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Beach Cleaning Robot Controlled by Arduino R4

Patikorn Kaewyanuik! Supornpat muangsiri! Natnapat Yisunsri!

Mr.Chinapat Mongkholsiriwattana® and Mr. Kompakron Pianon!

'Darunsikkhalai School for Innovative Learning

Abstract

In the modern world, coastal debris has significantly negatively
impacted local marine ecosystems, including the Thai city of
Huahin. Technologies could potentially restore local ecosystems by
helping clear up coastal debris on beaches, improving tourism, and
reducing pollution on beaches. Using robots could potentially
minimize human labor and significantly improve efficiency in
cleaning up beaches. This paper will explain the process of creating

a small-scale beach-cleaning robot.

Keywords: Beach cleaning robot, Arduino UNOR4

1. Introduction
1.1 Background of the study

Coastal debris has negatively impacted the local ecosystem.
At least 690 species have encountered marine debris. At least 17%
of impacted species are listed on the IUCN Red List as near
threatened or above. To fix this, we could clear up beaches using
machines and robots. This could help prevent more debris from
flowing into the ocean and prevent more debris from clogging local
ecosystems.
1.2 Objectives
® To create a small-scale beach-cleaning robot prototype.
® To Research the effects of using beach-cleaning robots

compared to human labor.

® To design a prototype of a functional beach-cleaning robot.

1.3 Summary of the study

This research aims to experiment with designing a small-
scale beach-cleaning robot to help local ecosystems get rid of
coastal debris on beaches. The project aims to design and
create a prototype version using the Arduino R4 WIFI as the main

microcontroller for the robot.

2. Theory
2.1 Theoretical Framework

(1) Thailand commonly found coastal debris

Adis Israngkura, Ph.D. [1] (2021) According to the Thailand
Development Research Institute (TDRI), Thailand is the world’s
tenth-biggest dumper of plastic waste into the sea (2020). That
is not surprising. The country has an average of 1.03 tonnes of
mismanaged waste each year. Nearly half of it (0.41 tonnes)
flows into the sea. Plastics take a long time, from 20 to 500
years to decompose. Most of the Thai marine waste is plastics
led by plastic debris (12%), Styrofoam boxes (10%), food

iSTEM-Ed 2024, 31 July 2024, Hua Hin, Thailand
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wrappers (8%), plastic bags (8%), glass bottles (7%), plastic
bottles (7%), and straws (5%). That is waste in the sea.
(2) Thailand Coastal analysis

Gajahin Gamage Nadeeka Thushari [2] (2017) says that This
study quantified coastal debris along 3 beaches (Angsila,
Bangsaen, Samaesarn) on the eastern coast of Thailand. Debris
samples were collected from the lower and upper strata of
these beaches during wet and dry seasons. The results showed
that Bangsaen had the highest average debris density (15.5 m-
2) followed by Samaesarn (8.10 m- 2), and Angsila (5.54 m- 2).
Among the 12 debris categories, the most abundant debris type
was plastics (> 45% of the total debris) in all beach locations.
Coastal debris distribution was related to economic activities in
the vicinity. Fishery and shellfish aquaculture activities were
primary sources of debris in Angsila, while tourism activities were
main sources in Bangsaen and Samaesarn. Site-specific pollution
control mechanisms (environmental awareness, reuse, and
recycling) are recommended to reduce public littering.
Management actions in Angsila should focus on fishery and
shell-fish culture practices, while Bangsaen and Samaesarn
should be directed toward leisure activities promoting waste
management.
(3) Impact of debris on marine life

S.C. Gall, and R.C. Thompson [3] (2015) say that Marine
debris is listed among the major perceived threats to
biodiversity and is cause for particular concern due to its
durability,

environment. An extensive literature search reviewed the

abundance, and persistence in the marine
current state of knowledge on the effects of marine debris on
marine organisms. 340 original publications reported encounters
between organisms and marine debris and 693 species. Plastic
debris accounted for 92% of encounters between debris and
individuals. Numerous direct and indirect consequences were
recorded, with the potential for sublethal effects of ingestion
an area of considerable uncertainty and concern. Comparison
to the IUCN Red List highlighted that at least 17% of species
affected by entanglement and ingestion were listed as
threatened or near threatened. Hence, where marine debris
combines with other anthropogenic stressors, it may affect
populations, trophic interactions, and assemblages.

(4) To clean or not to clean: A critical review of beach

cleaning methods and impacts
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Seweryn Zielinski and team [4] (2019) say Cleaning is a
fundamental concern of beach managers in many destinations
and an essential requirement in beach quality awards. However,
it has been largely neglected in the literature. This paper
provides an overview of empirical studies on beach cleaning
and analyzes cleaning-related requirements of 11 beach awards
that generate controversy in the literature. This study
comments on key aspects of beach cleaning, resolves various
misconceptions, and provides new perspectives by integrating
related topics drawn from a wide range of literature. Arguments
based on ecological and tourism managerial perspectives are
presented, indicating the gaps and proposing research solutions.
The paper calls for empirical studies about the efficiency of
different cleaning approaches on beaches with varying use
intensity levels and for methodological designs that separate
the impacts of mechanical grooming from those of trampling,
dune destruction, shore armoring, and artificial lighting, among

others.

2.2 Past Relevant Studies
(1) Development of an autonomous beach cleaning robot
“Hirottaro”

Tomoyasu Ichimura and his team [5] (2016) say This paper
discusses the development of a small beach-cleaning robot.
The paper discusses two aspects of the robot: the refuse
collection mechanism and the autonomous navigation system.
To effectively collect refuse from a sandy surface, we
developed a mechanism that mimics the cleaning of a floor
using a broom and dustpan. The robot was equipped with a
scanning range finder to identify its position, which measured
the position of two poles at the corners of the designated work
area. The navigation system calculated the position and
orientation of the robot using the sensor information and
corrected any errors in the path.

(2) Binman: An Autonomous Beach Cleaning Robot

Denny Varghese and his team [6] (2022) say Pollution on
beaches is increasing daily. The significant waste collected from
beaches includes liquor bottles, cigarettes, and plastic bottles.
Plastic bottles were the major ones. These wastes end up in the
sea if they don’t collect properly destroying the aquatic life.
Manual collection of this waste will result in health problems
for the workers. So, there is a need for a machine to collect and
dispose of this waste with minimum human intervention and
zero-carbon footage. This paper discusses the design and
simulation of a beach-cleaning robot named Binman, which
includes discussions on the overall structure of the robot,
motor, and battery selection, as well as the implementation of
GPS waypoint navigation using the ROS framework.

(3) PTTEP and Prince of Songkhla University unveil the first
Thai Beach Cleaning Robot

iSTEM-Ed 2024, 31 July 2024, Hua Hin, Thailand
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PTT Exploration and Production Public Company Limited
[7] (2017) PTT Exploration and Production Public Company
Limited (PTTEP) unveiled the beach cleaning robot developed
in collaboration with the Faculty of Engineering, Prince of
Songkhla University under the “PTTEP Love Sea Love Beach”
project. The robot is the first beach cleaning robot invented by
Thais to help reduce environmental pollution and preserve the
scenery. The beach cleaning robot demonstration was
organized at Samila Beach, Songkhla province, Thailand. PTTEP
initiated the Beach Cleaning Robot project in 2016, bringing its
international expertise in Engineering, Technology, and
Environmental Management to undertake study and research
with the university to develop the beach cleaning robot to deal
with environmental problems. Key advantages of the beach
cleaning robot include its ability to effectively scoop up and
quickly separate rubbish from sand through a vibrating sieve; its
small size, which enables collection of garbage around trees
areas that are usually difficult to access by tractor-pulled beach
cleaner; use of rechargeable-battery, its exterior structure
reduces machine noise. Importantly, the robot could be built
locally, saving costs from importing. PTTEP will continue to
support the improvement of the robot’s capabilities before full
operation in the future.
(4) Autonomous robot for garbage collection on beaches

Luis F. Cruz Pineda and his team [8] (2024) say in recent
years, beach pollution has represented one of the biggest
problems worldwide because most of the urban solid waste is
in the seas and oceans. This causes a negative impact by
generating mass contamination of marine life and affecting the
growth, reproduction, behavior, and feeding of the existing
biodiversity of flora and fauna within and around them. This
situation is considered one of the biggest global problems due
to people’s unconsciousness. This manuscript aims to show the
design and construction of an autonomous robot capable of
collecting garbage on beaches, such as bottles, cans, and some
other solid urban waste, to prevent them from reaching the seas
and oceans and eventually the landfill of Flora and Fauna. And
in this way, we contribute significantly to keeping the beaches
free of urban solid waste.

2.3 Relation to the study

The studies shown above are used to help with the design.
Using previous models as inspiration would help combine
features from many models to create a better design. The
information on trash also helps estimate the target and the

source of marine debris to improve the design.

3. Methodology
This chapter introduces the study's design. Then, the tools

and instruments employed to collect data are presented. The



School Articles
Vol.1, No.1, 2024

chapter ends with a summary of the procedures and results of
the study.

3.1 Tools and Instruments of the Study
1. 3D Printer
2. Arduino UNOR4
3. DC Motors (4)
4. Bread Board
5. Battery 18650 1 Pack
6. Relay
Procedures and Results of the Study

This sub-chapter will explain the procedures used to
design, create, and visualize the prototype during the two-
week study.

Firstly, the prototype is sketched on paper and then
processed digitally into a 2d digital sketch for future use. The
size of the 2d digital sketch is then determined from information
and use. The design is then recreated in a 3D design program
called ONSHAPE 3D. The design is then sent to our coder for
circuit design and for code to be able to adapt to the design. At
the same time, after being approved by every designer, the
design will be printed in 3D for visualization. After being 3D
printed, the parts will be assembled precisely and waterproofed
to ensure minimum leakage in the main design. After being
assembled, the circuit is placed inside the prototype's main
shell and tested for failures and errors. Suppose there are any
errors, the code will be feedbacked and corrected with the data
used for future designs. If there are any failures or errors in the
design, the shell would have to be cracked open to fix or re-3D
printed.

Figure 1 First design of beach cleaning robot.

Figure 2 Design 3d model of the beach cleaning robot.
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Figure 5 Connect the wire and connect the motor for driving.

Results and Discussion

The prototype's results remain successful, as all four
motors are running successfully. The Arduino UNOR4 can also
successfully send commands to the circuits from the Wi-Fi-
based system. Testing the prototype with natural sand would
be the next step in continuing to develop the beach cleaning
robot. The next step is also to focus on the general cost to
make it low-cost and simplify the circuits.

There were some problems while doing this project. The
major problems were the design's being too inefficient, costing
more material than needed, and making it long and expensive
to print. To fix this, we redesigned it using the outer shell as the
main shell and added support beams to help reduce cost while
still being stable enough to withstand the weight of the back
carrier.

The other problems included coding issues when the
Arduino couldn’t connect to the Wi-Fi due to blynk IOT issues.
To fix this, we used a template for the code to minimize errors
and help with the coding time.

Summary

To summarize, the project was a success, with the circuit
and prototype functioning correctly. While there were some
problems with the design, they were fixed, and the circuits are
now running successfully.
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Abstract

This paper presents an affordable and reliable prototype for a
bicycle network managing and safety system for use at a hotel
using an Arduino Uno R4 microcontroller and these
supplementary sensor modules: MPUB050 Gyroscope
Accelerometer, GY-NEO6MV2 Ublox GPS, and PCB 4 Switch
Push Button. The GY-NEO6MV2 Ublox GPS is used to obtain
location data while the MPUB050 Gyroscope Accelerometer is
used to detect crashes, falls, and other accidents. The Arduino
relays this information to the hotel in order to monitor the
bicycles in their network in the event that they are stolen or if
the user requires assistance. In order to test the effectiveness
of our device, we repeatedly trialed the fall detection and the
location tracking in order to observe whether the location data
relayed is accurate and whether it detects simulated bicycle
accidents. This project could potentially reduce the loss of
bicycle theft with bicycles at a hotel with GPS tracking, minimize
the potential risk of injuries through accidents via immediate
notice of accidents/falls, and improve the experience of tourists
who get lost and are unable to seek help by allowing the hotel
to see the location of the individuals along with whether they
require assistance. The projected benefits of this innovation
include, but are not limited to the following: encouraging more
bicycle usage for tourists, endorsing a more widespread
adoption of bicycle-borrowing systems for tourists at hotels,
helping to decrease global carbon emission rates through
increased bicycle usage, encouraging exercise, and
facilitating the tourist exploration in the area. In addition, the
possibilities of the use of this innovation are not only limited to
hotels as this form of bicycle network can be used to manage
the renting of motorcycles and other types of borrowing/renting

systems involving transportation.

iSTEM-Ed 2024, 31 July 2024, Hua Hin, Thailand

Keywords: IOT Bicycle, Arduino Uno R4 Wifi, Tourism, Hotels,

Management

1. INTRODUCTION

Over the past few years, we have seen a resurgence
in the usage of bicycles, due to bicycles being affordable,
eco-friendly, and healthy. This has led to a surge in popularity
of bicycle renting companies, which provide an effective
mode of transportation for an affordable price. However,
there are many key issues that are being faced by not only
the bicycle renters but also the businesses. From the
perspective of the customers, concerns of severe crashes and
theft are a foreboding threat, as any of these issues occurring
would Llikely result in grave consequences. On the other
hand, from the perspective of hotels, the facets of bicycle
safety and customer well being would incur damage to their
brand image and the company’s revenue if any of them were
compromised.

Thus, to solve the problems introduced, the
creation of an loT innovation to facilitate the formation of a
bicycle positioning and safety network for use in hotels in
order to help make hotel bicycle borrowing to tourists more
convenient and safe for both parties is paramount. Note: this
project was made specifically for use at the 2024 Huahin
Youth Innovation Competition. In order to accomplish that
objective, our team has created a prototype product that not
only relays real-time location data of the bicycle to the hotel
and/or the cyclist, but also detects bicycle accidents and

relays a distress call.
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2. THEORY

2.1 Articles Supporting the Idea

The benefits of having a GPS in your bicycle ensures
the recovery of your bicycle, whether it be lost through theft
or simple misplacement. This benefits not only the customer,
who won’t have to compensate for losing the bicycle, but
also the hotel/company, as the immediate notice of your lost
vehicle’s location in the event of a theft will heavily aid in
the recovery process’.

According to a study published by the Western
Kentucky University and Aalborg University, it has been
proven that among the population of active cyclists, the
estimated rate of single-bicycle crashes was 55 crashes per
1,000 people per year in individuals from the age of 18 to 65
years®. The installation of fall detection safety systems and
emergency aid locator systems inside the bicycle network
could potentially save the lives of the individuals involved in
serious accidents or cyclists who venture out into more rural
areas with less people.

Aside from safety, the implementation of cycling
management and safety networks across the country could
help promote the image of Thailand as being a safe, tourist-
friendly, and technological country which would in turn help
with the tourism industry, resulting in-additional economical
benefits for the country. The reputation of being a bicycle-
friendly and “clean” country is extremely important towards
tourists and will aid in improving the international image of
Thailand. The importance of a country’s ecological image is
demonstrated in an article published by Farth.org which
criticizes another country, Hong Kong for not being able to
facilitate bicycle-friendly infrastructure, describing it as “a city
to incorporate such ideas and lessons into the city’s existing
transport infrastructure” (Lam, 2023). Because of this, Hong
Kong was also ranked “84th out of 90 cities”(Lam, 2023) in
the same article. As such, the adoption of more bicycle
friendly technologies would prove to be a great benefit to
the global image of Thailand and its reputation, thus
augmenting tourism and the Thai economy as a whole.

Compared to cars, the average bicycle produces
about 21 grams of CO2 per kilometer, over 10 times less than

that of a car’. The more widespread adoption of bicycle

iSTEM-Ed 2024, 31 July 2024, Hua Hin, Thailand
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network systems and promotion of bicycles in Thailand
would also help to improve the pollution that comes from
the use of other transportation methods such as cars, buses
and motorcycles. Additionally, more features can be
implemented into this network in the future such as route
tracking (including elevation) and navigation to provide
tourists with more convenience and ensuring transport. This
would promote even more individuals to switch to cycling,
which would greatly improve the air environment.

In 2023, “over 85,000 bicycle thefts were reported
in the Netherlands”(NL Times) with 10,920 in the Dutch city
of Amsterdam alone(NL Times). With a more robust way to
track down bicycles via the GPS module on the Arduino,
stolen bicycles could be traced down more easily. This
allows the hotel managers to report the location of the

stolen bicycle for the authorities to help retrieve.

2.2 Studies/Documentation Used

(1) 3-axis /Gyro Module (MPU6050 or GY-521)
Accelerometer
The page demonstrates how to connect and use
the MPU6050 module with the Arduino Uno R4
Wifi°,

(2) GPS Module GY-NEO6MV2 Ublox
This page demonstrates how to connect and use
the GPS Module GY-NEO6MV2 Ublox with the
Arduino Uno R4 Wifi®.

(3) Deploying FastAPI app with Google Cloud Run
The article "Deploying FastAPl app with Google
Cloud Run" serves as a practical guide for
developers looking to deploy their FastAPI
applications using Google Cloud's serverless
platform. It outlines a clear step-by-step process,
making it accessible for those with basic knowledge
of Python and cloud services'.

(@) Cloud Run Service With a Python module FastApi

and Uvicorn

The article "Cloud Run Service with a Python
module FastApi and Uvicorn" provides a
comprehensive guide for deploying a FastAPI

application on Google Cloud Run using Python. It
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presents a real-world use case where the

application reads a JSON file from Cloud Storage,

Electrical Engineering Academic Association (Thailand)

®  Button(12x12x5mm)

®  Bicycle Water Bottle(used for case)

applies business logic across multiple Python files, ®  Screen
and writes the results to a BigQuery table®. This
article was used to aid in the setting up of our N
server backend. —
(5) OpenStreetMap Colec data rom e
The OpenStreetmap html embed was used as the
map on the frontend website for the hotel
manager page. It allowed us to monitor the
location of the bicycle. S —
| magnitude breaks
2.3 Relation to the Study -
The studies shown above helped influence us to " omarme |
design our prototype product, using various parts and e g v I \:
combining them altogether with the Arduino Uno R4 [ —T1
Wifi in order to make an effective prototype. Rrselosbotr-vhy

0.5 seconds

Check if orientation
remains same for 1 [—
second

3. METHODOLOGY

3.1 Dates Of Preparation
14 July — 25 July 2024 Brainstorming

Figure 1 Algorithm Flow Chart

26 July — 30 July 2024 Assembly of the demo 3.3 Procedures and Results of Study

prototype and writing the code P dear Sl

31 July 2024 Presenting the project ) )
The program would best be described in 3 stages

3.2 Components (Prototype) overall: the backend (api server), Arduino(physical product on

All of th i ith th
(L of the components listed are all used with the the bicycle), and the website frontend(for hotels to manage).

Arduino microprocessor as this product prototype
P P P P Backend:

needs to utilize an Arduino for the microprocessor as - ) )
Facilitates the transfer of information from the

per the requisites for the competition. In truth, the
Arduino units that would be placed on the bicycles to
Arduino and its modules are not the only
the hotel's manager page.
component in this. As is listed down in the Program
Structure, you will see that in actuality, the most
important parts which allow this product to come
into fruition is the code behind the scenes of it all.
®  Arduino Uno R4
O NEO 6M GPS (module)
O GY521 MPU6050
Accelerometer/Gyroscope (module)

®  Jumper Wires

®  Breadboard

Figure 2 Back End Code Snippet

ISTEM-Ed 2024, 31 July 2024, Hua Hin, Thailand 13
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Figure 3 Front End Code Snipped

A
5

Figure 4 Front End Web Page Example

Frontend:

The main Ul for the hotel staff. It's a simple web page that
will display the information about all the bicycles in the network. The
hotel is able to monitor the real-time location of the bicycle along with
the user’s status regarding whether or not they require assistance.

The code for the entire program is on a public Github
repository for this project linked in the citations below!.
Arduino:

Sends real-time information regarding location and user
status (whether they need assistance or not) while also monitoring
for fall detection. This will be the main interface for the user which
gives them the ability to call for help from the hotel staff along
with the safety features such as automatic fall detection. Upon the
detection of a fall, the Arduino waits 1 minute, and if the button
isn’t pressed by the user to signal that they are fine, it relays the
SOS signal to the hotel.

Figure 5 Prototype Product
4. RESULTS AND DISCUSSION

iSTEM-Ed 2024, 31 July 2024, Hua Hin, Thailand
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From our comprehensive and rigorous testing, we have seen
that our product is effective and is able to accurately detect falls
approximately 75% of the time. Not only does this help improve the
tourists' experience as cyclists, as in case of bicycle accidents, it
would further safety for tourists who are not familiar with Hua Hin
with a way to seek immediate medical care when they are in peril,
but by being able to pinpoint the location of bicycles with the
accuracy with a 3 meter margin or error, our device helps the hotels
recover bicycles if lost, therefore counteracting bicycle theft as the
company and/or cyclist can always have the real-time location of
the bicycle. As we have seen from our research, fear of bike theft is
a major barrier when it comes to people deciding not to purchase
or rent bikes, and as our device helps detect and counter bike theft,
more people would be interested in using bicycles rather than other
polluting means of transportation™. Although many people in the
past have made gps bike trackers, CycleNet greatly surpasses the
capabilities of previous iterations of trackers as our device functions
as a network of bicycles with integrated a safety system into the
device, which would also aid the well-being of the cyclist along with
providing the location of the bicycle in real-time, augmenting health
and wellbeing for the cyclists along with discouraging and
counteracting theft. By integrating both features into a single device
and interface, it enhances the capabilities of each system along with
streamlining the workflow process for hotel staff, all of which is
unique to CycleNet.

The code for the entire program is on a public Github

repository for this project linked in the citations below.!

5. SUMMARY

In conclusion, our device is able to precisely determine the
real-time location of the bicycle along with being able to accurately
detect potentially fatal bicycle accidents. These features would
provide the hotels, the cyclists and the environment as a whole with
a vast amount of benefits. Firstly, it would help increase the user
experience of the cyclists by providing them with a sense of security
due to the presence of the positioning system along with having an
effective SOS system which also sends a distress signal if the cyclist
is in a desperate situation. This would also in tum augment the hotels
and by extension, the Hua Hin tourism sector, as our product will
attract more customers and improve customer retention along with
allowing the hotels to raise the renting rate due to them now being

able to offer the feature provided by our device. Adopting our device

14



School Articles
Vol.1, No.1, 2024

would boost tourism by portraying Thailand as safe, tourist-friendly,
and technologically up to date. This positive image, particularly
among eco-conscious  travelers, would enhance Thailand's
intemational reputation and economic growth. Our product would
also benefit the hotel by helping the hotel recover lost/stolen
bicycles, which would allow them to retain their revenue generating
assets. Lastly, our project would benefit the environment, as it would
encourage many people using fossil fuels to switch to an eco-

friendlier means of transportation.
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Multi-purpose Waste Bin with the Use of Microcontroller and loT
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ABSTRACT

This research presents the multi-purpose waste bin designing
and creating with the use of Microcontroller and IoT in order to get
the modern waste bin that can actually be used and solve problems,
motivate people to put garbage in the right place, be able to separate
type of waste so that it can be used further. The research objectives
were 1) to design and create the multi-purpose waste bin with the
use of Microcontroller Arduino R4 WIFI; 2) to create the system of full-
trash notification and waste classification; and 3) to motivate people
to put the waste into the correct place and to promote them the
information about the tourist attraction.

The research findings show that 1) there’re 3 steps in designing and
creating the multi-purpose waste bin with a microcontroller as follows: First,
install a device to measure the distance between the waste and the front
of the tank in order to open the tank lid. Second, process the trash image
with Huskylens in order to separate general waste and recyclable ones.
Third, collect information about waste collectors with a display screen. Users
can enter information to collect User Rewards to exchange for various
privileges, 2) the distance measuring device that monitors the amount of
waste in the multi-purpose waste bin sent notifications to Excel within 1
second and had an accuracy of 90%, 3) from 30 people who took part in
the questionnaire to assess their motivation for littering, it was found that
there was a 98% increase in those who had the motivation to put waste into
the bin.

Based on the research, the multi-purpose waste bin is designed to
accurately classify and sort waste through image processing from a camera
installed on the machine. Test results show its effectiveness in reducing trash
and in motivating people to dispose of waste properly. Moreover, it’s
designed to recommend tourist attractions through the website. The
research consequence indicates that this technology can be effectively
applied in various locations and significantly reduce waste. Suggestions for
further research are to change from the Huskylens camera to a higher
resolution one and use a NIR or pressure sensor to separate materials by
physical properties. As well as publicize and create cooperation from
relevant government and private agencies to create awareness among

community members and tourists of the importance of waste management.

Keywords: Multi-purpose waste bin, Microcontroller, loT

INTRODUCTION

In Thailand, the problem of solid waste is considered a major
environmental problem caused by human activities, which may result from
many factors, such as consumption behavior and waste separation at the
source. Substandard waste management causes pollution. The failure of
waste recycling causes pollution and environmental problems, such as
greenhouse gas emissions caused by garbage dumps that release methane,
sulfur dioxide and carbon dioxide. Besides, the problem of marine waste
affecting the environment and the lives of marine animals, etc. Thailand has

a continuously increasing amount of trash every year. According to the report
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on the situation of community trash in Thailand in 2016 (Pollution Control
Department, Ministry of Natural Resources and Environment, 2016), the total
amount of trash generated throughout the country was 27.06 million tons
per year, equivalent to 140 buildings of Baiyoke2, or approximately 74,130
tons per day. The average amount of waste was 1.14 kilograms a person a
day, not including the accumulated waste that increases every year by no
less than 10 million tons. From the above information, those solid waste
can be divided into 4 types as follows: Type 1: Organic or biodegradable
waste, accounting for 64 percent of all waste, mostly from leftover food.
Type 2: Recyclable waste, which is the waste that can be melted down and
reused if properly separated and cleaned before disposal, accounts for 30
percent of all waste. Type 3: General waste, which is waste that’s difficult to
naturally decompose or doesn’t cost-effective to recycle and must be
disposed of, accounting for 3 percent of all waste, including snack bags, foam
boxes, plastic bags. Type 4: Hazardous waste, which is the waste that must
be disposed of or treated in a specific way, such as light bulbs, medicine
bottles, batteries, pesticides, paint cans, and waste from the agricultural and
industrial sectors, accounting for 3 percent. It can be seen that even though
Thailand has made more efforts to recycle and properly dispose of waste,
the trend of waste volume each year has also increased. In 2015, Thai
government conducted an inspection to improve 7,777 local government
waste disposal sites nationwide and found that only 328, or less than 5% of
all were able to utilize and properly dispose of waste. The amount of waste
disposed properly from these locations accounts for 26.34 percent of the
total new waste generated and residual waste, and the remaining 73.26
percent .of waste is disposed of improperly. such as by dumping, open
buming, burning in incinerators without air pollution control systems, and
controlled dumping, or is not managed at all.

Currently, there is an advancement in Intemet of Things (IoT)
technology or 0T devices that are applied in various fields [1], such as
controlling electrical appliances, measuring various values from the
environment, and many more. loT devices are convenient, modern, and can
be used to motivate people to take better care of the environment and
keep it clean. In addition, loT can facilitate and transform the tourism industry
into a new era. It can connect and publicize through the online world
automatically through a remote control system, making it limitless in terms
of system management. §The use of multi-purpose waste bin [2][3] will
respond to the need to create a new standard for tourism in Hua Hin.

From this information, the research team noticed the
importance of solving the waste problem in the community and developed
a prototype of a multi-purpose waste bin to promote waste management,
which is part of helping to promote tourism in Hua Hin.

LITURATURE REVIW (THEORY)

1. Content related to project work
1.1 Waste Classification
There are 4 types of bins in total, each type accepts
different types of waste. We should dispose of waste correctly
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according to the color and type of bin to facilitate waste separation
as follows:

1.1.1 Green bins are for the easily degradable waste which
able to compose into fertilizer, such as vegetable scraps, fruit peels,
food scraps, grass, leaves, plant remains, animal remains, etc.

1.1.2 Yellow bins are for the useful waste which can be
reused, such as glass, paper, beverage bottles and cans, plastic bags,
aluminum scraps, car tires, CDs, beverage boxes, etc.

1.1.3 Blue bins are for waste that is difficult to decompose
and not worth reusing, such as plastic bags for snacks, detergent bags,
instant noodle packets, plastic bags stained with food scraps, food-
stained foam, food-stained foil, etc.

1.1.4 Red bins are for waste with hazardous substances,
toxic substances, corrosive substances, infectious substances, and
flammable substances, such as fluorescent lamps, batteries, pesticide
containers, spray cans containing paint, or chemicals, etc.

1.2 Microcontroller
A small control device that has capabilities similar to a
computer system. It is like combining the CPU, memory, and ports,
which are important components of a computer system, into a
microcontroller. The general structure of a microcontroller can be
divided into 6 main parts as follows:

1.2.1 CPU: Central Processing Unit

1.2.2 Memory which can be divided into 2 parts consist of
Program and Data Memory. Program Memory is like a hard disk of a
desktop computer. Any data stored in it will not be lost even without
power. Data Memory is used as scratch paper for CPU calculations
and as a temporary data storage while working. However, if there is
no power supply, the data will be lost, similar to the RAM in general
computers. For modern microcontrollers, data memory is either RAM,
which will be lost when there is no power, or EEPROM (Electrically
Erasable Programmable Read-Only Memory), which can store data
even without power.

1.2.3 Port which comprise of Input and Output ports. This
part is considered very important because it is used to connect to
external devices. Both input and output ports will be used together
to receive signals, process and display the results such as the
brightness of a light bulb, etc.

1.24 BUS It is a signal exchange path between CPU,
memory and port. There are many signal lines inside the
microcontroller, which are divided into data bus, address bus and
control bus.

1.2.5 Timing Unit This also be the very important element
because the operation of the microcontroller depends on the timing.
If the timing unit has a high frequency, the operation can be done
more frequently, resulting in the microcontroller having a high
processing speed.

1.2.6 Microcontroller It is a chip that integrates the

core parts of a microcomputer on a single one. Microcontrollers
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were created in the mid-1970s. After more than 20 years of
continuous development, the production cost has been reduced and
its efficiency has been continuously increased, which has led to
widespread  applications in various fields such as Barcode
Reader/Scanner motor control, electronic devices, gaming devices,
telephones, HVAG, building safety and access control, industrial control,

automation, washing machine, microwave, DIY and creative works.

Figure 1: Microcontroller

1.3 Internet of Things: loT

A network of connected devices and a technology that
facilitate communication between devices and the cloud, as well as
between devices. Because of the inexpensive computer chips and
high-bandwidth telecommunications, we now have bhillions of
devices connected to the Internet. This means that everyday items
like toothbrushes, vacuum cleaners, cars, and machines can use
sensors to collect data and respond intelligently to users.

[oT integrates “things” in our daily lives with the Internet.
Computer engineers have been adding sensors and processors to
everyday objects since the 1990s. However, early progress has been
slow due to its large size and bulkiness from using low-power computer
chips called RFID tags for high prize devices. As time goes by, as
processors get smaller, these chips get smaller, faster, and smarter.

Today, the cost of putting a processor in a small object has
decreased significantly. For example, we can add connectivity to Alexa
voice capabilities to MCUs with less than 1 MB of embedded RAM such as
light switches. Therefor, entire industries have sprung up around the creation
of loT devices for our homes, businesses and offices. These smart devices
can automatically send data in and out by the Intemet. Hence, “invisible
computing devices” and all the technologies related to them are called the
Intemet of Things.

loT systems generally work by collecting and exchanging
real-time data. There are three main components of an loT system:

Smart Devices

They are devices such as televisions, security cameras or
fitness equipment have the processing capability to collect data from
the environment, user inputs or usage patterns and communicate
that data over the Internet to and from loT applications.

loT Application

It is a set of services and software that integrate data
received from various loT devices, using machine learning or artificial
intelligence (Al) technologies to analyze this data and make intelligent
dedisions. These decisions are then communicated back to the loT devices,
and the loT devices intelligently respond to the received data.

Graphical User Interface
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We can manage your loT devices or fleet of devices through a
graphical user interface. Typical examples include a mobile application or

website that can be used to register and control smart devices.

2. Related researches

Sirinat Nuchailek (1998) researched on the study of factors affecting
the decision-making of foreign tourists in Chiang Mai and Phuket provinces.
It was found that European tourists aged 25-34 years old, with an average
monthly income of approximately 2,001-5,000 US dollars, were the most
popular tourist group traveling to Chiang Mai. Positive factors that attracted
them to travel were the beautiful landscape and nature, the unique culture
and traditions of the North, and souvenirs buying. While crime problems and
lack of good public relations were considered negative factors for Europeans.
Most Asian tourists preferred visiting Phuket, with Taiwanese tourists whose
average monthly income of around 2,001-5,000 US dollars being the most
popular. The main reason for visiting is the unique landscape and nature.
Negative factors included language problems among the people and
exploitation of foreign tourists.

Wanpong Yoonak and others (2016) conducted waste management
planning within Srinakharinwirot University, Ongkharak Campus through the
study of the amount of waste generated. The findings show management
guidelines of waste management by sorting before disposal, managing waste
types, utilizing waste, managing infectious and hazardous waste, promoting
and supporting waste separation.

Mohan Kumar.V and et al. (2019) Design and Fabrication of Smart
Bin. Presented a system used to notify when waste bins are full by sending
a notification message to the responsible person in the municipality to
collect trash in time, reducing environmental problems.

Panjapol Thaipiya (2017) Developed a prototype smart waste bin to
promote learning and make a creative economy under the research plan for
developing a waste management system to increase good health and
creative economy. The study mentioned about the design and
development of a prototype of an intelligent waste bin that separates metal
packaging and is controlled by a microcontroller.

Anon Netyong and Thitima Narisnet (2019) conducted the
research on Smart Waste Bin and discussed the approach of creating
a waste bin that could notify via website, open and close
automatically, help reduce germs on the lid, and help staff know the
amount of waste in the bin.

3. Summary of connections

The researcher team has studied the theory and related
researches, integrated them together to design and create the
most appropriate waste bin using 4 ultrasonic distance
measuring modules as distance detection devices for measuring
the amount of waste in the bin. These 4 measuring modules
were installed inside all 4 bins. Arduino R4 WIFI was used in
sending data from ultrasonic to Raspberry Pi 4. Moreover,
Arduino R4 WIFI was also used as a processor to control the
opening and closing of the waste bin lid. HuskyLens were used
to capture images, then Arduino R4 WIFI was used as image

processor to separate waste and control the opening and
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closing of the waste bin lid. And Raspberry Pi 4 was once used

again for display processing.

RESEARCH METHODOLOGY
The research team has the research on designing and
creating the multi-purpose waste bin according to the steps

shown in Figure 2.

l Study the components and collect relevant information ‘

I

‘ Find of materials and equipment |

!

’ Design a multi-purpose waste bin using a microcontroller

!

f——

I Create/ build a multi-purpose waste bin using a microcontroller l | Improvements and corrections

i

Not pass

Testing procedure

‘ Summary of operating results |

!

| Prepare research book ‘

Figure 2: Operational flowchart

1. Materials and equipment
Servo MG946r Motor JGY370 12V
Ultrasonic Sensor IR Distance Sensor
Bearing 61900-2Z Transfer Belt PVC
Motor Driver Board L9110S LED Strip

Husky Len Metal Hole Grid

Power Supply 5V Regulator
Fuse Mosfet LR7843
Spring Hinge Door Hinge

Acrylic Sheet Aluminum Profile
Board UNO R4

Touch Screen Dispaly 15.6 inch

Raspberry Pl 4

2. Research preparation
The research team has designed a multi-purpose waste bin
with a microcontroller and loT system, size 140 x 80 cm, which can
be displayed as in Figure 5 and specified the capability requirements
of the prototype, shown in detail in Table 1.

Table 1 : The capability requirements for a prototype of the multi-
purpose waste bin with microcontroller and loT

Order Detail
1 Notify when the waste bin is full
2 Separate all 4 types of trash
3 Give users accumulated points
a4 A display showing information about news, traditions
in Hua Hin
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Figure 3: A sketch of a multi-purpose waste bin-using a

microcontroller.

3. Research Methodology
3.1 The multi-purpose waste bin design

The design of a multi-purpose waste bin using a
microcontroller was carried out by applying the principles and
theories mentioned in section 2 to design and create the most
suitable one. The working diagram is shown in Figure 3. There was a
220 volt AC voltage converter circuit which was a 12 volt DC voltage
to be used as a DC voltage source for the power supply. And there
was a 12V DC to 5V DC converter circuit is used as a DC voltage source
for the microcontroller. Use 4 ultrasonic distance measuring modules
as distance sensing devices to measure the amount of waste in the
bins by installing them inside all 4 bins. Used Arduino R4 WIFI to send
data from ultrasonic to Raspberry Pi 4. Used IR Sensor as an object
detection device to open the waste bin lid automatically by installing
it in front of the waste bin. Used Arduino R4 WIFI as a processor to
control the opening and closing of the waste bin lid. Used 1 servo
motor, model MG996r, to open and close the waste bin lid. Used
HuskyLens to capture images and process the images for waste
separation by using Arduino R4 WIFI. Then, used Arduino R4 WIFl as a
processor to control the opening and closing of the waste bin lid.
Used Motor Driver Board L9110S to control the rotation of the belt,
and Motor JGY370 12V for the movement of the belt. Used Raspberry
Pi 4 for processing display on the screen. Used 15.6-inch Touch Screen
Display for display.

1 !

e
I
;

Update data
e surs

Figure 4: Internal circuit diagram

3.2 The multi-purpose waste bin creating
After designing and procuring materials, the research
team built the smart trash can, including the waste quantity
monitoring device and the data display system.
3.3 The multi-purpose waste bin system testing
The research team simulated different quantities
of different types of waste by measuring the signals from sensors

attached to the lids, processing the data from cameras, and testing
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the data through a reporting system according to the designed
program.
4. Research analysis and summary
4.1 The waste bin system checking and fixing
The research team has investigated the points that
cause operational problems and implemented improvements to
correct the defects so that the multi-purpose waste bin can work as
designed.
4.2 Summary
The research team conducted tests on various
systems for the use of multi-purpose waste bin and analyzed the test
results, then concluded.
4.3 Prepare research book

RESULTS AND DISCUSSION
1. The results show that
1.1) The test result of measuring the distance between
the waste and the front of the bin to send a signal to the
Arduino R4 WIFI for processing, the signal commanded the servo
motor to work to open the waste bin lid and can throw waste
onto the conveyor belt.

Table 2: IR Sensor performance test results

Times Distance (cm) Tank cover status
1 5 Open
2 10 Open
3 15 Open
4 20 Close
5 25 Close
6 30 Close

1.2) The test result of images processing for recycled and
general waste with Husky lens found that if it’s not recycled
waste, Husky lens will send a signal to the Arduino R4 WIFI to
command the motor to rotate the belt to move towards the
waste into the general waste bin. If it’s recycled waste, Husky
lens will send a signal to the Arduino R4 WIFI to rotate the belt
to move towards the waste into various types of recycling bins.
The test results are in line with the objectives that the
researcher intended.

Table 3: Recycled waste image processing test results

Times Waste Types Belt operation
1 Plastic bottles Move to the recycling bin
2 Glass bottles Move to the recycling bin
3 Plastic bags Move to the recycling bin
4 Paper Move to the recycling bin
5 Foam Move to the general waste bin
6 Rubber Move to the general waste bin
7 Cloth Move to the general waste bin

1.3) The test result of data collecting when the waste

bin is full indicates that the distance measuring device which
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monitors the amount of waste in the waste bin will send
notifications to Excel. Its result matched with the objective that
the researcher team intended.

A B C D
1 siunan aauy

2 211712024, 13:22-47 L6y

3 21/7/2024, 13:40:57 -

4 21/7/2024, 14:04:48 L6iu

5

Figure 5: Notification when the waste bin is full

1.4) Test results of website for User Rewards collecting
Test results of website using to collect the User Reward
shows that the waste bin users can log in to the website to access
their points and redeem their own privileges. This test result is in line
with the intended objectives.

BE FUTURE of The BIN 8

Figure 6: Website page

1.5) Users’ motivation measuring result through the
Google Form regarding the satisfaction assessment of the
use of multi-purpose waste bin. There were 30 users took

part in responding the assessment.

figala 1D énaan

N PR v
3993 la lunsfazezar

Aouladaus

Fmuu 30 $o

15

Figure 7: Results of the motivation assessment to throw away

waste before using multi-purpose bins

finala O danon

waa g fiusags 1o lunsisasznn

ooy 30 o

Figure 8: Results of the motivation assessment to throw away

waste after using multi-purpose bins
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2. Results discussion

This research is based on the research team's awareness of
waste separation, along with the application of modern technology
to create benefits by integrating the Al system, husky Lens camera,
Arduino R4 WIFI board command coding, and Raspberry Pi 4
microprocessor to design and create a modern multi-purpose waste
bin that can separate waste into the correct categories. The useful
separated waste can be recycled. Moreover, the User Reward is
something that makes people more interested in throwing away
waste into the waste bins. These can also be a model for those who
are interested and can be developed further.

SUMMARY

Based on the research, the results can be summarized
according to the objectives as follows:

1. It is a modern, multi-purpose waste bin that can be used

practically in various places.

2. The multi-purpose waste bin can notify the information
to Excel when the bin is full of waste.

3. Multi-purpose bins can separate recyclable waste as specified.

4. Multi-purpose bins can motivate users to throw away

their waste into the correct place.

These research results can be applied to benefit waste

collection management of agencies or officials in various sectors.
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Abstract

This research article presents the design and
construction of a smart accommodation control system using
microcontrollers and loT (Internet of Things) technology to
create a convenient, energy-saving system capable of efficient
operation. The objectives are:
1.To design and build an loT system for accommodations.
2.To provide convenience, save time, save energy, and other benefits.
3.To optimize the operation efficiency of the loT system.

The research findings are as follows:
1. The design and construction of a smart accommodation system
using the Arduino R4 Wi-fi microcontroller board and loT (Intemet of
Things) technology.
2. The smart accommodation system can assist in providing
convenience, saving time for guests, and conserving energy. This aligns
with the results of the "Earth Hour" initiative in Thailand in 2024.
Bangkok was able to reduce electricity consumption by 24.65
megawatts, saving approximately 130,000 baht in electricity costs and
reducing carbon dioxide emissions by approximately 20 tons (source:
ThaiPBS, March 23, 2024, reference pending).
3.The smart accommodation system has significantly improved
effidency by integrating voice commands with a mobile application
to control the IoT system. This research demonstrates the potential
of smart accommodation systems to enhance the quality of life for
guests and reduce environmental impact significantly.

Keywords: accommodation, loT (Internet of Things), environment

Introduction

following the calming of the COVID-19 situation from 2021 to 2022.
In 2021, Prachuap Khiri Khan province welcomed approximately 9.75
million tourists, while in 2022, this number increased to around 11.14
million, marking an increase of about 1.4 million tourists. Tourism
revenue in 2021 was approximately 33,000 million baht, which
increased to around 44,000 million baht in 2022, indicating a revenue
11,000 - 12,000 million baht.
Accommodation facilities in Hua Hin district, Prachuap Khiri Khan

increase  of approximately

province, include hotels, resorts, bungalows, and various lodgings,
totaling 164 establishments with a combined 5,321 rooms. The trend
is steadily increasing. Mr. Wattanapong Kurovat, Director of the Energy
Policy and Planning Office (EPPO), revealed that hotel businesses had
increased their electricity consumption by 2.6% during the first nine
months of 2022, reflecting continuous business expansion.

Currently, there is a new technology known as IOT (Intemet of
Things), which integrates everything into a network via the Internet.
Almost all electrical appliances have become fully functional smart

devices. Humans can communicate with millions of devices and
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things through the Internet network, enhancing convenience,
improving safety, and transforming lifestyles. For example, smart
accommodation systems can not only enhance convenience but
also efficiently reduce energy consumption within the premises.
Based on this information, the researchers recognize the
importance of innovating smart accommodation systems to enhance
convenience and energy efficiency. Such systems can promote
tourism in Hua Hin. The research focuses on controlling lighting,
regulating air conditioning temperatures, locking doors and windows,
monitoring  room  temperature and humidity, and resolving
discomforts in accommodation. This research is designed to
investigate whether loT system innovations within hotels can
effectively promote efficiency and savings.
Research Questions
Can IOT system innovations within hotels effectively promote
convenience and savings?
Objectives
1. To design and build an loT (Internet of Things) system for
accommodations.
2. To provide convenience, save time, save energy, and other
benefits.
3. To determine the operational efficiency of loT (Internet of
Things) systems within accommodations.
Related Research
Research on Environmentally Friendly Accommodations in
Hua Hin: Intelligent Accommodation Control Systems.
The researcher reviewed relevant documents and studies as follows:
Resident
This article examines the behavior of tourists from Bangkok and
its vicinity when selecting accommodations in Hua Hin via online
media. The study describes the methods used to research tourists'
behaviors and the sources they use for information. The findings
indicate that the majority of respondents use Google to search for
Hua Hin accommodations (62.7%), followed by reviews on
platforms like Pantip (20.6%) and booking websites such as Agoda
(11.8%). Most respondents book accommodations directly through
hotel websites (43.1%), followed by booking through agents like
Agoda (37.7%), and having friends or others book for them (15.2%).
Factors Influencing the Choice of Staying at a Resort in Hua Hin
District, Prachuap Khiri Khan Province (Ms. Lalita Yuryat and Assistant
Professor Dr. Nattapong Jatusrass, 2015) This study explores the
factors affecting the choice of vacation accormmodation in Hua Hin
District, Prachuap Khiri Khan Province, Thailand. It outlines the
research methods and results, which show that the most important
factors in choosing accommodation are the product itself, followed

by price, distribution, and promotion. The results indicate that the
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demographic characteristics of respondents and marketing mix
factors are related to tourists' behavior in selecting vacation
accommodations.
1. Theoretical Influence of the Accommodation Business
on Tourism Development and Sustainability
Sustainable Tourism Development and Accommodation
(Surya Poudel, 2013) According to Surya Poudel, sustainable
tourism development and accommodation are fundamental
to the tourism industry because they form the basis of tourism
supply. Tourists need places where they can relax and
rejuvenate during their travels. As a result, there is a variety of
commercial accommodations available, differing in size and type
according to location and services. The services and amenities of
accommodations vary based on target customer groups. Increasing
public awareness of environmental issues, such as global warming,
is leading to a response in the industry. Sustainable tourism
development is gaining more attention from intemational and
national tourism organizations. Many countries now require
compliance with environmental sustainability standards before
businesses can operate.
Energy Conservation Promotion Act
2. Energy Conservation Promotion Act, B.E. 2535 (1992)

The Energy Conservation Promotion Act of 1992
emphasizes energy saving in hotels. Hotels are categorized as
buildings regulated under this law, and thus must adhere to
the standards for controlled buildings. Relevant provisions for
energy conservation in hotels are as follows:

2.1 Section 17
2.1.1 Reducing heat from sunlight entering the building.
2.1.2 Maintaining efficient air conditioning and keeping indoor
temperatures at appropriate levels.
2.1.3 Using building materials that help conserve energy, including
demonstrating the quality of those materials.
2.1.4 Employing efficient lighting within the building.
2.1.5 Using and installing machinery, equipment, and materials that
contribute to energy conservation in the building.
2.1.6 Utilizing systems to control the operation of machinery and
equipment.
2.1.7 Implementing other energy conservation methods as
specified in ministerial regulations.

2.2 Section 18
Specifies the types of buildings, their sizes, energy usage, and
methods of energy use that are subject to control under a
royal decree. This decree applies Sections 8, paragraphs two
and three with modifications.

2.3 Section 19
For the purpose of energy conservation in controlled

buildings, the Minister, upon the recommendation of the
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National Energy Policy Council, is authorized to issue
ministerial regulations to determine:

2.3.1 The criteria for assessing the energy efficiency of
buildings and their energy use.

2.3.2 Standards, methods, and conditions for evaluating the
energy efficiency of building materials, as well as overall
building energy efficiency.

2.3.3 Standards for air conditioning, heating, and cooling within
buildings.

2.4 Section 40

In issuing ministerial regulations under Section 19, if the
Building Control Committee under the law has reviewed and
approved the application of these regulations for building
control, the ministerial regulations shall be deemed as if they
were issued under Section 8 of the Building Control Act, B.E.
2522 (1979). Consequently, the authorities responsible for
building control will have the duty to oversee and manage
the construction or modification of buildings according to
these ministerial regulations. In cases where the characteristics
of a building are subject to new regulations, and the area has
not yet been covered by a royal decree for building control,
the building will still fall under the provisions of the Building
Control Act, but only to the extent necessary for compliance
with' this Act. This applies specifically within the scope
relevant for the enforcement of this Act.

3.Benefits of Accommodation (Milton Graham, 2018)

1. Relaxation After Traveling: Accommodation provides a place

for travelers to relax after their journeys.

2. Scenic Views: Accommodation often offers beautiful scenic

views during the stay.

Reduced Travel Time Loss: Staying at accommodation reduces

the time lost in traveling between tourist destinations and

accommodation sites.

According to the above article, researchers summarize the
meaning of accommodation as a place for travelers to stay, where
they pay for lodging. Accommodation plays a significant role in the
tourism industry according to the theory of influence of the
accommodation sector in tourism development and sustainability. it
includes various types, formats, and diverse services. Accommodation
also falls under the Building Control Act for energy conservation,
which mandates standards for energy efficiency related to reducing
heat, using efficient air conditioning, efficient materials and lighting,
and energy-saving equipment. Accommodation benefits guests in
terms of both relaxation and enjoying beautiful scenic views.

IOT (Internet of Things)The application of Internet
of Things (IOT) technology in controlling smart lighting systems
for smart homes (The research by Jedsada Khajarurit and
colleagues 2560) on applying Internet of Things (IoT) technology

to control smart lighting systems for smart homes developed a
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prototype system for controlling household lighting from
smartphones. This system consists of three main components:
Android Application: Users can control household electrical devices
via smartphones from anywhere with internet access. Control can
be done via touchscreen and voice commands. NETPIE Service: This
service facilitates loT device connectivity and management over the
internet, enabling remote control and monitoring of home
electrical devices. Microcontroller Unit: This unit oversees and
communicates with household electrical devices. This research
serves as a prototype for developing products for smart homes and
addressing the needs of Thailand 4.0 era.

The concept of smart homes (Fang, Misra, Xue, &
Yang, 2564) involves using computer technology to control and
communicate various convenience devices within hotels,
enhancing automatic system control and convenient
management. Furthermore, it enhances user-device interaction
for smart hotel environments.

Currently, smart homes (Tang, 2560) enable remote
home control via cloud-connected smart hotel hub devices or
smartphone apps equipped with artificial intelligence (Al). Al-driven
systems in hotels simplify daily life tasks. For example, in homes
equipped with smart hotel hub devices like Amazon Echo Alexa,
users control various hotel systems such as smart lights,
thermostats, locks, and applications, replacing the need for
smartphones with smart hub devices that consumers can interact
with through voice commands, connected to cloud systems.

Examples of Smart Home Devices

Figure 1: Amazon Echo Alexa

Figure 2: Google Home

Components of a Smart Home
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The system for controlling electrical usage within a hotel via an
application can manage the on/off functions of lights, air
conditioners, electrical appliances, security systems, CCTV
cameras, doorbells, irrigation systems, etc. These devices can
connect to the internet.

Core Concepts, Principles, and Features of Smart Hotels

Automation: Automation systems have become
widely accepted and popular in recent years due to advancements
that make them easier to use and connect (Luor et al,, 2015). For a
property to be considered a smart hotel, there must be integration
between household appliances and computer devices (Noh & Kim,
2010). There needs to be a balance between the benefits of
automated functions and the needs of the residents (Luor et al,
2015). Smartphone Management: The principle and function of
accessing services through mobile devices (phones) involve accessing
the internet, transmitting data, and running mobile applications (Choi
et al, 2014). Additionally, mobile phones often serve as a key
interactive interface for smart home systems with sensors and multi-
touch screens (Kuhnel et al, 2011). Using smartphones to control
electrical appliances through smart home systems is an effective
solution (Roduner et al, 2007). Interoperability: The ability to
coordinate multiple smart devices through communication protocols
is crucial. Smart home systems may use gateways to serve as
intermediaries between smart devices and different protocols (Balta-
Ozkan et al., 2014). This interoperability is important for integrating
new [T services (Pagani, 2004).

Smart home systems collect data on daily living and
activities of the residents, such as movements, power usage, and
settings, to effidently support the residents. However, to ensure
effectiveness, smart systems must also guarantee the security of
personal information (Balta-Ozkan et al,, 2014). Security and risk
standards should consider the potential physical risks of smart
systems, such as connected light bulbs which might pose physical
hazards (e.g, broken bulbs causing cuts or containing harmful
substances like mercury) Jose & Malekian, 2015).

Based on the above discussion, the researchers
conclude that the Internet of Things (IOT) pertains to smart
systems integrated with wireless sensor network technology.
This integration not only reduces installation costs but also
enhances the flexibility of the system. Users are afforded the
capability to control and monitor device statuses continuously
via a smart home hub or mobile applications. Notable examples
of smart home hubs include Amazon Echo Alexa and Google
and maintain

Home, which facilitate voice commands

connectivity with cloud services.

Environment
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In the context of secondary school environmental education in
the three southern border provinces (Ed Labinowich, 1971),
environmental education is characterized as the systematic
dissemination of knowledge regarding environmental conditions
and the issues affecting them. The primary objective is to foster
public engagement and participation in the resolution of
environmental challenges.

Mary Lynne Cox Bowman (1974) defines environmental education
as a process aimed at developing individuals' understanding of both
the physical and social aspects of their surrounding environment.
This understanding is intended to foster awareness of the impacts
occurring and to facilitate the management of these issues.
According to UNESCO (1978), environmental education, as
discussed at the conference in Thilisi, involves an integrative
approach that focuses on problem-solving and interdisciplinary
learning. Its purpose is to instill values, promote well-being,
encourage  participation, and  enhance  environmental
consciousness.

From the above articles, the researchers summarize that the
term "environment" encompasses everything around humans,
including both living and non-living elements, whether occurring

naturally or created by humans.
METHODOLOGY
This research involves studying smart accommodation

control systems.The researcher has planned the following steps
for implementation:
Materials, Equipment, Tools, and Programs Used for
Development
1. Materials and Equipment:

1.1. Plaswood

1.2. Plastic PLA 3D Model

1.3. Arduino R4 Wifi Board

1.4. LED Lights

1.5. MQ-2 Smoke Detection Sensor

1.6. DH11

1.7. Huskylens

1.8. Ai Voice Vc 02
2. Programs Used for Development:

2.1. Arduino IDE: Used for programming commands for various
sensors and the Arduino R4 Wi-fi Board

2.2. Visual Studio Code: Used for developing the application

2.3. Onshape: Used for designing 3D models for planning and
3D printing
Process:

1. Research and gather information related to IoT (Internet
of Things), focusing on the communication patterns between
the Arduino R4 Wifi microcontroller board and the application.

2. Design the structure using the Onshape program.
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3. Plan the system's functionality and install it within the
accommodation.

4. Develop the program and application to control the
system's operation.

5. Test the system and address any errors.

Figure 3: Communication Diagram of the Smart
Accommodation Control System

Results and Discussion
From the results of the Smart Accommodation
Control System operation test at Rattanakosinsomphod
bangkhunthian School 2 Rama Il Road, Soi 69, Samae Dam Sub-
district, Bang Khun Thian District Bangkok 10150, tested on 29-

30 July 2024.

The research findings reveal that:

1. The results of the test measuring the detection range
between voice commands and the sound sensor show that the
system effectively sends signals to be processed by the Arduino
Rd-WiFi. This instructs the servo motor to operate and open the
door, allowing access.

Table 1: Results of the Sound Sensor Operation Test

session Distance (cm.) Door operation
1 10 open
2 50 open
3 100 open
4 150 open
5 200 open
6 250 open

2.The results of processing images of vehicles with
Huskylens show the detection of the number of cars parked in
the parking lot. The system sends the count of parked cars to
the application for processing and displays the number of
available parking spots. The test results align with the objectives

set by the researchers.

Table 2 : Results of Processing Images of Recycled Waste
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session Number of Vehicles The message
in the Parking Lot displayed on the
application shows
the number of
available parking
spots.
1 1 5
2 2 3
3 a4 1
a4 6 FULL

Summary of Experimental Results
Summary

From the research on the smart hotel control system
via the application, it can be concluded that the researcher has
developed a program compatible with various devices, which
requires a Wi-Fi connection for operation. This system allows for
control of various in-room devices, including lighting, door locks,
window blinds, air conditioning, gas detection throughout the
hotel, and monitoring of temperature and humidity in the room.
The testing results showed that the voice command system and
sound sensor had an operational range of approximately 250
centimeters. The application also displayed the number of
available parking spots. By consolidating the control of various
systems within the accommodation into a single point, the
application simplifies usage and control, providing convenience
for residents.
Recommendations

However, the smart hotel control system currently
uses QR codes for access, which can be accessed from
anywhere globally. This may pose security risks for guests.
Future development could involve creating a new QR code
system with a usage validity limited to the duration of the
guest's stay, ensuring that access via the application is restricted
to the check-in dates only.
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Abstract

This research, "Smart Environmental Protection Robot," is
part of an innovative and environmentally friendly project
aiming to establish new standards for the tourism sector in Hua
Hin, Prachuap Khiri Khan Province. The objectives of the study
are: 1) To design and build a smart robot using the Arduino UNO
R4 WiFi microcontroller board. 2) To facilitate and reduce the
cost and time of garbage collection. 3) To test the efficiency of
the smart robot.

Research Findings

1. The Smart Environmental Protection Robot, utilizing the
Arduino UNO R4 WiFi microcontroller board, was found to be
able to collect 20 grams of garbage in 30 minutes, 36 grams in
60 minutes, 54 grams in 90 minutes, and 72 grams in 120
minutes. The robot operates at a consistent speed of 3 meters
per minute, collecting small, uniform pieces of trash with a 7.4
V battery that powers the robot for 30 minutes.

2. The Smart Environmental Protection Robot has proven
to be useful, convenient, cost-effective, and time-saving for
users. According to a satisfaction survey of 100 users, 70 rated
convenience as 5 out of 5, 20 rated it as 4, and 10 rated it as 3.
Regarding time-saving, 84 rated it as 5, and 16 as 4. In terms of
cleanliness, 76 rated it as 5, 16 as 4, and 8 as 3. The robot,
programmed in C++ and using the Arduino. UNO R4 board, can
collect garbage on various surfaces, with a waste collection
compartment at the back. It moves forward automatically,
collecting trash as it goes, and uses front-facing distance sensors
to navigate without colliding with obstacles. The robot can also
be controlled via a smartphone if needed.

3. The performance tests of the Smart Environmental
Protection Robot confirmed that it works effectively and meets
the expected performance criteria. Based on the test results,
the efficiency, calculated as the average amount of garbage
collected per minute, is 0.62 grams per minute.

Keywords: Environmental Protection Robot, Microcontroller, loT
System

6. INTRODUCTION

The Thailand 4.0 policy identifies 10 target industries as
mechanisms to drive the economy toward the future (New
Engine of Growth). One of the future industries (New S-curve)
playing a significant role in enhancing the efficiency of various
manufacturing sectors is the robotics industry. The government
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believes that the development of the robotics industry will help
elevate Thailand's economy from a lower middle-income
country to a high-income country. The push for the robotics
cluster is currently a high-priority policy for the country.
According to the Board of Investment (BOI), over 50% of
investment promotion requests related to robotics and
automation are concentrated in the Eastern Economic Corridor
(EEQ), with the rest spread across the country. The most
impactful types of robots include those used in electronics
manufacturing, automotive

industry, energy sector, food

industry, and logistics.

In Hua Hin, Prachuap Khiri Khan, tourism-related issues
could potentially reduce the number of tourists. These issues
include pollution from increasing waste, rising costs of living and
accommodation, and inadequate traffic management. A study
by Silpakorn University, Community Management Department
(2006), on the challenges of preserving Hua Hin's beaches,
identified waste management as a critical problem due to the
number of tourists and

increasing inadequate  waste

management systems. Subsequent reports indicated a
significant decline in tourists, attributing it to unresolved waste

issues.

Currently, various agencies are developing robots and
innovations to address environmental ‘issues such as air and
waste pollution. These innovations are convenient, time-saving,
and  highly
importance of environmental

operational  round-the-clock, labor-efficient,

effective. Recognizing the
problems, the team has initiated a project to develop an
intelligent environmental protection robot to reduce waste on
beaches, decrease labor usage, and conserve the environment.
The team is particularly interested in applying the Arduino UNO
R4 WiFi

environmental protection robot.

microcontroller board to create this intelligent

7. THEORY

Content related
2.1.1 Intelligent Environmental Protection Robot
2.1.1.1 Robot
A robot is an automated machine designed to perform
specific tasks in place of humans. It can execute complex
repetitive tasks based on predefined instructions and has high
flexibility, allowing it to adapt to various work programs. Robots
can be equipped with Al systems for autonomous decision-

making and can be programmed to operate automatically
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according to a set program. The main components of a robot
include the control or command unit (e.g., microcontroller
board), power source (e.g., battery), drive unit (e.g., motor), and
structure (e.g., robot frame, wheels).

2.1.1.2 Types of Robots

Robots are classified into two categories based on the
technology integrated within them:

2.1.1.2.1 Industrial Robots : These robots are used in
automated production systems to perform repetitive tasks
according to programmed instructions, such as robotic arms in
manufacturing plants.

2.1.1.2.2 Service Robots: These robots are employed
in non-industrial tasks, offering greater mobility and interaction
with humans, such as medical robots and space exploration
robots.
For this research, the team chose a hybrid robot capable of
autonomous operation and manual control.

2.1.1.3 Environment

The environment encompasses everything
surrounding humans, both living and non-living, tangible and
intangible, all interrelated and mutually supportive. The impact
of one factor inevitably affects the others, forming an
interconnected cycle. The environment is categorized into:

2.1.1.3.1 Natural Environment: Includes forests,

mountains, soil, water, air, and natural resources.

2.1.1.3.2 Man-made Environment: Includes urban
communities, constructions, historical sites, artworks, customs,
traditions, and cultures.

2.1.1.4 Types of Waste : Waste can be categorized into
four types:

2.1.1.4.1 Organic Waste : Biodegradable waste that can
be composted, such as vegetable scraps and fruit peels.

2.1.1.4.2 Recyclable Waste: Materials that can be
processed and reused, such as glass and bottles.

2.1.1.4.3 Hazardous Waste: Waste containing or
contaminated with hazardous substances, such as batteries.

2.1.1.4.4 General Waste: Other types of waste not
included in the above categories, such as snack bags and
foam.

2.1.2 Microcontroller

A microcontroller is a small control device that
integrates the capabilities of a computer system. It combines a
CPU, memory, and ports, the essential components of a
computer system, into a single unit. Microcontrollers come in
various models and brands depending on their intended use.
For this research, the team selected the Arduino UNO R4 WiFi
microcontroller board.

2.1.3 Arduino UNO R4 WiFi
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A microcontroller is a small control device that
integrates the capabilities of a computer system. It combines a
CPU, memory, and ports, the essential components of a
computer system, into a single unit. Microcontrollers come in
various models and brands depending on their intended use.
For this research, the team selected the Arduino UNO R4 WiFi
microcontroller board.

2.1.4 |oT System

The Internet of Things (loT) s
and technologies

a network of
that facilitate

communication between devices and the cloud, as well as

interconnected devices

among the devices themselves. The advent of affordable
computer chips and high-bandwidth telecommunications has

enabled billions of devices to connect to the internet.

8. METHODOLOGY

The study of eco-friendly innovations for setting new
standards in Hua Hin's tourism sector, specifically the intelligent
environmental protection robot, was conducted following the
steps outlined in the flow chart. The steps in the research

process are as follows:
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Study of Components and Data Collection

The study of components and data collection begins

with analyzing the problem to identify its causes. Once the
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problem is identified, the necessary information is gathered to
solve it.

3.1.1 Problem Analysis

It has been observed that in daily life, there is a
significant amount of litter. This may be due to the scarcity of
trash bins, difficulty in locating them, or littering in public areas.

3.1.2 Study of Related Information

After analyzing the problem, necessary information
was gathered to design the intelligent environmental protection
robot. This included studying the components that would
enable the robot to automatically collect waste, move
autonomously, and send signals to a mobile device for control

when needed, ensuring versatile functionality.

Design of the Intelligent Environmental Protection
Robot
The design of the intelligent environmental protection
robot was developed based on the principles and theories
discussed in Chapter 2 to ensure optimal functionality. The
robot consists of the following components:

e A 7.4V battery to supply power to the Arduino UNO
R4 WiFi microcontroller board, which serves as the
control center.

e Two DC motors connected to gears to drive the
tracked wheels, enabling movement.

e The waste collection mechanism includes a mesh
conveyor belt connected to a DC motor. The motor
causes the conveyor belt to vibrate, sifting out waste
from dirt and stones and collecting the waste.

Procurement of Materials and Equipment

1. Arduino UNO R4 WiFi 5. DC motorts
2. Plastic wood sheets 6. Lego tracks
3. Ultrasonic sensor 7. Mesh conveyor belt

4. Lego frame 8. Lego gears

Construction of the Intelligent Environmental
Protection Robot
Once the design was finalized and materials and
equipment were procured, the construction of the intelligent
environmental protection robot began, including the setup of
the internal systems.
Testing

A simulated environment was created in a testing

room to evaluate the robot. The robot was activated, and
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data was collected on its performance, including speed, waste
collection efficiency, and responsiveness to smartphone
control.
Improvement and Modification

Any unsatisfactory aspects were identified and
corrected to enhance performance. This included achieving
consistent speed, increasing waste collection efficiency, and

improving responsiveness to smartphone control.

Summary of Operations
The testing, improvement, and implementation
phases were followed by an analysis and summary of the

results.

Preparation of the Research Document

9. RESULTS AND DISCUSSION

The research on environmentally friendly innovation
for a new standard in Hua Hin's tourism sector, specifically the
intelligent environmental protection robot, aimed to achieve
the following objectives:

1)Design and build an intelligent robot using the
Arduino UNO R4 WiFi microcontroller board.

2)Facilitate convenience, cost savings, and time
efficiency in waste collection.

3)Test  the

environmental protection robot.

performance of the intelligent

4.1 Research Findings

4.1.1 The design and construction of the intelligent
robot using the Arduino UNO R4 WiFi microcontroller board
were carried out to address the identified problems and based
on related theories. As shown in the diagram below: ****

4.1.2 The convenience, cost savings, and time
efficiency provided by the intelligent environmental protection
robot were measured through user satisfaction surveys from

actual users. The results are illustrated in the following chart:

IO copy
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100 responses

20 (20%)
10 (10%)

Figure 2: Survey Results on the Convenience of the

Intelligent Robot
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Figure 3: Survey Results on the Time-Saving Aspect of the
Intelligent Robot
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Figure 4: Survey Results on the Cleanliness Achieved by the

Intelligent Robot

4.1.3 Testing the performance of the intelligent
environmental protection robot was divided into three areas as

follows:

4.1.3.1 The stability of the robot's movement speed
was tested at different times during each movement, as shown
in Table 1.

Table 1: Testing the Stability of the Movement Speed of the
Intelligent Environmental Protection Robot.

Time Used Recorded Speed (meters/minute)
(minutes) Trial 1 Trail 2 Trial 1 Trail 4
2 3 2 3 2
4 3 4 3
6 3 6 3 6
8 3 8 3 8

From Table 1, it can be concluded that the intelligent
environmental protection robot maintains a consistent and

stable speed throughout the testing period.

4.1.3.2 The ability to collect the same type of waste
over a certain period was tested by measuring the waste
collected from the ground in grams during each test, as shown
in Table 2.
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Table 2: Results of Testing the Ability to Collect the Same Type
of Waste Over a Certain Period

Test Duration Amount of Waste Collected (grams)
(minutes)
30 20
60 36
90 54
120 72

From Table 2, it can be concluded that the Environmental
Protection Smart Robot can collect waste at an average rate of

0.62 grams per minute.
4.1.3.3 Testing the response capability to smartphone
control by measuring the distance within which the robot can

respond to commands via smartphone, as shown in Table 3.

Table 3: Test Results of the Response Capability to Smartphone

Control
Distance from Response Result
Smartphone Trial 1 Triail 2 Trial 1
(meters)
10 Good 10 Good
20 Fair 20 Fair
30 Poor 30 Poor

From Table 3, it can be concluded that the smart

environmental protection robot can be controlled via

smartphone at a distance of 20 meters, which is sufficient for

practical use in environmental management.

4.2 Discussion

4.2.1 Design and Construction: Using the Arduino UNO
R4 WiFi microcontroller board based on relevant theories, the
robot is lightweight, stable, functional, and efficient to a
satisfactory degree.

4.2.2 Convenience and Cost-Effectiveness: According
to user satisfaction surveys, the majority of users rated the robot
with 5 points in all aspects, indicating highly satisfactory results.

4.2.3 Performance Testing:

4.2.3.1 Speed Stability: The smart environmental
protection robot maintained a consistent speed of 3 meters

per minute, as expected.
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4.2.3.2 Waste Collection Ability: The average amount
of waste collected per minute was 0.62 grams.

4.2.3.3 Response to Smartphone Control: At a distance
of 10 meters, control was very stable. At 20 meters, stability
decreased but the robot was still controllable. At 30 meters,

control was minimally stable to non-functional.

10. SUMMARY
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Abstract

The VC Water Monitored System project aims to
monitor the water quality in the ponds of Vajiravudh College to
assess the quality of water used within the school and released
into natural water sources. This initiative is driven by the
hypothesis that the current water quality in the ponds is below
standard and may adversely affect the aquatic life within the
school’s ponds as well as potentially impact the health of
individuals who come into contact with the water. The project
focuses on measuring the pH levels and temperature of the
water. We will create floating buoys to monitor water conditions
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at specified locations, with data being sent via Line Notify for
further analysis. The Arduino R4 WiFi microcontroller will be
used for this project.

The project will take place at Vajiravudh College, covering
various water sources within the campus. The tools and
equipment used in this project include:

1. Arduino R4 WiFi

2. E-201-C pH Sensor Arduino Analog pH Meter

3. DS18B20 waterproof temperature sensor

4.  Battery

5. Solar cells
Experimental results indicated that the average pH value across
five key locations was 10.228, which is significantly higher than the
standard pH level of 7.5. This indicates an urgent need to improve
the water guality.

The findings demonstrate the accuracy of the VC Water
Monitored System in assessing water quality. Comparisons with
sample “water from different sources showed a statistically
significant similarity, confirming the tool’s reliability. Thus, it can
be concluded that the monitoring system effectively alerts
responsible parties about the water quality in the ponds of
Vajiravudh College, providing essential data for improving water

quality before it is released into natural environments.
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