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Abstract

As people get older, both the body and mind suffer from it, making them more vulnerable, dependent
and prone to various types of age-related illnesses. This means that the need for more regular monitoring
increases. With the advancement of technology, it is now possible to remotely assess a person’s health
24 hours a day. This leads to more accurate monitoring which leads to better diagnosis and improved
quality of life as the patient does not need to travel unnecessarily to a hospital or health clinic, resulting
in lower costs to the patient and hospitals. In this work, several technologies and projects address this
problem are presented and compared. Next, a low-cost solution for a wearable device that combines
health monitoring and indoor localization using a network of nodes is proposed. This solution is intended
to be used in a person’s house or in a nursing home, it is easy to install, and its main goal is to improve
the autonomy and safety of its users with the lowest cost possible, allowing them to age in their home
and thus promoting a better quality of life. The developed solution was evaluated and proved to be
effective in locating and monitoring the activity level of the person, and in analyzing and forwarding
data from the sensors. The solution is modular and can easily be expanded in the future to incorporate
more biomedical sensors.
Keywords: Wearable, health, monitoring, low-cost

1. Introduction

Human aging is inevitable. A person’s body and
mind will also age and this leads to a large num-
ber of people who are more debilitated, dependent
and with age-related illnesses. This creates a grow-
ing need for constant monitoring and care. Older
people tend to forget about taking medication, are
more likely to fall, have difficulty moving, have
health problems that need to be checked regularly
and dementia is also a problem in this age group.
These people are often unable to live by themselves
and therefore, must live in a nursing home or with
their family.

With the advances in technology, there are now
many systems that can perform telemedicine and
health monitoring. These intelligent systems are
capable of monitoring a person at home with qual-
ity and reliability, which helps prevent frailty and
the worsening of diseases. If a person is being mon-
itored while doing their daily life, the results are
more accurate, and the patient does not have to
waste a day going to the hospital and to stay in
an uncomfortable environment. With the Internet
of Things (IoT), the patient’s information can be
quickly sent to a doctor to evaluate the data. With
this type of systems, the need for hospitalization
can be lessened by the right diagnosis, and time

and money are saved for both the patient and the
medical facilities.

However, the existing solutions have some neg-
ative characteristics. Usually, these systems have
a high cost, the autonomy is not the best and are
closed products. This means that these systems do
not allow to modify or add new sensors and features.

This work proposes a low-cost system that uses a
wearable device that can monitor the vital signs of
one or more users in an indoor environment. The
device uses sensors such as heart rate and an ac-
celerometer to detect abnormal situations and gen-
erate alarms related to falls and inactivity. Com-
bined to health monitoring, the system also per-
forms room-level localization by having a network
of nodes that communicate by radio frequency in-
side the desired indoor facility. All the informa-
tion about the users is sent wirelessly through the
network until it reaches the central node that pro-
cesses and stores the data for later consultation on
a web application created for that purpose. All
the network and user information can be configured
through the web application and all the alerts are
configurable for each user. This combination of in-
door localization and health monitoring is expected
to have a good impact on the user’s health diagno-
sis. It is intended to be used at the user’s house
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or in nursing homes, and it is capable of monitor-
ing several users at the same time. The main goal
is to demonstrate that the low-cost solution pro-
posed in this work, has the potential to be used as
a real life health monitoring and indoor localization
system. The total system cost must be as low as
possible without losing the main features required.
The system will monitor the users every day with-
out restricting their daily life, which makes them
feel more comfortable by knowing that their health
and physical status is constantly being monitored,
contributing to their wellbeing and increasing their
quality of life.

The rest of this document is organized as follows:
chapter 2 includes related work about communi-
cation protocols, indoor localization, fall detection
and health monitoring. Chapter 3 presents the pro-
posed health monitoring and localization system.
And finally, the conclusions are presented in chap-
ter 4.

2. Background
2.1. Indoor Localization Techniques
Indoor localization [1] can be defined as any sys-
tem that can determine the position of something
or someone inside of a closed structure continuously
and in real time. In order to achieve a reasonably
good accuracy, the system needs to be able to han-
dle several problems such as smaller dimensions,
high non line of sight (NLOS), interference of obsta-
cles like walls, objects and movement of human be-
ings and the multipath effect. The multipath effect
occurs when the radio signals are reflected by ob-
stacles and reach the receiving radio by two or more
different paths. The performance of a localization
system can be evaluated according to the accuracy,
responsiveness, coverage, adaptiveness, scalability,
cost and complexity of that system. Indoor local-
ization techniques can be divided into three cate-
gories: proximity, triangulation and scene analysis.

2.2. Communication Protocols and Radios
There are many different types of RF protocols
available with various advantages and disadvan-
tages. Three important characteristics to consider
when choosing a wireless communication method
are data rate, range and power consumption.

The communication protocols and radios com-
pared in this work are:

Wi-Fi - WiFi [2] has a very high data rate but
also has high power consumption. A popular Wi-Fi
module is ESP8266 [3] and costs around 6 euros.

ZigBee - This protocol [1] is based on IEEE
802.15.4 and it is one of the standards in terms of
wireless sensor networks. The XBee [4] module is
a low power radio that allows a microcontroller like

an Arduino to communicate wirelessly using Zigbee
and costs around 20 euros.

Bluetooth – Bluetooth [1, 2] is a wireless stan-
dard for wireless personal area networks (WPANs).
Almost every Wi-Fi enabled mobile device, such as
mobile phone or computer, also has an embedded
Bluetooth module.

Bluetooth Low Energy – BLE [5] is a wire-
less personal area network technology. Compared
to classic Bluetooth, is intended to maintain a sim-
ilar communication range while providing a reduced
power consumption and cost. HM-10 [6] is a popu-
lar BLE module to work with Arduino.

GSM – The Global System for Mobile commu-
nications [7, 8] is the standard for digital mobile
communications. It is necessary to have a SIM card
and the messages or data that is transmitted have
a cost associated. SIM900A [9] is a popular GSM
module and costs around 10 euros.

CC1101 radio module - CC1101 [10] is a low-
cost transceiver designed for low-power wireless ap-
plications and the cost of this radio module is
around 4 euros.

nRF24L01+ radio module - The nRf24L01+
[11] is a single chip designed to operate in 2.4 GHz
worldwide ISM frequency band and uses GFSK
modulation for data transmission. This radio is
one of the most inexpensive data communication
options that can be found. It costs less than 1 euro.

Table 1 displays a comparison between all the de-
vices discussed above regarding consumption power,
data rate, range and average price:

Table 1: Comparison of different radio modules re-
garding consumption, data rate, range and price

2.3. Fall Detection
According to the World Health Organization [12],
approximately 28-35% of people aged of 65 and
over fall each year and the frequency of those falls
increases exponentially with age and frailty level.
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There are basically two types of fall detection sys-
tems: context-aware systems and wearable devices
(including smartphones) [13]. The context-aware
systems are based on cameras, floor sensors, in-
frared sensors, microphones, and pressure sensors.
Wearable-based solutions can combine different sen-
sors such as accelerometers, gyroscopes, inertial
sensors and barometers. But the accelerometers
are the most used option within the literature [14].
Most of the fall detection techniques based on wear-
able devices are machine learning (pattern match-
ing) techniques or fixed thresholds techniques [13].

2.3.1 Dynamics of a fall

In order to detect a fall based on acceleration, the
magnitude of acceleration needs to be calculated
using the 3 axis accelerometer values (equation 1).

â =
√
αx2 + αy2 + αz2 (1)

A Fall event can occur in different directions but
usually the acceleration pattern is the same. A typ-
ical fall can be divided into 3 sections: the free fall
period, the impact period and the inactivity period:
Free fall period - In this period, the subject

starts descending towards the ground and the ac-
celeration is less than 1g and tending to 0g.
Impact period – After descending, the subject

eventually impacts the ground or other objects and
the acceleration rapidly increases to values usually
greater than 3g.
Inactivity period – After the impact, the sub-

ject usually remains almost motionless for a very
short amount of time. This happens even if the fall
event does not have any serious consequences. Af-
ter the fall, the subject may become unconscious or
start moving and trying to get up.

2.3.2 Fall detection solutions

In [15], an easy to use wrist-worn fall detector called
Speedy was developed. After a heavy fall, the de-
vice detects it and alerts a call center. It can emit
an alert even if the user is unconscious or too ag-
itated to ask for help by himself. The system has
an accelerometer and uses 3 thresholds to detect a
fall. Those thresholds are the acceleration magni-
tude, the current speed and the vertical speed. The
system does not measure the orientation of the user
and this is the main problem with this solution. If
the user rotates during a fall, there could be many
errors in the threshold calculations, and this can
result in a poor fall detection.

[16] proposed a solution also based on fixed
thresholds but it also adds a threshold for orien-
tation change retrieved from the gyroscope. There

is a trigger that activates if the magnitude of ac-
celeration is lower than the lower threshold. After
that, If the acceleration goes higher than the up-
per threshold, another trigger is activated. If the
person’s orientation changes within 0.5 seconds of
activation of trigger 2, and the orientation change
remains for 10 seconds (indicating the person is im-
mobilized), a fall is detected. If any of those trig-
gers fails to occur, all the triggers are reset, and the
acceleration readings are taken as normal. It was
also implemented a false alarm button that can be
pressed within 5 seconds after a fall is detected and
a button to ask for help. This solution has also
a GPS module that sends the location of the user
when an alert is emitted.

[17] proposes several features that can be calcu-
lated trough the analysis of the acceleration mag-
nitude measurements. After calculating those fea-
tures, they are used as input to a neural network.
Despite the good results, the neural network was
trained with data from simulated falls. Real falls
data is needed in order to validate the solution.

Apple Watch [18] is a smart watch produced by
Apple and it has the capability of detecting falls.
When a hard fall is detected by the Apple Watch,
an alert appears and allows the user to easily call
emergency services or dismiss the alert. If the user
is unresponsive for about a minute, a 30-second
countdown will begin, and a sounding alarm will
start. When the countdown ends, an emergency call
will be placed automatically, and a message will be
sent to the user’s emergency contacts. The falls are
automatically recorded, and the fall history of the
user can be checked. This feature is automatically
enabled for users that are 55 years and older and
can be turned on for anyone in the Apple Watch
app.

2.4. Health Monitoring Systems

2.4.1 AMON

AMON [19] is a wearable medical computer for high
risk patients. The system is a watch-like housing
mounted on a wrist blood pressure cuff. It contin-
uously monitors and logs, pulse, blood oxygen sat-
uration and the patient’s temperature. The level
of physical activity is measured by an acceleration
sensor. When necessary, blood pressure and electro-
cardiogram (ECG) can also be taken. The system
performs an online analysis of the user’s health sta-
tus and if the results are reasonably different from a
predefined user specific range, additional measure-
ments such as ECG and blood pressure are required.
If those additional measurements confirm the devi-
ations, the system automatically alerts a doctor. A
manual alert can be triggered whenever the patient
feels that he needs assistance. All the data logged
in the previous hours is sent to the medical center.
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The medical personnel can communicate with the
patient using the simple LCD display of the device
and then can instruct it to perform new measure-
ments.

2.4.2 MySignals

MySignals [20] is a development platform for medi-
cal devices and eHealth applications. It allows more
than 20 biometric sensors such as pulse, breath rate,
oxygen in blood, electrocardiogram signals, blood
pressure, muscle electromyography signals, glucose
levels, galvanic skin response, lung capacity, snore
waves, patient position, airflow and body scale pa-
rameters (weight, bone, mass, body fat, muscle
mass, body water, visceral fat, Basal Metabolic
Rate and Body Mass Index). This makes MySig-
nals one of the most complete eHealth platforms in
the market. All the data gathered by MySignals
is encrypted and sent to the user’s private account
in a Cloud API. The information can be sent us-
ing Wi-Fi or Bluetooth Low Energy 4.0. The data
can be visualized in a tablet or smartphone with
Android or iPhone Apps and in a TFT screen in-
corporated on the platform. It also features an
alarm/emergency button that provides immediate
assistance by just pressing the button.

2.4.3 HealthBand

HealthBand [21] is a project that detects and lo-
cates a person whose health status is in danger. It
is designed as a remote rescue system for people
who are at risk of having a stroke, cardiac arrest
and heart attack. A smartphone is synced with a
wearable health monitoring bracelet that can read
the user’s vital signs such as pulse rate and body
temperature. If the bracelet detects life threatening
vital readings, the phone synced to the bracelet will
automatically call the family to prompt the person’s
health status. The wearable device contains an AT-
mega328 chip acting as a standalone Arduino that
is connected to a body temperature sensor, a pulse
rate sensor and a blood pressure sensor. The device
communicates with a mobile app that shows the in-
formation gathered by the sensors and the data is
refreshed every 30 seconds.

2.4.4 FrailSafe

The FrailSafe Project [22] consists of an integrated
assessment system that can estimate the patient’s
frailty level, provides health monitoring, indoor and
outdoor localization, games for cognitive stimula-
tion and generates notifications in case of adverse
events.

The indoor localization system of this project is
based in Bluetooth beacons. Several of those bea-

cons are positioned in the older person’s home and
constantly emit a unique identifier (ID). The de-
vice that receives that information is a smartphone
or a smartwatch that must be carried by the pa-
tient all the time. The mobile device receives the
signal from the beacons and estimates the person’s
current room by calculating the distance between
itself and the beacon.

Regarding health monitoring, the system is com-
posed of a sensorized garment, an electronic device
and a software tool for visualization of streaming
data or downloading the recorded data from the
electronic device to a PC and then uploaded to a
cloud service. The sensorized garment is a shirt
with short sleeves that has two fabric electrodes
for electrocardiogram (ECG) monitoring, a fabric
piezoresistive sensor for respiration monitoring on
the chest, and two small boxes with a 9-Degrees of
Freedom (DoF) IMU sensor that is placed in each
sleeve. All sensors are connected via cables to the
device and collects the data from them. After that,
a microprocessor elaborates several parameters, and
all the raw and processed data are saved on a micro-
SD card. That data can be transmitted by Blue-
tooth to a computer or an Android device for real
time data analysis.

2.4.5 Other health monitoring solutions

Two very similar projects are now presented. These
two systems are not products, they are smart health
monitoring system prototypes, and both use an
Arduino as microcontroller. The project “Smart
health monitoring system” described in [23] pro-
poses a system where several biomedical sensors are
interfaced with Arduino UNO microcontroller and
get the information from the sensors. The sensors
used in this project are temperature and heartbeat
sensors. After that, the data is saved in SD card
and then, is sent to a server and to a mobile app
wirelessly. The android application developed has a
medicine reminder, shows nearby hospitals, shows
health care tips and home remedies, shows the sen-
sor data, and has a BMI (Body Max Index) cal-
culator. The medicine reminder feature reminds
patients of their dosage timings through an alarm
ringing system.

The project “Health Monitoring System using
internet of things” presented in [24], is a similar
solution where an Arduino Mega with more sen-
sors monitors not only the body temperature and
heartbeat, but also respiration, blood pressure and
performs ECG. The data is then automatically up-
loaded to a website by a cloud server where the pa-
tient’s health status can be monitored easily. The
system has also an LCD display implemented that
shows the same information. For communication it
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uses a WIFI module (ESP8266).

2.4.6 Existing solutions comparison

MySignals is the only solution that is a finished
product and is one of the most complete products
in the market, the other solutions are still proto-
types that are under development. FrailSafe is a big
project funded by the European Union and is the
only solution that also has a system that can per-
form room-level indoor localization. HealthBand,
AMON and FrailSafe present solutions for a wear-
able device. Both HealthBand and AMON projects
propose a wearable device to be used on the wrist,
instead, FrailSafe project proposes a shirt as a wear-
able device (SmartVest). In terms of cost, Health-
Band, [23] and [24] projects are the cheapest solu-
tions. Both FrailSafe and MySignals are the most
expensive ones. Table 2 presents a comparison of
the existing solutions regarding the communication
method, whether the solution has a localization sys-
tem, whether it proposes a wearable device and the
total cost of the system.

Table 2: Comparison between the existing solutions

3. Implementation
The proposed solution can be divided in two dif-
ferent segments that work together: indoor local-
ization and health monitoring. The goal is to de-
velop a wearable device and a system where one or
more people can be localized inside an indoor space
and be able to monitor those people regarding basic
health characteristics with the lowest cost possible.

3.1. Architecture
The architecture of the proposed solution is com-
posed by several components that interact with
each other. It includes a network of fixed and mo-
bile nodes based on the Arduino Nano microcon-
troller. The mobile nodes are attached to the users
and periodically send all the information gathered
by their incorporated sensors to the network. The
fixed nodes send the data received from the mo-
bile nodes through the network until it reaches the
central node. The central node collects all that
data and sends it through a serial channel to the
local server, which is a device with higher mem-
ory and processing power such as a computer or a
Raspberry Pi. The local server runs a server that

reads the data sent by the central node, processes
it and stores the relevant information in a MySQL
database. The local server also runs a web appli-
cation that gather information from the database
and displays the user data in real time. Before
starting to use the system, a setup procedure must
be performed in the web application. This proce-
dure consists of inserting all the information that
the local server needs to start running. That in-
formation helps the server to associate the fixed
nodes with their corresponding divisions and the
mobile nodes with their corresponding users. The
web application can also set specific configurations
for each user. These configurations are also sent to
the database and the local server forwards the mes-
sage through the reverse path until it reaches the
specific mobile node.

Figure 1: Overall architecture of the proposed sys-
tem

3.2. Radio selection for the node network

In order to choose the communication method for
the localization and monitoring network, and taking
into account the related work and that the project’s
objective is to be low cost, 4 radio modules were se-
lected for evaluation: XBee, HM-10, nRF24L01+
and CC1101. The Xbee is the most expensive and
the nRF24L01+ is the cheapest alternative. HM-10
uses Bluetooth Low Energy which can be a prob-
lem, since all the nodes in the network will need
to pair with each other and with every new mobile
node. This could result in latency issues and con-
nection problems. Also, regarding cost and power
consumption, the nRF24L01+ seems a better choice
compared to HM-10. A performance comparison
was made between XBee and nRF24L01+ [25] and
the results showed that the nRF24L01+ can com-
pete with the xBee module in almost every metric
evaluated. Therefore, since one of the main ob-
jectives of this project is to be relatively cheap,
the nRF24L01+ seems to be the right choice. It
costs no more than 1 euro and has the capability to
handle the communication between the nodes and
to create the network. The major issue with this
module relates to how it measures signal strength.
This radio does not have Received Signal Strength
Indication (RSSI).This feature measures the power
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of a present radio signal and is very useful for in-
door localization because it detects if a mobile node
is getting closer or far away from a receiver. The
nRF24L01+ only has 1 bit called Received Power
Detector (RPD) that returns true if the power of
any radio signal detected is equal or greater than
-64dbm and returns false otherwise.

3.3. Network topology

The nRF24L01+ radio module [11] has the capacity
to create a network with several nodes that can act
as transmitters and receivers. The radio’s firmware
handles all network procedures, which simplifies the
node’s software, as not everything is implemented
in the Arduino. The network is arranged in a tree
topology using the RF24 [26] and RF24Network li-
braries [27] that were created by TMRh20 to ex-
plore the capacities of the radio. The radio can
actively listen up to 6 other modules at the same
time. One node is the base, and all other nodes
are children of either that node or another. Each
node can have up to 5 children, and this can go 5
levels deep. This means that it is possible to cre-
ate a network with a total of 3125 nodes. Since
this project is intended to use in a house or nurs-
ing home, this limitation will not be a problem.
The libraries provide an efficient acknowledgement
of network-wide transmissions, using dynamic ra-
dio and network protocol acknowledgements. Each
node has a logical address on the local network and
the nodes can join the network without any changes
to any existent nodes. The administrator of the
network must assign a 15-bit address to each node.
The address describes exactly the position of the
node within the network tree. It is an octal num-
ber, and each digit represents a position in the tree
further from the base. When a message is sent, a
header needs to be created with the node address
of the receiving node. The network finds the right
path to reach that node and sends the message. In
order to localize a person inside a house, a network
with fixed nodes in every division must be imple-
mented. Those fixed nodes will receive information
from a mobile node that is attached to a user and
will send that information to another fixed node un-
til it reaches the central node that can process the
information.

3.4. Indoor localization

The indoor detection is one of the main features of
this system. Knowing the location of a person inside
an indoor space can be very helpful when a person
falls, faints or in other several types of situations
where the location of people is useful. Developing
this type of system with low price components is
a great advantage but those components can have
some limitations that might affect the reliability of
the system. The indoor localization does not need

to be very accurate because the objective of this
system is to just detect which division the mobile
node is at the moment. To achieve this, it is only
necessary one fixed node per division. If a division
is bigger than usual and there is interest in identi-
fying different areas in it, more than one fixed node
will be probably needed. As previous said in chap-
ter 3.2, most radios have the RSSI feature but the
nRF24L01+ radio have only the RPD bit as a way
to measure signal strength. This is an important
limitation that needs to be known when develop-
ing a localization system. Systems that use radios
with RSSI usually compare the strength of all the
received signals and assume that the closest node
has the highest signal strength, and can determine
the distance between the nodes with some accuracy.
Because the radio used on this system only have the
RPD bit as a way to evaluate the signals received,
the common indoor localization methods will not
work with this radio due to that limitation. The
developed approach consists of a system based on
points using the 2 possible RPD values.

The mobile nodes move inside the network and
periodically broadcast their ID along with sensors
data. The fixed nodes that receive the message from
the mobile nodes, add the value of the RPD bit to
the message and send that information to the cen-
tral node or to another fixed node that can send
the data to the central node. The central node also
works as a fixed node, but it is connected to the
local server and sends to it all the information re-
ceived through a serial channel. The local server
runs a python script (server script) that receives the
network information and starts processing it. This
is where all the localization is performed, which sim-
plifies the software of the nodes.

First, the server script associates all the fixed
nodes of the network with their corresponding di-
vision. Every mobile node has an array with the
size of all the fixed nodes that exist on the network.
Each value inside this array is associated with a cer-
tain fixed node. These values, or confidence points,
are the system’s confidence that the mobile node
is located at a certain fixed node’s division. The
higher the confidence points for a division, the more
confident the system is that the mobile node’s lo-
cation is at that division. When a fixed node is
detecting the presence of a mobile node and the
RPD value is “0” (low strength), 1 confidence point
is attributed to that division. If the RPD value
is “1” (high strength), 5 confidence points are at-
tributed to that division. The other divisions that
had no messages received have 0 confidence points
attributed. This is performed for every mobile node
every second within 4 iterations (4 seconds). After
the detection, all the confidence points are set to
zero and the iterations start over again. If all the
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divisions have 0 confidence points, the system de-
clares an unknown position for that mobile node.

However, there can still exist blind spots and am-
biguities where a mobile node apparently seems to
be in two different divisions at the same time. To
solve this, if a division has the highest confidence
points at two detections in a row, the mobile node
starts the next detection with already 2 confidence
points on that division. This is to create a certain
resistance to leave the division and solves several
ambiguities. That resistance is removed as soon as
a different division is assumed as the location of the
mobile node. If the mobile node is in a position
where there is no detection of the same division
two times in a row, the resistance is not created,
and the ambiguity cannot be resolved until the mo-
bile node moves or a certain fixed node is changed
to a better position. Another implementation that
tries to solve the ambiguities is by using the con-
cept of neighbors. All the divisions that have a di-
rect passage to a certain division are its neighbors.
Before finishing the detection procedure, the server
script checks if the division that now has the highest
confidence points can be directly accessed from the
mobile node’s last division. This automatically ig-
nores the divisions that might be getting confidence
points attributed but cannot be accessed from the
last division.

Figure 2: Example of a network implementation
inside a house

Figure 2 shows an example of a 9 nodes network
implementation inside a house with the central node
placed on the hall. The living room on the figure
can be an example of a division that needs 2 nodes
because its size might be too big or there is a need
to identify certain areas inside it. There are several
ways to create a network inside an indoor space.
Having very few connections can be a problem be-
cause the nodes could be too far away for a mes-
sage to be received. Lots of connections and levels
within the network means that more fixed nodes can
receive messages from the mobile nodes and those
messages need to take longer paths to reach the

central node. This increases the network traffic and
the number of ambiguities, and also decreases the
probability of a message reaching the central node.
The goal is to find a balance between the node’s
distance and the number of connections.

3.5. Fixed and mobile nodes
Both mobile and fixed nodes are made of the same
components, but with the difference of the mobile
nodes having sensors incorporated. The nodes are
built on top of a PCB board that helps with the
connection and support of the node’s components.
It was designed by Professor Renato Nunes from
Instituto Superior Técnico and it was created for
other projects but can be used on this project as
well. Attached to the board are the nRF24L01+
module for radio communications and an Arduino
Nano to control everything. There is also 5 leds
and 3 buttons attached to the PCB board that are
used for testing, alerts and to simulate actuators
and sensors.

The mobile nodes are equal to the fixed nodes
but have more modules attached. In order to detect
falls and inactivity, an MPU6050 [28] accelerometer
was attached to the board. And for heart rate mea-
suring, an MAX30102 [29] module was connected.
These two modules communicate by the I2C proto-
col but had no connections made for them inside the
PCB, so some wiring and soldering had to be made.
A better prototype can be made with a new PCB
designed to have connections to all the modules and
with a considerable smaller size.

Figure 3: A – Fixed Node, B – Mobile Node

3.6. Health monitoring
Through localization it is possible to identify if a
person is active and moving around regularly, which
already gives some information about the person’s
health status. If a person goes to the toilet many
times throughout the day or stays in a division for a
long time, it may indicate that there is a problem.
The patient also might have difficulty to move or
have fallen. Combining that with sensor informa-
tion leads to a more correct and detailed diagnosis
of the user’s health status. The mobile node is car-
ried by the person being monitored. This device
periodically monitors the sensors data and sends
that information to the base node to be processed
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and stored.

3.6.1 Fall detection

The fall detection algorithm of this solution uses
fixed thresholds that are based on [16, 18].

The node is continuously calculating the magni-
tude of acceleration (equation 1) and based on the
magnitude, the system uses triggers that activate
or deactivate according to those values. If all the
triggers activate, a fall is detected. The first trig-
ger is activated when the magnitude of acceleration
goes below the lower threshold, which indicates that
the user is falling. After that, if the magnitude of
acceleration goes higher than the upper threshold
within the next 500ms, the second trigger is acti-
vated (impact period). If during the next 500ms
after the second trigger being activated, the system
detects an orientation change greater than 200 º/s,
the third trigger activates. OC is calculated using
equation 1 but replacing the 3 accelerometer val-
ues with the gyroscope values. After waiting for
3 seconds, a blue LED turns on indicating that the
system is suspicious of a fall event. Next, for 10 sec-
onds, the system checks once again the orientation
change of the user. If there is a movement greater
than 100 º/s, the system assumes that the user is
conscious and moving freely. However, if there is
no movement detected from the user during the 10
seconds period, the system now is certain that a
fall has occurred. A white LED that simulating an
actuator such as a buzzer turns on and the user’s
emergency contact automatically receives an SMS
message with information about the time and the
location of the fall event.

3.6.2 Inactivity detection

Detecting inactivity can be important to monitor on
some people because even if a fall was not detected,
the person could have fainted or there is an unusual
loss of mobility that needs to be evaluated.

The inactivity detection starts by calculating the
orientation change. If for a predefined amount
of minutes (60 seconds by default) the orientation
change remains below 10 º/s, an inactivity event is
detected, an alert is sent to the system the same way
as the fall detection alert and a white LED turns on
that could simulate an actuator such as a buzzer.
Pressing a button, cancels the alarm and turns off
the LED. If there is an orientation change higher
than 10º/s during the predefined period, the timer
is reset, and it starts counting from the beginning.

3.6.3 Heart rate measuring

In this solution, the MAX30102 sensor is always on
standby mode to avoid abnormal readings and to

save battery. If a user presses button1, the sen-
sor wakes and is waiting for a finger to be placed
within the next 5 seconds. If no finger is placed,
the sensor returns to standby mode. If there is a
finger placed on the sensor, it starts measuring the
heart rate of the user for 20 seconds. It senses the
heartbeats and performs some calculations to get
the bpm value. After gathering several of those val-
ues, an average is calculated and updated along the
20 seconds measuring period. After the measuring
procedure, a red or green LED turn on depending
if the value measured belongs within the accept-
able bpm range, which is 40-160 bpm by default
(the range can be predefined and adjusted to the
user). After 5 seconds the feedback LED will turn
off and the sensor returns to the standby mode.

3.7. Web Application

3.7.1 Web application architecture

The web application offers access to every element
of the system and allows the analysis and man-
agement of the network and user data. Django is
a python web framework that runs as a backend
server creating and managing all the database mod-
els. Django was selected as the backend framework
for this solution due to previous experience in devel-
oping web applications with it, and because Python
has libraries and tools that help to read the serial
data from the central node very easily. In order
for the frontend to access the database, a RESTful
API was created using a framework called Django
REST framework. That data can be read, updated,
created and deleted using the methods GET, PUT,
POST and DELETE. The Django REST framework
serializes the data and allows access and updates
via the RESTful API. The frontend of the web ap-
plication is created by the React framework inside
the Django project. React is a frontend JavaScript
library that handles user interfaces. Django loads
a single HTML template and let React manage all
the frontend. It gets and posts data via the Django
API and uses the static files from Django when a
user visits the URL.

3.7.2 Web application GUI

The web application gives access to all the informa-
tion processed by the system. It has a simple and
intuitive design that helps the user to analyze the
data with ease. It has 3 different pages: Dashboard,
user, setup.

The dashboard displays a table with the name
of all the users stored on the database and their
current location. There is a search bar that filters
the users on the table. A radio button allows to
choose whether users are filtered by name or by the
current division. Finally, it is possible to get more
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information about each user by clicking on their
name.

After clicking on a user, the app redirects to a
user page where it shows more detailed informa-
tion about the user such as the current location,
the history of divisions that the user already went,
the history of falls, the previous heart rate readings
and the last heart rate measurement. There is also
a section to manage the alarms related to the user.
A switch button can be turned on or off for each of 4
configurable alarms (inactivity, fall, heart rate and
emergency button). Regarding the inactivity detec-
tion alarm, there are two input boxes that indicate
the time range for a detection to be activated. The
default range is 09:00h - 23:00h.

The purpose of the setup page is to setup the net-
work before running the server script. The setup
is divided in two sections: the mobile nodes and
the fixed nodes. At the mobile nodes section, users
are created by inserting their corresponding mobile
node ID, username and the emergency phone num-
ber. At the fixed nodes section, it is required to
insert the fixed node ID, its corresponding division,
and the ID’s of all its neighbors. For both sections
there are buttons to add or delete users and fixed
nodes. It is also possible to setup the network by
providing a JSON file with all the network informa-
tion.

3.8. Alerts

A system that generates lots of alerts all the time
will not be usable because people will tend to ig-
nore them after a while. That is why the alerts of
this system are configurable for every user and are
only emitted when there is an urgent event. Besides
the falls, inactivity and heart rate alerts, the user
can also press the SOS button of the mobile node,
which automatically sends an alert to the system.
The alerts have two ways to be emitted. The first
one is on the mobile node itself, where leds turn on
simulating actuators such as a buzzer. The second
one is an SMS message that is sent to the user’s
defined emergency phone number. The SMS alert
works by using a web platform called “IFTTT” [30].
IFTTT is a web service that allows users to create
chains of conditional statements that are triggered
by changes on other web services. After creating
an account on the platform, it is possible to access
an URL with a personal key that will be used to
emit an alert. When an alarm event is detected,
the server script sends a post request to the URL
gathered before and adds to it the details of the
event. A predefined phone that must be connected
to the internet and has the IFTTT application in-
stalled, receives the notification from the platform
and automatically sends an SMS message to the
user’s emergency phone number.

4. Conclusions
Currently, more and more people are getting older
and need more medical care and to be monitored
more often. The human body suffers a lot with age,
making it more prone to various problems and ill-
nesses. But it is not just the body that suffers with
age, the mind also becomes more fragile. Older peo-
ple tend to get lost and to forget many things such
as not taking medication, for example. Nowadays
it is possible to monitor the elderly at home or in a
nursing home 24 hours a day, and in a non-intrusive
way. The person’s health condition can then be sent
remotely to a medical professional for evaluation.
This saves a lot of time and money for both the
users and medical facilities and could provide bet-
ter diagnosis because the user is being monitored in
a comfortable environment and doing his daily life.

In this work, several existing solutions and tech-
nologies that approach the health monitoring and
indoor localization areas were studied and com-
pared. After studying the positive and negative
aspects of these solutions, and taking into account
existing technologies, a low-cost solution that con-
sists of a wearable device was developed, which can
be used in a house or nursing home. The solu-
tion implemented performs room-level localization,
allows to monitor the heart rate of the user, has
an SOS button, and detects falls and inactivity.
It then sends alerts that can be received via SMS
message to the user’s emergency contact. Combin-
ing the localization with the health analysis, will
help to perform a better and more reliable diag-
nosis. Suggestions for future improvements to this
system were proposed, such as designing a new PCB
board, replacing certain components, improving the
mobile node’s power consumption, and calibrating
certain parameters within the indoor localization
and health monitoring algorithms.

The results show that even with some limitations
and accuracy problems, the proposed system have
an acceptable performance and proves that this low-
cost approach on wearable health monitoring and
indoor localization can be achieved. In the end, by
performing some improvements and calibrations, a
real life system that has a lower cost compared to
other existing solutions could be implemented in the
future based on the proposed solution in this work.
This type of equipment is very relevant because it
allows people to be safer, allowing them to age at
home, enjoying greater comfort and better quality
of life.

References
[1] Rosdiadee Nordin Zahid Farid and Mahamod

Ismail. Recent advances in wireless indoor
localization techniques and system. Journal
of Computer Networks and Communications,
2013.

9



[2] Y. Su J. Lee and C. Shen. A comparative study
of wireless protocols: Bluetooth, uwb, zigbee,
and wi-fi. IECON 2007 - 33rd Annual Confer-
ence of the IEEE Industrial, 2007.

[3] Espressif Systems. ESP8266 Datasheet Ar-
duino Core Documentation, 2018.

[4] Digi International, Inc. XBee/XBee-PRO RF
Modules, 2009.

[5] J.; Paradells J Gomez, C.; Oller. Overview
and evaluation of bluetooth low energy: An
emerging low-power wireless technology. 2012.

[6] JN Huamao Technology Co., Ltd. Bluetooth
4.0 BLE module Datasheet, 2018.

[7] A. Peinado. Privacy and authentication pro-
tocol providing anonymous channels in gsm.
2004.

[8] Yu-Jen Chen Chi-Chun Lo. Secure commu-
nication mechanisms for gsm networks. IEEE
Transactions on Consumer Electronics, 1999.

[9] SIMCom. SIM900A Datasheet Hardware De-
sign, 2009.

[10] Texas Instruments. CC1101 Low-Power Sub-1
GHz RF Transceiver datasheet, 2015. Rev. I.

[11] Nordic Semiconductor. nRF24L01+ Single
Chip 2.4 GHz Transceiver Preliminary Prod-
uct Specification, 2008. v1.0.

[12] W. H. O. Ageing and L. C. Unit. WHO global
report on falls prevention in older age. CH:
World Health Organization.

[13] J Khan, S.S.; Hoey. Review of fall detec-
tion techniques: A data availability perspec-
tive. Med. Eng. Phys, 2017.

[14] Villar J. Chira-C. González V. de la Cal E
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