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Abstract

Location tracking stands for technologies that physically identify and electronically register and monitor
the tracking of individuals or objects. This technology is widely implemented in the health field for tracking
clinicians and patient locations. The history of visited location data is used for many purposes and is mainly
applied to monitor and assess the patient’s movement to provide helpful knowledge. This data is obtained using
the Global positioning system (GPS), Bluetooth, and Radio-frequency identification (RFID) built into the
device such as smartphones, smart watches, or wearable devices. In some Research, other technologies like
Google Location History (GLH) provide the history of visited locations made by the Google Account. Location
tracking can be an alternative and potentially help monitor and track Covid-19 infectee to prevent wider
diffusion. This paper reviews location tracking applications in healthcare based on how the location data is
obtained and analyzed. The application of location tracking was differentiated and reviewed based on the
applied methods in acquiring knowledgeable data. Furthermore, the data analysis used to track location was
also discussed to know what knowledge that obtained from the location history data. Getting the location and
assessing the data for specific purposes was also highlighted.
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1. INTRODUCTION

The technology of location tracking refers to the
physical identification and electronic recording of
movements for objects or people [1-3]. It can be
applied to understand human mobility and how it
manifests across temporal and spatial scales that are
widely used across health and social applications [4].
It gets more attention from specialists to apply in
various sectors like health, tourism, security, etc
[5,6]. Regarding the health sector, some issues
involve the analysis and location tracking of patient
movement to acquire necessary data for a tracking
system in a hospital known by the hospital's real-
time location system (HRTLS). Thus, it is
substantial to design and performs a suitable HRTLS
to fulfill the requirements of healthcare centers. [1].
The HRTLS involves many significant applications
such as the online location of the patient, monitoring
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physician workflow management during a medical
emergency, increased patient/provider safety,
enhancing staff usage, minimization of error in data
transfer, tracking of the worthy hospital apparatuses
like medical property temperature monitoring,
management of bed Ilimit, patient elopement,
equipment maintenance, and other useful utilization
[1].

Generally, location tracking is linked with a
smartphone because it is a built-in GPS chip. The
location data is acquired via numerous tracking
technologies used in medical centers like WLAN,
RFID, Bluetooth, and Wi-Fi [7]-[10]. These
technologies are implemented in different coverage
of area tracking. The accuracy and purpose of any
utilized technology depend on the decided points in
implementing certain devices in data collection. The
obtained location in the wide coverage area, such as
data of daily run route, is captured using GPS. The
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accuracy of the GPS is less than the Radio
frequency-based tracking location indoors [9], but it
overcomes the RFID in terms of wide coverage. In
real implementations, it is used to track people's
location as well as medical equipment [1], [11], [12].
The accuracy of user’s location is needed in the
tracking process inside the building. The indoor
tracking location faces challenges in identifying
details such as rooms, floors, etc [9].

The Location history has been used in a research
field to assess user’s habit mobility [13] to provide
supportable insight for infrastructure planning,
control of infectious diseases, and procedure of
reaction to disastrous occasions. The researchers
have applied many approaches to acquire data on
real-time location history [9], [10]. The history data
is sent and stored in the base station for further
processing and analysis. The analyzing process aims
to mine the knowledge of the data. This location-
tracking technology can be a helpful alternative
against Covid-19. Covid-19 is a disease caused by a
new type of Coronavirus that has recently become a
world concern. Figures 1 and 2 show the number of
accumulated infected and deaths by COVID-19
cases worldwide between (4th of January 2020 and
5th of July 2023). It can be noticed that the total
number of people that infected by COVID-19
exceeds 700 million persons. While the total number
of people that dead by COVID-19 exceeds 6 million
persons [14-15]. Location tracking can be a useful
technology to track and monitor the hospital
equipment and the infection of Covid-19 to prevent
further transmission. The recent work relating to
tracking the location of Covid-19 is applied to the
GIS (Geographical Information system) to map the
situation cases and track the coronavirus epidemic
[16]. Early detection and isolation of infected can
minimize the impact caused by the pandemic.
Therefore, some devices with advanced technologies
have been adopted to screen and evaluate the
location history of Covid-19 infectees, like drones
[17], smart glasses [18], and smart helmets [19]. As
gaining knowledge through location history is
possible and widely being investigated recently
[20]-[22].
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Fig. 1. The accumulated infected by COVID-19
cases around the world [14]

The scope of this research paper is highly aligned
with medical diagnostics using signal processing
techniques and theory of the technical diagnostics
fields. The use of location tracking technologies in
the health field was presented, especially during the
covid-19 pandemic. Recently, monitoring and
detection systems have become more effective and
accurate for the movements of patients and medical
staff. In addition to the significantly improved
responsiveness to contact tracing, compliance with
public health measures. Also, it was achieved a
comprehensive overview of the characteristics of
various strategies (GPS, Google location history,
RFID, BLE Beacons, Wi-Fi, and Sensor (Doorjamb
Detection)), and emphasizing their importance in
medical diagnosis. Furthermore, it was shown that
the technical aspects related to diagnosis by
evaluating these strategies and presenting their
advantages, disadvantages, and performance
characteristics in  disease  monitoring and
management. The main contribution of this work is
providing valuable insights and knowledge for
bridging the areas of location tracking and medical
diagnosis. Finally, it was presented some
comparisons between the current strategies used in
healthcare technology, as well as the effectiveness of
these strategies in light of public health crises such
as the COVID-19 pandemic..

2. TRACKING INDOOR MOBILITY

In general, the performance of GPS in an indoor
environment is poor, which enables boosting
investigations to perform proficiently in indoor
localization. [9]. Here are the two proposed methods
that are mainly used in an indoor tracking location
by the researchers:

a) Radio Frequency based detection.
RF signal-based location tracking depends on
determining the range of the transmitted wireless
signal. Such an approach necessitates the client
to use a mobile device in addition to radio-
frequency access points (APs) like Wi-Fi routers
and/or Bluetooth beacons in the domestic regions

[9], [10]. RF-based systems estimate how the

signal is strong among mobile devices to all the
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Fig. 2. The accumulated death by COVID-19 cases
around the world [15]
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access points (Aps) and accordingly map the
device location. The user's location can be
inferred from the location of the mobile device or
wearable device. Bluetooth is a short-range
wireless communication that permits devices
such as cell phones, PC computers, and
peripherals to transfer wireless data or voice
across a short distance [10], [23]. Many
researchers have investigated implementing
Bluetooth Low Energy (BLE) Beacons to track
medical staff or equipment in the hospital. Other
technologies were also being used, such as Radio
Frequency Identification (RFID), in which the
RFID tags are utilized for saving primary
information of the patient and the server
addresses of the medical branches where the
patient was checked.
b) Sensor for movement detection.

The sensor-based tracking location method is
applied to detect the user's movement by a set of
sensors inside the home. It can be detected
people’s movement through the door, for
example, by detecting the doorjamb. This
technique beat the related coverage issues with
monitoring houses having strangely shaped
rooms and huge open living areas by simplifying
the doorway tracking. This data (in or out of the
room) estimate the user position or rooms in the
home and is sent to the base center. The
published work in [9] presented an infrared
transmitter to detect door movement and a
wearable device to track multiple user
movements. The motion of people who move to
another room will be able to be detected by
analyzing the door movement and accelerometer
to detect movement. The accelerometer is a
sensor that can detect movement by tracking
acceleration per unit of time around the x, y, and
z coordinates [24].

3. TRACKING INDOOR MOBILITY
In general, the performance of GPS in an indoor
environment is poor, which enables boosting
investigations
Tracking location is performed in the wider area,
such as their activity in the city. This aims to evaluate
the daily mobility of users with GPS attached to their
smartphones, smartwatch, or other wearable devices.
Here are the following methods used to acquire
tracking location data in the outdoor environment.
a) Global Positioning System
Global Positioning System (GPS) is a reliable
navigation system that depends on utilizing
satellites and algorithms to synchronize
positions, receivers, speed, and time data for air,
sea, and land travel [7]. GPS receivers produce
the amount of raw data, such as a set of
coordinates for time-stamped geographic
accompanied by some supplementary data
involving velocity or orientation and technical
factors associated with signal acquisition. GPS
tracking means to inform us ‘where and when’.

The GPS receiver is commonly built in the
smartphone, smartwatches, or other wearable
devices. GPS can work with or without utilize of
internet reception. The Internet can greatly
improve GPS data. GPS is speedily utilized in
military applications and gets several worldwide
clients. New geo-locating technologies have
become ubiquitous. Information supplied by
GPS enables the utilizer to perform many
functions, like an estimation of individual tracks
that can bolster extra modern utilizations such as
adaptive mobile services [25].

b) Location History Application
Location History application is an application
that develops to obtain the user's position data.
Although the location history application also
uses GPS technology to obtain the data, it also
focuses more on utilizing Google Location
History (GLH) or Google Timeline. The Google
Timeline is a feature that is available for Google
users to evaluate their history of visits. The
researchers further develop the application to
obtain data for many purposes, such as assessing
air pollution [26], physical activity [27], etc.
GLH constantly and passively gathers the
position information from a person’s cell phone
by utilizing technologies like GPS, Wi-Fi, and
cellular locating once it’s enabled [7]. Figure 3
depicts the applied mobility tracking methods for
indoor and outdoor environments.

Mobility Tracking

Geo Positioning System (GPS) ! - RFID E
|

Google Location History
BLE Beacons ’

v @

Sensor (Doorjamb Detection) m.

Figure 3. Method of obtaining mobility in
indoor and outdoor environments

4. TRACKING INDOOR MOBILITY
This section presents the differences between

applied methods in mobility tracking in indoor and

outdoor conditions, the related issues for those
environments, and finally, the indoor and outdoor
data analysis.

a) The differences between applied methods
Location tracking has been seen to be important
to be analyzed in many sectors. The gained
knowledge of that data can support the decision
in certain situations. Specifically, in the health
sector, the location of medical equipment is
tracked for security purposes, and medical staff
is being tracked to know their location in the
hospital so they can be notified in emergencies
[1]. In the wider coverage of location tracking,
GPS-based location tracking is used to monitor
the daily mobility of users in evaluating the
exposure  estimation  for  retrospective
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epidemiological studies [26]. This involves two
environments to be monitored. Commonly in the
health sector, location tracking is performed in
the hospital. Some researchers also conduct
studies to evaluate human mobility in wider
coverage areas such as cities to evaluate their
daily activity. The method of obtaining the
location data is different because it deals with
different types of data that want to be measured.
Indoor location tracking aims to know the
location of medical equipment or medical staff,
which requires detailed accuracy, like which
room their location is. Researchers have come up
with many different approaches to tackle this
challenge. The device like BLE Beacons, RFID
and Infrared sensor to detect doorjamb in
identifying mobility in home or hospital. Outdoor
mobility is tracked using GPS that built in the
smartphone, smart watch and other wearable
devices. The required detail in the outdoor
tracking location is only to the visited places like
building, public places, park, etc. The detailed
like what store inside of the building that being
visited is unable to be captured since GPS has
poor performance in an indoor condition. The
following table presents the existed wearable
device in the market based on [22].

Table 1. The tracking location devices with various
technology and coverage area [22]

Coverage Area Technology Devices
Beacons, Ultra-
wideband TRX Systems
RF, Bluetooth, Q-Track NFER
Indoor - WLAN RTLS
Wi-Fi, Beacons Accuware
Wi-Fi, Beacons,
Ultra-wideband, infsoft
RFID
GNSS/GPS,
GPRS/GSM Amrest
GPS, GLONASS Trax
Americaloc
GPS, GSM GL300W
Outdoor GPS, GSM AngelSense
GPS, GSM GPS SmartSole
GPS, GSM Mindme
GPS, GSM Safe Link
GPS, GSM Spy Tec
RF Project Lifesaver
Wi-Fi, GPS, GSM MX-LOCare
Bluetooth, GPS, Yepzon One
GSM
Wi-Fi, GPS, GSM iTraq
Indoor/Outdoor Wi-Fi, GPS, GSM PocketFinde
Wi-Fi, LBS, Mini A9 GPS
GPS, Tracker
GPRS/GSM

Issues in indoor and outdoor

a) The issue that arises in the location tracking
research is different from indoor to outdoor
environments. An issue that deals with indoor is
mainly the accuracy that needs to be achieved,
device limited battery life, room coverage, signal
noise, etc. Many approaches develop ideas to

b)
c)

identify locations using Bluetooth, RFID, or
sensor. The BLE Beacons are applied to detect
mobility in the hospital. The hospital has many
pieces of equipment that can interfere with the
signal of Bluetooth. The proposed method is to
locate the user's location based on the number of
signals captured by the wearable device [10].
This method is called RNSI (Received Number
of Signals Indicator), while most approach uses
RSSI (Received Signal Strength Indicator). Wall
interference and unstructured room are
challenges that tried to be solved using infrared
sensors to detect movement. The movement
between rooms is detected by the captured
movement from the doorway and the
accelerometer to identify if the tracked user is
making any move [9]. In outdoor environments,
GPS is commonly used to track location. In some
implementations, GLH is used. GLH, once
enabled, permits monitoring gadgets and storing
their positions. This property might be beneficial
in the future as obtainable data for proof in
studies and analyses of human mobility. The
reliability of the GLH data is needed to be
checked to determine whether it returns to the
real situation. The researcher has attempted to
assess the error of the GLH Data compared to the
data obtained by the GPS. The measurement of
the potential significant parameters (e.g.,
connectivity configuration of portable gadget,
movement speed, and environment) was tuned by
sets of trials in which the true location of the
gadget was stored with a base Global Positioning
System (GPS) device with higher accuracy.
According to the experiments, Google locations
and corresponding accuracies must not be
utilized in a determined method to locate the
position of a mobile device. However, Google
does not pass; the error values are still in the same
order as the accuracies [7]. So, it indeed, on the
off chance that the smartphone isn't within the
circle that Google is produced in its Timeline,
ordinarily, the error is not that high to deny that,
at a minimum, it has been within the whereabouts
[71.

Analysis data in indoor and outdoor

In the indoor environment, the research trend is
steered toward identifying the location of
medical equipment, medical staff, and patient.
The issue revolves around proposing a method to
identify user mobility in indoor environments to
achieve better accuracy. The analysis made in
most research is how the device can make a good
estimation of the real location of the tracked item
or user, as depicted in Table 2. The RNSI
analysis is used instead of RSSI to calculate the
number of received signals [10]. In another
implementation, the analysis is based on the
infrared signal received as an indication of
movement in the doorway with the sensor from
the accelerometer to indicate the movement of
the user [9]. These two indicators are observed to
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determine whether the user is actually moving to
other rooms, so errors like the sensitivity of the
infrared that identifies false movement can be
avoided. The research on outdoor mobility
mainly focuses on tracking the user's daily
movement. The data is collected and analyzed to
gain knowledge, like predicting user location.
The purpose is not limited to the real-time
location tracking of the user but also analysis of
the predicted location of the user in the future.
This is also applied to dementia patients to
predict their location when they are missing. A
crucial set of individuals having dementia are at
risk of getting lost or wandering, so based on
their mobility, machine learning is applied to
make predictions [22].

Table 2. Data analysis comparison of indoor and outdoor

mobility data
Indoor Tracking Location Outdoor T_racklng
Location
e  Tracking Medical e  Tracking
equipment, staff and location of user
patient (patient with
e  Improve accuracy to dementia)
track the location in e Tracking visited
level of room location location

. Implementation of new e  Predicting future
method to deal with the visited location
unstructured room

Implementation of indoor and outdoor tracking
locations in healthcare have widely researched, as
explained in Table 3. The indoor environment
research revolves around radio frequency-based
tracking using technology like RFID or BLE
Beacons. Implementation of RFID has been widely
implemented to track medical equipment, staff, and
patients. The RFID tags are also implemented for
blood injection, which reduces errors in this process
[28], [29]. Blood packs were labeled, and the
recording of the injection phase was later done. The
medication presented to the patient can also be
monitored to avoid any errors. Before the
prescription, the physician sets a tag on the medicine
box that enables the readers to view tag information
once the drug is withdrawn from the store and update
the patient’s case to the server [30]. In another
implementation, the system can monitor, trace, and
track patients and empower taking care of their

health, and thus produce effective medical services
that could be given at a suitable time [31]. The
application of tracking the indoor environment using
an infrared sensor to track movement through the
doorway is proposed [9]. In outdoor coverage of
tracking, the GPS is applied to identify the location.
The location is analyzed to predict the future location
of the person with dementia if they are missing or to
give suggestions of the usual visited place [22]. The
implementation using GLH data is also proposed to
gain knowledge related to Air pollution studies.

Table 4 presents the most important monitoring
and detection applications in the health field
according to the type of diseases, how the medical
staff participates, the accuracy, the level of risk, and
response time. Rapid and significant developments
in the field of self-monitoring and remote monitoring
of various health conditions have occurred due to the
technological revolution in the last few years.
Smartphone and wearable applications have the
ability to track the current health of patients with
diabetes and cardiovascular disorders, for example,
in real-time. So the patients can be made decisions
and manage their conditions effectively based on the
obtained information. The importance of self-
monitoring tools and applications has emerged
significantly in infectious diseases such as covid-19
and tuberculosis. It is now possible to track the
symptoms, determine the possible exposure
percentage and facilitate the timely medical
intervention process. The monitoring process is a
function of the response time and accuracy, which
depends mainly on the technology used and the
patient's condition. Despite the current significant
development in this field, there is an urgent need for
more research and technological development to
improve monitoring and detection applications in the
health field.

Table 5 presents an overview regarding the
characteristics, advantages, disadvantages, and
diseases that can be diagnosed using the strategies
(GPS, google location history, RFID, BLE Beacons,
Wi-Fi, Sensor (Doorjamb Detection)) in the
monitoring and detections applications in the health
field. There is a limitation when using GPS in indoor
settings, while its very effective in outdoor
applications. Google Location History needs an
active internet connection to obtain simultaneous

Table 3. Research of location tracking across indoor and outdoor environments

Method Implementation Paper
e  Monitoring Blood Transfusion [28]-[31]
RF based tracking e Monitoring Medication
e  Monitoring Medical Equipment and Patient
Sensor based tracking e  Monitoring Dementia Patient in Home [9]
e Tracking location (patient with dementia) [2], [22],
GPS e  Predicting Future Location [32-34]
e Air Pollution Studies [26], [27]

GLH e Dietary and Physical Activity
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Table 4. The classifications of monitoring applications for different diseases.

. . Medical Staff Level of Response
no. Type of Disease Patients Involvement Risk Accuracy Time
Diabetes Self-monitoring Low High Real-time
L Cardiovascular Self-monitoring Moderate High Real-time
1 Chronic Diseases Low 1o
Asthma Self-monitoring Moderate Real-time
Moderate
COVID-19 Self-monitoring :Contact 4, Variable Real-time
2 Infectious Diseases tr_acn_]g apps —
. Self-monitoring ;Healthcare ~ Moderate . Within 48
Tuberculosis - . High
worker involvement to High hours
Various Healthcare provider
3 Cancer tvoes monitoring, Remote patient High High Real-time
yP monitoring
Chronic ObSthUCtlve Self-monitoring ;Healthcare ~ Moderate . .
. pulmonary disease . g . High Real-time
4 Respiratory (COPD) provider monitoring to High
Diseases Slee Self-monitoring, Healthcare
P . g, Hieal Moderate High Real-time
Apnea provider monitoring
. Self-monitoring ;Remote . .
5 Neurological Epilepsy patient monitoring Moderate High Real-time
Disorders Parkinson's Disease Self-m_onltorlng ;Remote Moderate High Real-time
patient monitoring
- Self-monitoring Low to . .
Depression ‘Mental health apps Moderate Variable Variable
6 Mental Health Self-monitoring, Mental Low to
Anxiety health apps Moderate Variable Variable
Preqnanc Remote monitoring; Low to Hioh Real-time
7 Maternal and Child Y y Telehealth consultations Moderate 9
Health Remote monitoring; . - .
Neonatal Care Telehealth consultations High High Real-time
8 Type of Disease Patients Medical Staff Involvement Leve | of Accuracy Response
Risk Time
9 Chronic Diseases Diabetes Self-monitoring Low High Real-time
Cardiovascular Self-monitoring Moderate High Real-time
Table 5. The Characteristics of the strategies used for monitoring and detection.
Strategy Characteristics Advantages Disadvantages/Limitations Diseases Diagnosed
High accuracy ReqUIressaItler:&Iaitc;fSSIth o Alzheimer's disease
Global . — — -
. Satellite-based system Limited accuracy in indoor Autism spectrum
Positioning for accurate positioning Global coverage environments disorder
System (GPS) Power consumption in
Real-time tracking P Dementia

continuous tracking

Google Location Utilizes smartphone
History location data

Continuous tracking
without additional
hardware

Convenient and widely
accessible

Privacy concerns

Real-time & historical
location data

Accuracy affected by signal
strength

Tracking patients
with memory
disorders

Integration with other

Behavioral analysis

applications for mental health
Scalable and cost-effective Limited range Medical inventory
Radio Frequency Uses radio waves for — r_nanagem(_ent -
Identification identification and Can tr_acklmultlplei items Interferenclg frq(rjn metal and Pauer?t tra_lcklmg in
(RFID) tracking simul taneously _ _ iquids osplta_s _
It can be integrated with Limited accuracy in crowded Asset tracking in
existing systems areas healthcare facilities

BLE Beacons

Low power consumption

Limited range

Patient tracking in
hospitals

Bluetooth Low Energy- Indoor and outdoor
based tracking tracking capabilities

Requires devices to be within
range

Asset tracking in
healthcare facilities

Real-time proximity

Privacy concerns

Elderly patient

detection monitoring
Works indoors and Limited accuracy in crowded Asset tracking in
outdoors areas hospitals
Wi-Fi-Based Utilizes Wi-Fi signals Wide avilé?\kl)vlcl)lrtlzlsof Wi-Fi Vulrilgi’sgl:réacs;gnal Patl;n;g;ori]tlet‘i)snng
Tracking for localization - b -
. . Equipment tracking
It can be integrated with . .
A o Privacy concerns in healthcare
existing Wi-Fi .
facilities
Non-invasive and discreet Limited coverage Pat'er?é;;?f:llsng n
Sensor Uses sensors to detect - - - — ————
(Doorjamb entry/exit through Real-time detection of Restricted to 'specmc entry r?tanI‘fhmon|§cor|'r|1'g_|n
Detection) doorjambs m_ovem_ent points ealtl care faci |t|_es
Integration with access Dependency on door Wandering behavior
control systems infrastructure in dementia patients
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data. RFID has excellent accuracy for tracking
medical equipment but for a limited range. The main
advantage of BLE Beacons is low power
consumption, but it needs to deploy the beacons to
ensure tracking accuracy. The disadvantage of Wi-
Fi-Based Tracking is the limited accuracy, but on the
other hand, it has a wide range of areas. It can get
non-intrusive  automatic tracking at points
(entry/exit) using Sensor-based tracking but only for
the locations with installed sensors. Accurate
decisions can be made to track disease location,
diagnosis, and management by health field
professionals based on understanding the
characteristics and considerations of the available
strategy for monitoring and detection.

Figure 4 presents the ranking of Strategy
Mobility Tracking (GPS, google location history,
RFID, BLE Beacons, Wi-Fi, Sensor (Door jamb
Detection)) for preventive measures and treatment of
people infected with COVID-19. It can be seen that
the most efficient strategy is BLE Beacons because
it provides close-range proximity tracking. This
makes contact tracing and monitoring very precise,
which is crucial for COVID-19 control measures. On
the other hand, the least efficient strategy is RFID
because it has a limited proximity range. Also, the
monitoring and contact tracing are insufficiently
precise in most cases [35-42]. Figure 5 presents the
common points between Covid-19 and the SARS-
CoV-2 epidemic regarding Monitoring for Location
Tracking for People in the Health Field. According
to the Monitoring for Location Tracking, the high
similarty for the measures that should be taken for
both epidemics can be noticed.

The Level of Competence

Sensor Beacons
Google (Door-
Location wee jamb)
RFID GPS History

The Strategy of Mobility Tracking
Fig. 4. The level of competence for Strategy Mobility
Tracking for preventive measures and treatment of people
infected with COVID-19

5. CONCLUSIONS AND REMARKS

Tracking location has been investigated by many
researchers and implemented in the health sector.
The methods of obtaining the location data vary
across indoor and outdoor environments. The indoor
environment deals with the accuracy that requires
detail, like which room the item or user is needed to
be captured. The indoor tracking research proposes a
solution using BLE Beacons, RFID, and Infrared

'
'
: ! Contact tracing
'
'

Disease monitoring

! I | Compliance monitoring

Resource allocation

COVID-19 SARS-CoV-2

Public health
interventions

Early detection and
response

Public awareness and
education

P, L

Fig. 5. The common points between Covid-19 and the
SARS-CoV-2 epidemics regarding Monitoring for
Location Tracking for the People in Health Field

sensor and applies analysis to estimate the
movement for better accuracy. Outdoor tracking
applies GPS to track the daily mobility of the user.
The location data can be obtained through the GPS
built-in device or Google Location History, which
provides the history of visited locations once
enabled. The obtained daily activity is analyzed for
knowledge such as predicting future sites visited and
investigating air pollution. Furthermore, location
tracking can be an alternative against Covid-19 to
monitor and track the infectee like it was
implemented during SARS [30]. Future work is
expected to improve the accuracy of multiple users
that make mobility for indoor tracking. Many
analyses can be made by relating the mobility data
of outdoor tracking to health data, such as to evaluate
older adults' physical activity.
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