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Abstract—With the increasing capabilities of vehicular communications technology, VANETs (Vehicular Ad-Hoc Networks) have
witnessed a significant development. Key to the establishment
of value-added services and applications is the design and
development of routing protocols. This article studies the effects
that mobility, road topology and network applications have on the
performance evaluation of VANET routing protocols. Specifically,
we evaluate the performance of three known and highly established VANET routing protocols by employing realistic mobility
from a large-scale urban topology and imposing network load
via an exemplary VANET-based, traffic query, application. We
compare the results against results obtained by following the
simplistic evaluation approaches often available in the literature.
We argue that results stemming from such a realistic evaluation
approach, increase the possibility of identifying problems as well
as implications in the design of routing protocols that need to be
considered and addressed for achieving optimal performance.

I. I NTRODUCTION
In an effort to combat real-life transportation problems such
as accidents, traffic jams, fuel consumption and pollutant emissions, Inter-Vehicle Communication (IVC) and subsequently
the concept of Vehicular Ad Hoc NETworks (VANETs) have
emerged as a promising field of research. Advances in wireless
and mobile ad hoc networks (MANETs), global positioning
systems and sensor technologies serve as the ground work
for the development of innovative vehicle-to-vehicle(V2V)
applications and services [1] with great potential for improving
the safety and quality of daily commute.
It is widely acknowledged, that one of the key factors to
the successful establishment of VANETs and the provision
of effective solutions to the aforementioned problems is the
design and development of routing protocols. However, due to
the inherent characteristics of the vehicular environment [2],
traditional routing protocols for MANETs cannot be applied to
VANETs. Thereof, during the past years a number of new routing protocols have been explicitly proposed for VANETs that
take under consideration these unique characteristics and aim
to route information among vehicular and road-side nodes [3],
[4]. The main goal of routing in VANETs is to transmit data
from a single source to a single destination (unicast) or to
a specific geographic region (geocast) using an amalgamation of wireless multi-hop and carry-and-forward techniques.
However, evaluating the effectiveness and efficiency of such
protocols is challenging. Real IVC test-beds in the likes

of [5], [6] are not widely available and easily accessible.
Furthermore, their low penetration rate, high complexity and
operational costs, render large-scale evaluations infeasible.
Therefore computer simulations are the preferable method of
achieving performance evaluation of VANET routing protocols
and are expected to remain the de-facto evaluation tooling in
VANET research for the next several years.
A. Motivation
Despite the availability in the literature of what is now a
substantial number of VANET-dedicated routing protocols [4],
as well as the availability of several simulation frameworks [7],
the community has yet to adopt an approach that enables a
thorough and realistic performance evaluation. The majority of
proposed protocols are envisioned to provide data routing for a
range of applications/services, specifically for the demanding
urban vehicular environment. However, the approaches which
are traditionally followed during the evaluation phase are not
reflective of the characteristics of such an environment.
Specifically, a number of research works evaluate proposed protocols in the absence of realistic vehicle mobility
and/or road topologies. In reality, the underlying urban road
topology and vehicle mobility will respectively dictate the
structure of the VANET and dynamics of V2V communication. Consequently, the use of realistic mobility and road
topologies are key to any simulation based VANET routing
protocol performance evaluation. Particularly, the realistic
representation of vehicular traffic, both from a microscopic
(individual vehicle physical characteristics and behavior), as
well as a macroscopic level (flow patterns based on diurnal
cycles, population synthesis and activities) should become an
indispensable component of every simulation study [8].
Although other research works correctly evaluate protocol
performance under realistic road topologies and vehicle mobility, they do so in the absence of realistic applications. In
contrast to the simplistic and naive applications employed in
such studies, realistic applications generate network traffic in a
manner that mimics the behaviour of envisioned IVC systems
such as safety, navigation and infotainment. The utilization of
these realistic applications during simulative analysis enables
one to observe the characteristics and protocol behaviour under

network traffic conditions that closely match the ones that
would be faced in a real-life deployment.
Finally, due to the unavailability of exemplary implementations of various VANET routing protocols, evaluations are
very often performed against MANET protocols (i.e GPSR,
AODV), which are inherently unsuitable for the dynamic
vehicular environment [9], [10].
Taking into account the research efforts on VANETs that
constantly work on increasing the level of detail and accuracy
of all underlying components so as to provide optimum
performance and reliable V2V communication, it is crucial
to evaluate routing protocols on a reasonable size vehicular
network using realistic mobility and applications.
B. Contributions
We evaluate and compare the performance of three highly
established VANET routing protocols GPCR [11] (multi-hop
protocol), VADD [12] (carry-and-forward protocol) and LOUVRE [13] (overlay protocol), under different urban scenarios
of varying size and realism. These protocols are cited in many
research studies and are known as good performers in their
respective classes of routing protocols [3], [4], [14]. Initially,
we examine their performance following simplistic approaches
undertaken in the majority of the literature so far. Consequently, we combine highly realistic vehicle mobility in a
large-scale urban topology as well as network traffic generated
from an exemplary traffic query application. By doing so,
we aim to evaluate their performance under conditions that
strive to resemble as closely as possible the behavior and the
environment that each single car would face in reality. We
argue that results stemming from such a realistic and complete
scenario, increase the possibility of identifying problems as
well as implications in the design of routing protocols that
need to be considered and addressed for achieving optimal
performance. To the best of our knowledge, this is the first
research work in the related literature that not only brings
under one roof three highly established routing protocols
that have been proposed specifically for VANETs, but also
evaluates their performance in a realistic manner.
The remainder of this paper is organized as follows: Section II presents the Related Work. Section III presents a
VANET-based traffic query application utilized in the analysis
section. Section IV performs an analysis of the performance
of the examined protocols under different scenarios. Finally,
Section V concludes this paper.
II. R ELATED W ORK
Our work is inspired by the rich body of prior work
on VANET routing and data dissemination protocols. Examples of such protocols (presented in chronological order)
include: GPCR [11], VADD [12], CAR [15], D-MinCost &
D-Greedy [16], LOUVRE [13] and SADV [17].
VANET simulations require realistic wireless network and
mobility models. However, the development of an open and
flexible simulation platform that will integrate wireless communications and road traffic simulation platforms in an environment that is easily tailored to specific situations allowing

performance analysis of cooperative ITS at urban level, still
remains an open issue (i.e., see iTetris EU project [18]). For
the evaluation of GPCR [11] the authors employed realistic
mobility traces from 955 vehicles moving within the real
road topology of Berlin, Germany. However, only a very
small fraction of the total vehicles available (10 randomly
selected vehicle pairs) exchange packets for a short period
of time (20 packets over 5 seconds). Likewise, the evaluation
of CAR [15], utilizes realistic mobility traces from a large
number of vehicles moving in and around the city-center of
Zurich, Switzerland [9], while 20 vehicles generate traffic
with a rate of 4 packets/s. Despite the utilization of realistic
mobility in the above works, the information exchange model
is simplistic and not representative of a VANET application,
and any use of it introduces subsequently the risk of obtaining
erroneous performance results. Furthermore in [9], all sourcesink pairs remain within the evaluation area for the whole
of the simulation duration, an assumption which does not
hold true in reality. Ongoing communication flows can break,
due to the decision of either the source/destination node to
abruptly depart the VANET, or due to the effects of network
partitioning. Consequently, it is essential that the evaluation
process demonstrates the ability of any routing protocol to
recover and handle appropriately such situations. The mobility
traces from Zurich are also utilized for the evaluation of DMinCost & D-Greedy [16], nevertheless vehicles exchange
on total only 100 messages in the whole duration of the
simulation. In [12], the authors evaluate the performance of
the delay-tolerant VADD protocols in a road network with
a grid layout, derived and normalized from the U.S. Census
Bureau TIGER [19] database. Since TIGER does not provide
information concerning one-way streets, therefore all streets in
the topology were considered two-way, an assumption which
ultimately affects the structure and dynamics of the IVC.
The evaluation is based on a maximum of 210 vehicles that
as in the case of [9], they unrealistically update their trip
destinations in order to remain in map for the whole simulation duration. In addition, only 15 traffic sources (vehicles)
are available that constantly send packets to two stationary
sites. Similarly, the performance of LOUVRE [13] has been
evaluated in a small road topology, derived from the TIGER
database. In contrast to [12], the authors employ realistic
mobility using VanetMobiSim for 100 vehicles. SADV [17]
is evaluated on a slightly larger grid topology than VADD and
LOUVRE, where vehicles take random trip until the end of the
simulation. In contrast to VADD, vehicles generate packets to
random destinations, nevertheless the total packet generation
rate in the map is constrained to 10 packets per second.
An important aspect of simulative testbeds is the realism of
the mobility traces. In the literature, only very few realistic
mobility trace datasets are publicly available(i.e. [9]). To
the best of our knowledge, the largest and most frequently
updated dataset in the literature is the one available by the
TAPAS-Cologne project [20], of the Institute of Transportation
Systems at the German Aerospace Center (ITS-DLR). By combining real-world data including the road topology, population
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demographics and traffic demands, and providing them as
input to the well-known and established SUMO [21] mobility
simulator, the project generated mobility traces that closely
describe the traffic within the city of Cologne, Germany for
24 hours.
In contrast to the above studies, this work evaluates the
performance of the three VANET protocols (GPCR, VADD,
LOUVRE) in a large-scale urban environment. Particularly,
for the purposes of our study, we consider the improved
version of the initial TAPAS-Cologne dataset, available in [8].
Moreover, to further observe the capabilities of each protocol,
we evaluate them under network traffic generated by a realistic
VANET application. Table I provides a comparison of the
approaches taken by the above research works in evaluating the
performance of the VANET routing protocols. The last column
presents the details of the approach taken in this paper.
III. V-R ADAR : A VANET- BASED T RAFFIC Q UERY
A PPLICATION
A. V-Radar
This section introduces a VANET-based, traffic query application, called V-Radar, which will be utilized in the analysis
presented in Section IV. The objective of using such an application, is to present each routing protocol to a environment
in which the network load and demand will closely resemble
the one that will be imposed by future VANET applications.
V-Radar extends upon our initial concept [22] of a VANETbased, traffic information system that works in tandem with
on-board navigation/route planning systems. We envision the
ability of an IVC-enabled vehicle to provide its driver with
valuable, close to real-time, traffic information by issuing
location-dependent queries to other vehicles. Particularly, we
assume that the driver and occupants of any vehicle would
like to minimize the travel time en-route to their destination.
Taking into account that each vehicle is aware of the roadnetwork topology through on-board digital maps and its current location through a global positioning system, the goal
of V-Radar is to identify the road-path to a destination that
imposes the minimum travel time. To discover such roadpaths we propose a traffic information query application that
resembles a directional-scan-radar.
Assume Vehicle X on Figure 1 is driven on Road A and
wishes to follow the road-path to its destination D with the
minimum travel time. However, X would also like to know
the prevailing traffic conditions for the other available paths to
D, in case a route change is required. Through its knowledge
of the road network, X can calculate and consequently rank
the K possible road-paths from the next intersection to the
intersection which is closest to D.

Fig. 1: V-Radar: A VANET-based Traffic Query Radar Application
At a predefined distance prior entering Road A, X issues
LookAhead (L) queries at a selected rate (R) towards all these
possible road-paths. LookAhead queries are propagated to a
certain depth L in each of the identified road-paths and obtain
the traffic conditions of all the roads up to and including
the specified depth. L, K and R are parametrised values
that can be adapted intelligently by the vehicle in order to
avoid swarming the network with data packets, while at the
same time maintaining acceptable levels of traffic information
quality.
Returning to the example of Figure 1, if X would like
to know the traffic conditions in all road-paths within the
boundary up to 2 roads ahead of its current position, then
the look ahead value will be set to L = 2 and the following
traffic queries will be generated: Query 1:{Roads B,D,I},
Query 2:{Roads E,G,I}, Query 3:{Roads E,J,K}, Query 4:
{Roads E,H,K} and Query 5:{Roads C,F,K}.
Consequently, generated queries are forwarded in a multihop fashion to each individual road in a given path, where
the required traffic information is retrieved either with the
cooperation of other vehicles (see the concept of VAHS in
[23]) or by the road-side infrastructure (i.e intelligent inductive
loops). Assuming that X’s driver chooses to follow the path
comprised of Roads A→E→G→I, the next query cycle can be
initiated either before entering any of the intermediate roads
or prior reaching any road on depth L − 1. In the example, if
the latter query cycle frequency is used, V-Radar will initiate
another set of look-ahead queries while the vehicle is moving
on Road E and prior reaching the starting intersection of Road
G. This process iterates until X reaches its destination D.
We assume also the existence of a location service which is
utilized to obtain the current geographic location of the querysource vehicle.

We acknowledge that issuing individual queries/replies to
and from each road in a given path to the destination can lead
to a substantial increase in the imposed network overhead.
Since this paper introduces the directional-scan-radar for the
purpose of generating realistic network traffic for the analysis
in Section IV, we will leave mechanisms for mitigating the
aforementioned side-effects as our future work.
IV. VANET P ROTOCOL P ERFORMANCE
A NALYSIS
A. Simulation Setup
For the purposes of the evaluation, GPCR, VADD and
LOUVRE were implemented from scratch under ns-3.11 [24],
trying to remain as accurate as possible given the information
provided in the original articles [11]–[13]. For baseline comparison, we include in our evaluation the well-known AODV
protocol [25]. AODV is a MANET reactive routing protocol
that builds routes on demand, and is often used in the literature
when evaluating the performance of VANET routing protocols.
The reasoning behind using AODV here, is to depict to the
reader how the performance of a MANET protocol compares
against the performance of VANET dedicated protocols in
the vehicular environment. Based on the findings of [26],
each vehicle broadcasts a HELLO beacon at a rate of 10Hz.
Data-rate was set to 3Mbit/s, and all the PHY and MAC
properties conform to IEEE 802.11p [27]. Table II presents
all the parameters that were utilized in the network simulator
throughout the evaluation.
B. Examined Metrics
We reside in the following metrics in order to evaluate the
performance of VADD, GPCR and LOUVRE.
• Packet Delivery Ratio: the ratio of queries received by
the destination vehicles/sites to those generated by the
source vehicles.
• Number of Hops: the average number of vehicles a query
has traversed in order to reach the destination. For roundtrip queries, the total number of hops (source-destinationsource) are calculated
• Average Delay: the average difference between the time
a traffic query was generated by the source node and the
time the reply to the source node was received. Dropped
or lost queries are not included.
Note that the results depicted in this section, account for the
average values of each of the above metrics, calculated over
5 runs for each simulation scenario, with different random
number seeds.
We employ the following scenarios to determine to what
extend the road topology, vehicular mobility and the application (information exchange model) affect the performance of
the above VANET protocols.
C. Typical Scenario
Initially, to understand to what extend the road topology
and consequently vehicular mobility affect the performance
of the above protocols, we opted to experiment on a scenario

typical to what is used in a number of research works in
the bibliography. The scenario consists of a 4Km X 3Km
grid-layout road topology extracted from the U.S. Census
Bureau TIGER [19] database, with 18 intersections and 26
bi-directional roads. Intersections are not controlled by traffic
lights, therefore vehicle turns (straight or left/right-turns) are
dictated by the prevailing traffic conditions at the intersection.
To simulate vehicular traffic conditions similar to that of an
urban environment, all horizontal roads are set as high-speed
roads with a speed limit of 80Km/h, while all vertical roads
are set as local roads with a speed limit of 55Km/h. We feed
the road network to SUMO [21] and generate random trips
for 250 vehicles, making sure that all of them remain in the
map for the whole of the simulation area. We provide two
variations of this typical urban scenario, one using a simplistic
information exchange model that mimics a parking place
reservation application and one using the V-Radar application.
Below we present the results of these two variations.
Parking Place Variation - we assume that a number of
vehicles would like to make a reservation to a specific parkinglot. Four static nodes are placed at the corners of the grid road
topology to simulate such a site. Among all vehicles, 15 of
them are randomly selected to send Constant-Bit Rate (CBR)
data packets to these 4 static sites. No reply is send back to
the vehicle for a reservation and duplicated requests arriving at
a site are simply discarded. We perform different simulations
to study the effect of varying the data sending rate (as per
Table II).
It can be observed in Figure 2, VADD achieves the highest
packet delivery ratio among all protocols. This is primarily due
its capacity to cache packets (a process known as carry-andforward) when: (i) no other vehicle exists in the vicinity of the
current packet carrier (i.e. network fragmentation), or (ii) none
of the carrier’s existing neighbors is considered to be a better
candidate to uptake the role of forwarding the packet to its
destination. Specifically, in this occasion, where the underlying
road topology layout and sparse vehicle density constantly
drive the network to fragmentation, VADD performs better by
buffering packets until network connectivity is established. On
the contrary, GPCR and LOUVRE do not support carry-andforward, hence they exhibit a much lower packet delivery ratio.
When such of the aforementioned conditions are encountered
in the network, both GPCR and LOUVRE silently drop the
packet.
The substantially higher packet delivery delay that VADD
exhibits in Figure 3, in contrast to the delay imposed by
the other three protocols, is attributed to the additional time
a packet spends in a vehicles’ cache. Our study revealed 1
that the increased packet delay in conjunction with the better
packet delivery ratio seen previously, stems from the fact that
VADD can serve packets for which their origin vehicle is
geographically further away from the destination site. Similarly, the very low packet delivery delay (≤1 sec) exhibited
by GPCR, LOUVRE and AODV, is due to the fact that all
1 Figure

omitted in the interest of space

GPCR
Protocol Variation
Vehicle Transmission Range
Propagation Model
Simulation Time
Data Rate
Beacon Generation Rate
Packet Generation Rate (pkt/sec)
Packet Size
Packet TTL
Cache TTL

GPCR-CC

VADD

LOUVRE

H-VADD
N/A
300m (802.11p)
Nakagami Propagation Loss
1000s (200s warm-up)
3Mbit/s
10Hz with some jitter
0.2, 0.4, 0.6, 0.8, 1.0
1KB
64
128 sec (where applicable)

AODV
N/A

TABLE II: Network Simulation setup parameters
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Fig. 2: Packet delivery ratio as a function of packet sending
rate - Typical scenario for parking place reservation
successfully received packets were the ones that either got
generated at proximity of the destination or on the very few
times where mobility was such that it permitted end-to-end
connectivity between geographically distant nodes.
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probability that a request will be propagated to its destination
even with some acceptable delay. Most importantly though,
they indicate that the performance of non carry-and-forward
protocols (i.e GPCR and LOUVRE) can be underestimated
due to conditions of poor network connectivity induced either
by low-vehicle density (considering the 250 vehicles in a 4x3
Km area) or unrealistic mobility. These two factors can cause
network fragmentation, which inevitably will result in packet
drops and consequently low packet delivery ratio.
V-Radar Variation - In light of the above we extend the
evaluation of the typical urban scenario, by introducing a
second case, where all vehicles are installed with the V-Radar
traffic information application presented in Section III. Prior
to initializing the simulation, all vehicles are pre-loaded with
a map of the underlying road topology (a directed graph) and
traffic statistics computed by SUMO.
In the V-Radar scenario, once a vehicle enters a new
road, it starts generating queries (with LookAhead (L)) to all
roads that make up the available road-paths leading to its
destination in order to identify the prevailing traffic conditions.
A vehicle calculates all the K-shortest road-paths from its
current position to its destination by running Yen’s K-shortest
path algorithm [28] on the road topology directed graph. For
the purposes of this evaluation we select a value of K = 3 and
L = 2. In addition, data packets containing traffic information
queries are generated with a CBR rate(R) between 0.2 and 1.0
packets per second (incremented by 0.2).
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As depicted in Figure 4, data packets in VADD traverse on
average the same number of hops as packets that are routed
with the aid of GPCR, LOUVRE and AODV. This is a clear
indication that carry-and-forward mechanisms do not affect
the number of hops during an end-to-end communication, they
merely assist by enabling the bridging of network fragments.
We note that the average 5-7 hops that a packet is required
to traverse en-route from source to destination are indicative
of the dimensions of the respective underlying road topology
and a wireless transmission range of approximately 300m.
Implications: From the above findings, it is evident that in
a scenario such as the parking spot reservation where there
is delay tolerance, carry-and-forward protocols in the likes
of VADD are highly suitable. Such protocols increase the
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Fig. 3: Packet delivery delay as a function of packet sending
rate - Typical scenario for parking place reservation
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Fig. 4: Number of Hops as a function of packet sending rate
- Typical scenario for parking place reservation
Once a vehicle approaches the end of the road, it stops
generating queries until it crosses an intersection and enters
a new road. Queries are propagated to the destination roads,
where a reply is generated and immediately routed back to
the source node. In case that no vehicle exists in any of
the destination roads, the packet is dropped. This road query

process is performed continuously, until 100 seconds prior to
the simulation end in order to allow for all vehicles to process
any packets which are still propagating the network (queued
queries or replies en-route to the source vehicle).
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unacceptable. As identified in [29], Traffic Flow and Enhanced
Route Guidance and Navigation applications such as V-Radar,
should have a maximum allowable latency of 1 second. A
packet delivery delay in excess of 40sec which is evident for
VADD in Figure 6 is not considered to be acceptable since it
increases the probability of acquiring stale traffic information.
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Fig. 5: Packet delivery ratio as a function of packet sending
rate - Typical scenario with V-Radar
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Fig. 6: Packet delivery delay as a function of packet sending
rate - Typical scenario with V-Radar
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Implications: In contrast to the previous case where all
vehicles were sending packets to a fixed site, here we observe
the performance of all protocols to degrade extensively. This
is due to the round-trip that each query has to perform; queries
need to be forwarded at first from the source vehicle to the
destination road - there, once a query reply has been formed
it has to be routed back to the query source node. In addition
a number of queries might be send towards some roads with
no vehicles at all. We notice that AODV exhibits the lowest
packet delivery ratio among all protocols and this is accounted
to its backward learning mechanism. Specifically, when an
node receives a query en-route to the destination road, it
creates a record to its routing table containing the address
of the previous node (previous hop) from which the query
arrived. Upon the query arrival at the destination road, a reply
is formed and send back to the origin vehicle through the
path which is formed by the previous hop records at each
intermediary node. However, due to the high dynamics of the
vehicular environment, the structure of inter-vehicle communication changes rapidly [2], thus the backward learning process
is not efficient and results to several packets being dropped due
to the expiration of backward links. On the contrary, GPCR
does not maintain a routing table. Queries and query replies
are routed from the origin node to the destination road and
back using ad hoc, geographic greedy forwarding. As in the
case of sending packets to a fixed side, GPCR can fail when
the VANET becomes fragmented and greedy forwarding in
no longer viable. On the contrary, VADD is able to counteract such fragmentation through its aforementioned carry-andforward capability. However, in the case where traffic does not
have a relatively stable state (as in the typical example above),
VADD might underestimate in the process of selecting the
best path towards the destination. This can impose additional
delays on a query. In an application such as V-Radar, where
vehicles would like to know the traffic conditions of the
roads further ahead in a relative short amount of time, the
packet delivery delay exhibited by VADD is considered to be
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Fig. 7: Number of hops as a function of packet sending rate Typical scenario with V-Radar
Despite the presence of V-Radar, the above two cases were
performed under a simple road topology with unrealistic, lowdensity mobility. Since mobility is key to the dynamics and
structure of VANETs - and consequently to the proper-function
of any application and service relying on such networks the performance of AODV, GPCR, VADD and LOUVRE
stemming from the above evaluation might be considerably
underestimated. The next section aims to investigate this
hypothesis.
D. Large-Scale Urban Scenario
In order to evaluate AODV, GPCR, VADD and LOUVRE
in a large-scale urban scenario, we employed the TAPASCologne [20] realistic mobility dataset from the Institute of
Transportation Systems at the German Aerospace Center (ITSDLR). The TAPAS-Cologne scenario contains mobility traces
that describe with very high realism the vehicular traffic within
and around the city of Cologne (Germany) for a period of 24
hours (the dataset covers approximately 400Km2 and 4500
roads). For the purposes of our study, we consider an improved

version of the initial TAPAS-Cologne dataset, available in [8].
Specifically, we utilize a reduced version of this improved
dataset, which contains vehicle trips between 6:00am and
8:00am. We study the first 1000 seconds of this interval,
in which a total of 4670 vehicles were emitted in the road
topology.
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Fig. 8: Packet delivery ratio as a function of packet sending
rate - TAPAS/Cologne
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Fig. 9: Packet delivery delay as a function of packet sending
rate - TAPAS/Cologne
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Fig. 10: Number of hops as a function of packet sending rate
- TAPAS/Cologne
In addition all vehicles are installed with the V-Radar traffic
application and generate queries as described previously in
Section IV-C.
By looking at Figure 8, we immediately observe the profound effect of mobility in the performance of the studied

VANET routing protocols. Because of the realistic microscopic
dynamics of each individual vehicle, the correct distribution of
vehicle flows in a macroscopic level and the high density in the
underlying road topology, the performance of GPCR, VADD
and LOUVRE improves significantly allowing traffic queries
and their respective replies to be routed more efficiently
and effectively. Even for a non-carry and forward protocol
such as LOUVRE, realistic mobility allows packet delivery
up to approximately 60% in comparison to the 35% in the
typical scenario with V-Radar. Since traffic conditions on the
TAPAS-Cologne scenario do not change as rapidly as those
in the typical scenario (i.e. traffic is stabilized), the overlay
network in LOUVRE is able to maintain a global vision
of the density distributions on roads, and thus it can route
information more efficiently than GPCR. Since the latter is not
aware of any important information concerning the underlying
road topology and consequently tries to route packet from
source to destination in a greedy fashion, it can encounter
local maxima situations such as empty roads from which it
cannot recover and eventually cause packets to be dropped.
Despite that, the performance of both LOUVRE and GPCR
in the TAPAS scenario outperforms their performance in
the typical scenario with V-Radar. Due to the better endto-end connectivity because of high vehicle density, greedy
forwarding can achieve a higher packet delivery.
Implications: The data buffering ability of VADD, as well
as the repetitive process at each encountered intersection of
calculating the optimal direction a packet must take to reach
its destination, allows it to avoid local maxima situations,
reducing the number of packets being dropped and hence
increasing the packet delivery ratio. Of course this comes as an
expense to the packet delivery delay, which as it can be seen
from Figure 9 is significantly higher than that imposed by the
other protocols. GPCR, LOUVRE and even AODV are able
to perform within the acceptable latency boundaries [29] for
an application such a V-Radar, although we note the fact that
queries are not propagated more than 2 roads ahead from the
vehicles current position (L = 2). In situations that a vehicle
would like to know the traffic conditions even further down the
road-path (L > 2), the lack of data buffering may degrade the
effectiveness of the aforementioned protocols. Furthermore,
we observe from Figure 10 that most of the time, packets
under LOUVRE require more hops from source to destination
and back than GPCR and AODV. The reasoning behind this
behavior, is the capacity of the LOUVRE to obtain a global
view of the topology, and hence being able to route around low
density areas (“voids” that cause packet drops) by introducing
a few additional network hops.
V. C ONCLUSIONS AND F UTURE W ORK
In this paper we argued that the design of VANET routing
protocols should follow a realistic and complete evaluation in
order to increase the possibility of identifying problems as
well as implications that need to be considered and addressed
to achieve optimal performance. We support our argument
by evaluating the performance of three widely acknowledged

VANET routing protocols GPCR, VADD and LOUVRE in a
large-scale urban environment with realistic vehicle mobility
and under network traffic generated from a novel traffic query
application, called V-Radar. To our knowledge this is the
first performance evaluation of these three VANET-dedicated
protocols. We compare the results of our evaluation approach
against the results obtained by adhering to approaches typically used in the literature. Although typical scenarios such
as the above and the ones used in the literature might provide
indications that a particular routing protocol has an acceptable
performance, they are rarely realistic. Indeed, through such
a scenario we observed that carry-and-forward techniques
such as the one employed by VADD perform better than
greedy forward protocols in terms of packet delivery. However,
by simply introducing an application such as V-Radar that
requires realistic mobility and imposes delay constraints on
data delivery, carry-and-forward protocols fail to perform
within acceptable limits. On the other hand, greedy forwarding
routing protocols such as GPCR prove that they are able
satisfy low delay requirements, however they still fail in low
vehicle densities due to network fragmentation. Through, the
large-scale realistic scenario, we observed that both geographic
and overlay routing protocols such as GPCR and LOUVRE
can perform close to carry-and-forward protocols in terms of
packet delivery, while still being able to satisfy the constraints
of non-delay tolerant applications. From the findings in this
work, one can easily acknowledge the benefits of uptaking
such a thorough and realistic approach in the performance
evaluation of VANET protocols. Therefore, as future work,
we plan on evaluating the performance of additional routing
protocols and under a complete set of realistic safety and
entertainment applications.
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