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Abstract—The management of the current pandemic COVID-19 has been challenging and complex.
The main and only successes have been achieved with non-pharmacological interventions (NPI). When
tracking, monitoring, and early intervention at home have been delivered to citizens, the contagion
can be controlled. In the current pandemic, various methods have been applied to track the COVID-
19 virus, such as Korea’s mobile phone tracking system. We propose a method based on a wearable
bracelet prototype able to detect biomedical parameters, which can be very useful to monitor the virus
infection when the patient develops symptoms, such as a high temperature or low blood oxygenation.
In particular, the prototype bracelet can measure the blood oxygenation using an infrared optical sensor
and measure the temperature of the patient. The bracelet can record the identification number of other
bracelet devices that came in proximity. The bracelet is equipped with a built-in low power Bluetooth,
aimed to send the recorded data to a smartphone or another device in order to connect them with
proper geo-localization and to the web. The identification number of the patient device can be used
to trace the number of people and whom he has been in contact with, immediately by the sanitary
authorities. Moreover, the bracelet can be used for monitoring the patient’s health at home, avoiding
hospital’s overcrowding. The proposed system not only can effectively localize the trace path of patients
positive to the COVID-19 virus or to other respiratory diseases, but also can provide an evolution of
the patient symptoms and monitor people in-home quarantine. The system is simple and could be an
efficient tool to track any other future pandemics.

1. INTRODUCTION

The novel coronavirus (COVID-19) outbreak started when Wuhan City of Hubei Province in South
China reported 27 cases of atypical pneumonia on December 31, 2019 [1]. Later, the Chinese Government
and the World Health Organization (WHO) recognized a novel coronavirus (COVID-19) belongs to the
same virus family of the Severe Acute Respiratory Syndrome (SARS) that outbroke in 2002–2003 [2].
After a rapid spread and exceeding the total number of cases across the world compared to SARS
cases, the SARS-COV-19 (COVID-19) was declared a pandemic by the World Health Organization
(WHO) on March 11, 2020 [3]. The COVID-19 is a respiratory disease which means that it primarily
injures the vascular endothelium. Globally, the confirmed cases of the COVID-19 have surpassed 15
million, and death has exceeded 636,000. Even when the victims are not at vulnerable age or do not
have preexisting comorbidity, the doctors are discerning that a COVID-19 effect can also extend to
many vital organs, including the heart, blood arteries, kidneys, abdomen, and brain [4]. Respiratory
distress includes a critical vascular insult that mandates intensive care units raise. The approach to
ventilator management and contribution is vital. The study in [5] of the Lombardi region has found that
most patients were admitted to the ICU with acute hypoxemic respiratory failure that required urgent
respiratory support. Moreover, a large proportion of patients who required urgent support were older
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men and had high levels of positive end-expiratory pressure (PEEP). Among the confirmed patients,
88% of them needed Endotracheal intubation and invasive mechanical ventilation, whereas 11% could
manage with noninvasive ventilation. The provision and availability of intensive care unit (ICU) beds
differ among the countries. Many countries have taken strong lockdown measures to prohibit the virus’s
transmission, such as imposing the fine, warning citizens from going outdoors, suspending the public
gathering, and adjourning transport between cities. These extraordinary measures were presumed to
effectively stop virus transmission and gain the necessary time to extend medical resources to highly
affected areas. Report [6] suggest that the asymptomatic person with unusually low blood-oxygen
levels, or hypoxia is unaware and reacts very normally while talking on their phones or chatting with
doctors [7–9]. They define themselves as a healthy person. It is known as a happy hypoxia. Moreover,
the knowledge of the asymptomatic persons and critically ill patients are essential for the health and
government officials to engage in planning efforts to address community transmission. One reason is
the lack of information transparency at the initial stage of the outbreak. Publishing the epidemic
information timely and correctly is very crucial for the anti-epidemic response [13–15]. The accurate
and transparent report could prevent the spread of the COVID-19 at the beginning. Predicting the
pandemic’s spread and tracking becomes extremely important for decision-making against the public
health crisis. Some governments have developed and adapted the use of Digital Contact Tracing
to reduce the disease’s spread by accessing the user and the patients’ location trails by creating a
surveillance state. The Singapore government had demonstrated a new contact-tracing smartphone app
called Trace Together as a preventive step toward the COVID-19.

The report [1, 2] shows that the early symptoms of this epidemic are fever (atypical pneumonia),
dry-cough, and oxygen deficiency, which leads to the difficulty of breathing. In this study, we present
an early-stage system for predicting and monitoring respiratory diseases such as the COVID-19. The
system is based on a wearable bracelet prototype, able to measure real-time biomedical parameters useful
to create the medical report of a patient remotely. The prototype bracelet is equipped with a low power
Bluetooth, temperature sensor, and an infrared optical sensor to identify blood oxygenation. Also, the
prototype bracelet is equipped with a built-in unique identification number (ID), which can record the
identification number of other bracelet devices when the other devices come into its proximity. These
recorded data can be sent to a smartphone application to connect them with proper geo-localization and
forward them on the web. This identification record number could help trace the number of people he
has been in contact with if any person showing symptoms or tested positive. Our results are promising
and vital to managing the novel coronavirus emergency since it can effectively localize the virus’s trace
path. Besides, it can record the progress of patient symptoms and monitor them at home while in
quarantine. The proposed system is only a preliminary prototype, and its performance can be strongly
improved by using innovative two-dimensional semiconductors with higher charge carrier mobility as
reported in the related literature [16–25].

2. SYSTEM DESCRIPTION

In this section, the real-time life signals monitoring is given in detail; it consists of a wearable bracelet
and a suitable android application to customize the bracelet functions to keep track of patient contacts.
The wearable bracelet is equipped with an oximeter and a thermometer connected with a microprocessor.
The device chosen is the SmartBond DA14681 produced by Dialog Semiconductor, a small-sized
board typically used for IoT application, which can provide good computing power despite low power
consumption, shown in Fig. 1 [10]. It also supports Bluetooth version 4.2, which requires little energy
to operate, ensuring a good transmission speed (theoretically 221.7 kbps kb/s [11]). As a result of the
ability for the Smartbond card to use Bluetooth, it was chosen to develop an application that would
test its communication and operation.

The elaboration unit is equipped with a GPIO interface, a set of seven I/O channels, an I2C port,
and an LBE Bluetooth card aimed to exchange data with a smartphone or another device equipped
with Bluetooth. The power supply is provided by the means of a rechargeable battery (CR2032)
that guarantees an autonomy about four days of continuous operation. The sample time and data
transmission protocol can be set adequately through a suitable mobile phone app. The oximeter (model
MAX30101 pulse oximeter and heart rate monitor) is used to measure the blood oxygenation and
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Figure 1. Photo of wearable sensor prototype.

heartbeat rate, and it can be easily connected to the I2C bus. The thermometer is an MLX906114ESF-
BAA model, an infrared thermometer designed for non-contact temperature sensing, and it is provided
with an internal 17-bit A/D and an I2C port. The sensors are turned on only when the measure is
performed in the GPIO interface to save energy. To provide an accurate time stamp to the data, a GY-
SI531 clock module has been used. The oxygen sensor makes use of the same infrared sensor commonly
used in biomedical devices, and in hospitals, our device makes the measurement on the patient wrist
standard devices on the finger or ear. We performed a set of calibration in order to be sure that the
provided measure was accurate. All the components, sensors, clock reference, and elaboration unit have
been assembled inside a rubber case designed with a 3D printer. Photos of the bracelet prototype are
displayed in Fig. 1. As can be noticed, it looks like a standard watch, and it is quite comfortable to wear.
At the beginning of the measurement campaign, the system operates as follows: a smartphone app of
the bracelet is programmed using Bluetooth. In particular, the reference and sample time are provided
to the bracelet. After the initialization, the bracelet starts to acquire the data. It transmits the data
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Figure 2. Contract tracing method wearable bracelet to monitor the symptoms of a person. If the
symptoms develop, then tracing the Identification number of all the device which came in proximity
and monitored their data.

to the smartphone or another device to store or process them. The Android/IOS based application is
aimed not only to control the data transmission and initialize the bracelet, but also to track people.
It is worth noticing that many available wearable devices can detect the wearers’ vital parameters in
the market, generally used in medicine and sports, but they have various problems. In the medical
field, the devices have great accuracy, but they have very high costs, low availability on the general
market, and often require specific software to work. In contrast, in sports, these devices are abundantly
present, with a wide variety of cost, accuracy, and battery life, varieties that often require having to
compromise, favoring one feature rather than another, like increasing the cost to get a more precise
device. Our wearable device is suitable for various uses. It has low cost, good accuracy, and provides
raw data so that each user can manage them. Concerning the Android/IOS based application, it has
been made to handle the sensors data and track data of the person, which is explained in detail in this
section, while the sensors management and data transmission will be discussed in the next section. In
Fig. 2, a contact tracing method using a wearable bracelet is demonstrated graphically.

The contact tracing procedure using our wearable bracelet obeys the following rules:

• A wearable device continuously measures the persons vital health parameters data for blood
oxygenation and body temperature changes. The information of these sensors has been stored
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and sent on the cloud via smartphone in a particular period.
• Simultaneously, the bracelet stores the information of any proximity bracelet, which comes within

its Bluetooth range. Each nearby bracelet device’s unique identification number can be reserved
on the bracelet itself or sent to the web or a cloud.

• Suppose that the sensor data show some unusual changes in temperature or oxygenation level. In
that case, the bracelet is programmed to send an alert requiring urgent medical help connecting
with the smartphone.

• Once the person is notified, he/she can consult nearby health officials or specialized medical
operators, and send them his/her medical record data collected using the bracelet device.

• Medical staff can quickly inform the person to home quarantine and stop the further spread.
Moreover, the medical staff will now observe his symptoms for the next few days.

• Meanwhile, the health official can trace the person’s movement by using the bracelet track record,
which was stored using a unique identification number of each bracelet. In this incubation period,
the person has been prohibited from meeting anyone else.

• After learning about the person’s movement, the official can contact the following person and tell
him/her to have a home quarantine, as explained in the previous point.

• Depending on the bracelet’s track record, the previous 3 steps are repeated until it leaves no trace.
• Once all the contacts are identified, public health officials can monitor them to offer counseling,

medication, screening, and/or treatment.

By this method, the public health care system can become more organized in an emergency.
Moreover, a massive surge in the ICU network and high fatalities can be avoided, as shown in [5, 7–9].
Fig. 3 shows smartphone applications’ main screens before and after the search of Bluetooth devices. The
application was developed on Android OS, chosen as the most popular SO OS on smartphones, 100%
of which supports Bluetooth and of which most support BLE [12]. Concerning the data transmission:
characteristic, descriptor, and services are identified by a Universally unique identifier (UUID), a 128-
bit identifier, but GATT protocol can be represented with 32-bit or 16-bit codes. The protocol for
transmitting detected data needed to exceed the number of requirements, such as:

(i) Sending sensor values in constant time intervals.
(ii) Identification, for each value, of the sensor from which it was detected.
(iii) Identification, for each value, of the moment of time in which it was detected.
(iv) The ability to start a new data submission session and be able to stop it at will.

Figure 3. Graphical Interface of Smartphone using a Contract tracing method using wearable bracelets
to monitor a persons symptoms record the location data. If the symptoms develop, then tracing the
Identification number of all the devices that came in proximity and monitoring their data.
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It was necessary to do so in a structured way to always give the correct meaning to every data
received without errors. That is why a data transmission protocol has been created based on the order
of the data.

It is worth noticing that the collected data are encrypted, and they can only be visible to the user
and medical operators. Only if the user wants, it is possible to share the contact trace, and in any case
they do not show any identification data such as name, address, or fiscal code, but only a identification
code. The identification code can be translated into a patient’s information only by medical qualified
personal. In this way, the data privacy is guaranteed. An example of how data related to the detected
nearby Bluetooth devices are presented is shown in Fig. 4.

Figure 4. The main window of smartphone application before and after searching for the nearby
Bluetooth devices.

3. RESULTS AND DISCUSSION

An experimental measurement campaign has been carried out to assess the capabilities of the proposed
wearable bracelet prototype. The temperature, blood oxygenation level, and the heartbeat rate of a
healthy subject have been measured continuously every half hour for three days. The goal is monitoring
these parameters to detect possible variations such as a temperature above 37.5 degrees and blood
oxygenation below 90%, which for significant cases could represent a possible COVID-19 infection
or another respiratory disease that requires urgent hospitalization of the patient. The results of the
measurement campaign are shown in Fig. 5. As can be noticed, the body temperature is always below
37 degrees. A slight temperature increase can be observed at 17, 41, and 65 hours which correspond
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Figure 5. Three days measurement campaign of a healthy subject. The data have been collected every
30 minutes.

to heavy physical activity. The same peaks are present in the heartbeat-rate. When the subject is in
the rest state, the heartbeat rate goes down to about 60 BPM. Concerning the blood oxygenation, as
can be noticed from the data of Fig. 5, it is always between 95% and 98%, confirming that the patients
lungs are healthy.

However, the critical nature of lockdown in Italy limited the experimental study to be performed
on a limited number of people. The system has been assessed in our laboratory and not in a crowded
area due to the COVID-19 restrictions. Due to these restrictions, in the laboratory, only three persons
were allowed, so the tracking system was tested only on two/three persons demonstrating as expected
its efficiency. Our future research will focus on the validation of the proposed method on many people
and heterogeneity to provide a validated prototype that can be adopted in clinical practice.

4. CONCLUSION

In this work, a system aimed at monitoring real-time vital signs distressed by respiratory diseases such
as COVID-19 has been presented and experimentally assessed. The system is based on a wearable
bracelet and suitable for iOS-android mobile phone applications. A three days measurement campaign
has been carried out, and the data collection has proved the efficiency of the proposed system, which
can be used in the future not only to monitor patient health at home but also to track the diffusion of
pandemic viruses. The obtained preliminary results demonstrated that the proposed system could be
a solid starting point for future development of monitoring and tracking systems. In the next months,
the system will be experimentally assessed on patients with lung diseases, thank to a collaboration with
a pulmonary department of an hospital in Trento.
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