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1. Introduction 
 Recently, there is a greater risk of car-
pedestrian accidents when vehicles are traveling at 
low speeds [1]. To cope with this problem, advanced 
technologies are proposed to help prevent car-
pedestrian accidents when vehicles are traveling at 
low speeds. For example, a vehicle detection scheme 
using a smartphone has been proposed by exploiting 
a high frequency switching noise generated by a 
motor unit in hybrid or electric vehicles (HVs and 
EVs) [2]. In addition, a pedestrian-to-vehicle 
communication scheme that exchanges informations 
of position and velocity of the vehicle using a high-
frequency radio has been proposed [3]. Although 
these methods are effective, they are limited to HV 
and EV, or require dedicated hardware. Therefore, it 
is desirable if there are communication techniques 
that are easy to implement for both vehicle and 
pedestrian side.  

As an alternative, we have proposed an 
acoustic pedestrian-to-vehicle communication 
system using orthogonal frequency division 
multiplexing (OFDM), which can achieve relative 
velocity measurement and communication 
simultaneously (Fig. 1) [4]. From experiments using 
vehicles, we found that the proposed system can 
measure vehicle velocity (measurement range: -10 to 
10 km/h) within error of 1.3 km/h and 
communication without error at 4.5 to 40.5 meters, 
when the transmitter and the receiver are in the direct 
visual line of sight. However, experiments in other 
situations, such as an intersection with poor visibility 
has not been considered yet. In such environment, 
velocity measurement and communication 
performance may be affected by delay spreads and 
Doppler spreads. Hence, in this paper, we evaluate 
the performance of the proposed system in an 
outdoor environment with poor visibility. 

This paper consists of four sections. Sec-
tion 2 describes the outline of the proposed system. 
Section 3 evaluates the performance of the proposed 
system in an outdoor experiment in which a vehicle 
approaches a pedestrian in a non-line-of-sight envi-
ronment. Section 4 concludes this work. 
 
 

2. Proposed System 
Figure 1 shows a signal processing flow of the 

proposed system in the transmitter and the receiver. 
This system utilizes mobile information terminals 
such as smartphones that are widely used, and acous-
tic signal that is easy to implement for both vehicle 
and smartphone. In addition, acoustic communica-
tion is much sensitive to a large Doppler shift than 
other communication media in a dynamic environ-
ment. Hence, by utilizing this large Doppler shift, the 
relative velocity of the transmitter and the receiver 
can accurately be measured. 

 The transmitter is mounted on a vehicle, and 
it emits an acoustic signal from the loudspeaker. The 
acoustic signal was generated by (1) modulating the 
vehicle ID using OFDM. The receiver is mounted on 
a smartphone, and it alerts the user (pedestrian) when 
a vehicle is approaching by (2) measuring the rela-
tive velocity by detecting the Doppler shift of the re-
ceived signal [5], (3) correcting the Doppler shift of 
the received signal, (4) obtaining the vehicle ID by 
demodulating the Doppler-corrected signal and (5) 
judging vehicle approaching. 

In the phase measurement process, the re-
ceiver measures the Doppler shift as phase rotation 
of the received signal. The head and the end of the 
OFDM signal contain the same information so that 
the receiver can avoid intersymbol interference. The 
receiver calculates the inner-product of the head and 
the end of the OFDM received signal and measures 
the relative velocity 𝑉𝑉 as the phase rotation of the 
inner-product value 𝜃𝜃 as follows: 

𝑉𝑉 =  𝑐𝑐𝜃𝜃
2𝜋𝜋𝑓𝑓c𝑇𝑇 , (1) 

where 𝑐𝑐 is speed of sound, 𝑓𝑓c is carrier frequency, 
and 𝑇𝑇 is a signal bandwidth of the OFDM signal. 

 
Fig. 1  Overview of proposed system. 
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3. Experiment 

We tested the proposed system in a non-line-
of-sight environment. Figure 2 shows the experi-
mental environment. The transmitter consists of a PC 
with a software modulator (LabVIEW, National In-
struments), a digital-to-analog converter (USB-6212, 
National Instruments), an amplifier (PMA-390SE, 
DENON), and a loudspeaker (F77G98-6, TOP-
TONE). The receiver consists of an audio recorder 
(PCM-M10, Sony), and a PC with a software demod-
ulator. We mounted the transmitter and the receiver 
on a vehicle (DBA-E11, Nissan) and a tripod, respec-
tively. The vehicle with the transmitter approached 
the receiver at a speed of 5 and 10 (km/h). The trans-
mitter calculated OFDM signal using parameters 
shown in Table I, and emitted it as sounds. The re-
ceiver recorded the sound and judged whether the ve-
hicle is approaching or not.  

Figure 3 shows the relationships between the 
distance d (in Fig. 2) and packet error rate (PER), 
true velocity, and measured velocity. We consider 
one OFDM signal as one packet. Since there is no 
receiver in the direction of travel of the transmitter, 
the true relative velocity between a vehicle and a pe-
destrian changes depending on the distance d, as 
shown in Fig. 3 (dashed line). Measured velocity is 
a value obtained by averaging velocities measured 
from the received signal every 5 m. The experi-
mental results include 120 and 60 packets in Fig. 3(a) 
and (b), respectively. The error bar is the standard er-
ror of the measured velocity. When the distance d be-
comes longer, the proposed system failed communi-
cation and measurement. One of the reasons consid-
ered is the effects of delay spread. Due to the influ-
ence of delay spread, the position of the signal detec-
tion shifts, and measurement of velocity and commu-
nication are difficult. Since the cognitive distance for 
safety required for a vehicle at a speed of 10 km/h is 
5 m [6], the proposed system achieves sufficient per-
formance as an accident prevention measure. 

 
4. Conclusion 

We proposed the acoustic pedestrian-to-vehi-
cle communication system, and performed the out-
door experiment in a non-line-of-sight environment. 

When the transmitter and the receiver are in the 
direct visual line of sight, we achieved 
communication without error and measurement of 
vehicle velocity within error of 1.3 km/h. Even in a 
non-line-of-sight environment, we achieved 
communication without error and detection of 
vehicle approaching when d is 0-5 m. The proposed 
system achieves sufficient performance as an acci-
dent prevention measure. One of our future task in-
cludes improvement of the proposed system to cope 
with large delay spreads. 
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Fig. 2  Experimental environment. 

 
Fig. 3  Relationships between distance d and 

packet error rate, true velocity, and measured ve-
locity; (a) 5 km/h, (b) 10 km/h. 

Table I   Parameters used in experiment. 
Parameters Value 

Number of subcarriers 64 
Effective data rate (bps) 333 
Cyclic prefix length (s) 0.004 

Signal length (s) 0.012 
Modulation QPSK 

Sampling frequency (kHz) 96 
Carrier frequency (kHz) 6 
Signal bandwidth (kHz) 2 - 10 
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