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Abstract— Following the global pandemic of COVID-19, in August 2021, Indonesia achieved a total of 3.930.300 cases, the highest in
Southeast Asia. However, the government is keen on promoting the new normal phase and planning to open schools and permit face-
to-face learning, from elementary up to universities. This means that public facilities and infrastructures will be used and can be the
medium for virus transmission, as it will require 48 to 72 hours for the virus to be inactive on those surfaces. This will make people
reluctant to touch surfaces, especially when it comes to public facilities that can provide for their needs. One of the most important is
the need for hydration which is often overlooked. About 25% of college students were found dehydrated, and 37,5% showed signs of it.
Dehydration could prove a serious threat to health had it been overlooked and could affect physical and cognitive performance, having
more effects on students and lectures, requiring both in their activities. To support the needs of hydration amidst the pandemic, this
research developed a touchless water dispenser system using the waterfall model, utilizing a cloud database with ESP32, controlled by
users through an android application. The design is easy and cheap to install, even on regular dispensers, making it an effective and
efficient alternative public facility providing hydration service to support the new normal phase.
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decision. According to the CDC (Centers for Disease Control
I. INTRODUCTION and Prevention), COVID-19 commonly spreads during close
contact, with the virus stable as short as three hours on tissue
paper and seven days on an outer layer of a face mask and 48
hours to 72 hours on steel and plastic [4].

Public infrastructure (mainly railings) and facilities in
Indonesia are commonly composed of steel and plastic,
meaning that they can last three days before being inactive
[5]. This will make people reluctant to touch surfaces,
especially when it comes to essential public facilities that
provide necessities like public eating and drinking.

This type of facility is important because it provides the
hydration necessary for studying or working due to it
affecting cognitive function, productivity, and health [6]. If
the need for hydration cannot be fulfilled, the subject will
suffer dehydration. Prolonged dehydration can prove a serious
threat to human health, had it been overlooked, and could
affect the physical and cognitive performance of those
affected [7].

The latest emergence of COVID-19 pandemic surely
shocked the whole world with its high transmission rates, and
Indonesia is no exception. The pandemic situation in
Indonesia was officially announced in March 2020 and has
been bagging 3.930.300 cases since then, ranking the country
as one with the highest cases in Southeast Asia and fourth in
Asia [1]. Furthermore, this situation is worsened by the recent
Delta variant (B.1.617.2) outbreak which originated from India
and is 60% more transmissible than the Alpha variant [2] in
addition to its higher immunity evasion and vaccine resistance
[3], this variant outbreak made the daily case in Indonesia
skyrocketed to more than 50000 cases on July 21%[1].

Despite the still ongoing cases being high, the government
of Indonesia is planning on moving into new normal activities
by nationally opening schools and permitting face-to-face
learning. Although the government still opposes the strict
health protocol for the new normal phase and administering
lots of vaccines, the general public still views this as a rash
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Research conducted at various southwestern universities in
the United States has shown that one in four college students
was dehydrated, with an additional 37,5% showing signs of
dehydration [8]. The fact could be worsened due to the public
reluctance to touch and use public facilities that provide
hydration services, or even worse, people ignoring the
COVID-19 transmission and just using the facilities as
normal, which may end in increased confirmed cases.
Therefore, there is a need to curb the spread of COVID-19 for
the people who use drinking facilities when the new normal
phase is implemented in Indonesia so that they can do their
activities.

One example of how to restrain the spread of covid-19 is
by implementing the internet of things (IoT) [9]-[11]. The
Internet of Things or abbreviated as IoT is an advanced
communication paradigm. The objects of everyday life will
be equipped with devices able to communicate digitally and
suitable protocol stacks that will enable them to communicate
with each other. Users are becoming an integral part of the
internet that nowadays has been utilized worldwide in
everyday life [12] such as industrial automation [13]-[17],
healthcare systems [18]-[20], smart transportation [21]-[24],
agriculture [25], [26] and more.

Then, in this pandemic era, [oT proved to be able to assist
in the prevention of covid-19 spread. IoT reportedly can be
used for monitoring covid infected patients by monitoring
their temperature and blood pressure [27]-[30], help covid-19
diagnosis and treatment [31]-[33], and with the help of
artificial intelligence (Al), covid-19 detection can be done via
X-ray and CT images [34]. Hence, internet of things (IoT)
technology will be built for public drinking facilities so that
the people who use these facilities won't get infected by covid-
19.

The methodology used for building the proposed IoT
system is the waterfall method of approach, which offers a
free-flowing, sequential development process. This method is
considered to offer a well-defined set of criteria and
requirement indications before actually starting the design
phase and implementation of the project, thus, offering a basic
plan of the project before starting and continuing in an orderly
sequence of phases [35].

The waterfall method, although used by many renowned
software developers, is a good method for personal projects
in which the requirements are defined at the start of the
project, allowing the study to continue through its developing
stages without the interference of ever-changing
requirements, making it a good consideration for this study
[36]. The result of this research will be a prototype of an
automated dispenser system with integration of android
application and IoT based on cloud that will serve as an
alternative public facility providing hydration service to
support the new normal phase.

II. MATERIAL AND METHOD

A. System Requirements

The system requirements are made by identifying the
system features and its capabilities. It will then set the least
system requirements needed to be developed as a main
baseline of the touchless dispenser system. The details of
system requirements are described in Table 1.
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TABLEI
SYSTEM REQUIREMENTS TABLE

No Requirements
User Registration

2. User Login

Description
Users able to register their account
Users able to log into the application

—_

3. User logout User are able to end their session by logging
out from their personal account

User are able to see their profile based on the
database within the application

User are able to scan the unique QR code
placed in the dispenser outlet which allows

them to use the dispenser

4. User Profile

5. QR code scan

6. Retrieve outlet Users can see detailed information about the
information outlet after scanning the QR code on the
dispenser.
7 Choosing water Users are able to get options of the desirable
quantity quantity of water
8. User request Users can obtain a confirmation of their
processing request within the android application, and

the dispenser will proceed with the request
after the user confirms it.

9. Water discharged  The dispenser system is able to calculate the

counter water discharged and stops it once it reaches
the requested quantity/amount
10.  Display request Users are able to see and track their purchase
history record alongside the purchase details

B. System Design

The system of dispensers will consist of two main parts:
software and hardware system. Before designing both
systems, the whole system should be designed first based on

the user requirements.

Sends the request and

User logon . .
required quantity

%

Yes

Flow scnsor calculate
water discharge

&

Yes

%
Quantity Selection
%

Quantity
Sclected?

v
v
Enough water

v discharged?

>

Fig. 1 System design of the dispenser

The system starts with users logging into their phone apps,
and continues by scanning the dispenser's QR code.
Afterward, the user will be directed to the dispenser menu.
Within the menu, there are several options to choose from
based on the volume of the water. Then, the user will choose
one of the options within the menu as their request which will
be sent to the cloud and synced with the database. After



syncing, the hardware will proceed with the request and the
user can get their request afterward. The system design is
shown in Fig 1.

C. Hardware Requirements

After defining the system design, the hardware used for
developing the automated dispenser needs to be determined.
The hardware requirements for the automated dispenser
system are described below:

1) ESP32 board: ESP32 is a series of low-cost, energy-
efficient, hybrid Wi-Fi & Bluetooth microcontroller board.
ESP32 is used for controlling the whole system of the
dispenser. The microcontroller connects to Wi-Fi to get data
from the internet to control the system.

2) Power supply: A power supply is an electrical device
that supplies electric power to an electrical load. The input
voltage power supply is 220 VAC with output voltage 12
VDC. The power supply is used to supply DC to devices that
need 12 VDC input, such as water pump and solenoid valve.

3) Relay: Arelayis a device that operates as a switch for
opening or closing the circuits by receiving electrical current.
Relay is used for controlling the solenoid valve and water
pump by using current from the power supply as an input
voltage and controlled by ESP32 micro-controller.

4) Solenoid Valve: A DC solenoid valve is a valve
controlled by electrical current to use its solenoid for opening
or closing the valve. The input voltage for the solenoid valve
is 12 VDC, the solenoid valve is controlled by ESP32 which
is connected to the cloud and used to open or close the water
valve from the dispenser based on user requests.

5) Water pump: A DC brushless pump is used for
pumping water with 12 VDC input voltage. The water pump
has 240 L/H flow rate and is used to pump water from the
dispenser to allow the water to pass through the solenoid
valve.

6) Flow sensor: A water flow sensor is a tool used to
measure water flow rate. The water flow sensor sits in line
with the water line, containing a pinwheel sensor to measure
how much liquid that has passed through it. The sensor used
in this research is YF-S201 with input voltage of 5 VDC with
a limit of 30 liters per minute.

D. Software Development

After defining the system design, the next in line in the
development stage is to develop the software itself. In this
activity, the software will be developed according to the
requirements determined before and will be the baseline of the
user interface. The software will be in the form of an android
application which will become the medium of communication
between the user and the system. In software development,
there will be two diagrams for the baseline, namely the
sequence diagram and entity relationship diagram (ERD).

To lay out the vocal points of the software development,
the sequence of user interaction to use the application and its
communication between the systems that exist on the
implementation of the device itself. It helps design the device
itself based on how the user will use it, meaning it will be
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tailored to suit the user experience. A sequence diagram and
its communication scheme are shown in Fig. 2.
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Fig.2 Sequence diagram and communications scheme

The figure shows the sequence diagram and the
communications scheme of the system. The process is as
illustrated, and the software development will follow the
sequence determined. Starting with the login interface which
will require the students to use their student email. Then it will
be verified inside the database and if it's valid and verified,
the process can continue. The QR scan function is called using
the module contained in the android to scan and convert a QR
code into a string that will be verified in the database to see if
it matches any outlet id.

The screen will then show the result of the scan in which
the user can select the product quantity. After that, the request
for the product will be sent and the water will start pouring, in
which the flow sensor will calculate the amount discharged
and send it within the mainboard, which in turn will stop both
the pump and the valve. After the request is completed, the
water flow sensor will be reset, and a usage report is shown to
the user. These whole activities will be present in the
developed android application.

Outlet UID

Address

Fig. 3 Entity relationship diagram



The relationships are as illustrated in Fig. 3 where users
will be stored with the primary key being its user unique id.
The user data also stored the department and email related to
each user. The key relationship for users is that users can do
many transactions, but one unique transaction could only
belong to one user. In order to distinguish between
transactions, each transaction occurring will be stored using
its own unique transaction key, along with when and where it
occurred. Many transactions can be made in an outlet, but one
transaction cannot belong to many outlets at once.

Outlets are identified using outlet unique id and stores
related data such as its address. Each outlet can provide many
different products, that however, can only exist exclusively
for one outlet, and is identified using its product unique ID.
The product in this case differs in quantities offered.
Transaction made contains product bought and is a mandatory
one-to-one relationship, meaning one transaction can only
consist of one product at any one time.

The transaction data is useful for analysis as it can provide
the number of transactions and time interval in between for
each outlet, supporting the decision of adding an outlet for
that particular location if deemed necessary. As for the real-
time database, the key function is to provide a means of
communication between the hardware and the software.
Therefore, various device status will be stored there as a basis
for the control of the hardware itself.

E. Hardware Development

The hardware development will follow the hardware
requirements which have been defined in the previous stage.

Power Supply

Water Pump
Solenold valve

Relay module

Flow sensor

Fig. 4 Hardware system

The hardware system design will be centralized in ESP32
as the controller which is connected to the water flow sensor
and relay. The water flows sensor is not required to be
connected to the relay because the 3.3 VDC input from ESP32
is enough to power the sensor. Then, the relay is used to
control the water pump and solenoid water valve. As for the
12 VDC input voltage which is needed for powering the water
pump and solenoid water valve is provided by the power
supply. For powering those two components, the power
supply is connected to the relay. The hardware system design
is shown in Fig. 4.

F. System Architecture

Based on the system design, there will be two subsystems.
First is the hardware system which consists of an automated
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dispenser which ESP32 controls and the second one is a
software system which consists of an android application and
database which will be used by the users for enabling the
communication between user and the dispenser system. Those
two sub-systems are integrated real-time in a cloud database.
So, whenever a user requests a request via android
application, the system will record the request data and send
the request to the cloud server, then the cloud will
communicate with the dispenser sub-system. The system
architecture is shown in Fig. 5.

Authentication —>» B
Logon
Android | Application Cloud Data
| Application / Databasc Databasc Storing
‘7~//l
. Realtime
..Via Internet .
. Databasc
Connection |
Flow
Sensor
Automated
| Dispenser —» ESP32
Outlet Water
Pump
g Solenoid
..Via Digital Valve
1/O Pins

Fig. 5 System architecture

According to the system architecture design, the automated
dispenser system consists of two systems, there are hardware
and software systems. The software system, which in this case
is in the form of an android application, uses both a cloud
database and a real-time database for the database of the
application. The application can track user logon by using the
user data in its database. It can also store the data related to its
user and purchases using the cloud database. Then, the
android application is becoming the communication tool that
connects user and the dispenser system which sends user's
requests to the real-time database.

On the other hand, the hardware system, namely the
automated dispenser outlet, uses ESP32 microcontroller
board as its foundation for communication. ESP32 obtains
user requests sent from the application, and it controls both
the water pump and solenoid valve to dispense the water. It
also receives inputs from the water flow sensor regarding the
amount of water discharged to determine whether it's already
reached the required amount as chosen by the user or not, and
by then, will stop both the water pump and the solenoid water
valve.

G. System Integration

To integrate the system, a means of communication needs
to be made. Other than the real-time database, the application
needs to first recognize the dispenser or hardware that is going



to be used. As a solution, a QR Code is made. The QR code
is taken from the outlet code string and will be converted to
one so it can be scanned from the application and is not
oblivious to the user's eyes, meaning the string cannot be
inferred directly, only by using the application. The string
converted will then be send to database to see if it matches
any outlet code. The example of an QR code converted outlet
code can be seen on Fig. 6.

EHEI

Fig. 6 QR Code Example for Outlet Code

III. RESULT AND DISCUSSION

A. System Development Result

After stages of the system development, the prototype
system is finally ready to use. The result of the development
can then be analyzed to see whether the system already fulfills
the determined system requirements or not. Based on table 1,
The first three of the system requirements is that users can
register their account then log into the application using their
registered account and log out from the application. In Fig. 7
shown the interface of login into the application. The login
system used in this application is using a user google account.
So, users can easily register or login into the application via
google account and logout from the menu within the
application.

DISILANG

Signin

Fig. 7 Login interface

Then, the fourth of the system requirements is the user
being able to see their profile based on the data they registered
before. Fig. 8 shows the current system user interface, which
contains the detailed information of the user. such as user's
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name, user's location, user's email, and user's phone number
and user's registration date. The user can access this function
by pressing the profile icon in the bottom left of the interface.

USER PROFILE

Fuhaidy H. Ahnaf
Indonesia

v

Email

fuhaidy.edu@gmail.com

v

Phone

Registered Date

08:46, 02-01-2021

Fig. 8 User profile android interfaces

The next system requirement is QR code scan, The QR
code scanner function of the android application that is used
for scanning the QR code on the dispenser, by pressing the
scan icon on the bottom of the interface, the user can access
the QR code scanner. The QR code scanner interface consists
of a scanner in the middle of the interface, and this scanner
function has built-in flash function that allows the user to use
flash when it's hard to scan the QR code. The scanner function
doesn't require the user to take a photo of the QR code, the
user just needs to point their camera to the QR code on the
dispenser. The interface of the QR code scanning function is
shown in the Fig. 9.

SCAN DISPENSER (]
X

=

Fig. 9 QR code scanner interfaces

The next requirement is for the user to be able to retrieve
dispenser information and choose the amount of water they
desire. So, after the user successfully scans the QR code on
the dispenser, the user will be directed to the next function,



the scan result and quantity selection interface. The scan result
interface is used to retrieve the outlet information, such as
outlet's ID and location, along with the available product
quantity options that the user can select based on the unique
QR code on the dispenser. The scan result and quantity
selection interface are shown in Fig. 10.

€ Scan Result

Code: Outlet-001-Telu
Quitlet : Kantin Tel-U
ji. Telekomunikasi Terusan Buah Batu

Produk

Air Mineral

Air Mineral

300ml

Ukuran Gelas
Reguler

Fig. 10 Scanresult and quantity selection interface

W 2uad

Thank you

Thie Dispensef Status is shown below

Mahon tunggu hingga dispenser siap

Air Mineral 300m|
Rp. 500
Outlet-001-Telu
Kantin Tel-U

jl. Telekomunikasi Terusan Buah Batu

Fig. 11 Post-purchase interface with red fond indicator

Then, the next requirements are system ability to process
user requests and the water flow sensor can count the amount
of water that comes from the dispenser. So, the next interface
is the post-purchase interface after the scan result and quantity
selection interface. This interface shows that the system is
processing the user request. Then, also within the interface,
there is the indicator that indicates whether the request is done
or not yet. The indicator is based on the water flow sensor
counter. If the counter hasn't reached the amount that the user
requested, the indicator color font will become red, and if the
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counter has reached the requested amount the indicator color
font will be green. This can be shown in Fig. 11 and Fig.12.

Thank you

dispenser Status is showr

Anda Sudah Mengambil Air

Air Mineral

300ml

Outlet-001-Telu

Kantin Tel-U

jl. Telekomunikasi Terusan Buah Batu

AaTe s

Fig. 12 Post-purchase interface With green font indicator

Next is the last system requirement: the user can track and
see their purchase history. Fig. 13 shows the interface of the
purchase history that tells the user their purchase history along
with the date and place of the purchase.

i 21145 04

PURCHASE HISTORY

Bar Code Scan
09:£3 81, 3 Fobruary 2021

- @ ©

Frofile Sean Purchase Veuche

Fig. 13 Purchase History

However, the system can only fulfill one request at a time
for each outlet, even if those requests use different water
valves. This is due to the overlapping request will not be
acknowledged as the program priority is to complete the first
request it encounters. In this manner, the user will need to
queue manually and, in turn, will require to queue in an
orderly manner by themselves. Although, this might be a good
thing considering it self-enforces physical distancing between
users.



IV. CONCLUSION

The touchless dispenser system developed performed quite
well in accordance with the determined system requirements
at the beginning of the development. This means that the
system fulfills all the requirements and is successful in its
development, with the main objective of providing an
alternative public facility to support hydration needs amidst
the pandemic in the new normal phase. Because the utilization
itself doesn't require the user to touch the dispenser directly,
it is expected that people reluctant to fulfill their hydration
needs because of the possible covid transmission will be
willing to use it as well. As the installation is easy and
inexpensive, the implementation can begin quite
immediately, especially for universities that host a large
number of students, to restrain the spread of COVID-19 while
maintaining normal activities in the new normal phase.
However, the system can only fulfill one request at once for
each outlet, requiring the users to stand in a queue. For
suggested improvement, the programming can be made to
queue requests in order and fulfill another request that uses a
different valve. In the future, it is expected that many systems
like this one can be developed to support not only the
prevention of spreading transmissible diseases but also as a
part of modernizing society and lifestyle towards a better
quality of life.
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