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Abstract—In different this paper we present the perfor-

mance evaluation study of a simple broadcast data dissemi-

nation technique in new emerging Vehicular Ad hoc Networks

(VANETs). Differently from the traditional Mobile Ad hoc

NETworks (MANETs), VANETs require particular routing

protocols, due to the high dynamism of the network topol-

ogy, and to different traffic and mobility patterns. For safety

and emergency message applications, broadcast data dissem-

ination is an important key factor in VANETs. However, the

design of optimal deployment of relay nodes in different net-

work scenarios allows to enhance system performance. At

this aim, this work analyzes vehicular network performances

in terms of throughput and delays, for different traffic scenar-

ios, exploiting both inter-vehicular communications, as well as

the availability of fixed network infrastructure.

Keywords—broadcast protocol, IEEE 802.11, V2V, V2I, Vehic-

ular Ad hoc Networks.

1. Introduction

Vehicular Ad hoc NETworks (VANETs) are a particular

class of Mobile Ad hoc NETworks (MANETs), where mo-

bile nodes are vehicles moving at different speeds and form-

ing dynamic topology network scenarios [1]. VANETs

provide data communications among nearby vehicles via

Vehicle-to-Vehicle (V2V) protocol, in the support of Inter-

net access (e.g., web browsing, instant messaging, online

gaming, data sharing, etc.), as well as a large variety of

safety applications (e.g., assisted braking, controlled safety

distance, warning message delivery, etc.).

However, due to the variable nature of such networks,

mainly due to dynamic vehicle speed and different mobility

and traffic scenarios (e.g., urban, rural and highway), con-

nectivity is time-varying and may cause intermittent and

delayed packet delivery. Moreover, in totally-disconnected

scenarios (i.e., in highways during nightly hours), data de-

livery has to rely on available network infrastructure (also

called Road Side Units) or, in the case of no availability,

on satellite connectivity links [1], [2].

Leveraging previous aspects, it is evident that connectiv-

ity issues still represent an open issue in vehicular net-

works [3]. Ongoing efforts are aimed at enabling inter-

vehicle communications supported by existing network in-

frastructure, in order to provide seamless connectivity and

efficient data propagation even in sparse-traffic scenarios.

Intelligent Vehicular Ad hoc Networking (InVANET) has

defined a smart novel way of using vehicular connectivity

by integrating on multiple wireless technologies, such as 3G

cellular systems, IEEE 802.11p, and IEEE 802.16e, for ef-

fective Vehicle-to-Infrastructure (V2I) communications [4].

Also, V2V and V2I communication technology has been

developed as part of the Vehicle Infrastructure Integration

initiative [5], which considers the network infrastructure as

composed by several Road Side Units (RSUs), equipped

with a 5.9 GHz Dedicated Short Range Communication

(DSRC) transceiver (i.e., for communications between ve-

hicles and RSUs), and a GPRS interface (i.e., to forward

messages to the backbone networks).

In such heterogeneous network environments, protocols for

data dissemination and delivery still represent a challenge.

It is then evident that the decision on connectivity switching

among different “short-lived” links1 (i.e., V2V, and V2I)

should be taken by each vehicle based on main vehicular

parameters (i.e., speed, traffic, mobility, type of service,

and so on). As an alternative, hybrid vehicular communi-

cation protocols (i.e., V2X) represent a viable solution to

opportunistically exploit the nature of the vehicular network

(i.e., traffic and mobility pattern, availability of fixed relay

nodes, etc.) [6], [7].

In this paper, we provide a performance evaluation of a sim-

ple broadcast protocol for packet dissemination in VANETs,

for different traffic and mobility patterns, ranging from

highways with sparse traffic to a very congested traffic en-

vironment, where both V2V and V2I connectivity are pro-

vided. The main aim is addressed to evaluate the feasibility

analysis of a vehicular network in a real highway scenario,

considering a portion of highway in Rome (Italy). An effec-

1 In VANETs, the availability of connectivity links is affected by mo-

bility and clusters formation. V2V and V2I links occur in unpredictable

fashion, resulting as intermittent and short-lived. Opportunistic links are

exploited for packet transmissions.
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tive deployment of RSUs has been also investigated in or-

der to enhance performance especially in low traffic density

scenarios. Considerations on optimal RSUs deployment in

the vehicular network are taken in order to maintain accept-

able network performance, while limiting implementation

costs.

This paper is organized as follows. In Section 2 we investi-

gate previous related works on data dissemination protocols

in VANETs. Section 3 introduces important issues related

to broadcast routing for different scenarios, ranging from

a sparse-traffic scenario, with lack of connectivity, to a fully

congested scenario. Considering the most simple broad-

cast approach for data delivery in VANETs, in Section 4

we assess extensive simulation results for different traffic,

mobility, and communication modes. Finally, conclusions

are drawn in Section 5.

2. Related Work

In the last years, several data dissemination techniques suit-

able for VANETs have been proposed. Routing algorithms

are based on particular vehicular communication protocols

(i.e. V2V, V2I and hybrid) and analyze how messages are

propagating in VANETs (i.e., message propagation distance

and end-to-end delivery delay). The main issue related

to a vehicular network is that it lacks of connectivity due

to quick disconnections, variable mobility of vehicles and

rapidly changing network topology. VANETs suffer from

a reliable data delivery specially in sparse-traffic, and to-

tally disconnected scenarios, where vehicle density is very

low, and null, respectively [8]. In these scenarios, there is

a direct relationship between the amount of packets, which

can be successfully received by a vehicle, and the traffic

patterns and vehicle speed.

Data dissemination represents a challenge specially in

commercial applications (e.g., Internet access, video-on-

demand, advertising dissemination, etc.). In entertainment

applications, where data flows are larger w.r.t safety ap-

plications, message dissemination should be efficient in

order to reconstruct a whole data flow from a limited

number of received messages. At this aim, the potential-

ity of network coding protocols for data dissemination has

been largely exploited [9]–[12]. This approach can provide

a rapid sharing of real-time messages, particularly suitable

for comfort applications. As an instance, the use of Foun-

tain codes has been demonstrated to provide efficient and

reliable vehicular communications even in high dynamic

networks [11], [12]. In [10] the authors propose VANET-

CODE, a content distribution scheme assuming the content

as divided into smaller blocks, which are linearly encoded

by vehicles.

The use of hybrid communication protocols has been con-

sidered by Cataldi et al. in [12]. The proposed scheme

is I2V2V, where vehicles can communicate both with net-

work infrastructure (i.e. I2V) and other neighboring vehi-

cles (i.e. V2V), providing a cooperating approach between

vehicles, since messages are delivered from the infrastruc-

ture to a set of relay vehicles, and then directly to the

destination vehicles. This method improves the speed of

data delivery in an end-to-end connection, also due to the

use of rateless codes providing data reconstruction in a fast

way with low overhead.

The use of multi-hop protocols has been exploited in many

works for the analysis of message propagation in VANETs,

and for a variety of communication modes (i.e., V2V, V2I

and V2X). In [13], Resta et al. deal with multi-hop V2V

emergency message dissemination through a probabilistic

approach. The authors derive lower bounds on the probabil-

ity that a vehicle correctly receives a message within a fixed

time interval. Similarly, Jiang et al. [14] introduce an ef-

ficient alarm message broadcast routing protocol, and esti-

mate the receipt probability of alarm messages sent to ve-

hicles. Finally, the use of a vehicular grid together with an

infrastructure has been largely discussed [15], [16], where

benefits of using the opportunistic infrastructure placed on

the roads are analyzed.

In this paper we focus on a traditional broadcast proto-

col in order to assess the feasibility analysis of a vehicular

network, and validate network performance in real traffic

scenarios. In this study, the vehicular environment is as-

sumed to allow vehicles to communicate both in V2V and

V2I modes.

3. Data Dissemination in VANET

Routing in VANETs is an emerging issue due to high mobil-

ity of nodes and the dynamic network topology. A VANET

is characterized by very short-lived links and then lacks

of knowledge about neighborhoods (i.e., vehicular den-

sity can change in different areas of the same network).

Due to typical features of VANETs, traditional routing pro-

tocols designed for MANETs cannot always be suitable.

In general, broadcast techniques are frequently used in

VANETs for data sharing, traffic, weather and emergency

applications. However, different traffic regimes2 can have

impact on data dissemination performances, as summarized

as follows [8]:

– Sparse traffic condition (i.e., low vehicular density

[veh./km]),

– Dense traffic condition (i.e., medium vehicular den-

sity [veh./km]),

– Congested traffic condition (i.e., high vehicular den-

sity [veh./km]).

The first scenario, which is very troublesome for conven-

tional routing protocols, considers a limited number of ve-

hicles on the road [8]. It is very typical of night hours,

where the traffic density is very low and data dissemina-

tion from a source (i.e., a vehicle attempting to broadcast

messages) to other relay vehicles is difficult to occur, due

2 Notice that the traffic density varies heavily depending on the specific

road, the time of day, etc. [17]
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to the out of the transmission range of the source from the

receiver node. Moreover, there might be no cars within

the transmission range of the source in the opposite lane

either. Under such circumstances, routing and broadcast

techniques become a challenging task.

In the second scenario i.e., dense traffic regime, the vehicu-

lar density is not uniform in all the vehicular grid (i.e., some

vehicles can have a low number of neighbors, while other

nodes are moving in a high vehicular density area). The

nodes inside the networks do not experience the same topol-

ogy knowledge. In this case, some vehicles will have to ap-

ply a broadcast suppression algorithm3, while some others

will have to store-carry-and-forward the message in order

to preserve the network connectivity.

The third case represents a congested scenario, that is when

the vehicular traffic density is above a certain threshold

(i.e., > 70 veh./km). Several consecutive cars will share the

same wireless medium leading to an excessive number of

the same safety message, and then there will be a strong in-

crease of packet collisions and medium contentions among

vehicles attempting to communicate. This problem is also

referred to as broadcast storm problem, which occurs when

the traffic density is above a certain value (e.g., when ve-

hicles are in congested traffic scenarios, like during a rush

hour).

In order to alleviate this problem, several solutions have

been proposed [18], [19], mainly based on decisions for

packet (re)-transmission i.e., when and how a safety mes-

sage should be (repeated) delivered. As a solution, selective

broadcast or multicast strategies seem more applicable than

either unicast routing or flooding, for the requirement of

limitation of broadcast storm problem. Indeed, broadcast-

ing to selected vehicles provides a high overhead without

increasing the success rate substantially. Several solutions

have been made to introduce intelligence to the basic broad-

cast concept and make it more selective and, thus, more

efficient in its resource usage.

In this paper we consider a broadcast data dissemination

technique for all three different traffic regimes, assuming

vehicles are moving in a real highway scenario. Exten-

sive simulation results will highlight the design of a ve-

hicular network, providing effective network performance,

expressed in terms of throughput and packet delay.

4. Simulation Results

In this section we describe our simulation scenario, where

vehicles can communicate via V2V, as well as V2I, for dif-

ferent traffic conditions. The aim of the following tests is to

analyze how the increase of vehicles as well as the presence

of RSUs in the same area, can affect the network perfor-

mance, in terms of throughput and delay. In fact, if there

is a large gap between two vehicles4, a packet could be lost

3 A broadcast suppression algorithm is used for limiting the number of

copies of a message, which can be rebroadcast several times.
4 The inter-vehicle distance is higher than the source transmission range

(i.e., typically > 125 m, depending on the technology.)

or discarded. At this aim, the number of received packets

can be increased by exploiting the presence of fixed nodes

(i.e., RSUs), which are able of relaying packets inside the

vehicular network and then, enlarging the coverage area.

We remind that RSUs may generally be either stand-alone

devices that communicate only with vehicles via wireless

communication, or may be interconnected via a backbone

network, or via a mesh network of RSUs [17]. Figure 1

depict the schematic of the use of RSUs to extend the net-

work coverage. In Fig. 1(a) a source vehicle attempts to

transmit a packet forward along the route. Packet loss oc-

curs due to a large inter-vehicular gap w.r.t the source trans-

mission range, and no RSU can act as relay node toward

a destination vehicle. In Fig. 1(b) the source vehicle trans-

mits a packet to a RSU acting as relay node. The packet is

received by the destination vehicle, due to the presence of

a RSU along the route, which extends the source vehicle’s

transmission range.

Fig. 1. Schematic of the use of RSUs in a vehicular network to

avoid packet losses: (a) packet loss, (b) effective reception.

The network model has been simulated using ns2 [20], and

the mobility traces have been generated by SUMO tool [21].

In particular, the used mobility trace is based on a existing

highway map from the city of Rome (Italy). Figure 2 de-

picts the portion of a very well known highway in Rome,

called GRA (Grande Raccordo Anulare)5, which has been

used for our simulations.

Different environment configurations have been simulated,

varying the mobility traffic level (i.e., from sparse to dense

5 Literally, “Great Ring Junction” that is a toll-free, ring-shaped orbital

motorway, encircling the city of Rome.
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Fig. 2. Map of a portion of GRA highway in Rome (Italy).

traffic scenarios), and the presence of network infrastruc-

ture (i.e., RSUs positioned near the routes). Two sets of

simulations have been performed, such as:

• V2V-oriented, which is aimed to evaluate V2V com-

munications only, and no RSU is considered;

• V2I-oriented, which is aimed to evaluate not only

V2V, but also V2I communications, due to the in-

creasing number of RSUs.

In both cases, the following three scenarios, depicting real

vehicular traffic, have been simulated:

• Smooth-flowing – sparse – traffic scenario, where

traffic is assumed to be disconnected, as typical of

night hours. In particular, we simulate 90 vehicles

driving at variable speed, as typical of highway en-

vironments.

• Dense traffic scenario, i.e. the inter-vehicle distance

is almost small, but connectivity is not always guar-

anteed. Basically, we simulate a high number of ve-

hicles up to 180.

• Rush hours scenario, i.e. with high vehicular density

(i.e., 300 vehicles moving inside the vehicular area),

as typical of rush traffic hours.

Figure 3 depicts the three simulated traffic conditions. We

assume that each vehicle is equipped with IEEE 802.11n

transceivers, allowing to act as a mobile relay node, and

a GPS receiver, allowing information on vehicle’s local-

ization. More in detail, in our simulations we consider

the design specifications of RSUs and the on-board equip-

ment for V2I and V2V communications, according to

Savari Networks [22]. We consider the Savari MobiWAVE

On Board Equipment (OBE), which is mounted on-board

and is comprised of the main devices for safety applica-

tions (e.g., the Vehicle Awareness Device, the Automotive

Safety Device, and more others), and the StreetWAVE RSU

that is a fixed wireless gateway that can be mounted on

Fig. 3. The three typical simulated traffic conditions inside the

vehicular network. (a) Case 1: smooth-flowing traffic scenario,

(b) Case 2: dense traffic scenario, and (c) Case 3: congested traffic

scenario.

Fig. 4. Savari devices for RSU and on-board unit, [22]. (a) Savari

MobiWAVE OBE, and (b) StreetWAVE RSU.

a road side traffic pole, working according to ITS applica-

tions. Figure 4 (a) and (b) depict the Savari MobiWAVE

OBE, and the StreetWAVE RSU, respectively [22].
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All vehicles are equipped with the Savari MobiWAVE

OBE, featuring of a IEEE 802.11p network interface card,

a highly accurate GPS receiver and a 5.9 GHz DSRC radio.

Packets are generated with a constant generation rate, and

are transmitted according to a fixed data rate.

On the RSUs’ deployment in the vehicular network, four

configurations have been considered. In the first case, no

RSUs have been included in the scenario; in the second

configuration, a dense deployment of RSUs has been in-

troduced (i.e., with a non-uniform RSUs gap), while in the

third and fourth cases, RSUs are separated respectively at

1 and 2 km each other. In Table 1, we summarize the main

parameters used for all the scenarios.

Table 1

Simulation parameters setup

Parameter Value

Network Simulator NS2

Traffic Simulator SUMO

Number of vehicles [90,300]

Vehicular area 14 km2

Simulation time 300 s

Vehicle and RSU MAC IEEE 802.11p

RSU range [1000,2000] m

Data Transmission Flow UDP

Transmission range 300 m

Data rate 6 Mbit/s

Propagation model Free Space

The simulation results have been compared in all the scenar-

ios, in terms of network performance through the following

metrics:

– Throughput, as the total amount of data transmitted

from the source to destinations in a unit period of

time,

– End-to-end delay, as the total latency experienced by

a packet routed from a source vehicle to a destination

node inside the network.

Fig. 5. Comparison of average throughput experienced by ve-

hicles communicating via V2V only, in different traffic scenarios

(i.e., sparse, dense and congested).

Fig. 6. Comparison of average delay experienced by vehi-

cles communicating via V2V only, in different traffic scenarios,

(i.e., sparse, dense and congested).

Fig. 7. Throughput [kbit/s] vs. simulation time in different sce-

narios, i.e., (a) Smooth-flowing traffic scenario, (b) dense traffic

scenario, and (c) congested traffic scenario. Notice an increase

of performance in all the configurations, mainly due to a higher

vehicular traffic density.
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In Fig. 5 and Fig. 6, throughput and delay are evaluated

in different traffic scenarios, for the case of V2V-oriented

simulations. We notice how, on one side, throughput per-

formance increases for higher number of vehicles available

to communicate each others and in the other side, the aver-

age delay increases due to collisions and congestions. This

aspect shows also the influence of market penetration of

smart vehicles enabling for inter-vehicle communications.

The most interesting results are when connectivity

is supported both by V2V and V2I communications

(i.e., V2I-oriented). This represents the most expected sce-

nario configuration for future envision of smart cities,

where mobility and communications in vehicular environ-

ments are supported by vehicles as well as existing network

infrastructure. In Fig. 7(a), we show the throughput per-

formance for different values of the number of RSUs; in-

creasing the number of RSUs provides an increasing trend

of throughput, reaching up to 60 kbit/s. However, also con-

sidering RSU at 1 km of distance each other has a positive

impact on throughput. On the other hand, performances get

worse when the distance among RSUs increases, as shows

the throughput trend for RSUs at 2 km.

Fig. 8. Variable RSUs deployment in different scenarios.

(a) Dense RSUs deployment in the center and near the ramps

of the GRA, while low RSU density in highway, (b) 13 RSUs

in a dense configuration, deployed at 1 km each other, and

(c) 9 RSUs in a sparse configuration, deployed at 2 km each

other.

In Fig. 7(b), network performance are evaluated in terms

of throughput for the dense traffic case. In this case, the

density of vehicles is increased; this leads to an improve-

ment of performances, and all the curves are converging

towards the same value. Notice how performances increase

for a dense deployment of RSUs in the vehicular network;

this also implies that throughput is stable at 350 kbit/s.

A variation of performances can be seen at the beginning

of the simulation when the vehicles are starting to move be-

fore they create dense traffic scenario. Finally, in Fig. 7(c),

the obtained throughput when considering a congested net-

work is illustrated. Also for this scenario, an increasing

trend of the throughput is obtained when RSUs are at 1 km

of distance each other. Notice how performances increase

in all the configuration; this can impact on the number of

rebroadcast packets, causing network congestions.

The network performances have also been evaluated in

terms of end-to-end delay. The end-to-end delay represents

an important issue when dealing with vehicular communi-

cation systems (e.g., a safety message should be received

in a very short time). In this paper, the end-to-end delay

is evaluated considering the inter-RSU distance inside the

network. In fact, the propagation delay should decrease as

the distance of RSUs decreases. For the performance anal-

ysis only the smooth-flowing case is taken into account,

and the reason lies since for dense or congested traffic

scenario there is no lost of connectivity. The end-to-end

delay has been evaluated according to previous configura-

tions, i.e., RSUs in a dense deployment (i.e., at < 1 km

inter-RSU distance), RSUs laying at 1 km each other, and

RSUs laying at 2 km each other. Figure 8 depicts the dif-

ferent scenarios with varying RSUs deployment.

Figure 9 depicts the comparison of end-to-end delays6 for

the three different configurations of RSUs’ deployment, in

the case of smooth-flowing traffic since this represents the

most challenging scenario for packet transmission delay.

It is possible to note that, as expected, small increases of

delay occur as the inter-RSU distance increases.

Fig. 9. Packet delay [µs] for a given vehicle vs. simulation time,

for different RSUs deployments in the vehicular network. Large

gaps between RSUs affect packet delivery delay.

6 The end-to-end delay is for a reference vehicle only, chosen randomly

among all the vehicles in the network. In this particular case, the packet

delay exists for t ≥ 220 s.
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Table 2

Performance and cost comparison among different RSUs’ deployment configurations within the portion of GRA in Rome

Max Throughput in:
Cost

Number of RSUs Smooth-flowing traffic scenario Dense traffic scenario Congested traffic scenario
[kUSD]

[kbit/s] [kbit/s] [Mbit/s]

0 30 30 1.5 0

18 60 490 1.8 180

13 57 400 1.7 130

9 44 360 1.6 90

Finally, we provide some considerations on the optimal

configuration to adopt for the deployment of RSUs, in or-

der to maximize network performance, while keeping low

the economic requirements. By considering the installation

costs of Savari MobiWAVE OBE, and StreetWAVE RSU,

(i.e., 4 and 10 kUSD, respectively), the following Table 2

compares the different configurations of RSUs (i.e., from

the absence of RSUs up to 13 RSUs that is the maximum

number of RSUs assumed in our simulations). Considering

the maximum achievable throughput and the costs, we can

conclude that the optimal configuration is for 13 RSUs. In-

deed, the differences of maximum achievable throughput in

different scenarios are comparable (i.e., only 3 kbit/s low in

the smooth-flowing traffic scenario, and around 100 kbit/s

in other scenarios). On the other hand, with this configu-

ration we obtain a cost saving of 50 kUSD. This demon-

strates that the deployment of a large number of RSUs does

not necessary provide a significant enhancement in network

performance, but also can have a negative impact on the

energy consumption.

5. Conclusion

In this paper, a performance evaluation of broadcast rout-

ing protocol in a VANET has been analyzed and discussed,

also taking into account the deployment of RSUs inside

the vehicular network. The performance analysis has been

evaluated in a most realistic scenario (i.e., a selected por-

tion of GRA in Rome) shown that for increasing vehicular

densities we obtain high values of throughput.

By including several RSUs along the vehicular network,

the end-to-end packet delay – evaluated for a given vehi-

cle – decreases and at the same time, the network through-

put shows a better trend. On the other side, an extended

number of RSUs has a negative impact on energy and

costs consumption in the VANET. A trade-off among an

increased throughput and decreased end-to-end delay, and

an increased energy/cost consumption is necessary to de-

sign an effective vehicular network.
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