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Abstract: The COVID-19 pandemic has highlighted the need for a means of enforcing a spatial distance between
individuals, of 1 meter or more (depending on the health policy of each country). Despite some urgent initiatives, nothing has
really been conclusive. Currently, some devices have been implemented but using technologies that threaten individual
freedom, are complex to implement and expensive (fixed camera or mobile robots with artificial intelligence). Thus, the
objective is to design a rapidly functional prototype free of these problems. This article proposes a spatial distancing equipment
using sensors (transmitter / receiver) with ultrasounds already existing in the trade, thus respecting the regulation in force on
the acoustic emissions. The use of 4 sensors, connected to an Arduino microcontroller, allows to cover an area around the
person of 360 degrees. When one of the sensors emits an acoustic wave, only the other 3 listen, avoiding the effects of
reverberations. So, if one of the 3 perceives a wave, it means that another similar device is emitting in a radius too close and
therefore that the recommended distance is not respected. The user will be warned by a sound or light signal. The prototype
designed was quickly functional, adaptable for distances ranging from 20cm to 4m depending on the desired distance, and
inexpensive. On the other hand, it is for the moment rather bulky but in the case of a marketing is quite possible to miniaturize
it.
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How can this spatial distancing be respected to ensure
one's own health safety and that of others? A sound or light
signal should be used to warn of non-compliance with this
rule.

Many devices can address this issue as shown in Figure 1.
Most of them require prior infrastructures to be put in place,
such as camera detection with artificial intelligence and/or
facial recognition [4-6]. They are therefore intrusive and do
not comply with the General Data Protection Regulation
(GDPR) [7]. This is also the case for communication systems
using WiFi, Bluetooth, ZigBee, [8-10]. The others because of
their prices are not suitable for large-scale deployment such
as drones or robots [11, 12].

Ultrasonic techniques are widely used in industry for
various sensing applications [13]. The adaptation of already

1. Introduction

VAROUS so-called barrier measures have been put in
place by many countries to combat the spread of SARS-cov-
2 and to protect the most vulnerable individuals.

In France, the Haut Conseil de la Santé Publique (HCSP)
recommends a physical distance of at least 1 meter between 2
individuals [1]. As a rule, a free space of 4m? around a
person is recommended by these experts, especially in the
school context [2].

The decree n°2020-548 of May 11, 2020 prescribing the
general measures necessary to face the epidemic of COVID-
19 within the framework of the state of sanitary emergency
came to recall the importance of the respect of the physical
distancing "in any place and in all circumstances" [3].



193 Quentin Lagarde ef al.: Acoustic Modules to Help with Spatial Distancing

existing ultrasonic sensors can allow to answer this specific

problem to have a quickly functional spatial distancing aid

module without the deployment of a particular infrastructure,
inexpensive, without using personal data.
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Figure 1. The different technological possibilities to respect the spatial distance [14].

2. Methods

The sensor used is the HC-SR04 (Figure 2) [15]
compatible with the Arduino microcontroller.

Figure 3. The different signals emitted and received by the HC-SR04 sensor
observed on the oscilloscope. The pink curve represents the Trigger, the
yellow curve the pulses emitted at 40kHz, the blue curve the Echo and the
green.

Originally, the Ultrasonic sensor allows to measure a
distance between the sensor and an object at a range between
2cm to 4m. It consists of a transmitting part and another
receiving part (Figure 2).

To understand how it works, the signals emitted and
received by the sensor can be seen on Figure 3. The Trigger
(pink curve) triggers the sending of 8 pulses emitted at
40kHz (yellow curve) which will excite the transmitter
membrane and generate the acoustic wave, which triggers the
passage to the high state, the Echo (blue curve).

2 solutions:

1) An object is present in the detection zone. In this case
the signal received (green curve) comes from the
reflection of the signal emitted on the object. The shape
of the signal corresponds to the oscillations of the
membrane of the ultrasonic transmitter. When the signal
is strong enough to be perceived, it exceeds the
detection threshold. The echo returns to the low state.
The distance between the object and the sensor is
proportional to the time the Echo spends in the high
state.

2) If no object is present, the Echo returns to the low state
after a time corresponding to its detection limit.

Based on the basic principle of the sensor, distancing
devices with a transmitter/receiver of the type HC-SR04 exist
in the literature [16]. It detects nearby persons in a 60°
direction (Figure 4) with distance measurement. However, it
also detects all surrounding objects. Moreover, the presence
of several devices disturbs its operation by giving distorted
distances and consequently does not allow to know if the
spatial distancing is respected.
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Figure 4. Sensor directivity performance HC-SR04 [15].

To overcome the problems described above, the idea is to
associate for the same module, 4 ultrasonic sensors
Transmitters/Receivers in 4 different directions to have a 360°

vision (Figure 5).
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Figure 5. Representation of the spatial distancing device with the 4
ultrasonic sensors allowing a 360° vision.
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-

In the case of our prototype, the transmitter C1 will be
connected to the receiver C3 (and not to the receiver C1 as
initially configured) and vice versa and the transmitter C2
will be connected to the receiver C4 and vice versa. Thus,
when C1 emits its acoustic wave, the receiver C3 starts
listening. In turn, the sensors and their associated receivers
transmit and listen. Thus, a receiver hears a wave only if it
comes from a neighboring device and not from a reflection of
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its own mechanism.

To determine if the person with the device is entering the
safety zone, the detection threshold is adjusted so that the
receiver will or will not perceive the wave (Figure 6).

Transmitter I\/\/\/\ Receiver
Transmitter ’\N\/\—’ W Receiver

Figure 6. Principle of the operation by threshold of detection of the sensor
with Ultrasounds to determine the distance to be respected. In the first case,
the signal is too attenuated for the receiver to detect the emitted wave
meaning that the distance is respect.

The range is set by using the attenuation as a function of
the propagation of the acoustic wave to adjust the range of
the device.

3. Results and Discussions

The prototype of the spatial distancing aid module with the
four ultrasonic sensors is as shown in Figure 7.

Figure 7. Prototype of the acoustic spatial distancing aid.

When the green LED is lit continuously, it means that it
does not detect other devices in its field of view. The Echo
(blue curve Figure 8) automatically drops after 180 ms. The
value returned by the receiver to the Arduino when the sensor
does not receive a signal, called the empty value, corresponds
to a value greater than 1200 (Figure 10). Thus, as can be seen
in the code programmed in Figure 9, as soon as the receiver
returns this empty value, the LED remains lit.
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Figure 8. The different signals emitted and received by the HC-SR04 sensor when there is no transmitting device in front of it, observed on the oscilloscope.
The yellow curve represents the Trigger, the green curve the pulses emitted at 40kHz, the blue curve the Echo and the pink curve the received signal.

Figure 9. Arduino programming code allowing the device to know if the distancing is respected or not.
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If this is not the case, the LED starts to flash, indicating
that the device is receiving an acoustic wave and that the
spatial distance is no longer respected. In fact, the Echo, goes
down when the receiver detects a certain threshold level,
corresponding to a value lower than the idle value. For
example, Figure 11, 2 devices are located face to face at less
than 1 meter from each other. The receiver 1 of the devices
see a value lower than 1200. Thus, the distance is no longer
respected and the LED flashes.
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Figure 10. Distance displayed by the Arduino serial monitor for receivers 1,
2, 3 and 4 of device 1 without any other device around.
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Figure 11. Distance displayed by the Arduino serial monitor for receiver 1,
2, 3 and 4 of device 1 with the presence of a 2nd device at Im.

4. Conclusion

The device presented in this paper is a spatial distancing aid
module that aims to maintain a physical distance between
individuals to limit the spread and contamination of COVID-19.

The system uses 4 ultrasonic sensors and a micro-
controller allowing a 360° detection of any other person
having at his disposal a similar device. If the recommended
distance is not respected, a sound or light signal is emitted to
warn people that they are no longer respecting the
recommendations.

The use of ultrasonic sensors allows to have a quickly
functional product, adaptable and respecting the legislation
with a possible marketing. In fact, the reversing radars of cars
use the same technology. In the case of a commercialization,
it would be necessary to entirely revise the device so that it is
miniaturized and completely adapted to this problem of
distancing.

This device can be used for other applications such as
isolation measures for sick animals.
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