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Abstract. The ongoing efforts to apply advanced technologies to help

solve transportation problems include the growing trend of integrating
mobile wireless communications into transportation systems.
In
particular, vehicular ad hoc networks (VANETs) allow vehicles to
constitute a decentralized traffic information system on roadways and to
share their own information. In this paper, we provide a comprehensive
survey on various simulation methods for VANET systems.

1. Introduction
To date, numerous VANET simulators have been proposed in the literature, and
the quality of VANET simulation has grown over time. Yet, there remain limitations
in existing methods and the state of art is far from fulfilling the needs that VANET
research community calls for. In this section, we briefly review prior work on
VANET simulation and discuss their unique properties as well as the differences from
our framework.
Based on architecture, we categorize existing VANET simulators into four. (i)
Mobility-trace-based VANET simulator uses an existing network simulator with
vehicular mobility trace fed into the simulator as a static input. (ii) Mobilityimplemented network simulator extends an existing network simulator by
implementing vehicular mobility model within the framework. (iii) Mobility-network
integrated simulator combines two existing simulators, one for mobility and the other
for network, by implementing inter-simulator interface. (iv) Tightly-coupled VANET
simulator is a standalone framework with two components (mobility and network)
tightly coupled, and usually developed from the scratch.

2. Traffic Only Simulator
In order to simulate various vehicle movements such as car following, lane
changing, shock waves and queuing, microscopic transportation simulators were
employed in many studies.
SUMO is an open source microscopic transportation simulator designed for
large road network [9] and MOVE is an extension of SUMO with GUI support [10].
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The limitation of SUMO and MOVE is that their features do not include any lane
change or obstacle mobility models [13]. VanetMobiSim is a widely used mobility
trace generator that supports macro-mobility features and micro-mobility features [7].
FreeSim [5] is another customizable macroscopic and microscopic transportation
simulator licensed under the GNU. These transportation-oriented tools simulate
various traffic circumstances but not the network communications. Corsim [4] and
Paramics [17] are well-known traffic simulation tools that implement aforementioned
mobility models.

3. Network Only Simulator
GloMoSim is a network simulator that currently supports purely wireless
network protocols [12]. It was designed similar to the OSI seven layer. QualNet, a
commercial version of GloMoSim [19], is very powerful in a sense that it supports a
large set of physical and link layer models and parallel architecture which makes it
extremely scalable (up to tens of thousands of nodes). OPNET [16] is a commercial
network simulator that has a large amount of network elements available, and it
enables various network configuration functionalities.
Ns-2, an open-source
program, is the most widely used network simulator that simulates link-layer and
limited physical layer characteristics [15]. However, ns-2 does not scale well (up to a
few thousands of nodes) and its quality of simulation in physical layer is insufficient
for highly dynamic nature of VANET. SWANS [6] is a network simulator similar to
ns-2 or GloMoSim, but it supports larger networks.

4. Mobility-trace-based network-centric simulator
Blum et al. [1] used CORSIM [4] and CARLINK [3] used VanetMobiSim to
generate a mobility trace, which is fed into ns-2. This method, however, cannot
simulate how the inter-vehicle communication can affect driving behavior; for
example, it cannot show how vehicles can change their paths or lanes to avoid
congestion, based on traffic information collected by VANET. In the following, we
call a simulator with such network-to-transportation feedback bidirectional-feedback
simulator; otherwise, we call unidirectional. Without bidirectional-feedback support,
the simulator is only appropriate for infotainment applications.

5. Mobility-implemented network simulator
Instead of using trace for vehicle movement, ASH [8] and Wischhof et al. [23]
implemented mobility model directly inside the network simulator. Wischhof et al.
[23] implemented a mobility model based on a cellular automation model, but
bidirectional-feedback was not implemented. ASH (Application-aware SWANS with
Highway mobility) takes the same approach. ASH implements IDM (Intelligent
Driver Model) with car following and MOBIL lane changing model, inside SWANS
network simulator. ASH supports bidirectional feedback.
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6. Mobility-network integrated simulator
Wu [24] combined QualNet with CORSIM by implementing an interface called
CQCL. Authors focused on optimizing communication overhead between simulators,
while supporting only unidirectional feedback.
TraNS [18] is integrates transportation simulator SUMO [8] with ns-2 via an
interface called TraCI. TraNS translates mobility commands of ns-2 into primitive
driving directions, then are sent to SUMO. TraNS provides bidirectional feedback
between ns-2 and SUMO. SWANS++ [22] is a tightly integrated simulator that added
mobility model STRAW (STreet RAndom Waypoint) [21] into SWAN. STRAW is a
random waypoint model over streets and supports no lane changing. SWANS++ only
supports unidirectional-feedback. Veins (Vehicles in Network Simulation) [20] is
another tightly coupled simulator that integrates a transportation simulator SUMO
with a network simulator OMNet++ through a TCP connection.

7. Monolithic VANET simulator
NCTUns [14] is a standalone VANET simulator that integrates transportation
simulation capabilities with network simulation capabilities. The network protocol of
NCTUns is integrated with the Linux kernel protocol stacks, making any Linux
network application compatible with NCTUns. GrooveNet [11] is a hybrid VANET
simulator that allows communication between simulated vehicles and real vehicles on
the road. GrooveNet’s modular architecture incorporates mobility, trip, and message
broadcast models over a variety of link and physical layer communication models.
GrooveNet and NCTUns are becoming widely accepted as VANET simulation tools,
but they still need further improvement and extension to meet various needs of
transportation research [13].
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