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Performance Evaluation of GPSR and AODV
Routing Protocols for High Vehicular Density
VANETSs
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Abstract— The vehicular Ad-hoc network (VANETS) is a chal-
lenging scenario for routing protocols. The high mobility of
nodes is responsible for fast changes of topology and frequent
interruptions of links. To cope with this challenge, Greedy
Perimeter Stateless Routing (GPSR) and Ad-hoc On-demand
Distance Vector (AODYV) routing protocols have been devised and
widely employed in VANETSs. However, most approaches have not
properly studied the impact of transmission rates and the effect
of time intervals of beacons (Hello messages) in the performance
of these protocols. In order to address this impact, this work
presents an evaluation of GPSR and AODYV protocols in an urban
scenario of high vehicular density regarding transmission rates
and Hello messages intervals. Results show better performance
of GPSR for high transmission rate and high traffic density when
compared with AODV. Likewise, GPSR achieves more benefits
and fewer impacts from Hello messages than AODV.

Keywords— Vehicular ad-hoc network, Routing protocol, High
traffic density, Beacon, Hello message.

I. INTRODUCTION

Vehicular Ad-hoc Networks (VANET) is an emerging tech-
nology aimed to provide communication between vehicles
(V2V), between vehicles and infrastructure (V2I), between
vehicles and persons (V2P), or even vehicle to everything
(V2X) [1]. VANETS are considered inheritors of Mobile Ad-
hoc Networks (MANETSs), which have benefited from tech-
nologies, such as short radio transmission ranges, low band-
width, self-organization, and self-management [2]. Nonethe-
less, a VANET presents particular challenges, such as a highly
dynamic topology and intermittent network connections.

To cope with the challenges, a large variety of routing
protocols has emerged. The GPSR protocol is one of the
most typical and promising routing protocols for VANETS [2].
Several works in the literature have shown the advantages
of GPSR over other routing protocols in urban scenarios.
For instance, Zone Routing Protocol (ZRP) [3], Dynamic
Source Routing (DSR) [2], and AODV [2]-[4] have been
considered, particularly regarding the average delay. However,
most of them have not considered important communication
features, such as the transmission rate and the impact of
modifying the Hello message transmission interval. Moreover,
most researchers employ specific mobility scenarios using a
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fixed number of randomly distributed vehicles, which impose
difficulties for comparison with other approaches.

This work seeks to compare the performance of GPSR
and AODV routing protocols for VANETSs in high vehicular
density urban scenarios. For that, we use different transmission
rates and time intervals of Hello messages, two features that
have not been extensively employed to assess the routing
performance. The principal motivation is to explore the harness
of Hello messages to support cooperative driving strategies
under highly congested conditions. Unlike previous works, our
approach explores a wide range of transmission rates as well as
a set of different Hello packet time intervals. Furthermore, we
employ the vehicular traffic density as an independent param-
eter to compute the communication performance metrics, and
to compare them with similar results found in the literature.

The main contribution of this work is to provide new
information about GPSR and AODV protocol’s performance
in VANETs for high vehicular density scenarios. The novelty
consists in assessing the impacts of time intervals of Hello
messages and transmission rates, which still has not been
addressed to the best of our knowledge.

This paper is organized as follows. Section II provides
a description of related works with background material in
Section III. Section IV describes the mobility model and the
network environment. The results and discussion are presented
in Section V, followed by concluding remarks in Section VI.

II. RELATED WORK

Most works of the literature focus on the comparison of
GPSR with other well-established protocols. For example, the
authors of [5] present a taxonomy and evaluation of routing
protocols for VANETs. In that work, AODV, DSDV, OLSR,
GPSR, and GPCR were studied in an urban area with 20
to 90 vehicles distributed over 2.25 km?, which represents
a maximum density of 40 veh/km?. The authors found a
constant response from all the main metrics, and the GPSR
was considered the best choice based on the average delay
metric. However, the packet rate or the Hello time interval is
neither informed nor considered for the evaluation.

Another comparison can be found in [6], where the authors
present a performance analysis of AODV and GPSR routing
protocols. In that work, both urban and highway scenarios
were studied. The urban scenario corresponds to an area of
1 km? and includes two traffic lights. The number of nodes
ranges from 15 to 45, which represents a maximum density
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of 45 veh/km2. In this work, the authors found an almost
constant response of GPSR as the number of nodes increases.
However, some of their results contradict the findings of [5],
particularly for the Packet Delivery Ratio (PDR), and the
Average Delay response. Moreover, they do not consider either
the transmission rate or the Hello time interval impacts.
Other approaches propose enhanced versions of GPSR, as
in [2], where authors present a predictive GPSR named KF-
GPSR, and an extension called BOD-KF-GPSR for using on-
demand Hello messages. In that work, a highway scenario with
50 up to 350 vehicles into an area of about 3.5 km? were
employed. That means a maximum density of 100 veh/km?2.
The results show that the basic GPSR outperforms AODYV,
DSR, and ZRP. However, the authors do not comment on the
impact of the transmission rates nor the Hello interval used.
Unlike the approaches described above, we explore the
performance of both AODV and GPSR protocols considering
two parameters that have not been used in previous works:
1) the transmission rate; ii) the Hello time interval. To this
aim, we employ an urban mobility scenario with higher traffic
density than other studies ranging from 62.5 to 312.5 veh/km?.

III. BACKGROUND

Routing protocols for VANETs can be classified as
topology-based routing (TBR) and position-based routing
(PBR) protocols [4]. Furthermore, TBR protocols can be either
proactive or reactive. A typical example of a proactive protocol
is the Destination-Sequenced Distance Vector (DSDV) proto-
col, in which a routing table containing information of each
node is continuously updated. In reactive protocols, a typical
example is the Ad-hoc On-demand Distance Vector (AODV)
protocol, which creates routes as long as they are needed.

A. AODV

AODV is one of the most common routing protocols for
mobile ad-hoc networks [7]. AODV combines the use of
both destination sequence number and the on-demand route
technique. This technique can cause low overhead as the nodes
do not have to maintain unnecessary route information.

To handle route information, AODV utilizes three different
kinds of route messages: Route Request (RREQ), Route Reply,
(RREP), and Route Error (RERR). The route discovery con-
sists of two phases: i) sending of RREQ through the network;
ii) looking for a destination and waiting for RREP [7].

Hello packets are locally periodic broadcast messages which
are used to indicate link activity. In AODV, Hello messages
and broadcast RREQ packets serve as the same function.
Therefore, the transmission of RREQ packet indicates the pres-
ence of a link. A failure to receive a Hello packet within a time
interval indicates a loss of connectivity to that neighbor [7].

B. GPSR

Different from TBR, PBR protocols do not need to create
a routing table or store information of routes. They make
the next-hop selection by considering the neighbor position
information as well as their position. The Greedy Perimeter

Stateless Routing (GPSR) protocol is a PBR protocol that
selects the next-hop for transmission in a greedy manner. If
the greedy mode fails, the algorithm switches to the perimeter
mode, and the next forward node is selected using the right-
hand rule [8].

Each node is supposed to know its position information,
which is available via GPS or short-range localization, and
is expected to periodically exchange that information with its
one-hop neighbor through beacon messages (Hello packets).
The beacons are periodically transmitted by each vehicle and
can include a wide variety of information, such as position,
velocity, density, and direction of the vehicles [9].

Based on the information of Hello packets, the source node
chooses the node which is closer to the destination. However,
if the source does not receive any response from a neighbor
within a time-out interval, it considers the communication link
as broken. There may be a situation where the source does not
find a better neighbor than itself. This situation is known as
the local-maximum condition in which GPSR can no longer
follow the greedy forwarding strategy. In this case, the protocol
switches to the perimeter mode [9].

IV. SIMULATION CONFIGURATION

A typical urban mobility scenario has been chosen in order
to study the performance of AODV and GPSR protocols in
a VANET. It corresponds to a squared region of 0.16 km?
including a two-road crossing scenario with a traffic light.
Each road has three one-way lanes as shown in Fig. 1.

Fig. 1.

Two-road crossing scenario.

Each road of Fig. 1 is composed of two streets: A:1 and A:2
for route A, and B:1 and B:2 for route B. The traffic flows are
such that vehicles on A:1 can pass through the crossing section
and go through A:2, or turn right to take B:2. Likewise, the
vehicles coming from B:1 can go through B:2 or A:2.

As for the communication scheme, a vehicle in route B
(origin) tries to communicate with a vehicle in route A (desti-
nation). The origin vehicle goes through streets B:1 and B:2,
and the destination vehicle through A:1 and A:2. Both vehicles
stop at the traffic light in such a way that the destination
vehicle is the first one to pass through the intersection.

According to the mobility scenario, the communication
scheme involves three phases: i) the phase before both vehicles
achieve the intersection when the communication depends on
relaying hops; ii) the phase when the origin and destination
vehicles meet each one at the intersection, establishing a direct
communication; iii) the phase after the destination vehicle
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passes through the intersection when the communication will
depend on relaying hops again.

The transmission starts as soon as both vehicles enter the
area at 25 s of simulation time, and ends when one of them
leaves the area at time 65 s.

Mobility patterns are created with the SUMO simulator [10]
for 10, 20, 30, 40, and 50 vehicles, which result in traffic densi-
ties of 62.5, 125, 187.5, 250, and 312.5 veh/km?, respectively.
For each case, the traffic density is carefully adapted to keep
a uniform distribution of cars for each simulation.

The IEEE 802.11p standard with AODV and GPSR pro-
tocols are employed for the simulation of the network using
NS2 [11]. For both protocols, a CBR/UDP data traffic of dif-
ferent transmission rates and time intervals of Hello messages
are considered. Other communication parameters are listed in
Table I.

TABLE I
COMMUNICATION PARAMETERS.

Parameter [[ Value
Region dimension (m?) 400x400
Traffic density (veh/km2) 62.5, 125, 187.5, 250, 312.5

A. Impact of the transmission rate

The results of packet delivery ratio (PDR) per vehicular
traffic density for transmission rates of 0.5, 1, 2, 3, 6, and
12 Mbps are shown in Fig. 2. Results show that PDR decreases
as the transmission rate increases for both AODV and GPSR
scenarios. Differences between AODV and GPSR are more
representative at low transmission rates and high-density sce-
narios. That occurs because the routing table of AODV is more
advantageous when multiple routing choices are available, and
stable links with low transmission rates entail fewer drops of
packets.
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The results are evaluated according to the following metrics.
Packet Delivery Ratio (PDR): the ratio between the amount
of received and sent packets [3].

PDR — Total number of received packets )
Total number of sent packets

End-to-End Delay (E2E Delay): the average time interval
taken to transmit a packet from a source to a destination [3].

>~ (Packet arrival time — Packet departure time)

E2EDelay =
Y Total number of received packets

(@)
Throughput: the total amount of received bits per time unit
delivered from one node to another [3].

Total number of received packets X Packet size
Throughput =

Total stmulation time

3

These performance metrics are computed as average values

for different traffic densities. They capture the impact of traffic

density in the communication under different transmission

rates and Hello intervals, even considering that some disper-
sion is expected.

V. RESULTS AND DISCUSSION

This section presents the performance of AODV and GPSR
protocols regarding PDR, End-to-End Delay, and Throughput
for different transmission rates, and time intervals of Hello
messages by considering different densities of vehicles.

Density (Veh/km?)

Fig. 2. Packet delivery ratio (PDR) per vehicular traffic density for AODV
and GPSR using different transmission rates.

The constant behavior of PDR in GPSR is consistent with
the findings of [5], [12], [2], and [6], but somewhat different
from [8] whose authors argue that PDR increases with density
for GPSR. Nevertheless, we found that the PDR using AODV
does not decrease as density increases according to [5].

Another important discussion is whether PDR is higher for
GPSR than for AODV. For instance, [5] claim that PDR for
AODV is higher than for GPSR, but [6] claim the opposite.
We found that more prominent differences become evident
for very high densities and low transmission rates. In these
scenarios, AODV outperforms GPSR.

The results of End-to-End Delay (E2E Delay) per traffic
density for transmission rates of 0.5, 1, 2, 3, 6, and 12 Mbps
are shown in Fig. 3. The most evident outcome is the big
difference between GPSR and AODV results. In general, the
E2E delay for AODV is higher than for GPSR. Additionally, an
incremental trend is realized with AODYV, whereas a constant
E2E Delay is observed with GPSR. We observe that the greedy
feature of GPSR leads to deliver the packets through shorter
paths than in AODYV, thus reducing the average end-to-end
delay.

Other particular behaviors can be seen in Fig. 3. For in-
stance, the E2E Delay at transmission rates lower than 3 Mbps
is quite different from those above that value. For values above
3 Mbps, AODV shows a high and similar response for low
densities, whereas GPSR shows a reduction of E2E Delay as
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of 3 Mbps onwards. For transmission rates under 3 Mbps, the
results of each protocol are lower than in the other three rates.
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Fig. 3. End-to-End Delay per vehicular traffic density for AODV and GPSR
using different transmission rates.

The remarkable difference concerning delay for AODV
and GPSR is consistent with the findings of [5], [12], [2],
and [8], but it is different of [6] whose authors found that the
E2E-Delay is negligible and equal for both protocols, which
contradicts [5] for a similar traffic density.

The results of throughput per traffic density for transmission
rates of 0.5, 1, 2, 3, 6, and 12 Mbps are shown in Fig. 4.
It shows that, in general, the throughput increases as the
transmission rate increases, achieving a maximum of around
1.5 Mbps. Fig. 4 also shows that, differently from AODYV, the
results for GPSR are more stable as density increases. It also
shows that for transmission rates higher than 3Mbps, GPSR
outperforms the AODV.
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Fig. 4. Throughput per vehicular traffic density for AODV and GPSR using
different transmission rates.

The almost constant throughput of GPSR for different
vehicular densities in Fig. 4 is consistent with the results of [5].
However, the authors of [5] claim that the throughput in AODV

is higher than in GPSR when considering a maximum density
of 13 veh/km2. We found this is true only for high-density
scenarios. For low densities (under 100 veh/km?) GPSR shows
a slightly higher throughput than AODV as evidenced in [2]
for densities between 14.28 and 100 veh/km?.

B. Impact of the time interval between Hello messages

As mentioned before, the routing protocol can be aware of
mobility changes in more quick and accurate localization of
hops by using Hello packets. However, a channel overhead
is expected to occur as Hello packets are transmitted along
with other communication traffic. In this section, an analysis
of the performance of both protocols is described. We employ
a transmission rate of 3 Mbps, which has shown a regular
behavior for using in VANETs. .

The same three communication metrics (i.e. PDR, E2E
Delay, and Throughput) applied to CBR/UDP traffic are em-
ployed again. The results of packet delivery ratio (PDR) per
vehicular traffic density for different Hello time intervals are
shown in Fig. 5. Different from AODYV, where RREQ can
perform the Hello function, GPSR depends on Hello messages,
so no curve for No Hello was considered in GPSR. The results
show that GPSR is more stable than AODYV, and it seems
to converge to a constant value as the Hello time interval
decreases.
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0r AODV Hello=55s— — -GPSR Hello= 15 AODV No Hello iy

GPSR Hello=5 s AODV Hello=0.15
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Fig. 5. Packet Delivery Ratio (PDR) per vehicular traffic density for AODV
and GPSR using different Hello time intervals.

The results of End-to-End Delay (E2E Delay) per traffic
density for different Hello time intervals are shown in Fig. 6.
The results show that the reduction of the time of Hello interval
causes more impacts in AODV than in GPSR. Furthermore,
for low densities, no increments of E2E Delay are obtained
with GPSR. As evidenced in PDR, stability remains to be a
characteristic feature of GPSR in the E2E Delay.

Also from Fig. 6 a particular out of fit point for AODV at
187.5 (veh/km?) becomes evident. It is a singular case where
the protocol can not keep a stable path between origin and
destination nodes. There exist two possible behaviors. First,
to rule out a large number of packets, as evidenced in Fig. 5
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Fig. 6. End-to-End Delay per vehicular traffic density for AODV and GPSR
using different Hello time intervals.

for the Hello interval of 0.1 seconds, and second, to persist in
the transmission of the packets, despite the high time cost, as
in the case of Hello interval of 1 second in Fig. 6 (blue dashed
curve). The Fig. 6 let to see that GPSR performs better in those
situations.

The results of throughput per vehicular traffic density for
different Hello time intervals are shown in Fig. 7. We see
that the impact of reducing the Hello time interval in very
high densities is to reduce the throughput, particularly for the
AODV case. At lower densities (under 100 veh/km?), the effect
of Hello messages is to improve the throughput. A particular
case is the use of a Hello interval of 1 s in GPSR. In this
case, the throughput is higher than in other GPSR cases for
any density.
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Fig. 7. Throughput per vehicular traffic density for AODV and GPSR using
different Hello time intervals.

VI. CONCLUSION

In this work, three communication metrics to assess the
performance of AODV and GPSR protocols in VANETS con-

sidering high vehicular traffic densities have been employed:
i) Packet Delivery Ratio; ii) End-to-End delays; iii) Throughput.
GPSR appears to be the best choice for high density and high
transmission rate scenarios, mainly because of the End-to-End
Delay and Throughput results, which are better than in AODV.
Although PDR results of GPSR do not outperform those of
AODV, particularly for high density of vehicles, GPSR is less
sensitive to variations of vehicular traffic density than AODV.

Furthermore, this work has shown the effect of using Hello
packets with the GPSR and AODV protocols in VANETS.
Results show that the GPSR achieves more benefits and less
negative impacts from Hello packets when the interval is
modified. For very high densities, a time interval as short
as 100 ms worsens all metrics, particularly for the AODV
protocol. However, a time interval of one second contributes
to better performance of GPSR, although it is not beneficial
for AODV.

Future works will address the performance of the GPSR
protocol when used in the transmission of timely-critical
kinematic data for connected vehicles.
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