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ช่ือวิทยานิพนธ ์ การวิเคราะห์ข้อมูลขนาดใหญ่สําหรับการทํานายปะการังฟอกขาวในพื้นท่ี 

เกาะสมุยจังหวัดสุราษฎร์ธานี 

ผู้เขียน   นายธนัชพงศ์ อุดมไชยพิทักษ์ 

สาขาวิชา  คณิตศาสตร์ประยุกต์และวิทยาการคำนวณ 

ปีการศึกษา  2565 

 

บทคัดย่อ 

งานวิจัยนี้เป็นการศึกษาการฟอกสีปะการังโดยรวบรวมข้อมูลอุณหภูมิน้ำทะเลและความ

เป็นกรดของน้ำทะเล ผ่านเทคโนโลยีอินเทอร์เน็ตของสรรพสิ่งร่วมกับ LoRa และการเก็บข้อมูลดาวเทียม 

เพื่อทดสอบประสิทธิภาพของแบบจำลองต่าง ๆ  สำหรับการทำนายการฟอกขาวของปะการังบริเวณเกาะส

มุย จังหวัดสุราษฎร์ธานี ซึ่งประกอบด้วย SVM, Naive Bayes, Logistic Regression Model และนำเสนอ

ข้อมูลโดยใช้เทคนิคการวิเคราะห์เชิงพื้นท่ี ผลการศึกษาและการทดสอบ พบว่า พารามิเตอร์ที่สำคัญสาม

ประการสำหรับการพัฒนาอุปกรณ์ LoRa ได้แก ่ Spreading Factor, Bandwidth และ Code Rate 

พารามิเตอร์ท่ีสำคัญท่ีสุดในการต้ังค่าและส่งผลต่อค่า RSSI คือ Spreading Factor หลังจากการศึกษาและ

ทดสอบ LoRaผู้วิจัยได้ทดสอบประสิทธิภาพของแบบจำลองในชุดข้อมูลต่าง ๆ  พบว่าแบบจำลอง SVM มี

ความแม่นยำที่ดีกับข้อมูลจากทุ่นที่ติดตั้งอุปกรณ์อินเทอร์เน็ตของสรรพสิ่ง นอกจากนี้ประสิทธิภาพของ

แบบจำลองได้รับการทดสอบโดยใช้เทคนิค Split test และ K Fold Cross Validation หลังจากทดสอบ

ประสิทธิภาพของแบบจำลองเสร็จเรียบร้อย ได้ทำการนำเสนอแผนภาพที่รวบรวมจากแหล่งข้อมูลต่าง ๆ 

แสดงให้เห็นความเส่ียงของการฟอกขาวของปะการังในช่วงระยะเวลาการเก็บรวบรวมข้อมูล แหล่งข้อมูลท่ี

แสดงให้เห็นความเส่ียงอย่างชัดเจนท่ีสุด คือ แหล่งข้อมูลจากทุ่นท่ีติดต้ังอุปกรณ์อินเทอร์เน็ตของสรรพส่ิง 
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ABSTRACT 

 This research investigates coral bleaching by collecting sea temperature data 

and seawater acidity. Through the technology of the Internet of Things together with LoRa and 

satellite data acquisition. We test the effectiveness of predicting coral bleaching in the Samui 

island area of Suratthani province which consists of an SVM, Naive Bayes, Logistic regression 

model, and data visualization using spatial analysis techniques. The result of this study was 

found that three important parameters for the development of LoRa devices are spreading 

factor, bandwidth, and code rate. The most important parameter to set up and affect the RSSI 

value is the spreading factor. After we studied and tested the system with LoRa, we tested 

the effectiveness of the model in various datasets. We found that the SVM model had 

accurate on data from a pontoon. The model's performance was tested using two techniques: 

split test, and K fold cross validation. We visualize of information gathered from various sources 

shows the risk of coral bleaching during the data collection period. The most clearly shown 

source is the pontoon source. 

 

 

 

 

 

 



(7) 
 

 

ACKNOWLEDGMENT 

I would like to express my sincere thanks to my thesis advisor, Assoc. Prof. Dr. 

Supattra Puttinaovarat and Co-advisor, Asst. Prof. Dr. Nathaphon Boonnam for their teaching, 

support everything, the better suggestion, and the most important thing is the encouragement 

that both teachers have given me all along. This thesis may not be completed without all 

support from them throughout the course of this research. 
I would like to thank my family, especially my mother for always supporting 

and encouraging me. Thank you for the opportunity to give the little bird an unconditional 

flight in the vast world. My mother did her job perfectly without giving up on any obstacles, 

for this reason, I was never discouraged when I encountered obstacles during the course of 

my thesis. 

I would like to express my sincere thanks to Asst. Prof. Dr. Suwat Jutapruet,  

Asst. Prof. Dr. Rattanasak Hama, Mrs. Pattaraphon Hama, and all my friends for the support in 

the installation of equipment in Koh Samui, which is a very important process for the 

completion of this thesis, and finally, I would like to thank all lecturers from Master of Science 

in Applied Mathematics and Computing Science for their advice and support in various matters 

thus making this thesis work perfectly. 

Thank you to the Marine and Coastal Resources Office 4, Surat Thani (MACRO 

4) and Koh Tan Pakarang Beach for providing the facility and equipment for us to install the 

equipment in the case study area. which is very important for this thesis. 

I would like to thank Prince of Songkla University This research was funded by 

Prince of Songkla University, Thailand. And I would like to thank Assoc. Prof. Dr. Seppo Carrila 

and the Publishing Clinic for assistance in preparing the manuscript. Finally, I would like to 

thank the personnel of the Faculty of Science and Industrial Technology who assisted in 

various matters that made this thesis work flawless and complete. 
 

Tanatpong Udomchaipitak 

 



(8) 
 

 

CONTENT 

 
Chapter 1 Introduction  1 

1.1 Rationale       1 

1.2 Objective    4 

1.3 Outcome    4 

1.4 Scope of the Research                  5 

1.5 Research Methodology            5 

Chapter 2 Literature Review       10 

2.1 Coral Bleaching        10 

2.2 Spatial Analysis         13 

2.3 Data Prediction                          15 

2.4 Big Data Analytics                                                                     17 

2.5 Related Technology                                                                  22 

Chapter 3 Materials and Methods                                30 

3.1 Study Area                          30 

3.2 Hardware Part                         31 

3.3 Software Part                         35 

3.4 Big Data Analytics          37 

Chapter 4 Result and Discussion        38 

4.1 Data Prediction          38 

Chapter 5 Conclusion and Future Work        47 

 

 

 

 

 

 

 

 



(9) 
 

 

LIST OF TABLES 
 

Table 1 Features of all device                   33 

Table 2 Setting parameter                     34 

Table 3 Accuracy and RMSE in each model (Pontoon & Satellite)                           45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(10) 
 

 

LIST OF FIGURES 
 

Fig. 1 Coral bleaching                                                           1 

Fig. 2 Seawater acidity             2 

Fig. 3 The Great Barrier Reef's annual bleaching comparison        3 

Fig. 4 An aerial photograph of the coral that has begun to bleach in the Koh Samui area      4 

Fig. 5 Aerial photography of Koh Samui Island, Surat Thani Province       5 

Fig. 6 Operation flow diagram            8 

Fig. 7 Example of Decision tree result           9 

Fig. 8 Report Coral bleaching in the great barrier reef from NOAA      10 

Fig. 9 Experiments corals living in different temperature waters      11  

Fig. 10 Inverse distance weighted (IDW) interpolation       14  

Fig. 11 Results and predictive factors, set A        16 

Fig. 12 Outcome and predictive factors, set B        16 

Fig. 13 Data analytics life cycle          17  

Fig. 14 SVM algorithm           19 

Fig. 15 Logistic regression          20 

Fig. 16 Split test            21 

Fig. 17 K fold cross validation          21 

Fig. 18 An overview of the entire system         22 

Fig. 19 Pontoon structure          25 

Fig. 20 Dragino LoRa Shield for Arduino         26 

Fig. 21 Temperature and humidity sensor DHT22        27 

Fig. 22 pH sensor           27 

Fig. 23 Waterproof temperature sensor          28 

Fig. 24 TTGO LoRa32           28 

Fig. 25 Koh Tan Island           30 

Fig. 26 Overview of the sensor system inside the pontoon      31 



(11) 
 

 

LIST OF FIGURES (CONT.) 
Fig. 27 Receiver station           32 

Fig. 28 Installation of pontoon          35 

Fig. 29 Results from Google earth engine processing       36 

Fig. 30 Data visualization of both factors         38 

Fig. 31 label chart in each factor and summary        39 

Fig. 32 Chart of Pearson correlation result        39 

Fig. 33 Accuracy in each model (Pontoon dataset)       40 

Fig. 34 Both datasets when compared         41 

Fig. 35 Result from using Quantile techniques        42 

Fig. 36 Accuracy in each model (Satellite dataset)                42 

Fig. 37 Accuracy in each model (Equation dataset)         44 

Fig. 38 Data visualization in each example date         46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(12) 
 

 

LIST OF PAPER AND PROCEEDINGS 
 

1. Nathaphon Boonnam, Tanatpong Udomchaipitak, Supattra Puttinaovarat, Thanapong 

Chaichana, Veera Boonjing, and Jirapond Muangprathub, “Coral Reef Bleaching under Climate 

Change: Prediction Modeling and Machine Learning”, MDPI (Sustainability), vol.14, no.10, pp.1-

13, 19 May 2022. 

2. Tanatpong Udomchaipitak, Nathaphon Boonnam, Supattra Puttinaovarat, and 

Paramate Horkaew, “Forecast Coral Bleaching by Machine Learnings of Remotely Sensed 

Geospatial Data”, International Journal of Design & Nature and Ecodynamics, vol.17, no.3, 

pp.423-431, June 2022. 

3. Tanatpong Udomchaipitak, Nathaphon Boonnam, and Supattra Puttinaovarat, “An 

Experimental Study of RSSI for LoRa Technology in Different Bandwidths”, The 37th 

International Technical Conference on Circuits/Systems, Computers, and Communications 

(ITC-CSCC). 

 
 



 

Chapter 1 

Introduction 

1.1 Rationale 

Corals are large marine ecosystems where various animals use them as a 
source of food and habitat. Corals are also the spawning grounds of marine life. It is a natural 
wave break that helps reducing the wave's intensity before they reach shore, which is more 
effective than man-made breakwaters. The structure of the coral is calcium carbonate or 
limestone formed by the deposition of sediments that are washed by seawater. Forming corals 
then create tissues opening up different types of algae to provide their energy. Because corals 
and algae coexist independently, in other words, corals are algae habitats and algae provide 
power to form corals ecosystem. In addition to the benefits of coral reefs for marine life, it can 
be also humans’ benefit in terms of tourism as well. Due to the situation the problem of 
global warming having a wide impact on the world, it spreads to the underwater world which 
is the habitat and food source of marine life. It also affects the corals that host them with 
problems caused by rising global temperatures and being coral bleaching, respectively a 
phenomenon has been occurred for many years decades, or maybe even centuries, have 
come into existence in this world. The bleaching of corals is caused by factors in the coral 
environment that are not suitable for it. This stresses the corals and affects the algae within 
the coral, which are then pushed out of their original habitats to find new habitats. When the 
algae that live in the coral leave can see it as its skeleton. Coral bleaching occurs that the 
corals do not have the energy to sustain life. As a result, during the entire bleaching period, 
corals will have lower immunity than normal and this can lead to the loss of beautiful corals 
as shown in Fig. 1. 

Fig. 1. Coral bleaching (https://oceanservice.noaa.gov/facts/coral_bleach.html., 2021). 
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Therefore, it is the researcher for the source or factors that affect coral 
bleaching. Many scientists have helped to find various factors that affect coral reefs. There are 
many factors causing bleaching. But the main factors that are recognized as the factors affect 
the coral. However, the main factor are the seawater temperature and acidity factor. 

- Seawater temperature 
Changes in the global temperature environment result in changes in warmer sea 
temperatures when the temperature of the warm water exceeds appropriate  
(S. Hafoud et al., 2022). This puts stress on the coral, which in turn causes the coral 
to expel the algae that live from it. This allows us to see the coral's color fade to 
white or coral bleaching. Corals normally survive during bleaching and will 
gradually die if their environment does not improve. Still, warming of the sea is 
not all the reason for coral bleaching (Oceanservice.noaa.gov., 2021). 

- Seawater acidity  
The acidity of the seas is caused by changes in global temperature changes as a 
result of the increase in Carbon dioxide (CO2) in the atmosphere. This causes 
ocean acidification because corals are very sensitive to ambient sea conditions, 
which can be very catastrophic. This is the result of human action that produces 
carbon dioxide in the atmosphere. Combining carbon dioxide with water and 
carbonates produces bicarbonate, which if too much of it can be toxic to living 
organisms as shown in Fig 2 (Katharina E. F. et al., 2020., NOAA, 2020.). 

 
Fig. 2. Seawater acidity (https://www.noaa.gov/). 
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The problem of coral bleaching that is well-known and a widely used in case 
study area is The Great Barrier Reef (GBR), also namely as coral country. It is the largest coral 
reef in the world, located in Australia. This 2,300-kilometer-long shallow reef, there is home to 
thousands of fish, invertebrates, algae, reptiles, birds, and algae (Jeremiah G. et. al., 2015). The 
first recorded record of coral bleaching as a result of temperature factors occurred in 1929 and 
continued to occur in coral bleaching. In 2020 there was another bleaching that greatly 
increased the area of damage. Compared to past bleaching, this is important evidence to 
suggest that temperature factors affect coral bleaching as shown in Fig. 3.  

 
Fig. 3. The Great Barrier Reef's annual bleaching comparison. (https://globalvoices.org/). 

 

From the reports of coral bleaching as we mentioned above, this causes a lot of damage to 
the ecosystem looking back in Thailand, where there are many coral habitats, especially in the 
southern part of the country, especially Suratthani province, which has many coral-related 
attractions. So, we define the area of Koh Samui - Suratthani Province. It is a data repository 
for use in predicting results in a report to make humans aware of the value of nature and 
prevent coral bleaching in those study areas. There will be a lot of damage to the marine 
ecosystem and may affect the business and tourism in the area as well. 

In this study and preparation of this thesis, the intention was to study coral 
bleaching in coral reef areas in order to determine the causes or factors that may contribute 
to coral bleaching. Once the cause or factor is clearly known, various sensor devices will be 
studied in order to harvest information from those factors. We find the most effective model 
to be used. The area used as a case study area is the Koh Samui area, Suratthani province. 
The reason for choosing the Koh Samui area in Suratthani Province is because of the Koh 
Samui is an area that can be linked to islands or tourist attractions such as Koh Phangan and 
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many other islands, each island is inhabited by coral reefs and in the past 2019, coral bleaching 
in the area of Koh Samui has begun to occur as shown in Fig. 4. It has been hypothesized as 
to what factors have caused this incident. 

 

Fig. 4. An aerial photograph of the coral that has begun to bleach in the Koh Samui area. 

(https://marinegiscenter.dmcr.go.th/gis/). 

From the source mentioned above, that is why it is very important that we 

study the factors affecting coral bleaching in the case study area. In particular, sea temperature 

and seawater acidity are the main causes that affect corals greatly. Therefore, we are interested 

in studying data collection technologies and techniques with the aim of targeting the two main 

impact factors mentioned above. To use the data from these factors to come up with the 

most suitable prediction model for predicting coral bleaching in this thesis. 

1.2 Objectives 

1. To study suitable and high-performance models for predicting the bleaching 

corals in the Samui Island area, Suratthani Province. 

2. To study the structure of Pontoon Monitoring Equipment for the marine data 

collection system. 

3. To compare the predictive accuracy between the data derived from Pontoon 

Monitoring Equipment with obtained data from NOAA and the Google Earth 

Engine. 

1.3 Outcomes 

1. The most suitable and effective model for predicting coral bleaching in 

Samui Island area, Suratthani Province. 
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2. It enables to devise an internet of things equipment used for marine data 

collection. 

3. The results were obtained by comparing the accuracy of the data from these 

data sources. 

1.4 Scope of the Research 

This research covers the study of the appreciate model. Designing and building 
interactive devices were used to store data, which consists of factors such as seawater 
temperature, seawater acidity, etc. We bring the obtained data to predict and compare the 
accuracy of two other data sources, NOAA and Google Earth Engine. They are the sources with 
the most accurate predictions. The results obtained from that dataset are compiled into a 
report where puts the device to store data. We study the factors that cause the beginning of 
coral bleaching in the area of Koh Samui as shown in Fig. 5. 

 
Fig. 5. Aerial photography of Koh Samui Island, Suratthani Province. 

(https://marinegiscenter.dmcr.go.th/gis/). 

1.5 Research Methodology 

1.5.1 Define research problem 

In this thesis, the motivation came from the online media in the context of 

undersea exploration. In addition to the debilitating of the dangers of the sea with only 

animals, there is no mention of the habitats of those organisms, such as corals, where 

problems with corals have been around for a long time, but it has not yet been solved 

seriously, which is why the researcher came up with this thesis topic to make humans 

conscious of the value of natural resources. 
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1.5.2 Review the literature 

In the first part of research, the corals were fed in three different temperature 

groups (Melissa S. Roth et al., 2012), in the first group with submerged water temperatures that 

corals could live in. It is the part of the coral group that is in the controlled water temperature 

which is the right one for the corals and the last group is the group where the corals are in 

warm water temperature. A total of 20 days in the first trial, starting from 0-5 days, can clearly 

see the local coral transformation in the warm and cold-water population. However, there is 

one sentence that can be easily summarized in a research paper saying: “Cold water 

temperatures in the short term are more harmful to corals than the temperature of the algae. 

Heated water for a short time, but the temperature of hot water for a long time is more 

dangerous than cold water temperature for a long time." When there are different causes as 

for the bleaching of corals, it is necessary to have a device for measuring marine 

measurements, which in (Jeremiah G. Plass-Johnson et al., 2015), the Internet of Things in 

examining the marine environment, which in the research work, has proposed a system of 

architecture in the system as follows: 

-  The awareness and action layer are responsible for collecting information. 

-  The data transmission layer is responsible for transmitting data through the 

network. 

- The pre-processing layer cleans the dataset before it is processed. 

-  The application layer is responsible for serving the needs of the user. 

- The business layer is responsible for building a business model and reviewing 

the four previous layers to improve and maintain user privacy. 

In addition, it describes the nodes to monitor the environment with four main parts: 

- Mote part: consists of different sensors that collect information to the system  

dividing into two types: internal sensors and chemical sensors. 

- Microcontroller part: the processing of the data values from the mote section. 

- The signal transmission part: the transmission of communication signals via  

radio waves or transmission of data via satellites and radars. 
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- Power supply part: consists of an energy storage and management device. 

All of the above will work together in a systematic manner to help the marine 

environment monitoring system operated at its best (Guobao Xu et al., 2019). When the data 

has been harvested, it comes to the end of which is the prediction of the data that has been 

harvested. We will study predicting about coral bleaching (Scott Wooldridge and Terry Done., 

2004) that takes different factors. It is possible to produce coral bleaching through the use of 

multiple sources and help in this prediction, but the factors that are important and supporting 

for each other It is the thermal stress factor and the community factor of the coral. 

Experiments show suitable results after several experiments. The model used in this research 

is the Bayesian belief network model, and the PCA technique was used to help in clustering 

this prediction. All coming from global warming is the skill of humans who do not value natural 

resources.   

1.5.3 Formulate hypotheses 

Determine the factors cause coral bleaching in order to collect the data from 

the above factors for analysis to obtain the prediction results of all the sources to compare 

the accuracy of which sources have the same values. The most accurate from to make a 

report. 

1.5.4 System Design 

Determine the area used in the study or experiment. In order to provide 

enough equipment to be used in the survey for this study, when the equipment is fully 

procured, these devices will be floated at the specified point for the device to collect data 

into the prepared database system. When there are data values, simply predict them in 

multiple models to determine the correctness. Data collected from other sources is also 

processed in that model. To compare the accuracy of each source to how accurate they are 

select the prediction results obtained from the predicted data source with the highest 

accuracy to prepare a report. By checking the data value of the device through ThingSpeak as 

shown in Fig. 6. 
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Fig. 6. Operation flow diagram. 

1.5.5 System Development 

When data is obtained from a variety of factors, the sensor data is collected 
in conjunction with the LoRa technology developed to provide stability while inside the buoy. 
The various data will be stored in a large amount and waiting to be synthesized the information 
that has come out for use the next step is to predict future coral bleaching based on the 
current data with various models. The data used in this thesis may be partially from satellites. 

1.5.6 Analyze and Interpret data 

Analysis of data obtained from sensors as we mentioned in the preceding 

section, it is the process of introducing data into different processes, starting with data 

purification to prevent any other predictive errors. This is an important part of data analysis. 

When the information is obtained and then we find the grouping of the data, we get from our 

sensor data collection in this step, bringing it in to know the group of data. In other words, we 

get interpretation of the coral state of each data group. Since we study the model having the 

highest predictive accuracy to be used in further research. The models of interest in the 

experiment were used to compare the best models such as: 

A decision tree (Harsh H. Patel and Purvi Prajapati, 2018) makes up of multiple 

nodes: Root nodes, branches, and leaves, the results are in the leaf node, with the root node 
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being the primary node of all nodes and the top-tier node of the tree. A decision tree is a tree 

where each node represents an attribute, each branch represents a decision (rule), and each 

one represents a result. Since the decision tree mimics the human mind, it is easy to pick up 

information and interpret it. Making it easier to understand, decision trees can resolve situations 

both continuously and discrete. When it comes to decision trees, an algorithm named ID3 is 

the fundamental algorithm used to create structured decision trees using news theory and 

measured values to decide which variables to use in the prediction or data type. In addition 

to ID3, there is an algorithm called CART that can be used for both tasks. Classification or the 

use of principle regression is to create a branch that selects one characteristic and then divides 

the data into two parts according to the criterion of that particular trait as shown in Fig. 7. 

 
Fig. 7. Example of decision tree result (Harsh H. Patel and Purvi Prajapati, 2018). 

 

1.5.7 Thesis preparation, defense, and improvement 

Summary of key factors contributing to coral bleaching to get a device checks 

those factors. The data was then obtained from the equipment at sea. We make predictions 

of situations that may cause coral bleaching in the study area for thesis preparation, defense, 

and improve the thesis documentation. 

 

 

 



 

Chapter 2 

Literature Review 
2.1 Coral Bleaching 

 Coral is an ecosystem very important to the marine environment because it 
is a habitat and refuge for animals which spread widely distributed on the coast and each 
ocean, it is attracting the attention of tourists. Many corals live together, we call the coral reef 
("Bleaching" is the bleaching of the tissues of coral that are home to algae by bleaching as a 
result of algae habitats not being suitable, make them look for new habitats. So, we can see 
the coral "skeleton"). The biggest of coral reef lives in Australia, namely the great barrier reef. 
The effect of climate change on the environment makes them sick. The problem of sick coral 
occurs in coastal areas around the world such as the great barrier reef areas, etc. NOAA report 
about coral’s sickness has look white color all. Problem that coral change color to white was 
known as coral bleaching. Since 2016 – 2020, NOAA report coral bleaching was found more 
every year as shown in Fig. 8. 

 
Fig. 8. Report Coral bleaching in the great barrier reef from NOAA 

(https://www.climateaction.org/). 

In the part of coral bleaching have been more than 100 years ago. We found first recorded 
evidence of coral bleaching in the year 1929, the first and worst bleaching occurred around 
the world. This resulted in 16% of coral deaths worldwide, of which 80% of all coral in the 
western Indian ocean was almost 50% bleached, which resulted in 95% of the above 50% 
bleached corals. The reasons cause coral bleaching resulted from the main factors are as 
follows: 
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2.1.1 Seawater temperature  

The seawater temperature is the main factor in the effect of climate change. 

It makes including more the temperature every year. The reason when the temperature of 

the sea change makes algae in coral leave away is due to, they need the right temperature. 

Melissa S. Roth et al. (2012) learn about coral reef testing by allowing them to live in water 

with different temperatures, for a period of more than two weeks. In range of the first week 

was found algae in coral (warm water) reduce and more over time. Until finish, the experiment 

was found algae in coral (warm water) lost until only the skeleton or coral bleaching while 

algae in other groups also live with corals, other groups of algae live with corals. Although the 

number of algae is not the same because coral in cool water will react during the first period 

of the experiment. So, it can be concluded that the algae of coral that live in cool water can 

live for a long term on the other hand, the short term the algae will react with water cool by 

off from coral. But the algae of coral that live in warm water can live for a short term and the 

same it cannot live in warm water for a long-term as shown in Fig. 9. 
 

 

Fig. 9. Experiment’s corals living in different temperature waters (Melissa S. Roth et al., 2012). 

While the Department of Marine and Coastal Resources (DMCR) specify about coral bleaching, 

normal coral in Thailand can live in water temperature 28 – 29 degree Celsius. But water 

temperature increases between 30 – 31 degrees Celsius or more than for a period of time 3 – 

4 weeks or more, it can bleach (DMCR, 2017; Marine Knowledge Hub, 2018). 
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2.1.2 Seawater acidification 

The acidification of the sea can change with sea surface temperature (SST), 

which causes coral bleaching.  Joost W. van Dam et al. (2011) studied about pollution on coral 

reef. The chemical in water may attack damage to coral reef, but it depends on persistence 
of chemical and environment in which it is contaminated. Especially the chemical used for 

the extermination of insects in the agricultural industry is endosulfan, which can contaminate 

water bodies and maintain the condition of its and flow into the sea. In addition to these 

chemicals, there are many chemicals that can affect coral reefs such as chlorpyrifos etc. It may 

be had another chemical can attack coral suck as oil. All of the chemicals listed above It can 

have a huge impact on corals. If there is a leak (Joost W. van Dam et al., 2011). Department of 

Marine and Coastal Resources (DMCR) provides knowledge about discharge of wastewater into 

the sea in Andaman coastal area, Thailand that can attack coral to bleach or die. It causes the 

degradation of coral reefs under the sea. This problem, that they are most often found in large 

community areas near the coast, does not have a wastewater treatment system before 

releasing it into natural water sources (DMCR., 2017). In coral bleaching, there are usually two 

main coral bleaching mechanisms: Inhibition of photosynthesis: a problem that happened to 

algae due to stimulated by various factors in its environment which reaction with algae to 

weak that effect to coral making algae cannot generate energy to enough for corals (Jeremiah 

G. Plass-Johnson et al., 2015) and Oxidation stress: it born from creation radicals too fast and 

too much due to sea temperature includes more, that make radicals dominate antioxidant of 

algae cause a lot of damage (Jeremiah G. Plass-Johnson et al., 2015). 

2.1.3 Another factor 

Dive event of human due to present it is popular event for travelers who like 

challenges, to meet the beautiful creatures under the sea, to research, or another, etc. Dive 

events, therefore, are considered reason damage for coral because some divers may be 

careless about their equipment, due to a dive event having much equipment. So, equipment-

intensive dives such as SCUBA should pay more attention to equipment that can damage 

corals. Suchai Worachananant et al. (2008) studied about damage for SCUBA divers to coral 
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reef. In their research effect from SACUBA divers, with their equipment such as FIN (Equipment 

for moving underwater). A FIN can make damage more than you know, which effect to coral 

may be from inattentive them. Department of Marine and Coastal Resources (DMCR) 

comments about the danger of diving no matter skin dive or SCUBA due to tourism may tread 

coral, which it can make damage to coral (DMCR., 2017). 
2.2 Spatial Analysis 

Spatial analysis is the process of manipulating data in a spatial form. Such 

analysis is usually carried out by a Geographic Information System (GIS), which provides tools 

to assist spatial analysis and computation in the form of statistics (QGIS, 2021). The reason to 

use spatial in this thesis because it includes many techniques to interesting such as 

interpolation techniques, IDW techniques etc. It can analysis the data for prediction and 

visualization in a map format. To show the change in spatial is, therefore, a technique that 

plays an important role in the study of changes in another area (GeoffBoeing, 2021) which 

have a benefit to this thesis for prepared and visualization data. It is considered another 

important part of this thesis study. Spatial analyzes were used experimentally for testing the 

coral bleaching hypothesis with nitrogen and heat stress as factors of bleaching in two genera 

of corals (Pocillopora and Acropora). Through the prediction of the Bayesian hierarchical 

model, the results showed that both corals responded in a similar pattern to the spatial 

difference in nitrogen content. Coral bleaching is more intense in the presence of nitrogen 

(Mary K. Donovan et al., 2020). In predicting coral bleaching, several techniques are used to 

assist in the prediction, for example using the Interpolation For improving the incoming data 

to optimize the prediction to the best accuracy (Alejandra Virgen Urcelay, 2021). Interpolation 

It is a spatial technique for interpolation that is widely used in science. It is applied in the form 

of a weather simulation. Its libraries have been developed over the years, with them being 

modified in linear, bifacial, multilinear, and conservative data formats.  The interpolation 

technique is often applied to information about resources on Earth, such as energy or water. 

Interpolation conservatives are often given special attention for jobs in various fields. For this 

reason, it is a method that is used more widely than others (Alexander Pletzer and Wolfgang 
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Hayek, 2018). As mentioned above, spatial have many techniques to use. So, in this thesis we 

used some technique in prepared and visualization. We used a total of 2 technique include: 

- Interpolation 

Spatial interpolation is the process of using known values to estimate other 

points. Such as precipitation mapping because in many countries found that the location of 

rain measurement stations regularly and sufficiently of course, in the non-installed areas of 

the station, no data will be available. So, spatial interpolation is possible, it was brought in to 

solve these problems. This technique is therefore suitable for a variety of tasks such as 

estimating rainfall. Accumulation of snow, etc., by interpolation It can be divided into several 

techniques (QGIS., 2021), especially, Inverse distance weighted (IDW) interpolation is a 

technique used to measure and correct the spatial data of a data point in order to provide it 

with another nearby point. The influence of IDW will be depending on the distance of the 

points. If it is a nearby point, it will be affected by IDW more than the point farther away 

(ArcGIS., 2021) as shown in Fig. 10. 

 
 

Fig. 10. Inverse distance weighted (IDW) interpolation (https://pro.arcgis.com/). 

It shows that the points near the midpoint are influenced by the IDW Interpolation maximally 

and decrease as the distance travels. 
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2.3 Data Prediction 

As part of the prediction, M. Ateweberhan and Tim R. McClanahan (2010) 

investigated the relationship between past sea surface temperature variability and coral 

mortality caused by climate change in the Indian Ocean. In 1998 , an area of the West Indian 

Ocean was killed, which generated huge field data. In the same year, 36 major coral reef sites 

were collected by collecting data from JCOMM-SST as an intergovernmental agency of 

technical experts that provides mechanisms for international coordination of maritime and 

meteorological observations, data management and services by combining technological 

expertise and capacity building. Capabilities of the Meteorological and Oceanic Community 

Instead, it extracted data from NOAA, a satellite observation review, and used the data to 

perform a mixed multiple regression analysis to obtain average coral cover results in climate 

variability events in 2016. When collecting the values according to the determined factors or 

meeting the factors mentioned in the above research, those factors information was used in 

the field of prediction, which (Scott Wooldridge and Terry Done, 2004). A study was conducted 

on learning to predict large-scale coral bleaching from past events by Bayesian methods using 

remote sensing data. Information on coral bleaching sites and institutions conducting research 

or study on coral Inside, it discusses coral bleaching as a result of heat stress and the ecological 

effects of bleaching. Coral researchers conduct a coral reef ecosystem study aiming to 

understand as much as possible about past and future bleaching events processes to make 

reasonable predictions. In addition, a case study of the Great Barrier Reef (GBR) bleaching in 

the area has been described as an anomaly caused by heat, bleaching and coral death. which 

noted that There are living corals that should either be bleached or dead. Researchers have 

pointed out that survival rates tend to be tides. They also discussed the cooling mechanism 

of water called Thermocline (Harsh H. Patel and Purvi Prajapati, 2018) .  If diving to the 

Thermocline layer, there will be a sudden change in water temperature and the deeper you 

dive, the temperature will be much lower than the surface temperature. It is considered part 

of helping to cool the water in the layers in which the corals live. As for prediction, many 

variables were used. For example, the water surface temperature used in this study used a 
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maximum temperature in summer (max 3  days), for example. The Bayesian Belief Network 

(BNN) model, in which the input data for the predictions, were obtained from a total of 150 

sites where data were collected in this field using PCA techniques to help in grouping the data 

in the experiment, various variables were randomly sampled to find the correlation and had 

the highest predictive accuracy. Combining heat stress and community indicators will provide 

better predictions for coral mortality. than using a single variable of heat stress. 

 
 

Fig. 11. Results and predictive factors, set A (Wooldridge and Terry Done, 2004). 
 

This is the data from the factors as shown in Fig. 11 on the left, namely cold-water flow factors. 

3-day peak temperatures in summer, bleaching, mortality, community and habitat were used 

to predict Set A. 

 
 

Fig. 12. Outcome and predictive factors, set B (Wooldridge and Terry Done, 2004). 

This is the data from the factors as shown in Fig. 12 on the left, namely cold-

water flow factors. Summer 3-day peak temperatures, bleaching, and mortality were used to 

predict set B from Fig. 11 and 12. The predictions A and B were significantly different from both 

A and B predictions. And B uses the same data set but uses different variables as in the 

example above. There is also research (Krisanadej J. et al., 2020)  that has investigated the 
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restoration of coral fish and coral reef communities after severe global warming. In 2010 , 

Thailand mentioned the complexity of the marine ecosystem and its high fish diversity. There 

are about 5,000  species of fish in the coral reef, and this coral is a habitat. Fish nursery or 

maybe a source of escape for fish. In the past few decades, coral bleaching has occurred in 

the Khon Kae Bay area. In 2010 , 90%  of the damage was sustained after fish population 

surveys were carried out in the area of Racha Yai Island during 2010.  Once the data was 

collected, a linear regression analysis was performed to obtain information on coral recovery 

and fish populations in 2013 – 2019. 

2.4 Big data analytics 

Predictions about the information we gathered in the data collection step. We 

then proceeded with the prediction based on the data analysis cycle which consisted of six 

main steps - Data discovery, Data preparation, Planning of data models, the building of data 

models, communication of results, and operationalization as shown as Fig. 13. 

 
Fig. 13. Data analytics life cycle. 

 

We clean data in order to verify the integrity of the entire dataset following a 

data preparation procedure, which is a procedure for verifying the loading and transformation 

of data, in this case, abnormal data or the missing value is generated by sending data between 

LoRa nodes, so we need to convert the loaded data from the network server layer to remove 

it from all data. The next part is planning the modeling. It is a process for a conceptualization 
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of good models and how data are related to each other. to apply to our study The model is 

then created and validated against the prepared data as planned in the previous step. After 

this is over, we communicate with each other about the problem of analysis. So that all 

operations will be successful or not, when everything is done, a summary of the results is 

reported before being put into practice. (Sridevi Bonthu and Hima Bindu, 2018; Jirapond 

Muangprathub, 2018). To prove the relationship between the variables that we are interested 

in, the correlation technique was applied to find the relationship from the two variables by 

using Pearson's correlation method. It calculates the variance of the two variables and divides 

the two by the product of the deviation standard to get results in the form of numbers that 

can be interpreted shown as Eq. (1). 

Pearson′s correlation coefficient =
covariance(X, Y)

(stdv(X) ∗  stdv(Y))
.      (1) 

where x denotes seawater temperature and y is pH of seawater. If the result of the equation 

is close to 1, it means that the relationship between the variables is strongly correlated, if the 

result is negative, the relationship between the two variables is negative (-) that mean the 

relation of both is negative relation and too of the result is positive (+), then the relationship 

of the two is definitely positive. But if the result is expressed as 0, then the two variables are 

not related to each other (Philip M. Sedgwick., 2012). And we are interested in many models 

to be applied in this study. But there have few good models for predicting bleaching. 

Therefore, we studied a total of 3 models to be tested in this study. 

- Naïve Bayes 

Naïve Bayes is a simplified algorithm that works based on Bayes law with 

hypotheses which more rigorous than previously perceived terms, Bayes tends to provide 

accurate classification of various types of data coupled with control over its performance, thus 

Bayes are widely used in a wide range of applications. It is an algorithm classified in the 

unsupervised machine learning group, so users do not need data for identifying groups of data 

to train the model. (Geoffrey I. Webb, 2017). Naïve Bays have also been applied in a research 

paper by Nathaphon Boonnam et al. (2022), where it has been used to test its effectiveness 

in predicting coral bleaching in southern Thailand. With the ability of Naïve Bayes to use the 
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probability of being a member class. And because the model has the ability to reach high 

accuracy and good speed, it is suitable for application in big data analysis, but there is still 

some caution in its work, as Naive Bayes often considers all predictors to be independent 

variables. which rarely happens in real life (Pavan Vadapalli.,2021). 

- Support vector machine (SVM) 

It is a technique that has been developed with good data classification 

performance. SVM is a linear classification technique in which it is classified into a variety of 

formats but is mainly separated into linear SVM and non-linear SVM. In which linear SVM 

operation is a powerful technique for working on high dimensional data applications. Such as 

document classification, ambiguity correction, etc. The results obtained between both SVMs 

from the same set of data showed that the resulting accuracy was similar, but the nonlinear 

SVMs took more time to train than the linear ones. (Mayank Arya Chandra and S. S. Bedi, 2018; 

Vinod Kumar Chauhan et al., 2019; Nathaphon Boonnam et al., 2022) However, it is worth 

considering how SVM is applied to various applications as SVM is an ideal model for small to 

medium-sized data operations. It is therefore very challenging to use such a model in data-

intensive tasks such as analyzing big data too complicated (Dhiraj K., 2019) as shown in Fig. 14. 

 
Fig. 14. SVM algorithm  

(https://stackabuse.com/implementing-svm-and-kernel-svm-with-pythons-scikit-learn/). 
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- Logistic regression 

In machine learning logistic regression, it is one of the supervised machine 

learning models, which are models used for estimating the probabilities of an event. It has 

been applied to life sciences for decades. Such a model has a unique predictive nature, that 

is, its predictive outcome is born or not born only this is one of the charms of this model. The 

nature of the work of this model (Michael P. LaValley, 2008; Saishruthi Swaminathan, 2018) for 

logistic regression, should be taken when predicting continuous functions. Because such 

models are only suitable for predicting discrete functions as shown in Fig. 15. 

 
Fig. 15. Logistic regression (Amiya Ranjan Rout., 2020) 

In addition to the models mentioned above We applied the predictive 

performance testing techniques of the three models. By using 2 testing techniques as follows: 

- Split test 

The split test technique divides the data from the entire dataset into two 

groups for training and model performance testing. In general, the data division ratio is usually 

in the range of 70: 30 or 80: 20. For this method of splitting the data, sometimes in the test 

model the data characteristics of the model training group are similar to that of the test data 

groups second, which is a model training group. That may result in terms of the effectiveness 

of predictions may be exaggerated. Therefore, it may be a limitation of the split test (Ramesh 

Medar et al., 2017; Eakasit Pacharawongsakda et al., 2015) as shown in Fig. 16. 
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Fig. 16. Split test. 

- K-Fold Cross validation 

It is one of the most popular techniques in research that tests the 

effectiveness of models. Because the results obtained are quite reliable. Due to the data 

resampling method to assess the generalization ability of predictive models and to prevent 

overfitting and its work will split data into subgroups and the number of groups comes out in 

the form of k-values (Daniel Berrar., 2018, Eakasit Pacharawongsakda et al., 2015) as shown in 

Fig. 17. 

 
Fig. 17. K fold cross validation. 

There are also variables that we will see in the process of displaying the results 

of testing the predictive performance of various models: Standard Deviation (Std.) is the 

standard deviation, which shows how much the value is different from the mean (DataStar., 

2022), precision is the value for comparing the error from the labels measured by the amount 

of data entered the results show (Michael Kane., 2009) , recall the model's ability indicators 
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used to find labels within the dataset (Will Koehrsen., 2021), f1-score is a harmonic mean of 

precision and recall (Joos Korstanje., 2021), support variables representing the amount of data, 

accuracy used for various decisions (Editorial Staff., 2022) , macro avg averages calculated 

metrics separately for accuracy. For each label (Ajitesh Kumar., 2022), the weight avg the label 

priority is calculated in a different dataset (Akhilesh Ganti., 2022). 

2.5 Related Technology  
Coral bleaching can occur anywhere on earth as corals are sensitive to 

environmental factors. Therefore, there must be a system to measure the quality of the 
environment in which corals live in order to find ways to protect them. It combines Internet 
of things (IoT) science with LoRa technology, sensors, and floating platforms to measure the 
quality of seawater inhabited by a wide variety of corals. In addition to the pontoon that we 
installed in the sea; data received from various satellites is also collected. To be used to 
compare the performance of the two systems, this topic will be divided into 2 topics as 
follows. Collecting data via pontoon needs to be a device that will be used to collect various 
data under the sea and send it to the network server. To use those data for further prediction 
by most devices that used as a device that can be found easily. To facilitate development 
and repair when equipment is damaged for all system components, there are 3 main parts as 
shown in Fig. 18. 

 
Fig. 18. An overview of the entire system. 
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From Fig. 18, we can see 3 main parts used in the data collection but this part 

we will split into 2 parts: Hardware and Software which both have the same aim, that is data 

collection from seawater in each factor (Seawater temperature, Seawater acidification). As seen 

in Fig.18, it has a LoRa device. This study applied LoRa technology to the transmission of data 

from sea for the prediction of the risk of coral bleaching. In 2 parts mentioned above will be 

shown below: 

LoRa is a long-range and low-power communication system. It communicates 

wirelessly to the gateway connected to the Internet and acts as a forwarding message 

between these end devices and a central network server. It is one called Low-Power Wide 

Area Networks (LPWAN). LoRa can be applied in IoT applications, showing the efficiency of 

transmitting data over several distances, and in terms of power, it is a low-power technology 

compared to that. It is used to transmit data by using the LoRa technology as technology. It is 

essential to plan the settings and the features of the work to be used well before being used 

(Alexandru Lavric., 2019.) because LoRa uses a signal modulation technique and sends it to 

the gateway with a low frequency. It means the influence that affects the signal, whether the 

natural environment will interfere with or absorb the transmitted signal. In general, we can see 

the effect of canopy openness, Sky view factor, buildings, etc.  All factors or influences affect 

the communication between the device or the device and the server (Riccardo Berto et al., 

2021, Bilguunmaa Myagmardulam et al., 2021.) that can go wrong which effects are obtained 

by setting the three primary parameters or the influence of the signal received by the barriers. 

Moreover, LoRa is a technology worth exploring, brings many applications such as 

oceanography to attach a buoy for measuring its parameters. In this study, we will deploy 

LoRa on a sailboat to monitor a wide range of ship traffic near the coast (Lorenzo Parri et al., 

2020, Ramon Sanchez-Iborra et al., 2018). LoRa signaling experiments are performed in the 

hilly terrain of the tall forest cover as signal transmission (Bilguunmaa Myagmardulam et al ., 

2021.). Many of the above studies have confirmed the excellent performance of LoRa, 

whether it is transmitted over longer distances or lower power consumption than other 

technologies. Therefore, we can use LoRa to develop him with various tasks. We only need 
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to be careful in setting LoRa and consider the influences that will affect the signal to make it 

work total efficiently (Alexandru Lavric ., 2019.). There are only three main parameters that 

affect the signal strength between the receiver and the transmitter namely: (Emanuele Goldoni 

et al., 2018, Nikola Jovalekic. et al., 2018, Riccardo Marini. et al., 2021.) code rate (CR) is set as 

in Eq. (2) (Emanuele Goldoni et al.), where FEC is to increase the number of bits used to 

transmit a signal. It reduced the amount of bit errors that can occur in the transmission. In 

addition, the CR can also be used to calculate the bit rate or the data rate, which is a different 

data transfer rate depending on the setting parameters of spreading factor (SF), bandwidth 

(BW), we can calculate bit rate (𝑅𝑏) as in Eq. (3). From the above equation, we notice that the 

above equation is the equation shown to see the relationship between the three parameters, 

that is, setting parameters will affect the result of bit rate or data rate (Van Dai Pham et al., 

2019.). Suppose we have data of variable bit rate or data rate. In that case, we can take the 

variable SF calculated mainly in LoRa technology withstands CR signals, broadcast time 

increased energy consumption decreased data rate (Riccardo Berto et al., 2021, Seungku Kim 

et al., 2020.) by calculating the SF from Eq. (4). Notice that SF refers to the number of chirps 

per symbol and ranges between 7 to 12. The SF is also a variable used to find the symbol 

rate (𝑅𝑠) by calculating together with BW. The BW used in LoRa communication technology 

comprises three signal waves, namely 125, 250, and 500 kHz. In some either regions, or 

continents, or each depending on the regulations of each country, the BW is usually the same 

as chirp rate (𝑅𝑐), transmission rate, and is used as a variable to find the time of symbol (𝑇𝑠), 

as in the Eq. (5) (Emanuele Goldoni et al., 2018; Nikola Jovalekic et al., 2018; Tanatpong 

Udomchaipitak et al., 2022): 

𝐶𝑅 =
4

4 +𝑛
;   𝑛 ∈ 1, 2, 3, 4,           (2) 

𝑅𝑏 = 𝑆𝐹 ∗ 𝐶𝑅 ∗ 𝑅𝑠,                          (3) 

𝑆𝐹 = 𝑙𝑜𝑔2 (
𝑅𝑐

𝑅𝑠
),                         (4) 

 𝑇𝑠 =
2𝑆𝐹

𝐵𝑊
.                                          (5) 
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Typically, LoRa transmission efficiency is measured at the receiving node in the form of an 

RSSI or Received Signal Strength Indicator. That is intimates the signal strength value or the 

ability to receive signals from one node to another (Emanuele Goldoni et al., 2018; LoRa 

Developer portal, 2021). We can calculate the RSSI value from Eq. (6). The equation variables 

definitions are A is the receiving power in dBm, d is the distance between the source node 

and the destination node, and n is the loss parameter. The loss parameter is a value that 

results from the barriers that come together with the transmission distance that greatly 

influence the signal quality impact that occurs in each area, in each work area, and will have 

different effects due to different obstacles or terrain (Ana Elisa Ferreira et al., 2020; Reza 

Firsandaya Malik et al., 2019): 

𝑅𝑆𝑆𝐼 = −(10𝑛 log10 𝑑 − 𝐴).            (6) 

After studying the LoRa section in this study, we found that the parameter that affects the 

RSSI the most is the Spreading factor in signal transmission and signal resistance, i.e. The higher 

the SF setting, the greater the transmission distance, but at the same time, the noise tolerance 

decreases, which may damage the transmitted data or damage the data. can be lost It also 

results in less data transmission compared to the lower SF settings. After our study, LoRa 

technology investigated the properties of various sensor devices to collect marine data. In the 

transmission of data (hardware), we will divide it into 2 parts: sender and gateway, which are 

detailed below.  

- Sender 
The Pontoon used this time is a buoy built from 6 inches and 4 inches PVC pipe 

to install a variety of devices that will be used to collect marine values as shown in Fig. 19. 

 

Fig. 19. Pontoon structure. 
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The pontoon features a large (6 inches) main tube in the center of the pontoon, a tube used 
to collect the internal equipment and a support tube (4 inches) that surrounds and supports 
the tube main. When combining the two will make the Pontoon work more balanced. When 
used with all devices, they are shown below. 

Dragino LoRa shield for Arduino is a microcontroller board developed to 
transmit data over long distances. With low data rates High anti-interference while using low 
current the LoRa modulation technique is patented by Semtech, the SX1276 chip is capable 
of sensitivity greater than -148 dBm when combined with a power amplifier of +20 dBm, 
making it ideal for Will be used for jobs with long distances. This device operates on a 
frequency of 915 mHz, according to the office of the National Broadcasting and 
Telecommunications Commission (NBTC) defined regulations. Dragino LoRa shield for Arduino 
the Dragino LoRa shield can be powered by 3.3 or 5v for peripheral devices and can also be 
used for 915 mHz, 868 mHz, 433 mHz (factory configuration). Compatible with Arduino 
Leonardo, Uno, Mega, DUE devices and connect external antenna via I-Pex connector 
(Dragino.,2021) as shown in Fig. 20. 

 
Fig. 20. Dargino LoRa Shield for arduino (https://wzper.my/). 

Dragino LoRa Shield for Arduino is used to transmit data received from sensors located inside 
the buoy to the LoRa device onshore which is responsible for receiving the data and send it 
to the network server to collect the collected data. used to predict the future. 

The DHT 22 Module is a digital sensor capable of measuring temperature and 
humidity with an accuracy of between ±0.5°C or ±1%RH with an operating voltage of 3.5v to 
5.5v in the range. The temperature can be detected in the range of -40 °C to 80 °C and the 
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humidity can be detected in the range from 0%RH to 100%RH (BOGDAN Mihai. , 2016) as 
shown in Fig. 21.  

 
Fig. 21. Temperature and humidity sensor DHT22 (https://www.jd.co.th/). 

The reason why the DHT22 sensor was used to collect this research data is because the DHT22 
is a sensor used to measure surface temperature around a buoy, and the DHT22 is also an 
available sensor. Easy installation and maintenance 

pH sensor is a sensor capable of measuring the pH of liquids in the range from 
0 to 14 pH. It features 5v operating electricity and can operate in the temperature range of 0 
°C to 60 °C in response time duration ≤ 1 min and detection accuracy of ± 0.1pH at 25 °C 
(RFROBOT., 2020) as shown in Fig. 22. 

 
Fig. 22. pH sensor (https://www.ubuy.td/). 

The pH sensor used in conjunction with this buoy was due to the unstable pH factor of 
seawater in the algae range. Zooxanthellae want, it may result in the corals being cleared and 
eventually resulting in algae. Zooxanthellae Escape from coral tissues, eventually causing coral 
bleaching. 

Waterproof temperature Sensor is a wired temperature sensor that is covered 
with a metal tip. Which uses a current in the range of 3.0 to 5.5v. The temperature supported 
by the sensor is in the range of -55 °C to 125 °C. It is compatible with a variety of microcontroller 
boards such as Arduino, Micro bit and Raspberry Pi, etc. The sensor has a high value. Detection 
accuracy is in the range of ±0.5°C from -55°C to +125°C (Analogread., 2021) as shown in Fig. 23. 
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Fig. 23. Waterproof temperature sensor (https://www.arduitronics.com/). 

The reason why waterproof temperature sensors are introduced is because temperature 
factors are the most affecting coral reefs because rising sea temperatures may affect algae. 
Zooxanthellae escape from the mouth of the nest that is the original habitat Thus, we can 
clearly see the spine of the coral. 

- Gateway 

As for Gateway, it connects the end node within the buoy to the network 
server, which is responsible for transmitting and receiving data from the end node by receiving 
the LoRa signal and sending the data to the network server via IP transmission. Set in order to 
store data from the end node to the network server. 

The TTGO LoRa32 microcontroller board is a development board based on 
the ESP32 with the LoRa chip (Chip SX1276) and displays the results via a 0.96- inch OLED 
screen. Both the chip and the screen on the ESP32 will work or communicate via GPIO. On 
the board where the board is used, the frequency is not set at the factory like the Dragino 
LoRa Shield for Arduino but when used in Thailand, it has been configured according to the 
requirements of the office of the National Broadcasting and Telecommunications Commission 
(NBTC). According to NBTC's specifications, it can be used to transmit data over LoRa signals. 
The operating voltage ranges from 1.8 to 3.7v, the transmit power is 20 dBm, with a frequency 
error of ±15 KHz. It works in the range of -40 °C to 85 °C, as shown in Fig. 24. 

 
Fig. 24. TTGO LoRa32 (https://th.aliexpress.com/) 

Since Board TTGO LoRa32 is based on ESP32, which has a part to connect to the internet via 
wifi, it is suitable for application as a gateway in this research. There is also an OLED display, 
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which we can develop to show the status of various system operations through the screen. 
To facilitate the administration of the administrator (Arduitronics.,2021). The next section will 
be about the software we use for LoRa system development, LoRa data collection, and 
satellite data collection. 

In software part, Arduino IDE is a program that we use for developing sensor 
devices that are built into a pontoon. Arduino IDE or Arduino Integrated Development 
Environment is a program used for developing various Arduino related devices. of the work of 
the library, which has various functions that make the work of developers faster (Arduino.,2022) 
And in this study, since we have adopted LoRa technology, it is necessary to extract a library 
named LoRa, which is a library used for data transmission in LoRa signals, which will support 
the chip. The development of Semtech (SX1276/77/78/79) installed on various LoRa devices 
(Arduino LoRa.,2022)  

In the operation of a pontoon, there is also a connection to the network sever 
layer in order to collect the information obtained from the pontoon installed at sea. Which 
the network server part is for collecting data from the end node within pontoon and sending 
it to the gateway for the Network server to collect the data. In this research, we chose 
ThingSpeak as a network server to collect data because this is a software that facilitates data 
access. Data extraction data logging through this API is why we have chosen ThingSpeak as a 
network server to collect data before it can be processed further. It helps to collect data on 
the marine environment according to the various sensors installed. To wait for the end of the 
collection of such data to cleaning data again in the prediction section (ThingSpeak, 2021). 
After the development of data collection with various sensor devices. Next will be the software 
or web service that we use for collecting seawater parameters obtained from satellites. In part 
collecting data from satellites this is the extraction of information collected within the website 
over time and compiled into a dataset. It is used to predict the likelihood of bleaching in the 
study area. The websites used in this study is Google Earth Engine, which is a platform for 
analysis in scientific and visualization (Google Earth Engine., 2021). The parameters obtained 
from the Google earth engine only sea water temperature (SWT). To find the error of the 
values between the pontoon and satellite. This includes modeling the predictions of the two 
data sources that differentiate the accuracy between the two data sources as to which data 
source provides the best accuracy for this research. 



 

Chapter 3 

Materials and Methods 
Data collection in our study area. We have divided the seawater data 

collection into two parts: collection of seawater data from sensors inside the buoy and 
seawater data collection from satellite loading. The reason for collecting data from two 
sources is to find the error of the two data to get the result in the form of equations from 
both data sources. In addition to obtaining data for the prediction of various models and finally 
for displaying it in the form of a map. 

3.1 Study area 

Installing a pontoon in the sea was a challenge for this study. Due to various 
natural and legal restrictions, we have therefore designed a grant suitable for attaching the 
existing Department of Marine and Coastal Resources (DMCR) pontoon in the study area. Used 
to collect various parameters at diving points in the Koh Taen area. Which is the island near 
Koh Samui as shown in Fig. 25. 

Fig. 25. Koh Tan Island. 

Koh Taen is an island located in the southern part of Koh Samui. Which is an educational 
tourist attraction comprising two beaches: "Ao ok" is an educational site for shallow water coral 
reefs, that is our educational site, and "Ao Tok" is an educational site for mangrove forests. 
Traveling from Koh Samui by long-tail boat from the Thong Krut Bay area takes 30 minutes 
(tourismthailand, 2021).  
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3.2 Hardware Part 

The installation of a pontoon in such areas is to attach to the existing pontoon, 
which is a pontoon used for tying boats. If tourists want to dive, the boat must be tied to such 
a pontoon only due to cannot leave the anchor, because the area is a coral reef which can 
cause damage. So, the development of our pontoon aims to install and prevent seawater 
damage to the sensor devices inside. For the sensor devices to work at their best, the internal 
devices installed in the two pontoons are of the same design. All devices are described in 
detail in the previous chapter. An overview of the sensor system inside the pontoon is shown 
in Fig. 26. 

Fig. 26. Overview of the sensor system inside the pontoon. 
For the operation of the various devices used for marine data collection in our study area. We 
are divided into four parts: pontoon, microcontroller, sensors, and energy where all three 
electronic devices are contained within a pontoon. Our pontoon developments are designed 
in two configurations to contain all devices: pontoon capsule and pontoon eight square or 
satellite shape. With both pontoons, we have brought it to the real area. In practical use, the 
capsule form is a difficult-to-install model because the installation requires materials that are 
heavier and more mass than water to help. While octagonal pontoon is an upgraded version 
of the capsule to make it easier to install and float. It can live in a monsoon sea condition, 
and it is the format that we use all the time and complete the data collection. The part of 
the microcontroller board and accessories is the part that we have tried and evaluated before 
going to the real area because transmission of information from the sea to the shores of the 
islands with the receiver station installed is very difficult to signal. Therefore, in this study, it 
was necessary to replace the antenna from the traditional antenna with a larger and more 
powerful antenna. For transmitting the signal back to the station in order to attach the sensors 
to the microcontroller board, we have installed 3 sensor devices, 2 of which are sensors for 
measuring seawater and 1 sensor that is installed inside the pontoon to check the air inside 
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the pontoon, whether it facilitates the operation of the microcontroller board or not, and 
another function is the resemble of the black box in case of seawater leaks inside and no 
signal from the pontoon is sent. It can be checked how in the last transmission the weather 
inside the pontoon was. Finally, the energy part is an extremely important part of energy 
extraction. It is the part that produces the energy which is obtained from the solar cell and 
distributes the energy to feed it. System in pontoon for sending data back to shore. After the 
sensors have collected data from the seawater, the system sends the data back to shore via 
LoRa signals to receiver stations located at the shore. As for the function of the receiver station, 
it is responsible for receiving the signal from the pontoon and sending the data to the network 
server to collect all data as shown in Fig. 27.  

Fig. 27. Receiver station. 
The operation of the receiver station consists of 3 parts: a 3-meter steel 

column with base, microcontroller, and energy. The 3-meter steel column is used for installing 
a waterproof box that contains various electronic devices and antenna, the reason why we 
have to use a pole with a height of 3 meters is to use for installing antennas that are used to 
transmit signals and also help reduce data noise because the area around the side is full of 
signal equipment that may cause noise to data such as trees, banners, etc. The next part will 
be part of the microcontroller in this study, we used the TTGO LoRa32 OLED board as a 
receiver node instead of the more expensive gateway. Its highlight is an OLED display that can 
be configured to display data received from a pontoon in real time or a point to check the 
status of the pontoon if the pontoon has leaked water. In addition to its long-distance 
transmission and display, the TTGO LoRa32 OLED can also connect to Wi-Fi signals from its 
built-in module. This means that it can send the information received from the pontoon to 
the network server itself, and of course in the case of long-distance transmission and there are 
many obstacles like this. We had to adjust its antennas to prevent signal loss while we were 
collecting data, and the last part was the most important part of the whole system, energy, 
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which was the part that powers the entire system in the study. These properties as shown in 
Table 1. 

Table 1. Features of all devices. 

Device Features 

Dragino LoRa shield for Arduino 

Compatible with 3.3v or 5v I/O Arduino Board 
Frequency Band: 915 MHZ/868 MHZ/433 MHZ 
Low power consumption 
Compatible with Arduino Leonardo, Uno, Mega 
External Antenna via I-Pex connector 

TTGO LoRa32 OLED 

Chip ESP32 
Operating Temperature -40 to 85 degree celsius 
OLED screen display OLED 0.96 Inch 
Frequency Band: 915 MHZ/868 MHZ/433 MHZ 

Antenna 

Gain: 7 dBi  
Max, power(W): 100 
Cable On Antenna: 3 Metes 
Weight (g.): 600 g 

DHT22 

Operating Voltage: 3.5V to 5.5V. 
Temperature Range: -40 to 80 degrees Celsius 
Humidity Range: 0% to 100% 
Accuracy: ±0.5°C and ±1% 

Analog pH Sensor / 
 Meter Pro Kit V2 

Supply Voltage: 3.3~5.5V 
Measurement Accuracy: ±0.1@25 degree Celsius 
Cable Length: 500cm 
Detection Range: 0~14 
Probe Life: 7*24hours >0.5 years  
(depending on the water quality) 

Waterproof 1-Wire DS18B20  
Compatible Digital  
temperature sensor 

temperature range: -55 to 125 degrees Celsius 
±0.5°C Accuracy from -10°C to +85°C 
Usable with 3.0V to 5.5V power/data 
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In addition to the properties mentioned devices in the microcontroller of both parts also need 

to set the parameters of LoRa so that the system can transmit data over long distances without 

problems or with minimal signal transmission problems as shown in Table 2. 

Table 2. Setting parameter. 

Device Parameter Value 

Dragino LoRa shield for Arduino & 
 TTGO LoRa32 OLED 

Spreading Factor (SF) 12 
Bandwidth (BW) 250 
Coderate (CR)  4/5 

Battery 

Dry battery 12V/8AH/20HR 
Weight 2.1 Kg. 
Charging voltage 13.5-13.8 Volt 
Continuous use at 0.4A for 20 hours 

Solar cell charger controller 

Control Charger, the device can choose to use the 
voltage  
according to the contractor, 12v 24v 
automatically. 
Withstands a maximum current of 10A 
(actual use should be sensitive to 20%) 
It can set the time to turn on and off the lamp or 
load the usage by yourself. 
Users can adjust their own suitable charging 
settings. 
There is an LCD display screen showing the status, 
easy to use. 
There are 2 USB ports for charging your phone. 

Solar cell 

Maximum Power output (Pm): 30W 
Maximum Operating Voltage (Vmp): 12V 
Maximum Power Current (Imp): 2.5A 
Open Circuit Voltage (Voc): 14.16V 
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From the settings of both devices, it is set up to be used for long-distance transmission using the 

maximum performance supported by the device and compliant. After receiving the data from 

the devices in the pontoon, the receiver station will continue to send the data to the network 

server layer ThingSpeak through the API key installed during development. microcontroller 

device the highlight of ThingSpeak is accessibility and easy to understand and can also distribute 

the information that we have collected for others to access. After the development and testing 

of the pontoon system that we will use for marine data collection are complete. So, we have 

installed our pontoon in our study area by installing pontoon. Our pontoon is installed with the 

Department of Marine and Coastal Resources (DMCR) pontoon. The reason why we have to 

install it in this way is that the documentation process with government agencies takes a long 

time and there is a complexity between the organizations. It is therefore necessary to request 

assistance from the Department of Marine and Coastal Resources (DMCR) for the joint pontoon 

installation. The installation characteristics are shown as Fig. 28. 

 

Fig. 28. Installation of pontoon. 

3.3 Software Part 

Collecting data via satellite, we did this through a web service using the Google 
earth engine, which collects geographic data captured by satellites for this study.  It has a 
catalog of various geographic information for visitors to choose from. In our study, we selected 
a data catalog in the surface temperature category, which contains data obtained from satellite 
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sensors that collect surface heat data on the earth, whether on land or sea surface. Within 
the surface temperature group, many different data sets are available, such as analysis of 
climate occurring on land or measurement of sea surface temperatures. For our study, we 
chose a dataset that surveyed and collected data on sea surface temperature data operated 
by major organizations, that is NOAA (NOAA: National Oceanic and Atmospheric Administration 
is an agency that enriches life through science. Their reach goes from the surface of the sun 
to the depths of the ocean floor as they work to keep the public informed of the changing 
environment around them (NOAA., 2021)). It is a survey and measurement of various data 
occurring in seawater with data available in the period from 1981-09-01 to 2022-09-04 (Earth 
engine data catalog). Compared with the data obtained from pontoons installed in the period 
2022-03-05 to 2022-03-17, we used that data range to collect data from the Google earth 
engine using the same coordinates as the installation of the pontoons (9.3848, 99.9513), which 
can view results from Google earth engine processing, and can also be exported as a .CSV file 
for use in various tasks. especially the analysis and prediction of results from various models 
as shown in Fig. 29. 

Fig. 29. Results from Google earth engine processing. 

The collected data from the satellite in .CSV file format is ready for processing in the next step, 

but before we can use both parts of the data to make predictions, we should clean the data 

first to minimize any errors follow to the part of data preparation. This may occur in the process 

of prediction and follow to data analytics life cycle. 
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3.4 Big Data Analytics 

After we have collected the data from both sources, we clean the data 
received from both sources, especially the data received from the pontoon because during 
the storage period there may be high waves which may cause internal datasets to contain 
noise-affected data. In our data cleansing as part of the data preparation process, our data 
cleansing process removes any data or rows containing noise from our dataset, which may 
make performance tests erroneous or impossible to predict. But before we do that test. We 
must first find the relationship between the two variables (Temperature of seawater, acidity 
of seawater) within the pontoon dataset to come to a conclusion about the relationship 
between the two variables. After that, the effectiveness of the three models (Naïve Bayes, 
SVM, and Logistic regression) was tested to determine the most effective model for predicting 
coral bleaching in the Koh Samui area. Suratthani Province Two of the above techniques (Split 
test, K fold cross validation) were used, in particular the K-value. In the K-fold cross-validation 
test, we tested this technique using K-values from 2-10 to find the K value that gives the best 
accuracy. 

 
 
 
 
 
 
 
 
 

 



 

Chapter 4 

Result and Discussion 

4.1 Data Prediction 

After collecting data on various marine factors that could result in coral 

bleaching, we cleaned the data obtained because the LoRa signal transmission was noisy, so 

before we could use the data it was necessary to go clean data, which is in the process of 

data preparation before it can be used with various models. After the clean data is complete, 

we have visualization Initially, which came out in the form of a graph of the two factors that 

were examined as shown in Fig. 30. 

Fig. 30. Data visualization of both factors. 

 At the beginning of our prophecy, we set up labels to use for that case division of 1 and 2 , 

where label 1 denotes unfavorable seawater factors that may affect corals that may cause 

coral bleaching., and label 2 means the water factor is in normal conditions and can dive. In 

order to divide our labels, we have to put all our criteria into 2  criteria: first If the sea 

temperature is above or equal to 30 degrees Celsius will be categorized in label 1 , if not on 

label 2, and second, if the pH of seawater that falls below 8 is classified as label 1, but if not, 

it is classified as label 2 , and during that time if one of the events in the data meets one of 

our criteria, it is also labeled 1. For example, at 12:35 the temperature of seawater is 30.3, and 

seawater pH is 8 = label 1. Conversely, at 12:35 the temperature of the seawater is 28.5, and 

the seawater pH is 7.7 = label 1, etc., as shown in Fig. 31. 
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Fig. 31. label chart in each factor and summary. 

The ratios we show are all ratios that we have defined in the data preparation 

stage, with a total of 3 groups: Class label overall of all data, Class label of the temperature 

of seawater, and Class label of pH of seawater observed. That the label summary graph (top 

left) has a number of label 1 different from the rest of the graph in accordance with the above 

example, i.e., if a variable exceeds a certain value, it will be placed in label 1 in label summary. 

After label our data we found the correlation between the two variables (seawater 

temperature and pH of seawater) And after processing the correlation of both variables by 

Pearson's correlation method, 0.683 was obtained. The two outputs are in the same direction 

and since their values are directed towards 1 and greater than 0.5, we can conclude that the 

two variables are related as observed on the graph as shown in Fig. 32. 

 
Fig. 32. Chart of Pearson correlation result. 
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The reason why we chose to correlate the two variables by Pearson's Correlation method 

because the evaluation of the visualization data above (Fig. 30)  showing the increase and 

decrease of the two values leads us to be curious to what extent the two variables are related. 

The results showed us that the two variables were clearly positively correlated and that they 

were strong. After going through the clean data process and correlating the two variables from 

Pearson's Correlation, it was time to test the predictive performance of each model with both 

testing techniques. The results are shown as Fig. 33. 

 
Fig. 33. Accuracy in each model (Pontoon dataset). 

Based on the results we have shown above, we tested the performance of all three models 

using two different testing techniques: Split test, and K fold cross validation. The results were 

obtained derived from the split test technique, there are two different models with the same 

accuracy, SVM and Logistic regression were slightly better, leading us to conclude that to test 

the performance of the model using the split test technique, the SVM and Logistic regression 

model has the best value for testing in this technique. Next, we tested all models using the 

K-fold cross-validation technique. In our test this time we tested values of K from 2 to 10 to 

determine the K value. Can test and get the best accuracy and then we will find the average 

value in each model as a result of this test, we can see that the SVM model has slightly higher 

accuracy than other models. It is therefore concluded that in testing the model's performance 

using the K fold cross-validation technique, the SVM model had the best value. 
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 After collecting sea surface temperature data from the data catalog of NOAA 

obtained from the google earth engine, we found that collecting data from satellites is a 

limitation to certain data collection. Since the satellite data collection has a limitation in the 

orbit of the satellite that needs to orbit the earth all the time, the amount of data obtained 

from this data collection is much lower than the amount of data obtained from pontoons as 

shown in Fig. 34. 

 
Fig. 34. Both datasets when compared. 

 Comparing the two data, the satellite-derived data represents only 0.86% of the data we 

collect from the pontoon, and the next drawback is that the satellite-derived values do not 

contain any range of seawater temperature above or equal to 30 degrees Celsius are a stressful 

range for corals, which can have a big impact. We, therefore, came up with the idea of using 

spatial analysis tools to solve this problem. By using ArcMap 10.3 program for this operation. 

For this ArcMap implementation, we have two tasks to perform: segmentation for data label 

classification and visualization in the form of a map. The reason why we had to segment in 

ArcMap because the satellite data was insufficient when labeling the data, making predictions 

impossible if the dataset's label only had one label. We have therefore worked on the 

segmentation of such data using Quantile techniques segmentation is a technique where each 

layer contains the same amount of data, where the number of data greater than and less 

than the median is equal as shown in Fig. 35. 
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Fig. 35. Result from using Quantile techniques. 

The above results showed that the data segments were divided into two intervals after 

applying the Quantile technique to segment the data, thus knowing the criteria for our label 

classification. From collected data from satellites as the results show, label 1 is in the range of 

29.07 to 29.25, and label 2 is in the range of 28.8 to 29.06. Make the dataset available for re-

testing the model's performance. In our test we used the same model and testing techniques 

as applied to the pontoon-derived dataset, the only difference being that in the satellite 

dataset there was no pH of seawater factors or variables, because the Advanced Very High-

Resolution Radiometer (AVHRR) measurement of factors or variables in the Earth's atmosphere 

is not yet qualified to monitor seawater pH, so testing the predictive performance of each 

algorithm requires only one factor.  After testing the predictive efficiency of the three models, 

the results can be shown in the test shown as Fig. 36. 

 
Fig. 36. Accuracy in each model (Satellite dataset). 
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The results of testing for accuracy and other values from the two testing techniques using the 

values collected from satellites show a huge difference in the decrease in accuracy and 

increase. As demonstrated by the figures in this part, we expect that the relatively small 

amount of data may cause the case studies in the training segment to be less or similar to the 

test datasets. So much so that the results in the Naïve Bayes model are so accurate that it's 

hard to believe in some parts. In a split test scenario with a Naïve Bayes model in this low 

dataset, it is not suitable for prediction. Therefore, we compared the two remaining models, 

concluding that the results from the test in such low-data cases logistic regression were more 

efficient and reliable than the other models. Performance testing from the K fold cross-

validation technique is performed by dividing data into multiple subgroups based on the given 

K values and then we average the result accuracy in each model same as the pontoon dataset. 

Which has the highest accuracy of the Naïve Bayes model compared to the other two. 

Therefore, in this testing step, we conclude that the model performance test by the K fold 

cross-validation technique has the best value of the Naïve Bayes model. 

- Equation 

After we tested the predictive performance of various models and made 

visualization from both data already. We have studied the creation of equations for calculating 

the temperature of seawater variables from another regression. The results are shown as Eq. 

(7) - (8): 

Tp = 0.9947Ts   (7), 

Ts = 1.0048Tp   (8) 

where   Tp is result of sea water temperature value from pontoon, 

 Ts is result of sea water temperature value from satellite. 

From the results shown in the form of both equations, the equations analyzed from linear 

regression with an R-square of 0 . 9 9 5  of both equations were tested error. The results 

calculated from the two equations compared to the values obtained from the actual data 

collection showed an average error of 1.98% for both equations by calculating from Eq. (9) 
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error(%) =  
|R−E|

E
 × 100     (9). 

where   R is result value from the data in the real experiment, 

 E is calculated result value of the equation. 

It is an equation for calculating percentage error from calculating through experimental results 

and calculated results. For calculating the percentage error between the results obtained from 

the two data sources. We conducted a virtual experiment by using the above equation to 

calculate seawater temperature from equation 8  using the variables obtained from the 

pontoon to obtain the results in the form of satellite data in order to obtain a new data set 

for testing. Test model performance again, but this time we combine the new data with the 

old data using the old data as a training dataset and the new data as the data for testing the 

efficacy of both models using a test technique. Two techniques as before shown as Fig. 37. 

 

Fig. 37. Accuracy in each model (Equation dataset). 

 From the results obtained from the data-computed predictive performance tests of Equation 

8, in the split test, it can be seen that the accuracy is the highest among all model comparisons. 

In conclusion, the model with the highest accuracy is the SVM model, and the next section is 

the K-fold cross-validation technique. From testing the model when comparing the average 

accuracy of all models, Naïve Bayes is the highest among all model performance tests using 

the K fold cross-validation technique. Based on the results of our model prediction 
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performance test. It can be seen that our predictive performance has decreased accuracy 

compared to pontoon accuracy, which is presumed to be due to insufficient training data for 

model training. The accuracy value decreases when applied to the model in this virtual 

experiment. By comparing the overall accuracy of all the model performance tests of the two 

techniques in both datasets(pontoon and satellite), we can come up with a model suitable 

for predicting bleaching coral in the Koh Samui area of Suratthani Province. In this comparison, 

in addition to the accuracy of the three models, we also used the RMSE value or Root Mean 

Square Error, which is used to measure the model error in quantitative data prediction (James 

Moody., 2019) shown as Tabel 3. 

Tabel 3. Accuracy and RMSE in each model (Pontoon & Satellite). 

 

Based on the efficacy evaluation of the models we conducted in predicting coral bleaching in 

the Koh Samui area. Surat Thani Province we found that the most efficient model out of the 

three was the SVM model,This is because the RMSE value obtained on the split side of the 

split test is lower than that of the other models, and although in the K fold test, the SVM has 

a higher RMSE than the other models, but in comparison it was found in The RMSE values of 

the other models were similar and when tested in the K fold, the RMSE was higher than the 

split test when compared to the RMSE evaluated in both datasets. For compared between 

datasets derived from pontoon and satellite will find that datasets that optimize all mock 

tests are pontoon-derived datasets. After that, we have done a visualization of the results 

obtained from this prediction through the ArcMap program as shown in Fig. 38 
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Fig. 38. Data visualization in each example date. 

The visualization results of ArcMap's Interpolation (IDW) technique show that the resolution of 

the results expressed in terms of the results obtained from the satellite dataset is less than 

that of the pontoon dataset and equation in at the same time when observing the change in 

sea temperature, it can be seen that During the 8th March, corals are subject to bleaching 

damage. This is because on Day 7 March the water temperature was relatively warm (>30C), 

whereas on Day 8 March experienced a sharp drop in temperature just across the day (<28C). 

The experiment of Melissa S. Roth et al. is consistent with their experiment that sudden water 

cooling over a short period of time can harm corals. 

 



 

Chapter 5 

Conclusion and Future Work 

For this study of predicting coral bleaching by applying Internet of Things 

technology (IoT). The goal is to study pontoon monitoring devices that are used to store 

various parameter data with new technology involved in the work. Testing the performance 

of various models suitable for coral bleaching forecasting and calculating equations derived 

from satellite and sensor data. In order to keep the beautiful resources under the sea for 

humans to study and research this wonder forever. 

In this experiment, we studied the construction of a pontoon monitoring 

system by applying LoRa technology to create a wireless connection to the Internet for 

collecting marine data to predict coral bleaching in Koh Taen, an island in the south of Koh 

Samui. And there is a diving point, which is a tourist attraction that can attract tourists from 

many nations to see the beauty under the sea. A total of three models were used to test the 

predictive performance in this study. In our study, data from two sources, the pontoon dataset 

and the NOAA dataset of the google earth engine, were used in our study, and the results 

after model performance testing in each dataset were obtained with a model suitable for 

predicting coral bleaching. In our study area the SVM model, the dataset with the most 

accurate and reliable predictive results was the pontoon dataset, as the system has a more 

granular collection of parameters compared to the NOAA dataset of the google earth engine. 

Visualization comes out in the form of a map and classification (satellite data) with the ArcMap 

program and finally an equation derived from the comparison of data from two sources with 

an R-square of 0.995 and a percentage error of 1.98%. For this study, we have encountered a 

number of obstacles, most often due to unforeseen circumstances, during data collection 

from seawater using a pontoon, as our pontoon creations take a long time to make and test. 

Until our data collection began during the storm of Koh Samui, there were many obstacles 

and accidents with our pontoon, such as severe sea swells that caused the pontoon's rope to 

tie the boat of the Department of Marine and Coastal Resources (DMCR) while our pontoon is 

tethered. That is an event make has severely damaged the pontoon system, etc. 
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Finally, future work may be integrated into the part of bringing the material 

studied in this time together with tourism of Koh Samui and nearby islands as a dive point 

recommendation system. whose objectives are: The first is to recommend tourists to dive in 

beautiful spots. The second place is indirect coral restoration. In the event that the parameters 

of the seawater are not suitable, the coral will be stressed that we cannot know how much 

more impact if tourists enter that location. And finally, the application of image processing 

technology water into the system to increase the efficiency of work.
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