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Abstract
Vehicular Ad-hoc Networks (VANETs) using a connected-car technology can support various applications in
Cooperative Intelligent Transportation Systems (C-ITS). While WAVE/DSRC has been investigated by a number
of researchers to support VANETs, it may not be easy to distribute WAVE/DSRC in the near future due to several
practical obstacles. In this paper, we discuss an alternative to support V2X communication without using
WAVE/DSRC. Therefore, we propose a novel hybrid system which incorporates a flexible mix of a cellular
network and Wi-Fi Direct. Especially, to offload cellular traffic and alleviate additional cost, Wi-Fi Direct is used
as a subsidiary method to enable communication by using local links without the help of infrastructure. We hope
that our work catalyzes introducing vehicular applications.
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1. Introduction
Cooperative Intelligent Transportation System (C-ITS) uses wireless technologies that enable vehicles to
communicate with other vehicles as well as with infrastructure in order to improve road safety, traffic
efficiency, and fuel efficiency. There are quite a number of different types of applications based on vehicleto-vehicle (V2V) and vehicle-to-infrastructure (V2I) communication. Although it is possible to implement
these applications without the help of vehicle-to-everything (V2X) communication, V2X significantly
improves the performance of these systems [1], [2], [3]. For example, vehicle platooning is possible by
only utilizing adaptive cruise control (ACC) which does not use V2X for calculating inter-vehicle distance.
If all vehicles form cooperative adaptive cruise control (CACC) based platoon, traffic flow (vehicles per
hour) on the road can be increased approximately more than 2.5 times higher [4]. This is one example to
illustrate the importance of wireless communications for the advanced performance of C-ITS. However, it
is expected that deployment of DSRC (Dedicated Short Range Communication), which is currently
standardized for the V2X communication, requires several decades. Therefore, new attempts at the V2X
communication have created the integration of various wireless communication technologies without using
expensive infrastructure. Some of them are interested in utilizing a smartphone to implement
DSRC/WAVE-based solutions by focusing on high smartphone penetration rate [5]. It provides more
convenient and safer driving conditions on the road at overall lower costs.
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2. Hybrid Communication System

Figure 1. Device Discovery Phase

Figure 2. Formation Phase

There are several types of network technologies in a smartphone. Among them, Cellular and Wi-Fi Direct is
a proper candidate for V2X communication. Cellular provides reliable connectivity but it requires a cost. WiFi Direct provides fast and low latency communication but it takes a lot of time for connection establishment.
To compensate each other’s weakness, we combine this two technologies in our hybrid system. There are
two parts for slow connection in Wi-Fi Direct. Each part is illustrated in Fig 1 and Fig 2 respectively. To
exchange data, it should complete device discovery and formation phase. However, time taken for completing
these phase requires up to 15 seconds. To reduce this time, smartphones pre-exchange data which is used in
phase 1 and phase 2 at the initialization step. By doing so, device discovery phase only requires 200 ms and
formation phase requires 1 seconds in our simulation.

3. Conclusions
Vehicular applications are really helpful for both drivers and passengers. Although there is already
standardized vehicular technology, there is no deployment in the real world. It means that people should wait
for getting the benefit from these applications. We implement a smartphone based vehicular communication
system. In this system, we mainly focus on a Wi-Fi Direct to exchange packet and to reduce the connection
establishment time in Wi-Fi Direct, cellular communication is exploited. As a result, connection
establishment time is reduced from 15 seconds to 1.2 seconds

4. Acknowledgement
This research was supported in part by Global Research Laboratory Program (2013K1A1A2A02078326)
through NRF, DGIST Research and Development Program (CPS Global Center) funded by the MSIP, and
Institute for Information & communications Technology Promotion (IITP) grant funded by the Korean
government (MSIP) (No. B0101-15-0557, Resilient Cyber-Physical Systems Research).

References
[1] Vander Werf, Joel, et al. "Effects of adaptive cruise control systems on highway traffic flow capacity."
Transportation Research Record: Journal of the Transportation Research Board 1800 (2002): 78-84.
[2] Ni, Daiheng, et al. "Preliminary estimate of highway capacity benefit attainable with IntelliDrive
technologies." Intelligent Transportation Systems (ITSC), 2010 13th International IEEE Conference on. IEEE,
2010.
[3] Tsai, Ming-Fong, et al. "Implementation of dedicated short range communications combined with radar
detection for forward collision warning system." International Journal of Wireless Networks and Broadband
Technologies (IJWNBT) 2.1 (2012): 49-63.
[4] Tientrakool, Patcharinee, Ya-Chi Ho, and Nicholas F. Maxemchuk. "Highway capacity benefits from using
vehicle-to-vehicle communication and sensors for collision avoidance." Vehicular Technology Conference (VTC
Fall), 2011 IEEE. IEEE, 2011.
[5] https://ondeviceresearch.com/blog/global-smartphone-penetration-2014

The 12th lEMEK Symposium on Embedded Technology, Busan, Korea

2

