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Abstract

This paper investigates path loss characteristics for Vehicle-
to-Infrastructure (V2I) communications in urban and sub-
urban scenarios. We carried out measurements at 5.9 GHz.
The transmitter antenna heights are 3.5 m and 1.5 m and
the position of the receiver antenna is on the roof of the car.
Then we analyzed the path loss characteristics by using the
measured data. The results are helpful for the V2I commu-
nications system design.

1 Introduction

Recently, many countries are facing increasingly traffic
problems, such as unbearable traffic congestion, high ac-
cident rate and low efficiency of the existing transporta-
tion infrastructure. Therefore, many companies are seek-
ing to solve these problems through the implementation of
intelligent transportation system (ITS) [1]- [6]. Intelligent
transportation system requires high speed, high reliability,
advanced communication system as the foundation, typi-
cal examples are vehicle to vehicle (V2V) and vehicle-to-
infrastructure (V2I) communications.

The V2V communications have been widely investigated so
far [7]- [14]. In addition to the V2V, V2I is also very impor-
tant for ITS. V2I mainly aims at communications between
vehicles and road infrastructure, such as traffic lights, traffic
signs, etc. Through this kind of high efficient and reliable
communications, traffic management can be more intelli-
gent and more quality, it can effectively improve the road
traffic environment. Hence the research for channel propa-
gation characteristics of V2I communications is necessary
and meritorious.

This paper analyzes path loss characteristics for V2I com-
munications at 5.9 GHz based on measurements. Specifi-
cally, we measured in two scenarios (urban and suburban)
and two transmitter antenna heights (3.5 m and 1.5 m),
respectively. The results in this paper can be helpful for
the researches of signal transmission range and antenna ar-
rangement of V2I communications.

The remainder of the paper is organized as follows. Section
2 describes the measurement campaign. Section 3 presents

the results of the measurements. Conclusions are drawn in
Section 4.

2 Measurement campaign

In Section 2, we describe our measurement campaign with
two parts: Section 2.1 introduces the measurement system,
then the measurement environments are shown in Section
2.2.

2.1 Measurement System

The measurement system is based on National Instruments
(NI) software radio equipment. The NI PXIe-5663E is a
RF vector signal analyzer (VSA) with wide instantaneous
bandwidth, which is used as the receiver. The NI PXIe-
5673E is a wide-bandwidth RF vector signal generator (VS-
G), which is used as the transmitter. In addition, there are
some other necessary equipments, such as the power am-
plifier and clock modules. The amplifier is used to provide
a 31 dBm maximum transmitted power. Then two clock
modules locked with the GPS provide synchronization be-
tween the transmitter and the receiver.

2.2 Measurement Environment

A pair of omnidirectional microstrip antennas are used in
the measurements. As shown in Figure 1 (a), the position of
the transmitter antenna is fixed, set up in 3.5 meters and 1.5
meters, be used to simulate the higher and the lower road
infrastructure respectively. The receiver antenna is placed
on the roof of the car, about 1.5 meters.

The measurements are conducted on the urban and subur-
ban scenarios in Beijing, China. Figure 1 (b) shows the ur-
ban scenario. There are dense buildings around, in addition
many pedestrians and vehicles on the road. And as shown
in Figure 1 (c), only a small amount of buildings in sub-
urban scenario. The transmitting antenna is placed on the
bracket, and the receiver and antenna move along the blue
routes shown in Figure 1. Receiver and transmitter nearest
distance is 5 m, and the farthest distance is 700 m. We try



our best to avoid obstructions of large vehicle obstruction-
s, to ensure the existence of the line-of-sight (LOS) in the
measurements [15].
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Figure 1. Figure.1 (a) is the schematic diagram of the mea-
surements. Figure.1 (b) and Figure.1 (c) show the urban
and suburban scenarios respectively.

3 Results

3.1 Power Delay Profile

The power delay profile (PDP) has been widely used to de-
scribe the distribution of multi-path components (MPCs) on
delay domain in the measured environments [16, 17].
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Figure 2. Power delay profile. (a) 3.5 m transmitting an-
tenna in urban scenario, (b) 1.5 m transmitting antenna in
urban scenario, (c) 3.5 m transmitting antenna in suburban
scenario, (d) 1.5 m transmitting antenna in suburban sce-
nario.

The instantaneous PDP is denoted as [18]

P(t,τ) =| h(t,τ) |2 (1)

Table 1. γ and PL(d0)

γ PL(d0)
Urban-3.5 meters 1.98 44.8
Urban-1.5 meters 1.92 45.5

Suburban-3.5 meters 1.12 66.3
Suburban-1.5 meters 1.41 60.1

where h(t,τ) is the measured channel impulse response at
time t with delay τ . In order to get more accurate analy-
sis results, we set a noise threshold, and only those signals
larger than the noise threshold are considered. Then we ob-
tain the average PDPs (APDPs) by using a sliding window
with a length of 20 wavelengths.

Figure 2 (a) and (b) show the measured APDPs in urban
scenario (3.5 m and 1.5 m transmitter antenna respective-
ly). And the APDPs in suburban scenario are shown in Fig-
ure 2 (c) and (d). It can be seen in Figure 2, there is a clear
MPC next to the main component in urban scenario, and
this multi-path component is not obvious in suburban sce-
nario. In addition, when the distance between receiver and
transmitter is very small (minimum 5 meters), the urban re-
ceiving power is slightly larger than the suburban scenario,
meanwhile, it is lower with longer distance between receiv-
er and transmitter.

3.2 Path Loss

Path loss is a measure of the average RF attenuation to the
a transmitted signal when it arrives at the receiver. Path
loss model uses γ to show the relationship between the sep-
aration distance and the received power. It is modeled as
follows [19]

PL(dB) = PL(d0)+10γlog(
d
d0

)+Xδ (2)

where γ is the path loss exponent and PL(d0) is the inter-
cept value of the path loss model at the reference distance
d0 [20]. Xδ is a zero-mean Gaussian distributed random
variable describing the random shadowing [21].

Based on the measurements, the γ and PL(d0) are shown in
TABLE.1. It is clear that antenna height has a small influ-
ence on the results of the γ and PL(d0) in urban scenario.
As for suburban scenario, the results with higher antenna
has a smaller γ .

We test the two-ray path loss model with the measure-
ments [22]. Figure 3 and Figure 4 describe the scatter plot
of path loss versus log-distance and the theoretical path
loss two-ray model in urban and suburban scenarios, re-
spectively. It is found that the path loss generally fits the
two-ray path loss model, especially when the distance be-
tween transmitter and receiver within 50 meters to 300 me-
ters. The reason is that the difference between the realistic



environment and ideal environment is very huge, there are
a large number of reflectors and obstacles. Especially when
the distance is small, the surrounding reflection has a strong
effect on the received signal power.
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Figure 3. Scatter plots of path loss versus log-distance and
the theoretical path loss two-ray model in urban scenario.

Figure 4. Scatter plots of path loss versus log-distance and
the theoretical path loss two-ray model in suburban scenari-
o.

4 Conclusion

In this paper, measurement-based V2I path loss characteri-
zations are presented for urban and suburban scenarios with
different antenna heights. The conclusion is that the two-
ray model can be used to describe the path loss when the
distance between transmitter and receiver within 50 meters
to 300 meters. A higher antenna generally leads to a small-
er path loss exponent γ for urban scenario, and the path
loss exponents with different antenna heights are generally
the same for suburban scenario. The work for signal trans-
mission range and antenna arrangement of V2I communi-
cations will benefit from these results.

5 Acknowledgements

This work is supported in part by the National Natural
Science Foundation of China under Grant 61501020, the

State Key Laboratory of Rail Traffic Control and Safety
under Grant RCS2016ZJ005, the China Postdoctoral Sci-
ence Foundation under Grant 2016M591355, the Funda-
mental Research Funds for the Central Universities (No.
2016JBZ006), the Special Project of Cultivation and De-
velopment of Science and Technology Innovation Base in
2015, the National Natural Science Foundation of Chi-
na under Grant U1334202, the Natural Science Base Re-
search Plan in Shanxi Province of China under Grant
2015JM6320, and the Key Project from Beijing science and
Technology Commission under Grant D151100000115004.

References

[1] Ekedebe, Nnanna, et al. "On a simulation study of
cyber attacks on vehicle-to-infrastructure communi-
cation (V2I) in Intelligent Transportation System (IT-
S)." Proceedings of SPIE - The International Society
for Optical Engineering, 9497(2015).

[2] Miller, J. "Vehicle-to-vehicle-to-infrastructure
(V2V2I) intelligent transportation system architec-
ture." Intelligent Vehicles Symposium IEEE Xplore,
2008:715-720.

[3] Zhu, Jianmei, et al. "An Overview of Intelligent
Transportation System Communication Technology."
Eighth International Conference of Chinese Logistics
and Transportation Professionals, 2009:756-762.

[4] Dimitrakopoulos, G, and P. Demestichas. "Intelligent
Transportation Systems." IEEE Vehicular Technology
Magazine, 5,1(2010):77-84.

[5] Wang, Fei Yue. "Parallel Control and Management
for Intelligent Transportation Systems: Concepts, Ar-
chitectures, and Applications." IEEE Transactions on
Intelligent Transportation Systems, 11,3(2010):630-
638.

[6] He, Ruisi, et al. "High-Speed Railway Communica-
tions: From GSM-R to LTE-R." 11.3(2016):49-58.

[7] He, Ruisi, et al. "A Dynamic Wideband Directional
Channel Model for Vehicle-to-Vehicle Communica-
tions." IEEE Transactions on Industrial Electronics,
62,12(2015):7870-7882.

[8] Karedal J, Czink N, Paier A, et al. "Path Loss Model-
ing for Vehicle-to-Vehicle Communications[J]." 2011,
60(1):323-328.

[9] Cheng, Lin, et al. "Mobile Vehicle-to-Vehicle
Narrow-Band Channel Measurement and Charac-
terization of the 5.9 GHz Dedicated Short Range
Communication (DSRC) Frequency Band." IEEE
Journal on Selected Areas in Communications,
25,8(2007):1501-1516.

[10] He, Ruisi, et al. "Characterization of Quasi-
Stationarity Regions for Vehicle-to-Vehicle Radio



Channels." Antennas and Propagation IEEE Transac-
tions, 63,5(2015):2237-2251.

[11] Abbas, Taimoor, et al. "Directional Analysis of
Vehicle-to-Vehicle Propagation Channels." Vehicular
Technology Conference IEEE, 2011:1-5.

[12] Mecklenbrauker, C. F, et al. "Vehicular Channel Char-
acterization and Its Implications for Wireless System
Design and Performance." Proceedings of the IEEE,
99,7(2011):1189-1212.

[13] Molisch, A, et al. "A survey on vehicle-to-vehicle
propagation channels." Wireless Communications
IEEE, 16,6(2009):12-22.

[14] Paier, Alexander, et al. "Overview of Vehicle-to-
Vehicle Radio Channel Measurements for Collision
Avoidance Applications." Vehicular Technology Con-
ference DBLP, 2010:1-5.

[15] He, Ruisi, et al. "Vehicle-to-Vehicle Propagation
Models With Large Vehicle Obstructions." IEEE
Transactions on Intelligent Transportation Systems,
15,5(2014):2237-2248.

[16] Molisch, Andreas F. "Wireless Communications, 2nd
Edition." (2012).

[17] Bertoni, Henry L. "Radio Propagation for Modern
Wireless Systems." Prentice Hall Ptr (2000).

[18] He, Ruisi, et al. "On the Clustering of Radio Chan-
nel Impulse Responses Using Sparsity-Based Meth-
ods." IEEE Transactions on Antennas and Propaga-
tion, 64,6(2016):1-1.:42-49.

[19] Andersen, J. B, T. S. Rappaport, and S. Yoshida.
"Propagation measurements and models for wireless
communications channels." IEEE Communications
Magazine, 33,1(1995):42-49.

[20] He, Ruisi, et al. "An Empirical Path Loss Model and
Fading Analysis for High-Speed Railway Viaduct S-
cenarios." IEEE Antennas Wireless Propagation Let-
ters, 10,10(2011):808-812.

[21] He, R., et al. "Propagation measurements and analysis
for high-speed railway cutting scenario." Electronics
Letters, 47,21(2011):1167-1168.

[22] Sommer, C, S. Joerer, and F. Dressler. "On the ap-
plicability of Two-Ray path loss models for vehicular
network simulation." IEEE Vehicular NETWORKING
Conference IEEE, 2012:64-69.


		2017-01-26T09:07:01-0500
	Preflight Ticket Signature




