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 ABSTRACT



Nowadays most people do business and still farm. Those people who layer poultry and want to incubate eggs artificially have a problem in that the current available cheap incubators in the markets are semi-automatic and those that are fully automated use programmable logic controllers technology and are very expensive. For the affordable incubators, they are semiautomatic and necessitate the presence of the farmer to turn eggs manually and warm water to put in the incubator in order to provide humidity. Since these farmers farm and do business at the same time, their availability to attend to the incubator is limited. This leads to a very low hatchability of the incubator. Our project is determined to solve the problem of low hatchability and still come up with a cheap incubator that most farmers can afford. This will be achieved by employing the Arduino micro controllers technology to automate temperature control, humidity control and automate rotation of eggs.
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 LIST OF FIGURES 1. Fig 2.1 still air incubator 2. Fig 2.2 Automatic forced air incubator 3. Fig 2.3 Mini Eco incubator 4. Fig 2.4 Forced draft incubator 5. Fig 2.5 Arduino 6. Fig 2.6 4-channel 5v relay module 7. Fig 2.7 servo motor 8. Fig 2.8 servo motor electrical pulse 9. Fig 2.9 DHT-22 sensor 10. Fig 2.10 1602 LCD display 11. Fig 2.11 contactor 12. Fig 3.2 Temperature code flow chart 13. Fig 3.3 Egg weight loss chart 14. Fig 3.4 Humidity code flow chart 15. Fig 3.5 Egg turner 16. Fig 3.6 Automatic egg turner 17. Fig 3.7 moving tray design 18. Fig 3.8 Bearings 19. Fig 3.9 motor mount 20. Fig 3.10 Egg turning code flowchart 21. Fig 3.11 Circuit diagram for interconnected system 22. Fig 3.12 Block diagram - 8 - | - | P a g e



 CHAPTER 1 1.1 INTRODUCTION Egg incubator is a device that keeps the eggs in a good temperature and lightness until they hatch. It helps farmers to hatch eggs automatically without the need of human intervention by keeping the eggs worm, allowing the fetuses inside them to grow and hatch without the mother present. Modern incubators are electrically heated with a thermostat. Incubators can be used in a farmhouse, such as a large chicken raising facilities, or they can be found in a common classroom for students to observe the egg inside and when it hatches. Some i ndustrial incubators are large enough to hold a large number of eggs, while some others can only hold a few eggs. . Chicken eggs are recorded to hatch after about 21 days, but other species of birds can either take a longer or shorter amount of time. An incubator is supposed to be able to set the perfect environment and condition for an egg to incubate because it regulates the factors such as temperature, humidity, and turning the eggs. This is so that the egg incubated properly because it plays the role of the hen in its natural state. The incubator also allows the egg to incubate while eliminating the external threats that could possibly harm the eggs. Small-scale chicken egg incubators are crucial for family farms. Although hens can hatch eggs without aid of an incubator, it is very ve ry unpredictable when a hen will go broody. In addition, the frequency of how often a hen goes broody varies greatly with her breed. Thus, if a farm wants to hatch eggs rather than buy live chicks from a hatchery, it can’t rely on the hens as mothers; it must invest in an incubator. Family farms that incubate eggs instead of buying from hatcheries are both more sustainable and spend less. Since the family farms can simply hatch the eggs of the hens they already own, the farm can sustain new hatches of chickens without investing in outside sources. The family farm that uses an incubator is also less expensive in the long term. Many small-scale incubators geared towards family farms already exist on the market; however, they range greatly in price and in quality. At the low end, one can buy a Ksh 22,000 simple incubator with no automatic egg turning or automatic temperature/humidity control; at the high end, one can buy a Ksh. 170,000 incubator with automatic egg turning and automatic temperature/humidity control.
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 1.2.0 PROJECT OBJECTIVES 1.2.1 Overall Objective The overall objective of this project is to design and build an inexpensive chicken egg incubator with automatic temperature control, humidity control and egg turning, with an hatchability of between 90% to 100%.



1.2.2 Specific Objectives The specific objectives for the incubator are as follows. 1. The incubator i ncubator automatically automatically holds the temperature constant at 99.5◦F (37.5◦C) and holds humidity constant at between 55%-70% for 21 days for improved hatchability. 2. The incubator has automatic egg-turning every 3 hours for days 1 -18. 3. The incubator has some way of communicating with the user, such as an LCD display 4. The incubator has a capacity of 30 eggs 5. Reduce power consumption of the incubator by improving the internal insulation of the incubator to minimize heat loss to the external environment and use of heaters with a low power rating of 250W
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 1.3.0 Problem Statement The current available incubators in the market have a l ow hatchability due to inability to automate humidity control. Our aim is to improve the hatchability to between 90 -100% by automation of humidity control. Some incubators are also very expensive because they are made using programmable logic controllers. Our aim is to make a highly effective but cheap incubator using the much less expensive Arduino micro-controllers. We also want to make an incubator with minimal power consumption by improving the internal insulation of the incubator to minimize heat loss to the external environment and with the use of low power consumption heaters
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 CHAPTER 2 2.1 Literature Review Literature review involved searching the Internet for information for our project, asking people and reading articles. Based on the collected information, we defined the methods and tests that would be used to implement the project. We explored different methods in which the project could be implemented. The following options were found: 2.2 Project Description There are many egg incubators at market nowadays. They come with several features that differentiate their product with other. However, they use the same principle in creating their product. For example, Automatic Forced-Air Incubator uses a light bulb to increase the temperature in the incubator, while, Mini Eco Eggs Incubator, uses heater coil for the same purpose. In this project, smart incubator makes the other eggs incubator as literature review in order to provide an automatic eggs incubator at low cost and easy to handle. Below are 4 examples of existing project to be the reference:2.3 Still Air Incubators Still air incubators are the most basic form of incubator. A still air incubator is basically an insulated box consisting of: 



A Heating element







A Thermostat or temperature controller to con trol temperature







Egg tray







A thermometer to measure the air temperature







A tray for water







Some machines may have a hygrometer for humidity measurement







Some machines may have turning mechanism for automatic turning of eggs



The air inside a still air incubator is circulated by convection. As the air is heated it expands and rises to the top of the incubator. The amount of airflow achieved in a still air machine is therefore determined by the ratio of air temperature inside the box to outside. The lower the air temperature outside the box the greater the airflow inside. To achieve good air circulation, air inlets are usually positioned in the base and top of the incubator. Inside a still air incubator, the warm air moves towards the top so different temperatures will be recorded at different levels. It is therefore important that a still air incubator is kept on a level surface and that eggs are all of similar size.
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 Figure 2.1 2.4 Automatic Forced-Air Incubator Automatic model with a capacity of 100 eggs. eg gs. For operating an automatically diverting eggs for up to 8 times a day by the installation of electric motor, timers and relays. Using a thermostat brand products Caemz Italy known for its precision control of temperature up to 1 degree Celsius, clear digital thermometer displays the temperature of incubator operation, the blower fan is temperature resistant and moisture and heat lamps are easily replaced with 5 watt, low and save electricity.



Figure 2.2 2.5 The Mini Eco The Mini Eco holds 10 hens‟ eggs (or equivalent) and provides the fine temperature control to ensure consistent and reliable hatches. Temperature is monitored on a purpose built liquid-in-glass thermometer and although factory set, the electronic temperature control allows fine tuning of the temperature setting if required. - 13 - | - | P a g e



 Figure 2.3 2.6 Forced Draft Incubator The forced draft machine was developed to overcome temperature te mperature gradient problems throughout the incubator. In a forced draft incubator a fan is used to circulate the air, which gives a uniform temperature throughout the machine. The air temperature surrounding the egg is therefore constant and positioning of the thermometer and temperature sensor is less critical. Eggs, too, can be of differing size and set in trays at different levels. Using a forced draft incubator also allows the use of a Wet Bulb Thermometer, which can be used for the accurate reading of humidity. It is of more importance to control humidity in a forced air machine to prevent the higher airflow drying the eggs.



Figure 2.4
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 2.7 Design Specifications: After analyzing the benefits of each implementation method, described in the previous section, we decided to improve the previous models by setting our design specification as follows: 1. The incubator i ncubator automatically automatically holds the temperature at a constant 99 .5◦F (37.5◦C) . The incubator holds humidity constant at between 50% -70%. 2. The incubator has automatic egg-turning every 3 hours for days 1 -18, and keeps the egg on its side f or healthy development of the chick embryo 3. The incubator has some way of communicating with the user, such as an LCD display 4. The incubator has a fan for even temperature and humidity distribution, and a vent for proper oxygenation of the embryos 5. The incubator is of simple design and construction, so that it can be re-built by other family farmers and chicken hobbyists 6. The incubator has a capacity of 30 eggs Reduce power consumption of the incubator by improving the internal insulation of the incubator to minimize heat loss to the external environment and use of heaters with a low power rating of 250W 2.8 COMPONENTS TO USE IN THE DESIGN 2.8.1 Arduino Uno Microcontroller



The Arduino Uno is a microcontroller board based on the ATmega328 datasheet. ATmega328 datasheet. It  It has 14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to support the microcontroller.
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 Figure 2.5a



figure 2.5b



2.8.1.1 ADVANTAGES ADVANTAGES OF ARDUINO UNO OVER OTHER MICROCONTROLLERS MICROCONTROLLERS There are many other microcontrollers and microcontroller platforms available for physical computing. Parallax Basic Stamp, Net media’s BX-24, BX-24, Phidgets, MIT's Handyboard, and many others offer similar functionality. All of these tools take the messy details of microcontroller  programming and wrap it up in an easy-to-use package. Arduino also simplifies the process of working with microcontrollers, but it offers some advantage over other systems: 1. Inexpensive - Arduino boards are relatively inexpensive compared to other microcontroller platforms. The least expensive version of the Arduino module can be assembled by hand, and even the pre-assembled Arduino modules cost less than Ksh, 2000.Cross-platform - The Arduino software runs on Windows, Macintosh OSX, and Linux operating systems. Most microcontroller systems are limited to Windows. 2. Simple, clear programming environment - The Arduino programming environment is easy-to-use for beginners, yet flexible enough for advanced users to take advantage of as well. For teachers, it's conveniently based on the Processing programming environment, so students learning to program in that environment will be familiar with the look and feel of Arduino 3. Open source and extensible software- The Arduino software is published as open source tools, available for extension by experienced programmers. The language can be expanded through C++ libraries, and people wanting to understand the technical details - 16 - | - | P a g e



 can make the leap from Arduino to the AVR C programming language on which it's based. Similarly, you can add AVR-C code directly into your Arduino programs if you want to. 4. Open source and extensible hardware - The Arduino is based on Atmel's ATMEGA8 and ATMEGA168 microcontrollers. The plans for the modules are published under a Creative Commons license, so experienced circuit designers can make their own version of the module, extending it and improving it. Even rel atively inexperienced users can build the breadboard version of the module in order to understand how it wo rks and save money.



2.8.1.2 Architecture Summary



Microcontroller



ATmega328



Operating Voltage



5V



Input Voltage (recommended)



7-12V



Input Voltage (limits)



6-20V



Digital I/O Pins



14 (of which 6 provide PWM output)



Analog Input Pins



6



DC Current per I/O Pin



40 mA



DC Current for 3.3V Pin



50 mA



Flash Memory



32 KB (ATmega328) of which 0.5 KB used by boot loader



SRAM



2 KB (ATmega328)



EEPROM



1 KB (ATmega328)



Clock Speed



16 MHz



- 17 - | - | P a g e



 Length



68.6 mm



Width



53.4 mm



Weight



25 g



2.8.1.3 POWER The Arduino Uno can be powered via the USB connection or with an external power supply. The  power source is selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The adapter can be connected by plugging a 2.1mm center-positive plug into the board's power  jack. Leads from a battery can be inserted in the Gnd and VIN pin headers of the POWER connector. The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts. The power pins are as follows: 1.



VIN. The VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts from the USB connection or other regulated power source). You can supply voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.



2.



5V.This 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of the board (7-12V). (7-12 V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can damage your board. We don't advise it.



3.



3.3V. A 3.3V. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.



4.



GND. Ground GND. Ground pins.



5.



IOREF. This IOREF. This pin on the Arduino board provides the voltage reference with which the microcontroller operates. A properly configured shield can read the IOREF pin voltage
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 and select the appropriate power source or enable voltage translators on the outputs for working with the 5V or 3.3V.



2.8.1.4 MEMORY  The ATmega328 has 32 KB (with 0.5 KB used for the boot loader). It also has 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM the EEPROM library). library).



2.8.1.5 INPUT AND OUTPUT Each of the 14 digital pins on the Uno can be used as an input or output, using pin using pin Mode (), digitalWrite (), and (), and digitalRead  digitalRead () functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and has an internal pull-up p ull-up resistor (disconnected by default) of 20-50 k Ohms. In addition, some pins have specialized functions: 1.



Serial: 0 (RX) and 1 (TX). Used (TX).  Used to receive (RX) and transmit (TX) TTL serial data. These pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.



2.



External Interrupts: 2 and 3. These 3.  These pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or a change in value.



3.



PWM: 3, 5, 6, 9, 10, and 11.  Provide 8-bit PWM output with the analogWrite() the analogWrite() function.



4.



SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK).  These pins support SPI communication using the SPI the SPI library.



5.



LED: 13. There 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when the pin is LOW, it's off.



The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e. 1024 different values). By default they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and the analogReference( the analogReference()) function. Additionally, some pins have specialized functionality: 1.



TWI: A4 or SDA pin and A5 or SCL pin. Support pin.  Support TWI communication using the Wire the Wire library.



There are a couple of other pins on the board: 1.



AREF. Reference AREF. Reference voltage for the analog inputs. Used with analogReference( with analogReference(). ).



2.



Reset. Bring Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which block the one on the board.
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 2.8.1.6 COMMUNICATION The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on digital pins 0 (RX) and 1 (TX). An ATmega16U2 on the  board channels this serial communication over USB and appears as a virtual com port to software on the computer. The '16U2 firmware uses the standard USB COM drivers, and no external driver is needed. However, on However, on Windows, a .inf file is required. The required. The Arduino software includes a serial monitor which allows simple textual data to be sent to and from the Arduino  board. The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial communication on  pins 0 and 1). A Software A Software Serial library allows for serial communication on any of the Uno's digital pins. The ATmega328 also supports I2C (TWI) and SP I communication. The Arduino software includes a Wire library to simplify use of the I2C b us. For SPI communication, use the SPI the SPI library.



2.8.1.7 PROGRAMMING The Arduino Uno can be programmed with the Arduino software. Select "Arduino Uno from the Tools > Board  menu (according to the microcontroller on your board).ATmega328 on the Arduino Uno comes preburned with a boot a boot loader that allows you to upload new code to it without the use of an external hardware ha rdware programmer. It communicates using the original STK500 protocol. 2.8.2 4-Channel 5V Relay Module 2.8.2.1 Description This is a 5V 4-Channels Relay module, It can be controlled directly by a wide range of microcontrollers such as Arduino, AVR, PIC, ARM and MSP430. 4 relays relays are included in this module, with “NC” ports means “Normally connected to COM” and “NO” ports means “Normally open to COM”. This module also equipped with 4 LEDS to show the status of relays.
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 Figure 2.6 2.8.2.2 Features •



4 mechanical relays with status indicator LED



•



Both “NC” and “NO” ports for each relay



2.8.2.3 Specification 1.



Module Type: Control



2.



Weight: 70.00g



3.



Board Size: 8 x 4.8 x 2cm



4.



Version: 1



5.



Operation Level: Digital 5V



6.



Power Supply: External 5V
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 2.8.3 Servo motor



A servomotor  is a rotary a rotary actuator that allows for precise control of angular position, velocity and acceleration. It consists of a suitable motor coupled to a sensor for position feedback. It also requires a relatively sophisticated controller, often a dedicated module d esigned specifically for use with servomotors. Servomotors are not a specific class of motor although the term  servomotor  is  is often used to refer to a motor suitable for use in a closed-loop control system. Servomotors are used in applications such as robotics, as robotics, CNC  CNC machinery or automated manufacturing. As the name suggests, a servomotor is a servomechanism. a servomechanism. More  More specifically, it is a closed-loop a closed-loop servomechanism that uses position feedback to control its motion and final position. The input to its control is some signal, either analogue or digital, representing the position commanded for the output shaft. The motor is paired with some type of  o f  encoder  encoder to provide position and speed feedback. In the simplest case, only the position is measured. The measured po sition of the output is compared to the command position, the external input to the controller. If the output position differs from that required, an error an error signal is generated which then causes c auses the motor to rotate in either direction, as needed to bring the output outpu t shaft to the appropriate position. As the positions approach, the error signal reduces to zero and the motor stops. The very simplest servomotors use position-only sensing via a potentiometer a potentiometer and bang-bang and bang-bang control of their motor; the motor always rotates at full speed (or is stopped). Th is type of servomotor is not widely used in industrial motion industrial motion control, but control, but it forms the basis of the simple and cheap servos cheap servos used for  radio-controlled  radio-controlled models. More sophisticated servomotors measure both the position and also the speed of the output shaft. They may also control the speed of their motor, rather than always running at full speed. Both of these enhancements, usually in combination with a PID a PID control algorithm, allow the servomotor to be brought to its commanded position more quickly and more precisely, with less overshooting.
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 Figure 2.



2.8.3.1 How Servo Motors Work The servo circuitry is built right inside the motor unit and has a positionable shaft, which usually is fitted with a gear a gear (as shown below). The motor is controlled with an electric signal which determines the amount of movement of the shaft. Inside the servo motor there is a pretty simple set-up: a small DC small DC motor, potentiometer motor, potentiometer and a control circuit. The motor is attached by gears to the control wheel. As the motor rotates, the potentiometer's resistance changes, so the control circuit can precisely regulate how much movement there is and in which direction. When the shaft of the motor is at the desired position, power position, power supplied to the motor is stopped. If not, the motor is turned in the appropriate direction. The desired position is sent via electrical pulses through the signal the signal wire. The wire. The motor's speed is proportional to the difference between its actual position and desired position. So if the motor is near the desired position, it will turn slowly, otherwise it will turn fast. This is called proportional control. This control. This means the motor will only run as hard as necessary to accomplish the task at hand, a very efficient little guy.



Servos are controlled by sending an electrical pulse of variable width, or pulse width modulation (PWM), through the control wire. There is a minimum pulse, a maximum pulse and a repetition rate. A servo motor can usually only turn 90° in either direction for a total of 180° movement. The motor's neutral position is defined as the position where the servo has the same amount of potential rotation in the both the clockwise or counter-clockwise - 23 - | - | P a g e



 direction. The PWM sent to the motor the motor determines position of the shaft, and based on the duration of the pulse sent via the control wire the rotor the rotor will turn to the desired position. The servo motor expects to see a pulse every 20 milliseconds (ms) and the length of the pulse will determine how far the motor turns. For example, a 1.5ms pulse will make the motor turn to the 90° position. Shorter than 1.5ms moves it to 0° and any longer than 1.5ms will wi ll turn the servo to 180°, as diagramed below.



Figure 2.8



When these servos are commanded to move, they will move to the position and hold that  position. If an external force pushes against the servo while the servo is holding a position, position, the servo will resist from moving out of that position. The maximum a mount of force the servo can exert is called the torque rating of the servo. Servos will not no t hold their position forever though; the position pulse must be repeated to instruct the servo to stay in position.



2.8.3.3 Advantages of a Servomotors compared to a stepper motors A servomotor consumes power as it rotates to the command ed position but then the servomotor rests. Stepper motors run warm to the touch because they continue to consume power to lock in and hold the commanded position. Servomotors are generally used as a high performance alternative to the stepper the stepper motor. Stepper motor. Stepper motors have some inherent ability to control position, as they have built-in output steps. This often allows them to be used as an open-loop position control, without any feedback encoder, as their drive signal specifies the number of steps of movement to rotate, but for this the controller needs to 'know' the position of the stepper motor on power up. Therefore, on first power up, the controller will have to activate the stepper motor a nd turn it to a known position, e.g. until it activates an end limit switch. This can be observed o bserved when switching on an inkjet an inkjet printer; the printer; the - 24 - | - | P a g e



 controller will move the ink jet carrier to the extreme left and right to establish the end positions. po sitions. A servomotor will immediately turn to whatever angle the controller instructs it to, regardless of the initial position at power up. The lack of feedback of o f a stepper motor limits its performance, as the stepper motor can on ly drive a load that is well within its capacity, othe rwise missed steps under load may lead to  positioning errors and the system may have to be restarted or recalibrated. recalibrated. The encoder and controller of a servomotor are an additional cost, b ut they optimize the performance p erformance of the overall system (for all of speed, power and a ccuracy) relative to the capacity of the basic motor. With larger systems, where a powerful motor represents an increasing proportion of the s ystem cost, servomotors have the advantage. 2.8.4 DHT22 SENSOR 



2.8.4.1 Description The DHT22 is a basic, low-cost digital temperature and humidity sensor. It uses a capacitive humidity sensor and a thermistor to measure the surrounding air, and give out a digital signal on the data pin (no analog input in put pins needed). Its fairly simple to use, but requi res careful timing to grab data. The only onl y real downside of this sensor is you can onl y get new data from it once every ev ery 2 seconds, so when using our library, sensor readings can be up to 2 seconds old. To connect it to arduino microcontroller, you connect the first pin on the left to 3-5V power, the second pin to your data input i nput pin and the right most pin p in to ground. Although it uses a single-wire to send data it is not Dallas One Wire compatible! If you want multiple sensors, each one must have its own data pin! Comes with a 4.7K - 10K 10 K resistor, which you will want to use as a pull up from the data pin to VCC.



Figure 2.9



2.8.4.2 Technical Details 



Low cost
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3 to 5V power and I/O







2.5mA max current use during conversion (while requesting data)







Good for 0-100% humidity readings with 2-5% accuracy







Good for -40 to 80°C temperature readings ±0.5°C accuracy accuracy







No more than 0.5 Hz sampling rate (once every 2 seconds)







Body size 27mm x 59mm x 13.5mm 13 .5mm (1.05" x 2.32" x 0.53")







4 pins, 0.1" spacing



2.8.4.3 Advantages of DHT22 Sensor compared to DHT11 Sensor



This sensor is more precise, more accurate and works in a bigger range of temperature/humidity,  but it’s larger and more expensive, as compared to DHT11 sensor 2.8.5 1602 LCD DISPLAY A liquid-crystal display  (LCD) is a flat a flat panel display, electronic display, electronic visual display, or  display, or  video  video display that uses the light modulating properties of  liquid  liquid crystals. Liquid crystals. Liquid crystals do not emit light directly LCDs are available to display arbitrary images (as in a general-purpose computer display) or fixed images which can be displayed or hidden, such as preset words, di gits, and 7-segment and 7-segment displays as in a digital a digital clock. They clock. They use the same basic technology, except that arbitrary images are made up of a large l arge number of small pixels, small pixels, while  while other displays have larger elements. LCDs are used in a wide range of applications including computer including computer monitors, televisions, monitors, televisions, instrument panels, aircraft panels, aircraft cockpit displays, and displays, and signage. They are common in consumer devices such as DVD players, gaming devices, clocks, devices, clocks, watches,  watches, calculators,  calculators, and  and telephones, and have replaced cathode replaced cathode ray tube (CRT) displays in most applications. They are available in a wider range of screen sizes than CRT and plasma and plasma displays, and displays, and since they do not use phosphors, they do not suffer  image  image burn-in. LCDs burn-in. LCDs are, however, susceptible to image to image persistence. The persistence. The LCD screen is more energy efficient and can be disposed of more safely than a CRT. Its low electrical  power consumption enables it to be used in batteryin battery- powered electronic  powered electronic equipment. It is an electronically modulated optical device made up of any an y number of segments filled with liquid with liquid crystals and arrayed in front of a light a light source (backlight) or  (backlight) or  reflector  reflector to produce images in color or  monochrome.  monochrome.
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 Figure 2.10 2.8.5.1 Technical details



The GDM1602K The GDM1602K 16×2 LCD display, is a (16 characters on 2 lines) display with an LED  backlight. It has multiple color options (red/black, white/blue, etc.) and runs at 5V (they also have 3.3V versions under a different model number). You need 6 pins on the Arduino to write to the display using 4-bit mode. The pertinent information from the GDM1602K data sheet, and how it can be wired to an Arduino, is in the table below: LCD Function



LCD Pin Arduino



VSS



1



GND



VDD



2



+5V



VO



3



10k – 10k – 20k  20k Potentiometer



RS



4



Pin 11



RW



5



GND



Enable



6



Pin 12



D0



7



Not needed for 4-Bit



- 27 - | - | P a g e



 D1



8



Not needed for 4-Bit



D2



9



Not needed for 4-Bit



D3



10



Not needed for 4-Bit



D4



11



Pin 7



D5



12



Pin 8



D6



13



Pin 9



D7



14



Pin 10



A (Backlight +)



15



+4.2V



K (Backlight -)



16



GND



2.8.6 LCD SERIAL ADAPTER (12C INTERFACE LCD MODULE)



This is another great blue/yellow backlight LCD display. As the pin resources of Arduino controller is limited, your project may not be abl e to use normal LCD shield after connected with a certain quantity of sensors or SD card. However, with this I2C interface LCD module, you will  be able to realize data display via only 2 wires. If you already has I2C devices in your project, this LCD module actually cost no more resources at all. It is fantastic for Arduino based project.



Figure 2.11







Interface: I2C







I2C Address: 0x27
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Pin Definition : VCC



GND







Back lit (Green with white char color)







Supply voltage: 5V







Size : 27.7mm×42.6mm







Contrast Adjust : Through Potentiometer







Only employ two I/O interface



、



SDA



、



SCL



、



2.8.7 CONTACTORS A contactor  is an electrically controlled switch used for switching a power circuit, similar to a relay except with higher current ratings. A contactor is controlled by a circuit which has a much lower power level than the switched circuit. Contactors come in many forms with varying var ying capacities and features. Unlike a circuit a circuit breaker, a breaker, a contactor is not intended to interrupt a short a short circuit current. Contactors range from those having a  breaking current of several amperes to thousands of amperes and 24 V DC to many kilovolts. The physical size of contactors ranges from a device small enough to pick up with one hand, to large devices approximately a meter (yard) on a side. Contactors are used to control electric control electric motors, lighting, motors, lighting, heating,  heating, capacitor  capacitor banks,  banks, thermal evaporators, and other electrical loads.



Figure 2.12 2.8.7.1 Details



A contactor has three components. The contacts are the current carrying part of the contactor. This includes power contacts, auxiliary contacts, and contact springs. The electromagnet (or - 29 - | - | P a g e



 "coil") provides the driving force to close the con tacts. The enclosure is a frame housing the contact and the electromagnet. Enclosures are m ade of insulating materials like Bakelite, like Bakelite, Nylon  Nylon 6, and 6, and thermosetting  thermosetting plastics to protect and insulate the contacts and to provide some measure of  protection against personnel touching the contacts. Open-frame contactors may have a further enclosure to protect against dust, oil, explosion hazards and weather. Magnetic blowouts use blowout coils to lengthen and move the electric arc. These are especially useful in DC power circuits. AC arcs have p eriods of low current, during which the arc can be extinguished with relative ease, but DC arcs have continuous high current, so blowing them out requires the arc to be stretched further than an AC arc of the same current. cu rrent. The magnetic  blowouts in the pictured Albright contactor (which is designed for DC currents) more than double the current it can break, increasing it from 600 A to 1,500 A. Sometimes an economizer circuit is also installed to reduce the power required to keep a contactor closed; an auxiliary contact reduces coil current after the contactor closes. A somewhat greater amount of power is required to initially close a contactor than is required to keep it closed. Such a circuit can save a substantial amount of power and allow the energized coil to stay cooler. Economizer circuits are nearly always applied on direct-current contactor coils and on large alternating current contactor coils. A basic contactor will have a coil input (which may be driven by either an AC or DC supply depending on the contactor design). The coil may be energized at the same voltage as a motor the contactor is controlling, or may be separately controlled with a lower coil voltage better suited to control by programmable by programmable controllers and lower-voltage pilot devices. Certain contactors have series coils connected in the motor circuit; these are used, for example, for automatic acceleration control, where the next stage of resistance is not cut out until the motor current has dropped



Unlike general-purpose relays, contactors are designed to be directly connected to high-current load devices. Relays tend to be of lower capacity and are usually designed for both normally closed and normally open applications. ap plications. Devices switching more than 15 amperes or in circuits rated more than a few kilowatts are usually called contactors. Apart from optional auxiliary low current contacts, contactors are almost exclusively fitted with normally open ("form A") contacts. Unlike relays, contactors are designed with features to cont rol and suppress the arc  produced when interrupting heavy motor currents. When current passes through the electromagnet, the electromagnet, a  a magnetic field is produced, which attracts the moving core of the contactor. The electromagnet coil draws more current initially, until its inductance increases when the metal core enters the coil. The moving contact is propelled by the moving core; the force developed by the electromagnet holds the moving and fixed contacts - 30 - | - | P a g e



 together. When the contactor coil is de-energized, de -energized, gravity or a spring returns the electromagnet core to its initial position and opens the conta cts. For contactors energized with alternating with alternating current, a current, a small part of the core is surrounded with a shading coil, which slightly delays the magnetic flux in the core. The effect is to average out the alternating pull of the magnetic field and so prevent the core from buzzin g at twice line frequency. Because arcing and consequent damage occurs just as the contacts are opening or closing, contactors are designed to open and close very rapidly; there is often an internal tipping internal tipping point mechanism to ensure rapid action. Rapid closing can, however, lead to increase contact increase contact bounce which causes additional unwanted open-close cycles. One solution is to have bifurcated have bifurcated contacts to minimize contact bounce; two contacts designed to close simultaneously, but bo unce at different times so the circuit will not be  briefly disconnected and cause an arc. A slight variant has multiple contacts designed to en gage in rapid succession. The first to make contact and last to break will experience the greatest contact wear an d will form a high-resistance connection that would cause excessive heating inside the contactor. However, in doing so, it will  protect the primary contact from arcing, so a low contact resistance will be established a millisecond later. Another technique for improving the life of conta ctors is contact is contact wipe; the wipe; the contacts move past each other after initial contact on order to wipe off any contamination.
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 CHAPTER 3 3.0 DESIGN 3.1 Temperature Design The first task in designing the incubator is to design the temperature control system. This system consists of: 1.



Sensor



2.



An actuator i.e. 100W bulb



3.



A control system



4.



Relay



5.



Contactor



We looked for an inexpensive, accurate temperature sensor that is easily connected to an Arduino an inexpensive actuator that can be powered by an Arduino (directly or indirectly) A control system that has little overshoot (a temperature spike would kill the embryos), but can be slow (it takes a long time for the inside of the egg to respond to temperature changes in the surroundings)



3.1.1 Sensor: DHT-22 For recording temperature within the incubator, i ncubator, we must have a temperature sensor. We chose the combined temperature-humidity sensor, the DHT-22 sensor because: 1.



It is inexpensive



2.



It is accurate to ±0 .5◦C (±1◦F) at 37.5 ◦C, which satisfies our temperature tolerance objective



3.



It is easy to hook up to the Arduino



4.



Code for DHT22 sensor is easily implemented from the Arduino One Wire library We bought this sensor and hooked it up to the Arduino. The sensor is placed at the



center of the incubator on the crate, so that it is at the level of the eggs. It connect to the external Arduino through wires



3.1.2 Heat Transfer Analyses Heat transfer analyses will help us design the control system effectively.
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 We want to determine the rating of the heat actuator to heat the incubator to the optimum temperature (37.5°C) within 15 minutes. From: E = c p ρV ∆T 



where E is the energy put in to the system by the heat lamp,  ρ is the density of the air, V is the volume inside the incubator, and ∆T is the difference in temperature before and after the air is heated up and taking: cp=1006J/Kg°C , ρ=1.165Kg/M3, V= 0.35×0.39×0.43=0.0586 M3



And ∆T = (37.5◦C − 25◦C) = 12.5◦C, we find that E=1006×1.165×12.5×0.058695=859.87 E=1006×1.165×12.5×0. 058695=859.87 J. J. However, we must also take into account that a portion of the energy from the heat bulb is warming up the soft board structure of the incubator. We assume that there is 2 cm layer of soft board heated to 37.5◦C with the incubator air. The total volume of the soft board is : V= 2(0.015×0.43×0.39+0.015×0.39×0.35+0.015×0. 2(0.015×0.43×0.39+0.015×0.39×0.35+0.015×0.43×0.35) 43×0.35) =9.855×10-3m3. Taking density of soft wood 600Kg/M3, specific heat capacity capacity as 1000J/Kg°C and ∆T = (37.5◦C − 25◦C) = 12.5◦C E = 1000×600×12.5×9.855×10-3=73,919 J Total E=73,919+791.084=74,711.084J E=power × time Time=15 min×60sec=900sec. Power=74,711.084÷900sec=88.94W



3.1.4 Actuator: 100W heat bulb We choose a 100W, heat bulb for f or our incubator since we were sure of a no temperature overshoot situation. We decided on this actuator because because it is inexpensive, requires no
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 assembly, and is easy to buy (available in many shops and electronics stores). A fan will stir the air and even out the heating. Specifically, we chose a 240 V, 100W heat bulb. Using the relations P = I2R and V = IR, we find that the current is 0.42A and the resistance is 576Ω. The Arduino cannot output 240 V. Thus, we chose a solid state relay (SSR) and a contactor to bring in a larger power source. We plug the heat bulb into a bulb holder within the incubator box, so that we can safely connect it to the SSR. The neutral line is hooked up to the SSR input, then into the neutral port of the contactor coil. The live line of the heat bulb is connected directly at the switch. The SSR has a TRIAC (essentially two silicon controlled rectifiers) that are activated when the photo-sensitive sensor in the circuit senses the Arduino signal energizing an LED in a separate circuit. Because of this optical coupling, the load (heat bulb) is electrically isolated from the circuitry and Arduino. This is great because it means that the high voltage will not risk damaging the Arduino and circuitry. We chose SSRs over other power-assisting components because they are fast, have no moving parts, and have a l ong lifetime (unlike mechanical relays, for example). The difficulty with the SSR is the zero-crossing of the (rectified) AC signal must be



Figure 3.1 A diagram of the solid state relay. Calibrated to the Arduino signal. Mismatched zero-crossing can have devastating effects on the system
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 3.1.5 Control System We used an ON/OFF control since it takes a considerable amount of time to heat the incubator, about 15 minutes. This eliminated el iminated chances of temperature overshoots since the quantity of heat energy supplied by the heat b ulb is just enough to heat the incubator to around 37.5◦C.



3.1.6 Control system execution The Arduino is hooked up to various components as shown below. The heat bulb is activated by the Arduino through the four channel solid state relay at digital pin 10. The solid state relay requires a +5V input and the ground which are tapped from the circuit board. The circuit board get these supplies from the Arduino ports for ground and +5V i.e, the VCC port. The Arduino board has its own independent power supply which supplies 7V to the Arduino. The temperature/humidity sensor reports date through pin A2(analog pin 2). In the Arduino program, we set the optimum temperature as 37.5◦C . Before this temperature is reached, the Arduino writes Low on digital output 10 which is the output to the solid state relay. This makes the normally open contact of the relay to remain closed and it completes the neutral circuit of the contactor. With this circuit complete, the contactor is switched on and hence the heat bulb circuit is completed and it turns the bulb on. The bulb remains ON to heat the incubator until the temperature sensed by the Arduino is greater than 37 .5◦C. Once this is reported by the sensor to the Arduino, it writes an HIGH on the digital output pin 10. This opens the contacts of the solid state relay and it opens the neutral circuit of the contactor. With the neutral circuit open, the contactor is disengaged and the bulb is tu rned off. The bulb remains off until temperature reported by the sensor to the Arduino is once again lower than the set temperature value of 37.5◦C, when the bulb is turned on again.



The program section that regulate temperature is as shown below. #include "DHT.h" #include  #define DHTPIN A2 #define RELAY1 10 #define DHTTYPE DHT22 - 35 - | - | P a g e



 DHT dht(DHTPIN, DHT22); void setup() { pinMode(RELAY1, OUTPUT); } void loop() { float t = dht.readTemperature(); dht.readTemperature(); if (t > 37.5) { digitalWrite(RELAY1,HIGH); } else {digitalWrite(RELAY1,LOW); }
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 3.1.8 Temperature Code Flowchart The flowchart for our temperature system is below. This e ntire section of code is repeated at the Appendix.



GET TEMPERATURE



IS TEPERATURE ABOVE 37.5°C?



NO



YES



DIGITAL WRITE PIN



DIGITAL WRITE PIN



10 LOW



10 HIGH



TURN OFF HEAT



TURN ON HEAT



BULB



BULB Figure 3.2
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 3.2 Humidity Design Humidity is one of the three primary variables which must be controlled during egg incubation the others being temperature and movement (or turning of eggs). Humidity is the most difficult of the three to control. Correct humidity levels under normal conditions gives excellent results. Incorrect humidity levels do cause problems and further steps are needed to check that humidity levels are correct. Still, it is essential to ensure that temperature and egg turning are correct. Also check that the eggs are fertile.



3.2.1 The effect of humidity upon the incubating egg Eggshells are porous - they allow water to pass through, and so all eggs, whether being incubated or not, dry out slowly. The amount of water that a n egg loses during incubation is important and this is determined by the humidity levels within an incubator; if the humidity level is higher than the egg will ‘dry out’ more slowly than if the humidity is lower. All eggs have an air space at the round end and as water is lost through the shell it is replaced by air drawn through the shell into the air space which gradually increases in size – size – the  the greater the water loss through the shell, the larger the airspace. This air space plays a crucial part in incubation. Within it is the first air that the fully developed chick breathes and the space allows the developed chick some movement inside the shell to allow it to maneuver into hatching position. If the incubation humidity has been too high the egg will have lost too little moisture and the chick will be rather large. In this case the air space will be too small, the chick’s respiration will be affected and the young bird will have difficulty breaking out of the shell because of the lack of space. Commonly with excessive incubation humidity the chicks will die having broken through the shell in one place (‘piped’) either Through weakness because of the lack of air to breathe in the shell or because of lack of space to turn and cut around the shell with their b ill. Often, because of pressure within the egg, the bill protrudes too far out of the initial hole preventing the normal anti-clockwise progress of the bill chipping the shell from inside. The bill becomes gummed up with drying mucus. Low incubation humidity levels lead to small chicks with large air spaces by the time the hatch is due. These chicks will tend to be weak and may also die just before, during or just after hatching. The effect of humidity on the incubating egg is only at the hatching stage and so variations day to day don’t matter provided the average is right. - 38 - | - | P a g e



 In general a slightly lower average humidity level than optimum is likely to be less disastrous than a slightly higher than ideal level. 3.2.2 Achieving correct humidity levels There is a fairly f airly easy and reliable way of measuring RH indirectly and directly measuring the



effect that RH level has on the egg. This is by weighing the eggs to monitor their water loss over the incubation period. Most species of bird (with the exception of the o strich family) need to lose between 13% and 15% of their weight from the time of setting the eggs in an incubator to hatching. By measuring the weights of the eggs at intervals during during incubation, taking the average weights and comparing these to the expected weights needed to achieve the ideal weight loss by hatching, it is possible to see when the rate of water loss is too great due to humidity being too low and vice versa. In practice this means drawing a graph (see below) with incubation time in days al ong the x-axis and weight up the y-axis. The average weight of eggs when set (day 0) can be entered and the ideal hatching weight (average day 0 weight less 14%) can be plotted on the day the hatch is due. These two points are then joined to give the ideal weight loss line. Average weights can then be taken every three or four f our days and plotted on the graph. If the actual average weights are lower than the ideal then humidity levels need to be increased and vice versa. Thus any deviation from the ideal weight loss line li ne can be corrected as incubation progresses. The important point is to reach the ideal weight loss by hatching day; some deviation from the ideal weight loss line earlier in incubation will have little adverse effect.



Egg weight loss chart 68 66 64 62



Ideal weight (grams)



60



Measured weight (grams)



58 56 54



Incubation period (days)



Figure 3.3
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 The graph shows the average actual weights of incubating eggs against the ideal weight loss line - Note that the greater than ideal weight loss l oss in the earlier stages of incubation has been corrected by hatching day.



3.2.3 Humidity control system. The humidity control system consists of the following components: 



Sensor







An actuator i.e. 250W heat coil







A control system







Relay







Contactor







Water in metallic container



We used one sensor to sense and report both temperature and humidity through the same port of the Arduino. The DHT-22 sensor, senses both temperature and humidity and passes data to the Arduino through the analog pin2 i.e. (A2). We also looked for a control system that can be implemented easily and has little overshoots. However, humidity can be allowed to vary over a wide range of values without much harm on the embryo development. The general idea in humidity control is to maintain it between 55% to 70%. In the Arduino program, we set 55% humidity to be the minimum below which the actuator is turned on. When the humidity measured by the sensor is less than 55%, the Arduino writes a LOW on the digital pin 11. This output pin is i s connected to the 4 channel solid state relay input 4. Once a low state has been recorded on this input, the relay closes the normally open terminals to complete the circuit that engages a contactor. Once the humidity contactor is engaged, it completes the heater circuit and the heater is turned ON. This heater i s our actuator and it is supposed to warm water in the metallic container in order to speed up the rate of evaporation so as to raise humidity level within the incubator. When the level of humidity sensed by the sensor is more than 55%, the Arduino writes an HIGH in the digital out pin 11. T his pin that is also connected to the solid state relay makes the relay to open the normally open terminal that was initially closed by a LOW state on the Arduino pin 11. Once the relay terminals are open, it opens the contactor coil circuit and the humidity contactor is disengaged. This opens the heater circuit and the heater is turned OFF. The heater remains OFF until the humidity sensed by the sensor is once again less le ss than 55%.



The program section that regulate humidity is as shown below. - 40 - | - | P a g e



 #include "DHT.h" #include  #define DHTPIN A2 #define RELAY2 11 #define DHTTYPE DHT22 DHT dht(DHTPIN, DHT22); void setup() { pinMode(RELAY2, OUTPUT); dht.begin(); } void loop() { float h = dht.readHumidity(); dht.readHumidity(); if (h > 55) { digitalWrite(RELAY2,HIGH); } else {digitalWrite(RELAY2,LOW); }



3.2.5 Humidity code flowchart This is the sequence of logics in humidity control.
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 GET HUMIDITY



IS HUMIDITY ABOVE 55% ?



NO



YES



DIGITAL WRITE PIN



DIGITAL WRITE PIN



11 LOW



11 HIGH



TURN ON WATER HEATER



Figure 3.4
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TURN OFF WATER HEATER



 3.3 Egg-Turning Mechanism 3.3.1 Current Technology The most popular automatic egg turner sold in stores keeps the eggs upright in rows, and a motor tilts each row. While this is a viable design, the cons are: (i) The turners are expensive (ii) They are too complicated for hobbyists to build themselves, and (iii) They keep the egg upright (which risks malforming the embryo).



Figure 3.5 The most popular style of automatic egg-turner available in stores. The most popular automatic egg turner hobbyists build consist of a tray with rods eggs are placed in each row, and when the tray is tilted, they roll over and collide with the adjacent rod. This design is great because: (i) It is simple and can be built easily (ii) It keeps the egg on its side for proper development, and (iii) The turning is sudden (mimicking a hen’s motions). The flaws are: (i) The collision could cause the egg to break, and
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 (ii) if the egg is to turn a complete 180◦, the spacing between the rods is ≈ 4 inches, and thus the egg trays are very large.



Figure 3.6 The most popular style of automatic egg-turner that hobbyists make.



3.3.2 The Moving Egg Tray Design We designed our eggs turning mechanism such that the tray moves with the eggs. The whole idea of turning eggs is to ensure that the embryo in the egg does not stick to the shell, which can lead to the death of the chick. We made two horizontal holes within the incubator, where the servo motor shaft would pass through. The servo motor is firmly fixed outside the incubator and the tray is also firmly fixed to the shaft of the motor. This ensures that when the motor rotates the shaft, the shaft rotates with the tray. In the program, we set the tray to t o rotate to +30° from the horizontal position and also to -30° from the horizontal position. We then set a delay so that the motor turns the crate eight e ight times in a day.
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 Figure 3.7



3.3.3 Bearings The bearings are two metal cylinders placed in”bearing in”bearing cages” cages” made of extra e xtra Styrofoam. Lubrication was added to reduce the friction.



Figure 3.8



The servo motor, when only powered by the Arduino’s 5V supply, draws a lot of current and makes the other parts of the system (such as the sensor readings) inaccurate. Thus, we power the Arduino with a 7V power. (The servo is connected through digital pin 9).



- 45 - | - | P a g e



 When the USB is connected to power the Arduino, it does not power it with a full 5V (it instead powered it at around 4.6V). Thus, we now power the Arduino with a 7V external power supply.



The MG995 servo has the following specifications: Torque



138.4 oz-in (10.00 kg-cm)at 4.8 V



The torque our motor needs to shift the floor underneath the eggs back and forth is on the order of 10 oz-in. Thus, the MG995 provides more than enough torque.



The motor mount is very simple – simple  – it  it is small piece of metal cut up and firmly fixed on the outside body of the incubator, with the servo motor screwed to it, as shown on the diagram below



Figure 3.9



How often the eggs should turn varies across incubators and farmers. For incubators with no automatic egg-turning, egg-turning, one usually turns the eggs over eight times a day – day – an  an average of once per 8 hours. Automatic egg turners turn the eggs every 4-6 hours. We chose to turn the eggs every 3 hours The turning code is based on the Arduino servo motor example that comes with the software, sweep.ino, and uses the library Servo.h. First, it calculates the time that has elapsed - 46 - | - | P a g e



 since the last egg turn, time Elapsed. Then, it checks if time Elapsed is more than 3 hours; if so, the eggs turn again. Which direction the eggs should turn is di ctated by whether the motor is currently at 0◦ or near 30◦. The section of the program that controls egg turning is as shown below.



#include  Servo myservo; int pos = 0; void setup() {



myservo.attach(9); } void loop() {



for(pos=0;pos=1;pos-=1) { myservo.write(pos); delay(10800); } }
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 3.3.8 Egg-Turning Code Flowchart The flowchart for the egg-turning mechanism is simple. You can see how this portion of the code fits in with the rest



TURN THE MOTOR TO



YES



IS IT 3HRS OR MORE SINCE THE LAST TURN



POSITIONYES 30°.SET TIME TO 0 SEC



AND MOTOR CURRENT POSITION IS 0° ?



NO



IS IT 3HRS OR MORE SINCE TURN THE MOTOR TO



THE LAST TURN AND



POSITION 0°.SET TIME TO 0



MOTOR CURRENT



SEC



YES



POSITION IS 30° ?



Figure 3.10
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 3.3.9 The circuit for all the systems interconnected is as shown below



Figure 3.11



3.4.0 Ventilation design Ventilation is important in incubators and hatchers because fresh ox ygenated air is needed for the respiration (oxygen intake and carbon dioxide diox ide given off) of developing embryos from egg setting until chick removal from the incubator. The oxygen needs are small during the first few days compared to the latter stages of development. Egg shells contain three to six thousand small holes, called "pores", through which ox ygen  passes from the air to the developing embryo and through which carbon dioxide passes from the embryo to the outside air. The embryo's lungs are not developed during early embryonic development to the point that they can accommodate respiration by breathing. Respiration, therefore, is provided during the first three to five days b y the vitelline blood circulation plexus growing from the embryo. To reach this plexus the gaseous exchange must travel through the egg pores and the albumen albume n (egg white) to reach the vitelline circulation, wh ich lies on the surface of the egg yolk. After the 4th or 5th day of development another structure, called the "allantois," grows from the embryo, extends through the albumen, and positions itself just underneath the egg shell. The allantois becomes the primary p rimary respiratory organ of the developing embryo an d remains such until just before pipping begins. The transfer of respiratory function from the allantois to the lungs begins three or four da ys before pipping. The transfer is gradual and is completed by the time the chick finishes pipping the egg shell. The important thing to remember - 49 - | - | P a g e



 about embryonic respiration is that ventilation is important throughout the incubation process, especially toward the end, because the th e embryos are larger and respiring at a much higher rate than in the beginning.



3.4.1 Dangers of poor ventilation The first thing noticed may be a poor hatch. Lack of proper ventilation can contribute to low hatchability if, after examining numerous dead embryos in the shell, the following conditions are observed: 1. The majority of embryos reach the 19th or 20th day of incubation. 2. They are not dehydrated. 3. They are not malpositioned. 4. The unabsorbed egg yolks appear to be disease free. 5. The wet bulb reading usually ran closer to 9 0oF. Rather than 86oF. 6. The heating element is seldom on during latter stages of incubation. 7. The dampers are not as open as expected. To ensure that our incubator is well ventilated, we drilled two small holes on the front top side of the incubator and two bigger holes at the back top side of the incubator. We had to ensure that the ventilation holes are just few to reduce heat and humidity loss to outside environment which would lead to more power consumption by the incubator. We also included a fan inside the incubator to mix air and also to aid in a continuous flow of air into and out of the incubator incub ator to ensure supply of fresh air in the incubator. 3.5.0 Communication with the user



Our incubator communicates with the user through an lcd (liquid crystal display) to display information about temperature and humidity within the incubator. We used the I2C (IIC) type lcd display To use this type LCD directly with Arduino, you would need 6 pins: RS, EN, D7, D6, D5, and D4 to talk to the LCD. If you are doing more than a simple project, you may be out of  pins using a normal LCD shield. To reduce the number of Arduino pins required we used the I2C interface LCD module, with this interface module, you only need 2 lines (I2C) (I2C) to display information. This unit connects with 4 wires including, Top to bottom: GND - GND - 50 - | - | P a g e



 VCC - 5V SDA – SDA – ANALOG  ANALOG Pin 4 SCL - ANALOG pin 5 On most Arduino boards, SDA (data line) is on analog input pin 4, and SCL (clock line) is on analog input pin 5. On the Arduino Mega, SDA is digital pin 20 and SCL is 21. NOTE: The Blue Potentiometer (Photo) adjusts the Contrast.



3.5.1 Code philosophy To use this interface we had to add the 12C interface LCD module. The code for the interface is as shown below. #include  #include  .h>



LiquidCrystal_I2C lcd(0x27, 2, 1, 0, 4, 5, 6, 7, 3, POSITIVE); void setup() { lcd.begin(16,2); } void loop() { float h = dht.readHumidity(); dht.readHumidity(); float t = dht.readTemperature(); dht.readTemperature(); // check if returns are valid, if they are NaN (not a number) then something went wrong! if (isnan(t) || isnan(h)) { lcd.setCursor(1,0); lcd.println("Failed to read



");



lcd.setCursor(0,1); lcd.println(" from DHT-22 sensor"); } else { - 51 - | - | P a g e



 lcd.setCursor(0,1); lcd.print("Humidity: "); lcd.print(h); lcd.print("%\t"); lcd.setCursor(1,0); lcd.print("Temp: "); lcd.print(t); lcd.println("*C ");



We used this code to display the values of temperature and humidity as read by DHT-22 sensor and also to show when the th e sensor is not giving data to arduino especially during initial moment when the incubator is first powered. 3.6.0 BLOCK DIAGRAM FOR THE SYSTEM



TEMPERATURE/HUMIDITY SENSOR



SERVO MOTOR



POWER LCD DISPLAY ARDUINO



SUPPLY



SOLID STATE 4-CHANNEL RELAY
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 CHAPTER 4 4.0.0 TESTS AND RESULTS After assembling all the components together, we powered our incubator with a 240v A.c supply to test its performance. At first the display on the lcd display was “failed to read from the DHT-22”, DHT-22”, which lasted for a few a few seconds then the values of temperature and humidity were displayed. This initial display is so because the DHT-22 has a delay of at most two seconds before it can produce values for temperature and humidity. It means that values for the reading as produced by the DHT-22 sensor are always two seconds old. It took the heat bulb around thirteen minutes to warm up the incubator from an initial temperature of 25°C to the final temperature of 37.5°C. This duration is approximate to the one calculated during determination of the right temperature actuator. Once the set point for the temperature was attained, attained, i.e. 37.5°C, the actuator actuator was turned turned OFF. Switching of the actuator is monitored by a l ight indicator that turns ON when the actuator is ON and turns OFF when the actuator is OFF. After the actuator is switched OFF, the maximum temperature attained is 38.5°C. This is due to some additional heat energy from evaporating water to raise the humidity level to the desired point. This temperature is still safe for the embryos hence our control system does not produce temperature overshoots. Our design for temperature control was excellent. Humidity control had the same behavior also only that it took a shorter time for its level to be raised from 18% to 55%. This is because the heater that is required to warm the water in order for it to evaporate and provide moisture, is of higher rating, 500W. All the same the response was not bad since it did not much effects e ffects on the temperature control. Once the set point for the humidity was attained, the maximum rise from the set point was 65%. This is acceptable because humidity range during incubation should be between 55%-70%. Humidity actuator switching is also monitored through a light indicator that turns ON when the actuator is on and turns OFF when the indicator is OFF. The incubator was designed to maintain temperature at around 37.5°C which was achieved. The temperature range was between 37.0°C to 38.5°C which is optimum temperature range for eggs incubation. Same for the humidity, the control was able to maintain the humidity level between 55%-70%. This is the optimum humidity range for eggs incubation. Rotation of eggs was also controllable. The motor was able to turn the crate from negative 30 degrees from the horizontal to positive 30 degrees. The process is continuous. The delay is set
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 In the program to determine the number of times in a day the egg are to be turned. It should be at least eight times within a period of twenty four hours. We also included a fan inside the incubator which is on as long as the power is available to aid in the even distribution of heat and humidity for uniformity. It also aids in ventilation through the ventilation holes at the top of the incubator as there is a continuous flow of air into and out of the incubator. This is healthy for devel oping chicks in the eggs. All the operations of the incubator were automated as desired at the starting of our project. The only manual activity is the addition of water in the metallic container in the incubator which is continuously evaporated to maintain the humidity level.



4.1 Problems encountered A number of problems were encountered during the design of the system and implementation. 1. Some of the components were unavailable in the market for some time thus there was a delay in the completion of the project in the set time. 2. Etching of the PCB is rather a rigorous procedure and requires expertize. However, the experience and mastery of the entire procedure and skills acquired is priceless 3. Simulation of the project in the computer was difficult as no program had all the devices. 4. Interfacing all the components in the Arduino program was not easy as such.
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 CHAPTER 5 5.1 PROJECT COMPONENTS AND PRICE LIST



No.



Component



Quantity



Unit Cost



Cost



1



Arduino Uno



1



2000



2000



2



Solid state 4-channel relay 1



800



800



3



LCD



1



600



600



4



16 pins



2



20



40



5



MG995 servo motor



1



2500



2500



6



Sensors(DHT-22)



1



800



800



8



Connecting wires



3



50



150



9



Switches



5



50



250



10



fan



1



500



500



11



Housing



1



4000



3000



12



Actuators (heater and bulb)



2



100



200



13



indicators



2



100



200



14



Contactors



2



700



1400



15



Egg tray



1



100



100



18



Arduino power supply



1



400



400



TOTAL Figure 5.1
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13,940



 5.2 Operational co st To raise temperature from 25°C to 37.5°C when the incubator is first powered, it takes around fifteen minutes. Once the optimum temperature is achieved, the bulb is switched off until temperature drops below the optimum temperature again. In an hour, the bulb can be switched on for an average of 20 minutes. Total hours per month the bulb is on i s: 24 × 30 × 20 ÷ 60 = 240hrs. Adding to the initial 15 min, we get 240.25 hrs. The bulb is rated at 100W. Total T otal energy per month due to temperature maintenance is: 0.1KW × 240.25h = 24.025 KWh The heater is switched on for an average of 30 seconds at starting in order to warm water to evaporate to optimum humidity. In one day, the heater can be on for an average of 16 minutes. For one month, the total number of hours is: 24 × 30 × 16 ÷ (24 × 60) = 8hrs. The heater is rated at 250W. Total energy consumed per month due to humidity maintenance is: 8 × 0.25 = 2 KWh Total energy consumed per month is 2 KWh + 3.625 KWh =26.625KWh.



5.3.0 Future Work 5.3.1 PID control Due to the time constrain, we were not able to implement a PID (proportional integral and differential) control system for our incubator. This involves finding the proportional gain, integral gain and differential gain and then coding the program using the PID library for Arduino. This control system is the best as it has minimal overshoots of the parameters being controlled.



To make our incubator completely automatic, we could implement automatic candling of the eggs. Candling is the name for shining a bright light on an egg and checking for embryo development, which is performed by the user. Automatic incubators on the market do not perform automatic candling. - 56 - | - | P a g e



 To achieve this, a floor of light could be placed underneath the eggs. Every few days, the lights flash, and a webcam overhead takes a photo. With sophisticated software, the image could be compared to photos of normally developing candled eggs, and the computer could mark the egg as ”developing normally” or ”infertile” with neural net computation. This would be very useful, since hatches frequently have eggs that don’t develop, because they were infertile, damaged, or not properly f ormed.



Although the guidelines for all incubation processes are roughly the same, some hobbyists have their own customizations they like to make to the hatch. For example, some only perform “dry hatches” – incubation – incubation without any added humidity. Others are particular about how often to turn the eggs – eggs  – some  some like to turn them every 8 hours, others like to turn them every 4. Thus, the incubator could be modified so that the user can specify parameters such as humidity, egg-turning frequency, and others to customize their hatch. To achieve this, we would have to add a user-friendly interface to input numbers, and code the Arduino to grab those numbers and use them in code.



5.4.0 Evaluation of Objectives: Successes and Failures For each portion of the incubator, successes and failures occurred. We achieved our cost objective: the incubator costed us Ksh 13,000 to construct. We achieved our temperature objective: the incubator does indeed hold the temperature at 37.5°C. The control system worked. We also achieved our humidity objective. The incubator is able to hold the humidity at the required optimum range. The control system worked well for this task The egg-turning was very successful. The construction was simple and quick, and the mechanism did not take up much space. We met our objectives that the eggs turn every 3 hours. The bearings were well designed The incubator communicates with the user very well using the lcd display to give out current values of temperature and humidity. However, some times the lcd fails to display temperature and humidity data due to some loose connection of the male enter pin. We found it not healthy to solder them firmly to the Arduino as it could destroy it. But once restarting the power supply the lcd gives displays - 57 - | - | P a g e



 The incubator does have a fan; in fact, it needs a fan for mixing the temperature gradient and better disturbance rejection. It also has vents for oxygenation. The incubator is relatively simple, thus fulfilling our simplicity objective. However, t he person building it would probably need elementary knowledge of circuits, programming, and power tools. The incubator has a capacity of around 30 eggs, thus fulfilling our capacity objective. Capacity could be increased by increasing the volume of the incubator and including more servomotors. Overall, the quest for a low-cost, automatic chicken egg incubator incubator was a success, with only a handful of problems that can be ironed out with future work.
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5.6.0 Arduino code #include "DHT.h" #include  #include 



#include  LiquidCrystal_I2C lcd(0x27, 2, 1, 0, 4, 5, 6, 7, 3, POSITIVE); Servo myservo; // create servo object to control a servo // a maximum of eight servo objects can be created #define DHTPIN A2 // what pin we're connected to - 58 - | - | P a g e



 #define RELAY1 10 #define RELAY2 11 #define DHTTYPE DHT22 DHT dht(DHTPIN, DHT22);



int pos = 0;



// variable to store the servo position



void setup() {



myservo.attach(9); pinMode(RELAY1, OUTPUT); pinMode(RELAY2, OUTPUT); lcd.begin(16,2); Serial.begin(9600); Serial.println("DHTxx Serial.println("DHTxx test!"); dht.begin(); } void loop() { float h = dht.readHumidity(); dht.readHumidity(); float t = dht.readTemperature(); dht.readTemperature(); // check if returns are valid, if they are NaN (not a number) then something went wrong! if (isnan(t) || isnan(h)) { lcd.setCursor(1,0); lcd.println("Failed to read



");



lcd.setCursor(0,1); lcd.println(" from DHT-22 sensor"); - 59 - | - | P a g e



 } else { lcd.setCursor(0,1); lcd.print("Humidity: "); lcd.print(h); lcd.print("%\t"); lcd.setCursor(1,0); lcd.print("Temp: "); lcd.print(t); lcd.println("*C "); if (t > 37.5) { digitalWrite(RELAY1,HIGH); } else {digitalWrite(RELAY1,LOW); } if (h > 55) { digitalWrite(RELAY2,HIGH); } else {digitalWrite(RELAY2,LOW);
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 }



delay(500); }



for(pos=0;pos=1;pos-=1) { myservo.write(pos); delay(10800); } }



The set objectives were partially met. A lot was learnt in regard to operation of the microcontroller, sensing circuits and display circuits. This highly supplements the theoretical knowledge learnt in class. The project implementation stages and procedures and the need for tentative planning cannot be amplified further. From research the following recommendation are made: 1.



The department should avail some components to the students to cut costs



while saving time on delays as students have to import components. 2.



The department should also stock some apparatus e.g. programmers for



microcontrollers, solder suckers, 3.



Industries should be involved in the proposals for the projects thus the projects



will be worthwhile. 4.
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Project work should be started early.



 5.



Students should be evaluated weekly and weekly progress reports submitted so



as to uphold the quality of the projects carried out and eliminate plagiarism.



5.8.0 CONCLUSION Most farmers nowadays are not full time farmers. They do some other businesses alongside farming hence they are not always available for manual control of incubation. Automating Automating the incubator is of very big importance to such farmers as it can perform incubation process with minimal human intervention. Furthermore, it is very difficult difficult to determine when the the hen will go broody hence an automatic incubator allows farmer to produce chicks continuously and in large number without relying on the hens. Our project is very applicable in our growing economy as it can read to sources of employment opportunities.
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