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Abstract

In the coming years V2V communications will probably be mandated and
vehicle OEMs strive to �nd business opportunities to �nance its investments
in V2V communications technology. For heavy vehicles, platooning can be this
business opportunity, with the motivation for the �eet owners that platooning
can decrease the fuel consumption by up to 15 % when driving in platoons.
However, challenges still exists with respect to the quality and reliability of
the V2V communications, which is essential in order to enable platooning in
a safe way.

In this thesis, two proposals of improving the quality and reliability of V2V
communications in a platooning scenario are presented. The �rst proposal is
the Curvature Based Antenna Selection Method that utilize the curvature of
the road in order to estimate which antenna have the highest probability of
having line of sight conditions, hence highest probability of successful commu-
nication. The method assumes a platoon of heavy vehicles with one antenna
mounted in each rear view mirror. It also assumes that the leading vehicle
can estimate the yaw rate of the platoon in order to determine if it is turning
or not. The second proposal include two message forwarding algorithms, the
Reachability Matrix forwarding algorithm and the Data Age Dependent for-
warding algorithm. Both algorithms utilize information on the preceding com-
munication capability in order to estimate which node to choose as forwarding
candidate. The Reachability Matrix Algorithm puts its focus on keeping the
overhead low, while at the same time improve the information up-to-dateness.
The Data Age Dependent algorithm instead puts its main focus on perfor-
mance with respect to improving the information up-to-dateness, with the
cost of higher overhead compared to the Reachability Matrix algorithm.

Both proposals show potential of improving the quality of the V2V com-
munication in a platooning scenario. The �rst proposal, the antenna selection
method, is able to maintain a Data Age deadline of 150 ms approximately twice
as often as when selecting transmission antenna in a round robin fashion. For
the second proposal, the Reachability Matrix Algorithm reduces the miss of a
0.2 s Data Age deadline in the communication between the �rst and the fourth
vehicle in a platoon from 18 % to 11 %, while only increasing the number of
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sent messages from 40 to 48.5 per second compared to when only broadcast
is used. The Data Age Dependent algorithm shows even better performance
with respect to reducing the missing of the 0.2 s Data Age deadline, i.e., with
a reduction from 18 % to 5 %.
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Chapter 1

Introduction

1.1 Motivation

In recent years the emerging �eld of intelligent transportation systems (ITS)
has gained a lot of attention in the research community [1, 2, 3]. Controlling
tra�c lights at a macro level, intelligent pedestrian crossing and platooning
are applications that all �ts in the ITS eco system. One of the main enabling
technologies for ITS is wireless communication, which enables cooperative ap-
plications such as platooning [4] mentioned above. In 2010, IEEE released the
IEEE 802.11p standard for wireless access in vehicular environments [5]. This
standard opens the possibility to implement cooperative functionality in a ve-
hicular context. The emphasis in this thesis is on vehicle to vehicle (V2V)
communication in a platooning scenario for heavy duty vehicles, were the ve-
hicles drive in a highly automated fashion with short inter vehicle distance in
order to save fuel. The fuel is saved as a consequence of the reduced air drag,
caused by the short distance [6].

In order for platooning to become a common application, a few main tech-
nologies need to be improved. First, it is essential that the vehicles can sense
its surroundings. Sensing technology is rapidly enhancing and the development
of radar and vision systems makes it possible for the vehicles already today
to have a fairly good understanding of what objects are present in the vicin-
ity. Second, reliable wireless V2V communication need to be established. The
communication is needed in order to enable feed forward of important con-
trol input, e.g., intended acceleration and deceleration. The communication is
important if a short inter vehicle distance shall be kept in a safe way. Third,
control strategies need to be developed in order to keep a short inter vehicle
distance and at the same time, e.g., keeping the level of driver comfort at an
acceptable level.

The focus of this thesis is on the communication part were potential chal-
lenges can be foreseen for the V2V communication for heavy duty vehicles due
to the geometry of these vehicles. The geometry of heavy duty vehicles makes
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2 CHAPTER 1. INTRODUCTION

it impossible to position one single antenna that will have line of sight (LOS)
360 ◦ around the vehicle. Moreover, IEEE 802.11p based V2V communication
utilizes a carrier frequency of 5.9 GHz that is sensitive to LOS conditions, e.g.,
blockage and shadowing, with a rapidly decreasing performance when non-LOS
conditions are present [7, 8]. Measures need to be taken in order to mitigate
this loss in performance in order to have reliable wireless V2V communication.
The aim of this thesis is to present approaches of mitigating the LOS problem
in a platooning scenario for heavy duty vehicles.

1.2 Problem Formulation

The combination of the relatively high carrier frequency, 5.9 GHz, and the
size and geometry of a heavy duty vehicle introduces problems with respect
to V2V communication. My main research goal is to improve the quality of
V2V communications in a platooning scenario for heavy duty vehicles. In or-
der to achieve an improvement, two approaches are tried. First, I investigate
the possibility of selecting transmission antenna in order to increase the prob-
ability of having LOS conditions, hence having higher probability of successful
transmissions. Second, I evaluate how forwarding algorithms can increase the
information up-to-dateness in every vehicle in the platoon. To evaluate these
approaches the following two research questions have been elicited:

� How can the wireless transmission blockage, caused by the geometry of
heavy duty trucks, be mitigated in a platooning scenario and how can it
be assessed?

� How can the overall age of the information in a platooning scenario be
improved?

1.3 Methodology

The underlying problems that lead to the problem formulation in Section 1.2
have been identi�ed by a study of the state of the art literature in the area
of V2V communication. With the problem formulation at hand a �eld mea-
surement was planned and executed in order to collect real world data for
further analysis. Methods and algorithms to solve the stated problems were
iteratively designed and implemented in a simulation environment for evalua-
tion. The simulation environment was designed in such a way that data from
the real world V2V communication measurements was well suited to be used
as a "channel model".

1.4 Contributions

The contributions of this thesis mainly consist of three parts.
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First, a transmission antenna selection method has been developed and
implemented for evaluation in a simulation environment. The analysis of the
simulation results show that if the transmission antenna can be selected accord-
ing to the yaw rate of the platoon then the V2V communication performance
is increased.

Second, two forwarding algorithms that utilize the communication link in-
formation to choose forwarding node have been developed and evaluated in a
simulation environment. The main approach for the �rst algorithm, the Reach-
ability Matrix Algorithm, is to achieve a better performance than broadcast
and at the same time not utilize unnecessary overhead. The second forward-
ing algorithm, the Data Age Dependent Forwarding Algorithm, has a higher
focus on Data Age performance than the Reachability Matrix Algorithm and
achieves better performance with respect to keeping the Data Age at a low
level but consumes more overhead.

Third, the V2V communications measurements that has been performed
on public highway using four heavy duty trucks and ETSI ITS-G5 compatible
radio nodes, is a small but important contribution. These measurements has
been important in order to be able to evaluate the above mentioned method
and algorithms. During the measurements, two di�erent antenna positions
where evaluated. Both the rear view mirrors and the upper wind de�ectors
were used as mounting points for the antennas. The collected data from the
measurements was used to feed the simulators that were used to evaluate the
method and algorithms.

The contributions are listed below with respect to which paper they corre-
spond to, except for the measurements that are part of all three papers.

� A simple antenna selection method utilizing road curvature to estimate
the probability of having LOS conditions, hence also having higher prob-
ability of successful communication [Paper A].

� A low overhead forwarding algorithm that improves the overall data age.
The algorithm utilizes low resolution link information, i.e., a binary link
quality indicator, in a compact manner to select the forwarding node
[Paper B].

� A high performance forwarding algorithm that uses high resolution link
information, i.e., a link quality indicator that utilizes at least three bits,
to choose forwarding node in order to keep the overall data age low
[Paper C]. This algorithm results in better overall data age values,
but utilizes higher messaging overhead than the algorithm suggested in
[Paper B].
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1.5 Organization of Thesis

The rest of the thesis is organized as follows. Background material is presented
in chapter 2. Chapter 3 summarizes the appended papers. In Chapter 4 a
discussion is given, while the thesis is closed in Chapter 5 where the conclusions
and future work are given.



Chapter 2

Background

2.1 Intelligent Transportation Systems

Intelligent transportation systems is an area of research that aims at increasing
safety, tra�c throughput and convenience while at the same time decreasing
the environmental impact with respect to transportation. One de�nition of
ITS is the one from the U.S Department of Transportation (DOT): "the ap-
plication of advanced information and communications technology to surface
transportation in order to achieve enhanced safety and mobility while reducing
the environmental impact of transportation." [9]. This de�nition implies that a
vast variety of technologies are needed in order to enable ITS applications. It is
foreseen that a continuance of the development of sensors is necessary in order
to increase the local awareness in the di�erent ITS systems. Also the sensor
information need to be handled in an intelligent way, e.g., using sensor fusion
in order to extract as much information as possible from the sensors. Many
sensors today have the precision needed for, e.g., autonomous driving, but the
cost need to reach an acceptable level for mass market production. Of course
much work need to be done with respect to V2V and V2I communications in
order to have safe, secure and reliable communication, more on this in Section
2.3.

ITS applications range from, e.g., pedestrian crossing warning systems to
autonomous and cooperative vehicles [10, 11, 12]. These examples all aim at
increasing the safety of the road users, both unprotected pedestrians and pro-
tected road users in vehicles. Self driving cars is an example where safety and
convenience is of importance, but also issues like user experience and accep-
tance need to be evaluated thoroughly in order for ITS systems like this to
reach mass market. Cooperative vehicles need to utilize much, perhaps all,
of the technology in the autonomous vehicles, but they also need to be able
to communicate in order to facilitate a higher level of awareness. Electronic
Emergency Brake Lights (EEBL) is an example of a cooperative function that
increases the safety by the use of communication [13]. The awareness of the
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6 CHAPTER 2. BACKGROUND

following vehicles is enhanced by having the braking vehicle not only turning
on its rear brake lights but also transmitting a V2V signal that warns the
tra�c behind.

2.2 Platooning

Platooning is a distributed application that controls vehicles to drive with
short inter vehicle distance, having the main collaborative objective of saving
fuel. Several variates of platooning exist in the literature, e.g., in the SARTRE
project [14] platooning is de�ned as having a �rst vehicle, driven in a manual
fashion by a trained professional driver, to lead a number of following vehi-
cles and utilize V2V communication in order to transmit its intentions to the
following vehicles. The following vehicles are controlled in an automatic fash-
ion in both lateral and longitudinal direction using local sensors and the V2V
information from preceding vehicles as input to its controllers.

The literature presents two main reasons to drive in platoons. The PATH
[15] project argues that if vehicles drive in platoons the road utilization will
be increased, hence lowering tra�c congestion and increasing the throughput.
According to the American Transportation Research Institute (ATRI) [16] the
fuel cost for a long haulage �eet operator is approximately 40 % of the total
operating costs. In Japan, the Energy ITS project [17] developed a four vehicle
truck platooning application and implemented this and performed fuel saving
measurements on a test track. When the trucks were driving in a platoon
with 4.7 meters inter vehicle distance approximately 15 % fuel was saved.
The SARTRE project [14] implemented and tested its version of a platooning
application. Evaluation on test track showed that if the inter vehicle distance
can be kept at approximately 5 meters the following heavy duty trucks can save
up to 16 % fuel. They also show that the leading vehicle saves approximately
5 % fuel [18].

2.3 Vehicle to Vehicle Communications

In order to enable cooperative ITS applications like platooning, V2V com-
munication is essential. A prerequisite to enable communication is a common
understanding of in which way the communications are to be performed. For
this reason, standardization organizations like IEEE and the European ETSI
have created standards for this. IEEE released the IEEE 802.11p standard
[5] covering the MAC and PHY layers, in 2010. This standard is based on
the commonly known IEEE 802.11 standard, but have been modi�ed in order
to be more adapted to the highly mobile vehicular environment. The main
changes are as follows. The channel bandwidth have been decreased from 20
MHz channels to 10 MHz channels in order to mitigate potential problems
caused by the vehicular environment. Also, functionality to allow direct peer
to peer communication have been enabled meaning that no central base station
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is needed and the nodes connect in an Ad-Hoc fashion, outside the context of
a basic service set (BSS) [5].

In Europe the upper layers are standardized in the ETSI ITS-G5 set of
standards released by ETSI [19, 20]. In Fig. 2.1 the ETSI ITS example reference
architecture for an ITS station is given. In this architecture, six major blocks
are identi�ed. The management block and the security block interconnects to
all other blocks of the architecture. The Access block is standardized in IEEE
802.11-2012, in which IEEE 802.11p is integrated, for the MAC and PHY
layers and corresponds to layers 1 and 2 of the OSI model. Above the access
block the Networking and Transport block is located. This block contains, e.g.,
the GeoNetworking functionality [19], and corresponds to layers 3 and 4 of the
OSI model. In the Facilities block several supportive functionalities are found,
e.g., application support. The Facilities block corresponds to layers 5, 6 and 7
of the OSI model. The sixth block is the application block were the logic for
the di�erent ITS functionalities are located.

Several measurement campaigns have been performed in order to evaluate
the performance and abilities of IEEE 802.11 based V2V communications.
In [8] the problems of having non-LOS conditions in urban and suburban
street intersections is studied using passenger cars. The work showed decreased
performance when the transmitting and receiving antennas are out of LOS.
In [21], the problems with non-LOS conditions were also identi�ed through
measurements. Heavy vehicles potentially have additional challenges compared
to passenger cars since the geometry of the heavy vehicle create a situation
were it is not possible to get 360 ◦ LOS when using a single antenna system. In
[22] two di�erent antenna positions on heavy vehicles are evaluated, antennas
mounted on the rear view mirrors and the roof are evaluated and the analysis
shows that the rear view mirrors are the better position. This can be due
to that the cargo will create blockage for the roof antennas (since the cargo
is taller than the roof of the cabin) in the back direction. In [7] it is shown
that heavy trucks can create high level blockage with packet error rate (PER)
higher than 90 %. These problems or challenges indicate that in order to
achieve safe and reliable V2V communication several approaches to mitigate
the problems are needed. This thesis presents two possible ways; choosing the
transmission antenna with respect to the likelihood of having LOS conditions
and by using relaying and forwarding algorithms to improve the quality of the
communication.
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Figure 2.1: ETSI ITS-station example reference architecture.



Chapter 3

Summary of Papers

This chapter summarizes the three appended papers, starting with the an-
tenna selection method presented in paper A, followed by the two forwarding
algorithms, the Reachability Matrix forwarding algorithm and the Data Age
Dependent forwarding algorithm, in papers B and C, respectively.

For the evaluation of the methods and algorithms in the following sub-
sections a measurement campaign was conducted in order to get real world
V2V communication measurement data. Four heavy duty vehicles was used
during measurements, where the vehicles drove in a platooning like formation
on a public highway in Sweden using adaptive cruise controls with an inter
vehicle distance of approximately 22 meters and a speed of 80 km/h.

3.1 Paper A

In paper A, a transmission antenna selection method is proposed. This method
is evaluated to answer the �rst research question on how to mitigate transmis-
sion blockage in a platooning scenario.

A method of utilizing the curvature of the road in order to select the trans-
mission antenna with the highest probability of having LOS conditions and
hence higher probability of successful transmission is proposed. The method
assumes a platoon of heavy duty vehicles with antennas installed in each rear
view mirror or the upper wind de�ectors. It is also assumed that the leading
vehicle has the ability to evaluate the yaw rate of the platoon in order to
determine if the platoon is turning or not.

The transmission antenna is selected with respect to in which direction the
platoon is "turning" or heading. If the heading of the platoon is evaluated to be
in a turn then the transmission antenna located in the inner curve is chosen. If
the platoon on the other hand is driving straight ahead, within certain limits,
the method alternates between the left and the right hand side transmission
antennas. By selecting the transmission antenna in this manner, the blockage
caused by the cargo can to some extent be mitigated. Also, the Data Age
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10 CHAPTER 3. SUMMARY OF PAPERS

metric is introduced in a V2V communication context for the assessment of the
communication quality within the platoon. For the evaluation of the method,
the communication channel between the �rst and the third vehicle of a four
vehicle platoon is used.

When applying the method it is shown that a 150 ms Data Age deadline
is missed in only approximately 50 % of the time compared to if the antenna
were to be selected in a round robin fashion.

3.2 Paper B

In paper B, a novel low overhead forwarding algorithm is proposed and evalu-
ated to answer the second research question on how to improve the age of the
information in each vehicle in a platooning scenario.

The low overhead Reachability Matrix Algorithm to be used for enhanced
communication quality in a platooning scenario for heavy duty trucks is pro-
posed. The algorithm focuses on improving the overall information up-to-
dateness for all vehicles within a platoon of heavy duty trucks while at the
same time keeping the overhead at a low level.

The idea behind the reachability matrix forwarding algorithm is to utilize
information on the current communication status within the platoon to se-
lect forwarding node/truck. Prior to each transmission the transmitting node
append information describing the local nodes current understanding of the
communication quality from other node's in the platoon. We call this appended
information, the reachability bit vector. The reachability bit vector contains
one single bit for each member of the platoon. If the bit is one it is deemed that
the communication from the corresponding node is good. At the reception of
a message, the receiving node extracts the reachability bit vector and updates
the local reachability matrix. The reachability matrix contains information on
the current communication status perceived by all nodes in the platoon, but
with some delay. The local node can, by using information in the matrix, esti-
mate if there is one or several other nodes in the platoon that could potentially
bene�t if the local node relays the received message. This estimation is per-
formed in all nodes that receives the message and the one that can potentially
reach the most additional nodes will perform the forwarding.

When applying the Reachability Matrix Algorithm we show by simulation
that the algorithm decreases a 0.2 second data age limit miss ratio from 18 %
to 11 % while at the same time only increasing the total number of messages
sent within the platoon from 40 to 48.5 per second on average when compared
to only sending in broadcast mode. Comparisons with two other algorithms
are also reported.
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3.3 Paper C

In paper C, a performance centric forwarding algorithm is proposed and eval-
uated to answer the second research question on how to improve the age of
the information in a platooning scenario.

The high performance Data Age Dependent forwarding algorithm focuses
on high performance with respect to keeping the overall Data Age in the pla-
toon at a low level. The focus on high performance comes to a cost of utilizing
more overhead, compared to the Reachability Matrix Algorithm suggested in
Paper B. The algorithm utilizes high resolution communication link informa-
tion for its estimation of forwarding candidates.

The rationale behind the Data Age Dependent forwarding algorithm is, as
in Paper B, that a receiving node in the platoon can make a better forwarding
decision if it has information on which pairs in the platoon that recently had
good communication. In order to provide this information, the entire reacha-
bility matrix is distributed at each transmission event. The reachability matrix
contains Data Age values for each communication pair giving information on
which pairs have heard each other recently. At every reception of a message
the receiving node updates its reachability matrix with the information stored
in the incoming matrix. Then an estimation is made of how many additional
nodes can be reached if the receiving node performs a forward. The node that
can potentially reach the most additional nodes is selected to perform the
forward.

Simulation show that a 0.2 s data age limit miss ratio is decreased from
18 %, in the broadcast case, to 5 % when applying the data age dependent
forwarding algorithm. However, also the overhead is increased, i.e., with an
increase from 40 to 54 messages per second on average for the entire four
vehicle platoon. Also the size of the reachability matrix, that is piggybacked
to the information message, need to be considered. For an eight vehicle platoon
the size of the reachability matrix is 21 bytes, which is about four per cent of
a 500 byte packet.





Chapter 4

Discussion

In this chapter I will give a discussion on the methods and results obtained
and presented in the three appended papers.

First, I will clarify concerning assumptions that have been made through-
out the work. Challenges exist with respect to antenna placement. During the
RelCommH [23] project several antenna positions were discussed and/or eval-
uated, e.g., antennas on the trailer, under the truck, on the wind de�ectors,
on long sticks and on the rear view mirrors.

The major reason not putting the antennas or radio nodes on the trailer or
on the cargo is that these objects are not under the control of the truck man-
ufacturer and for such an important functionality as the V2V communication,
the truck manufacturer want to have full control. The RelCommH project per-
formed measurements where the antennas were mounted under the truck, but
the result showed poor performance. These results are unfortunately not pub-
licly published. Placing antennas on a truck is not only a technical challenge
but also a design challenge, where the design department have quit a lot to say
about the appearance, hence no long sticks will be allowed. For these reasons I
argue that the rear view mirrors are, as of today, the best position to place the
antennas. The rear view mirrors are positioned in such a way that the drivers
shall be able to see pass the load, hence the antenna will also experience LOS
condition in the back direction and of course also front direction. However,
ongoing discussions in the automotive community exist on how to replace the
mirrors with cameras and screens, which potentially lead to that new positions
for the antennas need to be investigated.

During measurements an update rate of 10 Hz was used. In the ETSI spec-
i�cation for cooperative awareness message (CAM) [24] the maximum update
rate is 10 Hz, which in combination with results from discussions with the
two truck manufacturers in the RelCommH project led to that 10 Hz is a fair
assumption. It was judged that a 10 Hz update rate will be su�cient with
respect to giving input to the controller for controlling the dynamic behavior
of a heavy duty vehicle driving in a platoon. Unfortunately there was some-
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what secrecy about what update rate is necessary, possibly due to competitive
matters. This lead to that 10 Hz shall only be seen as a possible candidate for
the update rate in a platooning application.

In order to assess the di�erent antenna positions, methods and algorithms
for improved V2V communication, the Data Age metric was designed within
the RelCommH project. The Data Age is basically the age of the information,
sampled at a sending node, but used in a receiving node. A time stamp is
attached to a sample from the time instant of sampling, while at the receiver
the time in the time stamp is subtracted from the current time and the age
of the information is obtained. This assumes that the clocks in the nodes can
be synchronized with enough accuracy. Another incentive to use the Data
Age metric was to have an online metric that control engineers can use as
an evaluation metric for the current information situation as input to the
platooning application controllers.

For the forwarding algorithms we also introduce the message intensity met-
ric. The metric is important in order to keep track of how much a certain algo-
rithm will load the channel. In our measurement setup we used four vehicles,
and in that case the message intensity is perhaps not that important. However,
if driving on a �ve lane highway and passing an exit or entrance ramp, then
keeping the message intensity at a low level can be of utmost importance in
order for the system not to break down. IEEE 802.11 based V2V communi-
cation utilize CSMA/CA, whose performance deteriorates dramatically when
the channel busy time passes somewhere around twenty �ve percent according
to [25].

The analysis of the collected measurement data indicate that in order to
achieve reliable V2V communication, steps need to be taken. In the appended
papers a few suggested steps towards more reliable communication are given.
However, the wireless channel have stochastic properties and packets can be
lost. This implies that the applications that rely on V2V communication always
need strategies to deal with under performing communication. My understand-
ing is that the work need to proceed in order to improve the reliability of the
communication. All of the appended papers assumes IEEE 802.11 based V2V
communication, where a contention based MAC protocol, i.e. CSMA/CA, is
used. Ongoing discussions in the research community indicate that device to
device (D2D) communication in the coming 5G can potentially be an alterna-
tive to IEEE 802.11 based V2V communication [26]. In the 5G system, even
in D2D, the MAC layer control can potentially be centralized, implying guar-
anteed channel access. The 5G system also have access to additional spectrum
that can potentially be better suited for vehicular communication. The future
will give the answers on what V2V technology will dominate.

Simple measures can make a di�erence as for the curvature based transmis-
sion antenna selection method, which is a simple and yet an e�ective way of
increasing the probability of having LOS conditions for heavy vehicles driving
in a platoon. Information needed to determine if the vehicle is in a turn already
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exist on the intra-vehicle communication bus, hence no extra sensors would be
necessary for the method to be implemented. This lead to that the method
can potentially be a cost e�cient way of increasing the V2V communication
quality in the scenario where the vehicles drive in a platoon on a highway with
moderate turning.

A more complex measure that will utilize more memory, processing power
and engineering skill is the forwarding algorithms presented in Papers B and
C. The algorithms are more complex than the transmission antenna selection
method but they also come with good performance with respect to keeping
the Data Age at a low level, while still keeping the message intensity low.
An interesting investigation would be to combine the forwarding algorithms
with the antenna selection method, which is one of my suggestions for future
investigation.





Chapter 5

Conclusions and Future Work

Conclusions

In this thesis two approaches of improving the performance of V2V communi-
cation in a platooning scenario for heavy duty vehicles are presented.

The transmission antenna selection method selects the transmission an-
tenna based on the road curvature in order to increase the probability of having
LOS conditions, hence also improving the probability of successful transmis-
sions. Also, two forwarding algorithms are presented. The Reachability Matrix
forwarding algorithm has a strong focus on keeping the overhead at a low
level, while at the same time improving the quality of the communication in
the entire platoon. The second algorithm is the Data Age Dependent forward-
ing algorithm where focus is more on high performance, leading to somewhat
higher overhead.

The transmission antenna selection method show potential of mitigating
blockage caused by the cargo on the trucks, which lead to improvement of the
Data Age in the investigated communication pair. Both forwarding algorithms
improves the communication quality by lowering the Data Age for all vehi-
cles in a platooning scenario compared to if the communication only relies on
broadcast.

Future Work

For the future it would be interesting to combine the transmission antenna
selection method with one or both of the forwarding algorithms, and evaluate
this combined algorithm in a widely spread simulation environment. This sim-
ulation environment could potentially be VEINS [27] in combination with the
PLEXE [28] extension.

It would also be interesting to perform V2V communication measurements
on a platoon of heavy vehicles consisting of at least six vehicles and use the
retrieved measurements to create a V2V channel model for the platooning

17
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scenario. The retrieved channel model would then of course be used as input
to the above mentioned simulation.

Also, taking the step from the simulation environment to the physical en-
vironment and implement the combined algorithm in order to verify it in a
physical environment would be interesting.
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