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ABSTRAK

Industri penggemukan ayam memainkan peranan penting dalam memberi makan
kepada jutaan orang di seluruh dunia. Walau bagaimanapun, kejayaan industri ini bergantung
sepenuhnya kepada kesihatan dan produktiviti ayam. Faktor persekitaran seperti suhu,
kelembapan dan kualiti udara boleh mempunyai kesan yang signifikan terhadap kesihatan dan
produktiviti ayam. Salah satu masalah utama yang dihadapi oleh penggemuk ayam adalah
kadar kematian yang tinggi pada tahap pertumbuhan awal. Ini boleh menyebabkan kerugian
kewangan yang signifikan bagi ladang dan juga mempengaruhi produktiviti keseluruhan
ladang. Sistem pemantauan kandang pintar adalah penyelesaian yang berkesan dan mudah
digunakan yang boleh membantu penggemuk ayam untuk mengurangkan kadar kematian ayam
pada tahap pertumbuhan awal. la boleh memantau keadaan persekitaran dalam kandang dalam
masa nyata, termasuk suhu, kelembapan, tahap air, keintenisan cahaya dan berat broiler. Selain
itu, sistem ini dilengkapi dengan ramalan Al untuk berat broiler, yang boleh membantu
penggemuk ayam untuk meramal pertumbuhan broiler dan mengambil tindakan selaras. Sistem
ini dirancang untuk memberikan amaran kepada penggemuk ayam mengenai keadaan yang
tidak normal dan memberikan data sejarah untuk analisis dan optimisasi persekitaran kandang.
Dengan memantau persekitaran dalam kandang, penggemuk ayam boleh memastikan keadaan
pertumbuhan yang optimum untuk ayam mereka, mengesan dan mengatasi keadaan yang tidak
normal dengan cepat, dan akhirnya, meningkatkan kesihatan dan produktiviti ladang mereka.
Tesis ini menyajikan reka bentuk dan pelaksanaan sistem pemantauan kandang pintar untuk
ladang penggemukan ayam dan manfaat potensialnya dalam mengurangkan kadar kematian

ayam pada tahap pertumbuhan awal.



ABSTRACT

The poultry farming industry plays a vital role in providing food for millions of people
worldwide. However, the success of this industry depends heavily on the health and
productivity of the poultry. Environmental factors such as temperature, humidity, and air
quality can have a significant impact on the health and productivity of the poultry. One of the
major issues that poultry farmers face is the high mortality rate of chicken during early stages
of growth. This can lead to significant financial losses for the farm and negatively impact the
overall productivity of the farm. A smart coop monitoring system is a cost-effective and easy-
to-use solution that can help farmers to decrease the mortality rate of chicken during early
stages of growth. It can track the environmental conditions inside the coop in real-time,
including temperature, humidity, water level, light intensity, and the weight of broiler.
Additionally, the system is equipped with Al prediction for weight of broiler, which can help
the farmers to predict the growth of broiler and take actions accordingly. The system is
designed to alert farmers to any abnormal conditions and provide historical data for analysis
and optimization of the coop environment. By monitoring the environment inside the coops,
farmers can ensure the optimal growth conditions for their poultry, detect, and address any
abnormal conditions in a timely manner, and ultimately, improve the health and productivity
of their farm. This thesis presents the design and implementation of a smart coop monitoring
system for a poultry farm and its potential benefits to decrease the mortality rate of chicken

during early stages of growth.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The poultry farming industry plays a vital role in providing food for millions of people
worldwide. However, the success of this industry depends heavily on the health and
productivity of the poultry. Environmental factors such as temperature, humidity, and air
quality can have a significant impact on the health and productivity of the poultry [10].
Additionally, monitoring the growth of broilers is essential for farmers to ensure their
productivity and health. One of the major issues that poultry farmers face is the high mortality
rate of chicken during early stages of growth [7]. This can lead to significant financial losses
for the farm and also negatively impact the overall productivity of the farm.

A smart coop monitoring system is a cost-effective and easy-to-use solution that can
help farmers to decrease the mortality rate of chicken during early stages of growth. It can track
the environmental conditions inside the coop in real-time, including temperature, humidity,
water level, light intensity, and the weight of the broiler. The system is designed to alert farmers
to any abnormal conditions and provide historical data for analysis and optimization of the
coop environment. By monitoring the environment inside the coops, farmers can ensure the
optimal growth conditions for their poultry, detect and address any abnormal conditions in a

timely manner, and ultimately, improve the health and productivity of their farm.

The system is equipped with sensors such as DHT11 for temperature and humidity,
Water Level sensor for monitoring water level, Photocell for measuring light intensity and
Load Cell for monitoring the weight of the broiler. These sensors are placed inside the coop to
collect data on the environmental conditions and the weight of the broiler. The collected data
is then transmitted to the database, where it is analyzed by the Al prediction model and made
available to farmers in real-time through an loT dashboard. This feature allows farmers to
predict the growth of broilers and take necessary actions to improve the health and productivity

of the poultry.



One of the key advantages of a smart coop monitoring system is that it can be
configured to maintain the optimal temperature for different age of broiler. At an age 0-7 days,
with optimal temperature 33°C, at 7-14 days old, with optimum temperature 30°C, at an age
above 14 days, with optimum temperature 27°C (Y. A. Liani et al, 2021)[1]. This feature
ensures that the broilers are always in an optimal temperature range for their age which in turn

decreases the mortality rate of chicken during early stages of growth.

1.2 Problem Statement

The problem is that poultry farmers currently lack an effective and efficient way to
monitor the environment inside the coops [9], ensure the optimal growth conditions for their
poultry, and detect and address abnormal conditions in a timely manner. This leads to poor
conditions that negatively impact the health and productivity of the poultry, leading to high
mortality rate of chicken during early stages of growth, and ultimately, the profitability of the
farm. This problem is significant as it results in financial losses for the farm and also negatively
impacts the overall productivity of the farm. The proposed solution is to design and implement
a smart coop monitoring system that can track the temperature, humidity, water level, light
intensity, and weight of broilers in real-time and maintain the optimal temperature range for
different age of broiler (0-7 days, 7-14 days, above 14 days) in order to decrease the mortality
rate of chicken during early stages of growth. The system should be able to alert farmers to any
abnormal conditions, provide historical data for analysis and optimization of the coop
environment, be cost-effective, easy to install and maintain, and able to integrate with existing
farm management software [8]. The proposed solution will help farmers to optimize the coop
environment, improve the health and productivity of their poultry, decrease the mortality rate

of chicken during early stages of growth, and ultimately, increase their profitability.



1.3  Objectives
Based on the problem statements, the objectives of the project are:
i.  Tostudy the current challenges faced by poultry farmers in monitoring the environment
inside the coops and the growth of broilers.

ii.  To develop a smart coop monitoring system that can track the temperature, humidity,
water level, light intensity, and weight of broilers in real-time, and maintain the optimal
temperature range for different ages of broilers.

iii.  To evaluate the effectiveness of the developed smart coop monitoring system in
improving the health and productivity of the poultry, decreasing the mortality rate of
chicken during early stages of growth, and increasing the profitability of the farm.

iv.  To incorporate an artificial intelligence technique to predict the weight of broilers in
advance and provide valuable insights to the farmers for decision making.

14 Scope
User Scope:

Poultry farmers

Research institutions

System Scope:

The smart coop monitoring system will be developed for monitoring the temperature,
humidity, water level, light intensity, and weight of broilers in real-time.

The system will be designed to maintain the optimal temperature range for different age
of broilers.

The system will be equipped with an Al prediction model for the weight of broilers,
which can help the farmers to predict the growth of broilers and take actions

accordingly.

Development Scope:

The smart coop monitoring system will be developed using sensors such as DHT11,

Water Level sensor, Photocell and Load Cell.
3



ii.  The system will be designed to be cost-effective, easy to install and maintain.

iii.  The system will be configured to send alerts and notifications to farmers in case of any
abnormal conditions.

Iv.  The system will be able to provide historical data for analysis and optimization of the
coop environment,

v.  The system will be able to optimize the coop environment and make data-driven

decisions to improve the operations of poultry farms.

1.5  Thesis Organization

Chapter 1 of this research provides an overview of the poultry farming industry and highlights
the importance of monitoring the growth of broilers, as well as the problem of high mortality
rates in chicken during early stages of growth. To address this issue, a smart coop monitoring
system is proposed as a solution. Chapter 2 presents an overview of the existing literature on
the topic, including the current state of the art and the gaps in the literature that the proposed
research aims to fill. In Chapter 3, the research design and methods used in the study are
detailed, including the selection of participants, data collection and analysis techniques, and
the limitations of the study. The findings of the research are presented in Chapter 4 and are
discussed in relation to the research questions and objectives. Lastly, Chapter 5 provides a
summary of the main findings of the research and their implications for the poultry farming

industry, along with recommendations for future research.



CHAPTER 2

LITERATURE REVIEW

21 Introduction

In this chapter, the review on different existing smart coop monitoring systems that
related to this project will be discussed. Three of the existing systems will be chosen as the
research, and this literature review will illustrate the description, advantages, disadvantages,
and the comparisons of the existing systems based on their features, functions, monitoring

capabilities and so forth.
2.2 Existing Systems

In this study there are three related existing systems for monitoring and management in
agriculture, including The Broiler Chicken Coop Temperature Monitoring Use Fuzzy Logic
and LoORAWAN, Internet of Things and Machine Learning Techniques In Poultry Health and
Welfare Management, and A Robust Internet of Things-Based Aquarium Control System

Using Decision Tree Regression Algorithm.

2.2.1 The Broiler Chicken Coop Temperature Monitoring Use Fuzzy Logic and
LoRaWAN

This system uses LoRa and Fuzzy Logic to monitor temperature and humidity in broiler
chicken coops and determine ideal conditions for growth. The system uses sensors,
microcontroller and LoRa technology for real-time monitoring and analysis to increase

production and improve quality of chickens. [2].
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Figure 2.1 Chicken Design Diagram

The study uses LoRaWAN (Long Range Wide Area Network) protocol to transmit
temperature and humidity sensor data from the broiler chicken coops to a remote location for
monitoring and analysis. LORaWAN uses a star-of-stars topology where gateways act as
intermediaries between the end devices (sensors) and the network server.

. FIS Editor: chicken coop - O X

File Edit View

.~
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-]
eligibiity

Humadity

Figure 2.2 Chicken Coop Fuzzy Inference System “Mamdani”

In this study, the Mamdani Fuzzy Logic technique is used to determine the feasibility
of temperature and humidity conditions in the broiler chicken coops. The input variables are
temperature and humidity, and the output variable is the feasibility of the conditions. The study
uses fuzzy sets to describe the ideal conditions for temperature and humidity, and fuzzy rules

to determine the feasibility of the conditions based on the input variables.



2.2.2 Internet of Things and Machine Learning Techniques In Poultry Health and

Welfare Management

loT and Machine Learning (ML) techniques have been used in poultry health and
welfare management to improve efficiency, monitor, and control environmental conditions,
and detect and diagnose diseases in animals. Environmental sensors such as temperature and
humidity sensors, as well as contaminant gas sensors, are used to monitor conditions in poultry
buildings. Acoustic sensors are used to measure the characteristics of sounds emitted by hens,
which can serve as indicators of stress and disease. 10T and ML techniques have been used to

improve nutrient utilization, optimize feed for improved production and respond to sudden
disease outbreaks [3].

Diseases
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Figure 2.3 Overview of loT and ML in poultry health management.

Al and loT techniques are being increasingly used to improve efficiency and
productivity. These techniques include the use of deep learning algorithms such as CNN for
image and audio classification, RNN for regression operations, GAN/AE for data analysis
and feature learning, and RDL for controlling poultry KPI parameters through actuators.
These algorithms are used to monitor environmental conditions, detect, and diagnose

diseases, track and analyze animal behavior, and optimize feeding and production.
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Figure 2.4 Smart poultry health and welfare management framework.

The communication module transmits data and signals in the network using wireless
and mobile communication. Additionally, blockchain techniques were proposed to be used to
secure the poultry welfare network platform due to the multitude of devices, sensors, and

services involved in data collection and transmission.

2.2.3 A Robust Internet of Things-Based Aquarium Control System Using Decision

Tree Regression Algorithm

This research proposes a novel Internet of Things (IoT) system for controlling the
environment of an aquarium using a decision tree regression (DTR) algorithm for prediction.
The system includes sensors for measuring water temperature, TDS, and dissolved oxygen, as

well as actuators such as a water heater, fan, relay, and RO filter [4].

(a) (b)

Figure 2.5 Aquaculture sensors: (a) Waterproof temperature sensor (b) TDS sensor (c)
Dissolved oxygen sensor.



(a)

Figure 2.6 Aquaculture actuators: (a) Water heater (b) Fan (c) Automatic fish feeder.

The system includes an array of sensors, actuators, and a Python server, all connected

through an android-based application and MQTT communication protocol. It is designed to

be delay-tolerant with an analysis model that ensures proper functioning even in high

network delay conditions. The system is tested and shown to have a high level of accuracy

and can actively provide necessary actions and push information to the user when conditions

are near critical.
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Figure 2.7 System block diagram.
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2.3  Comparison of Existing Systems
System The Broiler Internet of Things | A Robust Internet of
Chicken Coop and Machine Things-Based
Temperature Learning Aquarium Control
Monitoring Use Techniques In System Using
Features Fuzzy Logicand | Poultry Health and Decision Tree
LoRAWAN Welfare Regression
Management Algorithm
Platform ThinkSpeak & Mobile & Website Mobile Application
Mobile Application Application
10T Protocol LoRaWAN Not Specified MQTT

10




Al Technique Mamdani Fuzzy CNN, RNN, Decision Tree
Logic GAN/AE, RDL Regression (DTR)
Database No database Not Specified Not Specified
Features The system uses Cloud-fog-based Uses a Decision

LoRaWAN
technology to
transmit sensor
data over long
distances.

The system uses
Thingspeak as a
LoRa
Application
Server which
allows the data
to be viewed in
real-time on a
web interface.
The system uses
Mamdani Fuzzy
Inference System
to determine the
feasibility of
temperature and
humidity
conditions in the

Ccoops.

computing for
efficient data
management and
reduced latency.
Blockchain
techniques for
secure data
collection and
transmission.
Deep learning
techniques such as
CNN, RNN,
GAN/AE, and
RDL for
classification,
regression, data
analysis, feature
learning, and
control of poultry
KPI parameters
through actuators.

Tree Regression
(DTR) algorithm
for prediction.

Has a high level of
accuracy in

prediction.




Limitations There is limited Lack of Relies on a stable
data storage if interpretability of and reliable
Thingspeak is deep learning internet

used as a LoRa
Application
Server, it can
only store data
for a limited time

period.

models, which
makes it difficult
to understand why
a model performs
differently on

different datasets.

connection for
communication
between the
Sensors, server,

and actuators.

Conventional
controllers'
reliance on user
knowledge of the
system and

complicated rules.

Table 2.1 Comparison of Existing Systems
2.4 Summary

The first system, "The Broiler Chicken Coop Temperature Monitoring Use Fuzzy Logic
and LORAWAN", uses a combination of Fuzzy Logic and LORAWAN protocol for monitoring
the temperature in a broiler chicken coop. The second system, "Internet of Things and Machine
Learning Techniques In Poultry Health and Welfare Management”, uses IoT and machine
learning techniques for monitoring and improving the health and welfare of poultry. The third
system, "A Robust Internet of Things-Based Aquarium Control System Using Decision Tree
Regression Algorithm", uses a decision tree regression algorithm and loT for controlling the
environment in an aquarium. All these systems use a combination of 10T technology, sensors,
and actuators to collect and act on data in real-time. They also use machine learning techniques
such as fuzzy logic, decision tree regression, and quantile regression forest to make predictions

and decisions.

Overall, my system is relevant and significant as it utilizes similar technology and
techniques as the three systems discussed, but with a specific focus on individual chicken
growth. The comparison highlights the importance and potential of using IoT and Al in animal
management, specifically in monitoring and predicting growth and health.

12




CHAPTER 3

METHODOLOGY

3.1 Introduction

In this chapter, the methodology used in this project will be discussed in detail. It will
include a description of the research design, data collection and analysis methods, as well as
the procedures and techniques used to gather and analyze data. The methodology will also
include information on the tools and equipment used in the project, as well as the limitations

and potential sources of error.

3.2 Methodology

Rapid Application Development (RAD)

Prototype

I User Design Construction Cutover

Refine Test

Figure 3.1 Rapid Application Development (RAD)

In this project, the Rapid Application Development (RAD) methodology is employed
to guide the development process. The first phase of RAD, | identified and gathered the
functional and non-functional requirements for the system and determined the objectives and
goals for the project based on a comparison of similar existing systems which has been
explained in Chapter 1.4 and Chapter 2. Following this, the iterative User Design phase is

implemented, which consists of three sub-phases, creating a prototype, testing it, and refining
13



it. This will be further elaborated in Chapter 3.4 Proposed Design. Once satisfied with the
prototype, the Construction phase begins, where the SCMS is being developed. Finally, the
Cutover phase is executed, during which the system is deployed and maintained as a fully
developed system.

3.3 Project Requirements

This section explains the project requirements that need to be met for the project to be
successful. These requirements are identified based on the project scope and user needs and are

used to guide the development process.
3.3.1 System Requirements

Table 3.1 and table 3.2 depicts the hardware and software required for the development.

No. Hardware Specifications Price Purpose
1 | lllegear Raven SE e Windows 10 RM3900 | Used for
e Intel(R) Core(TM) i5- development of
9300H CPU @ 2.40GHz the system.
2.40 GHz

e 16.0 GBRAM
e 64-bit operating system
e NVIDIA GeForce GTX

1650

2 | Raspberry Pi 3B+ e Broadcom BCM2837B0, RM156 | Used to control
64-bit ARM Cortex-A53 actuator and
Quad Core Processor SoC receive data
running @ 1.4GHz, with from Arduino
metal body for better heat Uno to send to
dissipation. MQTT Broker.

e 1GB LPDDR2 SDRAM

e 4 xUSB2.0 Ports with up to
1.2A output

e Expanded 40-pin GPIO

Header

14



Video/Audio Out via 4-pole

3.5mm connector, HDMI,

CSI camera, or Raw LCD

(DSI)

Storage: MicroSD

Gigabit Ethernet over USB

2.0 (maximum throughput

of 300 Mbps)

Power-over-Ethernet (PoE)

support (requires separate

PoE HAT)

2.4GHz and 5GHz IEEE

802.11.b/g/n/ac wireless

LAN, Bluetooth 4.2, BLE

Low-Level Peripherals:

- 27xGPIO

- UART

- 12C bus

- SPI bus with two chip
selects

- +3.3V

- +5V

- Ground

Power Requirement,

5V/2.5A via Micro B USB

connector.

Supports Raspbian,

Windows 10 10T Core,

OpenELEC, OSMC, Pidora,

Arch Linux, RISC OS, and

More
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Dimensions: 85mm x

56mm x 17mm

Arduino Uno Rev 3

e Microcontroller
ATmega328P

e Operating Voltage 5V

e Input Voltage
(recommended)7-12V

e Input Voltage (limits)

6-20V

e Digital I/0 Pins 14 (of
which 6 provide PWM
output)

e Analog Input Pins 6

e DC Current per 1/0 Pin
40 mA

e DC Current for 3.3V
Pin 50 mA

e Flash Memory 32 KB
(ATmega328) of which
0.5 KB used by the
bootloader

e SRAM2KB
(ATmega328)

e EEPROM1KB
(ATmega328)

e Clock Speed 16 MHz

RM115

Used to collect

sensor data.

Temperature

Sensor

DHT11

Supply Voltage: +5 V
Temperature range: 0-50
°Cerrorof+2°C

RM4.90

Used to

measure the
environment
temperature

and humidity

16




Humidity: 20-90% RH +
5% RH error

Interface: Digital

Size: 30*20mm

Water Level Sensor Operating voltage: DC5V RM4.60 | Used to
Operating current: < 20mA measure the
Sensor type: Analog amount of
Detection area: 40mm water in the
x16mm tank
Working Temperature:
10°C-30°C
Working Humidity: 10%-
90% without condensation
Weight: 3g
Dimensions: 65mm x
20mm x 8mm

Load Cell Material: Aluminum RM21.90 | Usedto

Dimensions:
75%12.7%12.7mm (L x W X
H)

Range: 10kg

Rated output 1.0 +
0.1mV/IV

Nonlinear £ 0.03% F.S
Hysteresis 0.03% F.S
Repeatability 0.03% F.S
Zero Balance £ 0.1 mV /V
Input impedance 1066 *
10% Q

Output Impedance 1000 *
10% Q

measure the
weight of the
feed

17




Insulation resistance: 2000
MQ
Weight:25g

7 | Photocell Interface type: analog RM14.80 | Used to
Working voltage: 5V measure the
Size: 30*20mm surrounding
Weight: 3g light intensity
8 | Container ABS Material RM41.90 | Usedasa
makeshift coop
9 | Heating Lamp ABS Material RM28.60 | Used to
14cm Size regulate
100-300W temperature of
220V coop
60Hz
10 | DC Fan 5V RM13.50 | Usedto
2400 rpm regulate
8cm x 8cm x 2.5¢cm temperature of
coop
11 | Food & Water Polyethylene RM5.60 x2 | Used to
Dispenser 16cm x 14cm X 7cm dispense food
and water
automatically
12 | Server Websocket Server RM1900 | Used to host
MQTT Broker web
Al Server application,
managing data
and run Al
models
Total Price: | RM6212.40

Table 3.1 Hardware Requirements
18




No. Software Purpose

1 | Microsoft Visual Studio Code | Used to program and develop the SCMS

2 | Laravel A PHP web application framework for SCMS web
application.
3 | XAMPP - phpMyAdmin Used to manage and interact with MySQL databases

through a web interface.

4 | Eclipse Mosquitto Allows the communication between different devices

and software using the MQTT protocol.

5 | Google Chrome A web browser for web application implementation.

Table 3.2 Software Requirements
3.3.2 Functional Requirements

1. The system should be able to monitor the environment of the coop in real-time.

2. The system should be able to send alerts and notifications to the users in case of any
abnormal conditions.

3. The system should allow users to remotely control the coop's environment, such as
adjusting temperature or lighting.

4. The system should be able to collect data from various sensors and store it for future

analysis.
3.3.3 Non-functional Requirements

1. The system should be able to handle a large number of sensors and data without
compromising performance.

2. The system should be secure to prevent unauthorized access and protect data from
cyber threats.

3. The system should be reliable and able to operate continuously without any major

interruptions.
3.4 Project Design
This section provides an overview of the project design, including the system

architecture, technologies used, and overall design approach.
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3.4.1 System Sketch

SCMS Dashboard

‘ Discord Alert ‘

N

Fhotocell
Sensor

Warer Level
Sensor

Arduino Uno }—b

iy

N p
I-" 10KG |\
\Load Cell
SN S

Amplifier

HXT11

Chicken Weight
Frediction
,..- - -\.__‘\- l/' '\I
. A mMarT
B ] Websocker Subscriber /
Server Websocker
mySQL

| vSQ | Library
. ey \_ J

T Iy

MQTT Brokeri4——
N g Heating

Element

e

Raspberry Fi 3B+ q—>| Exhaust Fan

‘—|—>| Light ‘

‘ DHT11 ‘

The block diagram, illustrated in Figure 3.2, provides a visual representation of the
components and their relationships within the Smart Coop Monitoring System (SCMS). The

diagram shows how the different elements of the system interact with each other to achieve

the desired outcome.

MQTT is used as the messaging protocol for transmitting data between the various
sensors and devices in the coop. WebSocket is used to establish a connection between the
system and the internet, allowing for real-time data transfer and remote monitoring and control.
MySQL is used as the database management system, storing, and organizing the data collected

by the sensors. Laravel is the framework used for developing the system, providing a structured

Figure 3.2 SCMS Block Diagram

and efficient way to build and maintain the system's functions and features.
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Overall, the use of MQTT, WebSocket, MySQL, and Laravel in the Smart Coop
Monitoring System allows for seamless connectivity and development, ensuring that the
system is able to accurately and efficiently collect, transmit, and store data, and can be easily
updated and maintained as needed.

Heating Lamp

i — 2ol
N N\

Exhaust Fan |~

Arduino Uno . Food Dispenser
(ec] b5 |4
- -

Figure 3.3 SCMS System Sketch

3.4.2 System Operation

This section will describe the system operation using a flowchart. The flowchart will
provide a visual representation of the processes and steps involved in the operation of Smart
Coop Monitoring System (SCMS).

The following are the flowchart of the system operation:
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START

v

v

GO to Login GO.I te
Register
REDIRECT to LOGIN REDIRECT to

PAGE

REGISTER PAGE

Figure 3.4 Flowchart of Welcome Page

START

ENTER email, password /

IF email &
password

yes

LOGIN

END

Figure 3.5 Flowchart of Login Page
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START

ENTER name,email,
password

no

F passwor

CORRECT

REGISTER

Figure 3.6 Flowchart of Register Page

START

v

v v

v

GOto GOto GO to USER
/ DASHBOARD ANALYTICS PROFILE GO to LOGOUT /
A4 r Y v
REDIRECT to SELECTFL:;EJT value REDIRECT to USER REDIRECT to WELCOME
DASHBOARD PAGE temperature, ight PROFILE PAGE PAGE
intensity, food weight

Y

Predict Chicken Weight

Y

Display as line graph

Figure 3.7 Flowchart of Analytics Page
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START

v

y

v

v

GOto GOto GO to USER
/ DASHEBOARD // ANALYTICS // PROFILE // 50 to LOGOUT /
v ¥ v 4
Rﬁg;;gp‘i:tt:rrféi'eﬁht REDIRECT to ANALYTICS REDIRECT to USER REDIRECT to WELCOME
" ' PAGE PROFILE PAGE PAGE
food weight, alert data

SELECT LATEST value
FROM

temperaturs, light
intensity, water level,
food weight, alert data

Y

h 4

DISPLAY temperature,

level, food weight, alert

light intensity, water

data

F temperaturs >
lower threshold 8
temparature < upper
threshold

no

IF water level =
threshold

h 4

SEND ALERT to DISCORD

h 4

Y
no
IF heater ON IF fan ON
yes
Y
OFF fan OFF heater

DISPLAY ALERT

INSERT alert

INTO
alarm

END

Figure 3.8 Flowchart of Dashboard Page
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START

v v

READ READ Light READ Food READ Water
Temperature Intensity Weight Level

I I ! |
v

o

PUSH to Raspberry Pi

END

Figure 3.9 Flowchart of Arduino Uno reading sensor data

READ READ Light READ Food READ Water
Temperature Intensity Weight Level
I | | |

PUBLISH to MQTT Topic

F message =
lighton

F message =
lightoff

On Light Off Light
Y Y
CHECK Device CHECK Device
Status Status
Y A 4
PUSH status to PUSH status to
Websocket Websocket

END

Figure 3.10 Flowchart of Raspberry Pi publish data using MQTT and controlling actuator
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( START )

SUBSCRIBE from MQTT
Topic
coop/#

v v v v v

INSERT value & INSERT value & INSERT value & INSERT value & INSERT value &
DateTime DateTime DateTime DateTime DateTime
INTO TABLE INTO TABLE INTO TABLE INTO TABLE INTO TABLE
temperature_data light_data weight_data water_data chicken_weight
y
END

Figure 3.11 Flowchart of MQTT Subscriber insert data into database

SUBSCRIBE from MQTT
Topic
coop/#

v v v

READ READ READ
temperature_data weight_data chicken_weight

A J

Predict Chicken Weight

Prediction
success

SEND prediction data to
websocket

Figure 3.12 Flowchart of Al Prediction using One-Step Ahead Technique
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3.4.3 10T Architecture

This section provides an overview of the loT architecture for the Smart Coop
Monitoring System (SCMS). The architecture outlines the components, interfaces, and
relationships between the components that make up the system, and the overall structure of the

system and how it will operate.

g Data Visualization Dashboard Né?il;gasﬁicﬂs
=
-
=
o
-
<L
e System’&
— ystem
i Actuator Controls
o
=
&/ VT L D\
> | - o
ﬂ Websocket
) Server )
= =
2 g
w
w =
[T Web Server Al Server o
2 2
o <
ﬁ e E
< | Database \ I m
g\ ‘ /N .
/ e 2 \
e | = :
1
Wired Connection : m
| Z
: w
Lights —
! =
e Hesting Lamp G}
1 3 -
A 4 : b
Photoced Sensor DHT 11 Temperature 10 KG Load Cell Water Level Sensor =
\ & Humidity Sensor g

Figure 3.13 SCM System Architecture
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The Sensing Layer is a critical component of the Smart Coop Monitoring System as it
is responsible for collecting environmental data and sending it to the Network Layer. In the
Sensing Layer, various sensors such as DHT11, 10kg Load Cell, Water Level Sensor, and
Photocell Sensor are connected to an Arduino Uno microcontroller. The DHT11 sensor is used
to measure temperature and humidity in the coop, which are important environmental factors
that affect the well-being of the chickens. The 10kg Load Cell sensor is used to measure the
weight of the food, which is important for predicting the growth and health of the chickens.
The Water Level Sensor is used to monitor the water levels in the coop, ensuring that the
chickens have access to enough water. The Photocell Sensor is used to measure the amount of
light in the coop, which is important for regulating the lighting in the coop. In addition to the
sensors, the Sensing Layer also includes a Relay Module that is connected to the heating lamp
and a 5V DC fan. The Relay Module allows the Raspberry Pi to control the heating lamp, fan,
and lights ensuring that the environment in the coop is comfortable for the chickens. The

connection from Arduino to Pi is established as shown in Figure 3.14.

BB, 9688, timeout=.1)

o0 mkrfwifileie™)

Figure 3.14 Establish Connection Arduino to Raspberry Pi

The network layer is responsible for transmitting data from the sensing layer to the data
processing layer and vice versa. In the network layer, the main component is the gateway which
acts as a bridge between the Raspberry Pi and the MQTT broker. The Raspberry Pi collects
sensor readings from the Arduino Uno and sends it to the gateway. The gateway then sends
this data to the MQTT broker. The MQTT broker receives data from the gateway and acts as a
middleman, allowing the data to be transmitted to the data processing layer. The MQTT broker
uses a publish/subscribe pattern, where the Raspberry Pi acts as a publisher and the data
processing layer acts as a subscriber. This pattern allows for easy communication between the
different layers and enables the data processing layer to receive updated data in real-time. The
MQTT broker also ensures that the data is transmitted securely and efficiently, which is

essential in ensuring that the system operates correctly. Additionally, the network layer also
28



includes the WebSocket server, which acts as a listener for changes made to the dashboard in
the application layer. The WebSocket server communicates with the gateway, which then
pushes data to the dashboard. This communication between the WebSocket server and the

gateway is critical in ensuring that the system provides real-time updates to the user.

port = 1883
mgttBroker = "18

client = mgtt.Client("Chicken C

client.username_pw_set{username="umpfk", password="udhZwlTri2")

client.on_connect = on_connect
client.on publish = on_publish
client.on_subscribe = on_subscribe
client.on_message = on_mes

client.connect(mgttBroker,port)

Figure 3.15 Establish Connection to MQTT broker

rc = client.loop()
tuple =client.publish(" ight data”,sonic, gqos=2, retain= )

print("rc: + str{rc) + r{sonic) +

print (“tuple” + str(tuple

to topic usonic")

g

tuple =client.publish(

ar_data”,watah, qos=2, retain=

print("rc: + str{rc) + " publish " + str(watah) + " to topic wate
print (“"tuple” + str(tuple)}

Figure 3.16 Publish Data to Topic

The data processing layer of the Smart Coop Monitoring System is a critical component
of the system as it handles all the incoming data from the sensing layer and processes it to be
displayed on the application layer. The web server is responsible for storing the data in the
database, which is located on the web server. It also receives the data from the MQTT broker,
which it uses to update the database. In addition, the web server communicates with the Al
server to run predictions based on the incoming data. The WebSocket server listens to the web
server and receives updates from the dashboard on the application layer.
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MQTT_Broker =

MOTT_Port = 1883
Keep_Alive Interwval = 45
MQTT Topic = "coop/#"

sensor_Data Handler(Topic
if Topic ==
goToDBtem
f Topic ==
goToDBwe
f Topic ==
goToDBwa
f Topic ==
goToDB1li
f Topic ==
goToDB 1w
f Topic ==
goToDB1t
f Topic == "« C ght":
goToDBlchickenpred(jsonData)

Figure 3.19 Establish Connection with Pusher
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PUSHER_APP_ID="1"

ST,port = ORT,app_id=PUSHER_APP_ID,
ET,

t": GPIO.input(1@)}])

Figure 3.21 Pusher Client Trigger

The Al server is responsible for making predictions based on the incoming data. It runs
algorithms that process the data and provide predictions for future events. The predictions are
then sent back to the web server for storage in the database and display on the dashboard. the
data processing layer acts as a mediator between the sensing layer and the application layer. It
receives data from the sensing layer, processes it, and then sends it to the application layer for
display. This layer is crucial for ensuring that the system operates effectively and efficiently,

providing accurate and relevant information to the user.

The application layer in the system architecture is responsible for presenting the data
collected from the sensing layer to the end-user in a visual and intuitive format. It allows the
user to interact with the system, make changes to the parameters, and receive notifications and
alerts. The application layer consists of a dashboard that is connected to the WebSocket server
and web server in the data processing layer. The dashboard displays information such as the
current temperature, water level, light intensity, and food weight readings. It also provides a
graphical representation of the data, making it easier to understand the trends and patterns. The
user can control the system through the dashboard by turning on or off the heating lamp, lights,
and fan. The user can also receive notifications and alerts if the temperature or water level falls

below a certain threshold, for example.
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3.4.4 Circuit Diagram

Figure 3.22 Circuit Diagram of SCMS

The circuit diagram is an illustration of the electrical connections between all the
components in the system. It is a visual representation of the wiring, connections, and other
electrical details in the system. The circuit diagram provides important information about the
functioning of the system and helps in understanding the electrical flow between the different

components.

3.4.5 Dialogue Diagram

This section of the report is about the dialogue diagram for the system. The diagram
showcases the different pages that the user will encounter while using the system. The dialogue
diagram consists of three main pages, which are the welcome page, dashboard, analytics, and

user profile.
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Figure 3.23 Dialogue Diagram of SCMS
Page Activity Description
Notation
0 WELCOME e A welcome page to greet the users
1 DASHBOARD | e 10T Dashboard of SCMS
e Displays real-time information about the coop.
e Provides the user with controls to adjust the heating
lamp and fan.
2 ANALYTICS e Displays predicted weight of chicken.
3 USER PROFILE | e Let’s users to change their profile details.

Table 3.3 Description of Dialogue Diagram

3.4.6 Database Design

This section describes the database design for the system. The database is designed to
store the data collected from the sensors and to keep track of the user's interactions with the
system. The data collected from the sensors includes the readings from the DHT11, 10kg load
cell, water level sensor, and photocell sensor. Furthermore, the weight of chicken and alert log

is also recorded.
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DATA FIELD id date_time value
TYPE int varchar (50) varchar (50)
DESCRIPTION Row ID Data and time of Environmental
data logged temperature reading
Table 3.4 Temperature Table Scheme
DATA FIELD id date_time value
TYPE int varchar (50) varchar (50)
DESCRIPTION Row ID Data and time of Environmental light
data logged intensity reading
Table 3.5 Light Intensity Table Scheme
DATA FIELD Id date_time value
TYPE Int varchar (50) varchar (50)
DESCRIPTION Row ID Data and time of Water level reading
data logged
Table 3.6 Water Level Table Scheme
DATA FIELD Id date_time value
TYPE Int varchar (50) varchar (50)
DESCRIPTION Row ID Data and time of Food weight reading
data logged
Table 3.7 Food Weight Table Scheme
DATA FIELD Id date_time value
TYPE Int varchar (50) varchar (50)
DESCRIPTION Row ID Data and time of Chicken weight

data logged

reading

Table 3.8 Chicken Weight Table Scheme
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DATA FIELD id date devicelD

TYPE int varchar (50) varchar (50)
DESCRIPTION Row ID Data and time of Alert event log
data logged

Table 3.4 Alert Table Scheme

3.4.7 Proposed Al Technique

The objective of this section is to provide a comprehensive explanation of the proposed
Al technique for the Smart Coop Monitoring System. The Al technique plays a crucial role in
the system as it helps in predicting the weight of the broilers in real-time. The weight prediction
is an essential factor in determining the health and productivity of the poultry. Al techniques
have been widely used in various industries to improve efficiency, accuracy, and productivity.
In the agriculture industry, Al is used to improve the growth and health of crops and animals.
The poultry industry is no exception, and Al is used to monitor the environment and growth of

broilers in real-time.

The proposed Al technique for the Smart Coop Monitoring System is a Nonlinear
Autoregressive Network with Exogenous Inputs (NARX). NARX is a type of Artificial Neural
Network (ANN) that is used to model the dynamic relationship between inputs and outputs. It
is used to predict future values based on past values and current inputs [11]. NARX consists of
two parts: the Autoregressive (AR) part and the Exogenous (X) part. The AR part models the
relationship between the past values of the output and the current state of the system. The X

part models the relationship between the current inputs and the future values of the output.

In the Smart Coop Monitoring System, the NARX will be trained with historical data
collected from the sensing layer. The inputs to the NARX will be the temperature, light
intensity, and weight of feed. The output will be the weight of the broilers. The NARX will use
the inputs and past values of the output to predict the future weight of the broilers [12].

35



ul
13.25
13.25
13.25
13.25
13.75
13.75
13.75
13.75
14.25
14.25
14.25
14.25
14.5
14.5
14.5
14.5
13.25
13.25
13.25
13.25
14
14
14
14
13.75
13.75
13.75
13.75
22
22

Figure 3.24 Example data of NARX inputs and output

The proposed Al technique of one-step ahead prediction using nonlinear autoregressive
network with exogenous inputs has the potential to provide accurate and reliable predictions of
the future values of the monitored parameters in the Smart Coop Monitoring System. The
implementation of this model will improve the effectiveness of the system in monitoring the

environment and growth of the broilers, and ultimately increase the profitability of the poultry

farm.
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3.4.8 UI/UX Design

In the design of the user interface (Ul) for the Smart Coop Monitoring System, the
proposed approach is to follow the heuristics established by experts in the field of human-
computer interaction. The goal of the design is to create an intuitive and user-friendly interface

that will allow users to interact with the system easily and effectively.

This section will provide a detailed overview of the proposed Ul/UX design, including

the following key elements:

e Dashboard: The dashboard will be the primary interface for the system and will provide
users with an overview of all relevant information, including real-time sensor data and
system controls.

e Analytics Page: The analytics page will allow users to view a graph that shows the
prediction of chicken weight, providing users with a visual representation of the
system's performance.

e User Profile: The user profile will allow users to view and manage their personal

information and settings, including their preferences and notification settings.

DASHBOARD

Temperature

Light Intensity Water Level Food Level

Figure 3.25 Dashboard Ul

37



DASHBOARD

Control Panel Alarms

Heater rtum mis on i The coop Is Too ok ALARM STATUS

Turn On

Cooler

Turn On

Feeder rummison 1o reea

Figure 3.26 Control panel and Alarm logs

ANALYTICS

‘COOP MONITORING SYSTEM ) )
Prediction

e
0D come
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Figure 3.27 Analytics Ul

Figure 3.28 User Profile Ul

35 Gantt Chart

This section discusses the Gantt chart for the Rapid Application Development (RAD)
model applied in the development of the Smart Coop Monitoring System. The Gantt chart
helps to keep track of the progress of the project, ensuring that tasks are completed within the

set time frame, and resources are used effectively.
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Figure 3.29 Gantt Chart of SCMS
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CHAPTER 4

IMPLEMENTATION, RESULT AND DISCUSSION

4.1 Introduction

This chapter focuses on the practical aspects of the project, including the development
of the hardware and software components, the testing process, and the analysis of the collected
data. The results and discussion section provides an evaluation of the system's effectiveness in
achieving the stated objectives, including the accuracy of Al predictions, and offers insights

into the future development of the system.

4.2 Implementation Process and Results

In this section, we will discuss in detail the implementation process of the smart coop

monitoring system.
4.2.1 Data Collection

For this project, the data collection process involved gathering information on various
environmental factors inside the poultry coop such as temperature, water level, feed weight,
amount of feed eaten, weight of chicks, and light intensity. In addition, the weight of the

broilers was also recorded at various time intervals to monitor their growth.

To collect the data, several sensors were installed inside the coop, including
temperature sensor, water level sensor, two load cells, and photocell sensor. The weight of the

broilers was measured using a digital scale.

The data was then stored in a database and used as inputs for the machine learning
algorithm. The collected data was cleaned, preprocessed, and normalized to ensure the

accuracy of the algorithm's predictions.
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if time.time() - last publish time >= 5:
rc = client.loop()
tuple =client.publish("coop/temp_data",temperature, qos=2, retain=

print(“rc: " + str(rc) + " publish " + str(temperature) + " to topic
temperature")
print ("tuple" + str(tuple))

tuple =client.publish("coop/eweight _data",eatenweight, qos=2,
retain= )

print(“rc: " + str(rc) + " publish " + str(eatenweight) + " to topic
eatenweight")
print ("tuple" + str(tuple))

tuple =client.publish("coop/light_data",light, qos=2, retain=

print("rc: " + str(rc) + " publish " + str(light) + " to topic light")
print ("tuple" + str(tuple))

tuple =client.publish("coop/water_data",water, qos=2, retain=

print("rc: " + str(rc) + " publish " + str(water) + " to topic water")
print ("tuple" + str(tuple))

tuple =client.publish("coop/chick _weight",chickweight, qos=2,
retain= )

print("“rc:
weight")
print ("tuple" + str(tuple))

+ str(rc) + " publish " + str(chickweight) +

tuple =client.publish("coop/fweight data",feedweight, qos=2, retain=

print(“rc: " " " to topic

feedweight")
print ("tuple" + str(tuple))

+ str(rc) + " publish " + str(feedweight) +

last_publish_time = time.time()
Figure 4.1 Publish Collected Data Snippet
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Table - Action Rows @ Type Collation Size Overhead

[J chicken_weight i [5] Browse 34 Structure (% Search 3¢ Insert [FIEmpty @ Drop @ InnoDB utfdmb4_general ci  16.8 kiB -
[ light_data % [E] Browse Z4 Structure % Search % Insert EgiEmpty @ Drop 489 InnoDB utfémbd_general_ci  48.8 kiB -
[J temperature_data i [5 Browse 34 Structure % Search & Insert GFEmpty @ Drop 489 InnoDB utfémb4_general_ci  48.8 kiB -
[ water_data 9% [F] Browse Z4 Structure % Search % Insert EFIEmpty @ Drop @ InnoDB utfémb4_general ci  15.8 kiB -
[ weight_data i [E Browse F4 Structure & Search i Insert EHEmpty @ Drop 489 InnoDB utfBmbd_general_ci  48.8 KkiB -

5 tables Sum 1,467 InnoDB utf8mb4_general ci 176.8 KiB @B

Figure 4.2 Database for Data Collection

4.2.2 Database Implementation

For this project, MySQL is chosen, a popular open-source relational database
management system. The first step in the implementation process was to design the database
schema, which involves identifying the tables needed for the project, determining the

relationships between them, and specifying the attributes and data types of each table.

Table » Action Rows g Type Collation Size Overhead
[ alarm_stats i [Z]Browse {4 Structure (% Search e Insert WgiEmpty @ Drop 8 InneDB utf8mbd_general ci  1s.2 kis -
[ chick_weight i [E]Browse F4 Structure % Search 3 Insert g Empty @ Drop 3,887 InnoDBE utf8mbd_general_ci 20s.2 Kis -
] eweight_data ¥k [E]Browse G4 Structure (% Search e Insert WgiEmpty @ Drop 3,888 InnoDB utfdmb4 general ci 2es.8 kis -
[ failed_jobs i [E]Browse F4 Structure % Search 3 Insert W Empty @ Drop @ InnoDB  utfmbd_unicode_ci  32.8 KiB -
[ fweight_data ¢ [E Browse B4 Structure % Search R Insert ﬁ Empty @ Drop 3,887 InnoDBE utfdmb4 general ci 224.8 kis -
(] light_data ¢ [ElBrowse F4 Structure % Search % Insert g Empty @ Drop 3,883 InneDBE utfdmb4_general_ci 2@8.@ Kis -
[ migrations 3¢ [EBrowse {4 Structure % Search R« Insert ﬁ Empty @ Drop 5 InnoDE utf8mb4 unicode ¢i 16.2 kis -
[] password_resets i [£]Browse F4 Structure % Search % Insert W Empty @ Drop @ InnoDB utfémbd_unicode_ci  32.e@ KiB -
] personal_access tokens ¢ [EBrowse {4 Structure & Search 3 Insert ﬁ Empty @ Drop @ InnoDB utf@mb4_unicode ¢i  48.2 KiB -
[ temperature_data k¢ [E]Browse &4 Structure % Search 3 Insert WglEmpty @ Drop 3,807 InnoDB utfdmb4_general_ci 2es.@ kis -
[ users ¢ [EBrowse {4 Structure % Search 3 Insert ﬁ Empty @ Drop 2 InnoDBE utf8mb4_unicode_ci  32.2 Kis -
[ water_data k¢ [E]Browse &4 Structure % Search 3 Insert WglEmpty @ Drop 3,808 InnoDB utfdmb4_general_ci 2es.e kis -
[0 websockets_statistics_entries iy [ Browse &4 Structure % Search 3« Insert ﬁ Empty @ Drop @ InnoDB utf8mbd_unicode_ci  16.8 KiB -

13 tables Sum 22,860 InnoDB utfmb4_general_ci 1.4 MiB e B

Figure 4.3 SCMS Database

The data collected from the microcontroller is sent to the database through MQTT.
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goToDBtemperature(jsonData):

son.loads(jsonData))

sql = "INSERT INTO temperature data (id, value) VALUES (%s,

val = ('',Value)

mycursor.execute(sgl, val)
mydb.commit()
current_time = ds ime.datetime.now().strftime(

"

print(“Temperature Data S at " + current_time)

Figure 4.4 Insert to DB Snippet

The table structure for all tables is:

# Name Type Collation Attributes Null Default Comments Extra

1 id int(11) No  None AUTO_INCREMENT
2 value varchar(50) utfémb4_general_ci Mo MNone

3 date_time wvarchar(50) utfBmb4 general ci No current_timestamp()

Figure 4.5 Database Table Structure

4.2.3 Hardware Development

In the hardware development phase of the project, various components were used to
develop the smart coop monitoring system. These components included a DHT11 sensor for
temperature monitoring, two load cells for weight measurement, a water level sensor, an
exhaust fan, a heating lamp, a light bulb, an Arduino Uno microcontroller, and a Raspberry Pi
3B+.
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Figure 4.6 Hardware Setup

The Arduino is responsible for collecting data. The Raspberry Pi will read the data from
Arduino as shown in Figure 4.6. The Pi will then publish the data to MQTT topic and data will
be subscribed by mqtttodb.py file. The data subscribed will be sent to MySQL database.

arduinouno = serial.Serial('/dev/ttyUSBO', 9600, timeout=.1)
print("Established serial connection to arduinouno")

Figure 4.7 Read from Serial

sensor_Data Handler

if Topic == " z
goToDBtemperatu

if Topic == "
goToDBeweight (]

if Topic == "
goToDBwaterlevel (j

if Topic == " ta™:
goToDBlight(jsonData)

if Topic == " '
goToDBlchic

if Topic == "

Figure 4.8 Subscribe MQTT Topic
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4.2.4 Web Application Development

In this section, we will discuss in detail the web application development process that
was undertaken to build the front-end interface for the smart coop monitoring system. The aim
of the web application is to provide an easy-to-use interface that can be accessed from
anywhere, and that displays real-time information on the coop environment and the broiler
growth progress.

For the development of the web application, we chose the Laravel PHP framework.
Additionally, we also utilized the WebSocket technology to enable real-time data transmission
between the web application and the backend server.

Echo.channel( 'alarm-hist ).listen('Alarmsts
table = document.getElementById
row = ‘<try<td>’ + e[ ‘deviceID']| + "¢ bd> Date().toLocale
table.innerHTML = row + table.innerHTML;
row = table.insertRow(@);
celll = row.insertCell(@);

cell2 = row.insertCell(1);
celll.innerHTML = e[ 'deviceID’];
cell2.innerHTML Date().toLocaleString('en-cA", {hourl2:

Figure 4.9 WebSocket Connection
4.2.5 Web Server Hosting

After the completion of the web application, the next step is to host it online so that it
can be accessed from anywhere. For this purpose, a web hosting service is required, which
allows the website to be published on the internet. In this project, the web application was
hosted on a shared web hosting server. The server was provided by Universiti Malaysia Pahang
(UMP). —
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Figure 4.10 Web Hostlng Setup
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To upload the web application to the hosting server, the files were transferred using

FileZilla. The database was also imported using the phpMyAdmin tool.

sftp://wilfred@10.26.30.31 - FileZilla - m] X
File Edit View Transfer Server Bookmarks Help
= [ | = = >
,_1_1_":’. o-o-'uﬂ?o«-«‘i.qﬁdb
Host: | sftp://10.26.3031| Username: Password: Port: l:l -
Status: Directory listing of “/home/wilfred” successful A
Status: Retrieving directory listing of “/home/wilfred/myapp"...
Status: Listing directory /home/wilfred/myapp
Btatus: Directory listing of “/home/wilfred/myapp"” successful v
Local site: ‘ C\Users\wilfry ~ | Remote site: ‘ /home/wilfred/myapp
: @ Public - EN yapp) -
- @ wilfr : 7 git
B var ? app
3 Windows 7 bootstrap
#- - Windows.old 7 chickenAl_scms
& Xampp ? config
: XboxGames ? database
#we D: (Lappy) % : Z matt v
Filename B Filesize Filetype Last modified ~ | Filename " Filesize Filetype Last modifi.. Permissi.. Owner/Gr.
.anaconda File folder 25-Apr-22 11:3.. .git File folder 16-Feb-23.. drwxrwx.. wilfred w..
.android File folder 10-Jun-22 1:06:... app File folder 16-Feb-23.. drwxrwx.. wilfred w..
.arduinol DE File folder 05-Nov-22 1:4.. bootstrap File folder 16-Feb-23.. drwxrwx.. wilfred w..
.BigNox File folder 10-Mar-22 1:5.. chickenAl_scms File folder 16-Feb-23.. drwxrwx.. wilfred w..
.cache File folder 18-May-22 4:4... config File folder 16-Feb-23.. drwxrwx.. wilfred w..
.conda File folder 06-Jun-22 1:26:... database File folder 16-Feb-23.. drwxrwx.. wilfred w..
.config File folder 05-Jan-21 12:2.. matt File folder 16-Feb-23.. drwxrwx.. wilfred w...
.continuum File folder 25-Apr-22 11:2... node_madules File folder 16-Feb-23.. drwxrwx.. wilfred w...
dbus-keyrings File folder 18-Jan-21 5:06: public File folder 16-Feb-23 .. drwx--x-.. wilfredw.. o
dotnet File folder 01-Jan-21 9:17: v < >
124 files and 79 directories. Total size: 25,593,633 bytes 15 files and 14 directories. Total size: 1,087,106 bytes
Server/Local file Direc.. Remote file Size Priority Status
Queued files | Failed transfers | Successful transfers
2@ Queue: empty 1]

Figure 4.11 FileZilla Interface

Once the web application was uploaded and the database was connected, the website
was live and could be accessed from anywhere with an internet connection. This allowed the
poultry farmers to remotely monitor the environment inside their coops and receive alerts in

case of any abnormal conditions.

426 MQTT Broker

In the context of this project, the microcontroller sends data collected from the sensors
to the MQTT server, which then forwards the data to the database. MQTT allows for low
bandwidth usage, making it ideal for 10T applications where network resources are limited.
Furthermore, it has low overhead and supports various Quality of Service (QoS) levels,
ensuring that messages are delivered reliably and efficiently. The chosen MQTT server for this

project is Mosquitto.
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1676559933: Received PUBREL from Chicken Coop (Mid: 6932)

1676559933: Sending PUBCOMP to Chicken Coop (mé932)

1676559933: Received PUBREL from Chicken Coop (Mid: 6933)

1676559933: Sending PUBCOMP to Chicken Coop (mé933)

1676559933: Received PUBREL from Chicken Coop (Mid: 6934)

1676559933: Sending PUBCOMP to Chicken Coop (m6934)

1676559933: Received PUBREL from Chicken Coop (Mid: 6935)

1676559933: Sending PUBCOMP to Chicken Coop (mé935)

1676559933: Received PUBREL from Chicken Coop (Mid: 6936)

1676559933: Sending PUBCOMP to Chicken Coop (m6936)

1676559933: Received PUBREL from Chicken Coop (Mid: 6937)

1676559933: Sending PUBCOMP to Chicken Coop (m6937)

1676559933: Received PUBLISH from Chicken Coop (d@, q2, ro, ‘ coop/temp_¢ *, <+« (4 bytes))
1676559933: Sending PUBREC to Chicken Coop (m6938, rc@)

1676559933: Received PUBLISH from Chicken Coop (de, q2, re, ' coop/eweight_data®, ... (6 bytes))
1676559933: Sending PUBREC to Chicken Coop (m6939, rce)
1676559933: Received PUBLISH from Chicken Coop (d@, q2, r@, m694@, 'coop/light data®, ... (3 bytes))
1676559933: Sending PUBREC to Chicken Coop (m6940, rc@)

1676559933: Received PUBLISH from Chicken Coop (d@, g2, r@, m6941, 'coop/water_data‘, ... (1 bytes))
1676559933: Sending PUBREC to Chicken Coop (m6941, rce)

1676559933: Received PUBLISH from Chicken Coop (d@, q2, ro,

1676559933: Sending PUBREC to Chicken Coop (m6942, rce)

1676559933: Received PUBLISH from Chicken Coop (de, q2, r@, m6943, 'coop/fweight_data‘, ... (6 bytes))
1676559933: Sending PUBREC to Chicken Coop (m6943, rce)

1676559933: Received PUBLISH from Syahmi (d@, g0, re, m@, 'CA19146/TEMPERATUREDATA', ... (S bytes))
1676559933: Received PUBLISH from Syahmi (de, q@, r@, m@, 'CA19146/AIR_QUALITYDATA', ... (2 bytes))
1676559933: Received PUBLISH from syahmiadli (de, q@, ro, m@, 'CA19146-2/PULSE_RATEDATA', ... (3 bytes))
1676559934: Received PINGREQ from auto-E@C5C7@D-BB32-1631-87EB-68A1D2E03203

1676559934: Sending PINGRESP to auto-E@CSC70D-BB32-1631-87E8-68A1D2E03203

1676559934: Received PUBLISH from Syshmi (d@, q@, r@, m@, 'CA19146/TEMPERATUREDATA', ... (S bytes))
1676559934: Received PUBLISH from Syshmi (de, q@, r@, m@, 'CA19146/AIR_QUALITYDATA', ... (2 bytes))
1676559934: Received PINGREQ from auto-ACEB9314-5019-0699-4A22-5251CAE1IALFE

1676559934: Sending PINGRESP to auto-ACEB9314-5019-0699-4A22-5251CAE1AIFE

1676559934: Received PUBLISH from Syahmi (d@, q@, r@, m@, 'CA19146/TEMPERATUREDATA', ... (S bytes))
1676559934: Received PUBLISH from Syshmi (de, q@, r®, md, 'CA19146/AIR_QUALITYDATA', ... (2 bytes))
1676559934: Received PUBLISH from syahmiadli (de, q@, r@, m@, 'CA19146-2/PULSE_RATEDATA', ... (3 bytes))
1676559935: Received PUBLISH from Raspi (d@, qi, r@, m4782, 'SAS/temperature', ... (5 bytes))

m6942, 'coop/chick weight', ... (4 bytes))

Figure 4.12 MQTT Broker

4.2.7 Al Server

An Al server was set up to receive the data collected by the sensors through the MQTT

broker and perform predictive analysis using a Nonlinear Autoregressive network with
eXogenous inputs (NARX) model.

To ensure that the system operates efficiently and provides accurate predictions, the Al
server was deployed on a separate computer system from the database and the web application.
This ensures that the Al server can handle the computational requirements of the predictive
analysis without affecting the performance of the web application.

CD19140_Al

Figure 4.13 Al Server
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4.2.8 WebSocket Server

The WebSocket server was used to communicate with the web application and push
real-time data to the client. The server listened to events sent from the client and broadcasted
data to the appropriate channel. The server was implemented as a PHP script that ran
continuously in the background and listened for incoming connections.

Figure 4.14 WebSocket Server

4.2.9 Al Implementation

NARX model has been implemented for one step ahead prediction of broiler weight.
The model uses the historical data of the broiler weight along with the data such as temperature,
amount of food eaten, and light intensity. The input data is preprocessed and fed to the NARX
model which is then trained using backpropagation algorithm. A total of 489 data was collected
for each sensor. The data is trained with these parameters: -

48



tf.compat.vl.disable eager execution()
learningRate = 1e-3

weightDecay = 1e-3 / 100

maxEpochs = 10000

miniBatchSize = 512

lag = 3

108
12
1

Figure 4.15 Training Parameters

The results produced after training the dataset is as follows: -

One Step Ahead Prediction (Training Set)
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Figure 4.16 Training Set
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Figure 4.18 Residual Plot
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4.2.10 Dashboard Implementation

The dashboard is an essential part of the smart coop monitoring system as it allows
farmers to view and analyze the real-time data collected by the sensors in a user-friendly

interface. In this section, we will discuss the implementation of the dashboard.
4.2.10.1 Charts

The dashboard was implemented using HTML, CSS, and JavaScript. It is designed to
be responsive, allowing farmers to view the dashboard on different devices, such as desktop
computers, tablets, and mobile phones. To display the real-time data collected from the sensors,
the dashboard is integrated with the database using Laravel framework. The real-time data is
collected from the sensors and sent to the database through MQTT. The dashboard retrieves
the data from the database and displays it in the form of graphs and charts. To provide real-
time data updates to the dashboard, the WebSocket protocol was used, allowing the server to
push updates to the client whenever new data is available.

$.getISON( " /rou nperatureroute’, (blocksall){
datas = blocksall.blocks.map(Number);
datas = datas.reverse().slice(-11, -1);
console.log(datas
datasx = blocksall.blocks2.map(String);

datasx = datasx.reverse().slice(-11, -1);

document.getElementById("temptxt™).innerHTML = datas[datas.length-1];

first = Date(datasx[datasx.length-1]);
second = Date();
diff = second.getTime() - first.getTime();

if (diff > 1500
document.getElementById( “"temptxt").style.color

document. getElementById( “"temptxt").style.color = "EEILFE!";

ctx1 = document.getElementById("“chartBigl™).getContext('2d");

Figure 4.19 Temperature Chart Setup

The design of the dashboard was kept simple and intuitive, with easy-to-read graphs
and charts displaying the key parameters, such as temperature, humidity, water level, and

weight of broilers.
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DASHBOARD

Temperature

Light Intensity Water Level Food Level

Figure 4.20 Temperature Chart Setup

The graphs are updated every 5 seconds by using the Ajax Call function. We also implemented
a time check for every 15 seconds between each new data to visualize the connection of the

system.

first = Date(datasx[datasx.length-1]);
second = Date();
diff = second.getTime() - first.getTime();

if (diff » 15000
document.getElementById("temptxt").style.color =

Figure 4.21 Connection Time Check

4.2.10.2 Alerts

The dashboard also includes an alert system that sends notifications to farmers if any
of the parameters fall outside the normal range, allowing them to act immediately. Notifications

will be sent to Discord app.
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Alarms

ALARM STATUS

Chicken Food 2023-02-16 21:24:53

Water Level 2023-02-16 21:24:562

Chicken Food 2023-02-16 21:24:47

Water Level 2023-02-16 21:24:46

Chicken Food 2023-02-1613:37:10

Chicken Food 2023-02-16 13:37:07

Figure 4.22 Alarm History

To connect to Discord, we just need to take the webhooks and implement it in code.

Integrations > Webhooks

New Webhook

POSTING TO #GENERAL
I l © Crea

CHANNEL

#general

Copy Webhook URL

pusl'ler"_zlient

Figure 4.24 Discord Webhook Implementation

If one of the sensors reaches their set threshold, it will notify the farmers for any

abnormalities within the coop.
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Alerts [BOT| v )
There is insuffucient of water in the chicken coop. Please refill water.

There is insuffucient of food in the chicken coop. Please refill the food.

There is insuffucient of water in the chicken coop. Please refill water.

Alerts [BOT| ves 24
There is insuffucient of water in the chicken coop. Please refill water.
There is insuffucient of food in the chicken coop. Please refill the food.

There is insuffucient of water in the chicken coop. Please refill water.

There is insuffucient of food in the chicken coop. Please refill the food.

Figure 4.25 Discord Notification

4.2.10.3 Controls

Control Panel

Lights

Figure 4.26 Control Hardware

The control panel is a web-based interface that allows the user to control the output
devices such as lights, fan, and heater using MQTT protocol. The MQTT protocol is used to
communicate between the control panel and the output devices.
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@raspberrypi
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Figure 4.27 Raspberry Pi Control Side

if msg.topic == "coop/trigger/lights"”:
if string == "ON":
GPIO.output(13, GPIO.HIGH)
print("lights on")
elif string == "OFF":
GPIO.output(13, GPIO.LOW)
print("Llights off")

if msg.topic == "coop/trigger/heater":
if string == "ON":
GPIO.output(11, GPIO.HIGH)
print("Heater on")
elif string == "OFF":
GPIO.output(11, GPIO.LOW)
print("Heater off")

Figure 4.28 Raspberry Pi Control Snippet

4.2.10.4 Analytics

Prediction

Figure 4.29 Prediction Interface
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In order to improve the system's accuracy, machine learning algorithms were
implemented to predict the conditions inside the coop. The predicted data was then displayed

on an analytics page, providing insight into the system's performance and accuracy.

The predicted data is based on the historical data collected from the sensors in the coop.
This data is fed into the NARX one-step-ahead neural network model for training, which then
provides predictions for the current and future conditions inside the coop.

4.3 Discussion

The results of this project demonstrate that the proposed smart coop monitoring system
is effective in improving the environment conditions of the coops and reducing the mortality
rate of chicken during the early stages of growth. The system provides real-time monitoring
and control of temperature, amount of food eaten, water level, light intensity, and weight of
broilers, and alerts farmers to any abnormal conditions in the coops. The data collected from
the system is stored in a database and analyzed using an NARX one-step-ahead model to
provide accurate predictions of the environment conditions in the coops.

The system provides real-time monitoring and control of the coop environment,
accurate predictions of the environment conditions, and a dashboard for real-time monitoring
and control. However, further research is needed to address the limitations of the system and

improve its overall effectiveness and efficiency.

4.4 Summary

Chapter 4 focuses on the implementation of the proposed system, including the data
collection process, database implementation, hardware development, web application
development, MQTT and WebSocket server implementation, Al implementation, dashboard
implementation, control panel, and analytics. The chapter details the hardware and software
components used in the system, as well as the specific steps taken to implement each
component. The chapter concludes that the proposed system can significantly improve the
health and productivity of poultry, decrease mortality rates during early stages of growth, and

increase the overall profitability of the farm.
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CHAPTER 5

CONCLUSION

51 Introduction

Chapter 5 serves as a conclusion to the project/research conducted. It includes a
summary of the project's main findings, the extent to which they meet the project objectives,
and a review of the methodology and implementation of the project. Additionally, the chapter

offers suggestions for future improvements and enhancements to the project or research.

5.2 Research Constraint

In this project, there were a few constraints that affected the implementation and
outcomes. One of the main constraints was limited time. Due to the timeline of the project,
there were limitations on the amount of data that could be collected, as well as the depth of
analysis that could be performed. This made it challenging to fully explore the potential of the

system and the Al predictions.

Chickens are susceptible to a range of health problems, including diseases, parasites,
and infections. These can affect the productivity and profitability of the farm. Chickens require
a balanced diet to thrive. Limited availability or poor-quality feed can impact their growth and

productivity.

53 Future Works

Currently, the system is only using a few sensors, such as temperature and humidity
sensors, water level sensors, and load cells. Other sensors, such as carbon dioxide sensors and
ammonia sensors, can be integrated to provide a more comprehensive analysis of the

environment inside the chicken coop.
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The system can be further improved by integrating with automatic feeders and waterers,
which can dispense feed and water based on the needs of the chickens. This would ensure that

the chickens are well-fed and hydrated at all times.

The current system can be further enhanced by developing a mobile application that
will enable farmers to access real-time information about their poultry farm from their mobile
devices. This will provide farmers with the flexibility to monitor and control their farm while

on the go.
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