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(54) Title: METHOD AND APPARATUS FOR DETERMINING A DISTRIBUTION OF NEIGHBOUR NODES AROUND A

(57) Abstract: The present invention relates
to a method and an apparatus for determin-
ing a distribution of neighbour nodes (21,
22) around a first node (10) in a communica-
tion network, where beacon signals, which
are respectively transmitted from one or
more neighbour nodes (21, 22) located in a
beaconing range of a first node (10), are re-
ceived at the first node (10) and, wherein

each beacon signal transmitted from one of
the neighbour nodes (21, 22) comprises
identification data which identifies the re-
spective neighbour node (21; 22) and posi-
tion data which indicates the position of the

CA
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respective neighbour node (21; 22). Further-
more, a scan area (SA) is defined, which is a
partial area of a circular area (CA) having
the first node (10) in the center, wherein the
scan area (SA) has a predetermined scan
view shape and extends from the center of
the circular area (CA) to at least the circum-
ference of the circular area (CA) in a defined
radial direction from the center of the circu-
lar area (CA); the scan area (SA) is rotated
about the center of the circular area; and an
angular distribution of neighbour nodes (21,

22) located in the beaconing range of the first node (10) is determined by counting the number of neighbour nodes (21, 22) locat-

O ed within the scan area (SA) while rotating the scan area (SA), based on the position data of the neighbour nodes (21, 22), as a

W

function N(0) of a radial direction (81) of the scan area (SA) from the center of the circular area (CA).
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Method and apparatus for determining a distribution of neighbour nodes around a first

node in a communication network

Technical Field of the Invention

The present invention relates to a method and an apparatus for determining a
distribution of neighbour nodes around a first node in a communication network, where
beacon signals, which are respectively transmitted from one or more neighbour nodes
located in a beaconing range of a first node, are received at the first node and, wherein
each beacon signal transmitted from one of the neighbour nodes comprises identification
data which identifies the respective neighbour node and position data which indicates

the position of the respective neighbour node.

In particular, the present invention relates to a wireless communication network of
a plurality of network nodes, wherein some, most or all of the network nodes are mobile

nodes.

The present invention particularly relates to the technology of Vehicular Ad hoc
NETworks, in the following referred to as VANET.

The work leading to this invention has received funding form the European
Community’s Seventh Framework Programme (FP7/2007-2013) under grant agreement
n° 224644,
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Background of the Invention

VANET technologies have become hot topic in the communication research
community. VANET is an autonomous network in which network nodes can act as server,
client and relay for communication among a plurality of VANET nodes, wherein most of
the nodes of the VANET correspond to vehicles (or are mounted on vehicles). Due to
various issues such as high mobility, large scale network etc, VANET requires specific

research and technologies to be developed.

Basically, three main categories of applications are enabled by VANET, including
road safety (e.g. collision avoidance, intersection safety, etc.), traffic efficiency (traffic jam
information, roadwork information, etc.), and so-called infotainment (internet connection,

vehicle diagnostics, etc).

According to very important aspects in VANET applications, there exists the scenario
that packets containing messages, data or information shall be forwarded to a required
target region within the road network or to one or more mobile and/or stationary target
nodes of the VANET located in a specific target region, the target region being
represented by a target destination. When a node of the VANET receives such a packet or
has already stored the packet, but the node cannot directly send the packet to the target
destination since it is outside the sending range of the node, i.e. when the transmission
distance is beyond the direct radio communication range, the node shall select a
forwarding node upon the nodes in its vicinity to forward the packet. Accordingly, in
common VANET systems, packets can be relayed between different intermediate
vehicles/nodes towards the target destination in order to forward the packet, i.e. the
intended transmission, in steps to the intended target destination. This is sometimes
referred to as multi-hop communication. it may occur that the packet shall be transmitted

to the target destination within a required latency.

In such scenarios, the communication mechanism of the VANET shall cope with
different situations such as large network scale, long transmission distance to the target
destination, network congestion due to a large amount of packets and/or nodes, and a
loose network having a low density of nodes, in particular at an introduction stage of the

VANET system.
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An efficient selection of the forwarding nodes (the intermediate nodes) of the
transmission in multi-hop communication has become a hot topic in the VANET routing
research community. Especially, relay nodes shall be selected as efficiently as possible in
order to improve the transmission success rates. In particular in an urban environment, a
road network can be complex. In such an environment, it is crucial that relay vehicles or,
respectively, forwarding nodes are selected such that the packet is efficiently forwarded

to the target destination.

In particular, geo-location based routing is one of the most important topics to be
developed and improved in VANET systems for the above-mentioned information
dissemination. According to geo-location based routing, application related information or
other information may be required to be transmitted to a specific geographic location or
specific regions in the traffic system having a network of roads, wherein intermediate
nodes, for example mobile vehicles as nodes travelling in the traffic system or network of

roads, shall relay the respective packet towards the target destinations.

Among known geo-routing protocols, a distance based selection of forwarding
nodes is widely used and has been discussed in the prior art, i.e. a node of the VANET
that is geographically closest to the target destination shall be selected as the next

forwarding node.

However, in such a scenario there occurs a problem that due to the complexity of
road network topology, a road section in which the node, which is selected as forwarding
node, is located does not necessarily lead towards the target destination because of a
complex structure of the road network. Especially in complicated environments such as
an urban road network topology, such a distance based forwarding selection might
encounter ineffectiveness and results in low success rates in forwarding the message or

packet to the target destination.

In the paper of Jing Zhao and Guohong Cao; “VADD: Vehicle-Assisted Data Delivery
in vehicular ad-hoc networks” (INFOCOM 2006, 25th IEEE International Conference on
Computer Communications, Proceedings, April 2006, pages 1 to 12, see also Vehicular
Technology, IEEE Transactions on Volume 57, Issue 3, May 2008, pages 1910 to 1922),
this issue is discussed. The occurring problem is illustrated in Fig. 1 which shows a

relatively simple road topology with a target destination D to which a packet shall be
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forwarded within the VANET. A first vehicle as a first node 10 of the VANET has stored or
recently received the packet and shall now select a next forwarding node in the VANET.
As illustrated in Fig. 1, two vehicles which are nodes 21 and 22 of the VANET are
currently located in the range of the first node 10 within a radius R. The travelling
direction of the respective nodes 10, 21, and 22 is indicated by the tip of the vehicles in
Fig. 1. In a distance based forwarding selection, the first node 10 selects node 21 as the
next forwarding node to transmit the message or packet to node 21 since it is located
closer to the target destination D than node 22. However, as can be seen in Fig. 1, due to
the road topology, the node 22 should have been selected as forwarding node rather

than node 21 to make sure that the packet may be forwarded to the target destination D.

More precisely, the road topology is not taken into account in distance based
forwarding node selection so that the node 21 may be selected in preference to node 22,
since node 21 is currently located geographically closer to the target destination D.
However, node 21 is actually not heading towards the target destination D in the example
of Fig. 1 due to the road topology, and node 22 may have clearly been the more efficient
forwarding node to be selected for forwarding the packet to the target destination D, or it
would even have been required to select node 22 as a forwarding node in order to make

sure that the packet can be forwarded to the target destination D at all.

To cope with the above-mentioned problem, “VADD: Vehicle-Assisted Data Delivery
in vehicular ad-hoc networks” proposes to utilize a GIS (Geo-Information System) or a
map database configured for routing purposes in forwarding node selection. Each node is
proposed to know exactly its own location in relation to the road network or road network
topology. A forwarding node may then be selected based on the knowledge about the

road network topology and the position of the node within the road network topology.

The idea of integrating a map database for networking purposes has become a new
trend in geo-routing research. However, although the above-mentioned method might
result in a precise routing, some issues and problems do occur as will be discussed in the

following.

First of all, the above-mentioned solution requires the vehicles, i.e. the network

nodes, to be equipped with navigation systems in addition to the VANET communication
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system, thereby causing extra costs for the system and increasing difficulties in system

deployment.

Second of all, even in the case that a navigation system is provided so as to be
available, a map database and a GIS is purely relating to application layer data of the OSI-
layers (Open System Interconnection, e.g. according to the OSI reference model).
Consequently, in order to utilize a map database and/or GIS information for network
routing purposes, strong cross layer functions between OSl-layers must be implemented

to provide an interface from the map database or GIS layer to the network layer.

Finally, by introducing such an interface, the workload of the network layer will be

significantly increased due to the complexity of the map database or the GIS.

US 2007/0198140 A1l shows a VANET routing protocol and an inter-vehicle
communication system, wherein the routing protocol does not utilize a map database or
GIS information. The routing protocol is described for the case in that a message is
required to be sent towards a specific traffic direction. Each vehicle of the VANET is
described to keep its position trace during a certain time interval, and shall send the

trace information to vehicles/nodes in its vicinity.

At a receiver side, the receiving vehicle compares the received trace with its own
trace to detect if the respective two vehicles (sending and receiving vehicle) are driving in
the same traffic direction in order to make the forwarding selection or forwarding
decision. When a message needs to be sent to a target destination in a downstream
traffic direction from point of view of a sending vehicle that shall transmit the message
towards a target destination, the node performs the forwarding decision based on the

trace information received from other VANET nodes.

However, according to such a method, the trace information, which includes
historical movement information, needs to be sent, thus, resulting in a large message
size of messages to be sent. Furthermore, a comparison of trace information might be
mistaken in complicated road network topologies such as for example in a curve or turn,
in particular, if the sending vehicle makes a turn into a link at an intersection which is not
leading towards the target destination. When this vehicle then sends its trace information

to neighbouring vehicles, a vehicle with a similar trace or trace information may be
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selected as forwarding node, which will result in a wrong forwarding direction not leading
to the target destination. Furthermore, the process of sending such trace information is
different from a beaconing function according to which instant position data of nodes is
sent by the VANET nodes themselves, such a beaconing function being a common basic

function of VANET systems.

In C. Lochert et al. “Geographic Routing in City Scenarios” (published in ACM
SIGMOBILE Mobile Computing and Communications Review (MC2R) 9 (1), pages 69 to
72, January 2005), another geo-location based routing protocol has been proposed for
forwarding node selection without utilizing a map database or GIS information. A road
network is proposed to be divided into intersections, wherein nodes located at the
intersections are referred to as coordinators, which shall make a decision to which
direction the message shall be forwarded from the intersection. In order to determine,
whether a vehicle is to be considered as a coordinator or not, two approaches have been

proposed as will be described in the following.

According to the first approach, each node does not only send its own beacon
signals according to a basic VANET beaconing function, i.e. comprising its own position
data, but additionally send the respective position data of its neighbour nodes, i.e. the
nodes in its beaconing range, from which beacon signals have been received. At a
receiver side, a node consequently receives its neighbour node’s position data according
to the basic beaconing function of VANET as well as additionally the position data of the
respective neighbour nodes of its neighbour nodes, i.e. the neighbour nodes’ neighbour
nodes. By then comparing information received from different neighbour nodes, it may be
possible to determine that a respective node is a coordinator, i.e. that it is located at an

intersection as described with reference to Fig. 2.

As shown in Fig. 2, even though two neighbour nodes 21 and 22 of a receiving
vehicle as a first node 10 are respectively located in each other’s beaconing range, they
do not “see” each other, i.e. recognize each other as neighbour nodes because they do
not receive each other's beacon signals. Therefore, it might be assumed that these two
nodes are possibly hidden and blocked to each other by a corner of an intersection, for
example caused by a building at the corner of the intersection as shown in Fig. 2 and the

node 10 can be considered as a coordinator node.
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According to the above-mentioned method, it is additionally required that the
position data of neighbour nodes is sent as the payload of a beacon signal. Consequently,
such a beaconing function is unfavourable compared the basic beaconing function of

VANET that is widely accepted in the research and development community.

Furthermore, the determination of a coordinator according to the above-mentioned
method might cause misjudgements in some situations such as situations in which nodes

are blocked by e.g. big-size trucks rather than a corner of an intersection.

According to the second approach described in C. Lochert et al. “Geographic
Routing in City Scenarios”, a correlation coefficient is calculated for each node. However,
according to such an approach, it may only be reliably determined, whether or not all
neighbour nodes are located within a region which follows a substantially straight line.
Therefore, it may not be reliably determined, whether a node is located at an intersection,
within a curved road topology, or in another complex local road network topology, which

may also lead to misjudgements as in the above-mentioned approach.

Furthermore, VANET nodes may in general be considered as moving sensors
(besides the possibility of some stationary nodes in the VANET). By communicating with
each other, each or at least most of the nodes of the VANET shall be able to detect
immediate or potential dangerous situations on the road or in the road network. This
applies even to nodes which are not equipped with a navigation system, map database or
GIS.

Such an event-driven detection of immediate or potential dangerous situations
requires highly dynamic, real time or quasi real time information dissemination. The
transmission of dangerous situation information dissemination is required to meet very
high time constraints. For example, in the USA-VSC-project, it is defined that an accident
warning message shall be transmitted a distance of 400 meters within 0.3 seconds.
Under such circumstances, the VANET cannot rely on a common centralized
infrastructure for detecting and disseminating such information about dangerous
situations, whereas such a centralized method is nowadays commonly utilized by service
providers to provide traffic related information to on-board navigation systems of vehicles
which are nodes in a VANET. Hereby, all traffic information and safety related information

is collected at a traffic centre, therefore referred to as a centralized method. Such a
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traffic centre detects the on-road traffic situation by analysing detected traffic information
and other safety related information, and the results of the centralized analysis are then
transmitted to final users. Such a centralized method is, however, not suitable to detect
dangerous situations dynamically, neither is it possible to disseminate the information

within the above-mentioned tight time constraints.

Summary of the Invention

An object of the present invention is to solve the above-mentioned problems of the
prior art. Furthermore, it is an object of the present invention to provide a reliable and
efficient method for determining a distribution of neighbour nodes around a first node in
a communication network and to provide an apparatus configured to perform the

method.

To solve the above-mentioned objects, a method for determining a distribution of
neighbour nodes around a first node in a communication network according to claim 1
and an apparatus for determining a distribution of neighbour nodes around a first node in
a communication network according to claim 13 are proposed. Preferred embodiments of

the present invention are described in the dependent claims.

According to the present invention, a method for determining a distribution of
neighbour nodes around a first node in a communication network, comprises the steps of

receiving, at the first node, beacon signals which are respectively transmitted from
one or more neighbour nodes located in a beaconing range of the first node, wherein the
beacon signal transmitted from a neighbour node comprises identification data which
identifies the respective neighbour node and position data which indicates the position of
the respective neighbour node;

rotating a scan area about the center of a circular area, wherein the scan area is a
partial area of the circular area having the first node in the center, wherein the scan area
has a predetermined scan view shape and extends from the center of the circular area to
at least the circumference of the circular area in a defined radial direction from the
center of the circular area; and/or

determining an angular distribution of neighbour nodes located in the beaconing

range of the first node by counting the number of neighbour nodes located within the
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scan area while rotating the scan area, based on the position data of the neighbour
nodes, as a function of a radial direction of the scan area from the center of the circular

area.

According to the above-described structure, an angular distribution of neighbour
nodes located in the beaconing range of the first node can be determined by utilizing the
basic beaconing function of VANET. No additional utilization of map database or GIS
information is required. Furthermore, since all nodes of VANET will at least utilize a basic
beaconing function, the proposed method is able to appropriately evaluate data from all
available neighbour nodes. Furthermore, by utilizing the basic beaconing function, no new

sources of additional payload to be transmitted between nodes have to be introduced.

The radius of the circular area may be a predetermined radius. It may correspond
to the beaconing range of the first node so that the circular area covers the area
surrounding the first node, i.e. corresponds to the beaconing range coverage. Since the
beaconing range may be dynamically changed in VANET depending on different situations
or requirements, also the radius of the circular area may be dynamically changed e.g. in

accordance with changes of the beaconing range.

By rotating the scan area about the center of the circular area, the circular area
may be scanned, preferably, in a virtual scanning process of systematically evaluating

received data.

The scan-view shape of the scan area may be an ellipse, wherein the width of the
scan-view shape preferably corresponds to a width of a road in the road network or an
average width of a road in the road network, if the road network has streets/roads of
different width so that the scan area is configured to cover a road of the road network
within the beaconing range. The scan view-shape may also be a piece of a pie or any
geometrical shape that allows defining a radial direction from the circular area, to cover a

road in the beaconing range, and to be rotated about a center of the circular area.

The step of rotating a scan area about the center of a circular area may be carried
out discretely by successive rotations by a discrete rotational angle until the scan area is
rotated at least by a complete rotation of 360°. The rotation may, however, also be

carried out continuously. The rotation may be carried out clockwise or counter-clockwise.
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If the rotation is carried out discretely, the discrete rotational angle may be constant
and/or a unit fraction of 360°. The discrete rotational angle may also be a function of the

radial direction, e.g. dependent on a travelling direction of the first node.

Preferably, the beacon signals, which are respectively transmitted from the
neighbour nodes, may further comprise time stamp data which indicates a specific time,
wherein the position data comprised in the beacon signal may indicate the position of the

respective neighbour node at the specific time indicated by the time stamp data.

Based on the time stamp data, it becomes possible to indicate the respective
specific time when the corresponding position data of the neighbour node has been
determined. Consequently, it becomes possible to determine, whether the data of the
received beacon signal is up-to-date, based on a comparison of the actual time with the

special time as indicated by the corresponding time stamp.

Preferably, the position data of the respective neighbour node may be discarded
from being considered in the step of determining an angular distribution of neighbour
nodes, when a time interval longer than or equal to a predetermined time interval has

elapsed since the specific time indicated by the respective time stamp data.

This makes it possible to discard data of beacon signals that are not sufficiently
up-to-date anymore in order to achieve an optimal up-to-date determination of the current
node distribution. If the sequence of steps of the method of determining a node
distribution is periodically repeated, the predetermined time interval may equal to or
smaller than a reciprocal value of a repeating frequency of repeating the sequence of the
above-mentioned steps. Or, it may correspond to a reciprocal value of a beaconing rate, if

the neighbour nodes periodically send beacon signals at the beaconing rate.

Preferably, one or more of the neighbour nodes may periodically transmit beacon

signals with respectively updated position data and updated time stamp data.

This makes it possible that the first node periodically receives up-to-date beacon
signals so that a determination of the current node distribution in the vicinity of the first
node may be carried out periodically or on demand, when required by VANET

applications.
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In a case in which the first node has periodically received a plurality of beacon
signals from the same neighbour node within the predetermined time interval, preferably
only the position data of the beacon signal from said same neighbour node having the
time stamp data which indicates the latest respective specific time may be used for the

step of determining the angular distribution of neighbour nodes.

According to this aspect of the present invention, it is avoided that a neighbour
node is double-counted and that the data which is more up-to-date is used in the
determination of the angular distribution of neighbour nodes. Thus, double-counting may
be avoided for one specific determination process. However, discarding data from a
specific determination process may not correspond to discarding the data from the

system memory since the data may be used in other applications.

Preferably, the first node may periodically repeat the steps of rotating the scan
area and determining the angular distribution of neighbour nodes to determine

periodically updated angular distributions of neighbour nodes.

According to this aspect of the present invention, the sequence of steps of the
method for determining an angular distribution of neighbour nodes is repeated
periodically. This allows for a continuous determination of the local road network
topology. The frequency of periodically repeating the sequence of steps may be the same
as the beaconing rate of the neighbour nodes or different. The frequency of repeating the
sequence of steps from receiving beacon signals to determining the angular distribution
of the neighbour nodes may be a predetermined constant frequency or depend on a
change rate of the network topology, e.g. depending on an average speed of the first
node and/or the mobile nodes in the network or in the vicinity of the first node, and/or
the density of neighbour nodes in the vicinity of the first node. Generally, the frequency of
periodically repeating the sequence of steps of the method for determining an angular
distribution should be higher, if the network topology changes fast, e.g. due to a high

velocity of the first node and/or the neighbour nodes.

Further, the sequence of steps of receiving beacon signals, rotating the scan area,
and determining an angular distribution of neighbour nodes may be repeated periodically

and/or on demand (i.e. when required in a current situation, i.e. to carry out a specific
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VANET application) in case a current distribution of neighbour nodes has to be

determined taking into account data of newly received beacon signals.

Preferably, the method may further comprise the steps of:

identifying peaks of the number of neighbour nodes in the determined angular
distribution of neighbour nodes;

determining a number of identified peaks of the number of neighbour nodes in the
determined angular distribution of neighbour nodes to determine a number of links in the
vicinity of the first node;

determining radial directions of the identified peaks based on the determined
angular distribution of neighbour nodes; and/or

determining, if the first node is located at an intersection of a plurality of links or in

the middle of a link based on the determined number of identified peaks.

According to this aspect of the present invention, it becomes possible to evaluate
a determined angular distribution of neighbour nodes and to determine the road topology
in the vicinity of the first node based on this evaluation of the angular distribution without
utilizing a map database or GIS data. Especially, it becomes possible to determine,
whether the first node is currently located at an intersection or in a link between two
intersections. It becomes possible to identify links of the road network and determine,

which of the neighbour nodes is located in which of the identified links.

Furthermore, according to the above-mentioned aspect of the present invention, if
it is determined that the first node is located at an intersection, this determination has a
high reliability because the determination does not rely on only one specific neighbour

node, but on the whole geographic distribution on all neighbour nodes.

Furthermore, in the case of a determination that the first node is located at an
intersection, the position of the intersection and the respective road topology of the
intersection, comprising the number of links of the intersection and the respective link
directions and/or link angles may be transmitted to neighbour nodes to inform the other

nodes of the intersection as well as its topology.
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In a case in which it is determined that the first node is located in the middle of a
link so that the position of the first node divides the link in two sub links, the method may
preferably further comprise the step of

determining which of the two sub links is the downstream sub link focated
downstream of the first node and which of the two sub links is the upstream sub link
located upstream of the first node based on the angles between the direction of the
velocity of the first node and the directions of the two sub links determined from the

radial directions of the identified peaks corresponding to the sub links.

According to this aspect of the present invention, it becomes possible to
determine, which of two sub links is the sub link located upstream of the first node and
which of two sub links is the sub link located downstream of the first node, in addition to

the determination of the directions of the sub links.

In a case in which it is determined that the first node is located in the middle of a
link so that the position of the first node divides the link in two sub links, the method may
preferably further comprise the step of

determining a sub link angle, which is the angle between the directions of the two
sub links, based on the angle between of the radial directions of the identified peaks in
the determined angular distribution of neighbour nodes which correspond to the two sub

links.

According to this aspect of the present invention, it becomes possible to
determine the angle between two sub links. If the first node is located in a turn between
two sub links, the first node may detect that it is currently located in a turn and may
further even determine an angle of the turn, i.e. the angle between the two sub links,

while travelling along a link.

In a case in which it is determined that the first node (10) is located at an
intersection having at least three links merging into each other, the method may
preferably further comprise the step of

- determining at least one link angle of the intersection, the link angle being the
angle between the directions of two adjacent links that merge at the intersection, based

on the angle between the radial directions of the identified peaks (P1, P2, P3, P4) in the
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determined angular distribution of neighbour nodes (21, 22, 23, 24) which correspond to

the links merging at the intersection.

According to this aspect of the present invention, it becomes possible to
determine the angle between two adjacent links at an intersection. If the first node is
located at an intersection, the first node may determine a respective angle between all

adjacent pairs of detected links at the intersection.

In a case in which the determined sub link angle, a determined link angle, or
generally an angle between the directions of two identified peaks is below a
predetermined first threshold value or above a predetermined second threshold value,
the first node may preferably transmit a warning signal to the neighbour nodes to indicate
a dangerous turn or a dangerous link angle at an intersection and/or to warn about the

dangerous turn or the dangerous link angle at an intersection.

According to this aspect of the present invention, the first node may determine a
dangerous turn based on a determined sub link angle by determining, whether the sub
link angle is below a predetermined first threshold value or above a predetermined
second threshold value, depending on the definition of angles; wherein measuring
relative angles between sub links up to a maximal value only leads to the requirement of
a first dangerous turn threshold value, but a measurement of angles up to 360° leads to
the requirement of the bigger second threshold value. Preferably, the second threshold

value is 360° minus the first threshold value.

The sub link angle information may be combined with other sensor data for a
detection of other dangerous situations and a warning signal concerning the detected
dangerous situation can be transmitted for the first node to other nodes being informed

of the link angle information by the first node to indicate a dangerous situation.

Generally, a relative angle between the sub links being below a first threshold
value indicates that the turn may be dangerous. If the first node detects a dangerous
turn, the neighbour nodes in the vicinity may be warned by sending the warning signal so
that road safety may be improved and accidents may be prevented. The warning
information may be combined with the detected road topology in the warning signal, i.e.

the detected relative angle between the sub links may be transmitted to receiving nodes
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with the signal so that receiving nodes and/or vehicles may make appropriate decisions

with regard to the detected situation.

Furthermore, also in a case in which it is determined that the first node is located
at an intersection, where the number of identified peaks is higher than two, a detected
intersection topology, i.e. the detected positions of the peaks, may be preferably made
available for VANET applications at the first node and/or may be sent to other nodes, i.e.
mobile nodes such as other vehicles and/or road side units. The determined intersection
topology information may help to judge potential crossing points of different vehicles in
order to avoid dangerous situations. Then, VANET intersection applications can be
realized even without a map database or GIS data. Furthermore, abnormal situations may
be detected at the intersection, e.g. a link angle between two adjacent links of the
intersection below or above a link angle threshold, similar to situations as described with
regard to a dangerous turn detection, and further, a corresponding warning signal may be
generated to be transmitted to neighbour nodes. The detected intersection topology may
be combined with the warning information in the warning signal, i.e. the detected
topology may be transmitted with the signal so that receiving nodes and/or vehicles may

make appropriate decisions with regard to the detected abnormal situation.

Preferably, the beacon signals received from the one or more neighbour nodes
may further comprise velocity data indicating the speed and/or the velocity direction of
the respective neighbour nodes at the specific time indicated by the time stamp data,
wherein the method may further comprise the step of

determining a respective traffic direction of at least one mobile neighbour node of
the one or more neighbour nodes to determine, if said at least one mobile neighbour
node is travelling in a same traffic direction or an opposite traffic direction as the first
node based on the angle between the velocity direction of the first node and the velocity
direction of the at least one mobile neighbour node and/or based on the angle between
the velocity direction of the at least one mobile neighbour node and at least one of the

upstream sub link direction and the downstream sub link direction.

According to this aspect of the present invention, it becomes possible to estimate
the flow of the network nodes in the vicinity of the first node, i.e. which of the neighbour

nodes travel in a same traffic direction and which in an opposite direction.
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In a case in which a packet shall be transmitted to one or more target nodes, the
target nodes being nodes of the communication network located at a predetermined
target position and/or located within a target geographic region indicated by the target
position and/or a region shape of the target geographic region, wherein the one or more
target nodes are not neighbour nodes of the first node, i.e. none of the target nodes is
located in the beaconing range of the first node, the method may preferably further
comprise the steps of

selecting one or more of the neighbour nodes of the first node as forwarding
nodes based on the determined angular distribution of neighbour nodes and the direction
from the first node towards the target position; and/or

transmitting the packet from the first node to the one or more selected forwarding

nodes.

According to this aspect of the present invention, an improved forwarding node
selection process in multi-hop communication may be performed based on knowledge
about the network topology and node distribution in the vicinity of the first node without

additionally utilizing a map database or GIS data.

In a case in which the first node is determined to be located in the middle of a link
and the target position is located in the direction of the downstream sub link and/or
downstream of the first node, only one or more neighbour nodes which are located in the

downstream sub link may be preferably selected as forwarding nodes.

According to this aspect of the present invention, the packet will be forwarded to a
next forwarding node which is located closer to the target position so as to bring the

packet closer to the required target destination.

Preferably, in the above-mentioned case, neighbour nodes moving in the same
traffic direction as the first node may be preferred to be selected as forwarding nodes

over neighbour nodes moving in the opposite traffic direction as the first node.

According to this aspect of the present invention, the packet will be forwarded to a
next forwarding node which is travelling into the direction of the target position. This is
especially advantageous in a case in which the density of nodes is low and it has to be

expected that the next forwarding node may not be able to immediately forward the
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packet to a next-to-next forwarding node but has to store the packet until it may be
further forwarded. This way, the selected next forwarding node brings the packet closer to
the target position caused by its travelling direction until the packet may be further

forwarded.

Furthermore, in the above-mentioned case, when no neighbour node is located in
the downstream link, the first node may preferably store the packet until at least one
beacon signal from a neighbour node located in the downstream link of the first node is

received so that the respective neighbour node may be selected as a forwarding node.

This way, the first node itself brings the packet closer to the target position caused

by its travelling direction until the packet may be further forwarded.

However, in another case in which the first node is determined to be located in the
middle of a link and the target position is located in the direction of the upstream sub link
and/or upstream of the first node, only one or more neighbour nodes which are located in

the upstream sub link may preferably be selected as forwarding nodes.

According to this aspect of the present invention, the packet will be forwarded to a
next forwarding node which is located closer to the target position so as to bring the

packet closer to the required target destination.

Preferably, in the above-mentioned case, neighbour nodes moving in the opposite
traffic direction as the first node may be preferred to be selected as forwarding nodes

over neighbour nodes moving in the same traffic direction as the first node.

According to this aspect of the present invention, the packet will be forwarded to a
next forwarding node which is travelling into the direction of the target position. This is
especially advantageous in a case in which the density of nodes is low and it has to be
expected that the next forwarding node may not be able to immediately forward the
packet to a next-to-next forwarding node but has to store the packet until it may be
further forwarded. This way, the selected next forwarding node brings the packet closer to
the target position caused by its travelling direction until the packet may be further

forwarded.
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Furthermore, in the above-mentioned another case, when no neighbour node is
located in the upstream link, the first node may store the packet until at least one beacon
signal from a neighbour node located in the upstream link of the first node is received so
that the respective neighbour node may be selected as a forwarding node and/or until at
least one beacon signal from a neighbour node located in the downstream link and
moving in the opposite traffic direction than the first node is received so that the

respective neighbour node may be selected as a forwarding node.

This way, the first node itself may store the packet until a potential forwarding
node becomes available in the upstream link. Furthermore, the first node may also
forward the packet to a neighbour node in the downstream link, if it is travelling in the
opposite traffic direction so as to forward the packet to a node that is travelling in the

direction of the target position.

In yet another case in which the first node is determined to be located at an
intersection of a plurality of links, the method may preferably further comprise the steps
of

comparing the directions of the plurality of links determined from the radial
directions of the corresponding identified peaks based on the angular distribution of
identified peaks with a direction from the first node towards the target position to
determine the angles between the directions of the plurality of links and the direction
from the first node towards the target position; and/or

selecting at least two links of the plurality of links of the intersection as forwarding
links, wherein the two links of the intersection which have the smallest angles with
respect to the direction towards the target position of the target node may be selected so
that at least for each of the selected forwarding links at least one neighbour node located
in the respective forwarding link may preferably be selected as a forwarding node in the

step of selecting a forwarding node.

According to this aspect of the present invention, an optimized forwarding node
selection may be performed based on the detected road network topology, when it is
determined that the first node is located at an intersection. It is possible to forward the
packet into the at least two most promising links of the available forwarding directions,
i.e. to forwarding nodes located in the at least two most promising links. Thus, robustness

of the forwarding process may be optimized and success rates may be significantly
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increased. Furthermore, the forwarding node selection process may be performed by
utilizing a basic beaconing function of VANET and no additional interchange of additional
signals or beacons having an excessive data payload is required. Furthermore, no map

database or GIS data is required.

According to the present invention, an apparatus for determining a distribution of
neighbour nodes around a first node in a communication network comprises

a receiver means for receiving, at the first node, beacon signals which are
respectively transmitted from one or more neighbour nodes located in the beaconing
range of the first node, wherein the beacon signal transmitted from a neighbour node
comprises identification data which identifies the respective neighbour node and position
data which indicates the position of the respective neighbour node;

a scanning means for rotating a scan area about the center of a circular area,
wherein the scan area is a partial area of the circular area having the first node in the
center and having a predetermined radius, wherein the scan area has a predetermined
scan view shape and extends from the center of the circular area to at least the
circumference of the circular area in a defined radial direction from the center of the
circular area; and/or

a distribution determining means for determining an angular distribution of
neighbour nodes located in the beaconing range of the first node by counting the number
of neighbour nodes located within the scan area while the scanning means rotates the
scan area, based on the position data of the neighbour nodes, as a function of a radial

direction of the scan area from the center of the circular area.

The apparatus may preferably further comprise means as described in the
following so as to be configured to perform the steps of the above-described preferable

aspects and features of the method.

Preferably, the apparatus may comprise a defining means for defining the scan

area.

Preferably, the apparatus further comprises means for determining a position of
the first node and determining the corresponding time stamp data. The apparatus may
further comprise means for determining a velocity data of the first node comprising the

speed and/or velocity direction of the first node.
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Preferably, the apparatus may further comprise

a peak identifying means for identifying peaks of the number of neighbour nodes
in the determined angular distribution of neighbour nodes;

a peak number determining means for determining a number of identified peaks
of the number of neighbour nodes in the determined angular distribution of neighbour
nodes to determine a number of links in the vicinity of the first node;

a peak position determining means for determining radial directions of the
identified peaks based on the determined angular distribution of neighbour nodes;
and/or

a node distribution topology determining means for determining, if the first node is
located at an intersection of a plurality of links or in the middle of a link based on the

determined number of identified peaks.

Preferably, the apparatus may further comprise a storage means for storing data

comprised in the received beacon signals and/or storing a packet.

Preferably, the apparatus may further comprise a sub link determining means for
determining which of two sub links of a link is the downstream sub link located
downstream of the first node and which of the two sub links is the upstream sub fink
located upstream of the first node based on the angles between the direction of the
velocity of the first node and the directions of the two sub links determined from the

radial directions of the identified peaks corresponding to the sub links.

Preferably, the apparatus may further comprise a sub link angle determining
means for determining a sub link angle, which is the angle between the directions of two
sub links of a link, based on the angle between the radial directions of the identified
peaks in the determined angular distribution of neighbour nodes which correspond to the

two sub links.

Preferably, the apparatus may further comprise a dangerous turn detecting means
for detecting a dangerous turn in a case in which a determined sub link angle is below a

predetermined first threshold value or above a predetermined second threshold value.
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Preferably, the apparatus may further comprise a traffic direction determining
means for determining the traffic direction of a mobile neighbour node of the one or more
neighbour nodes to determine, whether said mobile neighbour node is travelling in a
same traffic direction as the first node or an opposite traffic direction than the first node
based on the angle between the velocity direction of the first node and the velocity

direction of the mobile neighbour node.

Preferably, the apparatus may further comprise a forwarding node selecting
means for selecting one or more of the neighbour nodes of the first node as forwarding
nodes based on the determined angular distribution of neighbour nodes, the determined
traffic directions and/or a direction from the first node to a target position to which the
packet shall be transmitted, and/or a transmitting means for transmitting the packet

from the first node to the one or more selected forwarding nodes.

Preferably, the apparatus may further comprise a direction comparing means for
comparing the directions of the plurality of links of an intersection determined from the
angular distribution of identified peaks with the direction from the first node towards a
target position for determining the respective angles between the directions of the
plurality of links of the intersection and the direction from the first node towards the

target position.

Preferably, the direction comparing means is configured to compare all different
directions so as to be able to calculate angles of directions, angle differences of two
different directions among the following directions: velocity directions of the first node,
velocity directions of neighbour nodes, directions of links, directions of sub links, radial

peak positions, and/or a direction from the first node towards the target position.

Preferably, the apparatus may further comprise a link selecting means for
selecting at least two links of the plurality of links of the intersection as forwarding links,
the two links of the intersection which have the smallest angle with respect to the

direction from the first node towards the target position.

The above-mentioned features and aspects of the present invention may be

combined in any way, partly or as a whole.
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Further aspects and advantages of the present invention will become apparent

from the below detailed description of preferred embodiments of the present invention.

Brief Description of the Figures

Fig. 1 shows a schematic view of a local road topology for illustrating a distance

based forwarding node selection in VANET systems according to the prior art.

Fig. 2 shows a schematic view of an intersection for illustrating a forwarding node
selection in VANET utilizing information about neighbour nodes of neighbour nodes

according to the prior art.

Fig. 3 shows a schematic view of a road having mobile and stationary VANET nodes

for illustrating a basic beaconing function of VANET.

Fig. 4 shows a flow chart of a method according to an embodiment of the present

invention.

Figs. 5A and 5B show a schematic view of a road having a first node and neighbour

nodes for illustrating a method according to an embodiment of the present invention.

Fig. 6 shows an angular distribution of neighbour nodes by the number of neighbour
nodes as a function of a radial direction, determined by a method according to an

embodiment of the present invention,

Fig. 7 shows a flow chart of a method according to a further embodiment of the

present invention.

Fig. 8A shows a schematic view of an intersection for illustrating a method

according to a further embodiment of the present invention.

Fig. 8B shows a further schematic view of the intersection of Fig. 8A for illustrating a

method according to a further embodiment of the present invention.
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Fig. 8C shows an angular distribution of neighbour nodes by the number of
neighbour nodes as a function of a radial direction, determined by a method according to

an embodiment of the present invention for the intersection of Figs. 8A and 8B.

Fig. 9A shows a schematic view of a road having a turn for illustrating a method

according to a further embodiment of the present invention.

Fig. 9B shows an angular distribution of neighbour nodes by the number of
neighbour nodes as a function of a radial direction, determined by a method according to

an embodiment of the present invention for the link of Fig. 9A.

Fig. 10 shows a flow chart of a method according to a further embodiment of the

present invention.

Fig. 11 shows a schematic view of an intersection for illustrating a method

according to a further embodiment of the present invention.

Fig. 12 shows an apparatus for determining a distribution of neighbour nodes

surrounding a first node according to a further embodiment of the present invention.

Detailed Description of Figures and Preferred Embodiments of the Present Invention

In the VANET R&D community, periodically sending beacon signals is widely
accepted and considered as a basic VANET function and will be required as standardized
prerequisite function to all VANET nodes. Consequently, in all of the following
embodiments of the present invention it is assumed that a common beaconing function
is provided for all nodes, mobile nodes such as vehicles and stationary nodes such as

road side units in a VANET as a basic function.

Utilizing this beaconing function, each node of the VANET periodically sends a
beacon signal which is received by its neighbour nodes. Throughout this specification, a
first node 10 is defined to be a node of the VANET from the receiving point of view of the
nodes of the VANET. As illustrated in Fig. 3, a first node 10 periodically receives beacon

signals from the neighbour nodes 21, 22 23, and 24 which are located within the
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beaconing range of the first node 10 which is indicated by the circle with the first node 10
in the center having a radius BR. The neighbour nodes 21, 22, and 23 of the first node
10 are mobile nodes as indicated by the tip which further indicates a travelling direction

of the mobile nodes. On the other hand, neighbour node 24 is a stationary node.

Since the VANET nodes periodically send their beacon signals at a beaconing
frequency (not referring to a signal frequency of a beacon signal), it is intended that a first
node 10 periodically repeats the determination of the angular distribution of neighbour
nodes at a repeating frequency in order to obtain current node distribution information of
the dynamical node distribution in VANET systems, corresponding to a current snapshot
of the node distribution. The repeating frequency of the scanning process for determining
the node distribution is intended to be substantially similar to the beaconing frequency.
However, the present invention is not limited to this and the frequencies can be different.
The repeating frequency of the node distribution determination can also depend on a
changing rate of node distribution in the VANET topology. The higher the changing rate,
the higher the repeating frequency of the node distribution determination is, then,

preferable.

Since the beacon signals of the neighbour nodes 21, 22, 23, and 24 comprise the
identification data for identifying the respective neighbour node 21, 22, 23, or 24 and the
position data for indicating the position of the respective neighbour node 21, 22, 23, or
24, the first node 10 is able to be aware of the location of its neighbour nodes 21, 22,

23, and 24.

In Fig. 3, the node 30 of the VANET is located outside of the beaconing range of the
first node 10, and, therefore, the first node does not receive the beacon signal of the first
node 10. All nodes of the VANET located within the beaconing range of the first node 10
are defined as neighbour nodes of the first node 10. Therefore, node 30 in Fig. 3isnot a
neighbour node of the first node 10 because it is located outside of the beaconing range

of the first node 10.

In the following description, a VANET beaconing function will be briefly described.
The beaconing function may be considered as a periodical broadcasting process in which
each node of the VANET including vehicles as mobile nodes and/or road side units

(referred to as RSU in the following) as stationary nodes periodically send beacon signals
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to be received by its neighbour nodes, wherein from the receiving point of view all nodes
of the VANET receive the respective beacon signals from its neighbour nodes as shown in
Fig. 1 for a first node 10 and its neighbour nodes 21, 22, 23, and 24. Commonly, the

beacon signals are periodically sent at a frequency from 1 to 10 times per second.

A beacon signal according to an embodiment of the present invention comprises
identification data as an identifier of the beacon sending node and position data
comprising the position information of the beacon sending node for indicating the
geographic location of the beacon sending node (latitude, longitude, and/or altitude).
This position information is obtained by GNSS (Global Navigation Satellite System) such
as the commonly known GPS or the future GALILEO system. However, the position data is
not limited to be obtained by GNSS but may be alternatively obtained by in-vehicle sensor
data, from other communication systems, or even by a combination of GNSS data with in-
vehicle sensor data by data fusion technologies for further improve the precision of the

position data.

According to a further embodiment of the present invention, the beacon signal of a
beacon sending node further comprises a time stamp data which indicates a specific
time, which is the specific time at which the position of the beacon sending node is
determined so that the position data indicates the position of the beacon sending node at
exactly the specific time. In this embodiment, the position data is obtained by GNSS, so
that the time stamp data is a satellite time stamp. However, the present invention is not
limited to this embodiment and the specific time may also be obtained by time measuring
means mounted in the beacon sending node. The time stamp data is utilized for a high
synchronization level between nodes and for obtaining an accurate position data that can
be associated with a certain specific time which is necessary in a dynamically changing

distribution of nodes of the VANET due to the movement of mobile nodes.

According to the present invention, a neighbour node distribution shall be
determined. The neighbour node distribution shall represent the current neighbour node
distribution in the vicinity of the first node 10 as for example shown in Fig. 3. Therefore,
position data of a neighbour node shall be discarded from the determination of the
distribution of neighbour nodes if a time interval longer than a predetermined time
interval has been elapsed since the corresponding specific time indicated by the

respective time stamp data.
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This can be understood from Fig. 3. Since the first node 10 and node 30 are
travelling in opposite directions, the node 30 has been located within the beaconing
range of the first node 10 a certain time interval ago. Therefore, previously, the first node
has received one or more beacon signals from the node 30 which is not a neighbour
node of the first node 10 anymore in Fig. 3. However, the position data of a last received
beacon signal from the node 30 may be expected to be outdated position data because,
similar to the first node 10, node 30 generally keeps on travelling. Consequently, the
position data of the node 30 received in a former beacon signal from node 30 at the first
node 10 shall be discarded from consideration in a determination of a current node
distribution when the respective time stamp data indicates that a certain time interval
above a predetermined time interval has elapsed since the position data was generated.
The predetermined time interval in this embodiment substantially corresponds to the
reciprocal value of the repeating frequency of the determination of a current node
distribution so that position data is not used in two subsequent determinations of the
current node distribution. The present invention is, however, not limited to this value of

the predetermined time interval.

Furthermore, it may occur that the first node 10 receives a plurality of subsequently
transmitted beacon signals from a same neighbour node, especially, when the first node
10 and the respective neighbour node travel in a same or similar travelling direction as
for example the first node 10 and neighbour node 21 in Fig. 3. Therefore, first position
data of a first beacon signal corresponding to a first specific time received from a
neighbour node 21 shall be discarded from consideration in a determination of a current
node distribution, when a second position data of a second beacon signal corresponding
to a second specific time is received from the same neighbour node 21, where the
second specific time indicates a later time. This is especially advantageous, when a
frequency of periodically sending beacon signals from the neighbour node 21 is higher
that the repeating frequency of the determination of a current node distribution at the
first node 10.

According to a further embodiment of the present invention, the beacon signal
further comprises velocity data indicating the velocity, i.e. the speed and velocity

direction, of the beacon sending node so that the velocity data comprises the information
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about the vector of the beacon sending node velocity, including the moving speed

(speed) and the heading direction (velocity direction).

According to a further embodiment of the present invention, the beacon signal of a
mobile node of the VANET further comprises basic vehicle sensor status data for
indicating a status of the mobile node, respectively the vehicle being represented as the
mobile node of the VANET. This basic vehicle sensor status data indicates a dynamical
status of basic functions of the vehicle such as brake activities and raw rate being
information about the steering direction (indicated for example by the steering wheel
angle) of the mobile node. Thus, the information indicated by the basic vehicle sensor
status data is suitable to observe the movement behaviour of the vehicle and to make
predictions of a future behaviour of the mobile node such as travelling direction changes
and speed changes. It is also suitable to be used to detect potential accidents or

dangerous situations.

According to a further embodiment of the present invention, the beacon signal
further comprises node type data indicating, whether the beacon sending node is a
mobile node of the VANET such as a vehicle or a stationary node of the VANET such as an
RSU.

When a first node 10 as shown in Fig. 3 receives beacon signals according to the
above-mentioned preferred embodiments from its neighbour nodes 21, 22, 23, and 24,
the first node 10 sets up a current neighbour list table in which all of its neighbour nodes
21, 22, 23, and 24 are listed together with all of the data which is comprised in the
respective beacon signals. Such a table of neighbour nodes as shown below plays an
important role in routing protocols (forwarding node selection), since in a case in which
the first node 10 shall forward a packet or message towards a specific target destination,
the first node 10 can only select one or more next forwarding nodes to which the packet
shall be transmitted from the table of neighbour nodes, i.e. a next forward of

transmission shall be chosen from this table of neighbour nodes.

An exemplary table of neighbour nodes 21, 22, 23, and 24 of the first node 10 is
illustrated in the below Tab. 1 in accordance with Fig. 3 for the embodiment in which the
beacon signal comprises identification data, position data, time stamp data, velocity

data, basic vehicle sensor status data, and node type data.
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iD Time Stamp Latitude Longitude | Altitud | Speed | Heading Type
(hh:mm:ss (°“"N/S) | (°7E/W) e (m/s) (°, N) (V/RS
UTC) (m) U)
21 XXXXXX Xoox, xxx, N | Xooxxx, E XXX.X X.XX XXX XXX \
22 XXXXXX Xooox, xxx, N | Xxxx,xxx, E XXX.X XXX XXX XXX \
23 XXXXXX Xooo,xxx, N | Xxxx,xxx, E XXX.X XXX XXX XXX \
24 XXXXXX Xooxxx, N | Xxxx,xxx, E XXX.X 0 0 RSU

Tab. 1: Table of neighbour nodes 21, 22, 23, and 24 at the first node 10

In table of neighbour nodes 21, 22, 23, and 24 at the first node 10 as shown in
Tab. 1, the node IDs according to the identification data of the respective beacon signals
of the respective neighbour nodes 21, 22, 23, and 24 is given in the first column, the
corresponding location information (latitude, longitude, and altitude) as indicated by the
position data is given in the third to fifth column, the respective specific time (time stamp)
indicated by the time stamp data corresponding to the respective position data is given in
the second column, the respective speed and heading directions as indicated by the
respective velocity information data is given in the sixth and seventh column, and the
node type, V for mobile vehicles or RSU for stationary Road Side Units, as indicated by the

respective node type data is given in the eighth column.

In the above table of neighbour nodes 21, 22, 23, and 24, the respective unit, by
which the respective data is given, is additionally indicated in the above table, for
example the speed is given in m/s. Here, the direction of a velocity vector of a mobile
node is given in degrees with respect to the direction of North with clockwise turning
direction (the direction of East corresponds to 90° and the direction of West corresponds
to 270°). This applies throughout the description, where any vector direction is always
given as the angle with respect to the direction of North in degrees by turning clockwise.
However, the present invention is not limited to the units as given in the above table and

also other units can be used.

In a further embodiment of the present invention, a road topology around a first
node 10 is determined based on data comprised in beacon signals. For this purpose, the
host vehicle determines an angular distribution of its neighbour nodes, i.e. it determines

how its neighbour nodes are distributed geographically. Hereby, it is assumed that most
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of the vehicles which represent mobile nodes of the VANET are located in the road so that
the geographical distribution of nodes reflects the geographical distribution of road

sections, which will be referred to as links in the following.

This embodiment will be first described with reference to the flow chart as shown
in Fig. 4 and then with reference to the drawings in the Figs. BA, 5B, and 6. As shown in
Fig. 4, the first node 10 receives beacon signals from its neighbour nodes 21, 22, and 23
in a step $S101 of receiving beacon signals from neighbour nodes in accordance with the

above-described description of the embodiments of beaconing functions.

A scan area SA is defined which is a partial area of a circular area CA having the
first node 10 in the center and having a predetermined radius PR, wherein the scan area
SA has a predetermined scan view shape and extends from the center of the circular area
CA to at least the circumference of the circular area CA in a defined radial direction at an
angle 81 (with respect to the direction of North) from the center of the circular area CA.
The relation between the scan area SA and the circular area CA is illustrated in Figs. 5A
and 5B.

In the next step S102 of rotating the scan area by 360 degrees, the scan area SA
is rotated about the center of the circular area CA by rotating the defined radial direction
of the scan-view shape about the center of the circular area CA which corresponds to the

position of the first node 10.

In this embodiment, the scan view shape is an ellipse so that the scan area SA has
the shape of an ellipse which is defined by the minor axis and the major axis of the
ellipse, wherein the major axis corresponds to the predetermined radius of the circular
area CA and the center of the circular area CA is located and kept, while rotating the scan
area SA, at the one end point of the major axis of the ellipse as illustrated in Figs. 5A and
5B, where it is shown how the scan area SA is rotated about the circular area CA in
clockwise direction having a radial direction 81 in Fig. 5A, and to further radial directions
82 and 63 in Fig. 5B.

Here, according to this embodiment, the radial direction of the scan area SA is
defined by the direction of the major axis of the ellipse with respect to North.

Furthermore, according to this embodiment, the minor axis of the ellipse is defined such
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that it is adjusted to substantially correspond to the width of the road in order to be able
to cover the whole width of the road. However, the present invention is not limited to this
embodiment, and the scan area may also be defined so as to have the shape of a circle,
the shape of a piece of a cake, or any other geometric shape which may be defined so as
to extend from the center of the circular area CA to at least the circumference of the
circular area CA in a defined radial direction, wherein the shape and dimension of the
scan area may also be dynamically adjusted, for example to the density of neighbours

nodes and/or complexity of the road network topology.

In the next step S103 of determining an angular distribution of neighbour nodes,
the angular distribution of the neighbour nodes 21, 22, and 23 in the beaconing range of
the first node 10 is determined by counting the number of neighbour nodes that are
respectively located within the scan area SA while rotating the scan area SA, based on
the position data of the neighbour nodes 21, 22, and 23, as a function N(8) of a radial
direction 6 of the scan area SA from the center of the circular area CA. In the scenario
illustrated in Figs. 5A and 5B, for example N(81) = 2, N(62) = 1, and N(63) = 0.

By performing the above-described steps S101 to S103, an angular distribution of
neighbour nodes can be determined by a virtual scanning process wherein the
determined angular distribution of neighbour nodes is represented by the number of
neighbour nodes detected to be located within the scan area SA as a function N(8) of the
radial direction 8 of the scan area SA as illustrated in Fig. 6 for a larger number of
neighbour nodes as in Figs. 5A and 5B. The term virtual scanning process refers to the
virtual character of the method since no actual sensor is rotated in the preferred
embodiments of the present invention as the method is carried out as an implemented

algorithm based on the received beacon signal data from the neighbour nodes.

As shown in Fig. 6, the number of neighbour nodes is only indicated for a discrete
number of radial directions separated by a constant angle A8 because the scan area SA
is rotated in discrete steps by an angle A8 about the center of the circular area CA, AD
being a unit fraction of 360 degrees. However, the present invention is not limited to this
embodiment and the scan area SA may also be continuously rotated about the center of
the circular area CA or the angle A8 of the discrete step rotation A6 may be dynamically
adjusted to the density of neighbour nodes. It should be noted that the present invention

is not limited to making use of a distribution as shown in Fig. 6 for the identification and
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detection of peaks. For example, instead of indicating the number of neighbour nodes
N(6) as a function of 8, one might also multiply N(6) by an integral number as a function
of 6 in order to enlarge the differences between peaks and hollows.

Since the neighbour nodes periodically send beacon signals according to this
embodiment of the present invention, sequence of the steps S101 to S103 is also
periodically repeated in order to periodically obtain an updated angular distribution of

neighbour nodes utilizing the newly received beacon signals.

In a further embodiment of the present invention, the road topology in the vicinity
of the first node 10 is determined based on the determined angular distribution of
neighbour nodes. This embodiment will be described with reference to Figs. 7, and 8A to
8C.

For a better understanding, the terms intersection, link, and sub link, which are
commonly used throughout the specification, are briefly explained in the following. A
location within a road network, where different road sections cross each other (intersect),
are referred to as intersections. Furthermore, also locations in the road network, where at
least three road sections meet, are referred to as intersections. The road sections
between two intersections are referred to as a links so that different links are separated
by intersections. A road network may, therefore, be represented by a structure comprising

only links and intersections forming a grid-like structure of links.

Furthermore, if a vehicle is located in a link between two intersections, the link is
separated into two sub links, one downstream sub link located in the direction into which
the vehicle moves and one upstream sub link located in the opposite direction as the

direction into which the vehicle moves.

As shown in Fig. 7, in the method according to this embodiment of the present
invention, the steps $101 to S103 are carried out as in the embodiment of Fig. 4.
However, according to this embodiment of the present invention, the method further
comprises the steps S104 of identifying peaks of the number of neighbour nodes, S105
of determining a number of identified peaks, S106 of determining radial directions of
identified peaks, and S107 of determining, whether the node is located at an intersection
or in a link between two intersections. These steps will be described in the following with

reference to Figs. 8A to 8C.
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Fig. 8A shows a first node 10 which is currently located at an intersection at which
two road sections intersect so that four links of the road network merge together. Plural
neighbour nodes of the first node 10 are located in each of the different links. The first
node 10 has received the beacon signals of the neighbour nodes in step S101 and
rotates the scan area SA clockwise about the position of the first node 10 in step S$102 to
accordingly determine the angular distribution of the neighbour nodes of the first node
10 in step S103.

Fig. 8B shows the links L1, L2, L3, and L4 and the intersection corresponding 1o
the road sections of the local road network topology as shown Fig. 8A. Again, radial
directions of the links are indicated by the angles with respect to the direction of north
(N), where link L1 has a direction indicated by the angle 81, link L2 has a direction
indicated by the angle 82, link L3 has a direction indicated by the angle 83, and link L4

has a direction indicated by the angle 84.

Fig. 8C shows an angular distribution of neighbour nodes of the first node 10 of
Fig. 8A. As shown in Fig. 8C, the step S102 of rotating the scan area SA about the
position of the first node 10 is carried out in discrete steps ata constant rotating angle of
22 5° (generally referred to as A8) so that after 16 discrete rotations of 22.5°, the scan
area SA is rotated by the whole 360°. After each discrete rotation, the number of
neighbour nodes located within the scan area SA is counted, based on the position data
of the beacon signals received from the neighbour nodes. The result, i.e. the angular
distribution of neighbour nodes as a function N(B) of the radial direction 0 is illustrated by
the curve in Fig. 8C representing the radial distribution of nodes in the vicinity of the first
node 10.

Further, in the curve of the number of neighbour nodes as a function of the radial
direction in Fig. 8C, four peaks P1, P2, P3, and P4 occur as a local maximum of the
number of neighbour nodes in four different radial directions and are identified in step
S104. In step S105, the number of the identified peaks P1, P2, P3, and P4 is
determined, e.g. in Fig. 8C, the number of identified peaks P1, P2, P3, and P4 is
determined to be four. Furthermore, the radial directions of the peaks are determined
from the angular distribution of neighbour nodes, wherein in Fig. 8C, the actual radial
directions of the links L1, L2, L3, and L4 are indicated by the vertical lines labelled 61,
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82, 63, and 04, respectively. Different algorithms can be implemented to calculate the
position (radial direction) at which the peaks appear in order to determine the radial
direction of the links at high precision. Of course, the achievable precision depends,
amongst others, on the size and shape of the scan view shape, the density of neighbour

nodes, and the size of the discrete rotating angle AS.

Finally, in step S107, it is determined, whether the first node 10 is located at an
intersection or in a link between two intersections based on the number of identified
peaks P1, P2, P3, and P4. Since the number of identified peaks according to this
example is four, it can be determined that the first node 10 is located at an intersection
because the number of identified peaks is larger than two as would be the case if the first

node 10 was located in a link between two intersections.

it should be noted that a number of identified peaks that exceeds two peaks
definitely implies that the first node is located at an intersection having at least as much
links merging into each other as the number of identified peaks. If the number of
identified peaks, however, is equal to two, it does not necessarily mean that the first
node is actually located in a link and not at an intersection because it might be that some
of the links could not be identified due to the absence of neighbour nodes in these links.
However, from a point of view of most VANET applications, such as for example next
forwarding node selection, only the links having neighbour nodes are relevant and these

links can be detected.

In a further embodiment of the present invention, the beaconing signal received
from stationary nodes, e.g. a road side unit, further comprises location type data which
indicates whether the stationary node is located at an intersection or in a link between
two intersections, wherein the step S107 of determining whether the first node 10 is
located at an intersection additionally utilizes the location type data of stationary nodes
when the stationary nodes are neighbour nodes of the first node 10 in order to improve
the reliability of the determination result of $107. According to this embodiment, the
sequence of steps S101 to S107 is repeated periodically in order to dynamically
determine periodically updated node distribution and updated detection of the road
topology. However, the present invention is not limited to this and the sequence of steps
S101 to $S107 may also be carried only on demand, i.e. when a determination of the node

distribution is required for a specific purpose.
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In a further embodiment of the present invention, after carrying out $101 to S107
as already described for the preceding embodiment, the method further comprises an
additional step S108 of determining which of the two sub links of a link is the
downstream link and which of the two sub links is the upstream link from point of view of
the first node 10 with respect to the moving direction of the first node 10 when it is
determined in step S107 that the first node 10 is located in a link between two

intersections.

In this step $108, a moving direction o of the first node 10 as illustrated in Fig. 9A
is compared with the determined radial directions 61 and 62 of the two sub links. Fig. oB
schematically shows the determined angular distribution of neighbour nodes of the first
node 10 for a situation as illustrated in Fig. 9A, wherein the peaks P1 and P2 have been
identified in the step S104 and the respective directions 61 and 62 have been
determined in step $106. Here, it is focused on the description of the principle of the
determination of the direction of sub links and it is assumed in the further description
that the determined radial directions of the peaks (peak positions in the function N(6) of
the number of neighbour nodes) are identical to the direction of the links, i.e. an

uncertainty in the determination is omitted in the description.

For the comparison of radial directions, the angle differences Al=]|61-0
| and A2 = | B2 - ¢ | are calculated, which represent the differences between the moving
direction o of the first node 10 and the respective determined radial directions 61 and 62
of the sub links as shown in Fig. 9B. Based on the determined differences Al and A2, itis
possible to determine, which of the two sub links is the upstream sub link located
upstream of the mobile node 10 and which of the two sub links is the downstream sub

link located downstream of the first node 10.

In case the link is substantially a straight road, the moving direction o of the first
node 10 would be substantially similar to the direction of the downstream sub link
direction so that the difference in direction would be substantially 0° or 360°, while the
angle between the moving direction ¢ of the first node 10 and the direction of the

upstream sub link direction would be substantially 180°.
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Furthermore, as can be understood from Fig. 9A, the upstream sub link generally
has a radial direction 62 such that the angle difference A2 is closer to 180° than the
angle difference A1 corresponding to the radial direction 81 of the downstream sub link.
On the other hand, the angle difference A1 corresponding to the radial direction 61 of the
downstream sub link is not necessarily closer to 0° than the angle difference A2
corresponding to the radial direction 62 of the downstream sub link since it may also be

closer to 360° as well, depending on the direction of North.

However, there may be a case in which neighbour nodes of the first node are only
located in one of the sub links so that it is not possible to compare the angle differences
A1 and A2 relating to the radial directions 61 and 62 of both sub links. In such a
scenario, it is determined whether the respective sub link is the downstream link or the
upstream link by calculating a difference A =] S - o | between the moving direction o of
the first node 10 and the determined radial direction 8S of the single identified sub link
by defining a threshold value Ath < 90 degrees.

If Ath > A or Ath > | 360° - A |, it is determined that the respective sub link is the
downstream sub link and if Ath > | 180° - A |, it is determined that the respective sub
link is the upstream sub link. According to this embodiment of the present invention, the
threshold value Ath is set to be constant. However, the present invention is not limited to
this embodiment and the threshold value Ath may also be set dependent on a
determined steering angle of the moving vehicle, wherein Ath has to be set to be larger if

larger steering angles are detected.

In a further embodiment of the present invention, after carrying out the steps
S101 to S108 as described above, the method further comprises a step S109 of
determining a traffic direction of mobile neighbour nodes in the vicinity of the first node
10 in case the first node is located in a link between two intersections. In step S101, the
first node 10 receives beacon signals from its respective neighbour nodes, including the
mobile neighbour node 21 which travels in a direction 7 as illustrated in Fig. 9A. The
beacon signal received from neighbour node 12 comprises velocity data indicating the
velocity direction T of the neighbour node 21 so that at the receiver side of the first node
10, both, the velocity direction o of the first node 10 itself and the velocity direction T of
the neighbour node 21 are known. By comparing the two velocity directions T and o in

step $109, a traffic direction of the neighbour node 21 can be determined, i.e. it can be
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determined, whether the neighbour node 21 travels in a same traffic direction as the first

node 10 or in an opposite traffic direction than the first node 10.

Therefore, for determining the traffic direction of the neighbour node 21 with
respect to the velocity direction of the first node 10, an angle difference | 0 - T | is
calculated. On substantially straight roads, a determination of the traffic direction can be
performed as described in the following. When the angle difference | -7 | isclosetoO°
or 360°, the respective neighbour node 21 is determined to be travelling in the same
traffic direction and when the angle difference| o - T | is close to 180°, the respective

neighbour node 21 is determined to be travelling in the same traffic direction

However, if the first node travels on a road having a curved topology with turning
angles up to 90°, then it generally holds that, when the first node 10 is located in a link
between two intersections, the angle difference fulfils 90° < | o -1 | < 270° for
neighbour nodes travelling in the opposite traffic direction than the first node 10, while
the angle difference fulfils |o-T]<90°o0r|o-1|>270° for neighbour

nodes travelling in the same traffic direction as the first node 10.

However, special situation may occur, where even the broad criteria as discussed
above may lead to a wrong determination of the traffic direction of the neighbour nodes.
For example, in cases in which the first node 10 is located in a link at a turn of a road
with a turning angle below 90°, the first node 10 and a neighbour node may actually
have the same traffic direction although the angle difference fulfils 90° < | 0-T | < 270°
or they may have an opposite traffic direction although the angle difference fulfils
| o-71]<90°0r|o-T1|>270°.

Consequently, according to a preferred further embodiment of the present
invention, the method is improved in step S109 in order to increase the reliability of the
traffic direction determination. For this purpose, the velocity direction T of a neighbour
node 21, which is determined to be located in the upstream sub link of the first node 10,
is alternatively compared to the radial direction 62 of the upstream sub link and,
respectively, the velocity direction of a neighbour node, which is determined to be located
in the downstream sub link of the first node 10, is alternatively compared to the radial
direction 61 of the downstream sub link. In this embodiment of the present invention, it is

assumed that a respective sub link having a radial direction 81 basically allows the two
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distinct travelling directions close to 81 or 61 + 180°. This determination of traffic
direction based on a comparison of the sub link directions and the velocity direction T of
the neighbour node 21 can be combined with the method as described above, where the

determination is based on a comparison of o and T.

Furthermore, in a case in which the first node 10 is located at an intersection, i.e.
a number of identified peaks in the determined angular distribution of neighbour nodes is
determined to be larger than two, a similar detection method can also be carried out
when a historical trace information of the first node 10 is kept, e.g. by storing former
position data and respective time stamp data of the first node 10, to determine a traffic
direction of neighbour nodes located upstream of the first node (defined with respect to

the historical trace data).

Furthermore, in such a case, the traffic direction may even be determined for
neighbour nodes located downstream of the first node 10 when the first node 10 is
aware of its future trace, e.g. which direction will be taken at the intersection. Here, the
links of the intersection that respectively correspond to the historical former travelling
direction and the predicted future trajectory or future travelling direction can, therefore,
be used for the determination of a traffic direction of neighbour nodes and/or for the
determination of a downstream side and an upstream side with respect to the first node
10.

In a further embodiment of the present invention, after carrying out the steps
3101 to S109 as described above, the method further comprises a step S$110 of
determining a sub link angle in the case that the first node 10 is determined to be
located in a link between two intersections. As shown in Fig. 9B the sub link angle
corresponds to the angle difference A21 =] 62 - 61 |, i.e. to the angle
between the radial directions of the two sub links determined based on the position of
the identified peaks P1 and P2. Based on the calculated value for the angle difference
A21, a danger classification of a dangerous character of a turn between the two sub links
can be performed when the first node 10 is located in the respective turn while
performing the steps S101 to S110. In the case the first node 10 is determined to be
located at an intersection, the angles between adjacent links of the intersection can be
determined correspondingly in order to detect a dangerous situation, as for example a

narrow link angle between two links that merge at the intersection.
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For example, a predetermined danger classification may be represented by the

following categories:

e “substantially straight road” for 165° < A21 < 195°,
e “turn” for 135° < A21 < 165° and 195° < A21 < 225°, and
e “dangerous turn” for A21 < 135° and A21 > 225°.

By defining a first dangerous turn threshold value and a second dangerous turn
threshold value (e.g. 135° and 225° as in the above classification), a dangerous turn
can be detected, if the sub link angle A21 is determined to be above, or respectively
below the respective dangerous turn threshold value (i.e. a relative sub link angle
min(A21, 360°- A21) is below the smaller of the first and second threshold values, e.g.
obtained as min(135°,225°) = 135°).

Furthermore, by additionally considering the information from the determination of
the upstream sub link and downstream sub link of step S108, it is even possible to
determine, whether the dangerous turn is a right turn or a left turn from point of view of

the moving direction of the first node 10.

If a dangerous turn is detected, either in a link between two intersections or at an
intersection between two links of the intersection, a warning signal can be transmitted to
the neighbour nodes in the vicinity of the first node 10 in order to warn the neighbour
nodes about the dangerous turn. Especially, by sending the warning signal to neighbour
nodes located in the downstream sub link travelling in the opposite traffic direction than
the first node 10 and to neighbour nodes located in the upstream sub link travelling in
the same traffic direction as the first node 10, nodes travelling towards the detected
dangerous turn can be effectively warned about the dangerous turn to increase the road
safety and avoid accidents. The warning signal can comprise dangerous turn data that
indicates the angle of the detected dangerous turn in a link between two intersections or
at an intersection so that the information about the topology as well as the information

about the danger itself can be transmitted to other nodes.

Furthermore, by combining this dangerous turn detection with additional on-board

sensors and data provided by an in-vehicte CAN (Controller Area Network) bus, further
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potential dangerous situations such as lane departure, road departure can be estimated
and respective warning messages can be provided to the driver via an in-vehicle HMI
(Human-Machine-Interface). Furthermore, by combining this detection with sensor data of
neighbour nodes received via beaconing, the first node 10 can evaluate a potential
accident in the curve, generate a respective warning message and send it to neighbour

nodes so that it may be disseminated in the VANET.

According to a further embodiment of the present invention as shown in Fig. 10,
the steps S101 to S107 are carried out as described in previously discussed
embodiments of the present invention in order to utilize the obtained knowledge about
the road network topology, as indicated by the determined angular distribution of
neighbour nodes, and the node distribution in a geo-based routing protocol for forwarding

node selection that does not require a further map database of GIS data.

In this regard, it should be noted that the determination of radial directions of links,
which is based on the determination of the radial position of peaks in the angular
distribution of neighbour nodes, can only be effectuated when vehicles or road side units
are located in the respective links and participate to VANET as nodes. As a consequence,
it might happen that a link cannot be detected because of a lack of nodes located in the
respective link. Such a situation may especially occur in a loose network, when a road
traffic density and/or a corresponding traffic flow is low. However, it should be further
noted that this would not be a problem for most efficiently selecting a next forwarder in a
current situation because the forwarding node selection can only be performed among

available neighbour nodes.

Referring back to Fig. 10, if it is detected that the first node 10 is not located at an
intersection in step $107 so that it is determined that the first node 10 is located in a link
between two intersections, the step S108 of determining, which of the two sub links is
the upstream sub link and which of the two sub links is the downstream link is carried on,

followed by step S109 of determining a traffic direction of neighbour nodes.

In the next step S112 of selecting a forwarding node from the neighbour nodes of
the first node 10, a forwarding node is selected to which the packet shall be transmitted

in the next step S113 of transmitting the packet to the selected forwarding node.
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In the now described case, according to which it has been determined that the
first node 10 is not located at an intersection in step S107, the following criteria are used

in the step S112 of selecting a forwarding node.

First, the direction from the first node 10 towards the target position D to which
the packet shall be transmitted via multi-hopping is respectively compared with the
directions of the upstream sub link and the down stream sub link as determined in the
steps S106 and S108 to determine whether the target position D is located closer to the
upstream sub link direction or closer to the downstream sub link direction, i.e. if the

target position D is located upstream or downstream of the first node 10.

However, for some specific applications realised by VANET, the information
concerning whether the target position D is located in the upstream or downstream
location can be already known in advance, informed by the vehicle that is generating and
sending the packet to be transmitted, depending on the nature of the transmitted
information and/or the requirements of the application. This is, for example, the case,
when a breakdown vehicle on a highway is sending the information concerning the
breakdown situation in order to avoid follow-up accidents with vehicles coming towards
the breakdown vehicle. Obviously, the target receivers in this example are vehicles in the
upstream position that are travelling towards the breakdown vehicle, and the target
location D is located in the upstream link. Vehicles in the downstream and travelling in
the same direction are not concerned anyway by the packet since they have already
passed by the location. For vehicles located in the opposite traffic directions, they are not
concerned by the information neither. However, this does not exclude the possibility that
they can be selected to forward the packet, since they are travelling towards the targeting

location D.

If the direction from the first node 10 to the target position D is closer to the
direction of the upstream sub link, and one neighbour node is located in the upstream

sub link of the first node 10, this neighbour node is selected as next forwarding node.

If the direction from the first node 10 to the target position D is closer to the
direction of the upstream sub link, and a plurality of neighbour nodes are located in the
upstream sub link of the first node 10, one of this plurality of neighbour nodes located in

the upstream sub link is selected as next forwarding node according to the following two



10

15

20

25

30

WO 2010/076049 PCT/EP2009/063230
41

criteria which are combined in the selection of the next forwarding node, the importance
of the criteria in the combination of criteria being weighted by an algorithm for optimizing

the results.

One criterion is the respective relative distance between the target position D and
the neighbour nodes located in the upstream sub link, the respective relative distances
being calculated from the respective position data of the neighbour nodes and the target
position D, wherein the neighbour node having the smallest relative distance to the target
position D is preferred to be selected as the next forwarding node. Consequently,
neighbour nodes being located closer to the target position D are preferred to be selected
as the next forwarding node according to this criterion. This criterion shall have a higher
weighting when it is to be expected that the next-to-next forwarding node may be selected

instantly because of a high density of nodes.

The other criterion is the traffic direction of the neighbour nodes as determined in
step $109, according to which neighbour nodes located in the upstream sub link which
are travelling in the opposite traffic direction than the first node are preferred to be
selected over neighbour nodes located in the upstream sub link which are travelling in
the same traffic direction as the first node. According to this criterion, a neighbour node
which is travelling in the direction of the target position D is preferred to be selected as
the next forwarding node. This criterion shall have a higher weighting when it is to be
expected that the next-to-next forwarding node may not be selected instantly because of
a low density of nodes and the next forwarding node is, therefore, expected to be
required to intermediately store the packet until it may be forwarded to a next-to-next

forwarding node.

If the direction from the first node 10 to the target position D is closer to the
direction of the upstream sub link, but there is no neighbour node located in the
upstream sub link, the first node 10 selects a neighbour node located in the downstream
link which travels in an opposite traffic direction than the first node 10 or keeps the
packet stored until a forwarding node can be selected according to the above criteria
when there is also no neighbour node available, which is located in the downstream link

and travels in an opposite traffic direction.
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On the other hand, if the direction from the first node 10 to the target position D is
closer to the direction of the downstream sub link, and one neighbour node is located in
the downstream sub link of the first node 10, this neighbour node is selected as next

forwarding node.

If the direction from the first node 10 to the target position D is closer to the
direction of the downstream sub link, and a plurality of neighbour nodes is located in the
downstream sub link of the first node 10, one of this plurality of neighbour nodes located
in the downstream sub link is selected as next forwarding node according to the following
two criteria which are combined in the selection of the next forwarding node, the
importance of the criteria in the combination of criteria being weighted by an algorithm

for optimizing the results.

One criterion is the respective relative distance between the target position D and
the neighbour nodes located in the downstream sub link, the respective relative
distances being calculated form the respective position data of the neighbour nodes and
the target position D, wherein the neighbour node having the smallest relative distance to
the target position D is preferred to be selected as the next forwarding node.
Consequently, neighbour nodes being located closer to the target position D are preferred
to be selected as the next forwarding node according to this criterion. This criterion shall
have a higher weighting when it is to be expected that the next-to-next forwarding node

may be selected instantly because of a high density of nodes.

The other criterion is the traffic direction of the neighbour nodes as determined in
step $109, according to which neighbour nodes located in the downstream sub link
which are travelling in the same traffic direction as the first node are preferred to be
selected over neighbour nodes located in the downstream sub link which are travelling in
the opposite traffic direction than the first node 10. According to this criterion, a
neighbour node which is travelling in the direction of the target position D is preferred to
be selected as the next forwarding node. This criterion shall have a higher weighting
when it is to be expected that the next-to-next forwarding node may not be selected
instantly because of a low density of nodes and the next forwarding node is, therefore,
expected to be required to intermediately store the packet until it may be forwarded to a

next-to-next forwarding node.
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If the direction from the first node 10 to the target position D is closer to the
direction of the downstream sub link, but there is no neighbour node located in the
downstream sub link, the first node 10 keeps the packet stored so as to bring the packet
towards the target position D by travelling along the link until a forwarding node can be

selected according to the above criteria.

In the other case in which it is determined in step S107 that the first node 10 is
located at an intersection, the method continues with the steps S111 of comparing the
directions of the plurality of links with the direction towards the target position D and
S112 of selecting a forwarding node out of available neighbour nodes. A corresponding
situation is illustrated in Fig. 11. A first node 10 is located at an intersection having four
links, L1, L2, L3, and L4 merging respectively at the directions 81=0°, 62=90°,
63=180°, and 84=270° with respect to the direction of North N. In such a situation, the
direction 8T from the first node 10 to the target position D is compared in step S111 with
the respective directions of the links as determined from the determined radial direction
of the peaks P1, P2, P3, and P4 in step S105.

In step S111, when the first node 10 is located at an intersection and a packet
shall be forwarded to a target position D, at least two of the detected links are chosen as
a forwarding link, which means that in the following step S112 a forwarding node is
selected from each of the at least two selected forwarding links so that the packet is then
transmitted in step S113 to at least two forwarding nodes, respectively located in the two

selected forwarding links.

At least the two links of the intersection having its link directions closest to the
direction 6T from the first node to the target position D are selected as forwarding links.
In Fig. 11, the direction 6T to the target position is 330° and the relative angles between

the link directions and the direction to the target position are

min (] 6T - 81 |, 360° - | 6T - 81 |) = 30° for L1,
min (] 6T - 82 |, 360° - | 6T - 62 |) = 120° for L2,
min (| 6T - 63 |, 360° - | 6T - 63 |) = 150° for L3, and
min (] 6T - 84 |, 360° - | 6T - 84 |) = 60° for L4.
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Consequently, at least the links L1 and L4 are selected as forwarding link in step
S111 so that in step S112 at least a neighbour node located in the link L1 and a
neighbour node located in the link L4 are selected as next forwarding nodes and the
packet is transmitted to the selected next forwarding nodes in step S113. It is to be
noted that it is assumed that there is at least one neighbour node located in the
respective links L1 and L4, since the links could otherwise not have been detected
because no corresponding respective peak could have been identified in the respective

link direction.

If only one neighbour node 23 is located in a link L4 selected as a forwarding link,
this neighbour node 23 is selected as forwarding node and the first node 10 transmits

the packet to the respective neighbour node 23.

If two or more neighbour nodes 21 and 22 are located in a link L1 selected as a
forwarding link, the next forwarding node in this forwarding link L1 is selected by a
combination of two criteria based on the distance to the target position and the travelling
direction similar to the two above-described criteria for selecting forwarding nodes out of

neighbour nodes located in a sub link of a link.

More precisely, at an intersection, a criterion for selecting a next forwarding node
in a selected forwarding link is that a neighbour node located in the forwarding link is
selected which is located closest to the target position D compared to the other
neighbour nodes located in the respective forwarding link. The other criterion is that
neighbour nodes travelling away from the intersection towards the target position are
preferred to be selected as a next forwarding node over the neighbour nodes travelling
towards the intersection away from the target position. This can be determined based on
the comparison in step S111, namely, the comparison of the velocity direction of the
neighbour nodes and the direction towards the target position D and/or based on the
comparison of the velocity direction of the neighbour nodes and the link direction of the
forwarding link. The above-mentioned criteria are weighted by an algorithm to optimize

the results.

Referring to Fig. 11, since the neighbour nodes 22 and 32 located in the link L1,

which is selected as one of the forwarding links, are very similar in distance to the target
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position D, neighbour node 21 is preferred to be selected as next forwarding node over

neighbour node 22 which travels in the direction towards the intersection.

Since the packet will be forwarded in at least two directions because it is
transmitted to forwarding nodes in different forwarding links, a situation may occur,
where one of the directions is not suitable to forward the packet to the target position.
So, in order not to have packets multi-hopping in the VANET so that the forwarding
process continues indefinitely, thereby consuming VANET infrastructure, a packet has to
be dropped at some point. Generally, a packet may be dropped if the number of multi-

hops, i.e. the number of forwarding steps exceeds a threshold value.

However, in this embodiment a so-called shrinking level is respectively calculated
at each intermediate node in the multi-hop communication, wherein the shrinking level at
least contains information about the distance between an intermediate node and the
target position D, but may further depend on parameters such as e.g. forwarding link
direction, travelling direction, and/or forwarding direction. The calculated shrinking level
will be transmitted together with the packet in the forwarding process to keep a historical
information about the development of the shrinking level with the packet during the
forwarding process. If one of the selected forwarding links leads to a situation in which
the packet is forwarded along a forwarding trace in which the shrinking fevel is increasing
for a certain number of communication hops (forwarding steps), the packet shall be

dropped, i.e. forwarding shall be terminated.

In the above-mentioned embodiment, a combination of two criteria, being based
on the distance to the target position and the travelling direction or traffic direction have
been used in the step S112 of selecting a next forwarding node, whereas the present
invention is not limited to this embodiments and also only one of the respective criteria

may be used as a single criteria in forwarding node selection.

According to a further embodiment of the present invention, an apparatus 900 for
determining a distribution of neighbour nodes around a first node 10 in a communication
network is configured to be able to perform all of the methods as described in the
preceding embodiments of the present invention. The apparatus will be described with

reference to Fig. 12.
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The apparatus comprises a receiver means 901 and a transmitting means 915.
The receiver means is configured to receive, from a receiving point of view, corresponding
to a first node 10 in a VANET, beacon signals which are respectively transmitted from one
or more neighbour nodes located in the beaconing range of the first node 10 and the
transmitting means 915 is configured to periodically send beacon signals from the first
node to the neighbour nodes of the first node. The transmitting means is further
configured to transmitting a packet from the first node to a neighbour node, which is

selected as a forwarding node in multi-hop communication.

The apparatus 900 further comprises a scanning means 903 configured to
virtually rotate a virtual scan area SA about the center of a circular area CA, wherein a
scan area SA is defined according to one of the preceding embodiments, for example
described with reference to Figs. 5A and 5B. Furthermore, the apparatus 900 comprises
a distribution determining means 904 configured to determine an angular distribution of
the neighbour nodes of the first node by counting the number of neighbour nodes located
within the scan area SA while the scanning means 903 rotates the scan area SA, based
on position data of the neighbour nodes, as a function N(6) of a radial direction 6 of the

scan area SA from the center of the circular area CA.

The apparatus 900 further comprises a peak identifying means 905 configured to
identify peaks of the number of neighbour nodes in the determined angular distribution
of neighbour nodes, a peak number determining means 906 configured to determine a
number of the identified peaks in the determined angular distribution of neighbour
nodes in order to determine a number of links of a road network in the vicinity of the first
node, a peak position determining means 907 configured to determine the respective
radial directions of the identified peaks based on the determined angular distribution of
neighbour nodes, and a node distribution topology determining means 908 configured to
determine, whether the first node is located at an intersection of a plurality of links or in

the middle of a link based on the determined number of identified peaks.

The apparatus 900 further comprises a storage means 909 configured o store
data comprised in the received beacon signals and to store a packet that shall be
forwarded to a target position D in a case in which the packet has to be kept until a next
forwarding node becomes available in multi-hop communication, ji.e. until a next

forwarding node can be selected.
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The apparatus 900 further comprises a sub link determining means 910
configured to determine, which of two sub links of a link is the downstream sub link
located downstream of the first node and which of the two sub links is the upstream sub
link located upstream of the first node based on the angles between the direction of the
velocity of the first node and the respective directions of the two sub links determined
from the radial directions of the two identified peaks corresponding to the sub links, in a
case, when the node distribution topology determining means 908 has determined that
the first node is not located at an intersection, when the peak number determining

means 906 indicates two identified peaks.

The apparatus 900 further comprises a sub link angle determining means 911
configured to determine a sub link angle between the upstream sub link and downstream
sub link, determined by the sub link determining means 910, based on the angle
between the radial directions of the identified peaks in the determined angular
distribution of neighbour nodes which correspond to the two sub links, and a dangerous
turn detecting means 912 for detecting a dangerous turn in a case in which a determined
sub link angle is below a first predetermined threshold or above a second predetermined
threshold value. The dangerous turn detecting means can also determine dangerous
situation such as a narrow link angle above or below a threshold in case the first node is
determined to be located at an intersection so that a corresponding warning signal can
also be sent out based on the determined road topology of the respective detected links
of an intersection similar to a warning signal indicating a dangerous turn in a link

between two intersections.

The apparatus 900 further comprises a traffic direction determining means 913
configured to detect the traffic direction of a mobile neighbour node to determine, if said
mobile neighbour node is travelling in a same traffic direction as the first node or an
opposite traffic direction than the first node based on the angle between the velocity
direction of the first node and the velocity direction of the mobile neighbour node
indicated by the velocity data of the beacon signal received from the neighbour node by

the receiver means 901.

The apparatus 900 further comprises a forwarding node selecting means 914

configured to select one or more of the current neighbour nodes of the first node 10 as
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forwarding nodes based on the determined angular distribution of current neighbour
nodes, the determined traffic directions and/or a direction from the first node o a target
position (D) to which the packet shall be transmitted by the transmitting means 915, in

the case that a packet shall be forwarded to a target position D.

The apparatus 900 further comprises a direction comparing means 916
configured to compare the directions of the plurality of links of an intersection
determined from the angular distribution of identified peaks with the direction from the
first node towards a target position D for determining the respective angles between the
directions of the plurality of links of the intersection and the direction from the first node
towards the target position D, in a case in which the peak number determining means
has determined that the number of identified peaks is larger than two, so that it is
determined that the first node is located at an intersection of a plurality of links. The
direction comparing means 916 is further configured to determine the direction from the
first node 10 towards the target position D based on the position data of the first node 10

and the target position.

The apparatus 900 further comprises a link selecting means 917 for selecting at
least two links of the plurality of links of the intersection as forwarding links, the two links
of the intersection which have the smallest angle with respect to the direction from the
first node (10) towards the target position (D), in the case that it is determined that the
first node is located at an intersection and a packet shall be forwarded to the target

position D.

The apparatus 900 further comprises a position determining means (not shown)
to determine the geographic location, i.e. position, the speed as well as the velocity
direction of the first node 10. This position and velocity information is based a
synchronized timing among different nodes when determining time stamp data. The time
stamp, position, speed and velocity direction will be included in the beacon signal that is
sent out from the first node 10 and is therefore provided to the transmitting means 915.
The position and velocity direction information can be used at least by the sub link
determining means 910 for downstream/upstream sub-link determination, by the traffic
direction determining means 913 to define the same/opposite travelling direction of a
neighbour node with regard to the_first node 10, and by the node selecting means 914

during the next forwarding node selection.
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The above-mentioned apparatus 900 as shown in Fig. 12 is configured to be able
to perform all of the methods as described above relating to preferred embodiments of
the present invention. As becomes apparent from the description of the methods
according to the above embodiments of the present invention, some of these methods do
not require all of the above-described means of the apparatus 900. Another embodiment
of an apparatus according to the present invention comprising not all but at least the
corresponding above-mentioned means, which are required to perform at least one
method according to one of the above-described embodiments of the present invention

shall be regarded as implicitly disclosed.

The above-mentioned features and embodiments can be combined in any way,

partly or as a whole.

According to the invention, no additionally utilized map database or GIS data is
required in the detection process and forwarding node selecting process. Furthermore,
according to the present invention, information as comprised in beacon signal data of a

beaconing function can be used, which is usually provided as a basic function of VANET.

According to the present invention, the selection of a forwarding node is
performed at the receiver side by analysing beacons received from neighbour nodes. As a
very precious advantage, no new additional signals are required to be sent, thus, it is also

not required to provide additional means and/or work charge for radio media.

More particularly, according to the present invention, the combination of
information about the VANET topology with information about the road network topology
improves the robustness of the routing/forwarding process because the forwarding node
selection is performed in accordance with the road network topology and traffic directions
of the nodes. Thus, higher efficiencies and higher success rates in routing can be

achieved.
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Claims

1. Method for determining a distribution of neighbour nodes around a first node
(10) in a communication network, comprising the step of:

- receiving, at the first node (10), beacon signals which are respectively
transmitted from one or more neighbour nodes (21, 22, 23, 24) located in a beaconing
range of the first node (10), wherein the beacon signal transmitted from a neighbour
node (21; 22; 23; 24) comprises identification data which identifies the respective
neighbour node (21; 22; 23; 24) and position data which indicates the position of the
respective neighbour node (21; 22; 23; 24);

characterized in that

the method further comprises the steps of:

- rotating a scan area (SA) about the center of a circular area (CA), wherein the
scan area (SA) is a partial area of the circular area (CA) having the first node (10) in the
center, and the scan area (SA) has a predetermined scan view shape and extends from
the center of the circular area (CA) to at least the circumference of the circular area (CA)
in a defined radial direction from the center of the circular area (CA); and

- determining an angular distribution of neighbour nodes (21, 22, 23, 24) located
in the beaconing range of the first node (10) by counting the number of neighbour nodes
(21, 22, 23, 24) located within the scan area (SA) while rotating the scan area (SA),
based on the position data of the neighbour nodes (21, 22, 23, 24), as a function (N(8))

of a radial direction (0) of the scan area (SA) from the center of the circular area (CA).

2. Method according to claim 1, characterized in that

the beacon signals, which are respectively transmitted from the neighbour nodes
(21, 22, 23, 24), further comprise time stamp data which indicates a specific time,

wherein the position data comprised in the beacon signal indicates the position of
the respective neighbour node (21; 22; 23; 24) at the specific time indicated by the time
stamp data, and

wherein the position data of the respective neighbour node (21; 22; 23; 24) is
discarded from being considered in the step of determining an angular distribution of
neighbour nodes (21, 22, 23, 24), when a time interval longer than or equal to a
predetermined time interval has elapsed since the specific time indicated by the

respective time stamp data.
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3. Method according to claim 2, characterized in that

one or more of the neighbour nodes (21, 22, 23, 24) periodically transmit beacon
signals with respectively updated position data and updated time stamp data,

wherein in a case in which the first node (10) has periodically received a plurality
of beacon signals from the same neighbour node (21; 22; 23; 24) within the
predetermined time interval, only the position data of the beacon signal from said same
neighbour node (21; 22; 23; 24) having the time stamp data which indicates the latest
respective specific time is used for the step of determining the angular distribution of
neighbour nodes (21; 22; 23; 24).

4. Method according to at least one of claims 1 to 3, characterized in that

the first node (10) periodically repeats the steps of rotating the scan area (SA) and
determining the angular distribution of neighbour nodes (21, 22, 23, 24) for determining
periodically updated angular distributions of neighbour nodes (21, 22, 23, 24).

5. Method according to at least one of claims 1 to 4, characterized in that the
method further comprises the steps of:

- identifying peaks (P1, P2, P3, P4) of the number of neighbour nodes (21, 22, 23,
24) in the determined angular distribution of neighbour nodes (21, 22, 23, 24);

- determining a number of identified peaks (P1, P2, P3, P4) of the number of
neighbour nodes (21, 22, 23, 24) in the determined angular distribution of neighbour
nodes (21, 22, 23, 24) to determine a number of links in the vicinity of the first node
(10);

- determining radial directions of the identified peaks (P1, P2, P3, P4) based on
the determined angular distribution of neighbour nodes (21, 22, 23, 24); and

- determining, whether the first node (10) is located at an intersection of a plurality
of links or in a link between two intersections based on the determined number of

identified peaks (P1, P2, P3, P4).

6. Method according to claim 5, characterized in that

in & case in which it is determined that the first node (10} is located in a link
between two intersections so that the position of the first node (10) divides the link in two
sub links, the method further comprises the step of

- determining, which of the two sub links is the downstream sub link located

downstream of the first node (10) and which of the two sub links is the upstream sub link
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located upstream of the first node (10) based on the angles between the direction of the
velocity of the first node (10) and the directions of the two sub links determined from the

radial directions of the identified peaks (P1, P2) corresponding to the sub links.

7. Method according to claim 5 or 6, characterized in that

in a case in which it is determined that the first node (10) is located in a link
between two intersections so that the position of the first node (10) divides the link in two
sub links, the method further comprises the step of

- determining a sub link angle, which is the angle between the directions of the two
sub links, based on the angle between of the radial directions of the identified peaks (P1,
P2) in the determined angular distribution of neighbour nodes (21, 22, 23, 24) which
correspond to the two sub links; and

in a case in which it is determined that the first node (10) is located at an
intersection having at least three links merging into each other, the method further
comprises the step of

- determining at least one link angle of the intersection, the link angle being the
angle between the directions of two adjacent links that merge at the intersection, based
on the angle between the radial directions of the identified peaks (P1, P2, P3, P4) in the
determined angular distribution of neighbour nodes (21, 22, 23, 24) which correspond to

the links merging at the intersection.

8. Method according to claim 7, characterized in that

in a case in which the determined sub link angle or one of the at least one
determined link angles of the intersection is below a first predetermined threshold value
or above a second predetermined threshold value, the first node (10) transmits a warning
signal to the neighbour nodes (21, 22, 23, 24) to indicate a dangerous turn or a
dangerous link angle at an intersection and/or to warn about the dangerous turn or the

dangerous link angle at an intersection.

9. Method according to at least one of claims 1 to 8, characterized in that

the beacon signals received from the one or more neighbour nodes (21, 22, 23,
24) further comprise velocity data indicating the speed and/or the velocity direction of
the respective neighbour nodes (21, 22, 23, 24),

wherein the method further comprises the step of
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- determining a respective traffic direction of at least one mobile neighbour node
(21; 22; 23) of the one or more neighbour nodes (21, 22, 23, 24) to determine, whether
said at least one mobile neighbour node (21; 22; 23) is travelling in a same traffic
direction or an opposite traffic direction compared to the first node (10) based on the
angle between the velocity direction of the first node (10) and the velocity direction of the
at least one mobile neighbour node (21; 22; 23) or based on the angle between the
velocity direction of the at least one mobile neighbour node (21; 22; 23) and at least one

of the upstream sub link direction and the downstream sub link direction.

10. Method according to at least one of claims 1 to 9, characterized in that

in a case in which a packet shall be transmitted to one or more target nodes, the
target nodes being nodes of the communication network located at a predetermined
target position (D) or located within a target geographic region indicated by the target
position (D) and/or a region shape of the target geographic region, wherein the one or
more target nodes are not neighbour nodes (21, 22, 23, 24) of the first node (10), the
method further comprises the steps of:

- selecting one or more of the neighbour nodes (21, 22, 23, 24) of the first node
(10) as forwarding nodes based on the determined angular distribution of neighbour
nodes (21; 22; 23, 24) and the direction from the first node (10) towards the target
position (D); and

- transmitting the packet from the first node (10) to the one or more selected
forwarding nodes (21, 22, 23, 24).

11. Method according to claim 10, characterized in that

in a case in which the first node (10) is determined to be located a link between
two intersections and the target position (D) is located in the direction of the downstream
sub link, only one or more neighbour nodes (21, 22, 23, 24) which are located in the
downstream sub link are chosen as forwarding nodes,

wherein neighbour nodes (21, 22, 23, 24) moving in the same traffic direction as
the first node (10) are preferred to be selected as forwarding nodes over neighbour
nodes (21, 22, 23, 24) moving in the opposite traffic direction as the first node (10), and

wherein, when no neighbour node (21; 22; 23; 24) is located in the downstream
link, the first node (10) stores the packet until at least one beacon signal from a
neighbour node (21; 22; 23; 24) located in the downstream link of the first node (10) is
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received so that the respective neighbour node (21; 22; 23; 24) can be selected as a
forwarding node; and

in a case in which the first node (10) is determined to be located in a link between
two intersections and the target position is located in the direction of the upstream sub
link, only one or more neighbour nodes (21, 22, 23, 24) which are located in the
upstream sub link are chosen as forwarding nodes,

wherein neighbour nodes (21, 22, 23, 24) moving in the opposite traffic direction
as the first node (10) are preferred to be selected as forwarding nodes over neighbour
nodes (21, 22, 23, 24) moving in the same traffic direction as the first node (10), and

wherein, when no neighbour node (21; 22; 23; 24) is located in the upstream link,
the first node (10) stores the packet until at least one beacon signal from a neighbour
node (21; 22; 23; 24) located in the upstream link of the first node (10) is received so
that the respective neighbour node (21; 22; 23; 24) can be selected as a forwarding
node and/or until at least one beacon signal from a neighbour node (21; 22; 23; 24)
located in the downstream link and moving in the opposite traffic direction than the first
node (10) is received so that the respective neighbour node (21; 22; 23; 24) can be

selected as a forwarding node.

12. Method according to claim 10, characterized in that in a case in which the first
node (10) is determined to be located at an intersection of a plurality of links, the method
further comprises the steps of:

- comparing the directions of the plurality of links determined from the radial
directions of the corresponding identified peaks (P1, P2, P3, P4) based on the angular
distribution of identified peaks (P41, P2, P3, P4) with a direction from the first node (10)
towards the target position (D) to determine the angles between the directions of the
plurality of links and the direction from the first node (10) towards the target position (D);
and

- selecting at least two links of the plurality of links of the intersection as
forwarding links, the two links of the intersection which have the smallest angles with
respect to the direction from the first node (10) towards the target position (D);

wherein in the step of selecting a forwarding node, at least for each of the
selected forwarding links at least one neighbour node (21; 22; 23; 24) located in the

respective forwarding link is selected as a forwarding node.
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13. Apparatus for determining a distribution of neighbour nodes (21, 22, 23, 24)
around a first node (10) in a communication network, configured to perform the method
according to at least one of the claims 1 to 12, comprising:

- a receiver means (901) for receiving, at the first node (10), beacon signals which
are respectively transmitted from one or more neighbour nodes (21, 22, 23, 24) located
in the beaconing range of the first node (21, 22, 23, 24),

wherein the beacon signal transmitted from a neighbour node (21; 22; 23; 24)
comprises identification data which identifies the respective neighbour node (21; 22; 23;
24) and position data which indicates the position of the respective neighbour node(21;
22;23; 24);

characterized in that

the apparatus further comprises:

- a scanning means (903) for rotating a scan area (SA) about the center of a
circular area (CA), wherein the scan area (SA) is a partial area of the circular area (CA)
having the first node (10) in the center, and wherein the scan area (SA) has a
predetermined scan view shape and extends from the center of the circular area (CA) to
at least the circumference of the circular area (CA) in a defined radial direction from the
center of the circular area (CA); and

- a distribution determining means (904) for determining an angular distribution of
neighbour nodes (21, 22, 23, 24) located in the beaconing range of the first node (10) by
counting the number of neighbour nodes (21, 22, 23, 24) located within the scan area
(SA) while the scanning means (903) rotates the scan area (SA), based on the position
data of the neighbour nodes (21, 22, 23, 24), as a function of a radial direction of the

scan area (SA) from the center of the circular area (CA).

14. Apparatus according to claim 13, characterized in that the apparatus further
comprises:

- a peak identifying means (905) for identifying peaks (P1, P2, P3, P4) of the
number of neighbour nodes (21, 22, 23, 24) in the determined angular distribution of
neighbour nodes (21, 22, 23, 24);

- a peak number determining means (906) for determining a number of identified
peaks (P1, P2, P3, P4) of the number of neighbour nodes (21, 22, 23, 24) in the
determined angular distribution of neighbour nodes (21, 22, 23, 24) to determine a

number of links in the vicinity of the first node (10);
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- a peak position determining means (907) for determining radial directions of the
identified peaks (P1, P2, P3, P4) based on the determined angular distribution of
neighbour nodes (21, 22, 23, 24); and

- a node distribution topology determining means (908) for determining, whether
the first node (10) is located at an intersection of a plurality of links or in a link between

two intersections based on the determined number of identified peaks (P1, P2, P3, P4).

15. Apparatus according to claim 13 or 14, characterized in that the apparatus
further comprises:

- a defining means (902) for defining the scan area (SA);

- a storage means (909) for storing data comprised in the received beacon signals
and/or storing a packet;

- a sub link determining means (910) for determining which of two sub links of a
link is the downstream sub link located downstream of the first node (10) and which of
the two sub links is the upstream sub link located upstream of the first node (10) based
on the angles between the direction of the velocity of the first node (10) and the
respective directions of the two sub links determined from the radial directions of the
identified peaks (P1, P2) corresponding to the sub links;

- a sub link angle determining means (911) for determining a sub link angle, which
is the angle between the directions of two sub links of a link, based on the angle between
the radial directions of the identified peaks (P41, P2) in the determined angular
distribution of neighbour nodes (21, 22, 23, 24) which correspond to the two sub links;

- a dangerous turn detecting means (912) for detecting a dangerous turn in a case
in which a determined sub link angle is below a first predetermined threshold value or
above a second predetermined threshold value;

- a traffic direction determining means (913) for determining the traffic direction of
a mobile neighbour node (21; 22; 23) of the one or more neighbour nodes (21, 22, 23,
24) to determine, if said mobile neighbour node (21; 22; 23) is travelling in a same traffic
direction as the first node (10) or an opposite traffic direction than the first node (10)
based on the angle between the velocity direction of the first node (10) and the velocity
direction of the mobile neighbour node (21; 22; 23);

- a forwarding node selecting means (914) for selecting one or more of the
neighbour nodes (21, 22, 23, 24) of the first node (10) as forwarding node based on the
determined angular distribution of neighbour nodes (21, 22, 23, 24), the determined
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traffic directions and/or a direction from the first node (10) to a target position (D) to
which the packet shall be transmitted;

- a transmitting means (915) for transmitting the packet from the first node (10) to
the one or more selected forwarding nodes;

- a direction comparing means (916) for comparing the directions of the plurality
of links of an intersection determined from the angular distribution of identified peaks
(P1, P2, P3, P4) with the direction from the first node (10) towards a target position (D)
for determining the respective angles between the directions of the plurality of links of
the intersection and the direction from the first node (10) towards the target position (D);
and

- a link selecting means (917) for selecting at least two links of the plurality of
links of the intersection as forwarding links, the two links of the intersection which have
the smallest angle with respect to the direction from the first node (10) towards the

target position (D).
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