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(54) Route guidance

(57) Various embodiments relate to techniques of
providing route guidance (201 a, 201 d) for a planned
route comprising a route guidance event (210) ahead of
a current position (203) of a vehicle. The route guidance
(201a, 201d) is provided for at least one position (220-1,
220-2) to a driver of the vehicle to enable the driver to
follow the route guidance event (210). The route guid-
ance (201a, 201d) is provided in dependence of an es-
tablished distance (220-1a, 220-2a) between the at least
one position (220-1, 220-2) and the route guidance event
(210) and in dependence of a number of required driving
lane changes (202a) from the at least one position (220-1,
220-2) to the route guidance event (210).
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Description

Technical field

[0001] The invention relates to a method of providing
route guidance for a planned route and to a navigation
system for a vehicle. In particular, various embodiments
relate to techniques which provide the route guidance in
a situation where a route segment along a planned route
has a plurality of driving lanes.

Background

[0002] Navigation techniques are known which provide
route guidance along a planned route. The route guid-
ance typically includes graphical indications of the
planned route in a map view and/or audio commands to
a driver of the vehicle and/or visual indications such as
turning arrows, e.g., in a head-up display or a center con-
sole display, etc. The route guidance aims at making the
driver aware of upcoming route guidance events, includ-
ing but not limited to: turning events, intersections, rele-
vant points of interest, changes of speed, etc. Typically,
at a route guidance event, a certain action of the driver
of the vehicle is required in order to follow the planned
route.
[0003] In various scenarios, the route guidance may
require a large amount of attention by the driver. This
may in particular be the case when the planned route is
in densely populated areas and/or where the route guid-
ance is comparably detailed such that a large amount of
related information is presented to the driver of the vehi-
cle. On the one hand, this may allow for precise and com-
prehensive route guidance enabling the driver of the ve-
hicle to navigate even in complex situations without un-
intentionally leaving the planned route. On the other
hand, if the route guidance is provided comparably often
and / or in a comparably detailed manner and / or with
frequent occurrences, this may burden the driver with a
large amount of information to be handled; the driver may
tend to be over-burdened and over-look certain route
guidance.
[0004] Where detailed route guidance is desired, the
route guidance is often pre-emptively provided for an up-
coming route guidance event; i.e., is provided at a certain
distance ahead and/or a certain time ahead of the route
guidance event. Then a driver may be tempted to either
overestimate or underestimate the pertinence of the par-
ticular route guidance. In other words, it may be difficult
for the driver of the vehicle to differentiate between such
route guidance which requires immediate action by the
driver and other route guidance which only pre-emptively
aims at creating a certain level of awareness of the up-
coming route guidance events by the driver; but, at the
same time, does not immediately require any action.
[0005] From a perspective of system design, this may
create a trade-off situation between comparably detailed
route guidance creating the risk of overwhelming the driv-

er with information, on the one hand - and, on the other
hand, route guidance at a comparably lower level of detail
which does not burden the driver with a large degree of
information, but may lead to an increased risk of the driver
not successfully following a route guidance event.
[0006] Therefore, a need exists to provide advanced
techniques for route guidance for a planned route. In par-
ticular, a need exists to provide route guidance at a com-
parably high level of detail together with an indication of
a pertinence of the route guidance. Furthermore, a need
exists to provide the route guidance situation-specific,
i.e., adaptive with respect to a driving situation of the
vehicle for which the route guidance is provided.

Summary

[0007] This need is met by the features of the inde-
pendent claims. The dependent claims define embodi-
ments.
[0008] According to an aspect, a method of providing
route guidance for a planned route comprising a route
guidance event ahead of a current position of a vehicle
is provided. The method comprises, for at least one po-
sition which is located on a road segment along the
planned route which has a plurality of driving lanes and
is situated in-between the current position and the route
guidance event: establishing a distance between the at
least one position and the route guidance event and es-
tablishing a number of required driving lane changes from
the at least one position to the route guidance event in
order to follow the route guidance event. The method
further comprises, in dependence of said establishing of
the distance and in dependence of said establishing of
the number of required driving lane changes, providing
the route guidance for the at least one position to a driver
of the vehicle to enable the driver to follow the route guid-
ance event.
[0009] For example, the route guidance event can re-
late to a turning event requiring an action by the driver
of the vehicle in order to follow the planned route. For
example, the turning event can relate to an intersection
crossing, an exit of a current road, a U-turn, final ap-
proach to a destination or of a point of interest, etc. The
route guidance may be provided using one or more of
the following techniques: issuing a visual and / or audible
and / or haptic instruction to the driver (route guidance
command), a graphical indication of the planned route in
a map view, providing a visual indication being indicative
of the route guidance event, e.g., right turn, left turn, etc.
The route guidance is not limited to these examples and
the skilled person will appreciate various other tech-
niques which enable to make the driver aware of the up-
coming route guidance event.
[0010] By providing the route guidance in dependence
of the number of required driving lane changes and the
distance, it may be possible to provide the route guidance
pre-emptively when it is actually required to guide the
driver, i.e., in a more situation-specific manner.
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[0011] Providing the route guidance for the at least one
position may relate to: providing the route guidance when
the current position is at the at least one position; and/or
providing the route guidance as a graphical indication of
the at least one position in a map view. In the latter case,
the current position does not necessarily need to be at
the at least one position, but it may be nonetheless.
[0012] The plurality of driving lanes is typically present
on such roads corresponding to a higher hierarchy class,
e.g., highways or arterial roads. Such roads may typically
have two driving lanes, three driving lanes, or even more
driving lanes. In typical scenarios, the driver of the vehicle
is free in his choice of a particular one of the plurality of
driving lanes, i.e., the driver may choose to drive on a
driving lane being situated on the left-hand side or on the
right-hand side or in the middle of the road.
[0013] The at least one position for which said estab-
lishing of the distance and said establishing of the number
of required driving lane changes is performed may be
predefined, e.g., with respect to a corresponding indica-
tion in a map database comprising map data, or may be
determined based on various parameters, e.g., the cur-
rent position of the vehicle, a predefined level of detail of
the route guidance, a distance to the route guidance
event, and/or a velocity of the vehicle, etc. In general,
the at least one position does not necessarily need to be
located on the same driving lane on which the current
position of the vehicle is located.
[0014] It may be expendable to determine the current
position such that it includes a current driving lane - for
example, it is possible that the current position of the
vehicle only refers to a position on the road segment, but
not distinguish between different driving lanes. However,
it is possible that the current position distinguishes be-
tween different driving lanes.
[0015] Providing the route guidance for the at least one
position may, in other words, correspond to: providing
the route guidance to the driver when the vehicle reaches
the at least one position and/or providing the route guid-
ance to the driver by means of a graphical indication for
the at least one position in a map view, the graphical
indication of the least one position enabling the driver to
follow the route guidance event.
[0016] The number of required driving lane changes
from the at least one position to the route guidance event
may correspond to: the number of driving lane changes
which the driver of the vehicle has to execute in order to
follow the planned route at the route guidance event. For
example, if the route guidance event corresponds to an
exit of a highway, typically, this exit is located on a right-
hand side of the highway. If the at least one position is
located on the most left driving lane of the plurality of
driving lanes of the highway, the number of required driv-
ing lane changes from the at least one position to the
route guidance event may correspond to the number of
driving lanes of the highway. In other words, in such an
exemplary scenario the entire highway has to be crossed
from the left-hand side to the right-hand side if the vehicle

is at the least one position.
[0017] The distance between the at least one position
and the route guidance event may correspond to the dis-
tance along the planned route, e.g., along the particular
road segment along which the planned route is situated.
The distance may alternatively or additionally correspond
or consider a geometrical distance between the at least
one position and the route guidance event. In particular,
for curved roads the geometrical distance and the dis-
tance along the planned route may differ.
[0018] By providing the route guidance for the at least
one position to the driver of the vehicle in dependence
of the established distance and in dependence of the
established number of required driving lane changes, it
may be possible to provide the route guidance in a com-
parably selective and situation-aware manner. For ex-
ample, if a large (small) number of driving lane changes
is required and/or if the distance to the route guidance
event is small (large), the route guidance for the at least
one position may be provided to the driver in a more
noticeable (less noticeable) manner or not at all. For ex-
ample, providing the route guidance in a more noticeable
manner may correspond to: providing the graphical indi-
cation of the planned route using bright colours, colours
with an announcement effect, and/or colours with a warn-
ing effect. It may also correspond to issuing an audio
command at a higher volume and/or issuing the audio
command with a warning sound. It may also correspond
to providing the visual indication of the route guidance
event in a more prominent position, using effects promot-
ing attention by the driver, e.g., flashing. Haptic feedback,
e.g., vibration of the steering wheel, might be selectively
used.
[0019] The above non-limiting examples of providing
the route guidance for the at least one position to the
driver may relate to a certain pertinence of the route guid-
ance. However, alternatively or additionally, it is also pos-
sible that said providing of a route guidance includes se-
lectively issuing a route guidance command to the driver
of the vehicle when the vehicle is at the at least one po-
sition.
[0020] For example, if the established number of re-
quired driving lane changes is large (small) and / or if the
established distance is small (large), the route guidance
command may be selectively issued (not issued). In other
words, if the route guidance is determined to be pertinent,
the route guidance command may be selectively issued.
In less critical situations, e.g., when there is a large dis-
tance between the at least one position and the route
guidance event and/or if there is no or only a small
number of driving lane changes required, it may be ex-
pendable to issue the route guidance command.
[0021] The method may further comprise, by means
of a positioning unit, determining the current position of
the vehicle such that the current position includes an in-
dication of a particular driving lane on a current road seg-
ment on which the current position of the vehicle is lo-
cated. The provided route guidance may further depend
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on the determined indication of the particular driving lane.
[0022] For example, the indication of the particular driv-
ing lane included in the current position indicates a dif-
ferent driving lane than the driving lane on which the at
least one position is situated, it may be expendable to
provide the route guidance for the at least one position
or the route guidance for the at least one position may
be provided less prominent.
[0023] For example, if the current position of the vehi-
cle is situated on a driving lane which is associated with
the route guidance event, e.g., in the case of a highway
exit typically the most right driving lane, it may be desired
to provide the route guidance for the at least one position
being located on other driving lanes in a less prominent
manner. For example, it may expendable to issue an au-
dio route guidance command to the driver or use colours
having an announcement effect for the road segment on
which the at least one position is situated on.
[0024] It is also possible to provide the route guidance
independent of the driving lane indicated by the current
position.
[0025] The method may further comprise, e.g., by
means of sensors of the vehicle, establishing a present
traffic level for a vicinity of the vehicle. The provided route
guidance may further depend on the established present
traffic level. The traffic level may indicate at least one of
the following: dense traffic, free-flowing traffic, conges-
tion, etc.
[0026] Typically, if the traffic level in the vicinity of the
vehicle corresponds to dense traffic or a traffic conges-
tion situation, required driving lane changes may be more
difficult to execute for the driver of the vehicle. In other
words, a distance and time required to execute the es-
tablished number of driving lane changes from the at least
one position to the route guidance event may be larger
for denser traffic than for roads with a low traffic load. By
considering the present traffic level, the route guidance
may be provided in a situation-aware manner to the driver
of the vehicle, increasing the likelihood of successfully
following the route guidance event. Unnecessarily pro-
viding pre-emptive route guidance which is not pertinent
may be avoided. For example, preferably if there is dense
traffic present in the vicinity of the vehicle, it may be pos-
sible to make the driver of the vehicle aware of the up-
coming route guidance event earlier.
[0027] The method may further comprise, for the at
least one position, determining a chance of successfully
following the route guidance event. At a given established
distance between the at least one position and the route
guidance event, the chance of successfully following the
route guidance event may be larger for fewer required
driving lane changes. At a given established number of
required driving lane changes, the chance of successfully
following the route guidance event may be larger for larg-
er distances between the at least one position and the
route guidance event.
[0028] Said providing of the route guidance may de-
pend on the determined chance of successfully following

the route guidance event. For example, if the chance of
successfully following the route guidance event is larger
(smaller), the route guidance may be provided in a more
prominent (less prominent) manner.
[0029] It is also possible that the method further in-
cludes executing a threshold comparison between the
determined chance of successfully following the route
guidance event, wherein said providing of the route guid-
ance is selectively executed in dependence of the thresh-
old comparison. For example, if the chance of success-
fully following the route guidance event falls below a pre-
defined threshold for the at least one position, the route
guidance may be executed. If, however, the chance of
successfully following the route guidance event is above
the predefined threshold, it may be expendable to exe-
cute the providing of the route guidance.
[0030] Said providing of the route guidance may further
depend on elements selected from the group comprising:
a traffic information message received via wireless re-
ceiver of the vehicle; a current speed limit retrieved from
a map database; a current speed limit obtained from sen-
sors of the vehicle; historic driver habits of a driver of the
vehicle; and acceleration and/or deceleration capabilities
of the vehicle.
[0031] For example, it may be possible to provide the
route guidance in a more prominent manner if the re-
ceived traffic information message indicates a traffic con-
gestion for the vicinity of the vehicle and/or if the current
speed limit retrieved from a map database indicates a
high-speed area, e.g., without a speed limit, and/or if the
current speed limit obtained from - e.g., optical - sensors
of the vehicle indicates a high-speed area and/or if the
historic driver habits of the driver of the vehicle indicate
defensive driving attitude and/or if the acceleration ca-
pabilities of the vehicle indicate low acceleration power.
In such scenarios it may be possible to provide the route
guidance in a more prominent manner and/or at an earlier
point in time and / or space with respect to the route
guidance event.
[0032] Above, various influencing parameters for the
providing the route guidance for the at least one position
have been primarily discussed. In the following, various
scenarios with respect to the manner in which the route
guidance is provided will be primarily discussed.
[0033] It is possible that said providing of the route
guidance includes providing in a map view a graphical
indication for the at least one position. Optionally, the
graphical indication may represent a chance of success-
fully following the route guidance event if the vehicle is
at the at least one position.
[0034] In a simple scenario, the graphical indication
may be a turning arrow displayed in the map view at the
at least one position.
[0035] For example, the map view may correspond to
a two-dimensional (2D) or three-dimensional (3D) graph-
ical representation of a map of the vicinity of the current
position. For example, the map view may be displayed
on a display of a navigation system of the vehicle. In
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particular, the map view may include a graphical indica-
tion of the planned route. Different techniques to indicate
a planned route are known to the skilled person, includ-
ing, but not limited to: indicating the planned route by
highlighting those road segments on which the planned
route is situated. Additionally, techniques are known
which allow the providing of a graphical indication for the
route guidance event. For example, the graphical indica-
tion for the route guidance event can include displaying
in the map view turning arrows at the respective position
of the route guidance event e.g., pre-emptively even if
the current position of the vehicle has not reached the
route guidance event. For example, if the route guidance
event corresponds to a right turn at an exit of a highway,
the respective graphical indication can relate to a right
turn arrow which is displayed at the corresponding posi-
tion in the map view.
[0036] By providing in the map view the graphical in-
dication for the at least one position, the graphical indi-
cation being representative of the chance of successfully
following the route guidance, it may be possible to include
a level of pertinence of the driver action necessary to
follow the planned route in the graphical indication. By
such techniques it may be possible for the driver to better
assess the urgency of a driver action.
[0037] For example, on the road segment having a plu-
rality of driving lanes it may be possible for the driver,
based on the provided route guidance, to estimate when
the driving lane change is required in order to eventually
reach the route guidance event. In conventional scenar-
ios, the driver of the vehicle may either be tempted to
delay necessary driving lane changes as much as pos-
sible or the driver may be tempted to execute the driving
lane changes as early as possible. Both scenarios may
be dangerous: In the former scenario, there may be a
high likelihood of not successfully following the planned
route by missing the route guidance event - while in the
latter case the driver may be tempted to immediately ex-
ecute the route guidance without paying necessary at-
tention to the traffic in the vicinity of the vehicle.
[0038] The graphical indication for the at least one po-
sition may include setting display parameters used for
calculating a graphical representation of the driving lane
of the road segment on which the at least one position
is located. The display parameters may be selected from
the group comprising: border width, colour, colour gradi-
ent, texture, filling pattern, animation, graphic or text la-
bels, and transparency. For example, it may be possible
to select a particular border width and/or colour for the
graphical representation of the road segment on which
the at least one position is located in dependence of the
established distance and in dependence of the number
of required driving lane changes from the at least one
position to the route guidance event. This may enable
the driver to assess the chance of successfully following
the route guidance event, i.e., stay on the planned route,
by optically perceiving the graphical representation for
the at least one position. This may enable the driver to

correctly judge the pertinence of a driver action with re-
spect to the route guidance.
[0039] It is possible that the graphical indication for the
at least one position includes colouring of the driving lane
or the road segment on which the at least one position
is located. In particular, the graphical indication may in-
clude providing a colour gradient between adjacent po-
sitions on the driving lane of the road segment on which
the at least one position is located.
[0040] By such means, a particular easy perception of
a need for a driver action, in particular for required driving
lane changes, may be provided to the driver of the vehi-
cle.
[0041] The colouring of the driving lane of the road seg-
ment may have an announcement effect being indicative
of the chance of successfully following the route guidance
event. For example, a red (green) colour may be used if
the chance of successfully following the route guidance
event for the at least one position is comparably low
(high).
[0042] For example, the various techniques may be
employed for a single at least one position or for two at
least one positions. In latter case, the following technique
may be applied.
[0043] The method may further comprise determining
a first position between the current position of the vehicle
and the route guidance event where the chance of suc-
cessfully following the route guidance event equals a low-
er threshold. The method may further comprise deter-
mining a second position between the current position of
the vehicle and the route guidance event where the
chance of successfully following the route guidance
event equals an upper threshold. The first and second
positions may be located on the same driving lane. The
graphical indication for the first position may include col-
ouring of the driving lane of the road segment on which
the first position is located at the first position in a first
colour. The graphical indication for the second position
may include colouring of the driving lane of the road seg-
ment on which the second position is located at second
position in a second colour. The graphical indication for
the first position and/or for the second position may in-
clude colouring of the driving lane of the road segment
using a colour gradient, the colour gradient spanning
from the first colour to the second colour and being ap-
plied in-between the first position and the second posi-
tion.
[0044] In other words: it may be possible to select two
positions on a certain driving lane having a comparably
large and a comparably low chance of successfully fol-
lowing the route guidance event, i.e., of staying on the
planned route. It may be possible to assign two colours
of the colour spectrum to these two positions and provide
a colour gradient in-between these two positions. By this,
a differentiated graphical indication of the route guidance
may be provided for the driver of the vehicle - while, at
the same time, the computational efforts for providing the
graphical representation may be comparably low. This
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may be because for the particular driving lane said es-
tablishing of the distance and said establishing of the
number of required driving lane changes may only be
required for the first and second positions.
[0045] Said establishing of the number of required driv-
ing lane changes may comprise retrieving, from a map-
data database, an attribute of the road segment on which
the at least one position is located, the attribute indicating
a total number of driving lanes of the road segment. Typ-
ically, in the map-data database, attribute values may be
provided for particular road segments which specify the
number of driving lanes of the particular road segment.
Based on this attribute value, it may be possible to es-
tablish the number of required driving lane changes for
the at least one position. Alternatively or additionally, in
various scenarios it is also possible to establish the
number of driving lanes using vehicle sensors, e.g., op-
tical cameras monitoring a surrounding of the vehicle.
[0046] Moreover, the method may comprise retrieving,
from the map-data database, an attribute of the driving
lane which is associated with the route guidance event.
For example, this attribute may specify whether the route
guidance is located on a left-hand side of the road seg-
ment or on a right-hand side of the road segment, i.e., is
associated with the most left driving lane or is associated
with the most right driving lane. Different degrees of de-
tails of the particular attribute values are possible. Alter-
natively or additionally, it is also possible to establish this
attribute using sensor data, e.g., from the optical cameras
of the vehicle, etc.
[0047] According to a further aspect, a navigation sys-
tem for a vehicle is provided. The navigation system com-
prises at least one processor which is configured for per-
forming the following steps: for at least one position which
is located on a road segment along a planned route, the
road segment having a plurality of driving lanes and being
situated in-between a current position of the vehicle and
a route guidance event: establishing a distance between
the at least one position and the route guidance event
and establishing a number of required driving lane chang-
es from the at least one position to the route guidance
event in order to follow the route guidance event. The
navigation system may further comprise a user interface
which is configured for, in dependence of said establish-
ing of the distance and in dependence of said establishing
of the number of required driving lane changes, providing
route guidance to a driver of the vehicle to enable the
driver to follow the route guidance event.
[0048] The navigation system may further be config-
ured to execute the method of providing route guidance
according to a further aspect of the present invention.
[0049] For such a navigation system, effects may be
obtained which are comparable with the effects which
may be obtained for the method of providing route guid-
ance according to a further aspect of the invention.
[0050] In the following, the invention will be explained
in further detail with respect to embodiments illustrated
in the accompanying drawings. In these drawings:

FIG. 1 is a schematic illustration of a navigation sys-
tem according to various embodiments of the
present invention.

FIG. 2 illustrates map data for an intersection, where
various road segments of the map data are associ-
ated with an attribute indicating a total number of
driving lanes of the road segment.

FIG. 3 shows a map view of the map data of FIG. 2.

FIG. 4 shows a map view of the map data of FIG. 2,
the map view further including a graphical represen-
tation of a planned route and route guidance, accord-
ing to various reference implementations.

FIG. 5 is a map view for the map data of FIG. 2,
further including a graphical indication of a chance
of successfully following the route guidance event
for various positions located on different driving
lanes.

FIG. 6 is a map view for the map data of FIG. 2,
further including a graphical indication of a chance
of successfully following the route guidance event
for various driving lanes.

FIG. 7 is a three-dimensional version of the map view
of FIG. 5.

FIG. 8 is a flow chart of a method of providing route
guidance for a planned route according to various
embodiments of the present invention.

FIG. 9 is a flow chart of a method of providing route
guidance according to various embodiments of the
present invention.

[0051] In the following, various embodiments of the in-
vention will be described in detail with reference to the
accompanying drawings. It is to be understood that the
following description of embodiments is not to be taken
in a limiting sense. The scope of the invention is not in-
tended to be limited by the embodiments described here-
inafter or by the drawings, which are taken to be illustra-
tive only.
[0052] Elements illustrated in the drawings are not nec-
essarily shown to scale. Rather, the various elements
are represented such that their function in general pur-
pose becomes apparent to a person skilled in the art.
Any connection or coupling between functional blocks,
devices, components, or other physical or functional units
shown in the drawings or described herein may also be
implemented by an indirect connection or coupling. A
coupling between components may also be established
over wireless connection. Functional blocks may be im-
plemented in hardware, firmware, software, or a combi-
nation thereof.
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[0053] In the following, techniques of providing route
guidance for a planned route are described. These tech-
niques enable to provide the route guidance in a situation
where ahead of a current position and in-between with
respect to a route guidance event there are multiple driv-
ing lanes. In such a situation, the techniques according
to various embodiments enable to provide the route guid-
ance for the route guidance event in a situation-aware
manner, differentiated for the various driving lanes, with
a high level of detail, and selective with respect to an
urgency of the route guidance. For example, if the route
guidance event for which the route guidance is provided
is further away or a larger number of driving lane changes
are required, it may be possible to provide the route guid-
ance such that it is more prominent and/or such that it is
indicative of the chance of successfully following the
route guidance event.
[0054] In FIG. 1, a navigation system 1000 is depicted.
The navigation system comprises at least one processor
1100, e.g., a multi-core processor, which is configured
to perform at least one task selected from the group com-
prising: pathfinding, route calculation, calculation of a
graphical representation of map data in a map view, route
guidance. The navigation system 1000 further comprises
a display 1200 on which the map view is displayed.
[0055] Furthermore, the navigation system 1000 com-
prises a sensor interface 1300 which is configured to re-
ceive sensor data from various sensors of a vehicle in
which the navigation system 1000 is mounted. For ex-
ample, the sensors may be selected from the group com-
prising: optical sensors for detecting a current speed limit,
sensors for detecting a present traffic level in the vicinity
of the vehicle, wireless receiver for receiving traffic mes-
sages, sensors for providing current operation properties
of the vehicle, such as acceleration and/or deceleration
capabilities, sensor for monitoring an environment of the
vehicle, e.g., to provide an indication of a current driving
lane on which the vehicle is located. It is possible that
the at least one processor 1100 makes use of such re-
ceived sensor information in order to perform the various
tasks.
[0056] Furthermore, the navigation system 1000 com-
prises a database 1400 which stores map data. This map-
data database 1400 includes storage memory which
stores a network of road segments, e.g., as a road net-
work graph including vertices and nodes. Various of
these road segments are associated with attributes which
specify a number of driving lanes for each road segment.
[0057] The navigation system 1000 further comprises
a user interface 1500. The user interface is configured
to provide input from a user of the navigation system
1000 and to provide output to the user. For example, the
user interface 1500 may include elements selected from
the group comprising: buttons, keys, touch panel, voice
recognition, gesture recognition.
[0058] Furthermore, the navigation system 1000 com-
prises a positioning unit 1600 which is configured to de-
termine a current position of the vehicle. In particular, the

positioning unit 1600 can be configured to determine the
current position such that it includes an indication of a
particular driving lane on a current road segment on
which the current position of the vehicle is located. In
other words, a spatial resolution of the determined cur-
rent position may be high enough in order to determine
the particular driving lane. For example, the positioning
unit 1600 may include a global positioning unit and/or
optical sensors which monitor the vicinity of the vehicle.
It may be possible to analyze the image data obtained
from these optical sensors in order to determine the par-
ticular driving lane on which the vehicle is located. Other
techniques of determining the current driving lanes are
known to the skilled person such that there is no need to
discuss further details in this context.
[0059] In FIG. 2, the map data stored in the map-data
database 1400 is schematically illustrated. The map data
comprise a network of road segments 101-1 - 101-7
which are interconnected by nodes 102. Sometimes, the
road segments 101-1 - 101-7 are referred to as the ver-
tices of the road network graph. In FIG. 2, it is furthermore
illustrated that the various road segments 101-1 - 101-7
are associated with attributes 120 which indicate a total
number of driving lanes of a respective road segment
101-1 - 101-7, e.g., in the example of FIG. 2 lying in the
range one to four.
[0060] Turning to FIG. 3, a low detail map view 200 of
the scenario of FIG. 2 is depicted. As can be seen from
FIG. 3, the map data of FIG. 2 illustrates an intersection
152 of the first road 161 with a second road 162. A tran-
sition between the first road 161 and the second road
162 is provided. The transition comprises an exit 151-1
from the first road 161 and an entry 151-2 to the second
road 162. Furthermore, an exit lane 151-1a is present.
[0061] In FIG. 4, the map view 200 is depicted with
greater detail. In particular, the four driving lanes 202-1,
202-2, 202-3, 202-4 of the first road 161 are depicted.
Furthermore, a graphical representation of the current
position 203 of the vehicle is illustrated. Furthermore, the
map view 200 includes route guidance in the form of a
graphical indication of the planned route 201a (illustrated
with a dotted line in FIG. 4). As can be seen from a com-
parison of the FIGs. 3 and 4, the planned route follows
the first road 161, leaves the first road 161 at the exit
151-1, enters the second road 162 at the entry 151-2 and
then follows the second road 162. In particular, at the
position of the exit 151-1, the driver of the vehicle has to
take a turning action in order to stay on the planned route.
Therefore, the exit 151-1 is a route guidance event 210.
[0062] As mentioned above, the graphical indication
of planned route 201a, as such, provides the route guid-
ance. Based on this graphical indication of the planned
route 201a provided in the map view 200, the driver of
the vehicle may be able to follow the route guidance event
210 and stay on the planned route. Other techniques of
providing the route guidance would be issuing an audio
command 201b that the route guidance event 210 is up-
coming. Typically, the command 201b will be issued at
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a given distance between the current position 203 and
the route guidance event 210. It is also possible to provide
the route guidance in the form of a graphical visualization
201c of the route guidance event, in the scenario of FIG.
4 a right turn at the exit 151-1. Also such a graphical
visualization 201c may be provided a certain distance
ahead of the route guidance event 210.
[0063] By providing the route guidance in the form of
the graphical indication of the planned route 201a and/or
by issuing the audio command 201b and/or by providing
the visual indication 201c, the driver of the vehicle can
be made aware of the upcoming route guidance event
210. In the scenario of FIG. 4 this may lead to the following
exemplary situation: The current position 203 is located
on the third driving lane 202-2, while the route guidance
event is situated at the first driving lane 202-4. Therefore,
by providing the route guidance 201a, 201 b, 201c, the
driver will be tempted to immediately react and execute
the required driving lane changes, i.e., cross the driving
lane 202-3, in order to reach the most right driving lane
202-4.
[0064] However, the route guidance does not include
and is not based on a pertinence or urgency of the pro-
vided route guidance 201a, 201b, 201c. Therefore, the
driver does not know whether it is in fact necessary to
immediately change to the right driving lane 202-4 of the
first road 161 - or whether it would be rather possible to
delay the driver action and nonetheless successfully fol-
low the route guidance event 210.
[0065] According to various embodiments, the route
guidance 201a, 201b, 201c is provided for at least one
position (not shown in FIG. 4) in-between the current po-
sition 203 and the route guidance event 210 and taking
into account a distance between the at least one position
and the route guidance event 210 as well as a number
of required lane changes between the at least one posi-
tion and the route guidance event 210. For example, it
may be possible to selectively issue a route guidance
command such as the audio command 201b and/or the
visual indication 201c to the driver of the vehicle when
the vehicle is at the at least one position. For example,
with respect to the graphical indication of the planned
route 201a: it is possible to colour, highlight or otherwise
emphasize the planned route 201a when the current po-
sition 203 reaches the at least one position.
[0066] In such a scenario, providing the route guidance
for the at least one position relates to: providing the route
guidance when the current position is at the at least one
position.
[0067] For example, it may be possible to determine a
chance of successfully following the route guidance
event 210 for the at least one position. Then, it may be
possible to selectively issue the route guidance com-
mand 201b, 201c in a situation where the chance of suc-
cessfully following the route guidance 210 falls below a
predefined threshold, e.g., because the number of re-
quired driving lane changes is comparably high and/or
because the established distance to the route guidance

event 210 is comparably low. In such a situation it may
be possible to provide the route guidance in situation-
aware manner and thereby prompt the driving action of
the driver when it is actually necessary to do so. In other
words, route guidance in the form of audio commands
and/or visual indications may be provided at certain po-
sitions, where driving lane changes become pertinent in
order to successfully follow the route guidance event 210,
or may be provided in a different manner for various po-
sitions.
[0068] Such techniques are motivated by the finding
that typically a certain distance is necessary in order to
complete a required driving lane change. This is because
due to the traffic situation in the vicinity of the vehicle it
may be necessary to wait for the availability of a neigh-
bouring driving lane before the driving lane change can
be actually executed. Therefore, based on the estab-
lished distance and the established number of required
driving lane changes, the chance of successfully follow-
ing the route guidance event can be approximated. Said
providing of the route guidance 201a, 201b, 201c may
depend on further parameters. For example, said provid-
ing of the route guidance may further depend on a de-
termined indication of the particular driving lane on which
the current position of the vehicle is located. Furthermore,
said providing of the route guidance may further depend
on a present traffic level which can be established by
means of sensors providing the data to the sensor inter-
face 1300 (cf. FIG. 1).
[0069] For example, if in the embodiment of FIG. 4 the
current location 203 of the vehicle has already been lo-
cated on the most right driving lane 202-4, i.e., on the
driving lane on which the route guidance event 210 is
also located on, it may be expendable to provide the route
guidance at all. For example, if the established present
traffic level in the vicinity of the vehicle is comparably
high, the distance which is necessary to execute the re-
quired driving lane change may increase. Therefore, it
may be possible to provide the route guidance 201a,
201b, 201c taking the present traffic level into account.
For example, if the present traffic level in the vicinity of
the vehicle is dense, it may be desirable to provide the
route guidance for a given position more prominently.
[0070] Turning to FIG. 5, the providing of the route guid-
ance is discussed with respect to a first position 220-1
and a second position 220-2. Both, first and second po-
sitions 220-1, 220-2, are located on the most left driving
lane 202-1. This means that the number of required driv-
ing lane changes 202a (indicated by the arrows in FIG.
5) from both positions 220-1, 220-2 to the route guidance
event 210 amounts to three. Furthermore, both first and
second positions 220-1, 220-2 lie in-between the current
position 203 and the route guidance event 210. The dis-
tance 220-1a between the first position 220-1 and the
route guidance event 210 is smaller than the distance
220-2a between the second position 220-2 and the route
guidance event 210. The route guidance is provided in
the map view 200 for both positions 220-1, 220-2 by
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means of a graphical indication for the at least one posi-
tion.
[0071] In such a scenario, providing the route guidance
for the at least one position 220-1, 220-2 relates to: pro-
viding the route guidance 201a by a graphical indication
on the map view for the at least one position. The current
position 203 does not need to be at the at least one po-
sition 220-1, 220-2. The graphical indication uses a grey-
scale in order to represent a chance of successfully fol-
lowing the route guidance 210, i.e., successfully execut-
ing the right turn at the exit 151-1. In-between the first
and second positions 220-1, 220-2 the graphical indica-
tion 201d of the route guidance includes colouring of the
driving lane 202-1 using a colour gradient, the colour gra-
dient spanning from the first colour of the first position
220-1 to the second colour of the second position 220-2.
[0072] It is possible that the first position 220-1 is de-
termined as the particular position where the chance of
successfully following the route guidance event 210
equals the lower threshold, i.e., where it is particularly
unlikely to successfully execute the right turn at the exit
151-1. Likewise, the second position 220-2 can be de-
termined as the particular position where the chance of
successfully following the route guidance event equals
an upper threshold.
[0073] As can be seen from FIG. 5, the route guidance
is provided separately for the driving lanes 202-1, 202-2,
202-3, 202-4. This is because the number of required
driving lane changes 202a between the various positions
on the various driving lanes 202-1, 202-2, 202-3, 202-4
differs. For each driving lane, different at least one posi-
tions may be employed.
[0074] In FIG. 6, a further embodiment of the route
guidance in the form of the graphical indication 201d is
provided. In this scenario it is expendable to use colour
gradients. Rather, a plurality of lines arranged on the driv-
ing lanes 202-1, 202-2, 202-3, 202-4 is used where the
neighbouring lines have decreasing distance. The dis-
tance between the neighbouring lines is proportional to
the chance of successfully following the route guidance
event 210.
[0075] In FIG. 7, the scenario of FIG. 5 is illustrated in
the form of a 3D map view 200. As can be seen, similar
techniques may be readily applied in the case of the 3D
map view 200.
[0076] In FIG. 8, a flowchart of a method of providing
route guidance according to various embodiments of the
present invention is depicted. The method starts in step
S1. In step S2 a given position is determined, which is
in-between the current position 203 and the route guid-
ance event 210. For example, the given position can be
predetermined or can be determined based on a thresh-
old comparison as described above or can be determined
by other techniques, e.g., including rastering the road in-
between the current location and the route guidance
event and selecting a particular raster point.
[0077] In step S3, the distance between the given po-
sition and the route guidance event is established. In step

S4, the number of required driving lane changes to reach
the route guidance event 210 from the giving position is
established.
[0078] In step S5, the type of route guidance is deter-
mined. In particular, providing the route guidance can
include providing a graphical indication in the map view,
using a certain colour for the given position.
[0079] In step S6 it is checked whether further given
positions are present. For example, if further given posi-
tions are present, the steps S2-S5 are executed for these
further given positions.
[0080] If this is not the case, in step S7 the map view
200 is displayed using the graphical indication of the de-
termined route guidance of step S5. This may be possible
even when the current position is ahead of the at least
one given position of step S2.
[0081] If the determined route guidance in step S5 in-
cludes issuing a route guidance command when reach-
ing the given position, in step S8 this route guidance com-
mand is issued. However, it should be understood that
step S8 is an optional step.
[0082] In FIG. 9, an alternative scenario for which the
method of providing route guidance according to various
embodiments of the present invention may be applied is
illustrated using a flowchart. The method starts in step
T1. In step T1, the number of driving lanes is retrieved
for a road segment in-between the current location and
the route guidance event. In step T3, a particular driving
lane of the road segment is selected. In step T4, a min-
imum distance to reach the route guidance event 210
from the selected driving lane is determined. This may
occur based on an established number of required driving
lane changes from the selected driving lane to the route
guidance event 210. The particular position which corre-
sponds to the minimum distance is set as the first posi-
tion.
[0083] Likewise, in step T5, a second position is deter-
mined which corresponds to the maximum distance to
reach the route guidance event 210. For example, steps
T4 and T5 can include a threshold comparison.
[0084] In step T6, a graphical indication is determined
for the first and second position and optionally for inter-
mediate positions lying in-between the first and second
positions. The graphical indication can include the pro-
viding of colours and/or colour gradients.
[0085] In step T7, it is checked whether further driving
lanes exist. If this is the case, steps T3-T6 are executed
anew for the further driving lanes.
[0086] Otherwise, in step T8, the map view 200 is dis-
played using the graphical indication as determined in
step T6.
[0087] The method ends in step T9.
[0088] Although the invention has been shown and de-
scribed with respect to certain preferred embodiments,
equivalents and modifications will occur to others skilled
in the art upon reading and understanding the specifica-
tion. The present invention includes all such equivalents
and modifications and is limited only by the scope of the
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appended claims.

Claims

1. A method of providing route guidance (201a, 201 b,
201c, 201d) for a planned route (201a) comprising
a route guidance event (210) ahead of a current po-
sition (203) of a vehicle,
wherein the method comprises:

- for at least one position (220-1, 220-2) which
is located on a road segment (101-1 - 101-7)
along the planned route (201a), the road seg-
ment (101-1 - 101-7) having a plurality of driving
lanes (202-1 - 202-4) and being situated in-be-
tween the current position (203) and the route
guidance event (210):

- establishing a distance (220-1a, 220-2a)
between the at least one position (220-1,
220-2) and the route guidance event (210),
- establishing a number of required driving
lane changes (202a) from the at least one
position (220-1, 220-2) to the route guid-
ance event (210) in order to follow the route
guidance event (210),

- in dependence of said establishing of the dis-
tance (220-1a, 220-2a) and in dependence of
said establishing of the number of required driv-
ing lane changes (202a), providing the route
guidance (201a, 201b, 201c, 201d) for the at
least one position (220-1, 220-2) to a driver of
the vehicle to enable the driver to follow the route
guidance event (210).

2. The method according to claim 1,
wherein the method further comprises:

- by means of a positioning unit (1600) deter-
mining the current position (203) of the vehicle
such that the current position (203) includes an
indication of a particular driving lane on a current
road segment (101-1 - 101-7) on which the cur-
rent position (203) of the vehicle is located,

wherein the provided route guidance (201a, 201 b,
201c, 201d) further depends on the determined in-
dication of the particular driving lane.

3. The method according to any one of the claims 1 or 2,
wherein the method further comprises:

- establishing a present traffic level for a vicinity
of the vehicle,

wherein the provided route guidance (201a, 201 b,

201c, 201d) further depends on the established
present traffic level.

4. The method according any one of the preceding
claims,
wherein the method further comprises:

- for the at least one position (220-1, 220-2) de-
termining a chance of successfully following the
route guidance event (210).

5. The method according to any one of the preceding
claims,
wherein said providing of the route guidance (201a,
201 b, 201c, 201d) further depends on elements se-
lected from the group comprising:

- a traffic information message received via a
wireless receiver of the vehicle;
- a current speed limit retrieved from a map da-
tabase;
- a current speed limit obtained from sensors of
the vehicle;
- historic driver habits of a driver of the vehicle;
and
- acceleration and / or deceleration capabilities
of the vehicle.

6. The method according to any one of the preceding
claims,
wherein said providing of the route guidance (201a,
201 b, 201c, 201d) includes providing in a map view
a graphical indication for the at least one position
(220-1, 220-2),
wherein, optionally, the graphical indication repre-
sents a chance of successfully following the route
guidance event (210) if the vehicle is at the at least
one position (220-1, 220-2).

7. The method according to claim 6,
wherein the graphical indication for the at least one
position (220-1, 220-2) includes setting display pa-
rameters used for calculating a graphical represen-
tation of the driving lane of the road segment (101-1
- 101-7) on which the at least one position (220-1,
220-2) is located,
wherein the display parameters are selected from
the group comprising:

- border width;
- colour;
- colour gradient;
- texture;
- filling pattern;
- animation;
- graphic-labels and/or text-labels; and
- transparency.
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8. The method according to any one of the claims 6 or 7,
wherein the graphical indication for the at least one
position (220-1, 220-2) includes colouring of the driv-
ing lane of the road segment (101-1 - 101-7) on which
the at least one position (220-1, 220-2) is located.

9. The method according to claim 8,
wherein the graphical indication includes providing
a colour gradient between adjacent positions on the
driving lane of the road segment (101-1 - 101-7) on
which the at least one position (220-1, 220-2) is lo-
cated.

10. The method according to any one of the claims 8 or 9,
wherein the colouring of the driving lane of the road
segment (101-1 - 101-7) has an announcement ef-
fect being indicative of the chance of successfully
following the route guidance event (210).

11. The method according to any one of the claims 6 - 10,
wherein the method further comprises:

- determining a first position between the current
position (203) of the vehicle and the route guid-
ance event (210) where the chance of success-
fully following the route guidance event (210)
equals a lower threshold,
- determining a second position between the cur-
rent position (203) of the vehicle and the route
guidance event (210) where the chance of suc-
cessfully following the route guidance event
(210) equals an upper threshold,

wherein the first position and the second position are
located on the same driving lane,
wherein the graphical indication for the first position
includes colouring of the driving lane of the road seg-
ment (101-1 - 101-7) on which the first position is
located at the first position in a first colour,
wherein the graphical indication for the second po-
sition includes colouring of the driving lane of the
road segment (101-1 - 101-7) on which the second
position is located at the second position in a second
colour,
wherein the graphical indication for the first position
and / or the second position includes colouring of the
driving lane of the road segment (101-1 - 101-7) us-
ing a colour gradient, the colour gradient spanning
from the first colour to the second colour and being
applied in-between the first position and the second
position.

12. The method according to any one of the preceding
claims,
wherein establishing the number of required driving
lane changes (202a) comprises:

- retrieving, from a map-data database, an at-

tribute of the road segment (101-1 - 101-7) on
which the at least one position (220-1, 220-2) is
located, the attribute indicating a total number
of driving lanes (202-1 - 202-4) of the road seg-
ment (101-1 - 101-7).

13. The method according to any one of the preceding
claims,
wherein providing the route guidance (201a, 201b,
201c, 201d) includes:

- selectively issuing a route guidance command
(201b, 201c) to the driver of the vehicle when
the vehicle is at the at least one position (220-1,
220-2).

14. Navigation system (1000) of a vehicle, comprising:

- at least one processor (1100) configured for
performing the following steps:

- for at least one position (220-1, 220-2)
which is located on a road segment (101-1
- 101-7) along a planned route (201a), the
road segment (101-1 - 101-7) having a plu-
rality of driving lanes (202-1 - 202-4) and
being situated in-between a current position
(203) of the vehicle and a route guidance
event (210):

- establishing a distance (220-1a,
220-2a) between the at least one posi-
tion (220-1, 220-2) and the route guid-
ance event (210),
- establishing a number of required driv-
ing lane changes (202a) from the at
least one position (220-1, 220-2) to the
route guidance event (210) in order to
follow the route guidance event (210),

- a user interface (1500) configured for, in de-
pendence of said establishing of the distance
(220-1a, 220-2a) and in dependence of said es-
tablishing of the number of required driving lane
changes (202a), providing route guidance
(201a, 201b, 201c, 201d) for the at least one
position (220-1, 220-2) to a driver of the vehicle
to enable the driver to follow the route guidance
event (210).

15. The navigation system (1000) according to claim 14,
wherein the navigation system (1000) is further con-
figured to execute the method according to any one
of the claims 1 - 13.
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