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Abstract 

COVID-19, which has become a global pandemic since March 2020, has tremendously affected human life globally. The 
negative impact of COVID-19 affects societies in almost all aspects. Implementing quarantine monitoring, also social distancing, 
and contact tracing are a series of processes that can suppress the new infected COVID-19 cases in various countries. Prior works 
have proposed different monitoring systems to assist the monitoring of individuals in quarantines, as well as many methods are 
offered for social distancing and contact tracing. These methods focus on one function to provide a reliable system. In this paper, 
we propose IoT-based quarantine monitoring by implementing a geofence equipped with social distancing features to offer an 
integrated system that provides more benefits than one system carrying one particular function. We propose a system consisting of 
a low cost, low complexity, and reusable wristband design and mobile apps to support the quarantine monitoring system. For the 
geofencing, we propose a GPS-based geofence system that was developed by taking advantage of the convenience offered by the 
Traccar application. Meanwhile, we add the notification for social distancing feature with adaptive distance measurement RSSI-
based set up in the android application. Based on the experiment we did to validate the system, in terms of wristband-to-smartphone 
communication, scanning interval in smartphone and advertising interval in wristband is best to set in 7 s for both. For social 
distancing notification and geofence, we measure the system performance through precision, recall, accuracy, and F-measure.  
 
Keywords: IoT-quarantine monitoring system, IoT-social distancing system, Traccar-based geofence, SIMONIC, low-cost 
wristband. 
 

 
I. INTRODUCTION 

COVID-19 (Corona Virus Disease 2019), which has 
become a global pandemic since March 2020, has 
tremendously affected human life globally [1]. The 
negative impact of COVID-19 affects societies in almost 
all aspects. All the authorities and governments working 
together with scientists from various backgrounds and 
disciplines propose many methods, rules, and set policies 
to defeat the difficulties due to COVID-19. The world 
was able to suppress the rate of viral infections in early 
2021. Experts are working hard to accelerate research so 

that vaccines with high efficacy levels can be 
immediately produced in large quantities to be 
distributed to the public. However, in its development, 
this virus undergoes multiple mutations, spreading faster 
than the previous variant, again increasing the world 
infection rate [1], so it still requires hard work from 
various parties to get through this problem together. 

Implementing quarantine monitoring, also social 
distancing, and contact tracing are a series of processes 
that can suppress the new infected COVID-19 cases in 
various countries, such as in [2]-[3]. Prior works have 
proposed different monitoring systems to assist the 
monitoring of individuals in quarantines [4]-[5], as well 
as many methods, are offered for social distancing and 
contact tracing [6]-[10]. These methods focus on one 
function to provide a reliable system. Meanwhile, this 
paper proposes IoT (Internet of Things)-based quarantine 
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monitoring by implementing a geofence also equipped 
with social distancing features to offer an integrated 
system to provide more benefits than one system carrying 
one particular function. 

Previous proposed individual monitoring systems 
for COVID-19 quarantine can be classified into three 
categories based on the supporting components. There 
are smartphone-based [4], wristband global positioning 
system (GPS) [11], wristband connected to a smartphone 
[5], [12]. Each monitoring system mentioned has 
different capabilities, with the drawbacks and benefits 
associated according to the usage of its supporting 
components. GPS wristband-based monitoring system 
requires an accurate GPS module to provide position 
estimation with minimum error. This design tends to be 
in a medium system complexity related to high power 
consumption and cost. Moreover, the production process 
is not simple, and there is no room for wristband function 
development when mass-produced. On the other hand, 
the monitoring system relying on smartphone apps is 
prone to provide unreliable position data due to the low 
possibility of smartphones being carried all the time by 
individuals in the quarantine process.  

To build a system that can provide good reliability 
data of patient position, we proposed a system employing 
wristband and mobile apps compared to other systems. 
This configuration also gives the flexibility to add the 
required applications installed in the smartphone. Such 
applications include patient registration and database for 
associated data needed, individual check of the working 
monitoring system, integrated web for supervisors in 
conducting quarantine supervision, and the possibility of 
adding other features in future product developments. A 
non-removable-attached wristband to the user body 
connected all the time to smartphone apps accommodates 
better patient position monitoring during quarantine. In 
this research, we design a low cost, low complexity, and 
reusable design of wristband and android-based mobile 
apps. This system is called SIMONIC (Smart Innovated 
Monitoring for Covid-19). 

Geofencing is the technology used for many 
purposes such as for activity recognition for 
dementia/Alzheimer patients [13]-[14], road safety [15], 
HIV transmission prevention [16], and also researcher 
implements it for quarantine monitoring movement of 
COVID-19 patients [4]-[5], [12]. Signature learning 
technology can learn the shape of the room by 
performing a learning process in the quarantine 
procedure is first carried out in [5]. The system then sends 
the size of the quarantine room to the server and makes 
that room dimension a geofence. Research that developed 
an application to create geofences based on GPS readings 
can be found in [13]. Study about GPS-based use for the 
geofence process and supported by AI (Artificial 
Intelligence) for face recognition can be found in [4]. 
Lastly, the application is able to send notifications when 
the patient/user exits the pinpoint as far as 100 m and 
above is studied in [12]. In contrast to some of the 
applications that have been made, in this paper, we 
propose a GPS-based geofence system that was 
developed by taking advantage of the convenience 
offered by the Traccar application. Traccar is an open-

source tracking system that supports more than 130 types 
of communication protocols. By using Traccar, the 
process of making monitoring applications becomes 
easier. 

Previous research proposed several kinds of social 
distancing methods. The various algorithms used are AI-
based, for example, study about deep learning methods 
to process video data and applying object detection to be 
able to calculate the approximate distance of several 
people in a place with the help of a graphic processing 
unit (GPU) [6], [17]-[18]. The same method is discussed, 
but it was applied to robots [19]. The following social 
distancing algorithm is GPS-based, which used an 
application on a smartphone [7]. This paper utilizes 
inverse perspective mapping (IPM) with the camera’s 
intrinsic information in producing a bird’s eye view with 
real-world coordinates of the frame being processed from 
a video source [20]. Lastly, the method of social 
distancing using ultrasonic sensors is discussed in the 
paper [21]. Each of these systems has its advantages and 
disadvantages in terms of system complexity, price, 
power consumption, system accuracy, and whether it is 
applicable or not for public usage. To optimize the 
SIMONIC system without adding other components, we 
utilize the received RSSI (Received Signal Strength 
Indicator) value from the BLE beacon wristband signal 
as a reference for distance measurement and propose an 
adaptive distance measurement method. 

To create the wristband design, the complex design 
and cost are considered. Previous wristband design has to 
provide GPS and GSM modules [11], and another design 
that included the microcontroller needs to be pre-
programmed [12]. Compared to them, SIMONIC 
wristband designs are much more straightforward in 
terms of module used and module programming. The 
system complexity of the SIMONIC’s wristband is made 
as low as possible by eliminating components on the 
device, which are not directly needed to support the 
operational monitoring of individuals who are 
undergoing self-quarantine such as positioning service 
and GSM module communication which already provide 
by smartphone. The SIMONIC’s wristband main 
component, as can be seen in Table 1, is HM-10 to 
provide a BLE beacon signal. The main component price 
of SIMONIC’s wristband is lower than the main 
component of the previous two designs mentioned 
earlier.  

SIMONIC proposes a wristband-mobile apps system 
to conduct individual monitoring. The geofence feature 
of SIMONIC is created using the Traccar application, 
and the adaptive social distancing feature is set up in the 
android application. Furthermore, the wristband is 
created in low cost, low complexity, and reusable design. 
In this study, we conducted three main experiments: a) 
empirical studies on the performance of BLE 
communication between SIMONIC wristbands and 
several types of smartphones in the spatial aspect 
(quarantine room) and also the durability of the wristband 
battery; b) the performance of the distance measurement 
method that we propose for SIMONIC and several 
features of the SIMONIC application; and c) the 
performance of the geofence system evaluation. 
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II. SYSTEM DESIGN AND METHODOLOGY 

A. System Design 
Figure 1 represents the system design of SIMONIC. 

There are two main parts: client and server. On the client-
side, individuals in the quarantine period wear SIMONIC 
wristbands that emit beacon signals in a specific 
advertising interval. A smartphone with a SIMONIC 
application installed captures the beacon signal 
containing the universally unique identifier (UUID). The 
mobile apps then send UUID data and location 
coordinates to the server via cellular communication and 
internet lines. The smartphone and wristband 
communication uses the Bluetooth low energy (BLE) 
communication protocol. At the beginning of the 
quarantine period, we need a registration process to pair 
one wristband with one mobile app. This process is 
intended for initial data collection of quarantine patients 
by officers. 

Furthermore, the other purpose is to calibrate 
SIMONIC systems in different smartphones and rooms. 
Individuals also fill in personal data such as name, 
personal identity number, residential address, and 
quarantine region in this registration process. The 
smartphone GPS sensor needs to be continually activated 
to access the quarantine location's location coordinates. 

While the server-side consists of a server for data 
processing and a web for data visualization. Some of the 
server functions: a database for quarantine participant 
data, including wristband number and smartphone 
position coordinates, geofence setting, monitor and 
display quarantine participant data in real-time whether 
they stay at the quarantine location or not, and provide 
alarms when a violation occurs in the quarantine process. 
This part of the server is managed by the government, 
which authorizes conducting quarantine monitoring, 
either centrally or vice versa. 

On the other hand, the wristband is designed as low 
cost, low complexity, and reusable. It is made from local 
material. The straps are made from rubber, the electronic 
part composed of BLE chip to transmit beacon signal and 
li-batt which will provide sufficient power for 14 days 
quarantine. Table 1 explains the specification of the 
wristband. 

B. Proposed Method for Distance Measurement 
(Notification for Social Distancing) 
On the client-side, this monitoring system consists of 

a wristband and smartphone that maintains their 
communication to provide the location of quarantine 
participants in a dedicated room. Besides the geofence 
feature, this system is also equipped with a notification 
for social distancing feature to provide alerts if a 
confirmed COVID-19 positive patient wearing a 
SIMONIC wristband is accidentally approached. 
Therefore, the system must estimate the distance 
measurement from the smartphone to the wristband as 
precisely as possible to carry out its function optimally. 
In this system, we employed power regression to convert 
RSSI value to distance value.  

Power regression is a method used to study the 
relationship between one variable and another, for 
example, x and y. If there is an independent variable x 
whose value is known, we can find the dependent 
variable y, resulting from the value of x behavior. 
Previous studies have used power regression for distance 
measurement in IoT systems employing BLE/WiFi 
(Wireless Fidelity) communication technology with 
RSSI as a reference value [7]. The power regression 
formula for calculating distance is represented in (1). We 
need the RSSI reading in 1 meter as a reference to get this 
constant value. 

 𝑌 ൌ 𝐴 ሺ௫ሻ  𝐶 (1) 

Where Y is the distance in meters, r is RSSI measured by 
the device, x is the reference RSSI value at 1 meter, A, 
B, and C are constants used to minimize loss factors 
resulting from signal interference. 

Apart from hardware problems and the transceiver 
antenna's sensitivity, one thing that causes the RSSI value 
to be spiky in indoor measurement is multipath fading. 
The signal interference varies according to the room 
layout or surface material structure. This interference is 
unique according to the type of room occupied. The RSSI 
value of the BLE signal measurement results in room A 
may be different when compared to the measurement 
results in room B using the same type of measuring 
instrument. Furthermore, individuals have different types 
of smartphones and carry different qualities of receiver 
sensitivity influenced by the chipset, antenna layout, or 
OS (Operating System) configuration. 

We proposed an adaptive distance measurement 
algorithm, described in Figure 2, to accommodate the 
quarantine needs. The calibration process is carried out 
in the registration process to obtain the ground truth of 
the one-meter RSSI measurement value. To validate the 

Figure 1. SIMONIC System Design. 

TABLE 1 
WRISTBAND COMPONENT 

No Wristband Part Component 
1 Wristband strap Rubber 
2 BLE component HM-10 
3 Li-Batt Lithium-Battery PL582728 
4 Cable connector Copper Cable (0.65 mm) 
5 Screw M2x10 
6 Magnet Connector Magnet Connector Male & Female 
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calibration process, we check the results of the RSSI 
calibration whether it is in the range of -100 dBm until -
50 dBm or not (this value is defined from the empirical 
study discussed in chapter III.B, and we took the range of 
the highest and lowest RSSI values from the study). If the 
RSSI value of the calibration results is in that range, the 
calibration process is validated, and the value is saved as 
a reference value for calculating distances. 

C. Geofence Design for Monitoring Purpose 
For an easy and fast application development 

process, we developed individual monitoring with 
geofence application based on Traccar. Traccar is an 
open-source modern GPS tracking platform that is 
developed innovatively and securely [22]. Traccar 
provides several features: a live tracking function to 
monitor GPS devices under supervision, instant web 
notifications through email and SMS (Short Message 
Service), simple location history, trips, charts, and 
summary reports that can be viewed directly on the web 
or downloaded in excel format [22]. Traccar also 
supports the creation of geofence zones in three geometry 
types: circle, polygon and polyline, and can generate 
events to enter and exit the geofence zone. 

Generally, the Traccar-based geofence setting is 
depicted in Figure 3. This geofence is set during the 
registration process. The handphone needs to be placed 
in the center of the room for 5 minutes to set the geofence. 
The application will detect the geographical coordinates 
obtained from the mobile phone participant's GPS. Then 
the supervisor can choose the geofence type per 
quarantine condition and location, either determined-size 
or custom-size. Determine-size is accommodated using 
built-in geofence in apps in a circle shape with a radius 
of 10 m, a rectangular shape of 10 m × 5 m, and a medium 
rectangular shape of 6 m × 4 m. The supervisor can create 
custom geofence size as per the requirement of the actual 

size of the quarantine location, which a built-in geofence 
cannot accommodate. 

III. EXPERIMENTAL SCENARIO AND RESULT 
In order to validate this system utility, we have 

performed three experimental scenarios: 1) empirical 
studies of BLE communication and wristband battery 
durability; 2) notification for social distancing 
performance; and 3) geofence performance. 

A. Empirical Study of BLE Communication 
In this part, we perform an empirical study to 

measure the capability of communication performance 
between smartphones and wristbands. We conduct 
measurement in two steps. Firstly, we measure the 
communication performance in line-of-sight (LOS) 
indoor and outdoor areas from 1 to 20 m, as represented 
in Figure 4. Furthermore, in the second step, we measure 
the communication performance in some size of 
quarantine rooms represented in Figure 5. 

For the first step, we measure the RSSI attenuation 
and communication performance synchronization related 
to distance in LOS indoor and outdoor areas. We measure 
the RSSI value for 5 minutes at each distance. As shown 
in Figure 6, for LOS outdoor vs. indoor conditions, the 
RSSI value decreases significantly around 35 dB to 40 
dB from 1 m to 5 m distance. Meanwhile, from 5 m to 20 
m, The RSSI value decreases around 10 dB in indoor and 
outdoor areas. In the outdoor area, the variation of RSSI 
values is quite the same in each distance we measure, as 
represented by boxplot size. While in the indoor 
environment, the most considerable RSSI variation is in 
the 1 m distance, and the lowest RSSI variation is in the 
20 m distance. 

Besides, we measure the BLE communication 
synchronization performance in LOS indoor and outdoor 
for 10 minutes. As we can see in Figure 7, notice that the 
increment of range decreases the communication 
synchronization performance. The decrement of 
communication synchronization performance is also 
caused by the searching interval mode used in this system. 
The searching interval is the interval time of the 
smartphone to scan the BLE signal emitted by the 
wristband, which is set to be continuous, one scanning 
per 3 s, and one scanning per 7 s. The overall value of 
outdoor synchronization is slightly higher than the value 
of indoor synchronization. It can be affected by multipath 

Figure 3. Traccar-based Geofence Setting. 

 

Figure 2. Distance Measurement Algorithm. 

(a) (b) 

Figure 4. LOS Area for SIMONIC Measurement. (a) Outdoor and  
(b) Indoor. 
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fading, which happens more in indoor rather than in 
outdoor areas. 

For the second step, we measure the RSSI value in 
various quarantine room sizes and conditions. Here we 
measure the performance of SIMONIC communication 
inside three different rooms. Firstly, it is in the small 
room (18 m2), secondly is in the apartment (24 m2) and 
thirdly is in the pavilion room (27 m2). The room size and 
condition are depicted in Figure 5(a), (b) and (c), 
respectively. We use four different smartphones in this 
measurement, and the result is depicted in Figure 8(a), 

(b), and (c). We measure the RSSI value for 5 minutes at 
each distance. 

We can see that each smartphone read a pretty 
diverse mean of RSSI in a room, with the same 
environment and possibility of the same multipath fading. 
So, the device performance is the most significant factor 
that creates different RSSI reading values. From these 
measurements, we can conclude that the Note 10+ can 
read the highest RSSI value in all rooms among all 
smartphones, and the Mi 10 read the lowest RSSI value 
in all rooms. Overall, the farther the wristband from the 
smartphones, the smaller the RSSI value we get. 

In the small room, communication between the 
wristband and the smartphones is successful in all the 
measurement points we mark with blue points. However, 
communication is not successful in measurement points 
6 in the apartment room and 9 in the pavilion room. A 
wall barrier creates a high resistance value to the 
SIMONIC system. 

Next, we measure wearable device battery durability 
with the following methods: 
1) The specification of the battery used is a lithium 

battery with a model PL582728 with a capacity of 
3500 mAh, operating voltage of 3.7 V, and a cut-off 
voltage of 3.2 V. 

2) Configuration of battery settings combines 
advertising intervals (100 ms; 4000 ms; 7000 ms) 
and power modules (-23 dBm; -6 dBm; 0 dBm; 6 
dBm) so that a total of 12 wearable devices will be 
measured simultaneously. 

3) Measurements were carried out for 14 days 
following the recommendations for self-quarantine 
for COVID-19 patients by measuring the battery 
voltage using a multimeter seven times a day, 
namely every 05:00, 08:00, 11:00, 14:00, 17:00, 
20:00, and 23:00 WIB. 

4) At the beginning of use, the battery voltage is 
between 3.96 V to 4.05 V. 

Figure 5. Various Quarantine Rooms: (a) Small Room (18 m2),  
(b) Apartment Room (24 m2), (c) Pavilion Room (27 m2). 

(a) 

(b) 

Figure 6. RSSI vs. Distance of SIMONIC Measurement in LOS Area 
(a) Indoor and (b) Outdoor. 

(a) 

(b) 

Figure 7. Synchronization vs. Distance of SIMONIC Measurement in 
LOS area. (a) Indoor and (b) Outdoor. 
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The results of measuring battery life on this wearable 
device can be seen in Figures 9(a), (b), and (c). Figure 9 
shows that among the three advertising intervals tested, 
wearable devices with 100 ms intervals showed the 
fastest decrease in battery voltage compared to 4000 ms 
and 7000 ms intervals whose voltage was still stable until 
day 14. This happens because the information sent by the 
wearable device will increase a lot if the advertising 
interval is getting shorter. For example, in 60 seconds, a 
wearable device with an advertising interval of 7000 ms 
will only send information nine times, an advertising 
interval of 4000 ms 15 times, while an advertising 
interval of 100 ms will send information 600 times. 

When viewed from the power module configuration, 
the 6 dBm power module configuration will consume the 
battery the fastest compared to other power modules. 
Next, to determine the power module used, we carry out 
continuous measurements of the RSSI BLE wearable 
device by moving between rooms while holding the 
measuring instrument. The results can be seen in Figure 
9(d), where at the farthest distance from the measuring 
instrument, a wearable device with a 0dBm power 

module has the best RSSI value compared to -6 dBm and 
-23 dBm. 

Based on the measurement results, the power 
module applied to the wearable device is 0 dBm. Next, 
we measure battery life on wearable devices which use a 

(a) 

(b) 

(c) 

Figure 8. SIMONIC Measurement in Various Quarantine Rooms:  
(a) Small Room (18 m2), (b) Apartment Room (24 m2), (c) Pavilion 

Room (27 m2). 

(a) 

(b) 

(c) 

(d) 

(e) 

Figure 9. (a) BLE Battery Consumption with Advertising Interval 100
ms, (b) BLE Battery Consumption with Advertising Interval 4000 ms,

(c) BLE Battery Consumption with Advertising Interval 7000 ms,  
(d) Continues RSSI Measurement: Room-Bathroom-Room, (e) BLE 

Battery Consumption with Module Power 0 dBm. 
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0 dBm power module with a different combination of 
advertising intervals: 100 ms, 4000 ms, and 7000 ms. As 
shown in Figure 9(e), the battery voltage with an 
advertising interval of 100 ms will drop to a voltage of 
1.74 V. Meanwhile, for the 4000 ms and 7000 ms 
intervals, the battery voltage is more stable which is 
estimated to last more than 30 days. 

B. Distance Measurement Analysis (Notification for 
Social Distancing Performance) 
The distance calculation employing the power 

regression method requires an RSSI reference value at a 
one-meter apart, which cannot be generalized to all 
environments and conditions. As we know, smartphones 
with different brands and types have different receiver 
sensitivity levels. Each room has different physical 
characteristics resulting in different RSSI magnitudes 
reading in the same distance. Reflecting on the project 
carried out by The Opentrace [23], they conducted 
experiments of proximity detection measuring the RSSI 
value at 2-meter separation using various types of 
smartphones in the anechoic chamber. They achieve a 
wide range between -50 to -85 of the RSSI distribution 
results and utilize this value as the reference of the trace 
together system. 

In this experiment, we conduct empirical studies to 
learn one-meter RSSI reading characteristics from the 
SIMONIC BLE wristband. We use a fixed transmit 
beacon interval at 7 s and transmit beacon power at 0 
dBm as a wristband default setting. We employ several 
smartphones types with a BLE scanner installed to 
measure the RSSI. As shown in Figure 10, the same 
smartphone in different rooms yields quite different RSSI 
readings 1 meter apart, ranging from -95 to -65. 
Compared to the RSSI from The Opentrace database, the 
RSSI variations read from the SIMONIC wristband are 
lower and diverse. Finally, based on our experiment, we 
define the lower and upper limits of RSSI reference for 
our calibration process ranging from -50 to -100. 

When the monitoring system is used in dynamic 
conditions, RSSI can quickly fluctuate. Therefore, we use 
the Kalman filter to get a smooth and stable RSSI value. 
The previous study has been clearly explained that the 
Kalman filter has a significant impact to smoothen the 
value of moving objects [24]-[25]. In this system, we 
proposed to use the Kalman filter, which we added from 
the android library. To evaluate the overall performance 
of the distance measurement method, we conducted 

experiments in the LOS indoor and outdoor 
environments. We measure the distance read by the 
system from 0.25 m to 40 m of the actual distance, and 
the result can be seen in Figure 11. In the indoor 
environment, we conduct experiments in measurement 
points represented by blue points in the room. The results 
of RSSI reading under static conditions, repeated three 
times per location, are represented in Figure 12 (a), (b), 
and (c). 

We also evaluate notification for social distancing 
performance. This experiment aims to measure the 
system's ability to recognize any SIMONIC wristband 
approaching a smartphone with SIMONIC apps installed. 
In the escape case of the patient from quarantine location 
and blend in the crowded place, any smartphone in the 
crowded area which has SIMONIC apps installed will 
give a notification for social distancing alert based on the 
distance set in the apps (5 m, 10 m, 15 m, 20 m). The 
performance evaluation is conducted in a crowded indoor 
and outdoor area that is expected to represent a real 
scenario in the field and is assessed by measuring the 
quantitative experiment result in precision, recall, 
accuracy, and F-1 Score. These four terms are the 
interpretation of system performance measures, which 
will be explained in the next paragraph. The experiment 
scenario is we set the scanning radius of SIMONIC apps 
to a certain distance (5 m, 10 m, 15 m, 20 m), and we 

Figure 10. RSSI vs. Smartphone Types in the 1-meter Distance. 

Figure 11. Predicted Distance vs. Actual Distance from 0.25 m – 40 m 
in Indoor and Outdoor. 

(a) (b) 

(c) 

Figure 12. Error Value in Various Quarantine Room: (a) Small Room
(18 m2), (b) Apartment Room (24 m2), (c) Pavilion Room (27 m2). 
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place the wristband in each range for each measurement. 
We conduct measurements indoor and outdoor which are 
crowded enough using six different smartphone types. 
Tables 2 and 3 describe the experiment result. 

Precision is defined as a percentage value of correct 
notification alert when any SIMONIC wristband 
approaches the smartphones in all scanning radius (5 m, 
10 m, 15 m, and 20 m) compared to all notification alerts 
that pop up right or wrong. This means how precise the 
pop-ups notification alert represents the correct 
conditions of wristband being in scanning radius. The 
recall represents the correct notification alert when any 
SIMONIC wristband approaches the smartphones in all 
scanning radius (5 m, 10 m, 15 m, and 20 m) compared 
to the actual condition of whether the notification alert 
pops up or not. This means how good a notification alert 
will pop up when the wristband is in the scanning radius. 
Accuracy shows that all notification alerts pop up, 
whether right or wrong, compared to all system behavior 
(true condition/false condition). This means how much 
the notification alerts pop up, whether right or wrong, 
compared to all system behavior. The harmonic mean of 
precision and recall is defined as F1-score. 

C. Geofence Performance 
We conducted field trials to study and validate the 

geofence performance of this system. The trials were 
conducted on five volunteers who live in several areas in 
Bandung, West Java. Following how the system works, 
each volunteer is in their respective residence, considered 
as a quarantine place. The registration process is 
monitored online via video call by the supervisor/officer 
to minimize direct contact with quarantine patients. Each 
volunteer installs and activates the SIMONIC application 
through the Playstore, activates the GPS, puts on a 
wristband, and the supervisor activates the system. 
Volunteers set the scanning interval and detection radius. 
Volunteers then calibrate the distance explained at point 
III.B and collect location data by placing the smartphone 
in the middle of the room for five minutes. The system 
then detects the location coordinates, and the supervisor 
creates a geofence from the tracking system according to 
the required size. 

Volunteers wore wristbands and were monitored for 
three days and three nights to measure the performance 
of the geofence system. We measure several parameters 
as listed in Table 4. During the monitoring period, 
volunteers will carry out daily activities instead of 
staying inside the quarantine room. We calculated the 
system readings at night when the volunteers were 
sleeping and in the quarantine room for the false alarm 
rate parameter. To determine the effectiveness of the 
in/out geofence alarm, we observed when volunteers left 
the house for work or other activities. Volunteers will 
report activities within three days when they are out of 
the quarantine room. 

Precision is defined as the ratio of the patient's 
position that can be correctly recognized by the system in 
total, whether inside or outside the quarantine rooms, to 
the total prediction of the correct condition. Precision 
represents the rightness of the system in predicting the 
patient location. A recall is defined as the ratio of the 
patient's position that the system can correctly recognize 
in total to the total correct condition. The recall represents 
the system's success in detecting the correct patient 
location. Accuracy is the ratio between the number of 
correct conditions in which the system detects the 
patients inside or outside the quarantine room and the 
total number of cases. Accuracy counts how well the 
predictions can predict the correct condition of the 

TABLE 2 
PRECISION, RECALL, ACCURACY, F1-SCORE OF SIMONIC 

NOTIFICATION FOR SOCIAL DISTANCING FEATURE MEASURE WITH 
DIFFERENT SMARTPHONES 

 Device Precision Recall Accuracy F1-Score

Indoor 

Samsung 
Note 10 81.11 % 73.83 % 67.91 % 74.19 % 

Huawei 
Tab 85.41 % 88.10 % 81.24 % 86.35 % 

Redmi 
8A 85.96 % 79.59 % 74.97 % 81.97 % 

Samsung 
A10 91.39 % 76.79 % 76.68 % 80.13 % 

Samsung 
A50 74.25 % 85.83 % 72.67 % 79.45 % 

Samsung 
S20FE 88.51 % 85.14 % 81.16 % 86.03 % 

Outdoor 

Samsung 
Note 10 87.59 % 75.91 % 74.00 % 78.12 % 

Huawei 
Tab 91.44 % 89.64 % 85.40 % 89.59 % 

Redmi 
8A 87.07 % 82.20 % 77.16 % 83.65 % 

Samsung 
A10 87.83 % 80.95 % 77.22 % 82.05 % 

Samsung 
A50 91.05 % 77.99 % 77.66 % 80.89 % 

Samsung 
S20FE 91.45 % 87.82 % 85.17 % 87.96 % 

TABLE 3 
PRECISION, RECALL, ACCURACY, F1-SCORE OF SIMONIC 

NOTIFICATION FOR SOCIAL DISTANCING FEATURE MEASURE IN 
DIFFERENT DISTANCE 

 Range Precision Recall Accuracy F1-Score

Indoor 

5 m 89.29 % 64.76 % 73.61 % 73.28 % 
10 m 82.88 % 69.17 % 67.39 % 74.46 % 
15 m 81.79 % 93.01 % 78.33 % 86.81 % 
20 m 83.80 % 99.24 % 83.75 % 90.86 % 

Outdoor 

5 m 100.00 % 57.14 % 75.00 % 72.02 % 
10 m 93.35 % 79.17 % 81.37 % 85.26 % 
15 m 80.79 % 94.12 % 78.03 % 86.88 % 
20 m 83.49 % 99.24 % 83.33 % 90.67 % 

 

TABLE 4 
PRECISION, RECALL, ACCURACY, F1-SCORE OF SIMONIC FOR 

MEASURING THE GEOFENCE PERFORMANCE 

Loc* Device* Room 
Size Prec Rec Acc F1-

Score 
1 a 18 m2 99 % 98 % 97 % 98 %
2 b 60 m2 95 % 98 % 94 % 96 %
3 c 72 m2 97 % 96 % 98 % 97 %
4 d 45 m2 97 % 98 % 97 % 98 %
5 e 50 m2 94 % 99 % 95 % 97 %

 1*: Cipendeuy, Bandung Barat. 
 2*: Cibiru, Kab. Bandung. 
 3*: Sariwangi, Kota Bandung. 
 4*: Margaasih, Cimahi. 
 5*: Cipagalo, Kab. Bandung. 
 a*: Vivo Y17 
 b*: Infinix Smart 3+ 
 c*: Samsung Galazy A30s 
 d*: Redmi Note 8 
 e*: Smartfren 
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system. The harmonic mean of precision and recall, in 
this case, is defined as F1-score. 

IV. DISCUSSION 
The first experiment in this paper is to conduct an 

empirical study for the communication performance 
between wristband and smartphone and the wristband 
battery durability. The results of this study indicate that 
wristband-to-smartphone communication can be done 
well inside the room. If it is done in an indoor LOS room, 
as depicted in Figure 6(a), communication can still be 
carried out up to a distance of 20 meters even though the 
RSSI has decreased quite a lot. However, if the wristband 
and smartphone are placed in different rooms, 
communication difficulties cause the wristband BLE 
signal to be unreadable by the smartphone, as can be seen 
in Figure 12(b) for P6 and Figure 12(c) for P9. Therefore, 
we recommend always keeping the wristband close to the 
smartphone in the quarantine process and not placing the 
smartphone in a different room.  

The following empirical study establishes 
communication-based on the scanning interval set up in 
the smartphone. Due to battery consumption and the 
calculation from Figures 7 and 9, scanning interval per 
seven seconds is the most suitable implementation in this 
system, and it can provide one communication 
establishment in a minute. Then we come to the result of 
the battery durability test. Considering several things that 
are the results of experiments and analyses in chapter 
III.A, we decided to use the advertising interval of 7000 
ms and the 0 dBm power module to apply this wearable 
device. 

The second experiment in this paper is to measure 
the notification for social distancing performance. 
However, we measure the distance measurement 
performance first. We measure system performance 
based on distance on various quarantine rooms, as seen 
in Figure 5, with quiet environmental conditions and not 
many people passing by. The results are represented in 
Figure 12 with the most significant error value (predicted 
distance vs. actual distance) = 3.19 m.  

After that, we conducted experiments to measure the 
performance of the notification feature for social 
distancing in pretty much crowded indoor and outdoor 
environments. From Table 2, we can conclude that the 
average precision for all range measurements and 
smartphones in indoor and outdoor areas is above 81 %, 
with an average value of 86.92 %. It means that the 
system is precise in generating the notification for social 
distancing alerts. For the recall, we get most of the values 
above 75 %. The average value is 81.98 %, which means 
the goodness of popping up notification alerts when the 
wristband is in scanning radius is still good enough, only 
for Samsung note 4, which is 73 %. Meanwhile, we get 
the lowest value at 67.91 % in the accuracy and the 
average value at 77.60 %. This means the notification 
alerts pop-up is low compared to what it should be. 

Furthermore, we get F1-score values above 74.19 % 
for the harmonic means of precision and recall. When we 
look closer at the scanning radius setting detail, the result 
is depicted in Table 3. We can see that the pop-up 
notification alert's precision is high for the 5 m and 10 m 

compared to 15 m and 20 m, whereas the recall value in 
5 m and 10 m indoor and outdoor is low compared to 15 
m and 20 m. This means that even though the system is 
not optimal in generating alerts for social distancing at a 
distance of 5 - 10 m, the alert produced is precise enough 
to represent the correct conditions of wristband being in 
scanning radius. 

Moreover, for the scanning radius 15 m and 20 m, 
both precision and recall are in high percentage value. 
This means that the system optimally generates alerts for 
social distancing, and the alert produced is precise 
enough to represent the correct conditions of wristband 
being in scanning radius. For this result, the low average 
recall value in 5 m and 10 m could be affected by the 
RSSI value, which the distance calculation depends on. 
The environmental condition greatly influences the RSSI 
value. This causes the RSSI reading to be not stable 
enough to be converted to a distance and affects the 
performance of reading the location of the wristband. 

The third experiment is to measure the geofence 
performance. From Table 4, we can see that the 
experiment was done by five different persons, using 
different smartphone types, conducted in different areas 
in Bandung and different types of rooms. From the values 
of precision, recall, accuracy, and F1-score that we get, 
which all the average are above 95 %, it can conclude that 
the geofence system built using the Traccar application 
can function properly to create geofences and can provide 
reasonably accurate information about the position of 
patients who are in quarantine.  

CONCLUSION 
In this study, we proposed an IoT-based quarantine 

monitoring system, consisting of a low-cost wristband, 
low complexity, and reusable design connected to a 
smartphone with android apps installed. We conducted 
some experiments to validate the system. In terms of 
wristband-to-smartphone communication performance, 
the experiment result shows that the communication can 
be maintained well indoors without any wall barrier in 
between. Due to the consideration of battery 
consumption, scanning interval per 7 s is the most 
suitable implementation in this system, and it is capable 
of providing one communication establishment in a 
minute. Based on the experiment result, the best 
advertising interval setting of wristband considering the 
Li-Batt power is at 7 s. The notification for social 
distancing performance is measured using six different 
smartphones in an indoor and outdoor environment. 
Overall, the system is precise in generating the 
notification for social distancing alerts with an average 
precision value of 86.92 %. The amount of notification 
alerts produced when the wristband is in scanning radius 
is still good enough, with a recall average value of 81.98 
%. For the geofence performance, an experiment is 
conducted by five different persons, smartphones, areas, 
and room types. With average values above 95 % for 
precision, recall, accuracy, and F1-score, we can 
conclude that the geofence system built using the Traccar 
application can function properly to create geofences and 
provide fairly accurate information about the position of 
patients who are in quarantine. 
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