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Abstract: Vehicular ad hoc Networks (VANETs) enable vehicles to communicate with each other as well
with roadside units (RSUs). Although there is a significant research effort in radio channel modelling
focused in vehicle to vehicle (V2V), not much work has been done for vehicle to infrastructure (V2I)
using 3D ray-tracing tools. This work evaluates some important characteristics of a V2I wireless channel
link such as Received Power, Power Delay Profile, Delay Spread and Coherence Bandwidth, in an urban
scenario using a deterministic simulation model based on an in-house 3D Ray-Launching algorithm.

Analysis using Wireless Sensor Networks (WSNs) at 868MHz, 2.4 and 5.9 GHz are presented. Results
shown the highly impact of the distance, link frequency, location of RSUs and obstacles in the LoS (Line
of Sight) have in V2I channel propagation. These results constitute the start point in the deployment of
radio-planning in V2I environments.

Keywords: Wireless Sensor Networks (WSN), 3D Ray Launching, Vehicular Ad-Hoc Networks (VANET), Vehicle-to-
Infrastructure communication (V2I)
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1. Introduction
- The area of Intelligent Transportation System (ITS) includes three major approaches to

communication: Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I) and Vehicle to Pedestrian
(V2P). The V2I Communications is the bi-directional wireless exchange of information between
vehicles and Road Side Units (RSUs).

- There are few scientific work for V2I propagation analysis, even less using deterministic tools for
urban environments. In this work, a deterministic method has been used, specifically an in-house
3D Ray Launching (RL) algorithm, based on Geometrical Optics (GO) and Geometrical Theory of
Diffraction (GTD).

- The paper are arranged as follow: characterization and scenery simulation (section2). Results of the
analysis: Received Power (RP), Power delay Profile (PDP), Root-Mean-Square Delay Spread (RMS
delay spread) and Coherence Bandwidth (CB) (Section 3). Conclusions and future work (Section 4)
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2.	Simulation	Urban	Scenario	

The	area	encompasses	380.000m3 (190m	x	100m	x	20m)	of	scenario.	The	analysis	was	carried	out	for	frequencies	
at:	868MHz,	2.4GHz	and	5.9GHz.	The	height	of	the	transmitter	(Tx)	and	receiver	(Rx)	antennas	was	defined	at	1.5m	
for	cars	and	9m	for	lampposts.	The	transmitted	power	was	considered	at	0dBm	and	the	power	reference	level	
(sensitivity)	was	considered	at	-120dBm.
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3.	Received	Power

- Surf	plot	of	RP	at	Z-plane	of	1.5m	when:	(a)	the	frequency	of	the	transmitter,	situated	at	Tx-LUP	is	2.4GHz	and	(b)	the	
frequency	of	the	transmitter,	situated	at	LDO	(Tx-LDO)	is	5.9GHz.	

- 2D	map	where	zone1(colored)	is	above	to	-120	dBm,	and	zone2(uncolored)	is	below	to	-120	dBm.
- Buildings	impacts	dramatically	the	RP.	Power	loss	is	higher	at	5.9	GHz.	It	is	required	at	least	2	RSU	for	optimal	

wireless	coverage.
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3.	Time	dispersive	parameters
3.1	Power Delay Profile

- PDP	for	Tx-LUP	and	Rx- CRI	at	5.9GHz	and	Rx-CDO	at	868MHz	and	5.9GHz.
- The	time	dispersive	effects	are	more	notorious	for	5.9GHz	
- Conversely,	the	average	of	RP	is	less	for	5.9GHz	versus	868MHz	for	CDO.
- The	density	of	the	received	rays	is	higher	in	the	vicinity	of	the	Tx-LUP	due	to	the	multipath	propagation
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3.	Time	dispersive	parameters
3.1	RMS	delay	spread	and	CB

- Figure	(a)	and	(c)	show	RMS	delay	spread	and	CB	respectively	at	Tx-LUP	and	Rx	at	vehicles	level(1.5m).
- RMS	delay	spread	exhibit	its	highest	values	at	zone1	and	CB	at	Zone2.	Areas	closer	to	the	antenna	Tx have	the	higher	

RMS	delay	spread.
- Highest	values	of	CB	correspond	to	areas	with	channel	availability,	however,	the	RPs	values	below	the	sensitivity	

level,	means	the	wireless	communication	will	be	unable.	
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4.	Conclusions	and	future	work.	

4.1. A 3D in-house ray-launching tool has been used, which enables an accurate evaluation of RP, PDP, RMS delay
spread and CB in the context of V2I environments, using WSNs at frequencies of 868Mhz, 2.4GHz and 5.9GHz.

4.2 Factors such as distance from Tx, link frequency, location of RSUs and, obstacles in the LoS will have profound
impact in the V2I channel propagation. It is observed lower RP and higher dispersion signal levels at 5.9GHz.

4.3 The higher the obstacles in the LoS, the higher the power loss: the buildings yield the more significant power
loss, however, they induce the well-known phenomenon of waveguide effect along the streets, which should be
taking into account in the deployment of RSUs at intersections.

4.4 At least 2 RSUs located at specific street intersections are needed to provide optimal V2I wireless communication
in terms of coverage.

4.5 As a future work, a measurement campaign should be considered for the urban scenery in order to contrast the
3D RL simulation results, with test-field measurements. The identification and characterization of significant areas
could lead us to the proposal of an empirical or statistical propagation model. Geographical area (zone2) with high
CB and low RP levels where the V2I communication is unable, could be of special interest in research fields as
cognitive radio, V2P, etc.
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