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Abstract— An outburst of Covid-19, a new disease by
coronavirus has been noted by December 2019 in China and
subsequently this Covid-19 spread throughout the world. The
serious effect of this disease causes death due to the failure of
respiratory system of human. Nowadays the spreading of the
coronavirus is uncontrollable especially in crowded places as
well as due to avoiding the protocols given by world health
organization (WHO) to reduce the spread of Covid -19. Many
researchers have involved in identifying vaccine for giving
proper treatment to the affected people and to avoid further
spreading. In addition, with this some other researchers have
also involved in using modern technologies to prevent the
spreading of Covid-19 as well as to identify the disease in very
earlier stage and to reduce the rate of death. One of the
modern systems recommended by the researchers is that
smartwatch. By using smartwatches, the wuser’s body
temperature, heart rate and blood pressure can be measured,
and the smartwatch can be automatically charged by body
heat. This kind of smartwatches can be controlled by chatbot
Google Assistant. This paper discusses the design, principle of
operation and features of different smartwatches and their
usage. Based on the analysis, it is identified that the availability
of recent cost-effective developments of smartwatches are
available on reducing spread of Covid-19.

Keywords— Covid-19, Mobile Crowd Sensing Device (MCD),
Motion capture sensors.

1. INTRODUCTION

The worldwide pandemic of Covid-19 is rapidly
increased in very crowded areas easily [1]. Around the
world over 1,436,000 persons are affected as on 9™ April
2020 [2]. So, at present, the spreading of the coronavirus is
increasing rapidly. However, more than 450 thousand
people have completely recovered with proper care given by
physician and medical assistants. The possibility of recovery
from coronavirus is more when it is identified at an initial
stage [3]. To reduce the spreading of Covi-19, many
growing countries involve in designing information and
communication technology-based systems [4]. For instance,
recently BOSCH developed a test kit for Covid-19 and
many other engineers and researchers have been involved in
the design of new personal protective equipment (PPE) [5].

Several sensor-based devices are equipped to evaluate
collect and evaluate Covid-19 data to reduce the infection.
One of the sensor-based device called mobile crowdsensing
device (MCD) which is used to gather data from people
through their smart devices and share with social network to
maintain social distancing and to reduce the spreading of
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Covid-19 [6]. Smartwatch is also a wireless sensor-based
device which is used to collect the details of users through
body sensors and to transmit the information through
wireless technologies like WiFi and cellular networks [7].

The modern smartwatch technology is utilized to identify
the effect of Covid-19 by measuring the body temperature at
any moment in time [8] and anyplace [9] without using
additional conventional thermometers [10]. So, the
invention in smartwatch is very much useful in detection
and prevention of Covid-19. There are many different types
of Smart watches which measure the body temperature like
Ticwris GTS [11]. Though they offer many advanced
features like heart rate sensor, call and message notification,
Android, and iOS support, and much more along with a
thermometer. But they cannot be charged by human body
temperature. Along with all other features, the proposed
smartwatch system can be used to measure the body
temperature and it is also charging automatically. This smart
watch can also be connect with the Aarogya setu app (a
mobile application also a tracking app which uses a smart
phone's GPS and Bluetooth to have the track of corona virus
infection) to know all details related to the disease. This
system can provide voice interaction by connecting with
Google Assistant.

This article briefs the various features of smartwatch
application in section II. Section III gives the overall
architecture and operation of smartwatch and section IV
provides conclusion.

II. PRINCIPLE OF SMART WATCH

The smartwatch system consists of accelerometer,
magnetometer and gyroscope and a touch screen. The touch
screen is very much useful to display the status of the user as
well as easy interaction with the user moments. It also helps
to trace the user's accurate location. Smartwatches are
utilized to solve general health issues by using body sensors
(BSs) like electrocardiogram (ECQG) sensor, pressure sensor,
thermometer, and pedometer [12]. It is also used for sleep
tracking, reply to the text by voice, weather, and traffic,
interacting with non-smart phone devices, controlling music,
on-board GPS, etc. The principle of design and the usage of
smartwatch is quite simple as compared with other
conventional medical equipment. For example, the body
temperature of the user can be displayed in watch screen by
using inbuilt sensor automatically. The smartwatch system
makes exactly accurate measurements if senses more than 60
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seconds and the user can consult a doctor when the
temperature seems to be abnormal. This pandemic stabilizer
smart watch uses a temperature sensor along with a buzzer
that vibrates when the temperature is abnormal [13]. This can
also relate to an Arogya setu app which is presently used for
corona virus tracking by the government of India. This smart
watch can even monitor sleeping phase, count calories, and is
used to make a record of all the metric like temperatures.
Further it is charged by human’s body temperature [14].
This smart watch is also connected to google assistant which
gives it a look of a smart watch. The smartwatch operation is
assisted by an artificial intelligent (AI) - based google
assistant methodology [15]. It is a voice interaction tool that
is used to make calls, send messages, finding a location, for
google searches, and much more. It makes the work easy and
make use of it at any place and need not carry other things.

This also uses Alexa built-in smart watches; it is also a voice
interaction device with many features into it [16] and [17].

I11. DESIGN AND OPERATION OF SMARTWATCH

Fig 1. Describes the internal design of a smart watch.
Adding features in the smartwatch system is a challengeable
task to provide variety of measurements with different
sensors and other supporting processors and peripherals.
When it comes to design, it contains flash, ROM, SRAM on-
chip memories. It also contains an Ultra-low-power
processor core like the Cortex-M series, always on sensor-
fusion CPU. Regarding all these, sensors play a very vital
role in this virtual world

RX Wireless
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y
| S | oeoc | wo ] smatrea |

Power / Battery Management
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Fig. 1. The internal design of the smartwatch [18]

A. Architecture sensors and communication medium

The new trends in meachine learing (ML), data analisis
using big data concept are utilized in proper measurement
and analysis of any hidden information. For proper
analysing and generaing health details the designers must
utilize the sophisticated sensors and algorithms. Further, the
users must the extracted information properly. The security
of information is more importnant to maintain the privacy
and authentification of dealing with medical data. The
security of all the information is provided by crptographic

technique in association with internet-of-things (IoT)
concepts. The IoT plays major roles in the samartwatch
system such as extracting the correct information,
communicationg the user’s data with physician, computing
and controlling the overall operations. So, the smartwatch
concept is closly related with the IoT technology and
wireless body sensor networks (WBSNs) [19]. To
communicate the user’s data with the doctor, the smartwatch
technology utilizes diffferent wirless communication
mediums like bluetooth, WiFi and ZigBee. The operations
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of sensors and processors in the smartwatch is equipped
with propoer operating system (OS) to provide proper
functionality. Architecture of smartwatch is almost similar
to the architecture of smart phone and tablets. But they are
difffer based number and types of operation, speed of
operation, size of the device and storage capcity.

Figure 1 illustrates that the structure of smartwatch which
includes processors, sensors, interfacing devices, data
converters (ADC and DAC), and storage devices. Motion
detectors such as gyroscope, magnetometer, and

accelerometer are athe important sensors in the smartwatch
technology [20]. This accelerometer works on the concept
of opertional theory which measures the force of
acceleration by using the change of capacitance between
two fixed plates in the 2D accelerometer. Figure 2 illustrate
that the principle of opertion of accelerometer. The other
important sensor in the smartwatch is magnetometer. The
magnetmeter sensor works on the principle of change of
stengh of magnetic field.

Fixed plates Mo

. mass
v
Spring to allow

Capacitance change

while moving the mass

free movement

/' of the mass

Movement direction

Fig. 2. 2D Structure of the Accelerator [2]

The other sensor used is the gyroscope [22]. A
Gyroscope which is used in smartwatch is utilized to obtain
the speed of rotation of the unit along with the three axes of
operation. The internal architecture of the gyroscope is
almost like the accelerometer. In gyroscope, the power of
rotation makes changes in mass and the value of the
capacitance between two fixed plates. In many smartwatch
systems, both accelerometer and gyroscope work together.
Figure 3 illustrates that the structure of 2D gyroscope.
Smartwatches work even when the user sleep because the
tracking capability of smart watches is accurate.

As discussed, the accelerator and gyroscope are used for
sensing movement and to measure rotation and orientation.
The process that is used to translate movement into a sleep
pattern is called actigraphy. It is accurate enough to track
sleep patterns and is completely based on movements. When
users lie down, smart watches keep a tab on rapid eye
movement (REM) sleep. Along with-it heart rate also
becomes a basis of tracking sleep. When the user is asleep,
there won't be any movement and heart rate changes.
Therefore, the smart watch starts measuring time users
spend sleeping.

LY |
| N

Fig.3. 2D structure of gyroscope

Motion sensors are analog sensors. Varied level of voltage
will be the output for these sensors. To get converted into a
digital number from voltage variation ADC is used. By this
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also be displayed to the digital field of environment.
Motion sensors work with different operating frequency to
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obtain different set of new measurements based on
movement of the user. It also gives the count of
measurements in every single second of time. A standard
set of frequency is utilized to abstract the correct features. A
window of multithreading is formed with the readings
between 10 and 20. By using this window the variety of
features like wavelet, frequency and time are measured. In
addition, with the accelerometer, gyroscope and
magnetometer, some other sensors are also utilized in the
smartwatch system. The additional sensors embedded in the
smartwatch are battery heat sensor and proximity. The
output of battery heat sensor is utilized to identify the
general heal condition of the user. That is, it is useful in
managing the situation of death of the user while the body
heat drops quickly.

Further, the other sensor present in the smart watch is
optical heart rate [23], in this; the light from the sensor
penetrates the skin to estimate heart rate. This is helpful to
measure the heart rate throughout the day and calculates
various metrics of the user. It is also helpful for measuring
the average heart rate while the user walking, user’s heart
rate variability (HRV) and heart rate during a workout and
breathing sessions.

Next is one of the important sensors called temperature
sensors [24]. The digital output sensor generally has a
temperature sensor, an analog-to-digital converter (ADC).
For managing the IC’s operation ADC is used. Temperature
can be read at any time and is constantly measured. If the
temperature outreaches a programmed limit, the user can
command the sensor to monitor temperature and take a pin
to high or low depending on the change. When the
temperature falls below the lower threshold temperature, the
user can be notified if a lower threshold temperature is
programmed. Therefore, a digital output sensor can be
utilized in micro-based systems for monitoring reliable
temperature.

Another is the pedometer sensor. Pedometer sensors are
used for a step counter [25]. It can calculate average speed,
caloric expenditure distance, and total exercise time, etc.
The difference between the ancillary moments and actual
steps can be known by the PD 102. PD 102 has a delayed
step counter which helps for the differentiation. This feature
come up with the most precise results to users by delaying
calculation and eliminating overly sensitive step counting
until it has step 10 steps in a row.

B. Keystroke (KS) Authentication

Keystroke (KS) authentication (KSA) utilizes a group of
techniques and tools. KSA is useful in maintaining the
authentication of smartwatch-based user information [26].
Touching pattern is one of the methods of authentication
recommended recently by different researchers and it is used
to identify the correct user. Along with time-domain feature

the sensor that is utilized here is motion sensor of
smartwatch. The authentication algorithm based on KS
gives more accuracy. Nowadays real-time authentication
systems are developed with the smartwatch by using the
concept of neural networks. To wuse this keystroke
authentication (KSA), a system has been proposed which is
based on the hand waving patterns of a user. For device-to-
device authentication, another accelerometer has been
conducted when connecting headsets and smart watch to
smart phones.

C. Security and threat scenarios

Even though some smart and modern technologies used
in the smartwatch systems, several information attackers
always try to get the secret information and try to disturb the
privacy of the user. By classifying properly by using
optimized classifiers, these kinds of attacks can be identified
easily, and the secured system can be constructed to prevent
the attacks. One of the classification algorithms illustrates
the commonly found attacks in the real-time smartwatch is
that sub-channel attackers. In smartwatch systems, different
health-bands may be manipulated by using this real-time
attacker. So, the smartwatch system must be equipped with
standard security algorithms. By properly protecting the
sensors in the smartwatch systems, the privacy of
information can be maintained. Some of the body sensors
which are used for analysing the movement of the users are
generally attacked and the attack can be avoided by proper
security code. A mechanical combination lock and unlock in
the motion sensor of smartwatch can be detected by using
gyroscope and accelerometer sensors. While using safe-
open concept in the smartwatch in any application then it
will be used to detect the data by unauthorized users easily.
So it is suggested to lock-combination-based systems to be
constructed to maintain the security and to avoid
unauthorized data access [27].

D. Charging through body temperature

Generator technology: When it comes to battery life and
charging, this Smartwatch can be charged by using our body
temperature. Smart watch work on a phenomenon on the
conversion of heat to electricity. It converts our body
temperature heat into electricity [28]. It works on a concept
called generator technology. A thermoelectric system
consists of a cooler in one side and a heater in another side
to work properly. The idea behind this construction of the
thermoelectric is the difference between the temperature on
two sides is very much useful for proper functioning in a
smartwatch system. The human body maintains the
temperature about 98.6° F in normal temperature
environment as well as normal body temperature. Due the
change of heat in the environment as well as due to the body
temperature variations this normal human body temperature
is varied. To maintain the charge in the battery of the
smartwatch, the human body temperature ids used. By using
the thermoelectric circuit, the required heat to maintain the
battery charge is generated through the user’s skin and the
other sensors and supporting peripherals get the required
power from the battery. However, if the watch is not used
by the user then the battery goes to the sleep mode
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maintains the correct real time data of time and date until
the user gets back the watch.

E.  Connection with Google Assistant

Nowadays, Google's assistant [15] is an in-built feature
in almost all android smart phones. Google assistant (GA) is
one of the artificial intelligent (AI) — based networks
bundled by ML algorithms used for voice-recognition and
image-recognition purposes. By using the GA, the user can
build a personal network for sharing information through
smartwatch. WaveNet is one the modern technologies which
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is used to share information throughout the world in the
form of audio by using Al. Google's assistant is not limited
to 'OK Google', it is also efficient of holding a two-way
conversation. This assistant has a chatbot connected to
various devices like TVs, speakers, smart watches, etc. To
connect a smart watch with smart phones, the user needs to
add a device and there the setup will be ready for
interaction. Users can also ask about body temperature
along with all other features like calories burnt, steps
walked, to send messages, heart rate, etc. We can say smart
watches are also hand-free google. Fig.4 illustrates the
overall features of smartwatch as discussed in the article.
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Fig. 4. Features of Smart Watch

1V. DIFFERENT TYPES OF SMARTWATCH

This section briefs the different recent development on
smartwatches by different researchers such as LG
Urbane2 [29] suggested by Aurizio et al. 2020, Wrist
accelerometer (WA) - based [30] presented by Soltani et
al. 20, Wrist Ballistocardiogram (WBCG) [31] proposed
by yousefian et al. 2020, HAWAD [32] by Mondol and
Stankovic (2020), Apple watch [33] tested by Seshadri et
al 2020 by measuring heart rate, Polymer Mxene
composite nono-fiber mat (PMCN) - based smartwatch
[34] proposed by Sharma et al. 2020, Sesimo watch [35]
implemented by Ganti et al. 2020. Table I illustrates the
principle of operation used, sensors/peripherals used to
design, application and characteristics of such
smartwatches.

Based on Table 1, it is identified that most of the recent
smartwatches can be used to reduce the spreading of
Coviod-19 by avoiding touching of face suggested by
[31] and measuring blood pressure convinced by [31],
[34] and [35] and by regular handwashing encouraged by
[32].

V. CONCLUSION

The first step to detect corona virus is thermal scanning.
Body temperature is also considered as important and a vital
sign thus its measurement is required for any preliminary
test before starting any kind of treatment, so, a built-in
thermometer plays a very important role and is helpful in the
present scenario. As per WHO guidelines, the suspected
COVID-19 cases are advised to monitor their body
temperature twice a day. Many people face challenges when
it comes to charging issues. But this smartwatch enables us
to overcome even with the charging problem by using the
generator technology. It works as a pandemic stabilizer and
a smart device with voice interaction, making calls, sending
messages, etc. Smartwatch can be associated with Google
assistant to provide information in voice instead of typing
the message. Further, based on the analysis of different
recent smartwatches developed by wrist sensors, it is
identified that most of the smartwatches are available to
monitor the general health of human. Among the various
smartwatch systems, the ARM processor-based system
using Gait bout identifications provides higher accuracy as
96.6 %. However, this Gait bout identification-based
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smartwatch consumes more power as compared with

Seismo watch. The Seismo watch consumes very less power

suggested that for implementing low power pandemic
stabilizer, the Seismo watch is mostly suitable and which
can also provide better battery life. It is also suggested that
the Seismo watch may be optimized to measure different

Table I: Characteristics and applications of different recent smartwatch systems

as 19 mA with the principle of pulse transit time. So, it is

heath parameters. Furthermore, by using properly these
systems based the protocol mentioned by WHO in Covid —
19 pandemics, the spreading of virus can be reduced
efficiently.

Smartwatch system Principle/ Sensors/ Applications Parameters Software/
Technology Peripherals measured OS used
used used
LG Urbane2 (Aurizio et al. Multiplicative Accelerometer, | To prevent Accuracy =91.3 % Wear OS
2020) [29] extended Magnetometer Covid-19 by
Kalman filter and RGB avoiding face
Camera touch
WA-based (Soltani et al. Gait bouts Accelerometer To identify Accuracy = 96.6 %. | MATLAB
2020) [30] identification, and ARM general health Power consumption
Bayes estimator | Processor status and = 135.5 mAh;
physical Computation time =
activities 6 seconds
WBCG-based (Yousefian et Analysis of BCQG, Blood pressure Correlation NA
al. 2020) [31] pulse wave Photoplethysno | monitoring coefficient = 0.35
gram (PPG)
sensors
HAWAD (Mondol and Neural network | Inertial sensors | Regular FI- score =30 % NA
Stankovic 2020) [32] handwash (To
reduces the risk
of spreading
diseases)
Apple watch (Seshadri et al. Atrial ECG sensor Heart rate Correlation NA
2020) [33] fibrillation monitoring coefficient = 0.86
(Fitness
tracking)
PMCN-based (Sharma et al. Field emission PMCN Health diagnosis | High sensitivity NA
2020) [34] scanning (pressure
electronic sensor)
microscopic
Seismo watch (Ganti et al. Analysing pulse | ECG, Triaxia Blood pressure Mean standard MATLAB
2020) [35] transit time Seismo measurement deviation = 2.72;
Cardiogram Power consumption
(TSCG) sensors =19 mA
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