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The challenge to guarantee healthy aging has become a major social concern. Due to the cognitive deficits
related to age, hectic daily activities, and multiple medications prescriptions, the elders often tend to
forget their pills intakes. This has a colossal impact on their health and life. Moreover, the recent
pandemic of COVID-19 has accentuated the importance to provide independent and autonomous living
for the elderly. This paper presents a pill management system based on loT intended for aged individuals.
The proposed system is a smart pill dispenser associated with a mobile application. The main actors of
the system are the patient, the doctor, the pharmacist, and the patient’s caregiver and/or relative, each
having restricted access to the system via specific credentials. The prescription is directly edited on the
mobile application by the doctor and the scheduling and filling of the pillbox is done wirelessly by the
pharmacist. The reminding of medications intakes in this system is done gradually to help the patient
adhere to his/her prescription. First, it notifies the patient about his/her scheduled pill by a mobile
notification then via the pill dispenser using LCD, LED, and buzzer. The implemented system also allows
the doctor and caregiver to keep a tab of the patient’s intakes. Furthermore, the pill dispenser is featured
with a locking mechanism to ensure medication dosage control and prevent drugs abuse. Experiments
show that the proposed system is appreciated by the elderly and encourages them to take their pills
successfully and safely without causing any disturbance.

Povzetek: Zaradi kognitivnih omejitev, povezanih s starostjo, napornih dnevnih dejavnosti in mnoZice
predpisanih zdravil, starejsi pogosto pozabijo vzeti predpisana zdravila. Ta ¢lanek predstavija sistem za
upravljanje jemanja zdravil, ki temelji na internetu stvari in je namenjen starejsim posameznikom.
Predlagani sistem sestoji iz pametnega razdeljevalnika zdravil, ki je povezan z mobilno aplikacijo. Poleg
pomodi pri pravilnem jemanju zdravil sistem omogoca tudi nadzor jemanja zdravil s strani svojcev,

zdravnikov in negovalcev.

1 Introduction

In the last few years, the average age of the world
population has been growing rapidly. Statistics affirm that
the number of the elderly in the world is growing by 3.26%
per year [1]. In addition, according to recent reports of
health organizations, world societies are expecting more
growth in communities of elderly individuals. Global Age
watch index estimates that the aging population will
continue to increase to reach 1.4 billion in 2030 and 2.1
billion by 2050 [2].

As the rate of aged individuals grows, the number of
individuals suffering from chronic diseases such as
diabetes, high blood pressure will continue to rise. These
conditions usually require people to take multiple
medications regularly to help them complete their daily
life activities safely and autonomously. Thus, due to
cognitive deficits correlated to age as memory deficits,
older people with intricate medication routines often tend
to forget about their intakes, timings, and doses. This
frequently leads to wrong medication intakes, which can
cause serious health consequences. Medication adherence
is considered a major medical concern. To support them

in medication intake, elderlies often appeal for help.
However, relatives and caregivers who frequently help the
elderly in remembering their medication intakes face a
daily burden while dealing with their own lives and
assisting these individuals. In addition, the recent
pandemic of Covid-19 has emphasized the importance of
providing independent autonomous living to seniors.

In this perspective, multiple tools and solutions were
developed to support the elderly in this particular activity.
It was found that senior individuals have high
acceptability of using smart kits and technological
solutions [3]. Smart pill dispensers are one of the most
preferred solutions [4]. A study shows that the demand for
smart pill dispensers will keep increasing [5].

The use of 10T paradigm in the healthcare industry has
offered various efficient applications and systems with
different architectures [29].

In this context, we present an 10T based smart pill
management system. It consists of a connected pill
dispenser connected with a mobile application installed
for four main users. The main users of the proposed
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system are the patient, the doctor, the pharmacist, and the
caregiver. The developed system works on two main
modes: the assistance mode and the programming mode.
In the assistance mode, the pillbox continuously checks
the current time using NTP (network timing protocol).
Before 10 minutes of the prescheduled intake, a
notification is sent to the mobile phone of the patient in
order to notify him/her of his/her intake. When the intake
time arrives, the pillbox emits sounds and lights using a
buzzer and a LED to alert the patient. An LCD is also used
to display directives for the patient. However, if the patient
decided to take his/her pill in the 10 minutes that precede
the right intake time, the pill dispenser alarms are
automatically cancelled.

In the programming mode, the pharmacist schedules
wirelessly the pill dispenser and refills the pills
compartment one by one using a simple interface on
his/her cellphone. The doctor is also able to write and edit
prescriptions for his/her patient remotely anytime. For
medication adherence monitoring, the proposed system
provides all of the users with real-time intakes history. In
addition to the gradual assistance in medication reminders,
the presented system keeps safe the pills, the patient, and
the relatives living with him.

The rest of this paper is structured as follows: Section
2 presents a brief review of the existing pill dispensers.
The system architecture as well as its operating logic and
modes are presented in Section 3. Section 4 presents the
design and implementation of the mobile APP and the pill
dispenser. Section 5 contains the results and discussion.
Finally, conclusions and perspectives are presented in
Section 6.

2 Literature review

Existing medication adherence solutions vary from simple
electronic devices which are the traditional pill organizers
[6] to complex intelligent systems such as pill dispensers.
This paper mainly focuses on the review of the recently
developed pill dispensers. Medication dispensers as
electromechanical organizers are able to dispense the right
pills with the right doses for the users [7]. By comparing
different conceptual and implementation aspects, pill
dispensers may be reviewed according to the used pill
dispensing mechanism, the developed programming mode
of the dispenser, the way pills intakes’ reminders are
delivered and the developed intakes monitoring method.

To remind the assisted individual of his/her
medication, first developed pill dispensers mainly used
visual and acoustic reminders such as buzzers to emit
sounds and LEDs to turn on lights [8].

The authors of [9] used an eccentric rotating mass
(vibrator) along with a buzzer to provide the alarms; while
[10] [11] [12] implemented playback modules and
speakers for pills reminding, in addition to LEDs and
LCDs that provide visual assistance. Others opted for the
use of vocal messaging to provide the intakes alarms. In
[11] a voice message saying “take vitamin tablet” is
announced whenever it is time for the scheduled pills.

The use of smartphones in healthcare as well as
Android Applications is found to be a powerful and
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promising manner to improve consumer-oriented products
[26] [27].

There are pill management systems that have
associated mobile applications to the pillboxes [12] [13]
[14]. These systems use mobile notifications to alert the
patient about his/her intakes. Others, e.g., [15] used both
mobile application notifications along with pill dispenser
alarms to alert the patient. However, the user may be
confused due to these double reminders and may take
his/her pills twice. Furthermore, many of the proposed
systems used LCDs or OLEDs screens to display
medicines’ relative information [16].

The second aspect to discuss pill management
systems is the way the pill dispenser is programmed and
filled. Most of the developed dispensers require that the
caregiver or the patient repeatedly fill the pills and
schedule the intake timings [17] [18] [8] [9] [12] [19].
Thus, they leave the programming and filling mode
unsecured. In this case, the patient has access to the pill
dispenser outside the intake hours. Also, anyone may fill
the pills and even edit pill schedules. [20] and [21] point
out the importance of respecting prescriptions and the
consequences of mistaking pills, so it is very important to
secure pill dispensers and make pill scheduling and filling
process accessible only by health professionals.

To secure the pill dispenser, [15] wused an
identification protocol based on person identification via
camera, thus no information was provided whether the
programming mode of the pillbox is also secured. Others
like [16] secure the scheduling process but ignore the
security of the filling process. In their system, the
scheduling is done by physicians through a web
application. Thus, no information was given on how the
filling is done. In [14] the patient himself/herself is
responsible for pill filling whereas it is the doctor who
does the scheduling of the intakes.

Another important detail in pill dispensers is the
method used for dispensing the medication. The
dispensing method used in medication dispensers is very
important since it impacts the medication adherence of the
patient and also the security of both the patient and the
relatives living with him/her as well.

Some of the developed systems use vital signs to
dispense the pills only when it is necessary [22] [23].
However, this is not adopted for elderly individuals with
memory deficits since they do not emit any reminders. The
authors of [15] and [24] use ultrasound sensors to detect
the presence of the individual before dispensing the pills.
If a presence is detected, the scheduled pill will
automatically be dispensed. Yet, this may put at risk
infants or illiterate adults living with the patient, since it
blindly frees the medication. Similar solutions are
described in [14] and [25] which automatically open when
the intake time comes. In case of non-response from the
patient, the pills remain accessible for all the individuals
living with him/her.

In [18] an infrared sensor is used to detect if the pill has
been taken or not. However, if the patient does not respond
in 10 min the pillbox locks automatically.

A simple yet efficient technique for pill discard was used
by [10] and [12]. The tablet compartment opens only if a
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push-button is pressed. The authors of [15] used a more
sophisticated technology, where a PIR sensor and a
camera are used. Whenever a movement is detected
around the pillbox, the camera is activated and identifies
the person around. If it is a correct intake time, the pillbox
unlocks and dispenses the medication. This method is the
most secure technique for pill dispensing. However, in
some cases when the senior is not ready to take his/her pill
yet and passes around the pillbox, the pill will be
dispensed and will remain accessible to the patient
relatives which represents a risky situation. Also,
medication remains exposed to ambient factors such as
temperature and humidity. Furthermore, the use of
cameras may be displeasing for some seniors as they see
it as a privacy issue.

For the monitoring techniques, some of the presented
systems such as [17] [12] [13] provide no track of the
intakes. Others use a variety of methods to this end. The
monitoring technique used in [8] [10] [18] relies on
sending messages alerts to the patient’s caretaker or doctor
if he/she does not take his/her scheduled pill. In addition
to sending an SMS to the caregiver, [8] uses IR sensors in
the compartments, whenever the sensor detects a presence,
the pill is supposed to be taken. These two methods are
useful yet they do not offer detailed medication tracking.

The authors of [28] used body sensors to develop a
health monitoring system for individuals with cardiac risk.
Their findings proved the efficiency of using sensors in
preserving peoples’ health.

In pill management systems, biosensors are also used
to report the state of the user and check whether the
medications have been taken on time or not. The authors
of [25] [13] developed a more suitable solution for intake
supervisions. In their system, the pharmacist and the
doctor monitor the consumption of the patient via their
mobile application. However, the patient has no record of
his/her intakes. To confirm the real consumption of pills a
load sensor HX711 is used [19]. Whenever the patient
takes the pill from the pill dispenser, the weight decreases,
and the intake is confirmed. However, this pill dispenser
is not adapted for elderly use.

Despite the proven efficiency of the cited pill
dispensers, they do not completely meet the needs of
elderly population. While developing a pill dispenser for
elder individuals, it is very important to take into
consideration the cognitive deficits that the elderly may
suffer such as memory, initiation and planning deficits.
Also, it has been noted that some of the used techniques
require that the patient interacts directly with the system,
but for illiterate seniors or those lucking for skills and
abilities, this may not be suitable. In addition, to protect
the pill dispenser from unauthorized individuals,
particular attention to security and safety issues is
required. Through the literature review, it was noticed that
few or no smart pill management system regroups all the
elderly needs, also no safety measures were developed. In
addition, none of them offers a gradual reminding to the
users.

The main objective of this paper is to offer the elderly
with memory deficiencies a pill management system that
offers gradual assistance for medication intake. Even
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though many pill dispensers were developed, no
medication management system offered gradual
assistance. Assisting the elderly with a gradual method is
an important aspect that helps in medication adherence
and technology acceptance. This aspect is often ignored in
previous research. The existing pill dispensers use either
smartphone notifications or pill dispensers’ alarms, the
few that reassemble both techniques often cause
disturbance to the users. The assistance acts in this pill
management system are provided by both the dispenser
and the smartphone with gradation. The provided acts
respect as well the acoustic and eyesight deficits the
elderly may suffer from because of old age.

Through research, multiple pill dispensers are
proposed, most of them are similar and do not pay
attention to security aspects. Hence, in the present work,
the security of the senior using the pillbox as well as the
individuals living with him/her are taken into
consideration.

Moreover, the existing pill dispensers require physical
intervention to be programmed, while the dispenser of this
system is wirelessly and securely programmed. The
connected pill management system is fully connected and
the intake tracking is done remotely.

We developed a pill management system adapted to
elderly needs suffering from mild cognitive impairments
related to age. In this system, we address multiple issues.
Mainly, simple gradual assistance is provided for the users
so as to increase their adherence to medication by giving
them more time to take their scheduled pills. Our system
uses multiple means of assistance. This way individuals
with visual or acoustic deficits and also elderly with few
skills in operating IT are able to handle productively. The
implemented pill dispenser is connected with a mobile
application that ensures full medication monitoring for the
preauthorized users, and it is manipulated only by health
professionals. A secured dispensing mechanism is
implemented so that the pills stay out of reach of
unauthorized individuals and also from authorized
individuals outside their intakes timings intervals. In
addition, no privacy-invading technique was used in the
development of this system.

3 System design

Figure 1 presents the overall system units and the main
users. The proposed system is used by four main users: the
patient, the doctor, the pharmacist, and the relative of the
patient. It is composed mainly of a mobile application
developed under Android Studio and a connected pill
dispenser. The communication between all users and the
pillbox as well as the communication between the users
are done wirelessly using their mobile application and Wi-
Fi through WebSockets. Only two actors, the patient and
the pharmacist, interact physically with the pill dispenser.

Figure 2 shows the block diagram of the designed
system. It shows the main components and modules of the
pill dispenser. The block diagram was designed to be used
as a template while developing the system. The five main
modules that compose our system, namely the hardware
assistance modules, the control unit, the dispensing
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module, and the software module will be discussed in
Section 4.

The ESP8266 is considered as the communication
unit of this system since it provides the connection
between the mobile applications and as it is responsible
for the communication between all actors and the
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mainboard. Arduino UNO controls all of the hardware
components of the pill dispenser, i.e., the pill dispenser
mechanism and the hardware assistance part. A power
supply is used to make the pillbox portable. The software
assistance part is the patient mobile application. It
communicates mainly with the considered Wi-Fi module.

Patient [ =;‘|F'i"'£{‘__,JL Pharmacist
Coctor |« Relative
Mobile app
Figure 1: Overall system actors and components.
Actors’ mabile
MTP server  —— phones
Communication Unit Software assistance
. module
— Esp266 € : .
Wi-Fi module . Patient mobile
* application
Pill dispenser module
Hardware assistance
Seryomaotar modle
Control Unit LD
Stepper matar * Arduing UMD “ > Buzz
mictracontroler Hzze
1 3 LED
Fill contairner
Power supply Touch button

Figure 2: Block diagram of the system.

3.1 Operating logic
Figure 3 shows the operating logic of the proposed system.

To operate in assistance mode, the smart pillbox needs
to be programmed and filled at the start.

The box checks the actual time using the internet.
Before 10 minutes of a scheduled intake, the system emits
a notification through the mobile application on the main
user’s smartphone to prepare him/her for his/her intake. In
the 10 minutes that follow if the patient decides to take
his/fher pill, he/she can easily unlock the box by
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confirming his/her presence using the touch button. If so,
the pillbox opens the right compartment. If the user
confirms his/her intake, the box locks up, sends feedback
to the mobile application and passes to a standby mode
where it keeps checking the actual local time. If the intake
is not confirmed, the smart pillbox will automatically lock
and notify the user through his/her phone to complete the
intake process. If no response is given, the intake will be
saved as a non-completed task.

In the case when the 10 minutes elapse and the patient
did not confirm his/her presence, the smart pillbox
automatically emits sounds, lights, and displays messages
on its screen.
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If after the pill dispenser alerts the patient does not
confirm his/her intake, the smart pillbox goes into a
standby mode and saves the intake as a non-completed
task.

3.2 Operating modes

The developed pill dispenser operates in two main modes:
scheduling and filling mode, and assistance mode.

Schedule intakes and fill the b

Check time from
internet

current time
Maobile notification +10mn =
intake time
M =
Wait for 10mn mf::j '{ Unlock dispenser |
Dispenser LED,
Buzzer On, LCD msg
Presence ye Send feedback Notify with buzzer
confirmed I
Mo .
Lock pillbox Lock pillbox
Send ]
Soochark | Send feedback

Figure 3: Activity diagram of the proposed system.

3.2.1 Scheduling and filling mode

The programming mode is strictly reserved for health
professionals, in our scenario it is reserved for the
pharmacist. After accessing his/her account on the mobile
app through specific credentials, the pillbox switches
automatically to the programming mode. The pill
dispenser connects with the pharmacist’s app on a local
network. It shows directive messages on its screen in order
to assist the pharmacist. Through a simple user interface,
the pharmacist can easily manipulate the pill dispenser.

The mobile app shows at first the prescription for the
pharmacist so that he/she can verify the availability of the
medications before proceeding to the next step. Then, by
a simple touch on the screen, the pill dispenser is
unlocked.

The programming mode contains two modes: the
filling part and the scheduling part.

When the pharmacist enters the filling mode, he/she
can easily choose which compartment he/she wants to fill
by entering its number on the interface shown on his/her
phone. The prescribed doses of each medicine are taken
into account while filling the pillbox.

When the filling mode is validated, the pharmacist
accesses the scheduling mode where he/she plans the
intakes timings. The pharmacist refers to the patient’s
preferences while scheduling the intakes.

To validate the process of filling and scheduling, the
pharmacist is asked to confirm or cancel the new
modifications. In the end, the pillbox locks up and
switches automatically to the assistance mode.
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3.2.2 Assistance mode

In the assistance mode, the pillbox is either in standby
mode or in reminding mode. In standby mode, the pillbox
screen is off to gain battery life and to not disturb the
patient during his/her daily life activities. The smart
dispenser remains connected to the internet.

When the right time of a pill comes, the screen turns
on and starts displaying messages, a LED is turned on as
well and a sound is emitted from the buzzer to draw the
patient’s attention.

The senior is asked to confirm his/her presence before
unlocking the pill compartment. After confirmation, the
senior is again asked to confirm his/her intake.
Confirmations are done by a simple touch on the touch
button implemented on the top of the pillbox.

The connected pillbox sends feedback to the mobile
application using WebSockets. The feedback represents
the history of the patient’s intakes.

4  System implementation

The system we propose is composed of two main parts,
i.e., the hardware part which is the smart pill dispenser,
and the software part which is the mobile application. Both
parts are connected which offers an intuitive interface and
ease of configuration for the system.

4.1 Software development

The software part of the system consists of a mobile
application developed under Android Studio. The mobile
application contains multiple accounts for the four main
users. Each one of them has access to it through their
private accounts using preregistered credentials. The
functionalities that the mobile app offers differ from a user
to another according to his/her role. To understand the
different functions of the application, the following
section details the different possible interacts between the
pill dispenser and the mobile app and also between the
users and the system.

4.1.1 Interaction between patient and mobile

app
The patient interacts with the mobile app through a simple
interface adapted for elderly individuals. The patient can
read his/her updated prescription and can consult his/her
scheduled intakes.

Through his/her account, the patient may anytime ask
for help by a simple click on the ‘ASK for help’ button.
An important feature that our system offers is the
possibility for the patient to check the history of his/her
intakes. In case the elder forgets whether he/she took the
pill or not, this feature turns out to be very helpful.

4.1.2 Interaction between doctor and mobile

app
The mobile application offers the possibility for the doctor

to directly write and edit the patient prescriptions
remotely. In addition, the doctor is able to consult the
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history of the patient’s intakes in real-time and also his/her
pills schedule.

4.1.3 Interaction between relative and mobile

app

One of the main purposes that smart pill dispensers were
developed for is to reduce the burden of caregivers and
relatives. With our mobile application, the caretaker is
able to monitor the medication adherence of the elder
while completing their regular daily life activities.
Through a simple interface, the relative may consult the
history of medication intakes, and also the scheduled
intakes.
4.1.4 Interaction between pharmacist and
mobile app

The mobile app on the pharmacist side provides him/her
with the most interesting feature of our system. Through
his/her specific credentials, the pharmacist is able to lock
and unlock the pillbox, rotate the pills container, and also
schedule the intake of the elder. The interfaces of the
pharmacist account are all simple and intuitive. The
mobile app on the pharmacist’s phone connects locally
with the pill dispenser. This offers more security for the
filling and scheduling mode of the pillbox.

4.2 Hardware circuit and components

For the realization of the prototype, multiple components
have been used. The overall used materials and their
connection is shown in Figure 4.

The hardware of the proposed pill dispenser may be
divided into assistance module, dispensing module, and
communication module.

4.2.1 Assistance module

The Assistance module includes all the components
responsible for the reminders:

e A LED will light up when it is time to take the
pills and keep blinking when the user confirms
his/her presence. The LED turns off when the
user confirms that he/she took his pill.

e An LCD screen 20x4 shows preprogrammed
messages for the user. The LCD screen displays
messages such as: “Please confirm your
presence” and “Please confirm your intake”. For
the energy economy, the used screen remains off
unless the pill dispenser enters the programming
mode or the assistance mode.

e A buzzer is used to emit sounds whenever it is
time to take the medicines.

e A touch button helps the user interacts with the
messages displayed on the LCD screen. When it
is time to take his/her pills, the user unlocks the
pillbox via a simple touch.

4.2.2  Dispensing module

The Dispensing module is responsible for controlling the
dispensing mechanism and the assistance module.
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A simple yet efficient safety mechanism is adopted
for this prototype. To dispense the pills, multiple
components have been utilized:

e A servo motor is responsible for locking and
unlocking the container. When it is time to take
the pills and the user confirms his/her presence,
the servo motor will turn up to 45 degrees to give
access to the right pill storage.

e A stepper motor and its driver are used to rotate
the container. The stepper receives signals from
the Arduino Uno. Those signals are the addresses
of the different compartments. So, whenever an
address is received, the stepper motor will rotate
and stop at the compartment containing the
prescheduled pill.

e A container: a basic round plastic component
divided into multiple compartments is used to
store the pills.
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4.2.3 Communication module

The Communication module is composed of one
component which is ESP8266 NODEMCU. This is a
development board capable of acting as a Wi-Fi module
and a microcontroller as well. In this project, the ESP8266
is used to guarantee the connection to the Internet. This is
important to synchronize data through all the users’
applications and also to get the local hour from NTP
server. In addition, it is used to send feedback from the pill
dispenser to mobile applications such as the intake state.
The NODEMCU is also used to communicate with the
Arduino UNO. It sends specific signals representing
coded data. This data represents the compartment address
of the container.

| Hhe c————

- e

Figure 4: Circuit of the prototype.

4.2.4 Control unit

The Arduino Uno is a microcontroller that has multiple
inputs and outputs. It is considered as the control unit of
this prototype as it is the component responsible for
controlling the dispensing mechanism and the assistance
module.

5 Results

The proposed system was tested with the help of seven
individuals, three seniors aged between 64 and 67 years
old, one caretaker (a relative of subject C), one doctor, and
two pharmacists. All related details are shown in Table 1.

The pill dispenser and the mobile application were
given to the three seniors one by one for 3 days long. In

addition to the chronic conditions, the seniors have small
to mild acoustic and visual deficits.

In the testing process, the pill dispenser was first
loaded with the pills of each patient respecting the
prescribed amounts and timings. The intakes timings were
scheduled with the help of each of the testers according to
the respective daily routines. The prototype given to the
seniors was initially placed in their living room. The
participants were free to move it around as they exercise
their daily life activities.

The mobile application was installed on each of the
users’ phones, and specific credentials were given to them.
At the end of the testing period, the users reported full
contentment about the experience. They stated that the
gradual assistance provided by the mobile application and
the dispenser helped them take their medication without



464  Informatica 46 (2022) 457-468

any disturbance. They were also enthusiastic about the
different assistance acts that the system offers.

They also expressed their satisfaction with the ease of
use of the device and the mobile app. In addition, the
possibility for them to keep tabs on their intakes helped
them in gaining confidence and relieving their stress.

As for the experience of the two pharmacists, they
were given the pill dispenser and the mobile application
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for about 15 minutes each. They expressed right away
their appreciation for the overall system. The filling and
scheduling process was done efficiently and without any
help from the developer.

Table 1: Subjects details.

Suhject Gender Age Profession Health Condition

A female td retired High blood pressure

B fernale 65 retired High blood pressure

> fernale &7 retired High blood pressure

atid diabetes

Eelative of C female 36 teacher //’—J
D male doctor /’—J
E male //”' | pharmacist /
F WOITL At pharmacist //

Welcome To the SmartPillBox
Application

Please enter your name and password bellow

FILL PILLBOX

User Name Ahmed

LOMAC 20mg 1/day

~

\;TOR LO"'Q \Quy

-~

»

Figure 5: Mobile application screenshots.

The fact that the pill dispenser can be manipulated
only by a health professional was very appreciated by
them. Hence, suggestions like increasing the number of
compartments in the prototype and taking into account
pills conditioning were given by one of subjects (E).

To test our pill management system from a doctor’s
perspective, first the mobile application was installed on a

CO-ARADEX 12mg/1day

+ FINAL VIEW ’
\‘ 4

PROGRAM
TAKING HOURS

PILLS TAKING PROGRAM FINAL VIEW

-8 .
GO BACK

| VALIDATE ’
AND
EXIT ®
»
~ \
A

\,,;s\ » ol
iy G

.

doctor’s phone. A specific username and password were
then given to him. The doctor reported that he was able to
easily fill and edit his patients’ prescriptions without any
confusion. No help was needed from the developers. He
also stated that in some conditions like the recent Covid-
19 pandemic, the possibility to edit his patients’
prescriptions remotely is a very needed option. Small
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suggestions like enhancing the aesthetic aspect of the
prototype and adding biosensors to monitor health
conditions were given.

For the relative of subject C, the pill management
system was appointed as lifesaving. The caretaker of
patient C declared his full appreciation for the possibility
to track her relative intakes remotely without moving on
site. Also, the possibility for the elder to contact his
caretaker directly via his mobile application was very
admired.

Some of the app’s screenshots of the mobile
application are shown in Figure 5. The first screenshot
represents the welcome interface of the mobile
application. An error message is displayed at the bottom
when a non-registered user attempts to access the
application. The screenshot in the middle represents the
interface of the pharmacist programming mode. The
interface shows the prescription pre-registered by the
doctor. The pharmacist can switch between the
programming mode and the filling mode using the buttons
at the top of the interface. Besides the name of each
medication, two text fields represent respectively the
number of the compartment of the medication and the
scheduled timing of its intake. The buttons “edit” and
“program” are used by the pharmacist to modify these
data. The button “final view” at the bottom of this
interface leads to the third screenshot. In this screenshot a
general view of the prescribed medication is shown, each
with the corresponding compartment number and the
scheduled intake timing. Using the two buttons at the
bottom of the interface the pharmacist has two options: go
back and edit the entered information or confirm the
settings and exit the application.

6 Discussion

The results of the initial experiments show that the use of
the pill dispenser is an efficient solution for pills intakes
reminding. The developed system differs from the existing
pill management systems on multiple sides. The existing
pill dispensers often ignore or miss to address important
aspects such as: security, privacy, acoustic and eyesight
deficits, and the safety of the elders. To design this system,
multiple acts of assistance were provided to ensure the
implementation of all the important aspects of this specific
daily activity. Using visual and sound alerts, the system
offers a maximum assistance.

While most of the existing systems use either mobile
notification or pill dispenser’s alarm for medication
reminders, the proposed system combines both. It uses
both techniques with gradation. This constitutes the
unicity of the designed system. Offering assistance
gradually helps the elders prepare themselves for their
intake without causing any perturbance. From the
obtained results providing gradual assistance also
encourages the elders to take their medication and hence
improves their medication adherence and their technology
acceptance.

The initial findings are very encouraging. The results
open mainly a discussion on how simple assistive
technologies can also improve medication adherence,
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which is an important medical challenge. Further studies
and tests for this approach will be conducted.

7 Conclusion and future scope

This paper focused on medication adherence issues in old-
age individuals. A pill management system based on IoT
has been presented. It is mainly made for the elderly
suffering from mild cognitive deficits mainly related to
age such as: memory deficits, initiation deficits and
planning deficiencies. The significant advantage of this
system is that it offers gradual assistance through both
software application and hardware components. In
addition, the visual and acoustic deficits related to age that
most elderly suffer from are considered. Thus, multiple
acts of assistance through mobile notifications, LED
lighting as well as messages display and sound alarms are
provided. In order to keep the seniors and the individuals
living with them safe, the pill dispenser is equipped with
a locking and unlocking mechanism.

The proposed system permits not only the elderly to
have an independent and secure life, but also to reduce the
burden of caregivers, family members and doctors since it
allows them to supervise and monitor the elderly’s intakes
remotely. The proposed pill management system is
programmed wirelessly only by the pharmacist using
specific credentials. Furthermore, the user interface is
developed to be intuitive and adapted for both literate and
illiterate individuals.

As ongoing works, more tests and experiments will be
conducted. The pill dispenser, as well as the mobile
application will be given to more seniors of different ages,
and backgrounds suffering from different diseases. More
health professionals, as well as caregivers will also be
invited to test the dispenser and its application. The
remarks and suggestions given during the experimental
phase will be taken into consideration to enhance the user
experience. Furthermore, the duration of the experiments
will be extended.

In addition, the system will be enhanced with
additional features and more attention will be given to the
pill dispenser’s look, as well as the size and conditioning
of the compartments. To enrich the elderly experience, a
speaker could be added to provide vocal assistance.
Another interesting extension for this system would be the
addition of biosensors such as heartbeat sensors to offer
health monitoring of the user. In the smart city context, the
pill dispenser compartment could be equipped with
sensors such as weight sensors or IR sensors, so that the
pill dispenser would be able to order pills before running
out from the patient. Furthermore, a database is about to
be connected for the whole system to be fully operational.
Also, a specific printed circuit board (PCB) could be
designed to embed all of the components and make the
prototype easy to carry.

References

[1] S. Shahrestani (2018). Internet of things and smart
environments. Cham: Springer International , pp
1-9. https://doi.org/10.1007/978-3-319-60164-9 1


https://doi.org/10.1007/978-3-319-60164-9_1

466  Informatica 46 (2022) 457-468

[2] V.T. Taipale (2014). The global age watch index,
GAWI 2013. Gerontechnology, vol. 13, pp. 16-20.
https://doi.org/10.4017/gt.2014.13.1.010.00

[3] S.L.Smith,J. W. Archer, G. P. Timms, K. W.
Smart, S. J. Barker, S. G. Hay, and C. Granet
(2012). A millimeter-wave antenna amplitude and
phase measurement system. IEEE transactions on
antennas and propagation, vol. 60, pp. 1744-1757.
https://doi.org/10.1109/tap.2012.2186218

[4] B. Reeder, G. Demiris, and K. D. Marek (2013).
Older adults' satisfaction with a medication
dispensing device in home care. Informatics for
Health and Social Care, vol. 38, pp. 211-222.
https://doi.org/10.3109/17538157.2012.74108

[5] Data Bridge Market Research (2021). Global
Smart Pill Dispenser Market — Industry Trends
and Forecast to 2027.
https://www.databridgemarketresearch.com/reports
/global-smart-pill-dispenser-market

[6] J.Joy, S.Vahab, G. Vinayakan, M. V. Prasad, and
S. Rakesh (2021). SIMoP box-a smart intelligent
mobile pill box. Materials Today: Proceedings,
vol. 43, pp. 3610-3619.
https://doi.org/10.1016/j.matpr.2020.09.829

[7] J.F.Pinto, J. L. Vilaga, and N. S. Dias (2021). A
review of current pill organizers and dispensers.
9th IEEE International Conference on Serious
Games and Applications for Health (SeGAH),
IEEE, pp. 1-8.

[8] A.Jabeena, A. K. Sahu, R. Roy, and N. S. Basha
(2017). Automatic pill reminder for easy
supervision. 2017 International Conference on
Intelligent Sustainable Systems (ICISS), IEEE, pp.
630-637.
https://doi.org/10.1109/iss1.2017.8389315

[91 M. L.I.Goh, M. B. Garcia, P. L. Jay-ar, A. C.
Lagman, H. N. Vicente, and R. M. De Angel
(2019). A pocket-sized interactive pillbox device:
design and development of a microcontroller-based
system for medicine intake adherence. 2019
International Conference on Computational
Intelligence and Knowledge Economy (ICCIKE),
IEEE, pp. 718—

723. https://doi.org/10.1109/iccike47802.2019.900
4276

[10] S. B. Lenin, S. Pushparaj, M. Adithya, S.
Murugesan, N. Balaji, and J. Gurupriyan (2021).
Smart medkit. Journal of Physics: Conference
Series, 0P Publishing, vol. 1717, p.

012041. https://doi.org/10.1088/1742-
6596/1717/1/012041

[11] V. B. Sree, K. S. Indrani, and G. M. S. Latha
(2020). Smart medicine pill box reminder with
voice and display for emergency patients.
Materials Today: Proceedings, vol. 33, pp. 4876—
4879.
https://doi.org/10.1016/j.matpr.2020.08.400

B. Roumaissa et al.

[12] D. S. A. Minaam and M. Abd-EL fattah (2018).
Smart drugs: improving healthcare using smart pill
box for medicine reminder and monitoring system.
Future Computing and Informatics Journal, vol. 3,
pp. 443-456.
https://doi.org/10.1016/j.fcij.2018.11.008

[13] P. N. J. Najeeb, A. Rimna, K. P. Safa, M. Silvana,
and T. K. Adarsh (2018). Pill care-the smart pill
box with remind, authenticate and confirmation
function. 2018 International Conference on
Emerging Trends and Innovations In Engineering
And Technological Research (ICETIETR), IEEE,
pp 1-5.
https://doi.org/10.1109/icetietr.2018.8529030

[14] C.-C. Hsu, T.-L. Chen, I.-F. Chang, Z.-Y. Wu, and
C.-H. Liu (2020). Design and implementation a
smart pillbox. International Conference on 5G for
Future Wireless Networks, Springer, pp. 427—432.
https://doi.org/10.1007/978-3-030-63941-9

[15] R. O. D. R. Carlos (2020). loT-based smart
medicine dispenser to control and supervise
medication intake. Intelligent Environments 2020:
Workshop Proceedings of the 16th International
Conference on Intelligent Environments, 10S
Press, pp. 39-48.
https://doi.org/10.1109/ie49459.2020.9154933

[16] D. Karagiannis and K. S. Nikita (2020). Design
and development of a 3D printed 10T portable
pillbox for continuous medication adherence. 2020
IEEE International Conference on Smart Internet
of Things (SmartloT), IEEE, pp. 352-353.
https://doi.org/10.1109/smartiot49966.2020.00066

[17] S. Jayanthi, S. Sindhuja et al. (2020). Smart pill
dispenser. Journal of Critical Reviews, vol. 7, pp.
1481-1484.

[18] J. M. Parra, W. Valdez, A. Guevara, P. Cedillo,
and J. Ortiz-Segarra (2017). Intelligent pillbox:
automatic and programmable assistive technology
device. 13th IASTED International Conference on
Biomedical Engineering (BioMed), IEEE, pp. 74—
81. https://doi.org/10.2316/p.2017.852-051

[19] P. Wadibhasme, A. Amin, P. Choudhary, and P.
Saindane (2020). Saathi—a smart loT-based pill
reminder for IVF patients. International
Conference on Information and Communication
Technology for Intelligent Systems, Springer, pp.
697-705. https://doi.org/10.1007/978-981-15-
7062-9_70

[20] D. I. Velligan and S. H. Kamil (2014). Enhancing
patient adherence: introducing smart pill devices.

Therapeutic delivery, vol. 5, pp. 611-613.
https://doi.org/10.4155/tde.14.33

[21] N. A. Chaudri (2014). Adherence to long-term
therapies evidence for action. Annals of Saudi
Medicine, vol. 24, p. 221-222.
https://doi.org/10.5144/0256-4947.2004.221

[22] U. Singh, A. Sharad, and P. Kumar (2019). loMT
based pill dispensing system. 10th International


https://doi.org/10.4017/gt.2014.13.1.010.00
https://doi.org/10.1109/tap.2012.2186218
https://doi.org/10.3109/17538157.2012.74108
https://www.databridgemarketresearch.com/reports/global-smart-pill-dispenser-market
https://www.databridgemarketresearch.com/reports/global-smart-pill-dispenser-market
https://doi.org/10.1016/j.matpr.2020.09.829
https://doi.org/10.1109/segah52098.2021.9551894
https://doi.org/10.1109/iss1.2017.8389315
https://doi.org/10.1109/iccike47802.2019.9004276
https://doi.org/10.1109/iccike47802.2019.9004276
https://doi.org/10.1109/iccike47802.2019.9004276
https://doi.org/10.1088/1742-6596/1717/1/012041
https://doi.org/10.1088/1742-6596/1717/1/012041
https://doi.org/10.1088/1742-6596/1717/1/012041
https://doi.org/10.1016/j.matpr.2020.08.400
https://doi.org/10.1016/j.fcij.2018.11.008
https://doi.org/10.1109/icetietr.2018.8529030
https://doi.org/10.1007/978-3-030-63941-9
https://doi.org/10.1109/ie49459.2020.9154933
https://doi.org/10.1109/ie49459.2020.9154933
https://doi.org/10.1109/smartiot49966.2020.00066
https://doi.org/10.2316/p.2017.852-051
https://doi.org/10.1007/978-981-15-7062-9_70
https://doi.org/10.1007/978-981-15-7062-9_70
https://doi.org/10.1007/978-981-15-7062-9_70
https://doi.org/10.4155/tde.14.33
https://doi.org/10.5144/0256-4947.2004.221
https://doi.org/10.5144/0256-4947.2004.221

An 10T-Based Pill Management System for Elderly...

Conference on Computing, Communication and
Networking Technologies (ICCCNT), IEEE, pp. 1-
5.

[23] S. Jaipriya, R. Aishwarya, N. B. Akash, and A. P.
Jeyadevi (2019). An intelligent medical box
remotely controlled by doctor. 2019 International
Conference on Intelligent Sustainable Systems
(ICISS), IEEE, pp. 565-5609.
https://doi.org/10.1109/iss1.2019.8907996

[24] K. Aroraand S. K. Singh (2019). 10T based
portable medical kit. International Journal of
Engineering and Advanced Technology, Special
Issue, vol. 8, pp. 42-46.
https://doi.org/10.35940/ijeat.e1012.0785s319

[25] B. Ayshwarya and R. Velmurugan (2021).
Intelligent and safe medication box in health 10T
platform for medication monitoring system with
timely remainders. 7th International Conference
on Advanced Computing and Communication
Systems (ICACCS), IEEE, pp. 1828-1831.
https://doi.org/10.1109/icaccs51430.2021.9442017

Informatica 46 (2022) 457-468 467

[26] M. Sinha, L. Fukey, K. Balasubramanian, M. H.
Hanafiah, P. Kunasekaran, and N. A. Ragavan
(2021). Acceptance of consumer-oriented health
information technologies (CHITSs): integrating
technology acceptance model with perceived
risk. Informatica, vol. 45, no. 6, pp. 45-52.
https://doi.org/10.31449/inf.v45i6.3484

[27] M. Rathi, S. Sahu, A. Goel, and P. Gupta (2022).
Personalized health framework for visually
impaired. Informatica, vol. 46, no. 1, pp. 77-86.
https://doi.org/10.31449/inf.v46i1.2934

[28] M. Depolli, V. Avbelj, R. Trobec, J. M. Kalisnik,
T. Korosec, A. P. Susi¢, U. Stani¢, and A. Semeja
(2016). PCARD platform for mHealth
monitoring. Informatica, vol. 40, pp. 117-123.

[29] S. Nasiri, F. Sadoughi, A. Dehnad, M. H. Tadayon,
and H. Ahmadi (2021). Layered architecture for
internet of things-based healthcare system: a
systematic literature review. Informatica, vol. 45,
no. 4, pp. 543-562.
https://doi.org/10.31449/inf.v45i4.3601


https://doi.org/10.1109/icccnt45670.2019.8944886
https://doi.org/10.1109/iss1.2019.8907996
https://doi.org/10.35940/ijeat.e1012.0785s319
https://doi.org/10.1109/icaccs51430.2021.9442017
https://doi.org/10.31449/inf.v45i6.3484
https://doi.org/10.31449/inf.v46i1.2934

468  Informatica 46 (2022) 501-505 RoMaiSsa



