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WIRELESS DEVICE TO IMPROVE PERSON CARE
Abstract

Introduction and aim: The article presents the issues of system anatyps of the device to

a wireless diagnostic health of elderly peoples®ystem is able to control a pulse, temperature
and ECG recording. There are also presented the eements of hardware/software system that
enables to communicate between the Smartphone fendidvice. Moreover, a biofeedback
module is a kind of an innovation of the system.

Material and methods The project has been designed and implementeddbas software
platform Arduing mobile phone withAndroid system and sensors. In addition, have been
presented the main elements of system enables coiaion between thAndroid system and
Arduino platform.

Results The result of work is fully functional prototype.

Conclusion: The method described is innovative with positest &and opinion of future users.
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BEZPRZEWODOWE UR4DZENIE DO ANALIZY STANU ZDROWIA

Streszczenie

Wstkp i cel: Celem realizowanego projektu jest opracowanie syst&/spomagarego analig
stanu zdrowia osoby starszej. Opracowany systeravagdp maliwos¢ wykonywania badania
tetna, temperatury i EKG. Ugzlzenie komunikuje gbezprzewodowo ze smartfonem, na ktérym
wyswietlane g wyniki. Ponadto opisywany system posiad&zenie zwjzane z biofeedbackiem.
Materiat i metody: W pracy wykorzystano platfognprogramistyczag Arduino, telefon z syste-
mem Android orz czujniki do pomiaru akcji sercasputemperatury. W artykule omowiono spo-
sOb dziatania systemu oraz oprogramowanie systentrofd i na pltytk Arduino. Dodatkowo
przedstawione zostaly najivaejsze elementy oprogramowania utivaiajgce komunikacje po-
migdzy telefonem na systemie Android a platipArduino.

Wyniki: Wynikiem pracy jest w petni funkcjonalny prototyp.

Whiosek:Opisany system jest nowatorski z pozytywnymi apirgezysztych tytkownikéw.

Stowa kluczoweOsoby starsze, mechatronika, system Android.

(Otrzymano: 23.11.2016; Zrecenzowano: 30.11.20H&kEeptowano: 05.01.2017)
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1. Introduction

Healthcare has emerged as one the biggest andtfgsbaving industry around the World.
Demands on healthcare throughout the world aregthgnNow we can see that, there is now
huge demand for new mechatronic systems which ivgpedficiency healthcare. At the same
time, theses systems cut costs. Moreover theséiawducan support the shift of healthcare
from hospital to the home. It is possible to pravitle three most important reasons influenc-
ing the increasing popularity of wireless devicegnprove people care:

» the global demographic trend towards ageing pojuls
» less active lifestyles,
» fast-food diets.

It is leading to higher probability and earlier en®f chronic conditions such as Type 2
diabetes and cardiovascular diseases. Moreoveitlitause a require for a long-term, con-
tinuous care and a growing burden on healthcarastifictures. Today in most developing
countries, 75-80 per cent of healthcare expendigisgpent on chronic diseases. The recent
research shows that these wireless devices hau#deemmre effective treatment of chronic
disease, deliver improved patient outcomes andceediie requirement for hospital visits

[4], [5].
2. The aim of the project

The aim of the project was to develop and makeotopype of a small, portable device for
testing (ECG, temperature, pulse), and generattsefor the elderly person and his doctor.
In a dangerous situation (heart attack or strokis)device will automatically send a message
to medical service or user’s family. Message infe@bout the dangerous situation and sends
the location data (Fig. 1).

Fig. 1. Schema of the system
Source: Elaboration of the Authors

The article refers to design, hardware, softwam @mototype of this device and presents
the first tests. This paper presents the descnifdhe software and communication with the
external measuring system was presented.Ardaino module was selected on the basis of
the measurement system. Then, a program for thaswmement system was written in the
environment ofArduino IDE. Arduinois usually programmed iG/C™ .
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The purpose of the program is to retrieve data fteensensors and send them to a Smart-
phone withAndroid Furthermore, the application on the device witidéoid, which allows
reading the data was described. There were daealand Android environmental elements,
such as SDKStandard Development KitJhis application has been enhanced with the func-
tion of biofeedback.

3. The measuring system

One of the most important parts of this wirelesgiaketo improve elderly person care is
the measuring system. The construction of the miegaystem consists of: a part placed on
a finger (which includes temperature and pulse satesors), electrodes located on the chest
and the computing system. Heart Rate Monitor iysiesn which allows users to measure
heart rate.

To measure temperature was used DS18B20 1-Wirtaligmperature sensor from Max-
im IC. Reports degrees C with 9 to 12-bit precistBbC to 125C (+0.5C). Each sensor has
a unique 64-Bit. Electrocardiography (ECG or EK&}he process of recording the electrical
activity of the heart over a period of time usidgorodes placed on the skin. For this meas-
urement was used the AD8232 SparkKHeart Rate Monitor).t is a cost-effective board
used to measure the electrical activity of the th&dnis electrical activity can be charted as an
ECG and output as an analog reading.

This project was based @rduino Mega 2560It is a microcontroller board based on the
ATmega 2560It has 54 digital input/output pins (of which ¢&n be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial poas)p MHz crystal oscillator, a USB con-
nection. In this project it was used HC-05 moditlés an easy in usBluetooth SPRSerial
Port Protocol)module, designed for transparent wireless sedahection setup. Serial port
Bluetooth module is fully qualifiedBluetooth V2.0+EDR(Enhanced Data Rate3Mbps
Modulation with complete 2.4GHz radio transceivied daseband. It uses CSR Bluecore 04-
External single chip Bluetooth system with CMOShtealogy and with AFHAdaptive Fre-
quency Hopping Feature)n this project it was used 9V battery. All of tkedata are dis-
played on LCD screen or on Smartph{3ie

The software and communication with the externahsneng system were written in the
environmentArduino IDE Arduinois usually programmed i@/C™. The purpose of the pro-
gram is to retrieve data from the sensors and gerd to a Smartphone wikndroid At the
beginning, the program initiates the used libraridgen, the OneWire object was created to
communicate with a temperature sensor. The pin euamias given in the function argument.
This object is given as an argument to the clagscobamed DS18B20 sensor. The table “ad-
dress” specifies the address of the temperaturssefihen, global variables are defined, and
finally found the initialization of the display vhtthe specified pins numbers. Pulse rate
measurement is performed by using two functiongpwa and pulse (). The warp () is de-
signed to set a threshold value above which thesamement is started. The pulse () during
the first minutes does a preliminary measurememwbaht heartbeats. Then, continuous pulse
measurement is performed.

Electrocardiogram measurement is realized by rgadinthe analogue port. This meas-
urement is performed when the slider is activated the ECG electrodes are placed on the
user’'s body. The function print () is designed ¢ad data to the application. The data is for-
matted as JSON. It is a data exchange format &y eammunication. The function display ()
generates a text. Then the current data are shwevort the LCD, depending on the condition
of changed keys [2], [8]
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4. Android application

A Smartphone wittAndroid is used to retrieve data from sensors. An apphisrdevice
was written inJavaand activated bpalvik Virtual Machine The Android application is us-
ing theAndroid Studiadevelopment environment [1], [3], [7]. Applicaticharacterized by
ease of use and clarity. The application consistsuw basic windows: main window, graphs,
reports and biofeedback. A main window is alsodtaetup screen. It has the buttons that al-
low to control of this application (Fig. 2a). Grapallow to display the data from measuring
system or display data from the reports (Fig. R®ports allow presenting the results in the
selected time period. Biofeedback was created baseimpen source of tetris game. Biofeed-
back provides information about changes of physocaddition and user’'s reaction during
selected exercises. This module is described mldater in this article (Fig. 2c).
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Fig. 2.Android application: (a) Main Window, (b) Graphs and (@fBedback
Source: Elaboration of the Authors

Source code contains several important classesN&igActivity, WykresyActivity, His-
toryActivity, ChooseDataActivity, BluetoothConnemti, HealthDBHelper, HealthDBMan-
ager, ArduinoService).

5. Biofeedback module

Biofeedback module is an innovation of this kindsgétem. Biofeedback is a method of
treatment that our device uses to measure andaglispl smartphone screen patients physiol-
ogic information of which they are normally unawd®. By monitoring the smartphone
screen, patients can learn by trial and error howadntrol “involuntary” bodily processes
such as blood pressure and temperature. This medaleles biofeedback training with the
use of changes in heart rate and temperature nduile based on game of Tetris using code
to Open Source License. It allowed us to prepaie dhme with specific modification for
biofeedback. In our version of this game, user dzange the speed of the falling blocks de-
pending on changes in heart rate and temperature.
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The game is designed to help user to control suddeEmousness which is a result of
changes in the speed of action of the game. Itkslan game are changing the speed of fal-
ling down, user should not be nervous but he shoatttentrate on the game and his emo-
tions. The purpose of this training is to improhe bioelectrical activity of the brain, what
causes improving the patient’s condition.

6. Tests

The software was prepared and tested on Smartphamsung Galaxy. During the first
tests we wanted to check the behavior of the agijpbic user body in stressful situation. This
stressful situation was generated when the usgeglthe game Tetris with our with specific
modification for biofeedback. In our version ofglgame, the speed of the falling blocks can
be change. In our version of this game, the spéedeofalling blocks can be changed sud-
denly in strange of situation. The average spedthefalling blocks is 0,5 one block of the
tetris game per second. The playing field in tegjame is 3421 blocks. It causes a stress in
user body which can be detected by changing osepuémperature and ECG or a frequent
errors in the game. It is possible to observe phisnomenon (stressful situation) in the ECG
chart (Fig. 3) and temperature chart (Fig. 4).un case a low-cost temperature sensor, it can-
not observe this phenomenon. The game is designkdlp user to control sudden nervous-
ness and learning to control own body.
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Fig. 3. ECG chart

Source: Elaboration of the Authors
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Fig. 4. Temperature chart
Source: Elaboration of the Authors
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7. Conclusion

Taking everything into account, our measuring dewonsists of two parts: measuring
system and application. The system is able to obmtrpulse, temperature and ECG re-
cording. This innovative application was preparedAndroid studig this app collects data
from the measuring system and contains a biofe&dbaadule to help user to learn self-
control and self-discipline.

This biofeedback module is based on the game Tgdigy code to Open Source License.
In our version of this game, user can change tleedmwf the falling blocks depending on
changes of basic vital signs measurements. Thedspkéhe falling blocks depends on
changes in heart rate and temperature. During #@meeg user should not be nervous but
should concentrate on the tasks. However, workimga@meone’s concentration can be car-
ried out not only on the basis of the proposed game

The most helpful function during the rehabilitatimmthe ability to generate graphs and
possibility to further analysis. Thanks to the miadwalesign, it is possible to expand the sys-
tem with additional sensors and new function of.app
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