calculation
based on assigning cost values to navigable segments of the navigable network in respect of the or each
constraint in a similar manner to the above described embodiment.

In embodiments the method comprises determining a set of one or more applicable cost values in
respect of each one of the segments of the electronic map to be considered, wherein each applicable
cost value is in respect of a respective one of the set of one or more constraints, and wherein each of the
segments of the electronic map is associated with a set of one or more cost values in respect of
respective ones of the set of one or more constraints, and each constraint defines a limit (e.g. upper limit)
in respect of the constraint for the cost of a path through the navigable network represented by the
electronic map comprising one or more of the segments, and wherein each location corresponds to a
furthest location which may be reached from the current location along a path to the destination without
exceeding the upper limit defined by the applicable constraint for any one of the costs related to ones of
the set of one or more constraints.

The set of destinations used in determining the points defining the polyline may be obtained in
any suitable manner. In some embodiments the method may comprise identifying a maximum range (i.e.
linear distance) which may be travelled by the vehicle without contravening any one of the set of one or
more constraints, generating a circular area centred on the current location of the vehicle and having the
maximum range (i.e. linear distance) as radius, determining a set of points corresponding to locations at
which the perimeter of the circular area intersects segments of the road network as represented by the
electronic map, and using the set of points to provide destinations used in determining the points defining
the polyline. The maximum range may be determined in any suitable manner. The maximum range may
be a maximum range taking into account only a subset of the navigable segments of the electronic map
e.g. corresponding to one level of a multi-level map i.e. a higher level thereof, as described below. The
maximum range is an approximate range based on assuming the same range in every direction starting
from the current location, and without taking into account the road network.

The step of determining the set of points corresponding to locations at which the perimeter of the
circular area intersects segments of the road network as represented by the electronic map, may
comprise determining the set of points corresponding to locations at which the perimeter of the circular
area intersects segments representing elements of a sub network of the network of navigable elements
corresponding to a higher level road network. The higher level road network may comprise those
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elements corresponding to higher capacity, long distance roads. The segments representing elements of
the sub network corresponding to the higher level road network may correspond to segments of a first,
higher level of the electronic map.

In these embodiments the method may further comprise determining a further set of points
corresponding to locations at which the perimeter of a circular area intersects segments representing
elements of a further sub network of the network of navigable elements corresponding to a lower level
road network. The method may comprise using the further set of points to provide (further) destinations
for use in determining the points defining the polyline. The lower level road network may comprise those
elements corresponding lower capacity, local roads. The segments representing elements of the sub
network corresponding to the lower level road network may correspond to segments of a second, lower
level of the electronic map.

In embodiments the circular area used in determining the further set of points has a radius which
is smaller than the radius of the circular area used in determining the (first) set of points. For example,
the radius may be a percentage of the radius of the (first) circular area corresponding to the maximum
range (i.e. linear distance) of the vehicle. This reflects that the range of a vehicle when travelling through
a sub network of the navigable network corresponding to the second level of the road network may be
smaller than the corresponding range when travelling through the first level of the road network, which
may define a maximum range of the vehicle.

The higher map level may be used for longer distance navigation, with the lower level i.e. more
detailed map level being used to route a vehicle to and from a segment of the higher map level at the
start and end of navigation respectively. A navigation system using two map levels is described in EP
0835426B1.

Each constraint may be indicative of an upper limit of a parameter (and may define an upper limit
of a cost in respect of the constraint).

The upper limit may be a maximum value of the parameter. The reachable area will then be a
maximum reachable area.

In embodiments, for the or each vehicle, the method may be performed in respect of a plurality of
sets of one or more constraints, with data indicative of a polygon representing a reachable area being
determined in respect of each set of constraints. The plurality of sets of one or more constraints may
comprise a first set of one or more constraints, each constraint being indicative of a maximum value of a
respective parameter. The corresponding polygon determined based on this first set of one or more
constraints may be referred to as the "first" polygon. The at least one set of one or more constraints may
comprise one or more further set of one or more constraints limiting the distance which may be travelled
by the vehicle based on the first set of one or more constraints, wherein each further set of one or more
constraints is more limiting than the previous set of one or more constraints. A value of a respective
parameter defined by one or more, or each constraint of the or each further set of one or more constraints
may correspond to a predefined percentage of a value of the corresponding parameter defined in the first
set of one or more constraints.

Where multiple further sets of constraints are considered, the value of any one or more or each,

respective parameter in each successive set of constraints may correspond to a progressively lower
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predefined percentage of the value of the corresponding parameter defined in the first set of one or more
constraints. For example, each constraint of a first further set of one or more constraint may correspond
to 75% of the maximum value of the parameter in respect of the constraint set by the value of the
constraint in the first set of one or more constraints. Each constraint of a second further set of one or
more constraints may correspond to 50% of the maximum value of the parameter in respect of the
constraint set by the value of the constraint in the first set or one or more constraints and so on. The
value of the parameter in respect of each constraint in a given set of multiple constraints may be set to
the same level relative to the value of the parameter in the first set of constraints e.g. each may be set to
50% or 75% of the first value etc.

In accordance with the invention, each set of one or more constraints is used together with the
obtained current location data and the electronic map data to determine, for the or each vehicle, data
indicative of a respective polygon representing a reachable area as represented by the electronic map,
wherein the perimeter of the reachable area is indicative of a limit of the area which may be reached by
the vehicle from the current location taking into account the respective set of one or more constraints.
Data indicative of the polygon is generated. In embodiments, where each set of constraints is
progressively more limiting, each further polygon will lie within the or each preceding polygon, as the
progressively more limiting values of the constraints will result in progressively smaller reachable areas.

In a further embodiment, the method may enable the effect of lifting and imposing different
constraints to be explored. The method may comprise performing the method using a first set of
constraints including a first constraint to obtain a first polygon representing a first reachable area, and
then repeating the method using a second set of constraints comprising a second constraint and not the
first constraint to obtain a second polygon representing a second reachable area, and optionally repeating
the method using one or more further set of constraints, wherein each further set of constraints includes a
further constraint and does not include any of the constraints specified in relation to the previous sets of
constraints i.e. the first and second constraints, to obtain one or more further polygon representing a
boundary of a respective reachable area. Thus, a third set of constraints will include a third constraint,
and not the first and second constraints, to obtain a third polygon representing a boundary of a third
reachable area, and so on. Preferably each set of constraints contains only one constraint i.e. the first
contains only the first constraint, the second contains only the second constraint and so on. The first and
second, and any further constraints in different sets of constraints relate to different parameters. The first
and second, and where applicable, any further constraints may be progressively less limiting constraints.
For example, the first constraint may be an energy related constraint e.g. remaining fuel limit. The
second constraint may be a remaining drive time constraint, relating to remaining drive time over a first,
shorter period. The third constraint, if used, may be a remaining drive time constraint over a second,
longer period. This may provide an illustration of the effect of lifting the first constraint i.e. by refuelling,
then lifting the second constraint i.e. by providing a driver rest. The determination of a reachable area
may factor in additional time required to lift a constraint as appropriate e.g. to account for stoppage time.

The method extends to the step of using the generated data indicative of the or each polygon to
cause a representation of the polygon to be displayed (or to display such a representation) on a
representation of the electronic map. For example, data may be sent by a server to a device associated
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with a fleet manager to cause the representation to be displayed. At least a representation of the
perimeter of the polygon i.e. representing the boundary of the reachable area will be displayed, and
preferably an indication of the reachable area defined within the perimeter. Any representation of the
polygon, i.e. the perimeter and/or the interior area defined therein may be used which enables the
polygon i.e. reachable area to be distinguished from the surrounding areas of the electronic map. For
example, the reachable area may be coloured to enable it to be distinguished from surrounding areas of
the electronic map.

Where multiple polygons in respect of a given vehicle are determined e.g. in relation to different
sets of constraints, a representation of the or each polygon may be displayed (or caused to be displayed)
simultaneously i.e. a representation of the or each further polygon may be displayed (or caused to be
displayed) along with a representation of the first polygon. Each polygon will be displayed on a
representation of the electronic map. Where multiple polygons are determined in respect of different sets
of constraints, each polygon may be represented in a manner to permit the polygon to be distinguished
from each other

At least a representation of the perimeter of the or each polygon representing the boundary of the
corresponding reachable area will be provided.

In embodiments in which a first polygon is determined in relation to a first set of one or more
constraints, and one or more further polygon is determined in relation to one or more further set of one or
more constraints, wherein each set of constraints is progressively more limiting, each further polygon may
define a sub-area within the area defined by the or each preceding polygon.

In embodiments a representation of each area defined between the perimeter of one polygon and
the perimeter of any next polygon disposed inwardly thereof is provided. A representation of the entire
area defined within the innermost polygon may be provided.

Each such representation of an area (whether between adjacent polygons or within an innermost
polygon) may be provided in a manner so as to be distinguishable from each other such area e.g. by
using different colours. Each area may be representative of an area reachable with constraint values
within a range of values having a limit or limits defined by the constraints associated with the or each
polygon defining a boundary of the area.

The method in accordance with any of the embodiments may be performed in respect of one or
more vehicles. The one or more vehicles in respect of which the method is performed are preferably one
or more vehicles of a fleet. The method may, in embodiments, only be performed in respect of those
vehicles (e.g. in the applicable area) which are determined to be available e.g. which have an available
status. This may be determined using data obtained from an FMS. The one or more vehicles may be
one or more vehicles determined to be available in respect of an assignment to be allocated.

A set of one or more polygons each in respect of a respective one of a set of one or more
constraints may be determined in respect of each vehicle in accordance with any of the embodiments
previously described.

The method may comprise performing the steps of obtaining a polygon representing a reachable
area for corresponding sets of one or more constraints for each vehicle (whether a single set of
constraints, or multiple such sets of constraints). The corresponding sets of constraints may be
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constraints which are in respect of corresponding parameters e.g. remaining drive time, remaining
energy, response time etc. In some embodiments the constraints are not vehicle/driver specific e.g. a
response time. The corresponding sets of constraints may include a single constraint being response
time. One or more such corresponding set of constraints may be used e.g. setting different limits in
relation to parameters e.g. predefined percentages of a maximum value.

The method may comprise displaying an indication of the or each reachable area on a
representation of the electronic map. Where multiple reachable areas are determined in respect of each
vehicle, reachable areas associated corresponding sets of constraints for different vehicles may be
represented in the same manner e.g. using the same colour. This will allow all regions of the electronic
map which can be reached by any vehicle based on a particular set of constraints e.g. within a remaining
driving time limit to be identified.

Where the reachable areas defined within the boundaries of respective polygon obtained for
different vehicles in respect of corresponding sets of one or more constraints overlap, the method may
comprise determining data indicative of a polygon representing a single, combined reachable area
corresponding to the combination of the reachable areas defined by the respective polygons for the
different vehicles in respect of the given set of one or more constraints, and generating data indicative of
the polygon.

The method may comprise using the generated data to cause an indication of the polygon
representing the combined reachable area to be displayed on a representation of the electronic map (or
to display such an indication). The indication may be a representation of at least the perimeter of the
polygon representing the boundary of the combined reachable area. The combined reachable area will
indicate an area which may be reached within the applicable limit(s) set by the constraint(s) associated
therewith by any one of the vehicles to which the polygons indicative of individual reachable areas upon
which it was based related. The representation of the combined polygon may be (caused to be)
displayed instead of the representation of the polygons indicative of the original individual reachable
areas upon which it was based.

Where a vehicle becomes unavailable, the associated indication(s) of a polygon may cease to be
displayed.

In embodiments, the present invention may enable information to be presented to a fleet operator
in a manner which will enable the operator {o readily identify which areas of an electronic map may be
reached by which vehicles of the fleet within a given timeframe, or other constraini, and hence to more
easily assign duties. The invention enables the reachable areas to readily be adjusted in response to live
events on the network, facilitating the decision making process. In other embodiments, the determined
polygon data may be used to enable assignment of driving duties to vehicles to be achieved
automatically. The method may extend to such a step.

The method of determining a reachable area in accordance with the invention in any of its
aspects or embodiments may be triggered in any desired manner. For example, in some embodiments
the method is triggered by an input by a user e.g. a fleet manager. |n other embodiments the method
may be triggered automatically e.g. by a patticular fleet management operation e.g. a patticular operation
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involved in route planning. |n some embodiments the method is triggered when a new potential
destination 1o be assigned to a vehicle e.g. a vehicle of a fleet of a plurality of vehicles is received.

The method may comprise receiving an indication of a destination associated with a new driving
assignment to be assigned to a vehicle of a fleet of vehicles, and performing the method in response to
receiving the indication of the destination. The method may be performed in respect of a set of one or
more vehicles, and preferably a plurality of vehicles, determined to be available for the assignment.
Thus, a reachable area may be determined in respect of each one of the set of one or more constraints
considered for each vehicle.

The method may further comprise determining a vehicle to be allocated the assignment based on
the data indicative of the or each polygon indicative of a reachable area determined in the method, and
providing data indicative of the destination associated with the assignment to the vehicle. The
determined vehicle may be a vehicle from a set of a plurality of available vehicles. In these embodiments,
the determined vehicle may be a vehicle determined by an operator by consideration of the polygon data
i.e. based on displayed reachable area polygons for the vehicles, or may be determined automatically
using the determined polygon data. The step of providing the data indicative of the destination to the
vehicle may be performed automatically and may involve transmitting the data e.g. wirelessly to the
vehicle.

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.

In accordance with a second aspect of the invention there is provided a system for determining a
reachable area for one or more vehicles traversing a navigable network in a region covered by an
electronic map, the electronic map comprising a plurality of segments representing navigable elements of
the navigable network, the segments being connected by a plurality of nodes, the method comprising, for
the or each vehicle:

means for obtaining data indicative of a current location of the vehicle;

means for identifying at least one set of one or more constraints limiting the distance which may
be travelled by the vehicle from a current location,

and, for the or each set of one or more constraints, means for using the identified set of one or
more constraints, the obtained current location data and the electronic map data to determine data
indicative of a polygon representing a reachable area as represented by the electronic map, wherein the
perimeter of the polygon is indicative of a limit of an area which may be reached by the vehicle from the
current location taking into account the set of one or more constraints, and means for generating data
indicative of the polygon.

Preferably the system comprises, or is, a server.

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
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.

- 14 -



10

15

20

25

30

35

40

WO 2020/161335 PCT/EP2020/053199

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.

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 system e.g.
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 signal 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.

It should be noted that the phrase “associated therewith” in relation to one or more segments
should not be interpreted to require any particular restriction on data storage locations. The phrase only
requires that the features are identifiably related to a segment. Therefore association may for example be
achieved by means of a reference to a side file, potentially located in a remote server.

The term "segment"” as used herein takes its usual meaning in the art. A segment may be a
navigable link that connects two nodes, or any portion thereof. 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.

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
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
Embodiments of the invention will now be described, by way of example only, with reference to

the accompanying Figures, in which;
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Figure 1 is a flow chart illustrating one embodiment of a method for determining reachable areas
in accordance with the invention;

Figure 2 illustrates a set of reachable areas determined in respect of a vehicle;

Figure 3 illustrates sets of overlapping reachable areas determined in respect of five vehicles;

Figure 4 illustrates the change in the reachable areas of Figure 3 when one of the vehicles is no
longer available;

Figure 5 illustrates a further example of reachable areas determined in respect of five vehicles;
and Figure 6 illustrates the effect on the reachable areas determined in Figure 5 when one vehicle is no
longer available.

Detailed description of the Figures

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.

The present invention provides a method which may be used in the context of a fleet
management system.

When managing a vehicle fleet, one particularly important factor to take into account when
assigning driving duties e.g. determining driving itineraries is the remaining driving time for the vehicle
drivers. The remaining driving time is the remaining permissible time that a driver may conduct driving
duties in a given period (e.g. day/week/two weekly period), taking into account relevant working time
regulations. The remaining driving time is the amount of time available (e.g. within a given period) before
a driver must cease driving activities and commence a break or rest. The working hours of drivers are
tightly regulated by regulations relating to working time, and driver hours, and including international,
national and local regulations. For example, drivers of large commercial vehicles are restricted by
legislation in the EU regarding how the drivers may conduct driving duties in a given period. These
restrictions are detailed in European Commission mandates (e.g. 2006/561/EC, and 2003/88/EC) and
there is a requirement for dedicated equipment (Tachograph) to be fitted to all qualifying vehicles to
accurately record the status of the driver e.g. driving, resting, available, performing other work. Similar
regulations exist in other countries (US, Australia).

Compliance with regulations is of great importance to a fleet manager, and potential fines for
violating rules or regulations are high. The Applicant has realised that existing FMS (fleet management
systems) fail to enable an operator to adequately take remaining driving time into consideration. This is a
particular problem when planning a response e.g. reassigning driving duties in response to unplanned
events. Such events may require a fleet operator to make estimates of which vehicles are best suited for
a new assignment considering the remaining driving time available to each driver, and other factors,
including a distance of the vehicle to the destination associated with the new assignment etc. Planning
responses to unplanned events becomes even more complex in case of considering more than one
vehicle at atime. The need to take remaining driver time into consideration adds another layer of
complexity when responding to dynamic changes when performing fleet operational planning.
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Existing FMS may result in an operator failing to adequately consider remaining driving time,
which may result in sub-optimal planning, inability to provide accurate information to third parties e.g.
regarding arrival times of drivers, or even failure to comply with driving time regulations.

A Fleet Management System (FMS) is an industry term used to refer to a broad range of
solutions for vehicle-related applications that help companies manage their fleets of vehicles, such as
cars, vans, trucks and buses. A fleet management system (FMS) may be provided by a combination of
vehicle-based technology (e.g. telematics devices, positioning systems) and. Software-as-a-Service
(SaaS). An FMS may be intended to help a fleet operator to improve overall fleet efficiency and vehicle
performance, e.g. save fuel, improve driver safety, aid risk management, enhance job-dispatching etc.
An FMS may help a fleet operator to manage the use of vehicles e.g. the assignment of routes and
destinations, and may also help with the management of vehicle drivers, and destinations. This may be of
assistance where vehicles in the fleet pick up or deliver goods at a multiple destinations, perform a
service operation at several destinations, etc. The FMS operator has a need to manage the cost of
operating a fleet.

Typically, the management of fleet operations e.g. the assignment of duties, is performed by a
human operator with assistance from various planning tools, including an FMS. These tools may be used
to generate a vehicle travel plan, which may then be provided to the FMS. However, inaccuracies in
vehicle plans commonly occur due to dynamic changes caused by unforeseen circumstances, e.g.
additional work, accidents, road closures, car breakdowns, sickness, customer cancellations, etc. The
fleet operator must update vehicle plans to try to compensate for these unplanned events e.g. by
redistributing assignments to the current set of operating vehicles and drivers. Given the complexity of
such tasks, although remaining driving time may be available to the operator via some system, it is
difficult to take this into account together with other factors, and operators may simply ignore remaining
driving time when managing operations, particularly when making changes in response to unplanned
events.

Embodiments of the present invention provide an improved method for determining a reachable
area for a vehicle in view of one or more constraints, which may include remaining driving time, although
are not limited thereto. The invention may also provide the ability to provide information regarding the
reachable area to an operator in a manner which enables the operator to more readily take the
information into account when managing a fleet. While the invention will be described with particular
reference to fleet management, it will be appreciated that it is not limited to use with a fleet of vehicles,
and can be applied to one or more vehicles in any context where it is desired to obtain a reachable area.
For example, this might include a situation where it is desired to obtain a reachable area in view of a
remaining amount of fuel or charge of a vehicle. Thus, the invention is not limited to considering
reachable areas defined by a time-related constraint, although embodiments will be described in relation
to such an example.

The invention may be implemented by means of a server running FMS software. The server is in
communication with a remote device of a fleet operator e.g. tablet, desktop, mobile etc. running a FMS
application.
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The server obtains data over a wireless communication network from each vehicle in a fleet of
vehicles from devices associated with the vehicle e.g. telematics devices. Alternatively, it is envisaged
that the devices associated with the vehicles may send data to the device of the fleet operator running the
FMS application, which may then communicate with the server to provide the data thereto as required.

The fleet operator uses the FMS to update vehicle plans e.g. the assignment of driving duties,
vehicle itineraries etc. The FMS system sends the updated vehicle plan(s) to the relevant vehicle devices.
The fleet operator may make updates via their own device, which may then cause the updates to be sent
out to the devices (typically via the server).

An embodiment of the method of the invention will be described by reference to the flow chart of
Figure 1. This method may be implemented by a server, although this need not necessarily the case.
For example, the method may be implemented by a device associated with a fleet operator, or some
steps may be performed by a server, and some by the operator's device, or any other suitable
arrangement may be used as discussed further below.

The following method may be performed in relation to one or more, or each vehicle in the fleet, as
required. The vehicles in respect of which the method is performed are, in embodiments, vehicles which
are available for performing a new assignment. The method may be triggered in response to the FMS
system receiving an indication of a new assignment to be allocated to a vehicle. The assignment is
associated with a destination.

In step 1, a current position of the vehicle and one or more vehicle parameters are obtained. The
vehicle parameters may include a remaining driving time of the driver or a remaining energy amount e.g.
fuel or charge amount for the vehicle.

In step 3, a set of one or more constraints limiting the distance which may be travelled by the
vehicle from the current location is identified. These constraints may, in this example, be the remaining
energy amount and/or remaining driving time.

In other embodiments, the constraints may be identified from another source e.g. if they are not
vehicle specific. For example, a maximum response time for the vehicle may be obtained e.g. from the
FMS. Thus, in these embodiments, only a current location for a vehicle need be obtained.

The set of one or more constraints may correspond to the obtained vehicle parameters, or may
be derived using the obtained parameters. For example, a constraint may, rather than being a maximum
limit for remaining driving time, corresponding to the available remaining driving time obtained from the
vehicle, be a percentage of that maximum limit e.g. 75% etc. Such embodiments are described below.
More than one set of constraints may be obtained e.g. a first based on a maximum value of each
constraint, and one or more further sets being predefined percentages thereof.

In step 5 a polygon is obtained having a perimeter indicative of the limit i.e. boundary of an area
which may be reached by the vehicle from the current location, taking into account the set of one or more
constraints. The polygon is obtained using the set of one or more constraints, the current location of the
vehicle, and electronic map data. The electronic map data comprises segments connected by nodes,
and the segments are indicative of the road elements of the road network.

In step 7, a representation of the polygon is provided to the fleet operator superposed on the
electronic map.
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The operator is thus provided with a clear indication of the reachable area for the or each vehicle.
The reachable area is defined by a polygon around a current location of a vehicle that includes all
locations that the vehicle can reach without violating any one of the applicable set of constraints (e.g. one
or more of; remaining driving time, energy budget, financial cost). The perimeter of the polygon is
determined in a manner which takes into account the road network. Thus, it is recognised that the
distance a vehicle may travel in different directions from the current location subject to the applicable
constraint(s) may differ, depending upon the properties of the elements of the navigable network, current
conditions etc..

Where the method is triggered by receiving an indication of an assignment to be allocated to an
available vehicle, the method may extend to determining a vehicle to which the assignment is to be
allocated using the reachable areas, e.g. receiving an indication thereof from an operator, and
transmitting data indicative of the destination associated with the assignment to the determined vehicle.

Some methods by which the polygon may be obtained will now be described.

One example of an algorithm for calculating a polygon indicative of reachable area determines,
for each segment of the electronic map being considered (which segment extends between two nodes
(junctions) represented by the electronic map), a constraint cost value in respect of each constraint in the
set of one or more constraints. The algorithm may use a set of constraints (ConstraintSet), where each
constraint ¢ in the ConstraintSet has an associated cost function (c.CostFunction()) for use in calculating
a cost value in respect of the constraint for traversing a segment. The constraint cost value in respect of
a segment will be indicative of a value of a parameter related to the applicable constraint. For example,
the cost value may be a time to travel between two nodes using the segment i.e. a segment traversal
time. This would be applicable for a time related constraint, such as remaining driving time or response
time. A cost value in respect of a vehicle energy related might be an amount of energy (e.g. fuel) to
traverse the segment. A cost value in respect of a financial cost constraint may be indicative of a
financial cost to traverse the segment. The cost function may enable other factors to be considered in
obtaining the cost value for a segment. For example, a driver's historic behaviour may be considered e.g.
based on data available to the FMS. This may, for example, show that the driver drives with greater than
average fuel efficiency. The cost function may then take account of this, and provide an appropriate
adjustment of the cost value that would otherwise be determined e.g. based on average fuel required to
traverse the segment.

The cost values associated with traversing segments may be used to identify paths across the
road network which may be traversed without contravening any of the constraints. For example, each
constraint may set an upper limit e.9. a maximum limit for the cost of a traversed path. The perimeter of
the polygon may then be determined by considering the distance which may be travelled along paths
through the network from the current location without the total cost for any constraint in the set of one or
more constraints (based on the cost values of traversing the segments in the path) exceeding the limit set
by the constraint.

In some embodiments a polyline representing a perimeter of the polygon defining the reachable
area is determined, where each point defining the polyline corresponds to a furthest node which may be
reached from the current location without contravening nay one of the set of one or more constraints.
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This may be performed in various manners.

In one example, the algorithm may build a tree where the nodes represent the nodes in the map.
Each node contains a collection of constraint values.

The simplistic algorithm uses a recursive function to determine all paths to all nodes representing
junctions in the road network represented by the electronic map and record the constraint cost values to
travel to the node (junction) location from the current vehicle location. A schematic example of such a

recursive function is shown below.

FollowSegment(NStart, S, Tree)
J = Getdunction(Nstart, S)
N = GetJunctionNodeInTree(Tree, J)
if N empty
for ¢ in ConstraintSet
N.c = Nstart.c + c.CostFunction(Nstart, N, S)
if N.c exceeds c.maxvalue
return
AddNode(N, Tree)
for segment in N.connections
FollowSegment(N, segment, Tree)
else
for ¢ in ConstraintSet
c.TreeUpdate(N, Nstart, S, Tree)
return

end FollowSegment

The function starts from a junction described as the node Nstart. It then looks up a destination
junction node J by following the segment S to obtain a next junction node. It then obtains a node in the
tree for that junction. If the node does not exist, the new node is configured with all constraint cost values
to reach the junction J from the current location of the vehicle using the constraints from node Nstart and
the constraint cost to travel segment S. After storing parameters in the node, a recursion step determines
the constraint costs by following all road segments connected to the junction.

If the search for junction J shows that there exists a node for the junction in the tree, the
FollowSegment function updates the constraint parameters in the subtree when the constraints values
are lower than the current values. This parameter update also triggers a further recursive step for the leaf
nodes of the subtree which is not shown in the above code fragment. The recursive function terminates
when nodes cannot be added due to exceeding any one of the constraint parameters.

It will be appreciated that this exemplary implementation is a variant of Dijkstra's algorithm. The
example is a basic algorithm that follows each possible route in a network (a graph). At each intersection,
the algorithm keeps track of the 'cost' to reach that location. As there may have been another path that

also leads to that location, the lowest cost version will take preference. Thus, when the alternative route is

-20 -



10

15

20

25

30

35

WO 2020/161335 PCT/EP2020/053199

a more cost efficient, searching based on the current route is not continued. If the current route is more
cost efficient, it is considered to be a better route, and so the route is extended from that intersection by
following all the segments connected to the junction. The recursive function used in the example is
approximate.

After the tree construction briefly described above, the leaf nodes of the tree contain the junction
node locations that are reachable without contravening any one of the set of constraints, and from which
no further segments can be traversed without contravening one of the set of one or more constraints. So,
the leaf nodes comprise the set of nodes that form the outer perimeter of the reachable area.

A representation of this reachable area is a closed polyline, which will define a perimeter of the
polygon representing the reachable area. This is a sequence of locations sorted by angle in a polar
coordinate representation of the locations. This means that for a current vehicle location (x0, y0), each
point on the perimeter (xi, yi) is expressed as (r, ¢) with r cos ¢ = xi- X0 and r sin ¢ = yi- y0. Sorting the
perimeter locations by ¢ results in a closed polyline description of the reachable area.

On example of a polygon defined by a polyline in this manner is shown in Figure 2. The polygon
8 is displayed on an electronic map. The perimeter 10 of the polygon is defined by the polyline. The
polygon defines a reachable area including all locations which may be reached from the current location
12 of a vehicle without contravening any of the applicable set of one or more constraints. This view
includes a number of further polygons which are located within the largest polygon 8, and will be
described below.

There are other methods for determining a polygon indicative of a reachable area. A variant
algorithm uses the set of one or more constraints to calculate a maximum linear distance which may be
travelled by the vehicle from a current location. This is equal to the maximum range of the vehicle. As
vehicles are restricted by the available road network, the reachable area will be smaller than the
maximum range area defined by a circle with the current vehicle location as its centre and a radius equal
to the maximum range.

The next step of the algorithm is to intersect the maximum range area with a higher level road
network (comprising high capacity, long distance roads). The intersects are points on a main road that are
unlikely to be reachable by the vehicle without violating any of the applicable set of one or more
constraints (e.g. driver work time, energy budget, cost) as described above. The algorithm then treats the
intersects as a set of destinations. For each destination it determines a route from the current vehicle
location to the destination, with an endpoint where any of the constraints for the vehicle is met i.e. such
that travel beyond the end point will contravene one of the set of one or more constraints. The set of
endpoints then provide points on the perimeter of the reachable area.

The algorithm can be adapted to include intersect points of a lower level road network and a
smaller range circle around the current vehicle location (e.g. a range that is a percentage of the maximum
range). This may yield additional endpoints on the lower level network for use in providing additional
points on the perimeter of the reachable area.

The determined points on the perimeter of the reachable area may be connected to provide the
polygon indicative of the reachable area.
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A higher map level may contain a road network for longer distance navigation. In navigation
systems a common approach consists of a start phase, a main network phase and an end phase. During
the start phase the vehicle is guided using a detailed map level to a road that is part of the higher level
road network. The main road network phase provides a route that gets the vehicle near its destination.
The end-phase uses a detailed map level to route the vehicle from a road that is part of the higher level
road network to the destination. A navigation system using two map levels is described in patent
EP0835426B1.

Of course, it is not necessary to consider different map levels in this manner.

The algorithms above are examples of the way in which the present invention may be
implemented. In any of its embodiments, the method determines a polygon indicative of reachable area,
providing a realistic maximum driving area given the applicable set of one or more constraints, and taking
into account the actual road network. A time related constraint e.g. remaining driving time, may be in
respect of a given time or date range (e.g. 24h or 2h). A remaining driving time constraint may take into
account a driver's history (driving time, working time, availability) and compliance related time constraints.
Such factors may be used in determining the constraint e.g. based on information from the FMS and/or
vehicle.

The methods of the invention may take into account live conditions on the road network. This
may be achieved, in embodiments, by adjusting traversal times for segments, or other costs associated
with segments, to reflect current conditions. The conditions may include traffic and/or road conditions as
exemplified below. Furthermore, the cost values for given constraints may be time dependent e.g. based
on typical traffic conditions at different times of day. Thus, the applicable cost values for any constraint
may be used to obtain an accurate reachable area applicable to the current time. Historic data indicative
of applicable costs e.g. traversal times or fuel consumption to traverse for segments at different times
may be obtained and used.

The list below shows examples of the constraints and constraint related factors that may be used
in determining the polygon representing reachable area:

. Energy budget. Each vehicle (e.g. as identified via a vehicle identifier) has a current
remaining amount of energy for powering the vehicle. This may be used to set a vehicle energy related
constraint. The FMS may also maintain historic data on the energy needed for a vehicle to travel on road
segments under various traffic and road conditions. This may be used e.g. in determining a cost for
traversing a segment relating to energy budget.

. Driving time. Each driver has a remaining driving time that may be used for assignments.
The remaining driving time can be determined e.g. from an interface to a tachograph. For example, the
FMS software may comprise an interface to obtain real-time data from a tachograph.

. Driver efficiency. Some drivers have a more economical driving profile and can travel a
longer distance for a given vehicle and energy budget. Historical data may be obtained by the FMS
software in any suitable manner, and used to improve the accuracy of the reachable area predictions.
This may be done e.g. by adjusting cost values determined for segments, or in any other suitable manner.
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. Traffic conditions. The FMS software may comprise an interface to one or more
navigation systems that collect real time traffic information to estimate congestion. Congestion and road
parameters determine the time necessary to travel a road segment.

. Road conditions. The FMS software may comprise an interface to a component that
provides real time road network information e.g. road closures, partial road closures, accidents, weather
impact on roads. The road condition information impacts available routes and travel times.

. Traffic regulations. A country may have specific regulations restricting driving without
special permit e.g. on Sunday or during holidays for specific vehicle types.

It will be appreciated that the methods described herein may be implemented in various manners,
using one or more servers and/or devices associated with an operator.

In the exemplary embodiments described, the method of determining reachable area(s) may be
implemented using a FMS. A fleet operator may then use a web browser in their device (e.g. PC or
mobile device) to interact with a server running the FMS software. However, other arrangements may be
used. For example, the reachable area(s) may be determined using an application run by a device of the
operator e.g. PC or mobile device. In either case, some of the above information (e.g. map data, traffic
data, road closure information) may need to be obtained from other sources. For example, a map service
provider may provide map and traffic data. A map service provider may also provide routing functionality,
or may, instead of a server running an FMS, even implement the methods described herein of
determining reachable area(s).

Wherever the reachable area(s) are determined, they may be displayed on a device of the
operator, e.g. a PC or mobile device. The device may then receive the information regarding the area(s)
and positions of vehicles from one or more servers. For example, a server may make its data available to
an application running on the device, or instead may enable a user to interact therewith using a web
browser.

Figure 2 illustrates a method in which multiple polygons are obtained for a vehicle, corresponding
to different sets of one or more parameters.

In Figure 2, two additional polygons are shown inside the polygon 8. The outermost polygon 8 is
obtained using a set of one or more constraints, where a parameter associated with each constraint is at
its maximum e.g. corresponds to total remaining driving time or fuel. Thus, the upper limit defined by the
constraint is at its maximum. A second polygon 20, having a perimeter 22 is then determined with the
constraint parameter(s) set to 75% of this maximum value e.g. 75% of the total remaining driving time or
fuel. A third polygon 30 having a perimeter 32 is determined with the constraint parameter(s) set to 50%
of this maximum value.

The areas defined between the boundaries of each polygon may each be shaded a different
colour as shown in Figure 2. In this example, the area (inner darkest grey area) defined within the
innermost polygon 30 represents the reachable area with up to 50% of the maximum level of the
parameter associated with the constraint e.g. 50% of available remaining driving time, the area (middle
area shaded mid-grey) between the perimeter 32 of this polygon and the perimeter 22 of the next outer
polygon 20 represents the reachable area with from 50-75% of the available constraint parameter (e.g.
driving time). The outermost area (shaded lightest grey) defined between the perimeter 22 of the polygon
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20 and the perimeter 10 of the outermost polygon 8 corresponds to the area reachable using 75-100% of
the available constraint parameter.

Figure 3 illustrates a situation in which there are five vehicles within the area covered by the map,
vehicles 42, 43, 44, 45 and 46. Each vehicle is available for a new assignment. For each vehicle, a set of
polygons indicative of reachable areas based on first, second and third corresponding sets of constraints
is obtained. These areas may be based upon different values for remaining driving time as illustrated in
Figure 2 above e.g. 50%, 75%, and 100% of available remaining driving time, or may be in respect of
different values of response time. For example, the outermost polygon may be based upon a maximum
permitted response time, showing the maximum possible reachable area, with middle and inner polygons
based upon certain predefined percentages of this maximum reachable area. The inner, middle and
outer reachable areas for each vehicle are shaded darkest grey, mid-grey and lightest grey, as in the
Figure 2 example.

As shown in Figure 3, some of the corresponding polygons for the respective sets of constraints
overlap for the different vehicles, i.e. the inner, middle or outer polygons associated with different ones of
the vehicles may overlap. In this situation, a single combined polygon is obtained with a perimeter
encompassing the combined area defined by the corresponding overlapping polygons. In the example of
Figure 3, the innermost polygons for vehicles 44-46 overlap in this way, and a combined polygon having a
perimeter 52 and defining an inner reachable area 50 is defined. It will be seen that combined "inner”,
"middle" and "outer" areas are obtained, with the outer area for the set of vehicles, with the combined
inner, middle and outer areas having the usual darkest, mid and light grey shading.

As a further example, Figure 4 shows the same map area with five vehicles, of one vehicle,
vehicle 44 is now not available for another assignment. No polygons are associated with this vehicle,
changing the overall pattern of areas provided.

Figures 5 and 6 are similar to Figures 3 and 4, but this time based on a longer maximum
available driving time (with this setting the constraint used to provide the outermost polygon, with the
middle and inner polygons for each vehicle being set at 75% and 50% thereof). Figure 5 illustrates the
case where all five vehicles are available, and Figure 6 the case where only 4 are available.

In both cases, the figure shows the vehicles with a combined reachable area for all available
vehicles in a map view. As the driving time constraint is larger (20 minutes in the figures), the each
corresponding reachable area is larger too. In the figure, the shaded area indicate a fraction of the
constraint (0-50%, 50-75% and 75-100%).

Based on the reachable areas illustrated as in Figure 3 and 4 or 5 and 6, a fleet operator can
make a more informed decision and assign an updated plan to a vehicle. In an example, the operator
may assign an emergency vehicle to a reported incident requiring assistance.

The present invention may also allow the effect of lifting and imposing constraints to be explored.

When a driver has a relatively long driving time remaining, the most limiting constraint of a set of
constraints considered including driving time and fuel budget may be fuel budget. A refuelling stop is the
obvious way to address that limit.

In embodiments multiple polygons defining multiple reachable areas may be obtained, where a
first limiting constraint defines a polygon providing an innermost reachable area, and a second outer
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polygon is defined using a second, less limiting constraint, based on the first constraint having been
removed. The second outer polygon may be arranged so as to factor in a stationary period required to
resolve the first constraint.

The resulting set of polygons may again be as shown in Figure 2. This time the innermost
polygon 30 represents the boundary of the area that can be reached without refuelling. The middle area is
defined between the perimeter 22 of the middle polygon 20 and the perimeter 22 of the innermost
polygon, and represents the area that can be reached with refuelling and without a driver rest period. The
outermost area defined between the perimeter 10 of the polygon 8 and the perimeter 22 of polygon 20 is
the area that the vehicle can reach with refuelling and a driver rest until the maximum driving time.

In embodiments at least, the invention may display a map for displaying a map, showing for one
or more vehicles the current location of the vehicle on the map, and, for each of the one or more vehicles
indicating on the displayed map, a reachable area (a map area) comprising all map locations that the
vehicle can reach, where the reachable area is defined by a polygon, and is determined using any
combination of; a driving time, a current condition of the vehicle, current condition of a driver of the
vehicle, a current and estimated traffic conditions, and current and estimated road conditions. The
vehicles may be one or more vehicles of a fleet which are available for performing a driving duty. Thus,
the vehicles may be a subset of vehicles in the area.

The invention may, in embodiments at least, increase overall accuracy of the information used by
a fleet operator and reduce manual planning effort. For example, telematics data relevant for the
operational time may be used in the process of obtaining the reachable areas.

Determination and display of reachable area(s) may be triggered in response to a command from
a fleet manager, or, for example, by the selection of a new potential destination for one or more vehicles.

The invention may, in embodiments, enable a vehicle fleet planner to make better decisions for
handling unplanned events. Usage of accurate reachable area information leads more informed ad-hoc
planning decisions and impacts the cost of operating a vehicle fleet in a positive way.

The method may extend to using the reachable area(s) determined for the or each vehicle to
assign a driving duty to a vehicle, and to provide data indicative of the duty e.g. a destination associated
therewith, to the vehicle.

All of the features disclosed in this specification (including any accompanying claims, abstract
and drawings), and/or all of the steps of any method or process so disclosed, may be combined in any
combination, except combinations where at least some of such features and/or steps are mutually
exclusive.

Each feature disclosed in this specification (including any accompanying claims, abstract and
drawings), may be replaced by alternative features serving the same, equivalent or similar purpose,
unless expressly stated otherwise. Thus, unless expressly stated otherwise, each feature disclosed is
one example only of a generic series of equivalent or similar features.

The invention is not restricted to the details of any foregoing embodiments. The invention
extends to any novel one, or any novel combination, of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so disclosed. The claims should not be construed to

_25-



WO 2020/161335 PCT/EP2020/053199

cover merely the foregoing embodiments, but also any embodiments which fall within the scope of the

claims.
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CLAIMS:

1. A method of determining a reachable area for one or more vehicles traversing a
navigable network in a region covered by an electronic map, the electronic map comprising a plurality of
segments representing navigable elements of the navigable network, the segments being connected by a
plurality of nodes, the method comprising, for the or each vehicle:

obtaining data indicative of a current location of the vehicle;

identifying at least one set of one or more constraints limiting the distance which may be travelled
by the vehicle from a current location,

and, for the or each set of one or more constraints, using the identified set of one or more
constraints, the obtained current location data and the electronic map data to determine data indicative of
a polygon representing a reachable area as represented by the electronic map, wherein the perimeter of
the polygon is indicative of a limit of an area which may be reached by the vehicle from the current
location taking into account the set of one or more constraints, and generating data indicative of the

polygon.

2. The method of claim 1 further comprising obtaining data indicative of one or more vehicle
parameters relating to each one of the one or more vehicles, and using the obtained data to identify, for
the or each vehicle, at least some of the set of one or more constraints limiting the distance which may be
travelled by the vehicle from the current location.

3. The method of any preceding claim wherein the one or more constraints include one or
more of; a vehicle energy related constraint, a time related constraint and a constraint relating to financial

cost.

4, The method of claim 3 wherein the time related constraint is a remaining driving time for
the vehicle.

5. The method of any preceding claim wherein the step of determining the data indicative of

a polygon takes into account live conditions on the navigable network.

6. The method of any preceding claim wherein the step of determining the data indicative of
the polygon takes into account historical data relating to the traversal of segments of the network, real-
time information indicative of conditions on the navigable network and/or historical driving behaviour of
the vehicle driver.

7. The method of any preceding claim wherein the method comprises determining the data
indicative of the polygon based on a cost of traversing segments in the navigable network represented by
the electronic map, wherein the method comprises determining a set of one or more applicable cost
values in respect of each one of the segments of the electronic map to be considered, wherein each
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applicable cost value is in respect of a respective one of the set of one or more constraints, and wherein
each constraint defines an upper limit for the cost of a path through the navigable network represented by

the electronic map in respect of the constraint.

8. The method of any preceding claim wherein the perimeter of the polygon is defined by a
closed polyline, and the method comprises determining data indicative of a closed polyline representing a
perimeter of the polygon.

9. The method of claim 8 wherein each point on the polyline is indicative of a furthest node
which may be reached when traversing the navigable network represented by the electronic map without
contravening the set of one or more constraints.

10. The method of claim 9 as dependent upon claim 7 wherein the method comprises using
the cost values associated with segments to identify a set of furthest nodes representing junctions of the
navigable network which may be reached from the current location by traversing a path comprising one or
more segments of the electronic map without exceeding the upper limit defined by the applicable
constraint for any one of the costs related to ones of the set of one or more constraints.

11. The method of any one of claims 1 to 8 wherein each point defining the polyline is a
location along a path generated from the current location to a destination, wherein the location along the
path is a location beyond which further travel is not possible without contravening one of the set of one or
more constraints.

12. The method of claim 11 as dependent upon claim 7 wherein the location corresponds to
a furthest location which may be reached from the current location along the path to the destination
without exceeding the upper limit defined by the applicable constraint for any one of the costs related to
ones of the set of one or more constraints.

13. The method of claim 12 comprising identifying a maximum range which may be travelled
by the vehicle without contravening any one of the set of one or more constraints, generating a circular
area centred on the current location of the vehicle and having the maximum range as radius, determining
a set of points corresponding to locations at which the perimeter of the circular area intersects segments
of the road network as represented by the electronic map, and using the set of points determined as the
set of destinations used in determining the points defining the polyline.

14. The method of any preceding claim wherein the set of one or more constraints provides a

first set of one or more constraints, each constraint being indicative of a maximum value of a respective
parameter.
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185. The method of claim 14 wherein the at least one set of one or more constraints
comprises a plurality of sets of one or more constraints, the plurality of sets comprising a first set of one
or more constraints, each constraint being indicative of a maximum value of a respective parameter, and
one or more further set of one or more constraints limiting the distance which may be travelled by the
vehicle based on the first set of one or more constraints, wherein each further set of one or more

constraints is more limiting than the previous set of one or more constraints.

16. The method of claim 15 wherein a value of a respective parameter defined by one or
more, or each constraint of the or each further set of one or more constraints corresponds to a predefined
percentage of a value of the corresponding parameter defined in the first set of one or more constraints.

17. The method of any preceding claim comprising using the generated data to cause an
indication of the or each polygon to be displayed superposed on a representation of the electronic map.

18. The method of any preceding claim, wherein the method is performed in respect of each
one of a plurality of vehicles in a fleet of vehicles.

19. The method of claim 18 wherein the method comprises obtaining a polygon representing
a reachable area for one or more corresponding sets of one or more constraints for each one of the
plurality of vehicles, and, when the reachable areas defined by respective polygons obtained for different
vehicles in respect of corresponding sets of one or more constraints overlap, determining data indicative
of a polygon representing a single, combined reachable area corresponding to the combination of the
reachable areas defined by the respective polygons for the different vehicles in respect of the given set of
one or more constraints, and generating data indicative of the polygon.

20. The method of claim 19 further comprising causing an indication of the polygon
representing the single, combined reachable area to be displayed on a representation of the electronic
map.

21. The method of any preceding claim further comprising receiving an indication of a
destination associated with a new driving assignment to be assigned to a vehicle of a fleet of vehicles,
and performing the method in respect of a set of one or more vehicles available for the assignment.

22. The method of claim 21 wherein performance of the method is triggered by receipt of the
indication of the destination.

23. The method of claim 21 or claim 22 further comprising determining a vehicle to be
allocated the assignment based on the data indicative of the or each polygon indicative of a reachable
area determined, and providing data indicative of the destination associated with the assignment to the
vehicle.
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24, A system for determining a reachable area for one or more vehicles traversing a
navigable network in a region covered by an electronic map, the electronic map comprising a plurality of
segments representing navigable elements of the navigable network, the segments being connected by a
plurality of nodes, the method comprising, for the or each vehicle:

means for obtaining data indicative of a current location of the vehicle;

means for identifying at least one set of one or more constraints limiting the distance which may
be travelled by the vehicle from a current location,

and, for the or each set of one or more constraints, means for using the identified set of one or
more constraints, the obtained current location data and the electronic map data to determine data
indicative of a polygon representing a reachable area as represented by the electronic map, wherein the
perimeter of the polygon is indicative of a limit of an area which may be reached by the vehicle from the
current location taking into account the set of one or more constraints, and means for generating data
indicative of the polygon.

25. A computer program product comprising instructions which, when read by a machine,
cause the machine to operate according to the method of any one of claims 1 to 23.

26. A computer readable medium having the computer program product of claim 25 stored
therein.
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