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Abstract Vehicle-to-vehicle and vehicle-to-infrastructure

communication systems enable vehicles to share informa-

tion captured by their local sensors with other interested

vehicles. To ensure that this information is delivered at the

right time and location, context-aware routing is vital for

intelligent inter-vehicular communication. Traditional

network addressing and routing schemes do not scale well

for large vehicular networks. The conventional network

multicasting and broadcasting cause significant overhead

due to a large amount of irrelevant and redundant trans-

missions. To address these challenges, we first take into

account contextual properties such as location, direction,

and information interest to reduce the network traffic

overhead. Second, to improve the relevancy of the received

information we leverage the mobility patterns of vehicles

and the road layouts to further optimize the peer-to-peer

routing of the information. Third, to ensure our approach is

scalable, we propose a context-based grouping mechanism

in which relevant information is shared in an intelligent

way within and between the groups. We evaluate our

approach based on groups with common spatio-temporal

characteristics. Our simulation experiments show that our

context-based routing scheme and grouping mechanism

significantly reduces the propagation of irrelevant and

redundant information.

Keywords VANET � Context-awareness �
Information dissemination � Optimization � Grouping

1 Introduction

Telematic application development has recently been

gaining a lot of attention from the research community

(Behera and Meher 2002; Indulska et al. 2003; Mahajan

et al. 2007; Kirsch-Pinheiro et al. 2008; Leontiadis et al.

2009; Iwan and Safar 2010; Nose et al. 2010; Delot et al.

2011. Application areas include emergency response team

notification, congestion monitoring and parking space

allocation. In such environments the vehicles communicate

with well-known centralized entities. However, in cer-

tain situations such as collision avoidance it is not feasible

that vehicles communicate with each other using a cen-

tralized communication infrastructure as that would cause

high latencies. In vehicular ad hoc networks (VANETs) we

must ensure that such information arrives on time.

Optimizing information sharing with ad hoc communi-

cation between nodes in large scale vehicular networks is

not straightforward. For example, vehicles that are moving

on a highway can be interested in information on traffic

jams ahead of them. This information may not be relevant

for vehicles driving in the opposite direction. In VANETs
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we also have to ensure that the information is delivered at

the right place. The classical network paradigms of mul-

ticasting and broadcasting to define groups are too limited.

First, they do not consider contextual characteristics of the

nodes to optimize the routing given the current situation.

Second, these classical paradigms do not take into account

the mobility patterns of vehicles and the road layouts that

can be used to further optimize the way vehicles can

communicate.

In the remainder of the paper we use the following

terms: (i) context-aware communication: communication is

optimized given the current context or situation, and (ii)

context-based grouping: we group vehicles with similar

contextual characteristics, such as position, direction, etc.

In this paper we present a context-based grouping

mechanism to optimize information dissemination using

relevance backpropagation, a feedback-based algorithm for

identifying mobile nodes that produce useful information

and to optimize the delivery of this information in a network

where all nodes can express a certain information interest.

Further information about our relevance backpropagation

can be found in (Preuveneers and Berbers 2007; Yasar et al.

2010a, b). Our context-based grouping mechanism forms

groups of vehicles using common contextual characteristics

such as location, direction, time and interest topics. Each

group is represented by representative vehicles with special

responsibilities to improve inter-group and intra-group

communication. Our mechanism optimizes overall network

communication within and between groups by reducing

redundant and irrelevant information in a given context. For

example, a representative vehicle can prevent the propa-

gation of a message in its group if it knows that the vehicles

inside the group are not interested in that message. Convoy

driving (Khan and Boloni 2005), where a group of vehicles

on a highway share a common destination (topic of inter-

est), is an application that could benefit from our context-

based grouping mechanism. Vehicles can form a convoy

and elect a leader. The lead vehicle drives and other vehi-

cles follow automatically. Our scheme facilitates convoy

driving in terms of (i) convoy formation, (ii) convoy leader

election, (iii) autonomous driving, (iv) efficient message

dissemination and (v) decision coordination within a

convoy.

We use a simulation based approach to investigate the

efficiency of our scheme. This simulation uses realistic

mobility traces for a group of vehicles, and measures our

desired efficiency parameters. Later on in this paper, we

discuss the simulation setup and the results in detail.

However, due to the limitations of our network simulator

and our processing resources, it is not possible to simulate

large-scale networks with tens of thousands of vehicles.

Therefore, we address this problem by abstracting some of

the details from the simulation that are less relevant for the

performance analysis of our scheme and the parameters

that we are interested in. We developed a tool with Prolog

to perform this abstracted simulation on large-scale net-

works. We used Prolog mainly for two reasons, (i) for its

expressiveness power that makes it easy and fast to rep-

resent large scale networks, and (ii) for its built-in tabling

capability that ensures good performance for graph based

analysis. The abstracted simulation helps us to investigate

the behavior of our scheme on a bigger scale and a longer

period of time. On the one hand, network simulation takes

more time and it computes several efficiency parameters

such as network traffic. On the other hand, abstracted

simulation speeds up the simulation considerably, and it

gives us higher level information such as the evolution of

groups during time, and the connectivity in the network of

vehicles.

The contributions of this paper are:

1. The three-layered strategy for VANET communication.

2. The context-aware group-based communication protocol.

3. The evaluation of the communication protocol with

simulation experiments.

4. The efficient abstracted simulation of the communica-

tion protocol for very large scale vehicle networks.

The rest of the paper is organized as follows: In Sect. 2,

we present our motivating scenario. Sect. 3 presents the set

of requirements we impose on our communication system.

In Sect. 4, we propose a three-layered strategy as a solu-

tion. Section 5 describes our context-based grouping

mechanism. The application layer is discussed in Sect. 6.

The simulation experiments and results are presented in

Sect. 7. In Sect. 8, we explain the abstracted simulation

with Prolog and we show the behavior our grouping system

in large scale networks. Section 9 discusses some related

work in comparison to our proposed scheme. We present

the conclusion with suggestions for future work in Sect. 10.

2 Motivating scenario

Efficient dissemination of information about a traffic inci-

dent to all the on-coming vehicles is hard to achieve (EU).

Traditionally in the event of a traffic incident the informa-

tion about the type, location and time of the incident is sent

to the vehicles either over the radio waves or from a central

server to an embedded Global Positioning System (GPS)

inside each of the vehicles. The problem with such a system

is that (1) vehicles are informed too late about the incident,

(2) the information itself is usually received several times,

and (3) the information is broadcasted to vehicles for which

the information is irrelevant. For example, an accident

occurs on the E40 highway from Leuven to Brussels,

causing a traffic jam. The information about this accident is
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broadcasted on the radio. The drivers are informed and they

try to avoid the traffic jam. However, it takes a certain

amount of time from the moment that the accident occurs to

the time that the authorities are informed. Thus, there may

be quite a large number of vehicles that get blocked on the

road due to the late arrival of this information.

By taking into consideration the kind of information

vehicles share with other vehicles in the network, we can

easily identify a number of vehicles acting as groups with

similar information interests at a given time, location and

direction. These vehicles can form context-based groups on

the bases of their interests. For example, on the E40

highway all the vehicles driving in the same direction could

be part of a single group based on the common location and

direction with an interest in traffic jams. Within this large

group there may be vehicles that could be interested in

information on traffic moving on the highway towards a

particular city. By taking advantage of these context-based

groups we are able to reduce the redundant and irrelevant

information flow between several vehicles, thus also

ensuring on-time information delivery to the vehicles

moving towards a traffic incident.

3 Requirements for efficient context-aware

communication in VANETs

In order to optimize the information dissemination in

VANETs using context-based grouping we derive a set of

generic requirements from various use-case scenarios.

1. Location and direction-aware delivery of relevant

information: We need to know the exact location of an

incident to inform the authorities and to notify only

vehicles moving towards the incident.

2. On-time delivery of information: It is important that the

information being disseminated in a large scale

network reaches the destination on-time. For example,

information about a free parking spot may not be

relevant for interested vehicles if the message arrives

only 30 min after being disseminated from the vehicle

that left the parking spot.

3. Minimize communication overhead and maximize

delivery efficiency: Messages should be routed in a

network in an efficient way causing the least amount of

overhead not only for the sender and receiver but also

for all other intermediate nodes.

4 The three-layered strategy

In order to address the stated requirements, we present a

three-layered approach in which we have a middleware

layer in between the application layer and the physical

network layer as can be seen in Fig. 1. We propose a

context-aware group-based communication system for

vehicular networks as the middleware layer and from now

on we call it the Grouping layer. The grouping layer pro-

vides the applications with transparent access to relevant

context information.

We used group-based communication for several

reasons:

1. To reduce network traffic: By forming groups of

vehicles and choosing coordinating representatives for

each group, we can limit the communication traffic in

the network of vehicles. Instead of every single vehicle

participating in message forwarding, we choose certain

specific nodes for each group of vehicles and make

them responsible for coordinating the communication

with the nodes inside their group and with the other

groups (To address requirements 2 and 3).

2. To reduce processing overhead: Without grouping,

every single node has to process every message it

receives and then, on the basis of its own interests and

the interests of its neighbors, it has to decide whether

to forward this message or not. With the use of

grouping, only the group’s representative nodes are

required to make these kinds of decisions. This reduces

the processing overhead in a large percentage of the

nodes (To address requirements 2 and 3).

3. To decrease redundant messages: Using representative

nodes as brokers to take care of the communication

between groups and within groups prevents the

generation of redundant messages, such as duplicates

being forwarded again within the groups. Filtering

redundant messages closer to the source prevents them

from being further propagated (To address require-

ments 1 and 3).

4. To prevent the propagation of irrelevant information:

Representative nodes know about the interests of the

nodes inside their group. Thus, upon receiving a

Fig. 1 The three-layered strategy with the context-aware group-

based communication system residing in the grouping layer
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message with irrelevant information (information that

interests no member of the group), the representative

node will not further propagate the message within the

group (To address requirements 1 and 3).

In this system, we assume that all the vehicles are

equipped with positioning devices such as GPS and also

with communication capabilities, such as Dedicated Short

Range Communication (DSRC) for vehicular networks.

We collect the location data from the positioning devices

and we propagate this data using the wireless devices.

Using these propagated data we make different groups of

vehicles.

In the following sections, first we define messages and

groups. Then we describe the details of group formation

and we explain inter-group and intra-group communica-

tion. Moreover, we describe the relevance backpropaga-

tion algorithm that we use to further optimize the

communication.

5 Grouping layer

In this section we describe in detail the grouping layer of

our approach.

1. the different types of messages,

2. the definition of a group,

3. the different roles of vehicles,

4. the inter-group communication,

5. the intra-group communication,

6. and finally the dynamics of the protocol.

These definitions make the foundation of the Context-

aware group-based communication system.

5.1 Message definitions

We define and use two different types of messages:

Context information: This message is generated and used

by the grouping layer, and contains five different

attributes:

(i) The unique identifier of the vehicle ID.

(ii) The location of the vehicle (Locationx, Locationy)

as specified by its latitude and longitude, which are

provided by the positioning device.

(iii) The direction of the vehicle (Directionx, Direc-

tiony) as a vector calculated by the difference

between the last two locations collected from the

positioning device.

(iv) The role of the vehicle as Head, Tail, Relay Head

and Normal.

(v) The interest of the vehicle as bit string.

This information is only shared with the immediate peers

in the communication range of the sender (i.e. the

neighbors).

Application specific information: This message is gen-

erated and used by the application layer, and contains

useful application information that vehicles want to

ultimately share with each other. Vehicles can drop or

forward these messages according to the communication

protocol. The application message has a tag to indicate

whether the message is destined for all vehicles or only

for the representative vehicles.

5.2 Group definition

Before giving the group definition, first we define when

two vehicles have the same direction.

Definition 1 Same direction: Two vehicles vehiclea and

vehicleb have the same direction when the smaller angle

(angledirection) between their direction vectors is less than a

certain limit DIRECTION_DEVIATION.

The two vehicles in Fig. 2 have the same direction: dira

and dirb are the direction vectors of the two vehicles and

the angledirection between them (indicated at vehicleb) is

smaller than DIRECTION_DEVIATION.

Definition 2 Group: Two vehicles vehiclea and vehicleb

belong to a group G if the two vehicles are in communi-

cation range and the two vehicles have the same direction.

Therefore, we define vehiclea and vehicleb are directly

connected in group G. However this is not the only way

that two nodes can belong to the same group. Vehicles can

be indirectly connected in a group through transitive clo-

sure. Finally, each vehicle is a member of exactly one

group at a time.

Fig. 2 Context information of vehicles: position, direction vectors,

position angle and direction angle. The grey vector (dirb) represents a

copy of the direction vector dirb
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In Fig. 3, vehicles A and B are directly connected and

also vehicles A and C are directly connected. Thus vehicles

A, B and C all belong to the same group.

In order to form the groups, vehicles use the location

and direction information that they receive from the con-

text information messages. Each vehicle, upon receiving a

context information message from its neighbor, appends

that information to a list which contains the information

about the neighbors. We call this list the neighbors list. If

an old item of information of a neighbor is already in the

list, it will be updated with the new information.

5.3 Vehicle roles definitions

To improve the communication within and between the

groups we assign roles to particular vehicles in a group:

(i) Head vehicle: a vehicle which is leading a group of

vehicles moving in the same direction, (ii) Tail vehicle: the

last vehicle in group, (iii) Relay Head: Relay heads exist in

large groups in which the Head and Tail vehicles are out-

side each other’s wireless communication range. Relay

Heads are formed inside a group to enable full transmission

coverage of all the vehicles in a group and (iv) Normal

vehicle: a vehicle which does not have any of the above

roles.

Definition 3 Position vector: The position vector (posi-

tiona,b), is the vector which represents the distance and

direction of vehiclea relative to the reference origin

vehicleb.

In Fig. 2, the position vector for vehicleb and vehiclea is

given by the arrow from the location of vehicleb to the

location of vehiclea.

Definition 4 Moving in front of: We say that vehiclea

moves in front of vehicleb when the angle(anglemotion)

between the position vector positiona,b and the direction

vector of vehicleb is less than or equal to MOTION_

DEVIATION and the two vehicles are moving in the same

direction.

Figure 2 shows graphically the position vector and the

position angle (indicated at vehiclea) used for deciding the

moving in front of relation between two vehicles. In this

example vehiclea moves in front of vehicleb.

Intuitively vehicleb would be driving exactly in front of

vehiclea if this angle is 0 degrees and exactly behind

vehiclea if the angle is 180�. To also account for inexact

relative positions we relax the condition for moving

• in front of: from 0 to MOTION_DEVIATION degrees,

• behind of: from 180 – MOTION_DEVIATION to 180�.

Each vehicle in a group G periodically checks whether it

should change its role in G. All the vehicles start as normal

vehicles. They change roles on the basis of the following

conditions: a vehicle becomes head if there is no other

vehicle which has the same direction and is moving in front

of it, a vehicle becomes tail if there is no other vehicle

which has the same direction and is moving behind it

(moving behind has a similar definition with moving in

front of), a vehicle becomes relay head if there is no other

head which has the same direction, is moving in front of it

and is closer than the maximum RELAY_DISTANCE. All

the other vehicles are normal vehicles.

A simple group structure with different roles is illus-

trated in Fig. 4. As vehicles move and change their for-

mation, groups change accordingly. For example, if a faster

group of vehicles reaches a slower group which is moving

in front of the faster group, the two groups will merge and

form a single group. It is also the same case with a group of

vehicles that join a highway from another road and merge

with another group, as illustrated in Fig. 5.

The Algorithm 1 shows the Head vehicle calculation

logic. Calculating the Tail vehicle is almost the same.

Calculating the Relay Head is similar.

5.4 Intra-group communication

Application messages are forwarded only by Head, Tail

and Relay Head vehicles. Normal vehicles do not partici-

pate in message forwarding. Each vehicle inside a group

Fig. 3 An example of membership through transitive closure. All

three vehicles are in communication range with each other. Even

though vehicle B and C do not have the same direction, vehicle A has

the same direction as B and C and therefore A, B and C are all in the

same group
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periodically sends its interests to these representative

vehicles. In order to save our network resources, we use the

context information message and we piggy-back the

interests of a vehicle on the same message. Representative

vehicles keep an interest list for their neighboring group

members and keep them updated. When an application

message is delivered at one of the representative vehicles,

the system tries to find a match between the topic of the

information in the message and the interests in the interest

list. If there is a match, the representative vehicle tags the

message for all vehicles. If not, the message will just be

tagged for other representative vehicles regardless of their

group. Finally, the message is forwarded. Upon receiving a

message, normal vehicles compare the message topic with

their interests. If the message topic is not in their interest

they consider the message irrelevant and drop it.

We keep the interest topics of a vehicle as a bit string

(interests). Each position of the bit string represents a

specific topic. A vehicle that shows interest in a topic

marks the related bit as one and if not, marks the related bit

as zero. For example, if we consider the first three places of

a bit string to show interest in parking, traffic and accident

information, then ‘‘101’’ indicates interest in parking and

accident information and no interest in traffic information.

We can find a match using a simple ‘‘logical and’’ opera-

tion. By using binary operations, we save memory, network

and processing resources.

Definition 5 Irrelevant message: A vehicle considers an

application message irrelevant if there is no match between

the topic of the message and the interests of the vehicle

(messagetopic ^ interests = 0).

5.5 Inter-group communication

The communication between groups is done through the

representatives of the groups, which are Head, Tail and

Relay Heads. These are the only vehicles that can take part

in forwarding messages between groups. Although they

have different electing algorithms and different character-

istics, they do the same job in forwarding messages. Any

vehicle belonging to these three types of vehicles can

forward and receive messages to and from any of these

three types of vehicles of any group. These types of vehi-

cles act like gateways for the Normal vehicles inside their

groups.

5.6 Relevance backpropagation

In order to achieve the objectives mentioned earlier, we

introduce a special kind of additional filter mechanism

based on relevance backpropagation to be used for inter-

and intra-group communication.

Our relevance backpropagation algorithm relies on the

feedback of neighboring nodes to reduce the number of

peers to which the information needs to be forwarded. The

information is initially forwarded to the adjacent nodes

unless a maximum number of hops or other contextual

criteria is reached. Each forwarding node reduces the hop

counter, adds its identification and marks the message

relevancy tag if the information is relevant for its purpose.

The feedback technique is based on context parameters

such as position, velocity, direction, time-to-live, interest,

etc., which determines whether the data that was received

Fig. 4 A simple group structure: the red car is a Head vehicle and is

moving in front of the other cars. The blue car is a Relay Head. The

green car is a Tail vehicle and is moving behind the other cars. The

yellow cars are Normal cars
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is relevant or not, and whether the information was used.

The feedback to the delivering node is initiated when the

context information is relevant, irrelevant, unused or a

duplicate. As the context information can be provided by

the application itself, the routing of the information is

adapted accordingly. So the network re-calibrates itself if a

node joins or leaves the group. The goal is to efficiently

route and filter the relevant information as close to the

source as possible. Relevance backpropagation also

ensures that the messages do not loop around in the net-

work. More details on the basic relevance backpropagation

algorithm can be found in (Yasar et al. 2010b). Figure 6

depicts a simple scenario using relevance backpropagation.

5.7 Group dynamics

There are several parameters in our system that affect the

behavior of the protocol:

• DIRECTION_DEVIATION: By tuning this parameter

we can change the definition of same direction. In our

current setting we use: 90�.

• MOTION_DEVIATION: By tuning this parameter we

can change the definition of move in front of. In our

current setting we use: 90�.

• RELAY_DISTANCE: By tuning this parameter we

control the number of Relay Heads and their distance of

each other. This parameter is expressed as a percentage

of the communication range. In our current setting we

use: 80 %.

• HEARTBEAT: This parameter specifies how frequently

vehicles broadcast their context information messages

and check for role changes. In our current setting we

use: 5 sec.

On the basis of specific environmental and terrain

conditions we can tune these parameters for the protocol

to achieve better performance.

6 Application layer

In this section we present how applications exploit our

grouping layer in order to disseminate application related

information in the network of vehicles.

6.1 Application messages

Application messages contain any necessary information

that vehicles want to share with other vehicles. For

example, an application message can contain information

about parking, weather, accident, traffic jam, etc.

6.2 Example

Imagine a vehicle that is moving in a highway and

encounters foggy weather.

• The sensors of the vehicle detect foggy weather.

• The application layer in the embedded computing

device creates an application message with topic

weather.

• The application layer sends this message to the

underlying grouping layer for dissemination.

• The grouping layer disseminates this message accord-

ing to our protocol to the interested vehicles.

• The vehicles that receive this message, show the

relevant weather warning on the screen of their

embedded devices.

Fig. 5 A group joining scenario. After the upper group joins the cars that are moving in a straight road. The red car is a Head vehicle. The green

car is a Tail vehicle. The yellow cars are Normal cars
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7 Experimental results and discussion

We perform experiments to observe the impact of our

scheme on the efficiency of communication. Developing a

context-aware group-based communication mechanism for

real vehicles is very costly in terms both of time and

money. Simulations, on the other hand, have the benefit of

creating an ideal situation where we can (i) produce results

faster, (ii) compare different algorithms under the same

conditions and (iii) reproduce results. Nonetheless, cross

validation of the simulated results in a realistic environ-

ment is important.

In this section, we first describe the experimental setting,

and then we show and analyze the results of our experi-

ments. We end the section with a discussion of the results.

7.1 Experimental setting

We set up a simulation test bed to evaluate our optimizing

information dissemination using context-based grouping in

a large scale vehicular network. We then performed four

types of simulation experiments, (i) urban environment

with context-based grouping, (ii) urban environment

without context-based grouping, (iii) highway environment

with context-based grouping and (iv) highway environment

without context-based grouping. In an urban environment

setting we have a larger number of intersections. The traffic

is slower and vehicles in a group move more or less at a

similar speed. The vehicles change directions more often,

and therefore the groups are more dynamic than in a

highway setting. On the other hand, in a highway envi-

ronment setting, the vehicles move in different lanes of the

highway, at variable speeds and frequently overtake one

another. On the other hand, the vehicles on a highway are

more likely to stay with the same group. Therefore we

expect to have less dynamic grouping behavior in the

highway setting.

The type of wireless network used in our simulation

experiments is Dedicated Short Range Communication

(DSRC). It is commonly used for vehicle-to-vehicle and

vehicle-to-infrastructure communication. It operates over a

5.9 GHz band, with a transmission range from 10 to

1,000 m and a transmission rate of 25 to 0.25 Mbps. We

use 200 vehicles in our simulation experiments, which

move within a geographical area of 20 km 9 10 km in a

period of 5 min. However, due to the limitations of the

network simulator we were not able to run experiments

with much larger datasets. We performed our simulations

using OMNeT?? and MiXiM.

We performed three iterations of each experiment with

different random number generator seeds in order to per-

form statistical analysis. The results are shown as averages

of the iterations with 95 % confidence interval.

7.2 Definitions of measured parameters

There are several measured parameters in our simulation

experimentation. We measured the following parameters

during our simulation experimentation and present them as

follows.

Outgoing parameters:

• Messages Sent(Ms(i)): The number of messages a node

i initiates and then sends.

• Messages Forwarded(Mf(i)): The number of messages a

node i forwards.

Incoming parameters:

• Messages Unique Received (Mur(i)): Represents the

total amount of relevant messages received by a node

i for the first time.

• Irrelevant Messages (Mirr(i)): The number of irrelevant

messages a node i receives for the first time.

• Duplicate Messages (Md(i)): The number of messages a

node i receives that has been received at least once

before.

Figure 7 explains how the different incoming parameters

are measured.

7.3 Results

Through our experiments, we calculate several statistics in

order to evaluate our protocol. In all the statistics, n repre-

sents the number of vehicles in the simulation.

Network traffic NT ¼
Xn

i¼0

MsðiÞ þMf ðiÞ
� �

 !
:

The network traffic is measured by counting all the out-

going messages of all nodes. In a large scale vehicular

network, a lower network traffic is desirable and always

considered to be better. In Fig. 8 there is a significant

Fig. 6 A simple example of feed-backing in relevance backpropa-

gation.Fw, IRR, and DUP indicate forward message, irrelevant

feedback, and duplicate feedback respectively. TTL expired indicates

that the hop limit of the forwarding message is reached

482 K. Paridel et al.

123



difference of 36 % reduction for the urban setup and 28 %

reduction for the highway setup in network traffic utiliza-

tion for our context-aware group-based communication

mechanism as compared to the group-less approach. The

reason for the reduction of network traffic is that only the

representative nodes participate in forwarding application

messages.

Relevancy R ¼
Pn

i¼0ðMurðiÞ þMdðiÞÞPn
i¼0ðMurðiÞ þMdðiÞ þMirrðiÞÞ

� �
:

If a vehicle in a network receives a message from another

vehicle and the message topic matches with the interests of

the vehicle then this message is relevant. Higher relevancy

ratio is considered to be better because the vehicles receive

less information they are not interested in. In Fig. 9, there

is a significant difference of about 32 % for the urban setup

and 24 % for the highway setup for our context-based

grouping mechanism as compared to the group-less

approach. This illustrates the fact that vehicles get more

relevant information.

Filtering F ¼ 1�
Pn

i¼0 Mf ðiÞPn
i¼0ðMurðiÞ þMdðiÞ þMirrðiÞÞ

� �
:

Filtering is the average percentage of the messages each

node receives but does not forward. In general, the higher

the filtering ratio the better it is in VANETs. In Fig. 10, the

filtering ratio for our context-aware group-based

communication mechanism is almost the same as in the

group-less experimental settings. This behavior is due to

our relevance backpropagation algorithm, which ensures

that the irrelevant information is filtered out. The

information is filtered at the representative vehicles in

our context-aware group-based communication mechanism

and at general vehicles in the case of group-less

communication.

Delivery effort DE ¼
Pn

i¼0ðMurðiÞ þMirrðiÞÞPn
i¼0 MurðiÞ

� �
:

The message delivery effort shows how many nodes

received the message compared to how many nodes

received it as relevant. Generally, a lower delivery effort

is considered to be better in VANETs. According to

Fig. 11, about 50 % less delivery effort for the urban setup

and about 30 % less delivery effort for the highway setup is

required for a message to reach its destination for our

context-aware group-based communication mechanism as

compared to the group-less approach.

Irrelevant message ratio IRR ¼
Pn

i¼0 MirrðiÞ
n

� �
:

Irrelevant message ratio is the average number of

irrelevant messages received per node. Figure 12 shows

that the number of irrelevant messages decreases when our

grouping mechanism is used. The reason for this is that our

mechanism reduces the overall network traffic and thus

there are less irrelevant messages propagated in the

network. For example, the vehicles moving in the one

direction on a highway can send messages to the vehicles

moving in the other direction on the same highway, but
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these messages are usually irrelevant (and thus not further

propagated) due to the direction in which the vehicles are

moving. The reduction of these irrelevant messages also

reduces the processing effort required by each vehicle for

filtering.

7.4 Discussion

In general our context-aware group-based communication

mechanism has a lower impact in sparse networks. The

reason for this behavior is that in sparse networks the size

of groups is smaller on average. In sparse networks, a

grouping approach behaves similar to a group-less

approach as most of the vehicles form their own individual

groups. The denser the network gets the larger the groups

become and the impact of our approach becomes more

visible. Moreover, in denser networks the network traffic

overhead is a bigger problem compared to sparser

networks.

For a message to arrive at a certain vehicle in a sparse

network it may require to pass several intermediate vehi-

cles before it reaches its destination. On the contrary in a

dense network most of the messages may be delivered in

fewer hops due to higher connectivity. This behavior is

visible in our experiment for message delivery effort as

shown in Fig. 11. The urban setting, compared to the

highway setting, is a denser network and we see that our

grouping mechanism improves the delivery effort in the

urban setting.

In our experiments we observe that the results obtained

over an urban settings are better than the results obtained

for a highway setting. In an urban setting, due to the

density of the network, groups contain more vehicles in

comparison with the highway setting, which results in

fewer representative vehicles in the network. Since repre-

sentative vehicles are the main source of network traffic,

having larger groups and fewer representative vehicles

reduces the overall network traffic. Our results, specially

the decrease in network traffic and the increase in rele-

vancy as shown in Figs. 8 and 9 respectively, suggest that

applying our protocol has a higher impact in the urban

setting compared to the highway setting.

Using our context-aware group-based communication

mechanism improves the efficiency of the communication

significantly. The main reasons for the improvement are (1)

only the representative nodes participate in forwarding

application messages and (2) our protocol drops irrelevant

and duplicate messages closer to their source. Our exper-

imental results suggest improvements in both urban and

highway settings when our protocol is being used com-

pared to the group-less approach.

 0

 2

 4

 6

 8

 10

Urban
with grouping

Urban
without grouping

Highway
with grouping

Highway
without grouping

M
es

sa
ge

 d
el

iv
er

y 
ef

fo
rt

 (
N

um
be

r 
of

 m
es

sa
ge

s)

Message Delivery Effort (Lower value is better)

Message Delivery Effort

Fig. 11 Message Delivery Effort in VANETs under different exper-

imental settings

 0

 0.2

 0.4

 0.6

 0.8

 1

Urban
with grouping

Urban
without grouping

Highway
with grouping

Highway
without grouping

F
ilt

er
in

g 
R

at
io

 (
P

er
ce

nt
ag

e 
of

 d
ro

pp
ed

 m
es

sa
ge

s)
Filtering (Higher value is better)

Filtering Ratio

Fig. 10 Information filtering rate in VANETs under different exper-

imental settings

 0

 20

 40

 60

 80

 100

 120

Urban
with grouping

Urban
without grouping

Highway
with grouping

Highway
without grouping

A
ve

ra
ge

 n
um

be
r 

of
 ir

re
le

va
nt

 m
es

sa
ge

s 
at

 e
ac

h 
no

de

Irrelevant Messages Received (Lower value is better)

Irrelevant Messages Received

Fig. 12 Average number of irrelevant messages received at each

vehicle in VANETs under different experimental settings

484 K. Paridel et al.

123



Finally, we can conclude that our context-aware group-

based communication mechanism reduces the network

traffic usage, reduces the propagation of irrelevant and

redundant information and reduces the processing over-

head at each vehicle by providing them with less incon-

sistent information.

8 Abstracted simulation with Prolog

We evaluated our context-based grouping mechanism

using simulations. We measured parameters such as net-

work traffic, message delivery effort and relevancy of the

delivered information. However, we encountered several

limitations while evaluating our mechanism using simula-

tions. For example, it is not possible to simulate large

datasets because it requires considerable amount of time,

resources and computational power. Furthermore, due to

the lack of a global view over the ad hoc networks, it is

difficult to analyze the structure of the groups and their

connectivity in the network using simulation.

Therefore, we developed a tool using Prolog for anal-

ysis of mobile ad hoc networks. This tool receives the

traces of movements of the vehicles for a certain time

period as an input. On the basis of the logics of a routing

protocol our tool measures the desired network parame-

ters. Using our tool we can now measure the number of

groups at each snapshot of the time. We also measure

parameters such as the average number of vehicles in

each group, the number of connections between the

groups, the shortest paths between groups and the graph

diameter of the network. An important contribution of this

work is the ability to analyze a potentially large network

with a massive number of vehicles such as a VANET. In

our experiment we use a real-life vehicular dataset

(Naumov et al. 2006) with 260,000 vehicles recorded

over a period of 24 h.

In the rest of this section, first we describe the repre-

sentation of VANET in Prolog. Next, we describe the

dataset that we use as input for our simulation. Moreover,

we briefly explain our methodology, and finally we present

the results of the abstracted simulation.

8.1 VANET representation with logic

We represent the VANET of the case study in Prolog as

follows. First we use a fact time_snapshot/2 to represent a

time snapshot of a vehicle in the VANET:

The argument Time is the time point on which the

snapshot is taken and the argument Vehicle gives

information about a vehicle or group of vehicles at that

time point.

To represent a vehicle we use the term vehicle/4 where

the arguments describe the location, direction and range of

the vehicle:

The argument ID is a unique id for each vehicle, the

argument location(LX, LY) is the GPS location at the specific

time, direction(DX, DY) is the direction as calculated from the

current and the previous locations and finally Range is the

maximum communication range of the vehicle.

Using the context-aware group-based communication

protocol of Sect. 5 we then calculate for each time snapshot

the formed groups. Each group is represented by a group/5

term:

The argument ID is the group’s unique id, Vehicles is the

list of vehicles in the group, Head is the leading vehicle of the

group, Tail is the tailing vehicle of the group and finally

Relay_Heads is the Relay Head vehicles described in Sect. 5.

Each time snapshot is represented by a set of facts like

the following:

and a VANET is represented by the set of facts that cover

all the time snapshots we are interested in.

This representation allows us to develop simple Prolog

programs that do the analysis of the network. Our tool1

applies the protocol at each snapshot to form the groups as

described in the protocol, generating the above facts. Using

these facts we can reason about properties at each snapshot

of the network. We form new groups until all vehicles are

member of a group. Each group grows by checking if a

1 http://people.cs.kuleuven.be/*theofrastos.mantadelis/tools/vanet.

tar.gz.
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vehicle is part of the group, until there is no other vehicle to

be added in the group.

To perform analysis among the formed groups, we

developed algorithms that: calculate the number of groups,

the average number of vehicles per group. We also

developed reachability algorithms to calculate the number

of connections among the groups and the graph diameter.

We used tabling (Rao et al. 1997) to improve the efficiency

of our algorithms.

8.2 Description of dataset

In VANETs, the vehicles communicate wirelessly using a

Dedicated Short Range Communication (DSRC) wireless

network. This is commonly used for vehicle-to-vehicle and

vehicle-to-infrastructure communication. It operates over

5.9 GHz band having a transmission range from 10 to

1,000 m and a transmission rate of 25 to 0.25 Mbps. It is

tailored for high-speed mobile environments.

The dataset (Naumov et al. 2006) is a set of traces from

the multi-agent microscopic traffic simulator (MMTS)2

developed by K. Nagel. It is capable of simulating traffic

over real regional road maps of Switzerland with a high

level of realism. The behavior (movements) of the vehicles

is reproduced for a period of 24 h. The individuals in the

simulation are distributed over the cities and villages in an

area of 250 km x 260 km according to statistical data

gathered by a census. All individuals choose a time to

travel and a route according to where they live and current

road congestion. The street network that is used was

originally developed for the Swiss regional planning

authority. The major attributes of each road segment are

type, length, speed, and capacity. The complete dataset

contains 260,000 vehicles with in total more than

25,000,000 recorded direction and speed changes.

8.3 Methodology of abstracted simulation

For our experiments, we took time snapshots with a dura-

tion of 10 sec. This means that we consider the last log

entry for each vehicle in each ten seconds interval. For

example, time snapshot 20 describes the position and

direction of vehicles from second 196 to 205. When a

vehicle has more than one log entry in that time period we

consider the last entry to represent the vehicle in that

snapshot. The reason for this approach is that the vehicle

log entries are not continuous, leaving gaps between

vehicle entries over time. These time snapshots are the

equivalent of the HEARTBEAT parameter of Sect. 5.

The following experiments target to investigate the

behaviour of our protocol in large scale VANETs over a

long time. While the dataset contains both urban and

highway traffic we do not differentiate between them like

in the experiments of Sect. 7.

8.4 Results of abstracted simulation and discussion

With our tool we calculated: the number of groups, the

average number of vehicles per group, the number of

connections between groups, and the graph diameter of the

network for the presented dataset.

Figure 13 shows the number of vehicles at each snap-

shot and the number of formed groups. In scarce traffic

there are several small groups with few vehicles (approx-

imately an average of 2 vehicles per group). The reason is

that the vehicles are far from each other and thus are out of

each other’s wireless transmission range. Therefore, we

believe that for scarce traffic scenarios the chosen protocol

does not provide a significant benefit.

On the other hand we have several interesting observa-

tions for the rush hours. First, there are many more vehicles

in the rush hours. However, the increase of groups is not

directly proportional to the increase of vehicles as Fig. 13

illustrates. After a certain level of traffic, the number of

groups is not increasing as fast as the number of vehicles.

The reason is that new vehicles join existing groups instead

of forming new groups themselves. Thus the existing

groups become larger but the number of groups does not

increase that fast as Fig. 14 illustrates.

We also observed in some snapshots that there are

groups with thousands of vehicles. The reason is that many

vehicles are stuck in roads and main traffic hubs. There-

fore, very large groups are formed because vehicles do not

have a specific direction and operate as relay vehicles

connecting different groups with each other. From these

results we conclude that the protocol bounds the network

traffic by generating a much simpler less connected graph

of groups instead of having the large highly connected

graph of vehicles. Still we believe that the protocol could

be improved by taking into account that vehicles in traffic

might not move or that vehicles with many different

directions can end up in the same group in traffic hubs such

as squares and intersections.

The next focus of our experiments was on group con-

nectivity and the graph diameter of the network. We

computed these two different parameters for various

snapshots. We observed that both the connectivity and

graph diameter for the groups was considerably lower

compared with the connectivity and graph diameter among

the actual network of the vehicles. Also we observed that

the connectivity and graph diameter was low compared to

the amount of vehicles. For example, the highest connec-

tivity we computed is 557 direct or indirect distinct con-

nections among the 1,197 groups at the snapshot of2 http://www.lst.inf.ethz.ch/research/ad-hoc/car-traces/.
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26,976–26,985 sec. Low connectivity is desirable as it

bounds the network traffic which is one of the protocol’s

goals. Moreover, the highest graph diameter we computed

was 11 for the 571 computed groups for the snapshot of

68,706–68,715 sec. Small graph diameter is also desirable

as it bounds the amount of hops a message requires to reach

its destination.

9 Related work

9.1 Communication in VANETs

Qin et al. (2010) address the problem of road traffic safety

by integrating the vehicles and road infrastructure with the

inexpensive wireless sensor networks (WSNs). The sensors

along the roadside detect the road conditions, and buffer

and transmit this information to the clusters of vehicles.

Each cluster of vehicles has a head node, which receives all

the information from the roadside sensors and then

broadcasts this information to other vehicles inside the

cluster using a TDMA-based approach. In our approach,

we eliminate the irrelevant and redundant communication

between vehicles by using context-based grouping. In each

group we have Head, Relay Head and Tail nodes, which

are responsible for the communication. In our mechanism

the groups are formed on the basis of certain common

criteria such as location, direction and information inter-

ests. These criteria are used by our system later on for the

filtering and routing of information.

The optimization of context information dissemination

is a vital characteristic for every context-aware application

in use. In the literature, centralized solutions in which a

server collects and manages information are numerous

(Baldauf et al. 2007). For example, Henricksen et al.

(2005) and Paganelli et al. (2007) propose centralized

entities that manage the context information and handle the

client requests for it. These centralized approaches are

prone to scalability and single point of failure. In our

approach we optimize the information flow between the

highly dynamic and mobile nodes in a large scale network

using context-based grouping incorporated with our rele-

vance backpropagation mechanism in order to achieve

information delivery only to the relevant nodes and without

relying on any centralized architecture. Ye et al. (2007)

adopted a P2P approach for context sharing in which

context information remains locally stored on the peers and

only an access reference is registered on remote peers. The

discovery of new peers is performed by broadcasting

messages and context queries to remote peers are sent

through unicast messages. Such a mechanism may raise

scalability and security issues on ubiquitous environments

as information is being disseminated to every known peer

in the network. In our approach we use the relevance

backpropagation algorithm to disseminate the right infor-

mation at right place and time which helps group formation

and group/node-to-group/node communication. Peer-to-

Peer communication supports high dynamic environments,

with no need of centralized elements, providing a more

flexible solution considering scalability and nodes failure

(Hu et al. 2007; Delmastro et al. 2008). The distributed

aspects of the Peer-to-Peer pattern motivate the proposal of

architectures such as (Harjula et al. 2006), which imple-

ments a topic-based publish-subscribe system with SIP/

SIMPLE (Zhang et al. 2007). Our approach is scalable to a

significantly large sized network without relying on any

centralized architecture and relevant information flow

between and within the groups/peers in the network.

Cutting et al. (2007) propose implicit group definition

based on tags used by users to identify interesting content.

Peers interested in the same content tags are considered to

belong to the same implicit group. Messages are then
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addressed to the tags forming the groups. Similarly

Khambatti et al. (2003) propose a grouping technique

based on the notion of community. Communities are

groups formed based on users (or peers) common interests,

declared as peer attributes. Our approach is also stimulated

by the dynamic group definition proposals presented earlier

by these researchers. We improve this scheme by dividing

up the groups on the basis of interests and locations. The

information flow is also intelligent and context-aware,

taking into account the primary concerns of privacy by

using our relevance backpropagation algorithm.

Nadeem et al. (2006) present a formal model of data

dissemination in VANETs. They measure how the perfor-

mance of data dissemination is affected by bi-directional

lane mobility. Three models of data dissemination are

explained and simple broadcasting technique is found to be

sufficiently enough in their simulation experiments. In our

approach we form groups and disseminate the information

between the groups using the relevance backpropagation

algorithm.

9.2 Analyzing communication protocols

Analyzing routing protocols and different network param-

eters in mobile ad hoc networks are reported in (Johansson

et al. 1999; Ni et al. 1999; Royer et al. 2001; Paganelli

et al. 2007; Qin et al. 2010). These papers evaluate

different routing protocols and algorithms using various

network simulators such as ns2, OMNET?? and even

self-made custom simulators. We also evaluated our pro-

tocols using simulations with OMNET?? in the past

(Paridel et al. 2010). However, due to the limitations

imposed by the network simulators that we discussed ear-

lier, we presented a novel approach of analyzing MANETs

using Prolog.

Mantadelis et al. (2011) present an approach for mod-

eling and analyzing probabilistic applications in MANETs.

The authors used a tool called ProbLog to evaluate the

performance of a Publish-Subscribe system for MANETs.

ProbLog is a probabilistic framework that extends Prolog

with probabilistic facts and specifies a probability distri-

bution over all possible non-probabilistic subprograms of a

particular ProbLog program. In our work we do not use a

probabilistic model but instead we present a way to analyze

different protocols in MANETs.

Singh et al. (2008) present a process calculus for for-

mally modeling and reasoning about Mobile Ad Hoc

Wireless Networks and their protocols. It is related to our

work in regards that both systems try to formally model

MANET and both use a Prolog system to take advantage of

its representation power and tabling.

10 Conclusion and future work

Traditional network addressing and routing schemes do not

scale well for large vehicular networks. The conventional

network multicasting and broadcasting cause significant

overhead due to a large amount of irrelevant and redundant

transmissions. We presented a mechanism that (1) takes

into account contextual properties such as location, direc-

tion, and information interest (2) is able to leverage the

mobility patterns of vehicles and the road layouts and (3)

shares relevant information in an intelligent way within and

between the groups. When deciding about groups, we take

into account contextual properties (communication range,

location, and direction of vehicles). For propagating

application messages, we use interest based filtering and

relevance backpropagation. These characteristics of the

context-based grouping mechanism make our approach

scalable, reduce the network traffic overhead and improve

the relevancy of the received information.

We evaluate our approach by formulating groups based

on common spatial-temporal characteristics and shared

interests. The simulation experiments show that by induc-

ing our context-based grouping mechanism we can sig-

nificantly reduce the irrelevant and redundant information

flow, the message delivery effort and the overall network

traffic usage, as discussed in Sect. 7.

Using Prolog, we also managed to compute efficiency

parameters which is not feasible to compute using network

simulation. These parameters include: the number of

groups at each snapshot, the average vehicles included in

each group, the connectivity among groups and the graph

diameter. We obtained very promising results which help

us to analyze the behavior of the protocol both in scarce

networks and in dense ones. Furthermore, we managed to

analyze a very large network consisting of 260,000 nodes,

something we could not achieve with the network simu-

lator due to the size of the network and the fact that our

system lacked the computational resources required to

carry out such a big simulation.

We plan to further investigate the network and context

properties in order to achieve a more realistic simulation of

the communication protocols used earlier in our experi-

ments. We also plan to look into implicit grouping in larger

networks by analyzing the network traffic and automati-

cally inferring the common interests of the nodes without

relying on an explicit definition of interests. We plan to

investigate the performance of our system in terms of

transmission delay for time critical applications. And

finally, we plan to investigate how effective collaboration

with context-based grouping can be used in various traffic

shaping scenarios.
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