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ABSTRACT

Water plays a significant role include hydration, agriculture, electricity, and
aquaculture use. Water quality is an important aspect of fish farming production. Poor
water quality led to slow fish growth and result in fish death. Fishpond water quality
monitoring could be hassle and time consuming which requires breeders to obtain their
own water samples and test it using special meters. The loT-based system is proposed to
assist fish breeders in monitoring the fishponds water and alert them about poor water
quality conditions. The system consists of Raspberry Pi, pH sensor, and temperature
sensor. A pH sensor is used to detect the pH of the water while a temperature sensor is
used to detect the water temperature of fishponds, Raspberry Pi is a microprocessor that
processes these water parameter readings. This system uses Wi-Fi for the data
transmission process as it uses the built-in Wi-Fi module on the Raspberry Pi, fish
breeders can perform monitoring via mobile apps on their android smartphones. If the pH
and temperature values exceed the set action levels, fish breeders will get alert
notifications from mobile apps. This will help breeders to carry out the process of
maintaining the fishpond. The results are collected through testing, and the system's
efficacy judgments are drawn from the findings for which sensor readings could be
performed with a moderate degree and notification alerts functioned with excellent
response.
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ABSTRAK

Air memainkan peranan penting termasuk hidrasi, pertanian, elektrik, dan
penggunaan akuakultur. Kualiti air adalah aspek penting dalam pengeluaran ternakan
ikan. Kualiti air yang buruk menyebabkan pertumbuhan ikan lambat dan mengakibatkan
kematian ikan. Pemantauan kualiti air kolam ikan dapat menjadi kesulitan dan memakan
masa yang memerlukan penternak untuk mendapatkan sampel air mereka sendiri dan
mengujinya dengan menggunakan meter khas. Sistem berasaskan loT dicadangkan untuk
membantu penternak ikan dalam memantau air kolam ikan dan memberi tahu mereka
tentang keadaan kualiti air yang buruk. Sistem ini terdiri dari Raspberry Pi, sensor pH,
dan sensor Suhu. Sensor pH digunakan untuk mengesan pH air sementara sensor suhu
digunakan untuk mengesan suhu air kolam ikan, Raspberry Pi adalah mikropemproses
yang memproses pembacaan parameter air ini. Sistem ini menggunakan Wi-Fi untuk
proses penghantaran data kerana menggunakan modul Wi-Fi bawaan pada Raspberry Pi,
penternak ikan dapat melakukan pemantauan melalui aplikasi mudah alih di telefon pintar
android mereka. Sekiranya nilai pH dan suhu melebihi tahap tindakan yang ditetapkan,
penternak ikan akan mendapat pemberitahuan amaran dari aplikasi mudah alih. Ini akan
membantu penternak menjalankan proses pemeliharaan kolam ikan. Hasilnya
dikumpulkan melalui ujian, dan penilaian keberkesanan sistem diambil dari penemuan
yang mana bacaan sensor dapat dilakukan dengan tahap sederhana dan amaran
pemberitahuan berfungsi dengan respons yang sangat baik.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

One of the most crucial aspects of a healthy environment is water quality. Clean
water is essential for the survival of a wide range of plants and animals. The quality of the
water used in fish farming is crucial. Poor water quality is a low water quality or standard
that it is in bad condition. The status of various water parameters like pH and temperature
cannot be overlooked for maintaining a healthy aquatic environment (Bhatnagar and Devi,
2013). The neglection of water quality can lead to fish death, this happens to fish breeders
where water pollution is mostly caused by waste generated from agricultural activities.
This is because, the main water source is from a nearby river that has been polluted (Astro
Awani, 2019).

To determine the water quality, the water manually tested using complete equipped
to test the water before it can be used for fish farming purposes. Nowadays, most fish
breeders, especially rural breeders, use manual methods in monitoring the water of their
fishponds. This water quality monitoring is done by using special equipment that requires
the breeders themselves to go down to the location of the pond to obtain water samples
for testing. Once the results were obtained, all records were kept in a book by hands for
future reference. This monitoring process is done periodically either once a week or once
every two weeks. This poses difficulties to breeders, additionally, this water analysis

process requires some time to obtain water quality results.



In the agricultural sector perspective, the use of sensors is used for water
monitoring processes. A system developed for measuring parameters water such as
turbidity, solute, pH and temperature. The developed system is equipped with suitable
sensors for measuring water parameters. Therefore, Water Quality Monitoring System is
designed to monitor the condition of the water quality in the fishponds based on the water
parameters (R. Verma and D. Kiran, 2019). Just like other livestock sectors, fish also
needs good monitoring of water parameters especially tilapia which is the focus in this
project for better fish growth and production. By leveraging the use of sensors, the system
will detect the pH level and temperature of the water in the fishponds as a benchmark for
the water parameters. This system will alert the fish breeder if the water parameters exceed
the action level. Values that exceed this level of action are expected to have negative
effects on fish survival and quality. Therefore, with the use of this system, breeders can

anticipate and perform water maintenance on the fishpond more efficiently.

1.2 Problem Statement (PS)

In fish farming, it is difficult for breeders to monitor water for the purpose of water
maintenance process. The need for fully equipped tools and a lengthy process to test water
causes breeders to have time constraints with other matters in managing their premises.
Easiest way could be by manually look at the color or turbidity of the water. However,
this method is not accurate since other parameters such as pH and temperature cannot
directly observable. This can endanger the fishpond environment and interfere with fish
growth. Despite the color of the water is clear, does not guarantee good water quality in
the fishpond. Thus, manual tools are used for measuring, for example water samples
obtained from the ponds by the breeders themselves which are then evaluated manually
using special meters for pH and temperature readings. This also pose problem and hard
time to fish breeders in monitoring their fishpond. To summarize this, the problem

statements for this project are shown in Table 1.1.



Table 1.1: Summary of Problem Statement

PS Problem Statement
PS; Hard to monitor the quality of water using the manual method
PS, No indicator for water maintenance and only based on the physical change

of water color

PS; Lack of notification to identify the poor water quality

1.3 Project Question (PQ)

Project questions were used to identify questions on monitoring water quality
conditions. Based on several studies, it can be concluded that there are some difficulties
in determining whether water quality reaches the required level for fish farming purposes.

Table 1.2 shows the summary of the project question.

Table 1.2: Summary of Project Question

PS PQ Project Question

PS; PQ, How to monitor water quality for tilapia farming more

effectively?

PS, PQ, How to determine water quality conditions based on water
parameters?

PS, PQ, How to warn fish breeder if water quality exceeds the level of
action?

1.4 Project Objective (PO)

Project objectives are tailored to the problem statement and project questions. The
objectives of this Water Quality Monitoring System project are shown in the Table 1.3

below.



Table 1.3: Summary of Project Objective

PS PQ PO Project Objective

PS;, PQ,, PO, To identify water quality parameters for tilapia

PS,, PQ,, fish farming.

PS; PQ; PO, To design and develop IoT based monitoring
system that able to monitor and alert water
quality.

P03 To test the effectiveness of the system

functionality, response time, and accuracy.

1.5 Project Scope

1. Focus on the use of fish breeders in maintaining the water quality of their
fishponds. Fish breeders can view water quality indicators through their mobile
phone.

2. Asmart loT project that focuses on the development of features that can be offered
through the system by detecting water parameters in terms of pH level and water
temperature using sensors. Initially, the dissolved oxygen water parameter also
includes as part of the project plan but cannot be done due to finance constraint.
Alerting system that can notify the mobile phone user when the parameters values

exceed the action level.

1.6 Project Contribution (PC)

Project contribution defines the expected outcome from this project. This project
may help many fish breeder especially modest breeder by providing the monitoring system
for their fishpond water quality maintenance. The main goal of this project is to monitor

the water quality for fish farming purposes.

The utilization of loT with mobile application technology eases the project
development in monitoring and alerting to the mobile phone. Detecting the parameters of



the water helps to increase the water quality that meets the requirement for the use of fish
farming. Table 1.4 below shows the summary of project contribution.

Table 1.4: Summary of Project Contribution

PS PQ PO PC | Project Contribution

PS;, | PQy, PO; | PC, | Provide asolution in detecting the parameter of

PS,, | PQg, the water quality.

PS; | PQs PO, | PC, | Provide mobile application that can monitor and
alert.

PO; | PC; | Provide an effective system for consumerism.

1.7 Report Organization

Chapter 1: Introduction
This chapter discuss about the purpose in developing the Water Quality
Monitoring System which includes project background, problem statement, project

question, and project objective to clarify the intention of the system.

Chapter 2: Literature Review

This chapter discuss about other topics that have similar fields and can
correlated to this project. Previous work or related work that using different tools and
methods been compared. In this chapter will make changes to the existing work and

identify the improvements needed in this project.

Chapter 3: Project Methodology
This chapter consists of a preview to the project methodology and methods
that can be done on this project. This project uses Agile model and every stage of this

methodology will be described in this chapter. The project milestones will be planned



for proper project planning to make sure every task and phases are being through
smoothly.

Chapter 4: Analysis and Design

This chapter will cover all the requirement that need to be analyzed for the
project which include the Data Requirement, Functional Requirement, and Non-
functional requirement. The results of the analysis and detailed design will be
described. This chapter can be considered important where it is necessary to formulate

a good analysis and design in order to produce a successful project.

Chapter 5: Implementation

In this chapter contain the implementation of the project design that has been
determined previously. The system development begins using the required software
and hardware. The implementation status and progress for each of the component or
module been described.

Chapter 6: Testing

Through this chapter, testing phase and testing strategy that been adopted in
the project are described. Testing will be made according to the testing strategy which
include the Test Plan, Test Strategy, Test Design, and Test Results & Analysis. This
allows the developed project system to be analyzed for any weaknesses and

improvements that need to be made.

Chapter 7: Project Conclusion

This chapter explains the conclusions of this project on how the objectives are
achieved based on the implementation and the testing phase. Significant results
obtained in this project are summarized including the weaknesses and strengths of this

project.



1.8 Conclusion

In conclusion, this project helps to improve water quality for the purpose of fish
farming. In this chapter, all objectives, problem statements, project questions, project
scope, and project contributions can be identified in detail. Water Quality Monitoring
System can solve the problems faced by fish breeders in monitoring the use of their water
quality in fishponds. This project can provide an overview of how the sensor method can
detect the parameters of the water to be captured and transferred to the mobile phone.
When the project is complete and ready to use in real situations, it can be useful and

provide effective solutions to solve problems faced by fish breeders.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter discuss about the related works that relevant to the specific area of
the research chosen. The literature will briefly describe in detail the significance of
monitoring the water quality especially for the purpose of the fish farming by referring
some certified sources. This provides a critical summary for the research -related topics
published. Developing a Water Quality Monitoring System will be the focus of this
chapter. All explanation and information about the sensors and applications is explained.

2.2 Related Work

Related work explained about the domain that related to the water monitoring
system. The purpose of this related work is to identify and analyze the domain that can

enhance the knowledge and understanding in aiding the developing process.

2.2.1 Water Quality Requirements of Tilapia

Water quality plays an important role in determining the production of healthy fish
products. Fish live depend entirely on the water in which they live for all their needs. If
the water quality is in accordance with the needs of the fish, then it will be more beneficial
for the fish to get the maximum weight and size. The pH level essentially determines the
acidic or basic nature of the water. Figure 2.1 shows the perception from the fish farming
community, most of the fish breeders agree and aware about the water qualities in term of

pH, Dissolved oxygen, CO2, and Soluble salts can influence the good or bad of the water.



However, based on statistics shows that only a few of the respondents practice the
adoption of water quality maintenance and some of them do not apply it. This may be
closely related to the lack of knowledge and information, time constraints, and high cost

of getting a fully equipped tools which implies the effort in adopting the water quality.

Water Qualities

51.85%

50.37%
37.03% 34 81%
76.66% 2B.BE%
14.07% 12.50%

pH (7.5-8.5) Disolved oxygen (5-12ppm) CO2 | > 3ppm) Soluble salts | > 1000ppm)

Respondents

B Water Qualities Awareness¥ W 'Water Qualities Adoption%

Figure 2.1: Water Perceptions from Fish Farming Community

Different fish species have different specific aspects of water quality. Tilapia is no
exception in this regard, aspects of water quality including pH and temperature determine
where they can survive, grow, and reproduce. Tilapia usually stops feeding when the water
drops below 17 oC and death occurs below 11 C (Atwood et al., 2003; Popma and Masser,
1999). The optimal water temperature for tilapia growth is between 29 and 31 -C (Popma
and Masser, 1999). The temperature outside this level of comfort reduces appetite, growth,
increased stress, and incidence of disease to tilapia. Higher temperature increases the rate
of bio-chemical activity of the micro biota, plant respiratory rate, and so increase in
oxygen demand (Bhatnagar, A., & Devi, P., 2013).

Regarding pH, readings below 4 can result in low survival rates to tilapia,
increased mucus secretion, irritation and swelling of the gills can occur. The pH of water
should be maintained between 4 and 9. Below 4 and above 10.5 can indicate a significant

mortality rate.
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Therefore, fish breeders must always be sensitive to changes that occur in the
water. Based on figure 2.2 shows an indication of the level of action that needs to be given
attention by breeders. Once the value exceeds the value of the action level, the breeder
must take action to make the water conservation. Values exceeding these levels of action

are expected to have a negative impact on fish survival and production quality.

Parameter Optimal Action level
Temperature (~C) 29-31 <12-13
Dissolved oxygen (mg/L) »5-6° =3.1

Carbon dioxide (mg/L) <20F >B0F

AP (mm Hg) <3040 >35-100
Un-ionized ammonia (mg/L) =043 »1.0°

pH 4-9 <39 and >10.1
© Estimated value.

Figure 2.2: Water Parameter Indication

Fish waste and food surplus are broken down into ionized ammonium (NH4), or
non -ionized ammonia (NH3). Ammonium is harmless to fish, whereas ammonia is toxic.
The pH of water is the determining factor that causes fish waste and food to decompose
into ammonium, or ammonia. A lower pH level will have a higher ammonium
concentration, and a higher pH level will have a higher ammonia concentration. Its
concentration level is directly proportional to pH. As the pH increases, the concentration
(toxicity) of ammonia also increases. When the pH level rises above 9, most of the
ammonium in the water is converted into toxic ammonia (NH3), which can kill fish. This
stage can also cause gill and kidney damage, impaired growth, and decreased resistance
to disease (Chewy Editorial, 2021). Beside of that, rain can be the reason that influence
the value of pH water. There's no doubting that rain is good for ponds since it provides a
free and gentle water source that's devoid of pollutants like chlorine and chloramine.
However, the presence of acid rain can endanger fishponds. Simply put, acid rain is a
mixture of wet and dry particles (nitric and sulfuric acids). Technically it refers to all types
of rainfall with a pH less than 7, posing a threat to fish. Acid rain is caused by pollution
in the air, which is mostly caused by vehicles, power plants, and the burning of coal and
oil (Nualgi America, Inc., 2020).
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2.2.2 Sensors for Water Monitoring

Water quality monitoring systems require sensors to obtain readings of water
quality parameters. A single sensor has the ability to provide different parameters such as
for pH level and water temperature. By connecting the sensor with the Raspberry Pi in
series to get each value. Each value is decoded and split up using python programming.

Water quality can be easily predicted using pH and temperature values.

For use in this project, the DS18B20 Temperature Sensor is an ideal sensor for
monitoring water temperature. DS18B20 is a 1 -wire Temperature sensor that can be
programmed from a maximum combination. It is widely used to measure temperature in

harsh environments such as in chemical solutions or soils.

.
—

1i7a

N

Figure 2.3: DS18B20 Temperature Sensor

The sensor has a unique single -wire interface method. It only requires a mouth
line to connect microprocessors and to establish two-way communication. No peripheral

devices are required during use.
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Figure 2.4: DS18B20 Circuit Connection
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The power supply is available via a data channel, and the associated voltage ranges
from + 3.0V to + 5.5V. The temperature measurement ranges from -55 ° C to +125 ° C,
the inherent resolution of the temperature measurement is 0.5 ° C. Digital reading patterns
with 9 ~ 12 bits can be realized by programming. The upper and lower alarm thresholds

can be set by the user.

The pH of a solution is a measurement of its acidity and alkalinity. The hydrogen
ion concentration index is another name for it. The pH scale measures hydrogen-ion
activity in solution. Typically, pH is expressed as a number ranging from 0 to 14. pH 7 is
considered neutral. A pH of less than 7 is classified as acidic. A pH greater than 7 is then
considered alkaline (basic).

Figure 2.5: E-201-C pH Sensor

The pH sensor E-201-C is intended to quantify the pH of a solution and reflect its
acidity or alkalinity. This instrument tests the hydrogen-ion activity of a water-based
solution and is commonly used to determine the pH of a liquid. Acidic solutions have a
high number of hydrogen ions and have a low pH value. Therefore, the more hydrogen

ions, the lower the pH, on the contrary, the fewer hydrogen ions, the higher the pH value.
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Beside of that, the precautions should be taken when using this sensor. The
sensitive glass bubble in the pH probe's head should not encounter the hard substance. The
electrode will fail if it is damaged or scratched once touched with the hard material.
Moreover, the pH probe needs to be disconnected from the signal converter board once
the measurement is complete. For lengthy periods of time, the pH analogue sensor probe
should not be attached to the signal converter board without power.

Figure 2.5: Analog Dissolved Oxygen Sensor

Analog Dissolved Oxygen Sensor used to determine the amount of dissolved
oxygen in water and hence the water quality. It's used in a variety of water quality
applications, including aquaculture, environmental monitoring, and natural science. One
of the most important metrics for representing water quality is dissolved oxygen. Low
levels of dissolved oxygen in the water will make it difficult for fish to breathe,
endangering their lives. However, these sensors will cost a high price and research results

this product only available from overseas supplier.

2.2.3 Raspberry Pi

Raspberry Pi is a powerful computer in the size of a credit card. The Raspberry Pi
3 comes with Bluetooth Low Energy (BLE) and Wi-Fi built-in (Balon, B., & Simi¢, M.,

2019). Raspberry Pi 3 has improved power management, with an upgraded switched
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power source of up to 2.5A, to support more powerful external USB devices. It uses ARM
(Advance RISE Machine) with clock speed 1.4 GHz 64Bit quad-core processor.

Figure 2.6: Raspberry Pi 3 Model B+

For years work was done on the Arduino, but the difference is that the Arduino is
a microcontroller, and the Raspberry pi is a microprocessor that can process data very
efficiently with a 1.4 GHz, 64 Bit Quad-core ARM processor (Nath, O., 2020). Also, the
performance of the Pi 3 is about 50-60% faster than the Pi 2 which means it is ten times
faster than the original Pi. Table 2.1 shows the detail specification of Raspberry Pi 3 Model
B+.

Table 2.1: Specification of Raspberry Pi 3 Model B+

Microprocessor | Raspberry Pi 3 Model B+

SOC Type Broadcom BCM2837B0 (with metal cover)
(Processor)

Core Type Cortex-A53 (ARMv8) 64-bit

CPU Clock 1.4GHz

RAM 1GB LPDDR2 SDRAM

Wi-Fi 2.4GHz and 5GHz IEEE 802.11.b/g/n/ac wireless LAN
Bluetooth Bluetooth 4.2, Bluetooth Low Energy (BLE)
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Memory Micro SD port for loading operating system and storing data

Power Rating 5V/2.5A DC power input

Ethernet Gigabit Ethernet over USB 2.0 (maximum throughput 300
Mbps)

HDMI Full-size HDMI

USB Port 4 x USB 2.0 ports

POE Power-over-Ethernet (PoE) support (requires separate PoE
HAT)

2.3 Critical Review

In this section of Chapter 2 Literature Review, several work from previous projects
will be compared and analyzed to identify appropriate methodologies, technigues, and

components that can be used in this project.

2.3.1 Water Quality Monitoring System Based on loT Platform

According to (Fadel, A. A., & Shujaa, M. 1., 2020), proposes a technique for water
factory manufacturers by using wireless sensor nodes. This project suggestion due of
constant changes in water, either due to seasonal changes in water chemistry or due to the
operative circumstances of the manufacturing climate, this dynamic system can be used
by the water manufacturers. Therefore, to minimize the risk of contamination, water
quality monitoring is defined as a method of obtaining data and information about water
from various regions in order to assess water quality over a regular or continuous duration.
In order to collect data from water, two types of sensors are used. These sensors are TDS
Sensor and pH sensor that are linked to microcontroller devices using Esp32 to handle
data collection. The node then sends the status over a wireless network using a specified
internet protocol (IP) where all information is transmitted to web application, which will

store data on the website.
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Figure 2.7: Concept Design of Water Quality Monitoring System Based on 10T
Platform

The 10T is outlined as networked devices that has the means to sense and collect
completely different information from too many locations at a same time. Through the
data collected, the system has ability to detect water testing parameters such as pH and
TDS with high accuracy and monitor quality of water automatically without human
intervention using wireless sensor networks nodes. This reduces the cost and time required

to perform laboratory analysis with proposed system.

2.3.2 Monitoring of Water Purification Process Based on IoT

Based on (Khalil, I. M., & Abdulrazzak, H. N., 2019), to get good water quality, a
monitoring system is needed that expands the wireless and loT sensor network. The
monitoring device for a drinking water purification system consists of a microcontroller
that controls the entire process of the purification system. Besides, LCD notifies and tell
the information to the maintenance person, a detector that analyzes data to determine the
healthy condition of the filter element, a reminder device that generates a message warn

the user about the unhealthy water condition of the filter element.
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Vonitoring
ESPS26601

Votor

Figure 2.8: Concept Design of Monitoring of Water Purification Process Based on
loT

The system comprised of two microcontrollers, one of which is the Arduino Uno
which is used to link the sensing element and transfer the measured value via the
NRF24L01, which serves as a transmission node. The other microcontroller is the
ESP8266 which is used to obtain the measured value by attaching to another node
NRF24L01 and transmitting the purification system status to the global database server.
Server then sends the status to the secure web, which notifies the maintenance person,
Monitoring is meant to display the measured value and the switch on/off purification
mechanism based on the measured value compiled from the sensor. A reminder is made
by producing a message and displaying the graphical state of the unhealthy water filtration
elements. Based on Figure 2.8, good water quality results were obtained using the
following algorithm, which took into account suitable pH and TDS values and indicated

the system's status in terms of pH and TDS separately using the equation.

1 whenpHwithintheacceptancerange

0 whenpHoutoftheacceptancerange
1 whenTDS wit/in t/ e acceptance range
0 whenTDS out of t/ze acceptance range =~

SystemStatuswithrespecttopH = {

SystemStatuswithrespecttoTDS = {

Figure 2.9: Operation Algorithm
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2.3.3 Water Quality Monitoring using loT

By referring to (Sengupta et al., 2019), because of urbanization and pollution, it is
now important to track and assess the quality of water entering homes. The project focuses
on measuring variables such as pH, turbidity, and water temperature, which can be
checked on a regular basis. The pH sensors, turbidity sensors, and temperature sensors are
some of the sensors used to measure water quality. The pH and turbidity sensors are
analog sensors, while the temperature sensor is a digital sensor. The Raspberry Pi 3 B+
used only accommodate digital inputs. Therefore, the temperature sensor is directly
attached to the Raspberry Pi's GPIO pins, while the pH and turbidity sensors are connected
to the Analog to Digital Converter (ADC) to receive digital output. The Raspberry Pi
module processes the sensor data and sends it to the cloud server. The sensed values are
available on the cloud through cloud computing and are used to decide whether or not the
data is within a safe range. Depending on whether or not this condition is met, the
Raspberry Pi rules the relay machine, which determines whether or not the water supply
can be continued. The water quality parameters thus recorded are then shown on web

server, where the relevant authority may track and manage the water supply manually.

Tarbddity

Module
ADC . Relay
AMdechanism
pH Sernsor _—
aModule Raspberry P
il
w
Solenoid
lemperature
Valve
Sensor
)
12V DX
Web Server Supply

[ Database)

Figure 2.10: Concept Design of Water Quality Monitoring using 10T
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Temperature and pH value relations also been discussed. The pH of water is also
affected by temperature changes. Since pH varies with temperature, the pH of water at
10°C will not be the same as the pH of water at 25°C. The pH value in water reduces as
the temperature rises, making the water more acidic. As seen in Figure 2.11, the pH values
vary very little in the acidic region as the temperature rises, but dramatically in the basic

region.

pH Range Temperature
0°C 25°C 60°C
Acid 0.99 1.00 1.01
Neutral 7.47 7.00 6.51
Base 1494 14.00 13.02

Figure 2.11: Change in pH due to increase in temperature

Based on (Fadel, A. A., & Shujaa, M. 1., 2020), (Khalil, I. M., & Abdulrazzak, H.
N., 2019) and (Sengupta et al., 2019) studies, their projects focus on the web-based
platform monitoring. Nowadays, mobile phone has commonly been used and are often
held close to the user. Warning alerts via mobile phones make it easier for users to
constantly monitor. As a result, fish breeders will be able to get fast warning updates and

information about the water quality in their fishpond.



Table 2.2: Comparison of Previous Project
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Journal Name/ | Microcontroller / Sensor Type Parameters Communication Platform
Author Microprocessor Technology
Water Quality ESP 32 Total Dissolved TDS & pH Value Wi-Fi Web-Based
Monitoring System Solid (TDS)
Based On loT Sensor & pH
Platform (Fadel, A. Sensor
A., & Shujaa, M. |,
2020)
Monitoring of Arduino Uno Total Dissolved TDS & pH Value Wi-Fi Web-Based
Water Purification & Solid (TDS)
Process Based on ESP8266 Sensor & pH
loT (Khalil, 1. M., Sensor
& Abdulrazzak, H.
N., 2019)
Water Quality | Raspberry Pi 3B+ | Turbidity Module, | Turbidity, pH, & Not stated Web-Based
Monitoring  using pH Sensor Module, Temperature
IoT (Sengupta et & Temperature
al., 2019) Sensor
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Proposed Solution Raspberry Pi 3B+ | pH Sensor Module, | pH & Temperature Wi-Fi Mobile Apps
& Temperature

Sensor

Based on Table 2.2 above shows the comparison between the previous projects. As been showed, the previous projects used ESP
32, Arduino Uno, ESP8266, and Raspberry Pi 3B+ as their microcontroller or microprocessor. In this project used Raspberry Pi 3B+ as
the microprocessor. Total Dissolved Solid (TDS) Sensor, pH Sensor, and Temperature Sensor are among the sensors used in the previous
project, hence this project used pH Sensor and Temperature Sensor as the sensor which monitor the pH and temperature water
parameters. Moreover, most of the previous projects used Wi-Fi as a communication technology as well in this project. on the other

hand, all the previous projects provide a web-based platform, but in this project mobile apps are implemented.



Table 2.3: Functionality Comparison Between Previous Projects
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Journal Name / Author

Display Data

Mobile Apps Dashboard
(Visualize Data)

Notification

Water Quality Monitoring
System Based on loT
Platform (Fadel, A. A., &
Shujaa, M. 1., 2020)

Monitoring of  Water
Purification Process Based
on loT (Khalil, I. M., &
Abdulrazzak, H. N., 2019)

Water Quality Monitoring
using loT (Sengupta et al.,
2019)

Proposed Solution

CSNISIK

QXX X

X
v/
X
v/

Table 2.3 shows the gaps from the existing works with the proposed project. It clearly highlights that all the previous project and

this proposed project have a display data for the monitoring purpose. Moreover, the main advantage of this proposed project is to

provide a mobile application dashboard to users that was not available in the previous project. Besides, most of the previous projects

did not have an alert function whereas this proposed project was to provide and use an alert function.
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2.4 Proposed Solution

From the critical reviews, this project is aims to improve and develop a system for
measuring water quality using pH sensor and temperature sensor good detection accuracy.
The pH and temperature are crucial water parameter to be measured to determine the water
quality condition in the fishpond. The optimal water temperature for tilapia growth is
between 29 and 31 C whereas the pH of water should be maintained between 4 and 9.
The value outside this level can affect growth and incidence of disease to tilapia as

discussed early in this chapter.

Unclean water can cause pathogens that may affect aquaculture growth and safety
(De Belen, M. C., & Cruz, F. R. G., 2017). Monitoring the water can be done by using pH
sensor and temperature sensor which will constantly record the pH and water temperature
value. The importance of correct pH and temperature values in the preparation of accurate
data should not be underestimated. Once water parameters have been recorded, data
should be delivered to fish breeders. Breeders are able to monitor the water quality of their
fishponds even if they are not in the pond area. This would increase the water quality and
the effectiveness with which the fishpond is maintained.

The system would have a microprocessor, Raspberry Pi 3 B+, which will read data
from pH sensor and temperature sensor to detect pH and temperature values and then send
the information to a cloud database platform. Analog-to-Digital Converter can be used to
transform data from analog to digital so that it can be read. The data would be submitted
to the user's smartphone and made available online. If the water parameters exceed the
action level value, a warning message will be sent to the mobile. The fish breeders will
get alert notification from their mobile and will take the appropriate actions to keep the

fishpond in good water quality condition.
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Raspberry Pi 3 B+

40pins: 28x GPIO, 12C, SPI, UART

pH Sensor

Temperature
Sensor

Cloud Database

Figure 2.12: Architecture Design for Proposed Solution

2.5 Conclusion

This chapter discusses the project's literature analysis, which is an ongoing project

review, in order to complete a successful project. The system architecture review will be

explored in depth. The literature review includes data collection and details, as well as

problem identification and criteria. Any outcome is a result of the data review, and some

conclusions and recommendations have been drawn from the findings of this chapter.
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CHAPTER 3: PROJECT METHODOLOGY

3.1 Introduction

This chapter went through in detail about the methodology used as a guide and
reference to make sure the project is in track and in the correct order. The methodology
offers steps and procedures in achieving the milestones while in the project completion
process. There are various types of methodologies that can be selected for use as a
reference, using the right methodology can determine the overall success and quality of

the project report.

Based on this 10T project, SDLC methodology, namely the Agile model, is seen
to be able to provide good effectiveness in developing the project. Agile model can
provide mobility and flexible advantages throughout the development phase. Agile model
breaks down tasks into iterations or smaller parts. Development and testing are based on
continuous iteration throughout the project development life cycle. Both development and

testing activities been conduct simultaneous.

3.2 Methodology

The methodology chosen for this project is the Agile model. Just like other
methodologies, Agile model also has its own stages in implementing the project. This
provides descriptive guidelines for creating efficient performance support in four stages.
Agile Model phases consists of Requirements, Architecture and Design, Development,
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and Testing and Feedback phases. The Agile model offers a flexible guide to build
efficient and high-quality system.

Requirements

/ \

Testing and
.|

N 7

Development

Architecture

Feedback

Figure 3.1: Agile Model

Based on Figure 3.1, shows the methodology of Agile model. Agile model starts
with the requirements phase where the project requirements are identified. This procedure
then moves to the architectural and design phase, when the system setting is drafted. The
system development phase will begin in accordance with the project plan. Finally, testing
and feedback phases were undertaken in order to obtain any input and enhance the project.
Aside from that, this methodology allows for flexibility in the project implementation
process. Once completed with the specific phases, able to refer back to the prior phase for

any modification and improvement.

3.2.1 Requirements Phase

Each project development life cycle requires to discuss the requirements needed
to develop a product. The main objective of this phase is to identify and define the system
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requirements in detail. All the requirements will be listed and detailed. It is necessary in

ensure that process representatives have a clear understanding of the role and how each

requirement should be implemented.

Table 3.1: System Requirement

Item

Description

Collect the data

The system able to detect and collect the data from

the sensors.

Monitor and alert notification

The system offers to monitor and alert the user

when exceeding the normal values via notification.

Testing the effectiveness of | The system should be effective for consumerism.

system

The selection of hardware is done after considering based on several factors such

as hardware availability, affordable costs, and the suitability of the hardware to support in

developing this project system. Based on Table 3.1, system requirement been listed and

each of the system requirement been described.

Table 3.2: Hardware Requirement

Item

Description

Raspberry Pi 3 Model B+

This microprocessor makes it an ideal candidate for this
loT project as multiple sensors can be connected to it
simultaneously. It used to host Raspbian operating
systems and offers to connect and control external
electronic devices via a set of GPIOs, or ‘General

Purpose Outputs’.

E-201-C pH Sensor

Selection of this sensor model is based on its affordable
price compared to other models in addition to being able

to provide the same functionality. It is convenient to use

with Raspberry Pi to measure the PH of liquids.
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DS18B20 Temperature

Sensor

This is the only one common sensor available in the
market to be used. It is used to measure temperature
value in harsh environments like in chemical solutions,

mines or soil.

Breadboard

This breadboard be used to act as the platforms that
allow to build and test electronic circuits without having

to solder anything.

MCP3008

MCP3008 is an Analog-to-Digital Converter used to
convert the Analog voltage to digital value. This
converter is needed because E-201-C pH Sensor is an
analog sensor. The Raspberry Pi computer does not read
analog inputs. Therefore, the MCP3008 will translate

for Raspberry Pi use.

Jumper Wire

Used to making connections between items on the

breadboard and Raspberry Pi pins.

Resistor 4.7K Ohm

Used to reduce current flow

Based on Table 3.2, hardware requirement been listed and the description details

of each of the hardware been elaborate.

Table 3.3: Software Requirement

ltem

Description

Raspbian OS

Free operating system based on Debian,
optimized for the purpose of Raspberry Pi
hardware use. This software been chosen
because of it is official OS for Raspberry
Pi.

Kodular

Tools used to build applications for
Android devices. Kodular is a web-based

platform that does not require a high pc




29

specification, this allows application
development to be done more easily and

economically.

Thingspeak

Thingspeak is a cloud-hosted database
used to store and sync data in real-time. It
is used to obtain a graph visualization of
the data stored and included in the

application of this project.

Based on Table 3.3, software requirement been listed and the description details

of each of the software been elaborate.

3.2.2 Architecture and Design Phase

Architecture and design are a phase that discuss about the architecture of the

project that helps in defining the overall system using the requirement specify in the

previous phase which is requirement phase. The prototype design is to use the sensors to

measure water quality and send data to the Raspberry Pi. The program code will be written

specifically for each sensor. Then, the connection circuit design between the sensor,

microprocessor and microchip on the breadboard is drafted.
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Raspberry Pi 3 B+ Cloud Database

40pins: 28x GPIO, 12C, SPI, UART

Temperature

pH Sensor
Sensor

Figure 3.2: Overall System Design

Based on Figure 3.2, shows an overview design of the overall system to illustrate
how the system will work. Basically, Raspberry Pi 3 B+ will gained the data from sensors
which are pH sensor and Temperature sensor. Raspberry Pi 3 B+ then analyze this data
and transmit it to the cloud database. From this, mobile apps will show the output based

on the data received from the cloud database.

3.2.3 Development Phase

The development process begins with the connection of each hardware device.
Once the connection is complete, the Raspbian OS is installed as the operating system to
the Raspberry Pi’s SD card. All configurations will be recorded and stored on the SD card;
this is where all the code will be written on Raspberry Pi. The connection between the

sensor and microprocessor is then tested to obtain an output reading.

Once an accurate read is achieved, it then needs to be transferred to the cloud
database. Wi-Fi connection been established on the Raspberry Pi to ensure its connection

to the internet. Firebase cloud database then been setting up to receive the data from the
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Raspberry Pi. After that, application development will start using Android Studio. This
application will be developed to suits the android platform and will be installed on
smartphones. The application should receive all the upcoming data gain from the cloud

database and display it on the smartphone.

3.2.4 Testing and Feedback Phase

In this phase, the testing process been conducted to ensure that everything goes in
line with the expected results and goals. Android emulator have been used to run the
testing of the application developed. After that, testing is done on a real smartphone device
before it can be deployed on the real situation. Any feedback and review will be sought to
improve and correct any issue from the developed application. This testing process is

repeated until all critical issues are removed, and the application is developed stably.

3.3 Project Milestones

Table 3.4: Project Milestone

Phase Activity

Requirements = Project proposal

= Proposal assessment and verification

=  Proposal improvement and correction

= Proposal submission

= Project objectives, scopes, and problem statement
identification

= Project requirements identification

Architecture and = Design the project architecture
Design = Project hardware connection identification

= Construct flow chart for the system flow

Development = Build the hardware connection

= Program code been written into the Raspberry Pi

= Set up connection with the cloud database
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Develop the application for android platform

Testing and Feedback

Monitor the system for any error and flaw
System is tested into real environment scenarios
Test and collect feedback from users

Improve and correct any issue arise

Table 3.4 shows the phases involved in the project milestone. The phases include

Requirement’s phase, Architecture and Design phase, Development phase, and Testing

and Feedback phase. Activities involved from each of the phases been listed.



33

Table 3.5: Project Gantt Chart

Task Name Week
1/12|!3|4|5|6|7|8|9|10|11 /12|13 |14 |15 |16|17 |18 |19 |20 | 21

Requirements

Architecture and

Design

Development

Testing and
Feedback

Based on Table 3.5, shows the project gantt chart. This project is divided into two sessions, namely Final Year Project 1 (FYP
1) and Final Year Project 2 (FYP 2). Basically, Final Year Project 1 (FYP 1) will involve between week 1 to week 14. On the other
hand, Final Year Project 2 (FYP 2) will be performed for 7 weeks which will involve between week 15 to week 21. Therefore, Final
Year Project 1 will go through the Requirement, Architecture and Design, and half of the Development phases while Final Year Project

2 will go through the Development and also the Testing and Feedback phases.
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3.4 Conclusion

To summarize, Agile SDLC model methodology is chosen to assist project
development in deliver the project efficiencies to meet the deadline. This chapter consist
of the significance of planning by committing the steps determined in the selected
methodology. Project milestones are stated for planning use to guide project
implementation according to a predetermined timeline. For the next chapter, analysis and
design will be discussed and explained. Complete details on the design and structure of

the system will be described in the next chapter.
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CHAPTER 4: ANALYSIS AND DESIGN

4.1 Introduction

Chapter 4 cover about the analysis and design of the project in determine on the
best plans and preparations for the project. The project problem been identified to be
analyses before commit with the further analysis and project requirement. Moreover, the
project design been developed to achieve the expected outcome or output. Then, the
hardware and software that related and required in this project also will been discusses in

this chapter.

4.2 Problem Analysis

Water quality is a serious matter that fish breeders need to consider. The
production and rearing of fish farms are influenced by good water quality factors in
accordance with the needs of the fish. Therefore, care and monitoring of fishpond water
quality should always be done from time to time. However, fish farmers have certain
obstacles in conducting the monitoring. Among them are manual method used by the fish
breeders, they need to perform manual monitoring activities that are somewhat little
energy -intensive and time consuming. Therefore, the Raspberry Pi microprocessor and
sensors such as pH sensor and temperature sensor will be placed at the location of the
fishponds to perform the water monitoring process, this does not need the fish breeders to
go down the location every time the monitoring process be done. Besides, no indicator for
water maintenance where the water maintenance is only based on the physical changes of
the water color. By implementing the system, pH and temperature will be the main

indicator of the water parameter by appreciating the pH sensor and temperature sensor.
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Moreover, fish breeders are unable to know when the exact time the immediate
maintenance can be done when the water quality declines. Therefore, the system will be
designed to provide a mobile apps using Kodular platform with a real-time information
that can assist the breeders in knowing their fishpond water quality status as well as get

notifications when water quality changes occur.

4.3 Requirement Analysis

4.3.1 Data Requirement

In monitoring the water quality, data means significance things that need to be
process. Therefore, sensors will act to detect and measure the information such as
temperature and pH value. This data will be process locally in the Raspberry Pi. Once
then, it will be transferred to be stored in the ThingSpeak cloud database. ThingSpeak is
a cloud based loT analytics tool with built in MATLAB analytics that lets to gather,
visualize, and analyze live data streams. Below, Table 4.1 shows the data dictionary of the
data that been generated and stored in the ThingSpeak cloud database.

Table 4.1: ThingSpeak Data Dictionary

Field Name Data Type Description

created at Datetime Time and date will be auto generated

once receive the value.

entry _id Int Entry number for the received data.

fieldl Double Data value received from Raspberry
Pi
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4.3.2 Functional Requirement

Water Monitoring System

View Main
Interface

View Graph Android App

Alert Notification

Thingspeak
Cloud Database

Temperature
n
/X sensor
\A

Figure 4.1: System Use Case Diagram

Based on Figure 4.1, shows the use case diagram of the water monitoring system.
From this, the functional requirement of this system is to allow the user to view the main
interface for monitoring, view the graph, and get the alert notification from the application.
Basically, all the information generated in the android app are being processed and
gathered from the ThingSpeak cloud database. This data information was previously
obtained from the Raspberry Pi that generated from the sensors.

4.3.3 Non-functional Requirement

This system will perform according to few quality requirements such as Consistency,
Usability, and Availability:
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Consistency

The system will show and display the data consistently as long as the Raspberry Pi and

the sensors keep running and generated the value to be transmitted to the cloud database.

Usability

It is important to ensure that the application that has been designed is easy to be used and

understand especially for the novice user.

Availability

System services will function as required and will not fail or undergo repair actions when

required.

4.3.4 Others Requirement

Software Specifications:

» Raspbian OS
Raspbian OS is a Raspberry Pi operating system based on Debian. The Raspberry
Pi Foundation has officially made it accessible as the primary operating system for
the Raspberry Pi series of tiny single board computers since 2015. By default, the
Raspberry Pi supports C/C++, Python 2/3, and Scratch. On Raspbian OS, however,
virtually any language compiler or interpreter may be installed.
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Figure 4.2: Raspberry OS

= Kodular
Kodular is an online suite tools for mobile app development. It mainly provides a
free drag-and-drop Android app creator without coding, based on MIT
Applnventor. It brings lots of new features like new components and blocks. It
also provides a free online app store to share and distribute apps and an extensions

IDE for advanced users.
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Figure 4.3: Kodular

» ThingSpeak
ThingSpeak is an open-source Internet of Things (IoT) application and API for

storing and retrieving data from things over the Internet or over a Local Area
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Network utilizing the HTTP and MQTT protocols. ThingSpeak allows developers
to create sensor recording apps, location tracking apps, and a social network of

things with status updates.

[ I ThingSpeak

Figure 4.4: ThingSpeak

Hardware Specifications:

= Raspberry Pi 3 Model B+

= E-201-C pH Sensor

= DS18B20 Temperature Sensor
Raspberry Pi and sensors information have been explained in detail as mentioned
in the previous Chapter 2 Critical Review.

» Breadboard
A breadboard is a rectangular piece of circuit board with many mounting holes. It
is used to link electronic components to single-board computers and
microcontrollers like the Arduino and Raspberry Pi. The connections are not

permanent and may be removed and reinstalled at any time.
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Figure 4.8: Breadboard

= MCP3008
The MCP3008 is well-known for providing analogue input to a Raspberry Pi that
is exclusively digital. This chip will give your microcontroller or microcomputer

project 8 channels of 10-bit analogue input.

Figure 4.9: MCP3008

= Jumper Wire
A jumper wire is an electrical wire having a connector or pin on both ends that is

used to connect the components of a breadboard.
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Figure 4.10: Jumper Wire

» Resistor 4.7K Ohm
Resistors are used for a variety of purposes such as reducing the current flow. It's
a two-terminal passive electrical component that acts as a circuit element by

implementing electrical resistance.

s

Figure 4.11: Resistor
4.4 High-Level Design

Development of Water Quality Monitoring System interacts with the
environmental of the physical sensor which are the pH sensor and the temperature sensor.
This interaction requires the interconnection between the physical equipment and the
software applications. Therefore, it is a responsible to the software as an intermediary to
enable the system to function. Raspbian OS that based on the Raspberry Pi will then be

run and execute the code for the system functional.
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Raspberry Pi J;L O
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action level Alert Neotification
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Figure 4.12: High Level Design Diagram

As been illustrated in Figure 4.12 above, once Raspberry Pi read the data gained
from the sensors, it will then be connected and transferred the data to the ThingSpeak
cloud. Graph will be generated based on the data value received. Once then, Kodular will
received the sensor data and the graph, alert notification will be produced if the data values

exceed the action level to notify the user.
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4.4.1 System Architecture

Power Supply
CJThingSpeak
Sensor »
- kodul
O RASPBERRY PI Transfer and
/ Display Data
Transfer Data #

~° 5

/4 \
\

SMARTPHONE
TEMPERATURE SENSOR

& pH SENSOR

Figure 4.13: System Architecture

Based on Figure 4.13, Micro USB will be connected to power up the Raspberry Pi. This
system uses the Raspberry Pi microprocessor which will be programmed to execute and
read the data generated from the sensors to obtain the temperature and pH value of the
water. This sensors data will be sent to the smartphone user via the built-in Wi-Fi module

on the Raspberry Pi to be connected to the cloud database first.

4.4.2 User Interface Design

The visual layout of the items that a user could interact with in an app is referred
to as user interface design. User interface designs will be not only appealing to the users,

but also practical and designed with them in mind especially for the use of novice user.
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Figure 4.14: Main Dashboard

Figure 4.14 above shows the application user interface for the main dashboard of
the water quality monitoring system. The main purpose of this interface is to provide users
the output value from the temperature sensor & pH sensor, and the real-time graph that
present the historical data for a given period of time. As been discussed in Chapter 2
Critical Review, pH of water is affected by temperature changes. The pH value in water
reduces as the temperature rises, making the water more acidic. Therefore, the plotted
graph of pH and temperature on figure above to some extent undergoing the changes due

to the temperature changes that affected by environmental factors.



4.5 Detailed Design

This part depicts the project's detailed design, which includes the structure

perspective of the system to be built, which includes the circuit diagram, system flow

chart, and pseudocode.

4.5.1 Circuit Diagram

Circuit diagram is a drawing that depict what the physical arrangement of the wires
and the components connected. It is used to build and maintain the component and
hardware devices. Once finished the prototype, this design can be used as the clear
reference and guideline for understanding how it work. Due to avoid the circuit diagram

being too crowded and dizzying, this diagram is divided into two diagrams which are the

pH sensor circuit diagram and the temperature sensor circuit diagram.
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Figure 4.15: pH Sensor Circuit Diagram
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Based on Figure 4.15, shows the pH Sensor Circuit Diagram. This diagram

consists of wire connections and components that associated with a pH sensor.

3V3 power o
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Figure 4.16: Temperature Sensor Circuit Diagram

Based on Figure 4.16, shows the Temperature Sensor Circuit Diagram. This
diagram consists of wire connections and components that associated with a temperature

Sensor.

4.5.2 Flow Chart

A flowchart is a diagram that shows how a workflow or process works. A
flowchart is a diagrammatic depiction of an algorithm, or a step-by-step procedure for
completing certain process.
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Figure 4.17: Flow Chart

Based on Figure 4.17, shows the Flow Chart diagram that explaining the process
of the system flow. The system starts by power on the raspberry pi, then it will be
functioning to detect the pH and temperature value. The conditional decision has
determined based on the previously discussed in Chapter 2 Literature Review. Once then,

the conditional decision of pH and temperature value will be finalized, if unnormal value



49

been detected will send an alert notification to the users. The value will been display on

the android apps that can be monitored by users.

4.5.3 Pseudocode

Pseudocode is basically a common language explanation of an algorithm or code.
It is designed so that humans can understand and not machines to understand its code.
Pseudocode is better understood than any algorithm code.

Program to detect pH and Temperature
Initialize
Input
pH

Temperature

Start loop
IF pH < THEN
OUTPUT “Low pH value”
ELSEIF pH = THEM
QUTPUT “High pH value”
ELSE
Display pH value
IF Temperature < THEM
QOUTPUT “Low Temperature valus™
ELSEIF Temperature > THEN
OUTPUT “High Temperature value”
ELSE
Display Temperature value

End loop

Figure 4.18: Pseudocode
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Based on Figure 4.18, shows the pseudocode. It is used to design an algorithm by
sketching out the program's structure before moving on to the actual coding

implementation.

4.6 Conclusion

The stages of project development include analysis and design. Prior to design
implementation, all software and hardware specifications must be defined and validated.
This chapter is the application's pre-preparation phase, in which the overall flow of the
system is described so that it may be better understood before implementation. This
chapter also covers all the critical design requirements, which will be executed and tested
in the following chapter. It also discusses the intended project's architectural design.
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CHAPTER 5: IMPLEMENTATION

5.1 Introduction

In this chapter, the design and analysis from the previous chapter be implemented.
The implementation of the project discussed in depth in this chapter. This chapter also
cover project environment setup and configuration management, which ensure that the
project runs smoothly and efficiently. The Raspberry Pi is used in this project to monitor
the water quality, and the user been notified when the pH and temperature levels exceed
the threshold. This project also makes use of additional software and hardware that is part

of the system.

5.2 Development Environment Setup

A development environment is a set of methods and tools used to create, test, and
debug a program or application. By setting up the development environment is to allow
an environment in which any changes to the system are being applied. Development
environment setup cover of Raspberry Pi environment, Desktop environment, and Water

Quality Monitoring System environment.

5.2.1 Raspberry Pi Environment

To begin the system building, the Raspberry Pi is one of the most important
components to be setup. This section will go over the Raspberry Pi environment settings
in detail. The Raspberry Pi is the most important component of this project since it allows
everything to work. It serves as a microprocessor to ensure that the water quality

monitoring system runs smoothly and efficiently. Therefore, to make the Raspberry Pi
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completely functional to use, Raspberry Pi development environment would need to be

setup by following a few simple steps.

Figure 5.1: Raspberry Pi Development Environment Setup

Based on Figure 5.1, shows the development environment setup for the Raspberry
Pi. The Raspberry Pi has an HDMI connector built in, so it able to connect to any monitor
or TV that has an HDMI port for providing the display of the Raspberry Pi interface.
Besides, to powered up the Raspberry Pi is by using the standard USB charging cable on
the micro-USB port. Keyboard and mouse are needed for the initial set-up and capability
of control to the RPI. MicroSD card is required to stored Operating System and the
working files for the use of the system. On the other hand, other easy ways to access and
use RPI is by remotely access using the VNC viewer via the desktop, whereas the VNC

Server is built into Raspberry Pi OS.

5.2.2 Desktop Environment

Desktop computers work as a main development environment in developing the
water quality monitoring system. Any requirement to access the RPI using VNC remote
method and development of the mobile apps are done by using this desktop. Based on
Table 5.1 below shows the specification of the desktop computer been used in this project.
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Table 5.1: Desktop Specification

Item Value

(O8] Microsoft Windows 10

Model Acer Swift 1

Processor | Intel Pentium CPU N4200 @ 1.10GHz
RAM 4.00 GB

ROM 128.00 GB

5.2.3 Water Quality Monitoring System Environment

To form a complex and well -functioning system, some components need to be
setup and connected. Water Quality Monitoring System is a system that are formed from
several components among which are Raspberry Pi, E-201-C pH sensor, DS18B20

temperature sensor, MCP3008, breadboard, jumper wire, and transistor.

Figure 5.2: System Development Environment Setup

Based on Figure 5.2 above shows the environment setup of the Water Quality
Monitoring System. This setup is not too difficult, nor too easy to be developed. However,

the connection on the part of the pH sensor and the Temperature sensor requires good



54

scrutiny. All the connection requires a connection between the sensors and the Raspberry
Pi GPIO pins. Previously in Chapter 4, Figure 4.15 and Figure 4.16 already illustrate the
circuit diagram for the connection. Based on Table 5.2 below, shows the details of the
connection between several components to the RPI as the main component using the
jumper wire. It is advisory best practice to use the same color of jumper wire on the same

connection function to avoid the confusion.

Table 5.2: System Component Connection

Component | Connection Details

pH sensor = Both GND pins connect to RPI Ground

= VCC pins connect to RPI 5V power

= PO pins connect to MCP3008 CH1
Temperature = DAT pins connect to RPI GPIO 4 (GPCLKO)
sensor = VCC pins connect to RPI 5V power

= GND pins connect to RPI Ground
MCP3008 = Vpp pins connect to RPI 3V3 power

=  Vggr Pins connect RPI 3V3 power

= AGND pins connect to RPI Ground

= CLK pins connect to RPI GPIO 18 (PCM_CLK)
* Doyt pins connect to RP1 GPIO 23

= D,y pins connect to RPI GPIO 24

= CS/SHDN pins connect to RP1 GP1025

= DGND pins connect to RPI Ground

= CHJ1 pins connect to pH sensor PO

5.3 Software Configuration Management

Software configuration management is the process of discovering and defining the

software configuration elements in the system. Configuration management, when
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effectively done, guarantees that the technological assets are setup correctly and that they

are related to one another.

5.3.1 Configuration Environment Setup

Configuration Environment Setup cover the configuration in the Raspberry Pi,
Desktop, and the Water Quality Monitoring System itself.

5.3.1.1 Raspberry Pi Configuration

The first and most important thing to do is make sure that the Raspberry Pi is
operated with Rasbian OS. Latest Rasbian OS will been download and write into the
MicroSD card. This MicroSD card will then be inserted into the Raspberry Pi and been
power up. The Raspbian OS will boot straight to the desktop, and the username pi and

password raspberry will been automatically set as the default credential.

[ROIED BN

Figure 5.3: Raspbian OS

Figure 5.3 shows the installed Raspbian OS in the Raspberry Pi which indicate

that the version used in this project is the Raspbian GNU/Linux 9.4 version.
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pi@raspberrypi

Figure 5.4: Python Version

Based on Figure 5.4, shows the python version in the Raspberry Pi which is Python
2.7.13 version. By default, Python 2 is already installed on the Raspbian OS. Basically,
Python will be used to write and execute the code on the Raspberry Pi especially for the

use of pH sensor and temperature sensor functions.

5.3.1.2 Desktop Configuration

Thingspeak and Kodular are web-based platform that will been used as part of the
tools used in this project. Thingspeak act as an analytic platform to retrieve the data from
Raspberry Pi and then generate the plotted graph. Whereas Kodular is an online tool to
develop the android mobile apps in this project. Both web-based platform will only been

access and develop by using the browser via desktop.



57

CJThingSpeak™ channcis -  Apps~ ices CommercialUse  HowtoBuy  ss

Watelity

Channel ID: 1408650 To monitor temperature and pH of water
Author: mwa0000022
Access: Public

Channel Settings
Percentage complete 50%
Channel ID 1408650

Name

Description

Field 1 Tampertiire « Channel Name: Ent
* Description: E

Field 2 pH « Field#: Check
channel can have up to 5 fields

Figure 5.5: Thingspeak Channel

Based on Figure 5.5, shows the created Thingspeak account channel to retrieve
both data value of pH and temperature from the Raspberry Pi. These channels will be
detected and authorized using the APl Keys that will be configured through the sensor

code in the Raspberry Pi.

e B e @ ¥

Figure 5.6: Kodular Project

Figure 5.6 shows the created Kodular project to develop the android mobile apps
in monitoring the water quality. It is compulsory to having an account first before
proceeding with the mobile app’s development. The design work will be done in this

section, it requires some skill and focus in visualizing the interface design for these apps.
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User-friendly, consistency and simple interface should be considered in designing the user

interface to make users feel more comfortable and able to get things done quickly.

5.3.1.3 Water Quality Monitoring System Configuration

Sensors Coding

To enable the pH sensor and temperature sensor to function, Raspberry Pi

need to be configured with the sensors code. Based on Figure 5.7, shows the

sensors code that have been write in Raspberry Pi. This code is intended to make

sensors read water data readings as well as make a few calculations before the data

is sent to the Thingspeak database using the Thingspeak Write Key that already

been set in the code. The code can be run by simply enter ‘sudo python

watelity3.py " through the Raspberry Pi terminal.
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22

@ headers [32 23 [while True:
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N 26 values = mcp.read_adc(1)
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Figure 5.7: Sensors Code

Main Dashboard Output

Main dashboards play a vital part in this project to provide the users with

monitoring of water parameter data. Therefore, in this section, an interface has

been designed which then the blocks are built to collect the data from ThingSpeak.
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Figure 5.8 below shows the blocks to retrieve the pH and temperature value from
ThingSpeak by using the ThingSpeak URL and ThingSpeak Read Key. This is
intended for an identification and authorization process before data can be
retrieved.

initialize global (Jto  [007) [ initialize global [Jto [0
ifialize global [ o [

LA Vet - B URL - RURRICI I 21 glotal URL_thingspeak -

set [T RS - EE5E8 to | format as decimal number

to

get

initialize local o call (ETEN JSON Text Decode

sot G 0 look up in pairs key |
pairs
notFound

==t CEE[EM 0 | bokupinpars key -

Edoiobsi - Lo Aksine Iy
LN

Esen set CTEEIRED o
—

Figure 5.8: Main Dashboard Blocks

Based on Figure 5.9 shows the example of output value on the main
dashboard after been run on the real android device. The pH indicator
automatically been assigned by considering the if else condition statement from
the blocks that have been built.
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Figure 5.9: Main Dashboard Output

Alert Notification Function

As this project objective to warn fish breeder about the water changes that
are not suitable for the fishpond environment. Alert notification function can assist
the users to been notified once the water quality exceeds the level of action. Based
on Figure 5.10 below, shows the alert function blocks that been build up in the
Kodular. To be simplify, the blocks will been set with the level of action value that
already been considered by referring the Chapter 2 Literature Review, this blocks
values will be compared with the received values from the sensors. Once values
from the sensors exceed the blocks values, it will trigger a notification according
to the pH perspective or the temperature perspective. Once the notification
triggered, the time interval will automatically been sign up intended for the next

notification inspection.

Clock4 ClockS

[ global p - [4]
call [FIT=ITERS Simple Nokification call (EITEITTIED Simpie Notification
PRI Gz ation A Temperalure Alert - Below than 12°C i SR C ation A pH Alert - Below than 2 W

(S PE PR Check the heal pump or do water changes. LSRR A dd an alkaline substance such as baking povider .

F=W Ciock4 - W Timer Interval - LN 900000 F=¥ Clocks - N Timer Interval - JLJN 900000
[ =1 global p -
call ([[TTTEITTIEN -Simple Nofification

L0 Clockd - B Timer Interval - JLCH| 900000 Eall Clocks - Timer Interval - JT]

Figure 5.10: Alert Function Blocks




61

Based on Figure 5.11, shows the example of alert notification function. The
notification title and message been showed in the bar notification of the phone
according to the blocks that have been build. The simple action been suggested
within the notification to provide the fish breeders some idea in overcoming the

issues.

9:31

Mon 2 Aug

O watelity ~

now ~

Location B Temperature Alert : Exceed than 31°C
Check or add additional aeration to pond and
filtration system

2m-a

Location A pH Alert : Exceed than 9
Add an acidic substance such as lemon juice to
decrease pH of water

2m v

Location B pH Alert : Exceed than 9

Figure 5.11: Alert Function Example

Multiple Location Dashboard

To monitor multiple fishpond locations, the mobile app interface needs to
be designed with options that allow users to switch dashboards between locations.
In Figure 5.12, spinner component been used in the Kodular to provide the
dropdown function in enabling the users to switch the dashboard. This dashboard

will provide users the selected location interface from the dropdown option.
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Figure 5.12: Location Spinner Function Blocks

In Figure 5.13, the dropdown option of the location will allow the users in
switching their fishpond monitered dashboard. Logically, this is necessary because
most fish breeder are not only focused on one fishpond, but also several other

fishponds to be monitored.

Figure 5.13: Location Dropdown Function

Graph Function

Graph is intended to show the analyzed and summary of the data within a
certain period of time. ThingSpeak web-based platform provide the plotted graphs
according to the received data value from the sensors. These plotted graphs can be
used for use in the mobile apps. On the other hand, these graphs also can be plotted
in the specific period such as the daily average values by changing in the graph
setting. In Figure 5.14, highlight the share button that contain the graph URL to be

used in the Kodular using the Web Viewer component.
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Figure 5.14I: ThingSpeak Graph

Based on Figure 5.15, shows the example of the setting in the web viewer
component. By using the web viewer component, can be used to display the
ThingSpeak graph in the mobile apps. The previous ThingSpeak graph URL will
be assigned in the Home Url setting.

& %2 |, Designer Blocks

All Components™ v s 0O tempchartreal Properties

N
Common properties
® indic_copy 2PR
Enable JavaScript
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F'\ Il parent ©,

© Spinner2
Width
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https: //thingspeak.com/channels/140865 }

O phchartreal

Scrollbar
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Zoom Display
Location_B
g Location Zoom Enabled

Zoom Percent
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oo Horizontal_Arrangem...

=

Figure 5.15: Web Viewer Component Setting



64

Figure 5.16 shows the example of the graph display output in the mobile
apps. Simply put, there is no difference between displays on the web and in mobile
apps. If any changes are to be made to the graph, it can be made directly through

ThingSpeak platform and the reconfiguration needs to be done again.

24.6 Alkaline

Daily Avg

Temperature °C

Temperature:26.118489999999966
Tue Jul 27 2029
08:00:00 GMT-+0BOD:

~—~
28. Jun 12,4l
Time

pH

pH:1.7802936887960819
Thu Jun 17 2021

o] 08:00:00 GMT+0800

Figure 5.16: Daily Average Graph

5.4 Implementation Status

In this section, the progress of the development status for each of the module been

described as the Table 5.3 below.

Table 5.3: Implementation Status Details

No. Module Description Duration Date
Completed
1 Assemble Hardware | Collecting all the 7 Days 24 April
components and 2021
hardware for the project.
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Dashboard

the blocks for the
dropdown function to
switch the different
locations dashboard.

2 Building the All components 7 Days 10 May 2021
Prototype successfully been
connected to breadboard
and Raspberry Pi.
3 Software Sensor’s code configured 14 Days | 24 May 2021
Configuration & using necessary libraries
Sensors Code and connect with the
Implementation ThingSpeak.
4 Mobile Apps Simple interface mobile 7 Days 30 May 2021
Development apps developed
successfully connected
and received the values
from Raspberry Pi.
5 Alert Notification Alert notification 7 Days 20 July 2021
Function function block been built,
and the bar notification
successfully display on
the phone.
6 Real-time & Daily Setting up the graphs 7 Days 22 July 2021
Average Graph setting in ThingSpeak
and Kodular to be
display in the mobile
apps.
7 Multiple Location Designing and built up 7 Days 24 July 2021

5.5 Conclusion

For the conclusion, the implementation phase demonstrates how the project

development process works in detail. The procedures and activities involved in this project

are broken down step by step to ensure that the project runs smoothly and efficiently.

Furthermore, in order to be more successful, the environment and configuration setup

must be carefully designed at this phase. The outcome from this chapter is obtained and

used in preparation for testing and analysis in the next chapter.
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CHAPTER 6: TESTING

6.1 Introduction

A brief discussion on project implementation was held in the previous chapter.
After the installation is complete, the testing and evaluation of the project will continue.
This is necessary to guarantee that the project is completed, and the objectives of water
quality monitoring are met. Several test plans will be explained in this chapter, such as
Test Plan, Test Strategy, Test Design, and Test Results Analysis. The verification method
is critical to ensuring that the finished product fulfills the required standards and functions

properly while furthering the project’s aim of achieving the project objectives.

6.2 Test Plan

This section will describe the basis of each system test. It involves the project’s
scope, including the organization of the test, the environment of the test and the test

schedule.

6.2.1 Test Organization

Testing Organization states about the individuals involved when the test is
performed. For this project, the testing process will only involve two individuals: the
system developers and the user. System developer is the person responsible for developing
and providing functions system, in addition to deciding which test subjects to use and test
cases to employ to find any problems in the system. The user will be any adult to do the

system testing that can provide insights and opinions for any improvements of the system.
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6.2.2 Test Environment

Testing location for this project is carried out at home using several different water
samples. These different water samples represent water solutions with different pH and
temperatures values. This location environment has an internet connection and power
source. Raspberry Pi uses Wi-Fi technology that requires an internet connection for the
data transmission process and the power source is needed to power up the Raspberry Pi.
In addition, an android smartphone is required to perform water quality monitoring testing
through mobile apps that have been developed. Tools such as pH meter and temperature
meter are also needed to represent the manual method to make comparisons with the
system that has been implemented.

6.2.3 Test Schedule

In general, the tests must be scheduled in such a way that the best results are
obtained for each testing process. It also has the advantage of making the testing more
methodical. If the tests are done in a timely manner, the results will be more accurate. The
test is scheduled for two weeks to enable the testing process performed in a more flexible
way. In this project, testing is dynamically conducted on Week 4 and Week 5 of FYP 2.
10 sensor readings from the testing be taken and recorded for comparison with the manual
method. If any faults are discovered throughout the testing process, the process will return
to the implementation phase to identify and remedy the problem. This method will be

repeated until the desired outcome is achieved.

6.3 Test Strategy

Test Strategy explained the strategy selected to test the system such as bottom-up
or top-down and black-box/white-box classes of tests. Black box testing strategy is used
and been selected in this project. Testing the system with no prior knowledge of its internal

workings is known as Black Box testing.
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Black Box Testing
Input ——— 0 Output
Black Box

Figure 6.1: Black Box Testing

Figure 6.1 shows the illustration cycles of Black Box testing. Tester gives the
system under test an input and watches the output it produces. This allows the system to
react to expected and unexpected user activities and the system reaction time, usability
difficulties, and reliability concerns. This is a powerful testing approach as it puts the
system through its steps from start to finish. Tester able to mimic user activity and see if
the system lives up to its promises. End users did not know how the system is built or
constructed and hoped to obtain an acceptable answer to their request. In addition, the
accuracy of the sensor readings is one of the things to be achieved in this test. Therefore,
10 sensor readings will be selected based on repeated readings and nearest to the manual
method readings.

6.3.1 Classes of Tests

Classes of test include any involved tests in this project such as output correctness
or Functionality test, Security test, Stress test, etc. Due to the selected test strategy is Black
Box testing, the functionality test will be applied. The functionality test ensures that the
Raspberry Pi and the sensors, which include a pH sensor and a temperature sensor, are

fully functioning. Testing began when the Raspberry Pi receives data from the sensors, it
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sends it to the developed mobile apps. Besides, the mobile apps functionality such as alert

notification and graph display also be tested in the functionality test.

6.4 Test Design

Test Design is the process of evaluating the correctness and reliability of the
system components or modules. Each component must be examined and the comparison
tests between the system and manual method performed to validate the system. This
testing is required to confirm that the system meets the requirements and functions

correctly.

6.4.1 Test Description

The project test cases and expected outcomes are created and documented in this
part. All tests assigned with Test Case ID for structured documentation and reference

purposes.

6.4.1.1 Connectivity Test between Raspberry Pi and Desktop

Table 6.1: Connectivity of Raspberry Pi and Desktop

Test Case ID TCO1

Test Functionality | Test the connectivity between Raspberry Pi and Desktop

Prerequisites = Both are power on and connect within the same network
= Desktop installed with VNC Viewer
= Identify the IP address of Raspberry Pi through local

network

Execution Steps 1. Launch VNC Viewer on desktop.
2. Enter the VNC Server address of Raspberry Pi.

3. Enter username and password of Raspberry Pi.

Expected Result Desktop access the main display of Raspberry Pi via VNC

Viewer
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6.4.1.2 Connectivity Test between System Component and ThingSpeak

Table 6.2: Connectivity of the System Component and ThingSpeak

Test Case ID

TCO02

Test Functionality

Test the connectivity between the System Component and
ThingSpeak

Prerequisites

= All component of the system includes the sensors is
connected

= Raspberry Pi is power on

= Sensors Source code contain with ThingSpeak Write API
Key

Execution Steps

1. Launch terminal in the Raspberry Pi.
2. Change the working directory to the source code file
directory in the terminal.

3. Run the source code file using sudo python command.

Expected Result

Raspberry Pi terminal produce °‘OK’ statement indicate

successfully connect and transmit data to ThingSpeak

6.4.1.3 Sensors Reading and Display Test

Table 6.3: Sensors Reading and Display Test

Test Case ID

TCO3

Test Functionality

Test the sensors reading and display the data through mobile apps

Prerequisites

= Source code is executed in Raspberry Pi
= Android smartphone already installed with mobile apps
APK

Execution Steps

1. Download the APK file from Kodular into the android
smartphone.

2. Install the APK file of the developed mobile apps.

3. Run the mobile apps.
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Expected Result

Mobile apps display pH and temperature data seamlessly and

with near -accurate readings

6.4.1.4 Alert Notification Test

Table 6.4: Alert Notification Test

Test Case ID

TCO04

Test Functionality

Test the alert notification generate by the mobile apps

Prerequisites

Source code is executed in Raspberry Pi
Android smartphone installed with mobile apps APK
Prepare cold/hot water or high acidic/alkaline solution

Execution Steps

1.
2

Run the mobile apps in android smartphone.
Soak the sensors into cold/hot water or high
acidic/alkaline solution

Expected Result

Mobile apps triggered the alert notification

6.4.1.5 Graph Display Test

Table 6.5: Graph Display Test

Test Case ID

TCO5

Test Functionality

Test the real-time and daily average graph generate by

ThingSpeak and display in mobile apps

Prerequisites

Source code is executed in Raspberry Pi
Setting up the graphs setting in ThingSpeak and Kodular
Android smartphone installed with mobile apps APK

Execution Steps

1.
2.

Run the mobile apps in android smartphone.
Tap the dropdown option to switch the real-time and daily
average graph display.

Expected Result

Mobile apps display the real-time and daily average graph
generate by ThingSpeak
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6.5 Test Results and Analysis

6.5.1 Test Case 01

Table 6.6: Test Case 01 Result

Test Case Results
e Tester Identification )
Identification (Success/Fail)
Connectivity between = Raspberry Pi red power LED
Raspberry Pi and lights up Success
Desktop = VNC Viewer access the display
of Raspberry Pi

Figure 6.2: Raspberry Pi LED Light

Based on Table 6.6, shows the connectivity test between the Raspberry Pi and the
Desktop that resulted in a successful test. Figure 6.2 shows the Raspberry Pi red power
LED lights up, this indicates that it has an active power supply and there are absolutely no

problems with the Raspberry Pi.
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Figure 6.3: Raspberry Pi Display

Figure 6.3 shows the VNC Viewer in the Desktop able to access the display
interface of Raspberry Pi, this indicates that the Raspberry Pi successfully connected with

the Desktop and ready to be used.

6.5.2 Test Case 02
Table 6.7: Test Case 02 Result
Test Case Results
Identification Tester ldentification (Success/Fail)

Connectivity between = Raspberry Pi terminal produce
the System ‘OK’ statement Success
Component and
ThingSpeak




Figure 6.4: Raspberry Pi Terminal
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Table 6.7 shows the connectivity test between the System Component and

ThingSpeak that resulted in a successful test. Figure 6.4 above, shows the terminal of

Raspberry Pi that run the source code file using sudo python command. The Raspberry Pi

then successfully connect and transmit data to ThingSpeak by produce the ‘OK’ statement.

6.5.3 Test Case 03

Table 6.8: Test Case 03 Result

Test Case
Identification

Tester Identification

Results
(Success/Fail)

Cold Water Test

The low value of water
temperature display in the

mobile apps

Success

Room Temperature
Water Test

The moderate value of water
temperature display in the

mobile apps

Success

Hot Water Test

The high value of water
temperature display in the

mobile apps

Success

Neutral Solution Test

The value of pH and indicator
for natural solution display in

the mobile apps

1% test — Fail

2" test — Success
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Acidic Solution Test

The value of pH and indicator
for acidic solution display in

the mobile apps

15t & 2" test — Fail

3 test — Success

Alkaline Solution Test

The value of pH and indicator
for alkaline solution display in

the mobile apps

1st test — Fail
2nd test — Success

Table 6.8 shows the sensors reading and data display through mobile apps that

resulted in a successful test. Temperature sensor has directly successful results within the

cold and hot water whereas the pH sensor has an inconsistent result to neutral, acidic, and

alkaline solutions. Several revisions and improvements have been attempted especially on

the source code and physical parts of the pH sensor. However, these unstable results are

likely due to the degradation in the quality of sensor components.

Table 6.9: Manual Method & Developed System Comparison

Test Case
Identificatio

n

Manual Method

Developed System

Cold Water
Test

21.06°C

21.06 °C

10
Reading

21.56

21.25

21.12

21.06

21.12

21.19

21.25

21.31

21.38
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21.44

Room
Temperature
Water Test

32°C

30.56°C

30.56 °C

10
Reading

30.62

30.56

30.50

30.56

30.50

30.44

30.50

30.56

30.50

30.56

Hot Water
Test

44.38°C

44 .38 °C

10
Reading

44.61

44.62

44.50

44.38

4431

44.12

44.11

44.38

44.35

4431

Neutral
Solution Test

7.03

7.21

10
Reading

7.39
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7.21 Neutral

7.40

7.38

7.21

7.21

7.21

7.20

7.21

7.21

1.22

Acidic
Solution Test

2.33 Acid

10
Reading

2.47

2.45

2.38

2.33

2.33

2.35

2.33

2.34

2.32

2.32

Alkaline
Solution Test

8.54

8.54 Alkaline

10
Reading

9.00

8.54

8.54

8.50

8.50

8.54
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8.61
8.59
8.54
8.42

As detailed in Table 6.9, the comparison results between the manual method and
the developed system are shown. The manual method is represented using pH meter and
temperature meter. The test performed several times which almost exceeded 10 readings,
repeated good readings and close to the manual readings were recorded directly as stated.
As shown, the cold-water test yields 21.0°C on manual methods and 21.06°C on
developed systems. Result for room temperature water shows a difference of 1.44°C
where 32°C on manual method and 30.56°C on developed system. Hot water results show

a difference of 0.62°C where 45°C on manual method and 44.38°C on developed system.

Testing the pH sensor readings, on the other hand, gives a different experience.
Testing was performed over 10 trials to obtain an acceptable reading. Neutral solution
results the difference of 0.18 with 7.03 for the manual method and 7.21 for the developed
system. Result for acidic solution shows a difference of 0.30 with 2.03 for manual method
and 2.33 in the developed system. Moreover, the manual method yielded an alkaline
solution of 8.69, whereas the developed system yielded an alkaline solution of 8.54,

indicating a 0.15 difference between the two.
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6.5.4 Test Case 04
Table 6.10: Test Case 04 Result
Test Case Results
e L. Tester Identification .
Identification (Success/Fail)

Alert Notification Test = Mobile apps triggered the alert
notification in the smartphone Success

bar notification

9:51

Sat 14 Aug

0 Watelity ~

now v

Location A pH Alert : Below than 4
Add an alkaline substance such as baking powder t..

now v

Location A Temperature Alert : Exceed than 31°C
Check or add additional aeration to pond and filtrati..

now v

Location B Temperature Alert : Exceed than 31°C
Check or add additional aeration to pond and filtrati..

Figure 6.5: Alert Notification Function

Table 6.10 shows the alert notification function test on the developed system that

resulted in a successful test. Figure 6.5 shows the display of the alert notification that been
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triggered by the system to be displayed on the bar notification of the android smartphone.
The alert notification be triggered and responded immediately upon detection of abnormal
pH and water temperature conditions. Its response rate takes less than 2 seconds after the
abnormal condition of water is identified. It takes 15 minutes for the next alert notification
to be displayed on the notification bar depending on whether the water condition is still
abnormal, this is as has been set during the development of these mobile apps. If the water
condition is good, the next warning notification will not appear until new abnormal

circumstances are discovered.

6.5.5 Test Case 05
Table 6.11: Test Case 05 Result
Test Case Results
FER Tester Identification .
Identification (Success/Fail)
Graph Display Test = Mobile apps able to display the
real-time and daily average Success
graph generate by ThingSpeak
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Figure 6.6: Real-time Graph Display

Table 6.11 shows the graph display function test on the developed system that
resulted in a successful test. Figure 6.6 above, shows the example of the real-time graph
display on the developed system. Significant changes are visible on the graph due to
differences in water conditions detected by the sensors which are subsequently plotted on
the graph. The change in water condition is due to tests performed where the sensors are
placed in different solutions. In fact, ambient temperature is also a factor influencing the
change of the graph plot as occurs in the water temperature graph. Users can monitor and
view the pH value and temperature of water as well as see the pattern of changes in pH

and temperature through the graph for the pass few minutes.
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Daily Avg v

Temperature °C

Temperature:32.125
Thu Aug 12 2021
08:00:00 GMT+0800

I

Temperature (°C)

pH:7.005283203125
Wed Aug 11 2021
08:00:00 GMT+0800

pH

14. Jun 28.Jun 2. Ju 26. Jul

Figure 6.7: Daily Average Graph Display

Figure 6.7 shows the example of the daily average graph display on the developed
system. The average value of the pH and temperature for each day are shown on the graph.
The ups and downs plots on the graph are the result from ThingSpeak calculations to
obtain daily average values for pH and temperature. These average values are plotted on
the graph by date. This patterns of changes in pH and temperature values can be seen and
compared over the past few days. Switching between the daily average graphs and real -
time graphs also possible and works well in this system.

6.6 Conclusion

This chapter describes the project overall results. It may be concluded that the
system capable of detecting water pH and temperature and distinguishing between normal
and abnormal water conditions through the alert notification function. However, a few
errors occur during testing, such as the pH value being unstable. This is likely due to the
degradation in the quality and performance of the pH sensor components. Replacement of
new components or using a better version of pH sensors may help to obtain more stable

and accurate readings.
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CHAPTER 7: PROJECT CONCLUSION

7.1 Introduction

The project progress and conclusion are summarized in this chapter. This chapter
discusses the development and achievements of the project, as well as the contributions,
limitations, and future improvements of the project. In addition, discussing the
summarization of project help to clarify and understand all the specifics of the project. As
the result, this chapter also discuss the possible upgrades and implementation to ensure
project continuity in the future.

7.2 Project Summarization

This project is based on loT which integrate with Raspberry Pi, pH sensor, and
temperature sensor to create a water quality monitoring system. This device not only
monitors water quality but also sends out alerts if a certain condition of water is recognized
by an algorithm. Besides, this system designed to enhance water quality while also aiding

in more effective fishpond water monitoring.

The first objective of this project is to identify water quality parameters for tilapia
fish farming. This objective is achieved by finding a suitable water parameter to be used
in this project. Temperature and pH are the water parameters focused on this project due
to it play an important role in determining water quality for fish farming as discussed in

Chapter 2 previously.
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Second objective of this project is to design and develop 10T based monitoring
system that able to monitor and alert water quality. The integration of the Raspberry Pi,
pH Sensor, and Temperature Sensor assist in build the system that allows this water
quality monitoring to be done. Water quality alert also be implemented through android
mobile apps that have been built based on the Kodular framework. All of this has been

achieved as detailed in Chapter 5 previously.

The last objective of this project is to test the effectiveness of the system
functionality, response time, and accuracy. Once the system is successfully built, testing
is carried out to see how well the system functionality, respond time, and accuracy can
operate. This has been accomplished in Chapter 6 where all the tests can be executed well

although there are some tests that are encountered with little difficulty.

Overall, this project accomplished all the project objectives. As a result, this
initiative improves water quality monitoring and increase the fishpond water quality.
Therefore, brief assessment about the weaknesses and strength of this project are stated as
Table 7.1 below.

Table 7.1: Project Strength & Weaknesses

Project Strength Project Weakness
= Mobile Apps Visualize Data = Equipment Deterioration
= Alert Notification = Financial Constraints

= Enhance Water Quality

Monitoring Effectiveness

7.3 Project Contribution

This project is intended to assist the fish breeders in monitoring their fishpond
water quality. It keeps track of the temperature and pH of the water. The monitoring of

fishponds water quality through mobile apps is a good added value in the implementation
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of this project, the use of smartphones has become a daily routine for everyone. As a result,
it is a better way to save the time and alert the fish breeders to take an action and avoid
the worst-case scenario. Fish breeders no longer need to be around fishponds all the time
and early signs of poor water quality in the fishpond can be identified. So, this is a facility
that fish breeders can take advantage of to observe their fishponds.

7.4 Project Limitation

There are some limitations found in this project. The quality and type of sensor to
some extent affect in the accuracy of the readings, better sensors are required and the price
for these sensors costs more. In fact, most of these sensors are sold by suppliers from
overseas, shipping costs should also need be considered. As a student, this factor becomes

a major limitation.

In addition, existing sensors especially the pH sensor are among the constraints
faced. This pH sensor is very sensitive and needs to be taken care of carefully. The
deterioration of the quality of this sensor causes the functionality of the sensor to decrease.
As aresult, the accurate readings expected from the sensor become difficult. Besides, only
pH and temperature are among the water parameters focused on this project. Thus, the

more and varied water parameters are better.

7.5 Future Works

In the future, this project can be improved by using better sensors with more
accuracy in obtaining the data. The sensor released by the supplier from DFRobot is better
and it is more compatible for use with Arduino. This can help the data be obtained easily
and provide the better results. Of course, it costs more, but the efficiency of the system

can be improved.
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In addition, system offerings for iOS smartphone users can be taken into account.
Since application development using Kodular can only be offered to android users, other

initiatives to develop apps for iOS users may can be considered in the future.

Furthermore, other water parameter monitoring options may be added to this
system. Monitoring in terms of dissolved oxygen can be done with the addition of a
dissolved oxygen sensor. This is because the water quality monitoring for fish farming
can be improved due the dissolved oxygen in the water is one of the factors that affect the

needs of fish life.

7.6 Conclusion

At the end of this project, the objectives stated in Chapter 1 were successfully
achieved. Through mobile apps, the system can monitor water parameters such as
temperature and pH while deliver alert notifications to the users for certain conditions. In
the meantime, the system performance is reduced as a result of several weakness, which
has an impact on the accuracy of the readings. To sum up, no perfect system can be
developed; however, improvements can be made to achieve the level of perfection

described.
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