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Abstract—Designing a device to manage the medical doses for elderly peo-
ple is essential in terms of the patient safety and well-being. The device is cre-
ated in order to regulate medication schedules and deliver doses of medication
according to a prescribed time and dose by alerting patients of the scheduled
dose through communication means such as mobile phones. The device utilizes
mobile technology and communication such as Android and Wi-Fi. This device
consists of six basic elements: Arduino Uno board, ESP8266 Wi-Fi module that
connects the phone with the device, RTC module (Real Time Clock), GSM
module for alarming when the time of medication is reached, Drivers for motors
to release the prescribed doses of the medication and Smartphone for control
purposes. The device was built and tested and showed promise to be used for
serving the local community.
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1 Introduction

Home automation involves the integration of technology and services within the
home, with the aim of improving the quality of living using improved security, com-
fort, communication and management of technology. The rapid growth of information
technology and the trend of aging society make medical and health services more
popular [1]. But, there are still problems that need to be solved, such as choosing
networking protocol, selecting sensors and wireless connections [2].

Treating older persons with dignity and respect reflects cultural values in Palestini-
an society. As life expectancy increases, older people want to play active role in their
families and want to gain independence in their daily activities. Modern information
technology tools and software enables elderly people to take charge of their lives such
as to adhere to their medication schedule which becomes a challenge as their memo-
ries diminish. Elderly people develop some bad habits such as medicine sharing, tak-
ing more than the required medical doses, and sometimes forgetting about the doses.

Automatic dose dispensing machines (ADDM), devices loaded with unit-dose bags
for single-time usage [3], can solve these problems. ADDMs are not new in the medi-
cal world, they are used in primary healthcare in Sweden, Denmark, Norway, and
Finland as early as 2000 [4], [S], [6], [7]. ADDMs was used effectively in Nordic
countries for elderly prime healthcare patients to ensure safe medication [8], [9].
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ADDM use resulted in enhancing patient safety, decreasing medication costs, and
saving nurses working time in the primary healthcare [10].

In Arabic culture, older people are respected and venerated for their wisdom, but
modern technology may affect this tradition, since younger generations are more
adapted to modern life. The Palestinian society is widely considered a young society
with high birth rate and low percentage of the elderly. In 2017, the Palestinian elderly
population, aged 60 and over, reached 4.6% of the population in Palestine (5.1% in
West Bank and 3.9% in Gaza Strip) [11]. Over the last two decades, life expectancy in
Palestine increased from 67 years in 1992 to 74 years by 2017 and is expected to
continue increasing to reach 74.3 by 2020 [12].
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Fig. 1. The Palestinian population segmentation 2016

Palestine is experiencing lifestyle shifts such as an increase in nuclear families liv-

ing alone instead of in the same home with their extended families and an increase in
numbers of women participating in the labor force [12]. This led to increased number
of elderly people who are living alone or left alone at homes with limited support
systems.
Elderly people are usually suffer from chronic diseases that force them to lose their
independence. According to 2012 WHO EMRO, Palestine had the crude birth rate of
27.1 births per 1000 persons, and the crude death of 2.7 deaths per 1000 persons [13].
The six leading causes of death are heart disease (21.0% of all deaths), cerebrovascu-
lar disease (11.0%), cancer (10.3%), conditions in perinatal period (8.6%), respiratory
disorders (6.9%) and accidents (5.4%) [14]. The majority (97%) of elderly in Pales-
tine are cared for by their children [15].

Thus, there is an existing need to develop a system with module and method that
provides tracking and reminder of medication dosage using sensors, mobile applica-
tions and cloud services. This research proposes building an ADDM for the purpose
of improving medical adherence through proper monitoring system. By integrating a
database system with the ADDM, real-time tracking is possible which helps in moni-
toring medical dosage, generating medicine orders and producing medical reports for
doctors. This research aims to design a model that increases medical adherence
amongst elderly patients, to develop and deploy low cost sensor based system for
medical tracking and reminder system, to develop an efficient way to communicate
between embedded system and cloud services, and to improve the existing medication
reminder system by integrating tracking and cloud functionality.
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This paper is organized such as: section 2 talks about the system main components,
section 3 presents project’s algorithm and working principles, section 4 presents the
results and shows the system as a whole, and section 5 concludes this paper.

2 Main Components

This section describes designing a medication release system for taking medication
on time with the exact prescribed dose. The system can be controlled through mobile
technology based on android software. The developed system is intended to provide
alerting messages around dose times and provides the exact quantities throughout the
day.

The system controls the medical doses remotely and consists of six basic compo-
nents, as shown in Fig. 2, such as: smartphone, Wi-Fi module (ESP8266), RTC
(DS1307) the Arduino board, Ultrasonic, and the motor’s drivers. The control passes
through three main stages: first, the smartphone connects to the Wi-Fi module; then,
the Wi-Fi module passes the commands and the time of the smartphone to the Ar-
duino via a serial communication port; in the third step, the Arduino reads the time of
RTC module and control the device (lower the doses on-time) via motor’s drivers and
sends an alarm through GSM module.

Fig. 2. The block diagram of the proposed system

Arduino Uno is a microcontroller board based on the ATmega328P as shown in
figures 3 and 4 [16]. It contains everything needed to support the microcontroller;
simply connect it to a computer with a USB cable or power it with an AC-to-DC
adapter or battery to get started. Arduino Integrated Development Environment, IDE,
is used to write programming codes in the Arduino C language, then convert them to
an executive formula to be burned to the microcontroller in the Arduino board.
ESP8266 or ESP is a Wi-Fi module suitable for supporting the Wi-Fi protocol, sup-
porting the TCP/IP (transition control protocol/ internet protocol), and it can even be
programmed as an access point as shown in Fig. 5 [17].
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Fig. 4. The Arduino board
ESP8266 or ESP is a Wi-Fi module suitable for supporting the Wi-Fi protocol,

supporting the TCP/IP (transition control protocol/ internet protocol), and it can even
be programmed as an access point as shown in Fig. 5 [17].
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Fig. 5. The ESP8266

Fig. 6. DS1307

The DS1307 is serial real-time clock (RTC) as shown in Fig. 6 [18]. Address and
data are transferred serially through an 12C, bidirectional bus. The clock/calendar
provides seconds, minutes, hours, day, date, month, and year information.

The Neo  M590 is a single-chip GPRS industrial wireless module with data only
as shown in Fig. 7 [19]. It has SMS, data service and other functions. The Neo  M590
GPRS modem provides mainly SMS services and GPRS connectivity.

Fig. 7. GSM/GPRS module Neo M590
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L298N Dual H-bridge Motor Controller is shown in Fig. 8 [20]. It is typically used
in controlling motors speed and direction, but can be used for other projects such as
driving the brightness of certain lighting projects such as high powered LED arrays. It
is a circuit that can drive a current in either polarity and be controlled by Pulse Width
Modulation (PWM).
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Fig. 8. Motor driver pin configuration
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Fig. 9. Ultrasonic HC-SR04

The ultrasonic module from Arduino, as shown in Fig. 9, detects the distance of the
closest object in front of the sensor (from 3 cm up to 400 cm) [21]. Depending on the
time of sending and receiving ultrasound wave.

The connection between the H-Bridge and Arduino board and Motors is listed in
Table 1 and Table 2 and is shown in Fig. 10 and Fig. 11. Driver A +Arduino connections.
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Table 2. Driver A +Arduino connections

Driver 1
Pins of driver Pins of Arduino Motors
Out 1,2 Motor A
Out 2,3 Motor B
IN1 7 (Digital Pin) -
IN2 0 (GND) -
IN3 0 (GND) -
IN4 8 (Digital Pin) -
ENA 5 (PWM) -
ENB 6 (PWM) -
Table 3. Driver B + Arduino connections
Driver 2
Pins of driver Pins of Arduino Motors
Out 1,2 - Motor C
Out 2,3 - Motor D
IN1 11 (Digital Pin) -
IN2 0 (GND) -
IN3 0 (GND) -
IN4 12 (Digital Pin) -
ENA 9 (PWM) -
ENB 10 (PWM) -
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Fig. 10.Drivers Arduino connections
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Fig. 11.Drivers +Motors connections

Arduino board and GSM module

The GSM is used to send alarm on scheduled dosses time of medication, moreover,
this alarm also sends SMS message to the patient or nurse. The connection of GSM
requires 4 pins from Arduino as shown in Table 3.

Table 4. GSM +Arduino connections

Pin Pins of GSM module Pins of Arduino board
1 Vbat 5 volt pin
2 |GND GND pin
3 Ring GND pin
4 |GND GND pin
5 TXD A2 (analog pin)
6 RXD A3 (analog pin)
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2.2 Arduino board and ultrasonic

The ultrasonic module from Arduino detects the distance of the closest object in
front of the sensor. It has 4-Pins as mentioned and is connected to the Arduino as
listed in Table 4 and shown in Fig. 12.

Table 5. Ultrasonic +Arduino connections

Pin Pins of ultrasonic Pins of Arduino
1 Trigpin 4 (Digital pin)
2 Echopin 13 (Digital pin)
3 Vce 5 volt pin
4 GND GND pin
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Fig. 12.Ultrasonic +Arduino connections

3 Algorithms and Working Principles

After explaining the electrical wiring between components of the device, and how
they work. This section presents the used algorithms and how they are used in this
device. In addition to explaining how to establish communication between the various
components. The following connections were established:

Arduino board and ESP8226

Arduino board and RTC module

Arduino board and motor driver (H-Bridge)
Arduino board and Ultrasonic module
Arduino board and GSM module
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3.1 Arduino board and ESP8226

The main commands and functions that have been used in programming are shown
in Table 5.

Table 6. ESP commands

Command Its work
SoftwareSerial espserial(2,3) [Define UART serial protocol at pins 2,3
espserial.begin(9600) Define the baud rate of module

3 Set the network mode to:
AT+CWMODE 0-Station mgde
1-Access point mode
2-both
AT+CWSAP Create the name of the ESP access point
5 |AT+CIPMUX Set the connection mode to either single or multi

The functions used to connect Arduino with ESP are:

o Espread function: used to read data from ESP that is received by Arduino.
o Espsend function: used to write to ESP by Arduino to send it.

3.2  Arduino board and RTC module

There are two specified pins in Arduino board (SDA, SCL) that deals with 12C de-
vices. It also has a specified library and specified commands for read and write
from/to RTC module. The RTC module has specified title in Arduino programming
because a huge collection modules work with 12C. The main commands and functions
that has been used in programming are:

e Wire library: library for I2C devices

e RTC 0X86: title of RTC module

e Readtime function: read the time from RTC module

e Settime function: write and set the time to RTC module

3.3  Arduino board and motor driver (H-Bridge)

In this project, commands were used to send (0, 1) and PWM (analog output). The
main commands and functions that were used in programming are:

e PinMode (pin,OUTPUT): defines the pins of Arduino boards that connected with
drivers .

¢ DigitalWrite (pin,HIGH): defines the pins that have to be 1 (5volt)

o Digital Write (pin,LOW): defines the pins that have to be 0 (Ovolt)

e AnalogWrite (pin,0-255): defines the pins that its value have to be 0-255 (0-5volt)
analogoutput
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3.4 Arduino board with GSM module

The GSM module is programmed by AT-commands and Arduino board is used for
sending these commands automatically when the times of medicine comes. The com-
mands is sent from Arduino to the GSM by using UART protocol at pins (A2, A3).
This command contains the message content and the text number that the message
will be sent to. The main commands and functions that we have used in programming:

e AT: wake up GSM module
e AT+CMGF=1 put the GSM on text mode
e AT+CMGS= give the mobile number to the GSM

3.5 Arduino board with Ultrasonic module

The Arduino board sends a short pulse to trigger the detection, then listens for a
pulse on the same pin using the pulseln() function, which is a specified function for
this procedure. The duration of this second pulse is equal to the time taken by the
ultrasound to travel to the object and back to the sensor.

4 The Mobile Application of the Device

Phones that support Android and IOS operating systems are utilized. An applica-
tion that supports these operating systems were designed to control the device remote-
ly, through an app. The phone app to control the device is designed using Unity pro-
gram, a GUI (graphical user interface). The unity3D is used to design the control
program, the GUI (graphical user interface) capabilities of the engine is used to create
its multi pages, and to use the TCP/IP sockets to directly and without delay control the
Arduino.

4.1  Application description

The application consists of 5 pages that describes the system as shown in Fig. 13
and Fig. 14.

Patient page: In this page the patient enters the main page of application without
password, anyone can enter this page, without entering of password. This page is a
monitoring screen for the remaining time of dosses of medicine only (can’t set any-
thing in the APP). This page is shown in Fig. 13.

Entering page: This page, as shown in Fig. 15, can be reached by pressing the but-
ton in the monitoring page (the button has doctor image). This page links users to the
setting page and emergency page but this window has password which the admin and
nurse only know it.
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Fig. 13.Layoutl- main screen
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Setting page: This page can be accessed only by the nurse and the admin, as
shown in Fig. 16, by entering the password. In the input field of entering page: input
field of the nurse to the nurse password and the input field of admin. In this page, the
nurse or admin can set the time of doses of medicine, the name and set the number of
doses per the day. In this page, there is a button, if the person presses it, it gives them
accesses to the emergency page. Also, in this page the button only appears to the ad-
min that give access to the admin’s page.

Fig. 15.Layout 3-Settings

Submit

Fig. 16.Layout 4 —Password settings
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Fig. 17.Emergency layout

Admin page: In this page, the admin can set the password of the nurse and reset
the admin’s password, as shown in Fig. 16.

Emergency page: This is a page, as shown in Fig. 17, can be accessed by both the
admin and the nurse. It has four buttons that can dispense the dosses immediately
when the patient is in critical condition or missing one of their prescribed doses and
needs medication immediately. The nurse can press any button and dispense the med-

icine.

5 Conclusion

A module and method were developed to increase medical adherence using both
embedded technology and GSM services. A mobile application was developed to
integrate embedded technology with GSM services. User interaction with the embed-
ded system and tracking of dosage and reminder service is provided using a combina-
tion of embedded technology along with mobile application. Effective tracking of
dosage is done using IR sensors and mobile application. The system provides an easy
to use user interface for patients, nurses and doctors through mobile applications.
Medical adherence can be improved through proper monitoring of medical dosage.
The system reminds the patient to take right amount of medicine dosage at appropri-
ate times through SMS.
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