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ABSTRACT

With the increasing number of people and the increased demand for eggs and birds of various

kinds, incubators have been used to hatch large amounts of eggs and preserve some kinds of

birds from extinction, but there are several problems with them, such as Egg fertility issues,

issues with hatching conditions, such as problems in environmental conditions like heat,

humidity, ventilation, and irregularity of turning, need supervision and intervention by the user.

If the user wants to monitor what is happening inside the incubator or see if the eggs hatch, he

needs to open it. The need arose for a smart incubator that could solve these problems.

Our project seeks to provide a smart system capable of providing a successful hatching process.

This system is for hatching various types of eggs and allows the user to choose the suitable kind

of egg to be hatched. This incubator should be able to create the perfect environment and

conditions for an egg to incubate because it controls factors such as temperature, humidity, and

turning the eggs and examining the embryos to exclude rotten eggs. It also provides the

possibility of permanently monitoring what is happening inside the incubator remotely for a user

and sending him an alert through an application when the process is complete and if any error

occurs.
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الملخص

منكبيرةأعدادلتفريخالحاضناتاستخدامتم،أنواعهابمختلفوالطيورالبيضعلىالطلبوزيادةالناسأعدادتزايدمع
البيض،والمشاكلخصوبةمشاكلمثل،معهامشاكلعدةهناكولكن،الانقراضمنالطيورأنواعبعضعلىوالحفاظالبيض
إلىتحتاج،الدورانانتظاموعدموالتهويةوالرطوبةالحرارةمثلالبيئيةالظروففيالمشاكلمثل،الفقسبظروفالمتعلقة
فعليه،يفقسالبيضكانإذامامعرفةأوالحاضنةداخليحدثمامراقبةالمستخدمأرادإذاالمستخدم.قبلمنوتدخلإشراف
.المشاكلهذهحليمكنهاذكيةحاضنةإلىالحاجةنشأتفتحها.
البيضمنمختلفةأنواعلتفريخمخصصالنظامهذاناجحة.فقسعمليةتوفيرعلىقادرذكينظامتوفيرإلىمشروعنايسعى
والظروفالبيئةخلقعلىقادرةالحاضنةهذهتكونأنيجبتفقيسه.ليتمالبيضمنالمناسبالنوعباختيارللمستخدمويسمح
البيضلاستبعادالأجنةوفحصالبيضوتقليبوالرطوبةالحرارةدرجةمثلعواملفيتتحكملأنهاالبويضةلاحتضانالمثالية
عندالتطبيقاتأحدعبرلهتنبيهوإرسالللمستخدمبعدعنالحاضنةداخليحدثلماالدائمةالمراقبةإمكانيةيوفركماالفاسد.
.خطأأيحدوثحالةوفيالعمليةاكتمال
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Chapter one

Introduction

1.1 Overview

Egg incubator is one of the inventions that provide opportunity, especially for those who

want to be excellent farmers. The incubator is a system that simulates the environmental

conditions that work to provide the suitable climate and conditions of heat, humidity, and

ventilation the bird needs inside the egg to complete its growth and thus the exit of the chicks

from the egg without the need for the incubating mother. The egg incubator has become

necessary in chicken breeding projects because artificial hatching is much easier, and hatching

machines will provide a large, regular, and continuous production. But what makes our project

stand out is that it has a small scope, which can accommodate tens of eggs, and anyone can use

it. And it is a smart system that detects fertile and infertile eggs, it is characterized by containing

more than one system according to the kinds of eggs to be hatched, This is done without human

intervention.

1.2 The main idea

Our project is to build a smart hatching system capable of providing the necessary

environmental conditions for a successful hatching process. This system is for hatching various

types of eggs, which allows the user to choose the suitable kind of eggs to be hatched. This

incubator is able to set the perfect environment and condition for an egg to incubate because it

controls the factors such as temperature, humidity, and turning the eggs, and also works on

examining the embryos to exclude infertile eggs. It also provides the possibility of permanent

monitoring of what is happening inside the incubator remotely for a user and sending to him an

alert through an application when the process is completed and if any error occurs.
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1.3 Project Aims and objectives

We can summarize our objectives for this project as follows:

1. Create a smart egg incubator that provides the necessary environment for egg hatching.

2. Increase the hatching rate.

3. automatic egg turning system.

4. Remote monitoring and control.

5. Examination of egg embryos and exclusion of infertile ones.

6. Providing the ability to choose the type of eggs that the user wants to hatch.

1.4 Problem Statement

In this section, we’re going to talk about problem statements that contain problem analysis

and the importance of solving this problem.

1.4.1 Problem analysis

Due to the increasing number of people and the increased demand for eggs and birds of

various kinds, incubators have been used to hatch large numbers of eggs and preserve some

types of birds from extinction, but there are several problems with them, most notably:

1. Egg fertility issues.

2. There are issues with hatching conditions, such as problems in environmental conditions like

heat, humidity, ventilation, and irregularity of turning because the eggs from some existing

incubators need human intervention to do it, as well as the proximity of the eggs the walls of the

incubator.

3. The need for supervision and intervention by the user.

4. If the user wants to monitor what is happening inside the incubator or to see if the eggs hatch,

he needs to open it.

Therefore, we need a system that performs several operations to solve these problems in the best

way.
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1.4.2 The importance of solving this problem

The scope of this system will be small to suit personal use and small farms as it produces

tens of eggs, and it can be changed to suit the needs of large farms. The incubator in our project,

reduced human time and effort because there is an application, reduced the cost because instead

of having an incubator for each kind of bird one incubator was used, and also it can provide high

production accuracy thus reducing losses.

As the system examines the embryos to exclude infertile eggs, this solves egg fertility issues. and

alerts the user when the hatching process begins, this makes it smart.

1.5 Project Requirements

The requirements of our project are shown below

1.5.1 List of requirements

The system requirements can be summarized as

1. The system asks the user to choose the kind of egg that they want to put in the incubator

by using an application.

2. The system provides the appropriate conditions as it maintains a certain temperature by

checking it with a special sensor and saves heat by turning on a heat lamp, Providing

ventilation through a fan, and Providing the appropriate humidity either through a device

that provides humidity using water.

3. The system automatically turns the eggs.

4. Examination of the embryos inside the eggs by shining an intense light on the egg and

then taking images of eggs to analyze them to exclude infertile ones.

5. The system displays the value of each environmental condition and the number of days

remaining for the egg to hatch. This is done by displaying it on the application.

6. Monitor the system by placing a camera inside it.

7. The system should alarm when the hatching process is completed.
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1.5.2 Functional Requirement

The functional requirement in our project is

1. Smart system (egg examination).

2. Selection of the hatching system based on bird kind.

3. Intelligent control of environmental conditions such as temperature and humidity.

4. User-friendly system, alert the user if the process is finished.

1.5.3 Non-functional Requirement

The non-functional requirement in our project is

1. Remote access to the system.

2. Scalability: The ability of the system to deal with the increasing number of eggs

without reducing the overall quality of the service provided to any eggs number.

3. Reliability: The system is intended function to do all it's under stated conditions

without failure for a given period of time.

4. Response time: the total time it takes from a request until they receive a response in

our system is short.

5. Security: To achieve security, we will provide authentication in the application of our

project in order to prevent anyone from accessing it except the owner of the incubator.

1.6 System Description

This system works as follows:

This system works on hatching eggs according to the time and conditions required for each kind

of bird. First, the eggs should be placed in the right place inside the incubator. After that, the user

must choose the type of system based on the kind of eggs he lays. This system is able to hatch

three kinds of eggs. The system differs from one type of egg to another due to the different

conditions that suit it (such as temperature, humidity, ventilation, the full hatching period, and

the number of turns).
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The smart egg incubator should have good ventilation so that the oxygen content is 21% (its

concentration in normal air), and the carbon dioxide content is not more than 1%.

The system begins to work without the need for any human intervention, and the farmer can

monitor the eggs inside the incubator because there is a camera inside, and he is also alerted by

sending a notification to him if the process is completed. The system displays the value of each

environmental condition and the number of days remaining for the egg to hatch.

This system examines the egg to exclude infertile eggs, because when infertile eggs remain

inside the incubator, they cause problems for other fertile eggs.

1.7 Project Limitations and features

In this section we will talk about the constraints and features of our project.

1.7.1 constraints

The system constraints can be summarized as

1. Providing an energy source to operate the incubator, which can’t be guaranteed in rural

areas or far from residential areas.

2. There is a danger in this process because we can lose one of the conditions necessary for

hatching when any malfunction occurs in sensors or other component, and this process is

usually applied to many eggs.

3. The presence of fully formed but dead chicks (due to low average humidity in some

stages and a rise in other stages ).

4. Some eggs hatch early and some late in the same group of eggs (due to high

temperatures in the last three days and improper storage of eggs).

1.7.2 Features

1. Adding a camera to enable the user to monitor the inside of the incubator remotely

without having to open it.
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2. Alert the user when the hatching process is completed.

3. The project can hatch three kinds of eggs. The user can choose the kind of egg that they

want to hatch.

4. Examination of the egg to exclude infertile eggs.

1.8 Project Schedule

Table 1.1: TimeTable

Time (each cell represent 2 week)
Task

Second SemesterFirst Semester
Planning
Project

requirement
Analyzing and

design
Project

development
Project test

and
maintenance

1.9 Report Outline

The rest of the report is organized as follows: Chapter 1 presents the main idea, aims and
objectives, problem statement, and functional and nonfunctional requirements of our project. We
describe the system and how it works and finally project limitations. Chapter 2 presents a
theoretical background of the project, and a description of the hardware and software
components is discussed in addition to the system specification and design constraints. Chapter 3
detailed design block diagrams, and flowcharts.
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Chapter two

Background

2.1 Overview

This chapter introduces the theoretical background of the system, a literature review of the

project, and a summary of the topics we discussed in this chapter.

2.2 Theoretical background

In the theoretical background, we will talk about the definition of a smart egg incubator, the

Types of incubators, and biological factors.

2.2.1 Definition of smart egg incubator

The smart egg incubator is based on a microcontroller that can automatically help with the

generation of chicks for birds. The controller's primary responsibility during the incubation

process is to monitor and regulate the entire environment, including temperature, humidity, and

ventilation, turn eggs automatically, also detect if the egg is fertile or infertile, and alert the user

for some issues [1] [2].

2.2.2 Types of Incubators

There is a different type of egg incubator, from the control side there is Auto and manual egg

incubator. An autonomous egg incubator's ability to spin the eggs without your assistance. The

eggs are placed on a tray with sections. Then an automated motor turns the tray, which causes the

eggs to rotate. In a manual egg, you must manually turn the eggs at least three times per day [3].

The system in our project will be automatically controlled for various egg kinds and be made to

integrate IoT technology with smartphones to improve the user experience for monitoring and

using the incubation system more conveniently.

Egg incubators also may be Convectional incubators, still-air incubators, or forced-air

incubators. Convectional relies on ventilation apertures in the incubator's top, sides, and bottom.
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Air holes are absent from the second type of egg incubator. One of the most well-liked and

frequently employed egg incubators is forced air. We shall utilize force air because it distributes

heat more evenly inside the incubator. The fan automatically controls the ventilation and is

simple to use [4].

Egg incubators consist of a setter and a hatcher. The two main apparatuses in the hatchery are

the incubators and the hatcher. The term "setter" is also frequently used to describe the incubator,

the eggs will be in the incubator (setter) about 3 days before they hatch, Then they will be

transferred to the hatcher, where they will stay for an additional two to three days until the

majority of the chicks hatch out [5].

In our project we will use a combined incubator, also called a combo incubator, which is a

system that has both the functions of a setter and a hatcher. Because this is the best for small

incubators with a capacity of no more than thousands of eggs, it may be less expensive to

produce one machine with both functions as opposed to producing two machines [6].

Figure 2.1: Forced Incubator, source [7].

2.2.3 Biological factors

The condition of the incubator is a critical factor, the most common causes of poor results

are humidity and/or improper temperature regulation. Inadequate control occurs when the
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temperature or humidity is too high or low. This prevents the fetus from growing and developing

normally. In addition, improper ventilation and defects in egg turnover lead to substandard

results. [2][8].

This system is influenced by Biological factors such as

1. Air quality: An adequate oxygen level should be maintained in the incubator during the

incubation process, it must be 21%.

2. Turn the egg: egg turning is the most important step in the incubation process since,

during the first week, the embryo lacks a circulatory system. By turning the eggs, new

embryonic membranes are developed properly, enabling the chick to peep out without

any issues. Additionally, as the egg rotates, the sub-embryonic fluid helps the embryo

receive nutrients from the yolk.

Evaporation and humidity: During incubation, the embryo needs to lose the correct

amount of water. If it retains too much water, it will be difficult to perform the internal

pipping; if this loss is excessive, this causes a risk of dehydration.

Depending on the relative humidity of the surroundings, the egg loses moisture through

the pores in the shell. Problems with diet and hygiene will undoubtedly impact the quality

of the shell and, in turn, the loss of moisture. The best hatching is accomplished with a

moisture loss in eggs of between 12 and 14%.

3. Temperature: Without question, the most important aspect of incubation is temperature. Small

variations in air temperature have been demonstrated to affect embryo growth, hatchability, and

post-hatch performance in a number of experiments and field studies. and The development of the

cardiovascular system, muscles, and tendons are all impacted by the temperature during

incubation. The temperature needs to be kept at the ideal level for proper embryo growth and

hatchability. Embryos kept with the eggshell temperature very high during incubation have been

shown to present shorter lengths of the tibia, femur, and metatarsus, lower body length, lower

weight, higher residual yolk, and lower stomach, liver, and heart, affect the development of the

cardiac muscle and may cause right ventricular hypertrophy and increased mortality. On the other

hand, low temperatures also cause great losses in the incubation process. They will prolong the

incubation time, increasing the final mortalities, and generating delayed chicks.
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4. Disinfection: Before storing the eggs in the incubator, they should be disinfected to stop

the growth of fungus, bacteria, yeast, and viruses that could seriously harm the

developing embryo.

5. Egg embryo examination: an "infertile" egg looks transparent with the exception of a

very faint yolk shadow. A living embryo has a spider-like appearance, with blood arteries

extending out like the legs of a spider.[9].

Figure 2.2: Hen embryo development, source[9].
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In Table. 2.1, we have described the elements that are essential for each type.

Table 2.1: Conditions needed for each Kind of bird, source [9].

Species Incubator
Period
(days)

Temp
(F.)¹

Humidity
(F.)²

Do not turn
after

Humidity
Last 3 days²

(F.)²

Open vent
more

Hens 21 98.5-99.6 85-87 18th day 90 - 91 18th day

Turkey 28 98.5-99.6 85-86 25th day 90 - 91 25th day

Quail 16-18 98.5-99.6 < 77 15th day 84 15th day

2.3 Literature review
In this section, we will talk about some projects similar to the idea of our project:

After we searched for D space at Palestine Polytechnic University, we did not find any similar

project.

Project outside the Palestine Polytechnic University:

● Smart Egg Incubator

This work was done by Rula Salahat and Afeef Moghaiar at Al Najah University in

Palestine in"2021." The main idea is based on a smart system that can be used to adjust

the humidity and temperature through an application. Inside the incubator, the system

provides oxygen and turns the eggs automatically through the microcontroller. incubator

based on the Internet Of Things(IoT)[10]. This project hatched just the hen egg but in our

one, we hatch various types of eggs. Their system can't detect infertile eggs but our

project has the ability to detect them. We help users to monitor the process remotely and

alert them when any error occurs against them.
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● SMART EGG INCUBATOR

This work was done by Susmita M. Chougule, Virashree B. Desai, Pooja S. Gaikwad,

Shweta S. Kamble, and Prof. Vishal T. Metkari from India in “2018”. “The main idea of

this project is to build an incubator that can control the temperature, and humidity and

rotate the eggs automatically based on a microcontroller. In addition, the incubator based

on the Internet of Things (IoT) system using a PC/smartphone can help the farmers to

monitor the smart incubator from a distance” [11].

This project developed an incubator that hatches hen eggs and can automatically control

only the temperature, humidity, and turn the eggs, but in our project, we not only control

this, but also build the incubator for various egg kinds, this gives the user the ability to

choose the system based on the type of eggs that he wants to hatch, examination of egg

embryos and exclusion of rotten ones, and when the chicks start to leave the egg, a

notification is sent to the user.

● Smart Eggs Incubator System

This Project was done by Fawziie Omar, H. C. M. Haris, Nabil Hidayat, I. Ismail and

nawawi Seroji at Electrical Engineering Universiti Teknologi MARA Malaysia in

Malaysia at "2017". The purpose of this project is to design and develop Smart Egg

Incubator System. The system provides the temperature and humidity and ventilation

automatically based on a microcontroller[12]. This system hatch just hens and in the

future, it can develop to hatch other kinds of birds but our project is designed for various

kinds. Their system doesn't support the idea of remote monitoring. But it does the process

of checking the presence of embryos, as is the case in our project.
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We explained the details and differences between them and our project in Table 2.2

Table 2.2: Differences between Projects

Project Our project
Al-Najah
University
Project

SMART EGG
INCUBATOR
from India

Project No 3

Type of bird Chicken
Turkey
Quil

Chicken Chicken Chicken
(but it can

develop for other
types)

Microcontrooler Raspberry pi Arduino Arduino Arduino

Remote control Yes NO No No

Alerting the user
Yes

In emergencies, and
When the process is

complete.

No No No

Examination of egg
embryos

Yes No No yes

2.4 Summary

In this chapter we define the egg incubator. In theory, we talked about the types of

incubators in terms of the ventilation system, in terms of design (combo or consists of two parts),

and auto and manual incubators.

Then we talked about biological procedures that contain the characteristics of the incubation

period (time, temperature, humidity, ventilation, and stirring) in terms of science.

In the literature review, we talked about three projects about egg incubators and explained the

differences and similarities between each project and our project.
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Chapter Three

System Design

3.1 Overview

The following section has a description of the system, detailed design, and necessary

information about the design.

3.2 System components

We divide system components into three sections:

3.2.1 Mechanical Design

In this section, we focus on the construction and building of the shape of an incubator.

We will build the incubator with a wooden box covered from the inside with cork material, as it

has the ability to retain heat for 3–4 hours, which is essential in the event of a power outage.

One of the sides of this incubator can be opened so that the chicks are taken out after the

hatching process is complete. The dimensions of the Smart Egg Incubator are 40 cm in height,

50cm in width, and 50cm long. And it contains an egg tray that can fill up to 30-40 eggs.

From the bottom, there is a designated place covered with a cloth to receive the chicks when they

hatch.

Figure 3.1: incubator, source [13].
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3.2.2 Hardware components of the system

This section describes the hardware components used in the system.

1. Raspberry pi3 model B+ microcontroller

We use a raspberry pi microcontroller to control all operations in the

system.

Figure 3.2: Raspberry pi, source [14].

Raspberry pi receiver five different signals from different sources as follows:

● DHT11 Signal(For Temperature and Humidity)

To read temperature and humidity from the DHT11 sensor, We will write code for an

Arduino IDE based on the Adafruit DHT library. The library supports DHT22. The

Raspberry pi delays 2 seconds, because the DHT11 maximum sampling period is 2

seconds. So, we can only get readings every two seconds.

The temperature and humidity are returned in float format, then create float variables h,

and t, to save the humidity, and temperature in Celsius by using a function from the

library, then send the value to the mobile application.
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If the value of humidity and temperature does not enable a suitable range, the micro

sends pulses to the bulb and pump to turn on or off to increase or decrease these

values[15].

● Ultrasonic Signal(For Water level detection)

To read the signal from the Ultrasonic sensor, We will write code for the Arduino IDE.

There is a variable that saves the velocity of sound in the air at 20ºC. The other variable

saves the travel time of the ultrasonic waves (time elapsed since transmission and

reception of the pulse wave, then saves the distance to an object in centimeters Define the

trigger pin as an output the trigger pin emits the ultrasound. And define the echo pin as an

input the echo pin receives the reflected wave and sends a signal to the raspberry pi that

is proportional to the travel time.

Then produce a 10uS high pulse on the trigger pin—this means the pin will emit an

ultrasound. Note that before sending the pulse, we give a short low pulse to ensure you’ll

get a clean high pulse. We use the function to get the sound wave travel time, then

raspberry pi uses this equation to compute.

Distance in cm = travel time of the ultrasonic waves *velocity of sound in the air /2

[16].

● Relay signal (For Power Driving )

We will write code for Arduino IDE to make raspberry pi able to receive relay signals.

This code defines the relay as output, then sends a low signal or high signal if we use a

closed configuration to let the current flow and light the lamp. To stop the current flow

send a high signal to the relay or a low signal if we use a closed configuration to stop the

current flow [17].
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2. DHT11 temperature-humidity sensor:

It is used to measure temperature and humidity in the system and then send the data to the

Raspberry pi. We were prompted to use it with a number of features [18].

Figure 3.3: DHT11 sensor.

In this sensor, the temperature ranges from -40°C to + 80°C, and the humidity range is from 0%

to 100%.

The sensor measures the value of temperature and Humidity, and then it represents these values

in decimal. After that, it calculates the check-sum through this equation.

Check-sum = 8 integer data bit RH + 8 decimal data bits RH + 8 integer data bits T + 8

decimal data bits T.

After that it calculates the data through this equation :

DATA = 8 integer data bit RH + 8 decimal data bits RH + 8 data bits integer T + 8 decimal data

bits T + 8 check-sum bit.

This is the form of data that is sent to the microcontroller. The microcontroller receives 40 bits from the

sensor: 16 RH data bits, 16 T data bits, and 8 checksum bits. Where T is Temperature and RH is

Humidity [19].
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3. BULB

It is used as a heater source to provide the incubator with a suitable temperature. The light

turns on when the temperature falls below the ideal level, but when it rises above the required

range, it will turn off [20].

Figure 3.4: Bulb.

4. Fan

The fan will act to reduce the temperature if it rises above the ideal level. The fan will turn off

when the temperature is at its ideal level [20].

Figure 3.5: Fan.
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5. Relay System

A relay is actually a switch that has the ability to turn off and on the power supply. With a

little programming, it can function as an automatic switch, it will be used to control the

heat source, humidity source, turning motor water pump, and frogger device [20].

Figure 3.6: Relay.

Relay work

We cannot connect high voltage devices directly to raspberry pi, so we use a relay between

this device and raspberry pi.

In our project, the electrical lamp, Fan, Fogger, and servo motor work with high voltage (12v) so

we will use a relay to prevent raspberry pi from burning [21].

8. Ultrasonic sensor ( HY-SRF05)

The ultrasonic sensor measures distance by using ultrasonic waves [22].

We will use this sensor to calculate the amount of water in the small tank, as we will place it

at a point at the top of the tank, and it will measure the distance between it and the level of

water to run a pump when the water drops below the required level. This sensor sends the data

to the raspberry pi.
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Figure 3.7: Ultrasonic sensor.

Ultrasonic work

The TRIG pin on the sensor receives a 10 uSec or wider logic HIGH pulse, which is often

supplied by a microcontroller. The ultrasonic sensor will initiate a detection cycle as a result.

The module sets its ECHO pin output HIGH and emits eight bursts of 40 kHz sound. Then the

ECHO pin is returned to LOW when the module detects the signal being reflected back from an

object. The simple formula (Time that ECHO is held HIGH * Speed of sound / 2) can be used to

determine the distance to an item by timing how long the ECHO pin is held HIGH. Since we are

only interested in the outward distance, we must divide the result by two because sound must

travel both forth and backward [23].

11. Camera

It is used to help us with remote monitoring of the inside incubator. And in the process of

examining embryos inside eggs.

Figure 3.8: Camera.
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12. Pump

We will use the pump to pump water from the tank to the receptacle inside the incubator

when it receives a signal from the microcontroller to turn on to increase the humidity value.

Figure 3.9: Pump.

14. DC motor

It is used to turn the eggs when it receives a pulse from the microcontroller.

Figure 3.10: Dc motor.

15. LED lights

low-power LED light (0.12 Watts) that emits a cool, quiet white light. With this kind of LED,

we can image and see the inside of the eggs in great detail to detect fertile eggs.
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3.2.3 software of the system

The software of our system includes the following:

1. python programming language
Python is an interpreted, object-oriented, high-level programming language with dynamic

semantics. Its high-level built in data structures, combined with dynamic typing and dynamic

binding, make it very attractive for Rapid Application Development, as well as for use as a

scripting or glue language to connect existing components together. Python's simple, easy to learn

syntax emphasizes readability and therefore reduces the cost of program maintenance. Python

supports modules and packages, which encourages program modularity and code reuse. The

Python interpreter and the extensive standard library are available in source or binary form

without charge for all major platforms, and can be freely distributed [24].

2. MIT App Inventor

Is an integrated development environment for web applications that was first made available by

Google. It enables beginners in computer programming to construct application software (apps)

for the Android and iOS operating systems. Users may drag and drop visual items to construct

applications that can be tested on Android and iOS devices and created to operate as an Android

app using a graphical user interface (GUI) that is very similar to the programming languages

Scratch and StarLogo.[25].

In our project, we will use MIT App Inventor to build a mobile application to display the data that

comes from a raspberry pi microcontroller and allow the user to control the system by sending a

signal from the app to the microcontroller.

3. Database

A remote database is to be used for storing all needed information about egg hatchings

such as temperature, humidity, and remaining days for hatching. This information will be

installed on the microcontroller unit to use in the automated controlling process. In our

project, we will use the Firebase database since it is a free, easy-to-use database, and

supports programming in C++, Java, JavaScript, etc [26].
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4. Image processing

Is a technique for applying various procedures to an image in order to improve it or

extract some relevant information from it.

We will use image processing in our project as a type of signal processing in which the input

is an image of the embryo and the output is the ratio of the number of black pixels to the

white ones inside the egg, Black pixels represent the embryo, and its blood veins, while white

pixels represent the rest of the image, this ratio used to classify the egg fertile or infertile.

The classification task is performed based on this equation:

f(x) = fertile, x >= β

f(x) = infertile, x < β

where x is the ratio of the number of black pixels to the white ones, and the value of β equal

to 7% meets the expected accuracy of the system. This operation is based on the Dynamic

threshold finding algorithm shown below [27].

Input :Enhanced grayscale image
Output: Threshold θ

Begin
m ←minimum intensity value of image pixels
M ←maximum intensity value of image pixels

θnew = ←((m+M)/2 )
Repeat

θ←θ new
S1←{image pixels with intensity value less than or equal to θ}
S2←{image pixels with intensity value above to θ}
θ1← mean intensity value of S1
θ2← mean intensity value of S2

θnew ← ((θ1+θ2)/2 )
Until (|θ-θ new | <=1)
End

23



5. OpenCV library

Is a computer vision and machine learning software library available for free use.

OpenCV was created to give computer vision applications a uniform framework and to

speed up the incorporation of artificial intelligence into products[28].

In our project we will use the opencv library in order to use the camera for egg distinguishing

and monitoring.

3.3 Design options

This section is about the components and software we will use in our system and their

alternatives and the best option among them.

3.3.1 Microcontroller alternative

This subsection illustrates the alternative for raspberry pi.

1. Raspberry pi

Table 3.1 presents the difference between Raspberry pi and ESP32.

Table 3.1: ESP 32 VS Raspberry Pi 3, source [29].

FEATURE RASPBERRY PI ESP 32

Core count Dual-core Single/dual

Microcontroller RP2040 Tensilica Xtensa LX6

Clock frequency 48kHz / 133kHz 160kHz / 240kHz

Internal Flash
Memory

2 MB 4 MB

SPI 2 4

ADC 3(12-bits) 18(12-bits)

GPIO(total) 26 34

WiFi

Bluetooth

Not Supported 802.11 b/g/n

V4.2 (Supports Classic
Bluetooth and BLE)
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2. Arduino mega

Table 3.2 presents the difference between Arduino and raspberry pi.

Table 3.2: Raspberry pi VS Arduino Uno, source [30].

In our project we will use raspberry pi because it is a low-cost, Huge processing power in a compact

board, Many interfaces (HDMI, multiple USB, Ethernet, onboard Wi-Fi and Bluetooth, many GPIOs,

USB powered, etc.), Supports Linux, Python (making it easy to build applications), Developing such an

embedded board is going to cost a lot of money and effort, and the main reason we can use the camera

with raspberry pi without the need for a camera microcontroller [31].
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3.3.2 Software

Alternatives in the software section and the best option.

1. Mobile application

Table 3.3 presents the difference between mobile applications and web apps.

Table 3.3: Difference between mobile apps and web apps.

Development Options Specification

Web App ● Multiple and NodeJS.
● Limited access to OS APTS.

Mobile Application ● Full access to functionalities of
underlying mobile OS and device
specific capabilities.

● Highly complex.
● Improved performance and user

experience.

In our project, we will chose to develop the mobile application due to its performance in both

platforms (Android & IOS)

3.3.3 Sensors

This subsection illustrates the alternative for raspberry pi.

1. DHT11 Alternative

This subsection illustrates the alternative for DHT11:

● DHT11 VS DHT22

The DHT11 and DHT22 (AM2302) are Digital temperature sensors that monitor both

temperature and humidity.

They have varied specifications but have very similar appearances and functions. As it is

shown in table 3.4.
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Table 3.4: DHT11 VS DHT22, source [32].

DHT11 Specifications DHT22

Humidity and temperature Measurement Humidity and temperature

0 – 50° C / ± 2° C Temperature Range -40 – 125° C / ± 0.5° C

20 – 80 / ± 5 % Humidity Range 0 – 100 / ± 2.5 %

1 wire Communication Protocol 1 wire

1 Hz one reading every second Sampling Rate 0.5 Hz one reading every two
second

+/- 2ºC (at 0 to 50ºC) Accuracy +/- 0.5ºC (at -40 to 80ºC)

15.5 mm × 12 mm × 5.5 mm Body size 15.1 mm × 25 mm × 7.7 mm

3 – 5 V Operating Voltage 3 – 5 V

2.5 mA Minimum current 2.5 mA

$6.99 Price $10.99

In our project we will use DHT22 because it will provide us with a wide range of measures,

and better accuracy. We did not use a temperature sensor and humidity sensor separately to

reduce the number of hardware parts inside the system.
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3. Ultrasonic sensor

This subsection illustrates the alternative for Ultrasonic Sensor( HY-SRF05)

● HC-SR04 VS HY-SRF05

The HC-SR04 is a particular kind of ultrasonic sensor that uses sonar to determine how

far an object is from the sensor.

Table 3.6 shows the differences between HC-SR04 and HY-SRF05.

Table 3.5: HC-SR04 VS HY-SRF05, source [33].

HC-SR04 HY-SRF05

Supply voltage, V +5 +5

Consumption in
silent mode, mA

2 2

Consumption at
work, mA

15 15

Measurement
range, cm

2 - 400 2 - 450

Ultrasound
frequency, kHz

40 40

Accuracy, mm 0,3 0,3

Dimensions, mm 45×20×1 5 44×20×1 4

As shown in the above table, the HY-SRF05 is a more flexible sensor that appears to have a

better range and a slightly more accurate sensor. so we will use it in our project [34].
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3.4 Conceptual system description

In this subsection, diagrams are represented for the understanding of the project concepts

and design.

3.4.1 general block diagram

As illustrated below, the sensor when the system is activated will collect the necessary data

and send it to the raspberry. After the raspberry gets it, it will examine the data and process it

.when the temperature data obtained from the DH11 sensor is greater than the suitable range of

temperature, it will send two signals, one to turn on the fan to reduce and another signal to

turn off the lamp, but if the value smaller than rang the raspberry send signal to the fan to turn

off and signal to the lamp to turn on. In humidity data from DHT11, if the value is greater the

microcontroller will send a signal to the frogger device to turn off, and another signal to the fan

to turn on But when the value is smaller it sends a signal to the frogger to turn on. when

receiving data from the Ultrasonic sensor (HY-SRF05) if the measured distance is greater than

suit values, the ESP32 sends a signal to the pump to turn on to increase the level of water.. This

helps the microcontroller to determine when to send a signal to the turning motor to turn eggs ,

the process of turning on and off the parts is done through a relay system. Figure 3.16 below

shows the block diagram of the system.
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Figure 3.11: general block diagram.
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3.4.2 Conceptual Diagram

Figure 3.17 represents the concept of our system.

Figure 3.12: Conceptual Diagram of system
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3.5 Algorithms and methodologies
In this section, we describe our system work by using a Flow chart.

3.5.1 Flowchart

Figure 3.18 below represents the operation of our system using a flowchart.

Figure 3.13:System Flow chart

32



To detect if the embryo is fertile or infertile this process is done after 6 days because the blood

vessels of the fertilized eggs are visible on the 7th day.

3.6 Schematic diagram

Figure 3.20 represents a schematic diagram, in order for the diagram to be clear, we used more

than one source voltage.

Figure 3.14: Schematic diagram.
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3.7 Summary

In this chapter we describe mechanical design, hardware design, and software

design. In mechanical design, we talk about the shape of the incubator and the

materials used to build it. In hardware design, we talk about components that we

want to use and how they work together, and finally, we talk about software

design such as databases, software development for applications, and Arduino

programming language.

In the design option, we talked about alternatives to the component that we will

use in our project and why we chose them. Then we talk about conceptual system

description by using a block diagram and conceptual model, and we use a flow

chart in the algorithms and methodologies section.
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Chapter Four

System implementation, system testing, and discussion

4.1 Overview

This Chapter introduces a description of the implementation, implementation issues,

implementation challenges, description of the method used to validate the system ,validation

results include an analysis and discussion about the result and recommendations based on the

result .

4.2 Description of the implementation

● We Purchased the necessary sensors for the project , an iron structure was made for the

incubator ,and it was coated from the inside with crok .

● We made an animated egg mold, it was attached to a large screw and dc motor to control

its movement .

● The necessary pieces and the camera sit in the correct places inside the incubator .

● The sensor power lines (VCC) were connected to the breadboard ,and the necessary

voltage was connected to them from the controller,and we did the same for the ground .

● The sensor’s signals were directly connected to the microcontroller by wires .

● All pieces were attached to corresponding electric circuits connected to the breadboard

,and then the signal from each circuit was connected to the controller .

● Wires and parts were arranged to do the necessary tests .
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4.3 How does the system works

● The Raspberry Pi3 connects to the Internet and then connects to the database .

● The Raspberry Pi3 fetches the previous state of the incubator when an error occurred

during work or an interruption of electricity .

● After logging in to the application ,and then selecting the type of eggs ,after that the

system will start working by clicking on the start button .

● The suitable value of temperature ,humidity and number of days were stored in the

database .

● Get data from sensors,and compare these values with suitable values. If there is any error

in value the microcontroller will make the right decision to solve the problem .

● On the 5th day the camera takes a photo, then the image processing is done for it to

determine fertile and infertile eggs, and finally upload this image to firebase in order to

display it in a mobile application, so the user can see it.

● During the incubation period ,the egg mold moves in two directions.

● The system will continue in this state throughout the incubation period .

● Through the application, it is also possible to display the status of the incubator during

the incubation process, like current temperature, humidity, and number of days .

● The user can see inside the incubator everytime during the camera.

● This process continues as long as the Internet connection is not lost .
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4.4 Implementation issues and challenges

● We needed to connect a camera to the system ,so we used Raspberry Pi 3 instead of

ESP32,because we don’t have to work with two microcontrollers.

● While using the servo motor ,it was running at high speed and vibrating the eggs ,so in

order not to damage the eggs ,we replaced it with a DC motor .

4.5 Validation result

In this section, we describe our hardware and software system.

4.5.1 Hardware testing

A Raspberry Pi 3 was tested with all sensor and connected directly to the screen as

Well as the 24V power supply for the raspberry, 3.3 for the sensors and 12V for the fan and

pump.
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These images represent the project that was built and we did the test on.

Figure 4.1 : The structure of the incubator.
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Figure 4.2 : The incubator from the outside.
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Figure 4.3 : Hardware component inside the incubator .

The data is stored in the database in the field shown in the following figures on the Firebase

Realtime Database website .

Figure 4.5: Data in Firebase about Chicken.
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Figure 4.6: Data in Firebase about Quail.

Figure 4.7: Data in Firebase about Turkey.
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4.5.2 Software testing

The system was fully checked and ensured how it worked and the results of the Testing were

successful ,and the following tables are reviews of some of the tests that we have carried out.

Table.4.1: Unit Test

# Case Expected output Problem while working Obtained output Pass/Fail

1 Connect to the
internet

Connect to the
internet

Problem when we connect
raspberry to internet

Solving this by writing a set
af commands

Connect to the
internet

successfully

pass

2 Get necessary
data from the
database

Get data from
the DB

Getting API Key by set of
steps to solve configuration

problem

Get data
successfully

pass

3 Get data from
sensors

Get data from
sensors

Problem in wiring sensors
,solving by fixed it well

Get data
successfully

pass

4 Send data to
DB

Send data to DB Getting API Key by set of
steps to solve configuration

problem

Send data
successfully

pass

Table 4.2: System Test

# Case Expected output Problem while
working

Obtained
output

Pass/Fail

1 The DHT11 sensor start
sensing to measure the

temperature and
humidity in the

incubator

The DHT11
sensing to

temperature and
humidity in the

incubator

Problem in wiring
sensors ,solving by

fixed it well

The DHT11
sensing

successfully

pass

2 The lamp start working
if temperature less than

the threshold

The lamp start
working

No problem The lamp start
working

successfully

pass
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# case Expected output Problem while
working

Obtained
output

Pass/Fail

3 The lamp stops working
if temperature greater
than the threshold

The lamp stops
working

No problem The lamp stops
working

successfully

pass

4 The Pump start working
if humidity less than

the threshold

The Pump start
working

No problem The Pump start
working

successfully

pass

5 The Pump stops
working if humidity

more than the threshold

The Pump stops
working

No problem The Pump
stops working
successfully

Pass

6 The Fan start working if
temperatures or

humidity more than
threshold

The Fan start
working

No problem The Fan start
working

Successfully

Pass

7 The dc motor start
turning egg per day
appropriately for eggs

The egg mold
will be turned

The motion of the dc
was too small, so we
solved this problem
by using an adapter
with high current.

The egg mold
will be turned
successfully

pass

8 The system will
distinguish between

fertilized and
unfertilized eggs et

The system will
distinguish

There is an
algorithm that
depends on the
appearance of the
blood capillaries.
We took an image
for the egg from the
top, the capillaries
did not appear,so we
used the egg color.

The system
will

distinguish
successfully

pass

9 The camera The camera The accuracy of the
camera was low, so
we replaced it with
higher accuracy, and

we faced other
problems with

coding.

The camera
capture image
in 7th day and

monitor
successfully

pass
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When could not apply the algorithm that we mentioned previously (Dynamic Threshold Finding)
because the camera takes the picture from the top, and in this case the capillaries do not appear.
When the egg contains the blood veins (fertile), the color of the egg when turn on the leds
becomes dark gray or black, the pixel value should be concentrated between 0 to 70. When there
are no blood veins inside(infertile), the color of it when turning on the leds becomes white, the
pixel value should be concentrated between 200 to 255.

Table 4.3: Application Pages Test

# Case Expected output Obtained output Pass/Fail

1 Run the incubator The user can run the
incubator by clicking on

button start

The user can run the
incubator by clicking

on button start
successfully

pass

2 Select egg kind The user can select the
kind of egg that want to

hatch it

The user can select the
kind of egg
successfully

pass

1 returns data Show data in a user
interface

Show data
successfully

pass

2 Show current Incubator
status

Show data in the user
interface

Show data
successfully

pass

3 Start a new incubation
period for eggs

Start a new incubation
period

Start a new incubation
period successfully

pass
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The app was developed using MIT App Inventor,it is a good tool for implementing mobile

applications,whether for Android or IOS.

When the user opens the application,the program directs the user to the login page,as each user

has an account, so that he can enter the system of incubator and this is to enhance security .

After that ,the user is transferred to the next page ,through which he can start a new incubation

period for eggs ,and choose it’s kinde ,or if there is already an incubation process ,then the user

will be shown the current status of the incubator ,including egg kind,temperature,humidity, and

number of days.And when examining the embryos, the result will be shown to the user on the

application .

These are images of our mobile application pages .

1. In the first the user should create an account by sign up or if have an account he login to

it, as shown in the figure.
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Figure 4.6: login page in mobile app.

2. In the next page the user should be clicked on the start button in order to go to start the

process .

3. After that , the application asks the user to choose the kind of eggs from the list on the

next page.

4. After the user selects the kind of the egg he runs the incubator by clicking on the switch

button. Users can see the status of the process,by clicking on the status button.
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5. This screen displays the status of the process, after the user clicks the button.

Figure 4.7: status page in mobile app.

6. On the 7th day, the user can click on the see image button to see the fertile and infertile

eggs.
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4.6 Discussion

In the beginning, there were several goals in this project to solve many problems. Work has

been done to achieve this through this system, which consists of many sensors and pieces. Where

these components have been programmed to achieve the requirements of this system, and after

building this system and doing the necessary tests to ensure that it works in the required manner

and whether it achieves the goals of its construction or not, we can say that it achieved the

desired goals and that it worked as required for a simple system.

As this system took the data from the sensors correctly and the microcontroller controlled the

incubator environment based on the suitable values for each kind of eggs, turning eggs as

needed, distinguishing fertile and infertile eggs and allowing the user to observe inside the

incubator. The process of sending and receiving data from the database was done correctly, and it

was displayed as required from the mobile application.
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Chapter Five

Conclusion

5.1 Overview

Talk in this part about the summary of all parts, future directions, and future work.

5.2 Conclusion

Egg incubator system can solve many of the problems , such as egg fertility issues, issues

with hatching conditions, such as problems in environmental conditions like heat, humidity,

ventilation, and irregularity of turning, and need supervision and intervention by the user.

In This system ,users can choose the kind of eggs, know the current situation inside the

incubator through the mobile application ,also they can start a new experience of incubating eggs

,and monitor inside the incubator through a camera.

This system was built and verified to work as required to achieve the requirements of the project,

it was found to work as required and meet necessary needs.

5.3 Future work

In the future, we look forward to adding important features to the system ,the most important

of which are :

● Develop the system to contain more than one shelf .

● Develop the system to contain a backup voltage source .

● Develop the system to monitor the process of egg growth .
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