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Abstract.

Nowadays, many people tend to have pets at home, and it is no doubt that pets make excellent
companions for humans. However, many pet owners have found it is difficult to take care of their
beloved pets whenever they must leave the house. Having no choice but to leave their pets unattended
has raised many unwanted problems towards both pet owners and their pets. Based on the survey of
41 pet owners, 82.9% of the respondents agree that it is troublesome to feed their pets while they are
away, and the most concerns are about the feeding, pets’ emotional feeling, and pets’ living
environment. With this information, a smart pet feeder utilising the concept of the Internet of Things
is designed with functionalities that address those top problems. The smart pet feeder is designed to
ease pet owners to automatically feed their pets, interact with their pets in a real-time manner, and
monitor their pets’ living environment with the help of the internet and various sensors without them
needing to be around the feeder. Arduino Uno board is utilised as the brain of the system, with
numerous sensors and modules to serve different functionalities, including weight sensor, temperature
sensor, PIR sensor camera module, speaker module, servo motor, LED, and piezo buzzer. A mobile
app is designed as well, with the role of being the media for pet owners to control the smart pet feeder
remotely using the internet connection. Aside from the mobile app, the smart pet feeder is still
controllable manually via the buttons on the smart pet feeder itself.

1. INTRODUCTION

Our proposed idea is an automated smart pet
feeder which utilises Internet of Things (loT)
technology to bring numerous advantages to pet
owners. The general objective of the smart pet
feeder is to offer great conveniences to its users
as opposed to the users of a traditional gravity
bin pet feeder. The traditional gravity bin pet
feeder does not have any integrated sensors. For
instance, it does not have a weight sensor to
measure the amount of food and water left.
Hence, the users must check on the pet feeder
regularly to ensure that there is a sufficient
amount of food and water in the pet feeder. To
compare, the proposed smart pet feeder is
integrated with a lot of sensors that provide

different functions respectively [1-3]. These
sensors will help in determining the amount of
food and water left in the smart pet feeder,
determining the temperature, and detecting any
movements in a certain area around the smart pet
feeder. All this information would be displayed
in the dedicated mobile app named ‘Toby’
which can be downloaded from the mobile
application store such as Play Store and App
Store. Hence, when the pet owners are far away
from the pet feeder, they would still be aware of
all this necessary information as they will be
notified via the mobile app.
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2. LITERATURE REVIEW

An automatic pet feeder was developed using
Arduino as the brain of the system. This
automatic pet feeder is designed to be remotely
controllable using a mobile app. Two different
communication architectures were presented in
this project [4-7]. In the first architecture, the
communication between the automatic pet
feeder and the mobile app uses Global System
for Mobile Communications (GSM) / General
Packet Radio Service (GPRS) communication
services, whereas in the second architecture,
the Twitter social network is used instead as the
communication service. Arduino board was
chosen in this project due to several reasons,
for instance, Arduino is multi-platform,
inexpensive, open-source, with a simple
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programming language [8-10]. For
implementing GSM / GPRS, Sim900 module
was used, whereas to implement Twitter social
network, ESP8266 Wi-Fi module which is
integrated to TCP / IP protocol stack was
chosen due to the reason that it is web-friendly,
versatile and inexpensive [11,12]. Combining
these two communication methods increases
the flexibility of this system. When the users do
not have any access to the internet,
communication could be performed using the
GSM / GPRS via SMS. On the other hand, the
communication could still carry on when the
users only have access to the internet using the
Twitter social network. Fig 1 shows the shows
the System Architecture showing the Arduino
board, Sim900, ESP8266 Wi-Fi Module and
DC motors.

FIGURE 1. shows the System Architecture showing the Arduino board, Sim900,
ESP8266 Wi-Fi Module and DC motors [2].
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A smart pet feeder connected to a mobile app
was developed in a final year project report.
The Arduino board was used as the brain of
the system, similar to the project by Quifionez
et al. (2021) above. A Wi-Fi module was used
to connect the smart pet feeder to the Wi-Fi
for it to be controlled remotely using the
mobile app [13-15]. An external IP camera was
added to the system as well. The only actuator
used in this project is the micro servo motor,
which was used to handle the position of the
container lid, whether to open or close.
BLYNK app was used to develop a mobile app
to control the smart pet feeder. BLYNK
platform is customizable with a lot of available
libraries without the users needing to program
at all [16]. However, the IP camera could not
be integrated into BLYNK, thus needing
another app, which is MYDLINK. Both of
these apps store the data into the cloud. Videos
generated from the IP camera would be AES-
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128 encrypted to ensure its security, where data
transportation from BYLINK to the server
would be secured using SSL gateway. Another
project similar to Hakim et al. (2020) and
Quifionez et al. (2021) were published, where
the Arduino board is implemented as the brain
of the entire  system as  well
[17-19]. This automatic pet feeder is designed
to be remotely controllable using a mobile app.
However, only the ESP8266 Wi-Fi module
was implemented rather than using Global
System for Mobile Communications (GSM) /
General Packet Radio Service (GPRS)
communication services. BLYNK app was
utilised as well to develop a mobile app to
control the smart pet feeder; however, unlike
Hakim et al. (2020), this project does not
implement an IP camera in the system. Fig 2
shows the components of Arduino board,
ESP8266 Wi-Fi Module and BLYNK mobile

app
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FIGURE 2 shows the components of Arduino board, ESP8266 Wi-Fi Module and BLYNK
mobile app [9]

In the 21st century, people have been living in
the digital age where the grand development of
man-made machines are capable of
overcoming any issues [21-23]. Few of the
technologies have been implemented into the
smart pet feeder such as using Wi-Fi to
control the pet feeder for setting the feeding
schedule and the food portion. To cope up with
the advancement of the technology, a single
board computer named Raspberry Pi and
Arduino board was introduced to create the
smart pet feeder (see Fig. 3). These affordable
tiny motherboards are found to be great for
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hobbyists, beginners and professionals to
create Internet of Things (loT) at lower cost,
just about $23-$35 [25-26]. In addition to that,
it has the necessary 1/O ports and panels for
sensors, lights and switches to be connected
easily without any hassle. Thus, making it
easier for hobbyists, beginners and
professionals to create the prototype of their
ideas. Fig 4 shows the Raspberry.
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FIGURE 3. (a) Raspberry Pi [14]. (b) Arduino Uno [15]
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To sort up the complications of choosing which
board to be used in developing the smart pet
feeder, a simple rule of thumb can be
remembered. A Raspberry Pi board is like a
general-purpose computer where it has the
versatility to multitask different programs,
making it harder for beginners to approach at
first [27-29]. Thus, the board is able to do
intense workload and calculation. An Arduino
board however, is a simple computer designed
to run one program at a time, making it easier
for beginners to approach. Thus, it is best
suited for doing simple repetitive tasks. To
summarise in a nutshell, it can be described in
real-life scenarios. “I want to feed my dog at
1:00 P.M and have the machine to notify me
once the food has been dispensed and notify me
again once the food has been finished by my
pets, and if the bowl is empty, turn on the LED
lights and if the bowl is not empty, do
nothing.”T want to feed my dog at 1:00 P.M
and have the machine to notify me once the
food has been dispensed.”

Derived from above examples, the statement of
which board to be used in developing the smart
pet feeder is justified [31-33]. Once a board is
chosen, it is necessary to know what tools
should be connected to the board in order to
create a multi-purpose smart pet feeder. For
instance, it is necessary to include a servo
motor (AC / DC) to control the lid of the
container in order for the pets’ food to be
dispensed onto the bowl. AC motors are
suggested to be more powerful than DC motors
since AC motors have higher input of energy
which will then generate higher torque [34].
Yet, DC motors are more energy-efficient due
to its lower input of energy which will then
generate lower torque. It is suggested to use DC
motors since a pet’s food is usually a biscuit
which is lightweight. Hence, by using DC
motors, the efficient usage of energy could be
ensured.

Talking about energy, having the correct
energy input to power-up the board is an
essential part of the whole entire automation
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series. This is because Raspberry Pi and
Arduino only allow the operating voltage of 5V
[35]. Powering through the USB port could
solve the issues, however, it could run a risk of
a pet accidentally tripping over the exposed
wire or damaging the wire due to their nature of
chewing and eating. Nevertheless, running a 4
AA battery with 5V resistor divider could only
last for 5-7 hours [36-38]. Besides, having
several key components such as a camera,
sensor or display could also potentially ruin the
battery life. Hence, it is crucial to choose the
correct energy input for the smart pet feeder as
it may ruin the whole system.

The most common question that people always
ask is, why is ESP8266 being used so
commonly by many hobbyists or
professionals? Firstly, the boards are cheap, it
just costs approximately $4 to $6 (depending
on region, the price may differ). These modules
are commonly found on the market which
makes it easier for many people to buy. Due to
its high population of people owning it, it has a
larger active community to share and discuss
the related topics together which makes it less
complicated for programmers and hobbyists to
use it on a Arduino board or Raspberry Pi [39].
Additionally, it has more compatibility in
terms of using it in different programming
languages, making once more easier for
everyone to build the prototype of their ideas.
Speaker, being the one of the important items
in the smart pet feeder plays an important role
in terms of attracting the pets’ attention as well
as constructing a psychological association
between the pets and smart pet feeder.
Classical Conditioning is known as a type of
psychological association where learning
happens unconsciously [40-42]. It associates
an involuntary response and a stimulus. For
instance, if the pet sees the food and the bell
rings at the same time, the pet will form an
association between the bell and food. So,
when the bell rings, the pet will automatically
be aware that food is about to be served (refers
to Fig. 4).
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1. Before conditioning
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Food salivation
Unconditional Unconditional
stimulus response

4. During conditioning
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Bell Food Salivation
ringing Unconditional
response

2. Before conditioning
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Bell ringing No sallvation
Neutral No conditional
stimulus response

4. After conditining

"

Bell ringing Salivation
Conditional Conditional
stimulus response

FIGURE 4. Example of Classical Conditioning
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Hence, by having a speaker for a smart pet
feeder, the pet will automatically be aware and
attracted to the pet feeder once the speaker
buzzes or rings due to the psychological
phenomenon known as Classical Conditioning.
Therefore, if the responsible owner is away
from the house and a pet is resting somewhere
else, a buzzer or rings can alert the pet to eat
their respective food [43-44]. With that being
said, the proposed objective of having a
smart pet feeder is to ensure that the pet is
being well-fed throughout the time while the
owner no longer needs to be worried about their
pet during their absence. Not only that, the
creation of a smart pet feeder is also used to
address the issue of forgetful owners who often
forget to feed their pet on time. Additionally, it
could be also used to avoid spending extra
money at a pet hotel.

3. METHODOLOGY

A survey was conducted using Google Form to
understand more about the problem. From the
results, the functionalities of the smart pet feeder
were designed. Literature reviews were
performed by reading through different articles
Proposed System Architecture

Perception Layer

Input
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and reports to study more about similar projects
which use Arduino Uno board to understand
which components are necessary to implement
the smart pet feeder [45-47]. Aside from the
physical components, other aspects which are
the necessary protocols, paradigm, and software
to build the system architecture and enable the
smart pet feeder to connect to the internet were
studied as well in a similar manner. To execute
the idea, Tinkercad was used to build the
prototype of the smart pet feeder, where Marvel
app is used to build the interactive prototype of
the mobile app.

4. RESULTS AND FINDINGS

The proposed architecture for this project is
divided into six layers, as seen in Fig. 5. This
proposed architecture is composed of the
following layers: perception, data link, network,
transport, application, and data processing. Each
layer will be discussed in detail in the
subsections below. Fig 5 presents the proposed
architecture for the smart pet feeder.

Application Layer

Mobile App Dev Output

Lpo || EHE e @,

Data Link Layer

Network Layer

e b=

Transport Layer

FIGURE 5. Proposed Architecture for the
Smart Pet Feeder
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41 Perception Layer

The perception layer is the physical layer, in
which sensors are used to detect and collect data
on the physical features of objects in our
environment [48-50]. This layer will operate all
sensors, including temperature and weight
sensors, using an Arduino board. The Arduino
Board will be programmed in C++. The Arduino
board was chosen because it is open-source,
affordable, multi-platform, and easy to build due
to its simple programming language. Several
sensors and modules are used as the input to the
system, which are the weight sensor,
temperature sensor, PIR sensor, push button,
and camera module. Weight sensors or
replaceable with force sensors are mounted in
the containers and trays. It takes the analog
signals from the weight of the food and water,
and shows it to the LCD and sends the data to
the mobile app using the Wi-Fi module. The
same flow applies to the temperature sensor as
well. PIR sensor is used to detect movement,
where the inputs would be digital signals. It
allows pet owners to be notified via the mobile
app when there are any movements near the
smart pet feeder, be it the pets or any other
movements. When activity is detected, the
mobile app notifies the owners, who can then
use the camera module to inspect the area

CF/7IF Frotocol Stack

HTTP RTP Application
CcP UDP ICMP Transport
IP Network

Ethernet MAC Data Link
Ethernet PHY Physical
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around the smart pet feeder. Push buttons are
used to control the smart pet feeder manually,
which are to open the food or water lid, as well
as setting the clock and feeding schedules via
the smart pet feeder itself.

4.2 Data Link Layer

The proposed architecture for the data link layer
makes use of the Wi-Fi (Wireless Fidelity). Wi-
Fi is a wireless local area network where no
wiring is involved. Nevertheless, Wi-Fi
connects devices within a range of 60 to 100 feet
to the internet and transmits and receives data
via high-frequency radio signals [51-53]. The
most common Wi-Fi module that could be used
in Arduino projects is ESP8266, which has an
integrated TCP / IP protocol that enables the
smart pet feeder to access the Wi-Fi network in
the house. This module uses IEEE 802.11 bgn
standard, enabling the smart pet feeder to
connect to 2.4 GHz Wi-Fi routers. Data from the
input such as the weight and temperature
information is sent to the network using the Wi-
Fi module. As a result, end-users will benefit
from the ability to remotely monitor the amount
of food or water in their smart pet feeder while
they are away from home. Fig 6 6LoWPAN
layers that provide a security mechanism.

Network Layer
DLOWFAN Frolocol Stack

Application LS MECHANI
UDP ICMP
IPv6 with LOWPAN L3 MECHAN
IEEE 802.15.4 MAC L2 MECHAN
IEEE 802.15.4 PHY

FIGURE 6 6LoWPAN layers that provide a security mechanism [29]

The network layer is in charge of data flow
between users connected via various networks.
It contains logical connections, fault reporting,
maintenance, and data routing [54]. This layer

Eur. Chem. Bull. 2023,12(1), 4560-4581

encompasses all network devices, including
switches, firewalls, bridges, routers, and
communications and routing protocols such as
IPv4, IPv6, 6LOWPAN, AppleTalk, ICMP,
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and IPX [31]. forwarded straight to
6LoWPAN will be used in this project since
IPv6 addressing allows billions of things in the
10T to be addressed uniquely. Because of this,
even the tiniest and lowest-power devices
capable of joining the Internet of Things can
use Internet Protocol. Moreover, 6LoWPAN
offers  fragmentation concepts, unicast,
multicast, and broadcast communications [55-
56]. The 15.4 standard defines a frame as 127
bytes, whereas an IPv6 transmission unit is
1280 bytes. 6LOWPAN enables fragmenting
1280 data into 127 byte frames. 6LoOWPAN
also supports IP routing and supports mesh
networking at the link layer and provides
security.

Nevertheless, 6LoWPAN offers security, a
growing concern for loT devices. Wireless
radio communications are easily intercepted
and have little processing power. As a result,
systems’ principal security objectives are
frequently three-fold: integrity, confidentiality,
and availability [57]. 6LoWPAN achieves all
of this security via three distinct levels such as
application, media access, and network layers,
as shown in Fig. 6.

Finally, 6LoWPAN’s protocol is appropriate
for this project because it supports 64-bit or 16-
bit addressing for low-power networks such as
Bluetooth low energy or Bluetooth smart,
header compression for both IPv4 and UDP
headers, network auto-configuration and
neighbour discovery, multicast, unicast, and
broadcast support, and the fragmentation
concept [58]. As a result, 6LOWPAN covers
the majority of IPv6 functionality while still
supporting low-power devices. 6LoOWPAN is
an Internet of Things (1oT) protocol that tackles
restrictions inherent in 10T systems, making it
well-suited for 10T.

4.3 Transport Layer

The transport layer’s role is to take data from the
application layer, decompose it into smaller
units, send these smaller units to the network
layer, and ensure that all pieces arrive in the
correct sequence at the other end [59]. After
then, the receiving side will reassemble the
received segments into messages that will be
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the application layer. As a result, the suggested
architecture will communicate using TCP
(Transmission Control Protocol). It is a
trustworthy connection-oriented protocol that
reliably transmits data to the destination
machine from the source. As a result, it will
collaborate effectively with the smart pet
feeder and the end-user to guarantee that all
data is obtained. Additionally, it regulates flow
to prevent a fast transmitter from
overwhelming a slower recipient.

4.4 Application Layer
The mobile app named ‘Toby’ would be
available on Android and iOS. The mobile app
enables pet owners to operate the pet feeding
while not being present remotely. The smart pet
feeder’s Wi-Fi module enables it to connect to
the internet, allowing it to be managed
remotely. The mobile app provides access to all
of the smart pet feeder’s functions. Pet owners
must first create an account to access the
mobile app, which may be done within the
mobile app. After logging into their account,
pet owners will be prompted to connect to their
smart pet feeder. To connect the smart pet
feeder to an account, pet owners should scan
the QR code on the smart pet feeder or
manually key in the serial number of the smart
pet feeder [60-62]. Following that, pet owners
could add more smart pet feeders into their
account or enter the smart pet feeder which
would display the most critical data and all
available functionality. The representation
would contain the date and time, the quantity
of food and drink available inside the
containers and trays, and current temperature.
Historical data, such as the amount of food
consumed by the pet over the last few days, can
also be displayed using a variety of
visualisations selected by the pet owner, which
are line graphs or bar graphs. The mobile app
and the smart pet feeder both have a function
for adding food and water. Pet owners can
schedule how frequently their pets will be fed
throughout the day, as well as the amount of
food and water they will receive. Pet owners
can use the mobile app to open the built-in
camera and see if their pets are nearby the smart

Eur. Chem. Bull. 2023,12(1), 4560-4581
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pet feeder. Additionally, the built-in speaker is
accessible, allowing pet owners to
communicate with their animals.

Pet owners could set a threshold for the amount
of food and water available to their pets, and
when the threshold is met, the mobile app
notifies them that their pet’s food and water
supplies are running low. Pet owners would
also be notified while the containers are empty.
According to the pet owner’s preferences, these
functions can be turned on and off. Apart from
the mobile app, the smart pet feeder can be
controlled via the buttons on the smart pet
feeder itself. Servo motors act as the lid of the
container, which would open when the button
is pressed or when the scheduled time has
arrived. The LED and piezo buzzer serve the
purpose of physically notifying pet owners
when the amount of food or water is below the
threshold set [63-65]. The LCD would display
only the most crucial data: the amount of food,
water, and temperature. The feeding
scheduler function is also accessible via the pet
feeder’s built-in buttons. This two-way access
allows pet owners to control the smart pet
feeder to their liking.

The mobile app is built to be compatible with
Android and iOS. The programming language
used would be Java, where Android version
would be built using Android Studio, and iOS
version using XCode. Java is known for its
mature language since it has a relatively large
safe library that is available throughout the
internet and its community, and can be
considered  reasonably  performant and
standardised [66]. In addition, its biggest
advantage compared to C++ or other
programming languages is that it is able to
cross-platform and run just fine in any other
operating system. For the pet owners to be able
to sign up using their Google Email or
Facebook, Firebase Authenticator is used.
Further explanation could be found in the Data
Processing Layer subsection below.

Fig 7 presents Layered architecture of fog
computing.
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Data Processing Layer

Security Layer
Encryption/decryption,
privacy and integrity

Temporary Storage Layer
measures

Data distribution, replication

de-duplication, storage space,

virtualization storage devices
(NAS, FC, iSCSI, etc.)

~ Monitoring Layer
Preprocessing Layer : - R
: < Monitoring activities, power,
Data analysis, filtering,
S 2 7 resources, responses and
reconstruction and trimming =
services

FIGURE 7 presents Layered architecture of fog
computing [34].
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The suggested architecture includes a layer of
fog and cloud computing that enables data flow
between intelligent devices and cloud
computing services. The four layers of fog
architecture are depicted in Fig. 8: monitoring,
pre-processing, storage, and security [67]. By
including these layers into the proposed
architecture, all data is encrypted and
safeguarded, preventing it from being leaked
or lost. Cloudlets are little yet mighty data
centres located at the network’s perimeter. In
contrast to cloud computing, fog computing is
a distributed system without a central server.
Local and remote devices are connected via
computing in the form of ‘fog’. Depending on
the data, it either sends the data to the cloud or
processes it locally. Additionally, by
implementing fog computing, the underlying
network may provide lower latency
performance services to end-users. Fog
computing nodes provide these benefits to end-
users and are preferred over farthest cloud
computing for a variety of reasons:

e Low latency: when fog computing is used,
latency is minimised since data is sent to the
nearest fog nodes, minimising
communication time.

e Real-time interactions: as mentioned
previously, fog computing enables real-
time interactions since the distance between
the device and the fog nodes is shorter,
allowing data to be processed in real-time.

e Scalability: fog computing enhances the
system’s scalability by allowing the number
of fog nodes to be easily raised as the volume
of data grows.

e Power restrictions: the quantity of power
consumed can be minimised by
shortening the communication distance.

Section A-Research

Firebase is used as the cloud database to store
the data that requires more complex
processing. It’s a NoSQL database hosted in
the cloud that allows the ‘“Toby’ mobile app to
store and sync data in real-time between the
users [68]. The database itself will register the
user accounts automatically into the server and
reverify its authenticity without having an
admin to verify it manually. Additionally, if a
user forgets their password, the database itself
will automatically send an email to their
corresponding registered email address. Thus,
this ensures real time events to

operate in sync without any delays in between
the user interaction, giving the user a
responsive experience. Firebase API provides
the necessary tools for tracking analytics,
reporting and fixing app crashes for the
developers to be aware as well. Firebase
Authentication offers backend services as well
as a straightforward SDK for authenticating
users to the mobile app via emails and
passwords. Firebase Authentication will
automatically handle users who sign in using
their email and password and save user data
to the cloud in a secure manner after the user
logs in. Users also will be able to reset their
password through emails as well as other
features to help them if they had forgotten their
password. Moreover, if the users desire a
speedier login process, this Firebase SDK will
allow them to access the ‘Toby’ mobile app via
other integration such as Facebook and Google
login. “Toby’ mobile app will also employ the
OTP (One-time password) authentication
feature included in this Firebase SDK which
will authenticate users by sending a numerical
pin number to their corresponding email
address to verify their identity.

Tinkercad Project
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FIGURE 8. Smart Pet Feeder System in Tinkercad

Fig. 8 shows the system of the smart pet feeder
which is built using Tinkercad. The smart pet
feeder would automatically release a certain
amount of food and water when the time set by
the pet owner comes. This smart pet feeder uses
Arduino Uno as its brain. To reduce the risk of
the Arduino to be spoilt, breadboards are used.
Resistors are utilised as well to limit the power
to certain components, which are LED,
buttons, and LCD, as they require only a small
amount of power and prevent them from
blowing up. The time could be set by the pet
owners using the mobile app, or using the
buttons in the smart pet feeder itself. In this
project, only the mechanism for the food
container is presented, as it would be identical
to the water container, as well as the trays.

The LCD in the smart pet feeder shows current
time, together with the current weight of food
inside the container and the [69]current
temperature around the smart pet feeder. The
food weight is measured using the force sensor
as the replacement of the weight sensor which
is not available in Tinkercad. The food could
be released manually as well using the button
in the smart pet feeder. As can be seen from
Fig. 8, the force sensor is connected to the AO
pin using orange wire. This connection shows
that Arduino would take analog signals from
the force sensor as an input. The system is
designed to notify pet owners when the weight
of the food is less or equal to 100 gram. Pet
owners would be notified via the mobile app as
well as the LED and piezo buzzer that would

Eur. Chem. Bull. 2023,12(1), 4560-4581

turn on when the weight of food reaches 100
gram. Similar to the force sensor, the
temperature sensor is connected to the analog
pin of the Arduino board, which is pin A2 using
green wire. Fig. 9 shows the system when the
weight of the food is less than 100 grams. It
could be seen that the LED and piezo buzzer
are turned on. Fig 9 LED and piezo buzzer
turned on when food weight is less than or
equal to 100 grams
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:

FIGURE 9 LED and piezo buzzer turned on when food weight is less than or equal to 100

To handle the food releasing, a servo motor is
used to open or close the lid of the container.
There are two different ways to open the lid of
the container, one via the mobile app, and the
other one is using the button available in the
smart pet feeder. The lid would be opened for
2 seconds before automatically closing again.
Both the button and servo motor are connected
to the Arduino via the digital pins 7 (grey wire)
and 8 (white wire) respectively, and they
would have only two different states. The
button would be in state 0 when not pressed and
state 1 when pressed, and the servo motor
would be in state 0 when closed and state 1
when opened. The presence of a PIR sensor
serves the purpose of detecting movement of
the pets. Together with the camera (not
implemented in Tinkercad), it would allow pet
owners to be more aware of their pets. Pet
owners would be notified when their pets are
around the smart pet feeder, then, they could
check the environment via the camera. The PIR
sensor is connected to the digital pin 9, which

grams

means it would have two states, 0 for no object
presence and 1 for object presence.

Aside from the button to open the container
lid manually, there are four different buttons
attached to set the time and feeding schedule
[70]. The first button is used to set the time of
the clock that would be shown in the LCD.
Another function is it could be used to bring
the pet owners to the main state, which shows
the clock, weight of food, as well as
temperature after setting the time or alarm.
Second button is used to set the first feeding
schedule, and could then be used to increase
the time, be it the hour, minute, or second. The
third button serves a similar function as the
second button, where it is used to set the second
feeding schedule, and then to move the setting
from hour to minute, minute to second, and
second to hour iteratively. The fourth button
would be useful setting the third feeding
schedule.

Mobile App Prototype
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FIGURE 10 (a) Main Page. (b) Pet Details Page.
(c) Utility Page

Fig. 10 shows the prototype of the mobile app
“Toby” which was designed using the Marvel
app. The mobile app is developed to serve the
purpose of being a media for pet owners to
control the smart pet feeder remotely when
they do not have physical access to the smart
pet feeder. Every function of the smart pet
feeder is usable using the mobile app, which are
automatic feeding, monitoring using camera,
real-time interaction with the microphone and
speaker, notification, and historical data
report. Fig. 9(a) shows the main page of the
mobile app, where an account could have
multiple smart pet feeders connected to it. Fig.
9(b) shows the details of one smart pet feeder,
where pet owners could see the information of
the current food and water amount in both
container and tray, as well as the clock and
current temperature. Other functions in Fig.
9(c) which are profile editing, feeding
scheduling, camera and
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microphone, notification, historical data
report, and settings are accessible via the
button located on the top left side of Fig.
10(a).

5. DISCUSSION

The smart pet feeder has several strengths due to
the fact that it has a dedicated mobile app. The
dedicated mobile app has provided users with
great conveniences. One of the strengths is that
the users can view the amount of food and water
left in both the container and the tray of the
smart pet feeder as the smart pet feeder is
integrated with the sensor that can detect the
remaining food and water in the containers and
trays. Not only that, but the mobile app will
notify the users via push notification when the
amount of food and water is low. Hence, the
users can refill the food and water accordingly.
In addition, the smart pet feeder is designed to be
automated such that the users can utilise the
mobile app to release the food and water to the
tray as the mobile app is linked to the smart pet
feeder. More importantly, the users can add the
feeding schedule via the mobile app and set the
amount of food and water to be released each
time [71]. Then, the food and the water will be
released automatically according to that
schedule. Hence, the wusers can avoid
overfeeding their pets.

Integrated sensors in the smart pet feeder will
display the surrounding temperature of the smart
pet feeder via the mobile app. As a result, the
users will be aware of the temperature and they
can take the necessary action if the temperature
is too high. It is because pet food will be
adversely affected if it is stored at a high
temperature for a long time. For instance, the
vitamins in the food will be damaged [38].
Furthermore, the main functions are accessible
not only via the mobile app, thus, but pet owners
also have the flexibility to use only the smart pet
feeder without needing to register for an
account.

5.1 Weaknesses

On the other side of the coin, the smart pet
feeder does have several weaknesses. Since it is
an automated pet feeder, it requires electricity to
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operate. However, there is only one emergency
battery which will be used only when an
emergency like a blackout happens. With that
being said, the smart pet feeder has to be placed
at a location where there is a power socket
nearby, and it has to be plugged all the time so
that it can operate and send the necessary
information to the dedicated mobile app. This
might cause minor inconveniences to the users.
Apart from that, since the smart pet feeder has
to be connected to the power supply, the sensors
that are integrated with the smart pet feeder
might be damaged once a short circuit happens.
Once the sensor is damaged, no information will
be collected, and hence, there will be no data
displayed on the mobile app. Worse still, the
damage to the sensor might cause the smart pet
feeder to operate less smoothly. Moreover, if the
sensor is damaged, the user has to send it to be
repaired, which will be an additional cost for the
users.
Besides, the dedicated mobile app and the
smart pet feeder might be vulnerable to
hackers. The dedicated mobile app will collect
the personal data of the users. Then, the data
will be stored in the cloud. However, when the
data is sent to the cloud, there is a lack of
encryption which causes it to be vulnerable to
hackers. Worse still, since the mobile app is
connected to the smart pet feeder, once the
hackers get control over the mobile app, they
might get control of the smart pet feeder easily.

5.2 Limitations
There are several known constraints for the
smart pet feeder. One of the constraints is that
the pet feeder and the mobile phones of the users
have to be connected to the internet so that the
data can be transferred from the pet feeder to the
mobile app and vice versa. Without an internet
connection, no data can be transferred and the
users will lose remote access to the pet feeder.
In addition, the battery in the pet feeder is for
emergency purposes only such as a blackout. In
fact, the pet feeder has to be connected to the
power supply at all times in order for it to
operate. With that being said, the pet feeder has
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to be placed near the power socket but not
anywhere. Moreover, since the power
consumption of the pet feeder is high, if the
emergency battery is being used, the
emergency battery will drain in a short time.
Furthermore, another known issue is that since
the pet feeder has to be connected to the power
supply, the cable might be damaged as it might
be scratched or bitten by the pets. If the cable
is damaged, it will become a safety hazard for
the users and the pets. Besides, the water in the
tray might be accidentally spilt. It will cause
electrocution and a fire threat.
Apart from that, each pet feeder can only be
used for one pet. With that being said, if the pet
owner has more than one pet, the pet owner has
to purchase the same amount of the smart pet
feeder. Although the users can control all the
pet feeders using one device, the user would
still have to manually access each and every pet
feeder via the mobile app.

6. CONCLUSION AND FUTURE WORK
The Internet of Things (1oT) is widely regarded
as one of the most promising technologies,
having the potential to grow in popularity and
usage in the near future. In 2022, it is expected
that the market size of 10T will reach USD 594
billion [43]. Even in its current state, the
potential of loT is astounding, and the
advantages are alluring. It provides several
chances to improve the quality of our lives.

In a nutshell, whereas people crave freedom in
the aftermath of a pandemic, our pets thrive on
consistency and habit, therefore an automated
smart pet feeder powered by loT technology
might be the ultimate solution. The smart pet
feeder, compared to a traditional gravity bin
feeder, offers great conveniences to the users in
many ways by utilising the sensors integrated
with it, making life easier for busy people.
Furthermore, as the dedicated mobile app is
compatible with various smartphone platforms,
it has brought additional convenience to
customers where the users can access and
monitor the pet feeder via the mobile app as the
crucial information collected from the pet
feeder will be sent to the mobile app and vice
versa, and all the data will be synchronised in
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real-time.

As the smart pet feeder depends only on the
Wi-Fi connection, the implementation of 4G or
5G connection could be considered to improve
the efficiency of the device. By adding 4G or
5G connection, pet owners would be enabled to
control their smart pet feeders even though the
electricity is down and the Wi-Fi router is
turned off. Currently, the smart pet feeder relies
heavily on electricity, as it could only be
controlled remotely with the presence of Wi-Fi
connection. The camera function could be
improved as in by adding the function of
recording playback, which allows pet owners
to rewatch the recording of the camera.
However, by adding this function, more factors
such as security and storage should be
considered as well, as it will increase the usage
of the storage in the cloud, and the recording
data would be prone to security attacks. The
solution could be by offering paid cloud
storage or adding a slot for a memory card for
the smart pet feeder to save the recording
internally. A lot of improvement could be made
on the security factor as well, as this device is
connected to the open internet. Since Arduino
does not have any built-in firewalls, multiple
firewalls could be added to every layer of the
architecture. The implementation of ethernet
shields such as the W1Z550i0 module could be
considered as well, however this solution
requires higher cost. From the experiment
performed by a user ‘i_am_maker leo’ posted
in Instructable Circuits, the implementation of
ethernet shield WI1Z550io0 could increase the
security of the Arduino board and prevent it
from DDOS attack [39].

The global data is predicted to grow to more
than 180 zettabytes by 2025, where 1 zettabyte
is equal to 1 million terabytes of data [40]. With
the assumption that the number of users are
growing, the data generated would increase
proportionally. Higher bandwidth would allow
higher data transfer rate, thus, by increasing the
bandwidth, the efficiency of the system would
increase simultaneously [41].
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