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Abstract

The main objective of VANET networks is to improve road safety as well as transportation efficiency through the use of wireless

communications technologies and the emergence of low cost embedded sensors. Thus, the design of an efficient data dissemination

protocol, that informs vehicles about interesting safety events, is of paramount importance. The thriving challenge would be to

maximize the delivery ratio by avoiding as far as possible the broadcast storm problem. A scrutiny of the literature wealthy number

of approaches highlights that all of them fail to fulfill with a critical requirements. In this paper and to palliate this shortage, we

introduce a new infrastructure-less Geocast protocol that send messages only to vehicles in the Zone of Relevance (ZOR) with a

minimum overhead cost. Our protocol stands in reaching a high delivery ratio as well as a high Geocast precision by only sending

messages to vehicles in the Zone of Relevance (ZOR) with a minimum overhead cost. Carried out experiments show that our

protocol outperforms its competitors in terms of effectiveness and efficiency.
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1. Introduction

The VANET networks are simply an application of mobile Ad hoc networks (MANET). Vehicular networks are

a projection of Intelligent transportation Systems (Intelligent transportation Systems - ITS). Their main objective is

to improve road safety through the use of communications technology and the emergence of wireless devices at low

cost. For the establishment of such a network, vehicles must be equipped with some embedded sensors such as radars,

cameras, a GPS tracking system, and of course a processing platform.
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Vehicles could communicate with each other owe to the V2V communication as well as with road infrastructure

through V2I communication. This leads to the appearance of a several VANET applications, that aim to a safety

and comfortable driving in the future by providing information timely to drivers and concerned authorities. Indeed,

non-safety applications disseminate data that involves a vast area of multimedia and infotainment communications,

such as hotel advertisements on the road and parking information. Safety applications mainly disseminate routine bea-

con messages (e.g., traffic information) and emergency warning messages (e.g., accident warning). In this paper, we

introduce a new infrastructure-less safety data dissemination protocol. The latter aims at reaching a high delivery ra-

tio as well as a high Geocast precision by sending messages only to interested vehicles with a minimum overhead cost.

The remainder of this paper is organized as follows: In Section II, we describe dedicated pioneering approaches

of the literature. In Section III, we thoroughly describe the guiding idea of our dissemination protocol. In Section IV,

the simulation settings and the preliminary evaluation of the proposed protocol are then presented. The last section

concludes the article and sketches issues of future work.

2. Related work

Nowadays, security applications aim to improve drivers’ and passengers’ safety on roads by notifying any danger-

ous situation. Generally, these applications are based on data dissemination, which are periodic or not, enabling the

state of the road and surrounding vehicles. VANET data dissemination protocols can be categorized as : Infrastructure-

based, Broadcast-based and Geocast-based protocols1. Infrastructure-based protocols, use Roadside Units RSU in

junctions and along the roads to store and disseminate VANET messages. These protocols could achieve better results,

however, they need a costly infrastructure. Hence, infrastructure-less protocols have been introduced to disseminate

information without the use of a costly infrastructure. The latter are known as broadcast or Geocast based protocols.

The ultimate goal of broadcast-based protocols is to inform all vehicles without exception using a controlled flood-

ing mechanism. Indeed, different suppression techniques are used to reduce the message overhead impact8. Whereas,

Geocast data dissemination protocols consist of sending data only to vehicles inside a specific geographical area,

called Zone Of Relevance (ZOR)2. Indeed, Geocast is the most appropriate mechanism for safety events dissemina-

tion in VANET. Hence, safety events are of interest to vehicles within a specific area (ZOR) standing close to the event

location.

In the existing Geocast protocols3,2,1,5,6, the geographical dissemination area (ZOR) is set by the vehicle that de-

tects the event (e.g., accident)3. For example, in Allal et al. 1, the ZOR is defined as many shapes like circle, triangle,

or quadrilateral. Later, Hsu et al. 5, presented the geometric area as an aggregated distance from triangle’s vertices

to this region. After determining the ZOR, pure broadcasting or moderated broadcasting techniques, e.g., slotted-1

persistence, slotted-P persistence and weighted persistence, could be of use to disseminate the message to vehicles

within the ZOR. Vehicles receiving the message outside the specified area are simply ignoring the message.

Target region specification techniques, in the existing protocols, are not efficient. Indeed, they does not match the

zone of relevance (ZOR) as closely as possible. For example, in Figure 1 the green region is considered as the ZOR

of an accident warning, however, the target regions are specified as a circle or a rectangle, which are smaller or larger

than the ZOR. Therefore, in the first case ( Figure 1 (a)) many non-interested vehicles will receive the message and a

lot of unnecessary messages are exchanged. Whereas, in the second ( Figure 1 (b)) many interested vehicles will not

receive the message.

In existing approaches the ZORs are chosen arbitrary, based on network scenarios and authors-motivations. For

the sake of guaranteeing a high Geocast precision by sending messages only to vehicles interested in the disseminated

event, in this paper, we delegate the assignment of geographic areas of ZORs to a competent authority (e.g., road

safety services, the police headquarters, etc.). Indeed, in the protocol that we introduce in the remainder, the map is

split into a set of regions. Then, for each event that arises in a given region, we associate a set of regions composing
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Target region too wide (a) Target region too narrow (b)

Fig. 1. Zone of relevance vs target region specifications

its zone of relevance. Hence, a centralized database is dedicated to store the result of map decomposition and regions

of interest association.

3. Our solution

The underlying idea of our proposal is to split the map into a set of regions. Then, for each event that arises in a

given region Ri, we associate a set of regions composing its zone of relevance ZORi. It is worth of cite that a ”Region”

stands for a set of connected roads, while a ”Road” stands for a path that links tow cross streets. Figure 2 illustrates an

example of a split map, where each Ri shows a region in the map. Assume that a given event E arose in a given road

of region R1, then the zone of relevance of E is the set of regions surrounding R1, i.e., ZOR = {R1,R2,R3,R4}. It is

Fig. 2. Example of a split map

worth mentioning that a central database is dedicated to store the result of map decomposition and regions of interest

association.

In the remainder, we suppose that vehicles are able to determine their position on the road using, e.g., the global

positioning system (GPS). We also require that vehicles are able to connect only once to the internet to update their

local databases by connecting to a central database server. In the sake of guaranteeing fast performances, whenever



575 Sabri Allani et al.  /  Procedia Computer Science   98  ( 2016 )  572 – 577 

handling very large ZORs, we use a Neo4j Graph database 1 as sketched by Figure 3. In their local databases, vehicles

also stores the log entries of received or detected events. In addition, vehicles are equipped with wireless standard

for vehicular communication IEEE 802.11p4 technologies such as Dedicated Short Range Communications (DSRC).

Thus, they are able to communicate through an Inter-Vehicle Communication (IVC) manner to enable advanced ITS

(Intelligent Transportation System) services.

Road 1

Road 2

Region6ZOR6

Region 2

Region 1

Zone Of Relevance  Is 

Fig. 3. The structure of the database modeled as a graph

3.1. The DPMS Protocol

In the DPMS protocol, each vehicle gets a local copy of the database that contains a split map of the current city.

Then, it has the following situations:

1. Detect event: Upon detecting a given event E, firstly DPMS verify the existence of E in the local database (LDB).

If E has been already seen, then it will be ignored. Otherwise, DPMS inserts E in the LDB. Thereafter, it selects

from the database the relevant regions, where the message should be disseminated, constituting so the ZOR of

E. Finally, it runs the ”Disseminate event message” operation, in order to disseminate the event E to the target

vehicles standing within the ZOR.

2. Search for pertinent events: Whenever a vehicle enters in a new region, DPMS component runs this operation

in order to retrieve pertinent events received by vehicles in the current region. By doing so, we significantly

shorten the time of need to deliver the event to interested vehicles. Furthermore, pertinent events are kept alive

inside the region, without the need for rebroadcasting event messages like do the existing Geocast approaches.

Interestingly enough, this operation of search can effectively reduce the total exchanged message and decreases

consequently the network traffic load.

3. Receive event message: Upon receiving an event from another vehicle, DPMS runs this operation. Firstly, it

extracts the list of regions composing the ZOR from the event message. Then, it runs the ”Disseminate event
message” operation, in order to disseminate the event to the target vehicles in ZOR.

4. Disseminate event message: This operation allows DPMS to disseminate the event to the target vehicles within

the ZOR. For this reason, we adapted the well known Slotted 1-Persistence broadcasting technique. Indeed, if

the vehicle receiving the event stands outside the ZOR, then it discards it. Otherwise, the vehicle rebroadcasts

the event with probability 1 at the assigned time slot TS i j if it receives the packet for the first time and has not

received any duplicates before its assigned time slot. Given the relative distance between vehicles i and j, Di j,

the average transmission range R, and the predetermined number of slots Ns, TS i j is computed as follows:

TS i j = S i j × τ (1)

1 http://www.neo4j.org/
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where τ is the estimated one-hop delay, which includes the medium access delay and the propagation delay, and

S i j is the assigned slot number, which is computed as follows:

S i j = Ns(1 − [
min(Di j,R)

R
]) (2)

4. Experimental evaluation of the DPMS protocol

In this section, we present the performance evaluation of the DPMS protocol versus the DTSG protocol6, which

specifies the ZOR as as a rectangle, carried out by means of simulations with Veins simulator framework7. Veins

is an open source simulation framework for Inter-Vehicular Communication (IVC) that combines both road traffic

microsimulation model as well as event-based network simulator.

4.1. Evaluation metrics

The assessment of the performances of our protocol is carried out through the two following metrics:

Reachability: it assesses the average delivery ratio of dissemination, where the message must reach all inter-

sected vehicles of such an event e. The reachability is defined as follows:

Reachability(e) =
|IIV |
|IV | (3)

where IIV stands for the set of interested informed vehicles i.e., only pertinent vehicles for an event e, and IV
stands for the set of interested vehicles in an event e. The average reachability is defined as follows:

AverageReachability =
∑

Reachability(e))

NumberO f Events
(4)

Precision: This metric assesses to what extent the protocol is able to only inform pertinent vehicles that are

actually interested in a given event e. Hence, the challenge would be to obtain higher values of Geocasting which

is in a snugness connection with the quality of the determination of the Geocasting area 2. The precision metric

is defined as follows:

Precision =
|IIV |
|AIV | (5)

where IIV stands for the set of interested informed vehicles i.e., only pertinent vehicles for an event e, and AIV
stands for the set of all informed vehicles, i.e., pertinent as well as not pertinent vehicles for an event e. The

average precision is defined as follows:

AveragePrecision =
∑

Precision(e))

NumberO f Events
(6)

4.2. Results

Figure 4 shows the evolution of the reachability and precision values in different density networks. As expected,

using our dissemination protocol, the reachability of information about the event is slightly sharper than the DTSG

protocol (i.e., Figure 4 (b)). This is owe to the fact that the ZOR determined by DTGS is greater than that of our

protocol. Hence, more vehicles are got in touch, which increases the reachability. Nevertheless, our protocol palliates

this drawback owe to a high Geocasting precision that only targets interested vehicles and keeps a low overload value.

2 Geocast is a special case of multicast where data should be only disseminated to a special geographic area.
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Fig. 4. Variation of the average Reachability/Precision values w.r.t the variation of the number of vehicles

Indeed, Figure 4 (b) shows that DPMS has a high Geocasting precision in different network density. It is worth of

mention that our protocol increases the precision of DTGS by 100%. Figure 4 also shows that the reachability and

precision decrease for both protocols as far as the number of vehicles increases. Hence, the higher the number of

vehicles is, the lower the probability to reach the interested vehicles is.

5. Conclusions and future work

In this paper, we introduced, a Geocast protocol to disseminate information about safety events in a VANET. The

main thrust of our protocol stands in an adequate targeting of the zone of relevance of the disseminated messages.

Doing so, it allowed us to meet our goals, namely, reaching a high delivery ratio as well as a high Geocast precision.

Carried out experiments confirmed this fact through the encouraging results obtained. In the near future, we plan to

tackle the following issues: (i) tackling the smart automatic map splitting through the detection of complex road’s

connectivity, (ii) carry out extensive experiments by considering a higher number of cars. (iii) Last but not least, we

plan to provide drivers with accurate information on traffic conditions for a large road section where each vehicle

periodically disseminates aggregated information about road traffic conditions.
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