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1. INTRODUCTION

The In the real of social life, there must be a group of people who have pets, such as
dogs, cats, and others. Today cats are one of the most popular pets in the world [1]. These
animals have the instinct to live socializing alone without their owners, therefore some
animals sometimes like to travel away from their owner's house if the animal is not put in a
cage [2]. However, this is very risky because the possibility that animals will disappear from
their place of origin is quite large, for example cats roam far enough to the streets, and can
be to smaller and narrower places so that they are not visible [3]. Pet supervision and
tracking is essential in ensuring the safety, health and well-being of pets. However,
traditionally, the pet tracking process has often faced complex and inefficient challenges.
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Technological developments are currently so rapid both in various fields such as computer
technology, telecommunications, electronics and automation systems. The system is
currently capable of producing various kinds of sophisticated and intelligent applications
that can help human activities today and in the future [13].

The use of Message Queuing Telemetry Transport (MQTT) technology based on
lightweight communication protocols and GPS radio systems promises an innovative
approach to improve efficiency and accuracy in tracking pets in real-time[4]. Information
systems have developed very rapidly along with the development of communication
technology, especially the Internet. With the advent of the Internet, human information
needs are easier to fulfill [11]. Along with the times, technology is also developing rapidly.
Technological developments make it easier for humans to do work. One of the technologies
that humans need is virtual technology that can be used as a simulation medium [1]-[4].
Virtual technology is an effective technology for tools simulating human work [12].

This study aims to present an effective and efficient solution in tracking pets using
GPS-based Message Queuing Telemetry Transport (MQTT) technology[5]. The proposed
system would overcome obstacles encountered in pet monitoring, such as data loss,
communication distance limitations, and delays in location updates. With the application of
MQTT and GPS radio technology, it is expected that pets can be monitored in real-time with
high accuracy and minimal possibility of error[6].

In implementing MQTT and GPS radio-based pet tracking solutions, there are
several issues to consider, such as the power consumption of pet-attached devices, data
security and privacy, and the scalability of the system to monitor multiple pets
simultaneously. In addition, integration with other technologies in the context of the
Internet of Things (IoT) can also be an important consideration to improve system
functionality and performance [7].

Previously, several studies have been conducted by other researchers in an attempt
to address the issue of pet tracking. Several studies have proposed the application of GPS
technology, but face limitations in long-distance communication and high power
consumption[8]. Some studies have also tried to use wireless communication technologies
such as Bluetooth and Wi-Fi, but there are still challenges in optimizing network availability
and data reliability [9]. In some cases, research has also tried to leverage IoT-based
technologies to enable real-time monitoring of pets, but aspects of integration and scalability
are still a concern. Therefore, this study will build on and expand on previous research by
utilizing GPS-based MQTT radio technology to present a more efficient and accurate
solution in tracking pets. It will be controllable via an internet-enabled smartphone
connected to an app built with MIT App Inventor and Thingspeak [10]. This is expected to
make it easier for animals to use this track ing tool.

Journal about animal tracking with GPS [5], the prototype tool made has dimensions of
11 cm, width 8 cm and height 7 cm, with a total weight of 250 gr. Data in the form of latitude
and longitude values obtained by the GPS module is sent to Firebase via the WiFi network,
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this data is then displayed in the Animal Tracker application which is created using a code
in the form of latitude and longitude coordinates and markers on maps. Discussions
regarding the delivery of information using the Message Queuing Telemetry Transport
(MQTT) method can be found in research [6]. The MQTT protocol is a light weight message
protocol based on publish-subscribe used on top of the TCP/IP protocol. This protocol has
a small low overhead data packet size (minimum 2 gigabytes) with small power supply
consumption. MQTT is open, simple and designed to be easy to implement, capable of
handling thousands of remote clients with just one server. These characteristics make it ideal
for use in many situations, including constrained environments such as in Machine to
Machine (M2M) communications and Internet of Things (IoT) contexts where a small code
footprint and/or limited networking is required. The publish-subscribe messaging pattern
requires a message broker. Brokers are responsible for distributing messages to interested
clients based on the topic of the message.

In research [7], what makes MQTT different is the level of quality of service or QoS. So
published messages must have one of 3 QoS levels. These levels provide a guarantee of
consistency (reliability) of message delivery. Clients and brokers provide a mechanism for
storing and retransmitting messages so as to increase data consistency due to network
failures, application restarts and other reasons. Each client can exchange information using
the publish-subscribe method, provided that the client is the one who sends and make a
message request has connected with the broker. Each client subscribes to a certain topic (in
the form of a group or individual name) then the same client or other clients send and
receive messages based on that topic.

By outlining the background issues resolved, related issues, and relevant reviews of
previous research, this research aims to make a significant contribution to the development
of pet tracking technologies that can improve their quality of life and safety.

2. RESEARCH METHOD

This research was carried out in the implementation stage, namely the stage of
hardware design, testing software design and research data retrieval. The stages of research
can be seen in the research framework of figure 1 below:
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Figure 1. Research Framework

2.1 Hardware Design

Hardware design begins with the creation of a circuit diagram scheme. In this study,
there is a design scheme for a series of electronic components in the tool to be made.

GPS Sensor Deactive
Switch

SIM800

Mobile Access

Figure 2. Hardware Design Scheme
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2.2 Software Design

After the hardware design stage or device components are assembled and
assembled, of course, it cannot be separated from software design, namely using an android
application as a pet monitoring application. The initial stage of this research was to design
an Android-based animal tracking application using MIT App Inventor. The app will be
integrated with a GPS radio module to collect real-time pet location data. After designing
the application interface, researchers will integrate the MQTT protocol into the application
code using MIT App Inventor's block logic. The use of MQTT will allow applications to
transmit animal location data to MQTT servers. The application will be connected with a
GPS radio module installed on the pet. This module will take GPS location data and send it
to the application. Animal location data received from the GPS radio module will be
transmitted from the app to the ThingSpeak channel via the MQTT protocol. ThingSpeak
will serve as a data storage and analysis platform during research. Location data stored on
ThingSpeak will be analyzed by researchers to track the pet's movements over time. In
figure 3 below shows a flowchart which is the logic flow of the MIT App Inventor
application.

Figure 3. Software Design Flowchart
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2.3 Block Circuit Diagram

This research resulted in a small box-shaped animal tracking device that can be
attached to a pet's neck for real-time monitoring. It uses the NEO-6M GPS module, Arduino
Nano, and SIM 800L to retrieve animal coordinates sent via the MQTT protocol to an MQTT
server based on ThingSpeak. This tool uses lithium batteries as a power source. There is a
deactive switch to read the GPS condition when the necklace is removed.

Info latitude

i Imfo longitude
Actor
Info deactive
 E—

Nano

’_T

‘ Lithium Battery ‘

GPS-NEOSM SIM 800
Arduino

Deactive Switch

Figure 4. Block Circuit Diagram

In figure 4 is a diagram of a series of tools where when the Neo 6M GPS radio
receives a coordinate position signal from the GPS of the animal care or when the deactive
switch reads the GPS condition when the bracelet is removed, the Arduino nano will process
GPS reading data and switches that are forwarded to MQTT by sim 800, information that
has been received by the MQTT server at the broker in the process of publishing and
subscribing to GPS data and the deactive condition of the tool [20] After the process is
complete, the Actor can access cat tracking information in the form of monitoring the
reading of coordinates, folders, and the condition of the GPS bracelet's Deactive GPS when
released.

2.4 Data Recorder Design Stage with Arduino IDE and ThingSpeak.

In order for the SIM80OL to access and send data to ThingSpeak, a library called
"ThingSpeak" is needed that will help manage communication between the SIM800L and
the ThingSpeak cloud platform. In addition, to be able to receive data from the GPS
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module, the "TinyGPS" library is needed which functions to process data from the GPS
module and retrieve coordinate information.

Once the coordinate data has been retrieved from the GPS module using the
TinyGPS library, the next step is to convert the data into a string form so that it can be sent
to ThingSpeak [17].The coordinate data taken from the GPS module is usually numeric
values, such as latitude and longitude. In the process of sending data to ThingSpeak, the
data must be converted into HTTP URL format or parameters containing coordinate
information in the form of strings. This format allows data to be transmitted over the
HTTP/GET protocol to update data on the ThingSpeak channel.

With the help of the ThingSpeak and TinyGPS libraries, as well as the transformation
of data into string form, animal tracker tools can access and send animal location data to
ThingSpeak using the SIM800L module and GPS module efficiently and accurately. This
process becomes important in the success of real-time animal monitoring and data collection
for further analysis.

2.5 Tool Testing Phase

The testing phase is carried out to test the performance of animal tracking tools that
have been designed with simulations in field areas. This trial aims to ensure that the tool
can function properly in retrieving animal location data using the GPS module, sending
data via the SIM80OL module to the ThingSpeak cloud platform, and being able to read and
analyze data received from ThingSpeak [16]. In the trial phase, there are two tests conducted
to test the performance of the animal tracker tool that has been designed:

2.5.1. Site Accuracy Testing:

This test was conducted by comparing the latitude and longitude values produced
by the animal tracker tool with the latitude and longitude values provided by Google Maps.
The tool is placed on a specific location, and the location detected by the GPS module will
be compared with the actual location displayed on Google Maps. The results of this
comparison will show the extent of the accuracy of the tool in taking animal location data.

2.5.2. Location Update Speed Testing;:

This test aims to measure the speed of the tool in updating animal location data. The
tool will be moved from one location to another, and the time it takes for the tool to update
its latitude and longitude will be calculated. This test will provide information about how
quickly the tool can deliver new location data to the ThingSpeak platform or other servers.

P.ISSN: 2086 — 4981 207
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v17i1.765

Jurnal Teknologi Informasi dan Pendidikan
Volume 17, No. 1, March 2024
https://doi.org/10.24036/jtip.v17i1.765

3. RESULTS AND DISCUSSION
This in this study, making animal tracking tools and applications with testing
3.1 Animal Tracker Prototype

The prototype of this animal tracking tool is designed in the form of a necklace that
can be hung around the pet's neck. The prototype casing is made of ABS plastic material.
This tool has dimensions of 4.5 cm long, 2.5 cm wide, and 2 cm high, making it quite compact
and suitable for use on farm animals.

This necklace-shaped design was chosen so that the tool can be comfortably attached
to the neck of the animal without causing discomfort or disturbance to the animal. In
addition, ABS plastic material provides the strength and durability necessary to protect the
electronic components inside [15]. With relatively small dimensions, this animal tracker tool
can be applied to various types of animals without disturbing their mobility. This prototype
is the beginning of further development to create an efficient animal tracking tool that can
help in real-time monitoring of animals.

Figure 5. Prototype animal tracking tool

3.2 Testing Animal Tracking Tools

Accuracy testing is carried out at several location points, and the results are obtained
in the form of latitude and longitude values. In this test, using the Google Maps application
as a comparison of animal tracking applications. The test was conducted by comparing
location data captured by the Animal Tracking application with location data displayed by
the Google Maps application at each test location point. Latitude and longitude data
obtained from both applications were then analyzed to assess the extent of the accuracy of
the animal tracker tool in recording and retrieving pet location data [14].
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Using MIT App Inventor as an Animal Tracking app creation tool, this test aims to
evaluate the performance and accuracy of apps created with the platform. The results of the
test will give an idea of the level of accuracy and accuracy of the tool in tracking the location
of animals at certain points [18]. Evaluation of test results will help in identifying potential
improvements or performance improvements in Animal Tracking applications created
using MIT App Inventor, so that applications can provide more accurate and reliable data
in real-time animal monitoring.

3.2.1. First Point
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Figure 6. First point location accuracy testing

In this test, the Google Maps application is used as a comparison for the animal
tracking application, where the image is in column a). Is the coordinate value in the animal
tracking application, and the image in column b). Is the coordinate value on Google Maps.
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Figure 7. Second point location accuracy testing
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Figure 8. Third-point location accuracy testing
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Figure 9. Fourth point location accuracy testing

Table 1. Comparison of Test Location Points

A App Animal Trackin App Google Maps
Experiment Latitlf’:e Loigitude LatitudlzP ® L:ngitude
1 -2.967480 104.746190 -2.967461 104.746919
2 -2.975618 104.757490 -2.975607 104.757403
3 -2.966590 104.748330 -2.966445 104.748399
4 -2.982987 104.732960 -2.982994 104.733049
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Based on the data from table 1 above, the latitude and longitude values obtained by
the Animal Tracking application and the Google MAPS application are slightly different.

3.2.4.1. Average latitude comparison

Average animal tracking app

(-2.967480) + (-2.975618) + (-2.966590) + (-2.982987)
=-11.892.675/4

=-2.973.168,75

Average Google Maps app

(-2.967461) + (-2.975607) + (-2.966445) + (-2.982994)
=-11.892.507/4

=-2.973.126,75

(Average animal tracking app) — (Average GMAPS app)
= (- 2.973.168,75) - (-2.973.126,75)

=42

3.2.4.2. Average Longitude comparison

Average animal tracking app
((104.746190) + (104.757490) + (104.748330) + (104.732960))/4
=418.984.970/4
=104.746.243
Average Google Maps app
((104.746919) + (104.757403) +(104.748399) + (104.733049))/4
=418.985.770/4
=104.746.444
(Average animal tracking app) — (Average GMAPS app)
= (104.746.243) — (104.746.444)
=-201
Based on the calculations above, the animal tracking application made has high
accuracy. It can be seen from the difference in latitude and longitude in the animal tracking
application and the Google MAPS application.

Table 2. Testing Location update speed

Location to- Time
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4s
3s
5s
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Average update speed
= (5+4+3+5)/4
=4,25s

Based on the calculation above, it can be seen that the application delay is quite small
on average of 4.25s.

3.3 Menu display in animal tracking application

The tracking process is the main system that functions to see in an interface where
the state of the object used as an object to be tracked based on the coordinates of the GPS.

Figure 10. Home
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Figure 12. Monitoring Page

In figure 10 to 12 is the display of the animal tracking application which is
accelerated using MIT Inventor where this application is equipped with a main page to start
using the application which will then display the intro page after clicking "start now". On
the intro page, you will be directed to the menu page to start tracking pets with the location
of pets displayed in the form of GPS.

3.4 Black Box Testing on Applications

After designing the application, the system is tested using the black box testing
method to analyze whether all the features in the application can be used. Black box testing
serves to find out whether the functional needs of the application have been met or errors
are still found [19]. The following table of black bo x test results is shown in Table 3 for
android-based applications.
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Table 3. Black Box Testing Results Android-based Application

. Functions in Test
No Testing Parts Test Input Output Results
Log in to the system and display the
Start Now intro page.
1 Home but.ton Click Button Accepted
Login to
System
Go to Menu page
’ Pace Int Next button Click the Accepted
age tnto Back button Click the
Accepted
Back to Main page
Next button Cchk the Go to the Monitoring page Accepted
3 Menu Page Click the
Back button
Back to Intro page Accepted
o Find Cat Click the Displays MAPS of cat presence Accepted
Monitoring A
4 Page button Click the
a8 Back button Back to menu page Accepted

4. CONCLUSION

Provide Based on the analysis that has been carried out, the following conclusions

can be obtained:

1. After conducting research, it can be concluded that the Animal Tracking tool and
application has high accuracy, this application can determine good Longitude and
Latidute with a difference that is not too high in the comparison between the animal
tracking application and the Google Maps application.

w N

After testing at 5 locations, the average update speed was 5.5s.
The tests carried out also obtained a comparison of Longitude and Latidute values of

104,746.00, -2,972,869 (in the Animal Traking Application). Meanwhile, the Google
Maps application gets a comparison of Longitude and Latitude values of 104,746,222.6,

-2,972,066

4. The GPS Radio-based system used in this study offers fairly high accuracy and
reliability in tracking the position of pets.
5. The Android application as a supporting animal tracking tool for monitoring pets can
be monitored well, as evidenced by the application being able to display longitude and
latitude values in the monitoring menu.
6. Animal Tracking tools and applications show good potential in helping pet owners
optimize pet care and safety.
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