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ABSTRACT

The purpose of this project is to design and devedle system of an egg
incubator that able to incubate various type of egghed as Smart Egg Incubator
System for Various Types of Egg (SEIS). The SEI8 fi up with the temperature
and humidity sensor that can measure the condttighe incubator and automatically
change to the suitable condition for the egg. Téath of egg is very important for the
development of embryo within the egg. Improper oaniheans that the temperature or
humidity is too high or too low. In this projechet light heater is use to give the suitable
temperature to the egg. By using the water andraking fan, it is can make sure the
humidity and ventilation in good condition. Thets&gcondition in the SIES will appear
on the LCD screen display. To make sure all padggf was heated by lamp, DC motor
is very useful to rotate iron rode at the bottordesand automatically change the
position of egg. The entire element will be corgdlusing programmable integrated
circuit (PIC). The PIC is a type of microcontrolidrat can process a data from sensor
and will execute the control element to changectiraition of SEIS. This project will
be a user friendly product since the SEIS can ntowather place. It will secure by user
must enter the password before activate the system.
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ABSTRAK

Tujuan utama projek ini adalah untuk membangun mancipta suatu sistem
mesin pengeram telur yang mana berkebolehan umgukakan terhadap pelbagai jenis
telur yand dipanggiSmart Egg Incubator System for Various Types of Egg (SEIS).
SIES ini dilengkapi dengan pengesan haba dan pangkslembapan yang akan
memantau keadaan semasa SIES dan akan berfungsia saatomatik untuk
memberikan keadaan yang sesuai terhadap telurhdtesi telur merupakan perkara
yang penting terhadap pembesaran embrio. Ketidgkserman dalam pengawalan
bererti keadaan suhu dan kelembapan yang terlaygitatau terlalu rendah. Di dalam
projek ini, haba yang terkeluar daripada lampu aksmberikan suhu yang sesuai
kepada telur. Dengan menggunakan air dan pengavkgbas, ia akan memastikan
kelembapan dan pengudaraan berada dalam keadagn sgsnoai. Status semasa
keadaan SEIS akan dipaparkan pada LCD. Untuk mekabehaba yang menyeluruh
pada semua bahagian telur, motor DC digunakan untarkutarkan rod besi dan secara
automatiknya akan mengubah kedudukan telur. Serahagian akan dikawal dengan
mengunakarprogrammable integrated circuit (PIC). PIC merupakan sejenis kawalan
mikro yang akan memproses data daripada alat pamgéan akan menggerakkan
bahagian kawalan untuk mengubah keadaan SEISimlaterupakan mesra pengguna
kerana ia mudah dialih ke tempat lain. lanya teatiagstem kawalan keselamatan di
mana pengguna perlu memasukkan kata laluan yanfdasdtelum mengaktifkan sistem

kawalan.
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CHAPTER 1

INTRODUCTION

1.1 Background

Industrial rising of farm animals indoors under ditions of extremely restricted
mobility is commonly known as factory farming. & idone as part of industrial
agriculture which is a set of methods that chargdaws and technology change known
as industrial agriculture which is designed to i the highest output at the lowest
cost, using economies of scale, modern machineogienm medicine, and global trade

for financing, purchases and sales.

Egg incubator is one of the inventions that provigigortunity especially for
who want to be excellent farmer. There is one afyeand fastest way that can make a
product. This invention will upgrade the egg inciabdahat has already in market today.
The systems will automatically controlling the tesngture and humidity of the
incubator for various types of egg. The functionegfy incubator is to take over the

animal job to incubate an egg until hatching.
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1.2  Objectives

* To built the incubator with automatic controllingpet humidity and
temperature. Improper control means that the teatpex or humidity is
too high or too low for a sufficient length of tintleat it interferes with
the normal growth and development of the embrycrResults also
occur from improper ventilation, egg turning andnitgtion of the

machines or eggs.

 To built the incubator that able to incubate vasiotypes of egg.
Making an egg incubator that user friendly wilbguce more valuable

production and available for many types of egg.

1.3 Scopes

Design a system and hardware for egg incubator autiomatic controlled the
temperature and humidity using programmable interfeontroller (PIC) according to

types of egg and parameters given by user.
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1.4  Project Goal

With a bit of research we determined it would be Hest course of action for

several reasons:

e The incubator will help farmer produce product inslaort time with large
amount of eggs.

 An egg incubator can be considered a replacemaninfuubate session of
animal.

* The incubator will be large enough to avoid prokdeshless production.

» Ideas to incubate many types of egg in one timebeatested.

1.5 Thesis Organization

This thesis is combination of b chapters that darntf@e Introduction, Literature
Review, Methodology, Result and Discussion andlaise chapter is a Conclusion and

Recommendation of the project.

Chapter 1 is an introduction of the project. Instbhapter, we will explain the
background and objectives of the project. The cpnhoé the project and the overall

overview of the project also will be discussedhis thapter.

Chapter 2 focuses on the literature review and phaiect flow for the
development of the Smart Egg Incubator System &rods Types of Egg.

Chapter 3 will explain about the project method@sgof the project. The
project development consists of three parts wisanéchanical design, hardware design
and software design. In mechanical design, it ;uathe development of the egg roller,

<™ This PDF was created using the Sonic PDF Creator.
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chassis and body. This incubator body was 70% byilising wood and 30% for egg
chassis. By using this kind of material, we carutedthe cost to build this incubator. In
this section also, we will discuss about the din@msand how to construct and
assemble the chassis and roller. In the hardwasgmethey are containing of circuit
design of the controller system. That will inclugespice layout and information about
components usage. The layout consists of four itistich as master controller circuit,
slave controller circuit, lamp controller circunné power supply circuit. The last part is
a software development of the controller. In thimmer we will expose on how to
compile and program the PIC18F4550. The programbkas built by step which is to
function all of electronic device. Lastly all subograms will organize to execute the

flow function.

Chapter 4 discusses all the results obtained aadliftussion of the project.
During do the project, many problems have accorddasides that, by doing some
inspection and troubleshooting, the solution haenbé&und and all devices may

function properly.

Chapter 5 discusses the conclusion and recommendatithe project. Finally
the project has been done with the expected reBhis. project can be testing for the
long time period but some recommendation must blided to make sure the system

running properly without any violation.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Incubation is the process by which birds hatchrtbggs, and to the development
of the embryo within the egg. The most vital factdr incubation is the constant
temperature required for its development over @ifpgeriod. Especially in domestic
fowl, the act of sitting on eggs to incubate thesncalled brooding. The action or
behavioral tendency to sit on a clutch of eggdse aalled broody, and most egg laying
breeds of chicken have had this behavior selegtibeeéd out of them to increase

production.

In most species, body heat from the brooding papeovides the constant
temperature, though several groups, notably theddedes, instead use geothermal heat
or the heat generated from rotting vegetable najegffectively creating a giant
compost heap. The humidity is also critical, anthé air is too dry the egg will lose too
much water to the atmosphere, which can make hagctiifficult or impossible. As
incubation proceeds, an egg will normally becorgétir, and the air space within the

egg will normally become larger, owing to evaparatirom the egg. [1]
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2.2 Embryonic Development

Embryonic development is a continuous processdiiatroughly be divided into

three different phases. They are differentiatiooywgh and the maturation.

Typically, differentiation of organs occurs in thiest days of incubation. The
growth and the maturation of the organs occur enlther phases of development. Each
of these phases requires specific incubator camditi As the embryo grows, its
metabolic rate increases and this is accompaniedinbgeased heat production.
Consequently, the natural pattern of the embryo eggshell temperature shows an
increase towards the end of incubation. In the bator we must differentiate between
the temperature set point at which the incubat@rates and the temperature of the air

at the level of the eggs, which determines the tFatpre of the egg and embryo. [1]

At the start of incubation the embryo producedelitteat and eggs must be
warmed. This means that the air temperature musidieer than the egg temperature.
As the embryo grows, metabolic heat productiongases and to prevent overheating

the air surrounding the eggs must be cooled swatthiat is removed from the eggs.

2.3 Egg Incubator

Novice poultry producers usually become interestedrtificial incubation of
their own chicks. The success of this type projiegtends on proper care and incubation
of the hatching eggs so healthy, vigorous chickspmoduced. Many times a producer
carefully attends to the incubation process buedisrds the care of the eggs before they
are placed in the incubator. Even before incubastants the embryo is developing and
needs proper care. Hatching eggs suffer from retbetgchability if the eggs are not
cared for properly.
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The size and type of incubator selected dependkeneeds and future plans of
each producer. Many different models are availabte. continuous settings, separate
incubator and hatcher units are recommended. lé@djs in the unit are at the same
stage of incubation, a single unit can be used.

Locate the incubator and hatcher units indoors ratept them from major
weather changes. It is essential that the roomahgsod ventilation system to supply
plenty of fresh air. Keeping the units indoors nsake easier to maintain uniform

temperature and humidity.

There are basically two types of incubators avélatorced-air and still-air
incubators. Forced-air incubators have fans thatige internal air circulation. The
capacity of these units may be very large. Thd-atilincubators are usually small
without fans for air circulation. Air exchange isadned by the rise and escape of warm,
stale air and the entry of cooler fresh air nearlibse of the incubator. Recommended
temperatures vary between the two incubators, skowothe manufacturer's

recommendation that accompany the units. [3]

2.4 Incubating Conditions

The condition of incubator is very importance elemd?oor results are most
commonly produced with improper control of temperatand/or humidity. Improper
control means that the temperature or humidityos high or too low for a sufficient
length of time that it interferes with the normabgth and development of the embryo.
Poor results also occur from improper ventilatiegg turning and sanitation of the
machines or eggs.
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The components than must be control in the inarkeate temperature, humidity
and ventilation. The temperature must depend onwhes of egg. In order to hatch a
good percentage of fertile eggs, an incubator nigstable to maintain a constant
temperature. Though different sorts of eggs reqtifferent heat levels, most will grow
and hatch well at 99 to 101°F. Sure, that does éamposingly precise, but such

accuracy isn't all that difficult to achieve. [2]

Rarely is the humidity too high in properly vent#d still-air incubators. The
water pan area should be equivalent to one-halfidloe surface area or more. Increased
ventilation during the last few days of incubatiand hatching may necessitate the
addition of another pan of water or a wet spongeamidity is maintained by increasing
the exposed water surface area.

Ventilation is very important during the incubatiprocess. While the embryo is
developing, oxygen enters the egg through the simellcarbon dioxide escapes in the
same manner. As the chicks hatch, they requir@ereased supply of fresh oxygen. As
embryos grow, the air vent openings are graduajpened to satisfy increased
embryonic oxygen demand. Care must be taken to temairhumidity during the
hatching period. Unobstructed ventilation holesthbabove and below the eggs, are
essential for proper air exchange. [3]
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Table 2.1: Condition of the incubator for various types ofeg

Incub.
) ) Temp Humidity Do not turn Humidity Open vent
Species Period
(F)* (F.)? after Last 3 days? more
(days)
Chicken 21 100 85-87 18th day| 90 18th day
Turkey 28 99 84-86 25th day 90 25th day|
Duck 28 100 85-86 25th day 90 25th day|
Muscovy
35-37 100 85-86 31st day 90 30th day|
Duck
Goose 28-34 99 86-88 25th day 90 25th day
Guinea
28 100 85-87 25th day 90 24th day
Fowl
Pheasant 23-28 100 86-88 21st day 92 20th day
Peafowl 28-30 99 84-86 25th day| 90 25th day
Bobwhite
Quail 23-24 100 84-87 20th day 90 20th day
uai

The Table 2.1 shows the condition of the incub&borvarious type of egg which is

consists of suitable temperature and humidity feere type of eggs. The Fahrenheit

unit can be converting to Celsius by using the &aheit formula, F = [32 + (9/5) a'C].
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CHAPTER 3

METHODOLOGY

3.1 Project Development

Electronic design

Software design

Mechanical design

Program the PIC using
Built the egg roller Built the system circuit MicroCode and PICBasic
software
\ | |
L

Integrate the hardware —|

Check the hardware

Is the
project
function?

Figure 3.1: Flowchart of the project development
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By refer to the Figure 3.1, project development wlasded into three main
sections. There are mechanical design, electra@sgd and software design. Then this
part will combined together to perform the SmargHgcubator System for Various
Types of Egg (SEIS).

The smart egg incubator is able to incubate vartgps of egg. The incubator
will fill up with the temperature and humidity semghat can measure the condition of
the incubator and automatically change to the Blgteondition for the egg.

Locate the incubator and hatchers units indoorgradect them from major
weather changes. It is essential that the roomahgsod ventilation system to supply
plenty of fresh air. Keeping the units indoors nsake easier to maintain uniform

temperature and humidity.

Actually, this project consists of three elemehit should be controlled. There
are movement, temperature and humidity. In thigegto the light is use to give the
suitable temperature to the egg. The percentagfgediumidity in the incubator need to
consistent by control the fan and water througth@incubator, it is can make sure the
humidity and ventilation in good condition. Thetatgcondition in the incubator will
appear on the LCD screen display. To make surpaatl of egg was heated by lamp,
stepper motor is very useful to rotate iron rodiheg bottom side and automatically

change the position of egg.

The entire element will be controlled using prognaable integrated circuit
(PIC). The PIC is a type of microcontroller thahqarocess a data from sensor and will
execute the control element to change the conddfancubator. This project will be a

user friendly product since the incubator can niovether place.

<™ This PDF was created using the Sonic PDF Creator.
=~{ To remove this watermark, please license this product at www.investintech.com



12

Fill incubator with egg

Enter
password

Select type
of egg

l L

Auto control the constant temperature and humidity
and
Activate timer module

g o J 4

Lamp turn on depends
on condition of
temperature

Fanturn on depends on DC motor running in
condition of humidity time. 2 - 3 times a day

System shutdown until reach period of incubation process

Figure 3.2: Flow chart of the project

From the Figure 3.2 shows the system of the incubaorking. Firstly user
needs to insert the correct password. That is fmtesn protection from other
disturbance and makes the system functioning cothgtgAfter that users must select
the type of egg. The system will operate undertyipe selected. The data of various
types of egg was inserted during system developnikentall various type of egg, there
have difference incubation period until hatchingr Ehis project development, 3 types
of egg were selected. There are chicken egg’s, dagiks and quail egg's. The

condition of egg has explained in table 1.1. Ineori give good heating on an egg, the
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egg should change their position 2 or 3 times @gr. dhis important to make sure all
position of egg heated by lamp. Humidity of the ubator was control by water
container to give some fresh air flow and fan coligr to make the suitable humidity in

incubator.

3.2 Mechanical Design

The project development was started with the machbdesign. It is consists

the development of incubator casing and built anreder.

3.2.1 Incubator casing

To build the egg incubator system involves lotscoficern in terms of the
temperature, humidity and movement in order to daee health of the egg. The
important thing that should know is how to chanige position of the egg during the
period of incubation. It is should get along witmachanical egg-shifting system. The
eggs in the incubator need to be shifted slowly amwothly, since jostling would
disturb the development of the chicks. By using @ motor, the PIC should be

programmed as long as stepper motor running ineshglowly.

The construction of the incubator will begin withet built the casing of the
incubator. A good quality material was used suchhaxlwood. The hardwood was
choose because is preferable rather than softed widee softer wood will warp during
the incubation process. That will affect the huntyidif egg. This incubator can fill up to
20-25 eggs. Dimensional measuring of the incubstd@9cm long x 48.4cm wide X
48.4cm tall. 4 bulbs were placed around the wailda of the incubator. The bulb usage

iIs 5 Watt's that supply heat to the egg.
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There are two stages for the incubator that cedt firover and second drover.
First drover is where amount of egg were placedillst with the egg roller, bulbs and
fan. For the second drover, it is for water thatrtake fresh air flow in the incubator.
This incubator becomes user friendly because itmare to other place. By use the

board transparent plastic make easier to ownerilms#e the incubator.

Figure 3.3: Casing of incubator

3.2.2 Anegg roller

The egg roller is very important in order to chartige position of eggs. The
position of egg must be change two times everyutdy hatching. An idea to designing
the egg roller such as conveyer which is needs dmeaeing and belting. It needs to
change the position of egg in smoothly. The mateisad to build the egg roller is an
aluminum plat and aluminum rode. It will reduce tco$§ construction because about

60% the material usage from cycle material.

Before construct the egg roller, all measuremeas record since to make sure it

really fix when put inside the first drover.
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Figure 3.4: An egg roller design

Figure 3.5: An egg roller
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3.3 Hardware Design

In this chapter, the circuit explanation consfetg major parts. There are master
controller circuit, slave controller circuit, lamgontroller circuit and power supply
circuit. The master controller circuit was intedato the temperature and humidity
circuit, Liquid Crystal Display (LCD), Keypad, lamgircuit and fan. For the slave
controller circuit, it interface with DC motor cirit that running the egg roller.

Block diagram figure 3.6 shows the connectionpait of system. There are
consisting of input, CPU and output. The inputshaf system are keypad, temperature
and humidity sensor and also power supply. The 8f@%50 will operate as a CPU
which is the main controlling system. For the outplement consist of LCD screen

display, DC motor, fan and lamp.

INPUT OouTPUT

Step down
12V circuit

Stepdown
5V circuit

lay

1
1
R

_ ! .

H !
| MICROCONTROLLER | ' -

. |
s | —— I

1
; i .
P ! 1 Motor !
! driver !

1
PIC18F4550 |

o

Figure 3.6: Block diagram of the hardware design

The operation of the system will start while uselects the type of egg by press
the code on the keypad. After that controller whgPRIC 18F4550 will set up the range
of the temperature and humidity of the incubatbany changes for the ventilation of
the incubator, the temperature and humidity semslbrmeasure and send data to the
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controller as a feedback. LCD board will displayy ashanges that might occur. The
controller will control the speed of fan, light afidw of water until the ventilation of

the incubator back to the condition needed. Théerobher also controls the shift rotation
of the DC motor. This allows the egg change thesiton to care the growth of the

embryo.

This system will run until the egg hatching. Tokmasure the system always
running, the battery charge is needed. The ba#ery backup power supply will supply
their voltage whiles the system going breakdowre Breakdown might be occurring if

main power supply was blackout.

3.3.1 Master Controller circuit

The master controller circuit schematic is showmppendix A. The function of
master circuit is to controller the input data freeypad and display on the LCD screen.
It is also read the input data from temperature landidity sensor and store in variable
before display on the LCD screen. The master dialgo controls the output fan. When
the CPU detect the value of temperature is high thatable value, the lamp will off
and when the CPU detect the value of humidity ghhhan suitable value, the fan will

on. It can make the suitable condition in goodustdibr egg incubation process.

3.3.1.1 CPU microcontroller PIC18F4550

The microcontroller is an entire computer on a lginghip. The advantage of
designing around microcontroller is that a largeoant of electronics needed for certain
applications can be eliminated. This makes it teal device for use with large system

and other applications where computing power isledeThe microcontroller is popular
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because the chip can be programmed easily to perdisiferent functions and is very
inexpensive. The microcontroller contains all thesib components that make up a
computer. It contain a central processing unit (FRead-only memory, random-access
memory (RAM), arithmetic logic unit, input and outdines, timers, serial and parallel
ports, digital-to-analog converter, and analog4gitdl converters. There many kind of
microcontroller in market such as Motorola, PICsiBaStamp and etc. But, in this
project, the PIC18F4550 is chosen because of tmeti@nality, lower in cost,
robustness, easy to program and troubleshoot.

PIC is a family of Harvard architecture microcofits made by Microchip
Technology, derived from the PIC164@iginally developed by General Instrument's
Microelectronics Division. The name PIC initiallgferred to "Programmable Interface

Controller”, but shortly thereafter was renamedfPammable Intelligent Computer".

PICs are popular with developers and hobbyistealike to their low cost, wide
availability, large user base, extensive collectbapplication notes, availability of low
cost or free development tools, and serial programgrtand re-programming with flash

memory) capability.

Harvard architecture is computer architecture vplttysically separate storage
and signal pathways for instructions and data. fEme originated from the Harvard
Mark | relay-based computer, which stored instargtion punched tape (24 bits wide)
and data in electro-mechanical counters (23 digitde). These early machines had
limited data storage, entirely contained within tfaa processing unit, and provided no
access to the instruction storage as data, makiadilg and modifying programs an
entirely offline process. The PIC18F4550 have attarsstic such as below:

* Harvard architecture (enhanced flash & data EEPROM) pin configuration
e Cristal 4 MHz — 48 MHz (to provide pulse for thedP} internal 8Mhz

* Have 5 ports (A-E) that can make it as input opatit

* Provide internal Analog to digital converter

* Flash Memory — 32 Kbyte, Data memory — 2 K bytevitte internal PWM.
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\_J  sp - RETKBIIPGD

39 ] == RBAKBIZPGC

38 [] =—= RB5/KBI/PGM

37 [ == RB4/AN11KBIDICSSPP

35 [] =——= RBIANSICCRANVPO

35 [] <—= RBUANSINT2VMO

24 [] =—= RBVANADINTI/SCKISCL

33 [] == RBOAN12/INTOFLTO/SDISDA

MCLRVPPIRE3 — [

RADAND =]

RAT/ANT =—s]
RAZIAN2IVREF/CYREF =[]
RAANINVREF+ a— ]
RATOCKICIOUT/IRCY =[]
RAS5/AN4/SSIHLVDIN/C20UT =— ]
RENANSICKISPP =—[]

M =] @ N s W R =

REV/ANGICK2SPP =—[] 0 s ﬁ By pram———
REJANTIOESPP =—=[1 10 32 31 [] ——Vss
VoD — =11 &6  30[]~— RDTSPPTPID
Ves — w12 50 26 [1=— ROG/SPPEIPIC
OSCACLKI ——= 713 oo 26 [ =—= RDS/SPPS/PI1B
OSC2CLKOMRAE e—r] 14 97 [] «——= RD4/SPP4
RCOT10SOT13CK] =[] 15 3G [] =—= RCT/RXDTISDO
RCAT10SICCP2IOE «——[] 16 95 [ =——= RCBTHICK
RC2ICCPIPIA «—s[]17 94 [] =— RCSD+VP
Vuse =—[] 18 23 [] =—= RC4/D-M
RDO/SPPD =[] 19 27 [ == RD3ISPP3
RDUSPP1 =—=[] 20 21 [] =—= RD2SPP2

Figure 3.7: PIC18F4550 pin configuration

3.3.1.2 Liquid Crystal Display (LCD)

LCD screen needs to display the current value oifpFature and humidity.
Based on LCD module of the industry standard Hit&tib44780, it connects to 7 pins
of one port, and operates in 4 bit 'nibble’ modeawe 1/0O pins. For this project, the
LCD is connected to Port B. By connecting to Porv® have to use a pull-up resistor
(R1) on RB4, and are unable to use RB5 (which Ig an input), however this frees all
of Port B which will allow us to use some of therexhardware available on Port B,
along with the LCD. The potentiometer P1 is forusting the contrast of the display,
and if incorrectly adjusted can cause the disptalye invisible. By using 4 bit mode we
can connect the entire LCD module to one portsésuexactly 10 pins (just right for our
Molex connectors). In 4 bit mode we don't use pirif, which are used as the lower 4
data bits in 8 bit mode, instead we write (or readhe upper 4 pins twice, transferring

half of the data each time.
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3.3.1.3 Keypad

In order to enter the password code, keypad 4x4ildhased by connected to
PIC. This is how the HEX keypad is connected, esgrare with a number or letter in it
is a push to make switch, which connects the hotaowires (rows) with the vertical
wires (columns). As the switches are all intercate@, we need a way to differentiate
between the different ones - the four resistorsheninterface board pull lines X1 to X4
(column) high, these four lines are the ones whih read in the program. So in the
absence of any switch been pressed these linesaliad high. The lines Y1 to Y4
(ROW) connections are connected to output pins,ifatietse are set high the switches
will effectively do nothing - connecting a high Ewo a high level, results in a high

level. Then the PIC will compare with the referemnatie to display on the LCD.

3.3.1.4 Fan

To execute the 12VDC fan, the transistor is needad.function of transistor is
such as a switch and amplifier. The low signalsnf®lC will accepted by transistor and

amplify it to execute the DC 12V fan.

3.3.1.5 Temperature and humidity circuit

HSM-20G is a temperature and humidity sensorlbat together functioning to
measure the current condition of the incubator.hWite ADC (analogue to digital
converter) facilities internally in the PIC willad the analogue signal from sensor and
convert to digital signal. Table 3.1 shows the abtaristic of HSM-20G.
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Table 3.1: Characteristic of HSM-20G

Characteristics HSM-20G
Input voltage range DC 5.0+0.2V
Output voltage range DC1.0—-3.0V
Measurement Accuracy 5% RH
Operating Current (Maximum) 2mA
Storage RH Range 0 to 99% RH
Operating RH Range 20 to 95% (100% RH intermittent)
Transient Condensation < 3%RH
Temperature Range Storage 20T to70TC
Operating 0C to50T
Hysteresis (RH @ 250) MAX 2%RH
Long Term Stability(typical drift per year) +1.5%
Linearity Linearity
Time Response(63%b step change) 1 min
Dimensions(L*W) 34mm=22mm

3.3.2 Slave controller circuit

The slave controller circuit schematic is showrappendix B. The function of

slave circuit is to controller DC motor and exesutiee hatching period depends on egg

type.

3.3.2.1 DC motor circuit

In this project, dc motor is needed since it dtéacwith egg roller to change the
position of egg. The dc motor need 12v power supply must give PWM (pulse width
modulation) to control their speed. By using cyttdd30A DC motor driver, we can
supply the PWM and also easy to control the spEedthe timer, special function in
PIC can make the timer function depends on eggg@efio setting up the timer it is

done by programmed PIC by using the compiler softwa
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MD30A is designed to drive high current brush matoapplication. It is a full
bridge motor driver intended for wide range of riit®and automotive applications.
The board incorporates most of the componentseofyghical applications. With
minimum interface, the board is ready to be plugged play. It even includes 2 push
buttons for fast test run. Simply add in powers tthiiver is ready to drive high current
motor. Additionally, MD30A have protection of regerpolarity on battery input. It has

been designed with capabilities and features of:

* Industrial grade PCB with heavy copper materialhigh current applications
e Each component is soldered properly and tested
e Support up to 30A maximum

» Protection against wrong polarity of Vin

* 5V logic level inputs

e 5V to 12V compatible for Vcc

e PWM speed control up to 10 KHz

» Bi-directional control for 1 motor

* Over voltage clamp

* Thermal Shut Down

* Cross-Conduction protection

* Linear current limiter

« Very low standby power consumption

* Protection against: Loss of ground and loss of Vin
» on-board push buttons for fast testing

* Fan heat sink for fast thermal release
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The characteristic of MD30A DC motor driver showdg able 3.2:

Table 3.2: Characteristic of MD30A DC motor driver

Electrical Characteristics

Symbol Parameter . Te.sF Min | Typ | Max | Unit
Conditions
Vin* Motor supply voltage 5.5 24 Vv
Ve Operating supply voltage 5 12 Vv
f PWM frequency 0 10 | KHz
Vor Overvoltage shut-down 36 43 \%
Iy Current Limitation 30 45 A
Trep Therm‘al sl‘lut—dowu 150 | 170 | 220 oC
temperature
Tr Thermal Reset temperature 135 °C
Vowl PWM low level voltage 1.5 A%
Lowa Low level PWM pm current | Vpw = 1.5V 1 uA
Viowh PWM high level voltage 3.25 Vv
Lok High level PWM pin current | Vpw = 3.25V 10 uA
Vewicew CW mput low level voltage 1.5 v
Iewicowr CW mput low current } ?{;CC“' - 1 uA
Vewicows CW input high level voltage 3.25 5.1 Vv
y W : ) Vewicow = _
Tewicown CW mput high current 395V 10 uA

* Although Vi, can support up to 30V, it 1s limited to 24V because the maximum voltage of on

board fan is 24V.

3.3.3 Lamp controller circuit

The lamp controller circuit consists of 4 relapstt connected used to supply
240Vac and to switch on the lamp. To activate glay, we need 24Vdc supply voltage
with separately voltage regulator. In this circutpin DIP optoisolators transistor
(4N25) was used to energize the coil of the reldne 4N25 devices consist of a gallium
arsenide infrared emitting diode optically couplech monolithic silicon phototransistor
detector. It is most economical optoisolator chdiae medium speed and switching
applications. Generally it is purpose for switchizigcuits and also for interfacing and

coupling systems of different potentials and impe#s. The lamp control circuit

schematic is shown in appendix C.
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3.3.4  Power supply circuit

In the power supply circuit, it is dividing into éasupplies. First, it is a supply
voltage for controller and second for DC motorisltmust be separated because DC
motor used high current to run. That must be lesstfon on controller while we put

voltage supply together with DC motor.

The power supply circuit schematic is shown in ayoipe D. This power supply
will provide 5v, 12v, and 24v. It is used step domethod that regulated supply from
240VAC. Transformer center tap 240VAC to 12VAC wesed to provide the voltage
needed. The voltage regulator that used is 78082 @&d 7824. The function of voltage
regulator is to give constant voltage to the circlihe 5V power supply may used to
supply voltage for operation of microcontroller, itor driver, Liquid crystal device
(LCD) and keypad. For 12V is use to supply voltagéan and DC motor. And for 24V
power supply is use to energize the coil of re20VAC may supply to bulb.

Below is the summary the function of the devicegaesa

3.4  Software Design

In the software design, mikroElektronika Basic cderpfor Microchip PIC
microcontrollers Version 6.0.0.0 and microcode &tudompiler 2.46 was used to
program the PIC. In this project, the program waisewby part to make sure all devices

can function properly.
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3.4.1  Master control system

In the master code, program was write using mikekEbnika Basic compiler
software. High language was used in this compiiat inake easy to understand and to
write the program. Basically, main source file hae sections: declaration and program
body. Declarations should be in their proper placthe code, organized in an orderly

manner. Otherwise, compiler may not be able to cehmnd the program correctly.

For the beginning of this program, all variableswgeclared to make sure all

variable can be used.

10
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= symbol lamp_1

= symbol lamp_3
= gymbol lamp_4 = portc.7?

» symbol timer off = portc.4 'input from slave
= symbol timer_on = portc.2 foutput to slave

= program password
» include kp conv

= porth.O0
gymbol lawp Z = porth.l
= portc.h

dim cnt as byte

» dim txt as string[5]

= dim digit as byte[4]

» dim i as hyte

* dim pass_ok as boolean ' will kold TRUE is password is 0K, otherwise FALSE

dim tewp res as word

= dim t_old,tl,tZ,c3, 4, v, ch,chl,chZ_,chi, chd, chsS, ché, ch?, ch8 as word
= dim t_old2,t5,t6,t7,t68,6_2,ch2 as word

= dim Text as char[17]

» dim Text_Z as char [17]

dim tlong, tlongZ as longint
const password as byte[4] = (1,2,3,5)

From this coding

lamp_4. And constant password was declared as ‘3,,2 on keypad press.

Figure 3.8: Variable declaration

, port b0, bl, c6 and c7 was dedias a lamp_1, lamp_2, lamp_3 and
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3.4.1.1 |Initialize LCD and keypad

Keypad Init (PORTD)

Led Init (PORTE) ' Tnitialize LCD on PDRTE]
30 Lod Cmd(LCD_CLEAR) ' Clear display
Lod Cmd (LCD_CURSOR_OFF) ' Cursor off

Lod outil, 1, "Insert Password')

Figure 3.9: Initialize LCD and keypad
From this command, LCD was initialized at port l&keypad at port D. since

the port has been declared, the LCD screen shaserti password’ that will remind the

user to enter the password.

3.4.1.2 Password program

= next i

rass_ok = FLL3E ' zssume that the passwords don't match

if digit[0] = password[0] then
L0 if digit[1l] = password[l] then
if digit[2] = password[2] then

if digitc[3] = password[3] then
rass_ok = TRUE ' passwords match
end if
2 end if
end if
end if

fooutput text on LOD
&0 if pass_ok=TRUE then
led cmd(lod clear)
Led Cut(1,1,"ACCESS GRANTED™)
delay m=(1500)
led omd(lod clear)
&5 goto select type
else
Led out (1,1, "ACCESS DENIED™)
delay m=(1500)
led ewdiled clear)
70 goto main
end if

= wend

Figure 3.10: Password coding
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The password program contains 4 digits which méam tiser must enter 4 numbers
before login the system. If the numbers were setkeate correct then the program will
go to the select type of egg. That mean user nalsttsegg type that want to incubate.
If the password selected are wrong, so the systéinback to top that mean user must

enter the password again.

3.4.1.3 Sensor program

tl = ADC read(0O) ' oget ADC walue from channel Q@
155 delay ms(15) ' wait for a new value
tz = ADC read(0)
delay ms(15)
t3 = ADC read(0)
delay ms(15)
160  td = ADC_read{0)
t = [(Ll4+t2+t3+td) /4 ' make 3 average of the 4 reading
if t_old <> t then " if value are differsnt then...
t_old = t©
165 tlong = t*5000 ' check Vrefr setting 1.2v better
t = tlong »>> 10
ch = t div 1000 ' prepare value for diplay
] chl = (t div 1000) mod 10
170 led_chr (1,7, 48+chl)
chZz_ = (t div 100) mod 10
Led Chr(l,8,48+ch2_)
175 chi3 = (t div 10) mod 10
. Led Chr (1,9, 48+ch3)
ch4 = t mod 10
Led Chr (1,11, 48+chd)
180 delay ms(500)
end if

Figure 3.11:Sensor program

In this system, sensor was connected at port AOAdnthat allow the analogue signal
into the PIC. The PIC will convert the analoguensigo digital signal since the PIC has
ADC internally. According to this program, the PV¥@ll receive 4 analogue data and
store it into the variable which is t1, t2, t3 add After that the program will make an
average data and store it into t variable. Thigmm will display 4 digit numbers on
LCD screen which mean shows the value of curremtp&gature and humidity in

Fahrenheit.
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if chd >= 1 then
if chS »>= Z then

Z38 if cht »>= 0O then
lawp 1 =0
lamwp 2 = 0
lamp 3 = 0
lawp 4 = 0
z4an end if
end if
end if

if chi = 1 then
if chS <= 0 then
Z4E if che S then
lamp_1
lamp_2
lamp_3
Llamp_ 4
ZE0 end if
end irf

o

end if

Figure 3.12: Comparing with current value

The value of current temperature and humidity thgplay on the LCD screen will be
compared. If the value equal and above 120F the laith off and when the value equal
to 108F then the lamp will on this process will aj® running since it must make sure

the condition of the incubator in good condition.

3.4.1.4 Lamp program

= lampCi:
= trish
270 trish
» Lrisc

oo oo

.o
.1
.6
» Crizc.”

* lamp 1
278 lamp_2
= lamp_3
= lamp_4

u}
u}
u}
u}
= delay m=sil

w o omon

{
» lamp 1 = 1
zgn delay m=(1000)
= lamp 2 = 1
» delay_ms(1000)
= lamp 3 =1
= delay_ms(1000)
228 lamp_4 = 1
= delay_ms(1000)
* return
288 end.

ooa)

Figure 3.13:Lamp program
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After the egg type was selected, the system will automatically. The bulbs will on

one by one with delay in one second each.

3.4.2 Slave control system

In the master code, program was write using miod¥C studio compiler
software. High language was used in this compiiat nake easy to understand and to
write the program. The code explorer allows yoautomatically jump to include files,
defines, constants, variables, aliases and moaoslifisymbols and labels that are
contained within your source code. It's easy to wgetthe compiler, assembler and
programmer options or let MicroCode Studio builtaimto search feature. Compilation
and assembler errors can easily be identified andected using the error results

window. MicroCode Studio even comes with a sermmhmunications window.

DEFIHE ogc 20

DEFINE ccopl reg porte
DEFINE copl hit 2
DEFINE c¢opZ reg porte 'for pwm motorid

DEFIHE ccpZ hit 1 'for pwm motord
ADCON1 = %00001111 'convert analog to digital

led VAR porte.O
control VAR porta.l
E0 VAR BYTE

cw VAR portd. s

cow VAR portd.?
trisd=0

trisa=1

trise=0

Figure 3.14:Initialize program

Firstly the program needs to declare the valuergdtal usage. In this project,
the controller was used 20 kHz crystal which is mgkhe CPU execute the program in
frequency 20 kHz.
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To control the motor speed, Pulse Width Modula(iBiM) must supply to the
DC motor. One of the specialties using PIC, theag provided a pin that supplies the
PWM. But need to define first where the pin neemsige. In this program, the PWM

was generated at port C since we define it at@ort

All variables must be declared by simple instmati Variables are where
temporary data is stored in a PicBasic Pro progriney are created using the VAR
keyword. Variables may be bits, bytes or words.c8dar each variable is automatically

allocated in the microcontrollers RAM by PBP.

3.4.2.1 Main program

"MATIN PORGRAM STARTS HERE
mairmn:
GOSUB TIMERCH
LOW o
LOW oo
m:
IF TIME[Z]=10 THEHW
HIGH o
LOW ccw
HPWRL 1,255,1221
PAUSE 5000
LOW o
LOW ccw
EHDIF
IF TIME[1l]=1 AND TIME[Z]=Z0 THENW
LOW o
LOW cow
GOSUE TIMERCFF
EHDIF
GOTO mx

Figure 3.15:Main program

In the main program, the CPU will on the timer gini¢ execute the instruction
“TIMERON". The CPU will compare the current timerittv reference timer before
execute the next instruction. When TIME[2] equall® then DC motor will running

since PWM was generated and supply to the DC mdtee.motor will run in 5 second
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with 100% duty cycle and after that the motor will. The timer will off when the CPU
executes the instruction “TIMEROFF".

3.4.2.2 Timer

TInitData:
DATE[0]=19 'Dav
DATE[1]=10 'MONTH
DATE [2]=2006 'YEAR
TTME [0]=0 'HOUR
TTME [1]=0 ' MTIUTE
TTME [2]=0 ' SECOND
TIMEMS=0

PEETURH

TimeChg:
TIMEMS=TIMEMS+1
IF TIMEM3=100 THEN
IF TIME([Z]=59 THEH
TIME [2]=0
IF TIME[1]=55 THEW
TIME[1]=0
IF TIME([0]=23 THEH
TIME [O]=0
GOSUB TimeChgDate
ELSE
TTME [0]=TIME [0]+1
EHDIF
ELSE
TTME [1]=TIME [1]+1
EHNDIF
ELSE
TTME [2]=TTIME [2]+1
EHDIF
TIMEM3=0
EHDIF
PETURH

Figure 3.16: Timer

The timer program was declared with the specialgoa that may the timer function in
real time. The timer will change in second, mindieyr, day, month and year. That has
been declared such as TIME[2] = second, TIME[1] #ute, TIME[O] = hour,
DATE[2] = day, DATE[1] = month and DATE[0] = year.
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3.4.3 System execution

The entire program has been combining togethexézute all the system. The

system will run with the following flow chat showsFigure 3.17:

Fill incubator with

egg

Enter No
password

Select type No

of egg

1-Chicken'’s egg 2-Duck’segg 3-Quail’s egg

Temperature: 39°C

Temperature: 39°C
Humidity: 50 %
Period: 28 days

Temperature: 39°C

Humidity: 50 %
Period: 21 days

Humidity: 50 %
Pericd: 17 days

Lamp OFF

If If

temperature humidity >
>39°C 50%

Lamp ON Fan OFF
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Lamp OFF

Timer system OFF

Main system OFF

Figure 3.17:Flow system execution
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Firstly the user must enter the correct passwor@[B, 4]. After that, user must select
the type of egg. And then the system will run awtboally. The characteristic for all

egg type is difference depends on the table thatvshn table 1.1. Besides, the timer
will on and running depend on period that has sstmup in the system. The sensor will
always measure the current temperature and huntigityproduce from bulb and water.
If the temperature over the reference value, alb lwill off until the temperature in

incubator was stable. Then if the humidity over teierence value, the fan will on to
keep the incubator in good air flow and good vatith. When the timer reaches the
hatching period, the system will automatically dibte: for the D and G, the process is

same with A and B.
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CHAPTER 4

PROJECT RESULT AND DISCUSSION

4.1 Result

By the explanation in the chapter 3, the systembeas running properly but not
be testing with the actual period. The resultdwaamarized such as below:

» System will activate after user enter the secyraysword

* All 4 lamps [240v] will on after user select theesgic type off egg. It will
heat the egg.

* The timer of the system will activate the egg peri@pends on types of egg
were selected.

» Temperature and humidity sensor will measure theliton off incubator
and display the value on LCD screen.

« If temperature value over the requirement valué, lahp will off. If
temperature value below than requirement valudaalp will on.

« If humidity value over the requirement value, tla@ fwill on. If humidity
value below than requirement value, the fan will of

* The DC motors will running every 12.00 o’clock eyelay until end of the

period. Motor will run in 5 second to change thsipon of egg.
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4.2  Problem and troubleshooting

In this project, there are some problems that fattethay categorize in three
parts. There are hardware part, software part aschamical part. To solve the problem
have four steps used. Firstly the entire problenstrbe list down on the paper which is
containing where the problem occurred. Secondly néed to do list downs all
assumption about the sources that related to t@lgg. Than do an investigation and
experiment depends on the assumption that has Ilsted. Finally, the sources have
found and fix it with the best solution. Than th&put must be control and maintain to

make sure all the system function smoothly.

4.2.1 Hardware part

Three main problems occurred during assemble éhéware part shows in the
Table 4.1 below. For the first problem is the stpmotor that used before does not
function properly and low torque. It is not suitalb rolling the egg roller. Then to
solve the problem by change the stepper motor thghDC motor that has high torque
and constant speed. Secondly the problem that fasnithe output of the master
controller is not stable. It is occurred because rtiain supply was shared with the dc
motor power supply. From an inspection, the DC muotd use high current to energize
the internal coil and need the high torque to henrnotor. It will affect the current that
supply to the master control circuit. Then its needeparate the power supply between
master control circuit and DC motor. And the ldshg is about the relay does not
function properly to on the lamp. This is becaus@me of voltage regulator cannot
support for more than two relays. So its need ® tw® voltage regulators to support

four relays. Finally the entire problems have bfeezd and the system work properly.
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Table 4.1: Problem and troubleshooting in hardware part

Problem Troubleshooting

Stepper motor does not functionReplace the stepper motor with DC motor
smoothly and use the DC motor driver.

Voltage does not enough to execut&Jsed separate power supply between

the main system master controller board and DC motor
Relays does not function Use separate two volteggilator for
four relays

4.2.2 Software part

In the software part, mostly its not have muctiidift to troubleshoot the flow
system. Basically the software that used will shevixgere the wrong instruction usage
after compile the program. Firstly it's a troublibg display the word at LCD screen.
Will review the information at internet, to showetlword at LCD screen must use
American Standard Code for Information Intercha(g8Cll code). The appendix E
will show the character and code. The second thlardjfficult to combine all program
with a timer program. The system does not run ageed. To solve this problem must

used two controlled named as master and slavedtlentcircuit.
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Table 4.2: Problem and troubleshooting in software part

Problem Troubleshooting

Coding that write using microBasic, Correctly coding by change their ACSII

does not functioning the LCD code.
display
Timer problem Using another PIC 18F4550 to cotdrol

the timer and stepper motor. That such a

slave controller to a master controller.

4.2.3 Mechanical part

There are three main difficulties in mechanicattp@irstly it's about egg roller
did not rolling smoothly. Before this its try toais wood for a roller case but it is not
suitable because the iron rode rotate smoothlytsSeeed a bearing to connect with the
iron rode. And then gear and small belting aretas®ll the iron rode. It is difficult to

find the gear and belting because they only cafolied by customized at factory.

Table 4.3: Problem and troubleshooting in mechanical part

Problem Troubleshooting
An egg roller does not rolling Change the material by using iron rode
smoothly and bearing to built egg roller

Wood is not suitable to built the Change the wood with aluminum

casing of egg roller
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Conclusion

The system of smart egg incubator will incubate thgous types of egg. The
system will automatically control the temperatura daaumidity since to maintain the
ventilation of incubator. The system was added wlith security system from other
outside disturbance. This is because, if the systamdisturbed it will affect the growth
of egg. This system will make the user easily fligrsince it can move to other place.
However, the system still need to upgrade littketdimore precise and need to upgrade

their facilities.
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Recommendation

There are few recommendations to improve this ptoje

5.3

The system needs backup power supply. It is forvenre the

blackout or shot circuit.

It can be added with touch screen since to makenthubator in user
friendly with the GUI system (Graphic User Intedac

In this project, the system has been secured leusélurity system
can be added at drover to prevent egg from stolen.

The system can be monitor with the visual basitesys

The system need to upgrade to allow much type of @n be

incubated.

Costing & Commercialization

Since this project can help the farmer to gainrtpeduct, it can be patterned

and commercialize but this project must be upgtadeake more user friendly and the

system must be more accurate and efficiency. SE$arposely designed for poultry

farm industries, educational and for new comer rm&man in poultry farm field.

Overall costing of this project is RM 450.00.
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APPENDIX A
Master Controller Circuit

MASTER CONTROLLER CIRCUIT
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APPENDIX B
Slave Controller Circuit

SLAVE CONTROLLER CIRCUIT
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APPENDIX C
Lamp Controller Circuit

LAMP CONTROLLER CIRCUIT
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APPENDIX D

FOWER SUFFLY CIRCUIT
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APPENDIX E
ASCIII Table and Description

46

represertation of @ character such as 'a' or & or an action of some sort. ASCH was developed a long time ago and novw the non-printing

ASCH Table and Descriptinn

ASCIH stands for American Standard Code for Information Interchange. Compuaters can only understand numbers, o0 an ASCH code is the numerical

characters are rarely used for their original purpose. Below is the ASCI character table and this includes descriptions of the first 32 non-printing
characters. ASCI was actually designed for use with teletypes and so the descriptions are somewhat obscure. F someone says they want your CW
hovwenwer in ASCH format, all this means is they want 'plain’ texd with no formatting such as tabs, bold or underscoring - the raw format that any
computer can understand. This is usually so they can easily i mpart the file inta their own applications without issues. Notepad exe crestes ASCI
tewt, or in M5 Ward you can save afile a= text only!

Dec HxOct Char Dec Hx Oct Himl Chr  [Dec Hx Oct Hitnl Chr| Dec Hyx Oct Himl Chr
0 0 000 HOL frall) 32 20 040 &#32; Space| 64 40 100 &#64; B | 96 60 140 &#96;
1 1 001 30H i(start of heading) 33 21 041 &#33: ! 65 41 101 «#65; A | 97 61 141 &#37; a
Z 2 002 3TX istart of text) 34 22 042 «#34: 7 66 42 102 «#667 B | 95 62 142 «#98; b
3 3 003 ETX (end of text) 35 23 043 «#35: # 67 43 103 «#67; C | 99 63 143 &#99; ©C
4 4 004 EOT {end of transmission) 36 24 044 &#36; § 65 44 104 &#68; D |100 §4 144 «#100; d
5 5 005 ENQ (encquiry) 37 25 045 &#37) 3% 69 45 105 &#659; E (101 65 145 &#101: &
& & 006 ACE r(acknowledoge) 38 26 046 &#387 & 70 46 106 «#70: F (102 66 148 &#loz: €
7 7 007 BEL thell) 39 27 047 &#39: ) 71 47 107 «#71; G |103 67 147 &#l037 9
§ & 010 B3 ibackspace) 40 28 050 «#40: ( 72 48 110 «#72: H (104 66 150 «#104: h
% 9 011 TAE thorizontal tah) 41 29 051 «#4dl: ) 73 49 111 &#73: I (105 69 151 &#l05: 1
10 & 012 LF (ML line feed, new line)| 42 2ZA 052 &#42; ¥ 74 44 11z &#74: J 106 A 152 &#108: 3
1l B 013 VT (wertical tab) 43 ZB 053 «#43;7 + 75 4B 113 &#75: K (107 6B 153 &#107: Kk
12 C 014 FF (NP form feed, new page)| 44 2C 054 &#44; 76 4C 114 &#76; L |108 6C 154 «#108; 1
13 D 015 CR  (carriage return) 45 2D 055 «#45; - 77 4D 115 &#77; M |109 6D 155 &#l03; .
14 E 016 30 (shift out) 46 ZE 056 «#46; . 78 4E 116 «#758:; N (110 6E 156 «#110; n
15 F 017 3I  ishift in) 47 ZF 057 &#47; S 79 4F 117 &#79: 0 (111 &F 157 &#l11: 0
16 10 020 DLE idata link escape) 4% 30 0s0 &#d5: 0 80 50 120 «#80; F |112 70 160 &#llz: p
17 11 021 DCL idevice control 1) 43 31 06l «#49: 1 Gl 51 121 «#81; 0 |113 71 16l «#1l13: 9
18 12 022 DCZ (device control 2) 50 32 062 «#50: 2 G2 52 122 «#82; R |114 72 162 &#lld; ¢
19 13 023 DC3 (device control 3) 51 33 063 &#51l: 3 83 53 123 &#83; 3 |115 73 163 &#ll5: =
Z0 14 024 DC4 (dewvice control 4) 52 34 064 &#52; 4 G4 54 124 «#84; T |116 74 164 &#lle; ©
2l 15 025 NAK (negatiwve acknowledge) 53 35 065 &#53; 5 G5 55 125 «#85; U |117 75 165 &#ll7: u
22 16 028 5VN (synchronous idle) 54 36 066 «#54; 6 g6 56 126 «#86; V |113 76 166 &#lls; v
Z3 17 027 ETE (end of trans. block) 55 37 087 &#55: 7 &7 57 127 &#87; W |119 77 167 &#ll5; w
24 18 030 CAN (cancel) 56 38 070 &#56; 8 88 58 130 &#358: X (120 78 170 &#1l20: X
25 19 031 EM  (end of medium) 57 39 071 &#37; 9 83 59 131 &#89; T (121 79 171 &#1zZ1: ¥
26 14 032 3UE (substitute) 8% 34 072 &#58: 90 5A 132 &#90; Z |122 7Aa 172 &#liz; =
27 1B 033 E3C [(escape) 53 3B 073 «#59: 91 5B 133 &#91: [ [123 7B 173 #1237 {
28 1C 034 F3 (file 3eparator) 60 3C 074 &#60; < Q2 5C 134 &#92: (124 7C 174 &#lid:
29 1D 035 G3  (group Separator) 6l 3D 075 «#61; = 93 5D 135 &#93: ] (125 7D 175 &#125:; }
30 1E 038 B3 (record separator) 62 3E 076 &#6Z; 24 5E 136 «#94; ~ |126 7E 176 &#lZe; -
31 1F 037 U3  (unit separator) 63 3F 077 «#63; 7 95 5F 137 &#95; _ |127 7F 177 «#127; DEL

Source: www.LookupTables

Lom

<™ This PDF was created using the Sonic PDF Creator.
To remove this watermark, please license this product at www.investintech.com




47

APPENDIX F
Datasheet of PIC18F4550
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MICROCHIP

PIC18F2455/2550/4455/4550
Data Sheet

28/40/44-Pmn High-Performance,
Enhanced Flash USB Microcontrollers
with nanoWatt Technology
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MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

+ USE V2.0 Compliant

+ Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

+ Supports Control, Interrupt, Isochronous and Bulk
Transfers

+ Supports up to 32 endpoints (16 bidirectional)

+ 1-Kbyte dual access RAM for USB

+ On-chip USB transceiver with on-chip voltage
regulator

+ Interface for off-chip USB transceiver

+ Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power-Managed Modes:

+ Run: CPU on, peripherals on

+ |dle: CPU off, peripherals on

+ Sleep: CPU off, peripherals off

+ ldle mode currents down to 5.8 pA typical

+ Sleep mode currents down to 0.1 pA typical
+ Timerl oscillator: 1.1 pA typical, 32 kHz, 2V
+ Watchdog Timer: 2.1 uA typical

+ Two-Speed Oscillator Start-up

Flexible QOscillator Structure:

+ Four Crystal modes including High Precision PLL
for USB
+ Two External Clock modes, up to 48 MHz
Internal oscillator block:
- 8 user-selectable frequencies, from
31kHz to 8 MHz
- User-tunable to compensate for frequency drift
+ Seceondary oscillator using Timer1 @ 32 kHz
Dual oscillator options allow microcontroller and
USB module to run at different clock speeds
Fail-Safe Clock Monitar
- Allows for safe shutdown if any clock stops

-

Peripheral Highlights:

High-current sink/source 25 mA/25 mA

Three external interrupts

Four Timer modules (Timer0 to Timer3)

Up to 2 Capture/Compare/PWHh (CCP) modules:
- Capture is 16-bit, max. resolution 6.25 ns (TCY/186)
- Compare is 16-bit, max. resolution 100 ns (TCY)

- PWM output: PWM resolution is 1 to 10-bit
Enhanced Capture/Compare/P\VWM (ECCP) module:
- Nultiple output modes

- Selectable polarity

- Programmable dead time

- Auto-Shutdown and Auto-Restart

Enhanced USART module:

- LIN bus support

Master Synchronous Serial Port (MSSF) module
supporting 3-wire SPI™ (all 4 modes) and [2cm™
Master and Slave modes

10-bit, up to 13-channels Analog-to-Digital Converter
module (A/D) with programmable acquisition time
Dual analog comparators with input multiplexing

Special Microcontroller Features:

C compiler optimized architecture with optional
extended instruction set

100,000 erase/write cycle Enhanced Flash
program memory typical

1,000,000 erasefwrite cycle Data EEPROM
memaory typical

Flash/Data EEPROM Retention: = 40 years
Self-programmable under software control
Priority levels for interrupts

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
Programmable Code Protection

Single-Supply Y In-Circuit Serial
Frogramming™ (ICSP™) via two pins
In-Circuit Debug (ICD) via two pins

Opticnal dedicated ICD/ICSP port (44-pin devices only)
Wide operating voltage range (2.0V to 5.5V)

Program Memory Data Memory MSSP - E
o =
Devi i 1o 10-bit |CCP/ECCP spp I | £ | Timers
evice Flash |# Single Word| SRAM | EEPROM AID (ch)| (PWM) Sp|™ Mzalster 3 £ | 8/16-bit
(bytes)| Instructions | (bytes)| (bytes) cm™ g E
(5]
PIC18F2455] 24K 12288 2048 256 24 10 210 No Y Y 1 2 113
PIC18F2550| 32K 16384 2048 256 24 10 210 No Y A 1 2 113
PIC18F4455| 24K 12288 2048 256 35 13 11 Yes Y Y 1 2 113
PIC18F4550| 32K 16384 2048 256 35 13 11 Yes Y Y 1 2 113

@ 2004 Micrachip Technology Inc.
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Pin Diagrams

2B-Pin PDIP, SOIC

Note 1:  RB2 is the altemate pin for CCF2 muliplexing

MCLR/VeRRE3—= []*1 - 28 _=— RET/KBI>GD
RAagiAND=— ] 2 27 _=—" RESKBIZ>GC
RatiaNT =[] 3 26_ = RESKBI1/7GM
RAANZNRer-ICrer =—= L] 4 25 _=—= RE4/ANT1KBID
RANANANRE-=—= ] & g 24 _=+ RE3ANwCCPZU PO
RA4TOCKIC QUTIRCY ~—=L] & T . 23_=" REZANS/INTZVMO
RAS/ANASSHLVOING2ZOUT+—= L] 7 oL 327=" REVUANIDINTUSCH/SCL
ves—=[] 8 - 21— REQAN"2INTOFLTI/ZDISDA
oscucLk—=[] @ 00 20_=— Voo
OSCCLKORAE ~— 10 oo 19 "= V¥ss
RCOT10SOM13CK =—= ] 11 18 _=—+ RCTRXDT/SDO
RCATICslccr2l ) JoE—[12 17 _=—+ RCBTXICK
RC2CC2 =—=[13 16 _=—= RC5D+\VP
vuss=—=[]14 15_=— RC4D-/VM
40-Pin PDIP
MCLRAVPPIRE: —= [ 1 L 4) 1 ~— REBTKBIXPGD
RADIAND =2 33 ] «—» RBAKBIZPGC
RATANT =—a[]3 33 J =—= RBEKEI1/FGM
RAZANZIVREF-ICVREF =>4 37 1] =— RBYANTIKEINCSSPP
RAYVANIVREF- - [ 5 25 ] =— RBIANICCP2NNVFO
RAVTOCKICICUTIRCY == 6 35 ] == REBZANSINT2AMO
FAS/ANASEH_VCINCIOUT =7 34 7] =—= RBUANID/INTUSCKISCL
REWANS/CKASPP =— 8 w o 33 I =—= RBIVANAZ/NTOFLTL/SDISDA
REVANG/CKISPP =—[] 9 w4 32 J=— oD
REZANTIQESPP =[] 10 32 31 ] =———Vss
W pe—— T 3) 1] =—= RDVISPFTRIC
R p— )] 00 23 ] = RD3/SPPEPIC
OSCUCZLK ——— 13 oo 23 7] =— RDSSPPEPIB
OSCACLKOIRAE =[] 14 27 7 ~—» RD4SPP4
RCLTIOSCTIICK —— [ 15 35 J] == RCT/RNDTISDO
RCUT1CSICCPAWIDE «— [ 16 95 7] +— RCAMHCK
RC2CCPIPIA =47 94 7] ~—» RCSIDHVF
WUSE ——[] 18 23 T =—= RC4/D-VM
RDLISPP) =19 22 - RD3/SPP3
RDUSPRP1 =—[]20 21 7] «+—= RD2ISFFZ
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TABLE 1-1: DEVICE FEATURES
Features PIC18F2455 PIC18F2550 PIC18F4455 PIC18F4550

Operating Frequency DC — 43 MHz DC —48 MHz DC — 48 MHz DC—48 MHz
Program Memory (Bytes) 24576 32768 24576 32768
Frogram Memory (Instructions) 12288 16384 12288 16384
Data Memory (Bytes) 2048 2048 2048 2048
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 19 19 20 20

/O Ports Pots A B, C,(E) | Ports A, B, C,(E) |Ports A B.C, D.E| Ports A,B,C. D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 1 1
Enhanced Capture/ 0 0 1 1
Compare/PWM Modules

Serial Communications MSSP, MSSP, MSSP MSSP,

Enhanced USART

Enhanced USART

Enhanced USART

Enhanced USART

Universal Senal Bus (USB)
Module

1

1

1

1

Streaming Parallel Port (SPP) Mo Mo Yes Yes
10-bit Analog-to-Digital Module 10 Input Channels | 10 Input Channels | 13 Input Channels | 13 Input Channels
Comparators 2 2 2 2
Resets (and Delays) FOR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST), (PWRT, OST), (PWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), | MCLR {optional), MCLR (optional),
WDT WDT wDT WDT
Frogrammable Low-Voltage Yes Yes Yes Yes
Detect
Frogrammable Brown-out Reset Yes Yes Yes Yes

Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

enabled enabled enabled enabled
Fackages 28-pin PDIP 28-pin PDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 44-pin QFN 44-pin QFN
44_pin TQFP 44_pin TQFP
© 2004 Microchip Technology Inc. Preliminary DS39632B-page 9
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FIGURE 1-2: PIC18F4455/4550 (40/44-PIN) BLOCK DIAGRAM
Data Bus<g>
Table Pointer<21>| |4 y PORTA
I i » L 4 T T RAD/AND
. . o Ko Data Latch g RATANT
. Data M H—= [X] RAZIANZIVREF-ICVREF
emany | 'S . RAJANIVREF+
(2 Kbytes) . RAHTOCKICIQUT/RCY
Address Latch ~._-— RAGANASSHLVDINCZOUT

OSC2ICLKO/RAS
P rogram Counter 12
‘ Data Address<12>

37 Level Stack T RBO/AN1 Z/INTOFLTO/SDI
] ISDA
Address Laich RBA/ANAQ/INT 1/SCKISCL
RB2/ANB/INT2AMO
L RE3ANZ/ICCP2M VPO
RB4/ANT1/KBIDICSSPP
B |

I

Program Mamary STKPTR [BR]
RBS/KBIFGM

(24/32 Kbytes)
Data Latch
RBEKBIZPGC
RBT/KBIAPGD

-

incidec
logic

Table Latch

. ROM Laich
Instruction Bus <16> g RCOM10SOIT13CK]
RC1T10sIFCCP2¥/U0E

p—=| RCZICCPA/P1A

~ N RCAD-/M
4 RCAD+AP
* 8 RCBMHCK
Instruction |y state Machine l L. [ ReTIRXDTISDO
Dggﬂ%& > ontrol Signals —

l

Voo, Ves P
(ljnteﬁn?l Pawer-up RDO/SPPO:RD4/SPP4
@ scillatar V= -
oac1®  Dg—» Bk Timer RDS/SPPSIP1B
osc2i2 [ i ROG/SPPEPIC
INTRC  |.q—p» S;frf_ﬁ'gqtn%r] o RD7/SPPT/P1D
T108| K| _Osciliator
FPower-on
D[ 8 MHz
T1080 ‘ Oscillator Reset
\Watchdag 8
IcPGC? [ [Single-Supply Timer »
IcPGD  Dep] ngm.mml'ng Brg‘;gé?“t PORTE
3 In-Circuit = REWAMSICKI1SPP
ICPORTSBIP—»| | Debugger . Fail-ﬁafe_ b |:I:|:|« RE1/AMBICKZSPP
OCk Monitor Band Gap +—=[<] REZIANTIOESPP
TFEET DESA
ICRST D Reference 1 MCLRMerRE)
o= I USB Voliage
Regulator
Vuss pe—
BOR Data _
HLYD EEFROM Timer Timer1 Timer2 Timer3
f y 'y Fy A Fy
v v v v v 4
Comparator|  |ECCPA ccP2 MSSP EUSART e UsB

Note 1:  RE3 is multiplexed with MCLR and is only available when the MCLR Resets are disabled.
2:  OSC1UCLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not being used as digital I'0. Refer
to Section 2.0 “Oscillator Configurations” for additional information,

3. These pins ars only available on 44-pin TQFP under certain conditions. Refer to Section 25.9 “Special ICPORT Features (Designated
Packages Only)" for additional information.

4:  RE3 is the altermnate pin for CCP2 multiplexing.
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11.0 TIMERO MODULE

The TimerD module incorporates the following featu
+ Software selectable operation as a timer or
counter in both 8-bit or 16-bi: modes

Rzadable and writzble registers

Deadicated 8-bit, software programmable
prescaler

Selectable clock saurce (internal or external)
=dge select for 2xternal clock
nterrup--on-overflow

REGISTER 11-1:

The TOCON regster [Register 11-1) controls all
aspects of the module’s operation, including the

res: prescale selection. Itis both readablz and wrilable

A simplfizd block diagram of the TimerD modulz in
3-bit mode is shown in Figure 11-1. Figure 11-2 shows
a simplified block diagram of the fimer modu'e in 16-bit
mode.

TOCON: TIMERO CONTROL REGISTER

RAN-1 RAV-1 RwW-1 RAN-1 RAW-1 RA-1 RAV-1 RAWY-1
TMROON TOBBIT TOCS TOSE FSA TOPS2 TOPS1 TOPS0
bit 7 kit 0
bit 7 TMROCGN: TimerD Cn/Of Control bit
1 = Enables TimerD
0 = Stops Timer0
bit 6 TO8BIT TimerD &-bit/16-bir Control bit
1 = Timer(C is configured as an 8-kit timer/counter
0 = TimerQ is configured as a 16-kit timer/counter
bit s TOCZS: Timer0 Clock Source Select bit
1 = Transiticn on TOCKI pin
0 = Internal instruction cyde clock (CLKO]
bit 4 TOSE: Timer0 Scurce Ecge Select bit
1 = Increment on high-to-low transiton on TOZKI pin
0 = Increment on low-to-high transition on TOZKI pin
bit 2 PSA: Timer( Prescaler Assignment bit
1 = TimerQ prescaer is NOT assignad. Timerd cock nput byoasses orescaler.
0 = Timer( prescaer is assigned. Timerl clock input comes from prescaler output.
hit 2-0  TOPS2:TORPSO: Timerd Prescalar Select bits

111 = 1:256 Prescale value
110 = 1:128 Prescale value
101 = 1:64 Prascale value
100 =1:32 Prescale value

011 =1:18 Prascale value
010 =18 Prascale value
001 =14 Przscale value
o000 =12 Prascale value
Legend:

R = Readable bit
-n = Value at POR

W =Wrtable bit
“1" = Bitis set

U = Unimplemented bit, read as 0

‘" = Bit i= cleared * = Bit is unknown
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11.3 Prescaler

An 8-bit counter is available as a prescaler for the TimerQ
module. The prescaler is not directly readable or writable;
its value is set by the PSA and TOPS2:TOPSO bits
(TOCON<3:0=) which determine the prescaler
assignment and prescale ratio.

Clearing the PSA bit assigns the prescaler to the
TimerD module. When it is assigned, prescale values
from 1:2 through 1:256, in power-of-2 increments, are
selectable.

When assigned to the TimerQ medule, all instructions
writing to the TMRO register (e.g., CLRF TMRO, MOVWF
TMEO, BSF TMRO, etc.) clear the prescaler count.

Note:  Writing to TMRO when the prescaler is
assigned to TimerD will clear the prescaler
count but will not change the prescaler

11.3.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software
control and can be changed “on-the-fly” during program
exeacution.

11.4 Timer0 Interrupt

The TMRO interrupt is generated when the TMRO
register overflows from FFh to 00h in 8-bit mode, or
from FFFFh to 0000h in 16-bit mode. This averflow sets
the TMROIF flag bit. The interrupt can be masked by
clearing the TMROIE bit (INTCON<5=). Before re-
enabling the interrupt, the TMROIF bit must be cleared
in software by the Interrupt Service Routine.

Since TimerQ is shut down in Sleep mode, the TMRO
interrupt cannot awaken the processor from Sleep.

assignment.
TABLE 11-1: REGISTERS ASSOCIATED WITH TIMERO
Reset
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

TMROL Timer0 Module Low Byte Register 52
TMROH Timer0 Module High Byte Register 52
INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE REIE TMROIF | INTOIF REIF 51
TOCON TMROON | TOEBIT ToCS TOSE PSA TOPSZ2 TOPS1 TOPSO 52
TRISA = TRISAG! | TRISAS | TRISA4 | TRISA3 | TRISAZ | TRISA1 | TRISAD 54
Legend: — =wunimplemented locations, read as "0". Shaded cells are not used by Timer0.

Note 1: RAG is configured as a port pin based on various primary oscillator modes. When the port pin is disabled,

all of the associated bits read ‘0.

© 2004 Microchip Technology Inc.
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21.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has 10
inputs for the 28-pin devices and 13 for the 40/44-pin
devices. This module allows conversion of an analog
input signal to a corresponding 10-bit digital number.
The module has five registers:

+ A/D Result High Register (ADRESH)

+ A/D Result Low Register (ADRESL)

+« A/D Control Register 0 (ADCONO)

+ A/D Control Register 1 (ADCONT)

+« A/D Control Register 2 (ADCON2)

The ADCONO register, shown in Register 21-1,
controls the operation of the A/D module. The
ADCON!1 register, shown in Register 21-2, configures
the functions of the port pins. The ADCONZ register,
shown in Register 21-3, configures the A/D clock
source, programmed acquisition time and justification.

REGISTER 21-1: ADCONO: A/D CONTROL REGISTER 0

U-0 U-0 RMW-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0
= = CHS3 CHS2 CHS1 GHSO GO/DONE | ADON
bit 7 bit0

bit 7-6  Unimplemented: Read as ‘0’

bit 5-2  CHS3:CHS0: Analog Channel Select bits

0000 = Channel 0 (ANO)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (AN5)(12)
0110 = Channel 6 (ANG)(1:2)
0111 = Channel 7 (AN7)(1:2)
1000 = Channel 8 (ANE)
1001 = Channel 9 (ANZ)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12
1101 = Unimplemented@
1110 = Unimplemented(@
1111 = Unin1p|emented{2]'

Note 1: These channals are not implemented on 28-pin devices.

2: Performing a conversion on unimplemented channels will return a floating input

measurement.

bit 1 GOIDONE: A/D Conversion Status bit

When ADON = 1:

1= A/D conversion in progress

0 =A/MD Idle
bit O ADON: A/D On bit

1 = A/D converter module is enabled
0 = A/D converter module is disabled

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1" =Bt is set

U = Unimplemented bit, read as ‘07
‘0" = Bitis cleared

x = Bit is unknown
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REGISTER 21-2: ADCON1: A/D CONTROL REGISTER 1

U-0 U-0 RAN-0 RW-0  Rw-01 R Rwi R/
— — VCFG1 WCFGO PCFG3 PCFG2 PCFG1 PCFGD
bit 7 bit 0
bit 7-6 Unimplemented: Read as "0’
bit 5 VCFG1: Voltage Reference Configuration bit (VREF- source)
1 = VREF- (AN2)
0= Vas
bit 4 VCFGO: Voltage Reference Configuration bit (VREF+ source)
1 = VREF+ (AN3)
0 = VoD

bit 3-0 PCFG3:PCFGO0: A/D Port Configuration Control bits:

PCFG3: E : E @ [ (;rf- NTD N._".—’ E © o - =]
PCFGD | 2 =2 2 2 2 2 = 2 2 2 2 2

< = < I =4 < < a =4 < < =4 a
ooool®| A A A A A A A A A A A A A
0001 A A A A A A A A A A A A A
0010 A A A A A A A A A A A A A
0011 D A A A A A A A A A A A A
0100 D D A A A A A A A A A A A
0101 D D D A A A A A A A A A A
0110 D D D D A A A A A A A A A
o111M| D D D D D A A A A A A A A
1000 D D D D D D A A A A A A A
1001 D D D D D D D A A A A A A
1010 D D D D D D D D A A A A A
1011 D D D D D D D D D A A A A
1100 D D D D D D D D D D A A A
1101 D D D D D D D D D D D A A
1110 D D D D D D D D D D D D A
1111 D D D D D D D D D D D D D
A = Analog input D = Digital /O

Note 1: The POR value of the PCFG bits depends on the value of the PBADEN
configuration bit. When PBADEN = 1, PCFG=<3:0= = 000 0; when PBADEN = 0,
PCFG=3:0== 0111

2:  ANS through ANT are available only on 40/44-pin devices.

Legend:

R = Readable bit VW = Writable bit U= Unimplemented bit, read as 0’

-n = Value at POR ‘1" = Bit is set ‘0" = Bitis cleared ® = Bit i1s unknown
DS39632B-page 254 Preliminary ® 2004 Microchip Technology Inc.
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154 PWM Mode

In Pulse-Width Modulation (PWM) mode, the CCPx pin
produces up to a 10-bit resolution PWM output. Since
the CCP2 pin is multiplexed with a PORTB or PORTC
data latch, the appropriate TRIS bit must be cleared to
make the CCP2 pin an output.

Note: Clearing the CCP2CON register will force
the RB3 or RC1 output latch (depending
on device configuration) to the default low
level. This is not the PORTB or PORTC
11O data latch.

Figure 15-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 15.4.4
“Setup for PWM Operation”.

FIGURE 15-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers P CCPxCON=5:4=
| CoPReL | |
| CCPRyH (Slave)! |
—
| Comparator i R Q —L
CCPx
Output
| TMR2 | (Note 1}|
5
Comesponding
Comparator "
Clear Timer, TRIS it
4 CCPx pin and

| e |

Mote 1 The 8-hit imer TMR2 value is concatenated with 2-bit
internal Q clock or 2 bits of the prescaler to create the
10-bit time base.

A PWM output (Figure 15-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

15.4.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

EQUATION 15-1:

PWM Period = [(PR2) = 1] =4 + TOSC »
(TMVIR2 Prescale Value)

PWM frequency is defined as 1/[PWM period].
When TMR2 is equal to PR2, the following three events
occur on the nextincrement cycle:
+ TMR2 is cleared
+ The CCPx pin is set {exception: if PWIM duty
cycle = 0%, the CCPx pin will not be set)

The PWM duty cycle is latched from CCPRxL into
CCPRxH

Note:  The Timer2 posiscalers (see Section 13.0
“Timer2 Module”) are not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.

1542 PWNM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRxL register and to the CCPxCON<5:4= bits. Up
to 10-bit resolution is available. The CCPRxL contains
the eight MSbhs and the CCPxCON<5:4> contains the
two LShs. This 10-bit value is represented by
CCPRxL:CCPxCONM<=5:4> The following eguation is
used to calculate the PWM duty cycle in time:

EQUATION 15-2:

PWM Duty Cycle = (CCPRYL:CCPXCON<54>) »
Tosc » (TMR2 Prescale Value)

CCPRxL and CCPxCON<5:4= can be written to at any
time, but the duty cycle wvalue is not latched into
CCPRxH until after a match between PR2 and TMR2
occurs (i.e., the peried is complete). In PWM mode,
CCPRxH is a read-only register.

FIGURE 15-4: PWM OUTPUT
. Period .
| [ [
i Duty Cycle | :
i ' TMR2=PR2
TMR2 = Duty Cycle
TMR2 = PR2
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The CCPRxH register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the CCPRxH and 2-bit latch match TMRZ2,
concatenated with an internal 2-bit @ clock or 2 bits of
the TMRZ2 prescaler, the CCPx pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 15-3:

PWM Resolution (max) =

FOSC"‘l

logl;.

“\FFWM/

log(2)

bits

Note:

cleared.

If the PWM duty cycle value is longer than
the PWM period, the CCPx pin will not be

TABLE 16-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz

PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 T 6.58
1943 PWM AUTO-SHUTDOWN 1544 SETUP FOR PWM OPERATION

(CCP1 ONLY)

The PWM auto-shutdown features of the Enhanced CCP
module are also available to CCP1 in 28-pin devices. The
operation of this feature is discussed in detail in
Section 16.4.7 “Enhanced PWM Auto-Shutdown™.

Auto-shutdown features are not available for CCP2.

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Set the PWM period by writing to the FR2
register.

2. Set the PWM duty cycle by writing to the
CCPRXL register and CCPxCON<5:4= bits.

3. Make the CCPx pin an output by clearing the
appropriate TRIS bit.

4. Set the TMR2 prescale value, then enable
Timer2 by writing to T2CON.
5. Configure the CCPx module for PVWM operation.

@ 2004 Microchip Technology Inc.
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APPENDIX G

Datasheet of 7805, 7812, 7824

® MOTOROLA

Three-Terminal Positive
Voltage Regulators

These votage regulators are morolithic integrated circuits designad as
fised-volkage regulstors for a wide varzty of appicaions including lozal,
on—card regulation. These reguiators employ Interal cuTent limiing,
tharrral shuidown, and safe—aaz compansstion. Wih adequate haatsinking

they zan deliver output currents in excess of 1.0 A Alhough designed
primarily as a fixed wvoltage regulalor, these devices can 22 used with
external componens to obtain adustable votages and cumrents.

Cwutput Current in Excess of 1.0 A

Mo Exterral Components Reguired

Intzrnal Thermal Cwverload Profection

Intzrnal Shor Circuit Current Lmitng

Cutput Trans sto- Sefe—Area Compensation
Cutput Veltage Offered n 2% end 4% Tolzrance

Avzilazle in Surface Moont D2PAK and Standard 3—Lezd Transistor
Packages

® Previous Commercial Temperature Range has been Exiended 1o a
Juncton lemperatune Hange of =807 to +1:0°0

DEVICE TYPEMOMINAL OUTPUT VOLTAGE

MTRNAAT MCTa12C 12y
LM340AT-5 50y LK 40712
MCTRI5C e MCTA15AC
LM340T—5 LW 408T-"5 -~
MCTE0EAC s MCT313C
MCTS08C o LM3407-15
MCTE03AC . MCTa13AC -
MCTB08C T MC7213C
MCTE08C aav MCTa24AC sy
MCTEI2AC 2y MCTa24c
LN2408T-12 -
CRODEIING INFORMATICN
Uvtput Voltage Uperating
Deviers Talerance Temperature fange Package
MCTaRLACT .
Fnzertion Mount
LIMFA0AT—4X 2%
MCTaxACD2T _ _ Surfaze Nount
T)=—401o +125°C
MCTaxCT
Eneaertion Mount
LI 340T-2X 4%
MCTax{CO2T Surfaze Nount

Order this docurnent by MCTEDO/D

MC7800,
MC7800A, LM340,
LM340A Series

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

EFMICONDICTOR
TECHMICAL DATA

T SUFFIX
“LAS S FALKALE
CAZE I

Heatsni surace
srnnechen & B 2

D27 SUFFIX
PLAST & M&CHACC
CASE 03¢

(DEPAK) |

3

Heatsirk surface (shown @ beminal4 in
cass oudne dawing) isconeacted to Fin 2

STANDARD APPLICATION

sl — MCTONX : o
L1
Cin" P
LE i ~ 0

A common ground Is required betwesn he
inpuit and the nuspit valtages Tha mgart vnitage
must remain typically 2.0 WV above the output
wi'tage even durng the low point oa the mput
risple voltage
i, These wwo digits of the Tyoe number

wrlicate nowminaluntage
* Cin s required ifrequlator s loczted an
zppraciable distance from power supply
Tler
Ly iz mot nexded for stab@ty; however,
* does improve transient resoonse. Values

of less than 0.1 LF could cause instaoility.

2 irdicates nomina vokags.
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APPENDIX H
Datasheet of MD30A DC motor driver

Cyitron

Technologie

CYTRON MD30A
30A Motor Driver

To
Contral

1. INTRODUCTION AND OVERVIEW

MD30A 15 designed to dnve high current brush metor or application. It 1s a full bridge
motor dover intended for wide range of robotics and automofive applications. The beard
incorporates most of the components of the typical applications. With minimmm interface, the
board is ready fo be plugged and play. It even includes 2 push buttons for fast test min. Simply
add in power, this driver is ready to drive high current motor. Additionally, MD30A have
protection of reverse polarity on battery input. It has been designed with capabilities and
features of:

- Induostrial grade PCB with heavy copper material for high current applications

- Each component 15 soldered properly and tested

- Support up to 30A maximum

- Protection against wrong polarity of Vi

- 5V logic level inputs

- 5Vt 12V compatible for Ve

- PWM speed control up to 10KHz

- Bi-directional control for 1 motor

- Over voltage clamp

- Thermal Shut Down

- Cross-Conduction protection

- Linear current limiter

- Very low standby power consumption

- Protection against: Loss of ground and loss of Vi

- 2 on-board push buttons for fast testing

- Fan heat sink for fast thermal release
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3. SPECIFICATION

Pin Function Description

Label Defini tion Function

Power source for motor. It can be as low as 5.5V and as high
as 30V The driver provides protection against wrong polarity

Va™ Battery Input on this mput. The PCE pad 15 designed for termunal block.
User mav solder terminal block or solder the battery cable
directly.

Terminal for motor conmection. The PCE pad 1s designed for

Motor | Motor Terminal terminal block. User may solder terminal block or solder the

battery cable directly.
Vi Operating supply Tnput for doiver logic operation. The range is from 2V to 12V
Voltage controller imput pin with  hysteresis, CMOS

W Clock Wise compatible. These two pins control the state of the bridge
normal operation according to the truth table 4.1 (stop, brake,
COW C?Lmter Clock clockomise and countercloclowise). Both these pins are pull up
Wise mternally to Vo Thus by default the motor 15 brake to Vi,
Voltage confrolled 1pwt pin with  hDysteresis, ChOS
PUWM Pulse W@drh cnmpati_ble. Grate_a of L_Dw- S_id& FETS get moedulated by the
Modulation PWM signal durning their ON phase allowing speed control of
the motor.
Gnd Ground Logic ground signal Internally conmected together with Viy's

ground
= Although Vi can support up to 30V, it is limited to 24V because the maximum voltage of on

board fan is 24V.

Absolute Maxinmuim Fating

Symbol Parameter Value Unit
Vi Motor supply voltage 24 A
Ve Operating voltage 12 Vv
| - Maximum Output Current {continuos) 30 A
Iz Reserve Output Current (continuos) 30 A
Iy Logic Input current (CW/CCW) +/- 10 m
| - PWM Input Current +-10 mi
T; Junction Operating Temperature Iiﬁﬁ;} o
T: Case Operating Temperature 40 to 150 C
Terg Storage Temperature -55 to 150 *C
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APPENDIX |

Datasheet of HSM-20G Temper ature and Humidity sensor

Cro

Techna.‘og:es)

Product User's Manual —

ROBOT . HEAD to TOE
Humidity Sensor

2. PRODUCT SPECIFICATION

2.1 The specifications of humidity sensor

No. Specification Humidity Sensor
1. Input voltage range DC 5.0£02 V
2. Cutput voltage range DC10—30V
3. Measurement Accuracy +5% RH
4, Operating Current (Maximum) 2mA
5. Storage RH Range 010 99% RH
6. Operating RH Range 20 to 95% (100% RH intermittent)
7. Transient Condensation < 3%RH
8 Temperature Range:
- Storage 20°C to 70C
- Operating 0°C 10 50C
9. Hysteresis (RH @ 25°C) MAX 2%RH
10. | Long Term Stability (typical drift per year) =1.5%
11. | Linearity Linearity
12. | Time Response (63% step change) 1 min
13. | Dimensions (L*W) 30mm*22mm
Table 2.1

2.2 Pin Definitions and Ratings

Pin Name Function
- GND Connects to Ground
H Humudity Output Voltage analog output.
+ Vee Connects to Vee (+5V )
T emperature Output | Voltage analog output.
Note: Please refer Getting Started for the pin connection

Table 2.2
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Cytron>

ROBOT . HEAD to TOE
Product User's Manual — Humidity Sensor

LPRODUCT LAYOUT

. Sencor for

} ._Sen-‘.-f.: fior

Humidity

" Temperatare +-Pun
Headet
o Vee Temperature Cutput
Humidity Output GND
Figure 3.1
Lahel Description
Vee The power supply to the sensor.
Humidity Output The analog cutput of Humidity for the sensor.
GND The Ground of the sensor.
Temgperature Qutput The analog outpwt of Temperature for the sensor.
Sensor for Temperature The sensor to sense the temperatre.
Sensor for Humidity The sensor to sense the humidity.
4-Pin Header The connector to the cable which connect to
testing/microcontroller circuit.
Table 3.1
Created by Cytron Technologies Sdn. Bhd. — All Rights Ressrved 3
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APPENDIX J
Datasheet of 4N25 Phototransistor Optocouplers

] =i X | DIIDDACE c_DIAN
FrYnrwwh Uv-r i

CDAI D
AL VM mn
=l PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
WHITE PACKAGE (-M SUFFIX SCHEMATIC

\ﬁ NENDE

()
[ so-fme
1

A<4 B atioce

1 &.BASE
BLACK PACKAGE (NO -M SUFFIX)

i

L 2
& &
<&

Y/

/
s} 1k
1

DESCRIPTION

The general purpose optocouplers consist of a gallium arsenide infrared emitting diode driving a silicon phototransistor in a 6-pin

Aiial in_linma ranaliamn
Qudi in-mne pacrage.

FEATURES
s Also available in white package by specifying -M suffix, eg. 4N25-M
+ UL recognized (File # E90700)
+ VDE recognized (File # 94766)
- Add option V for white package (.g., AN25V-M)
- Add option 300 for black package (e.g., 4N25.300)

APPLICATIONS

+ Power supply regulators
+ Digital logic inputs

+ Microprocessor inputs

© 2002 Fairchild Semiconductor Cotporation Page 1 of 13 6/6/02
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|
GENERAL PURPOSE 6-PIN
EAIRCHILD  pbyoTOTRANSISTOR OPTOCOUPLERS

sEnMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36

4N37 H11A1 H11A2 H11A3 H11A4 H11A5
ABSOLUTE MAXIMUM RATINGS (T, =25°C unless otherwise specified)
Parameter Symbol Valus Units
TOTAL DEVICE
Storage Temperature Tar S5to+150 i
Operating Ternperature Torr 55 to+100 °c
Lead Solder Temperature TsoL 260 for 10 sec aZ
Total Device Power Dissipation @ T, = 25°C Py 250 W
Darate above 25°C 3.3 (non-Mj, 2.94 (M)
EMITTER
DS/ Average Forward Input Current I 100 {non-Mj, 60 (-M) ma,
Reversa Input Voltage Vg & W
Forward Current - Peak (300ps, 2% Duty Cycle) IF(pk) 3 A
LED Power Dissipation @ T, = 25°C Py 180 (nor-mMj, 120 (M) my
Darate above 25°C 2.0 (non-Mj, 1.4 (M) mNyeC
DETECTOR
Collector-Emittar Vaoltage Vego an W
Collector-Base Voltage Vepo 7 W
Emittar-Collector Voltage Yeco 7 W
Detector Power Dissipation @& Ty = 25°C P 150 mw
Dearate above 25°C 2.0 (non-M), 1.76 {-M) mwec

I ——
2 2002 Fairchild Semiconductor Corparation Page 2 of 13 &/afn2
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APPENDIX K
Datasheet of 2N3904 NPN Amplifier

e r—
FAIRCHILD
.

SEMICONDUCTOCR m

2N3904

MMBT3904

PZT

3904

65

SOT-223
Mark: 1A

NPN General Purpose Amplifier

This device is designed as a general purpose amplifier and switch.

The useful dynamic range extends to 100 mA as a switch and to

100 MHz as an amplifier.

Absolute Maximum Ratings* T, = 25°C Unless otnerwise noted
Symbol Parameter Value Units
VeEo Collector-Emitter Voltage 40 v
Veso Collector-Base Voltage 60 4
Veso Emiller-Base Vullage 6.0 W
I Collector Current - Continuous 200 ma,
Ty, Tetg Operating and Storage Junction Temperature Range -55to +150 °C

*These ratings are limting values above which the serviceabilty of any semiconductor device may beimpaired.

NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.

2) These aresteady state limits. The factory should be consulted on applications involving pused or low duty cyclz operations.

T herm a I C h ara ctel‘iSti cS T, —25°C unless otherwise noted

Symbol Characteristic Max Units
2N3904 “MMBT3904 “PZT3904
Po Total Device Nissipation 625 350 1.000 mwW
Derate above 25°C 50 28 8.0 mwW/=C

Reuc Thermal Resistance, Junction to Case 833 °C/W
Raja Thermal Resistance, Junction to Ambient 200 357 125 “C/W

*Device mounted on FR-4 PCB 7 6" X 1.5"X 0.06."
Hr:Ma\-'it.e meunted on FR-4 PCE 36 mm X 18 mm X 1.5 mm; mounting pad for the collectorlead min. 6 cm?.
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APPENDIX L
Datasheet of G5L A 24VDC PCB Relay

OMmRON
PCB Relay G5LA

A Cubie, Single-pole 104 Powear Relay
m=mal size and light weight
« 196 x 136 x 156 mm, 7.5g
mHigh lrisulalion
« Dlelectric strength 2,000
« Withstand impulse voltage 4,500V
B High heaf resistance and tracking performance
« UL clzss-F available (-CF model)
« |[ECE0335 GWT comoliant

+ Tracking rcsistance CTi=250 . s =
BEnvircnmental mendly (KoHS comonant) Fm us smmmr @
Ordering Information

Contact form Switching capacity Model number
Hux protection tully sealed

SPODT Standard GELA-1 G5LA-14

GELA-1-CF GELA-14-CF
High capacity (NC side) GELA-1-E GELA-14-E

CELA1-C-Cr CoLA-14-CCr

SPET-NC GILA-1A GILA-144
EELA-1A-LE 30LA-1A4-CF

Note : When ordering, add the rated coil voliage to tre model number.
Example: GaLA-"1 12VDC
Ratec coil valtage

mModel Number Legend
GiLa —O0O00O-0-C Ovbc

1. Number of Poles
1 Tpolas
2. Contact Form
Maone: SPOT
A SPST-NO
3. Enclosure Ratings
Mone: Flux protection
4 Fully sealed
4, Switching capacity
Mone: Standard
E: High capacity (WC side)
5. UL Insulation System
Mone: Standard
CF. ClassF

6. Rated Coil Voltage

m@ This PDF was created using the Sonic PDF Creator.
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OMRON

Specifications

67

H Coil Ratings

Rated voltage 5VDC avDC 12VDC 24 VDC 48 VDC
Rated current 72 mA 40 mA A0 mA 15 mA 10 mA
Coil resistance 9.4 0 22510 400 0 1600 O 4800 02
Must operate voltage 75% max. of rated voltage

Must release voltage 10% min. of rated voltage

Max voltage 130% of rated voltage at 85+« 470% of rated voltage at 23+ -

Power consumption (Approx.) | 350 mW 430 mW

Hote: The rated current and coil r

H Contact Ratings

esistance are measured at a coil temperature of 23°C with a tolerance of £10%.

Item Standard model | High capacity (-E) model
Contact material AgsSnO,
Load Resistive load (cos®=1)
Rated load NO 104 at 260VAC
104 at 24VDC
NO/NC SAM5A4 at 126VAC RARA at 2R0VAC
SAMSA at 24VDC BAJRA at 24VDC
Rated carry current 10A{NO), BAINC) 10A
Max. switching voltage 260VAC, 24VDC
Max. switching current 10AND), BAINC) [ 10A
Max. switching power NO ACZ 500VA, DC240W
NO/NC ACEZEVA, DC120W | ACT 250VAC, DCI120W
Failure rate (reference value) 100mA at DCEY

Hote: P level* 1. =0.1+ ﬂfmperat on

B Characteristics

Contact resistance 100 me* *max.
Operation time 10 ms max.
Release time 5 mMms max.

Max. operating frequency

Mechanical: 13,000 operations/hr
Elecirical: 1,800 operations/hr (under rated load)

Insulation resistance

1,000 M+ _=min. {at 500 VDC})

Dielectric strength

2,000 VAC. 1mA 50/60Hz for 1 min hetween coil and contacts
750 WVAC 1mA 50/60Hz for 1 min between contacts of same polarity

Vibration resistance

Destruction: 10 to 55 Hz, 1.5-mm double amplitude
Malfunction: 10 to 55 Hz, 1.5-mm double amplitude

Shock resistance

Destruction: 1,000 m/s” (approx.1003) ,
Malfunction: 100 mfs® when energized ; 100 m/s® when no energized

Endurance

Mechanical: 10,000,000 operations min.

Electrical: 100,000 operations typical
Ambient temperature Operating: -40+ o 85+ «with no icing)

Storage:  -40« «io 85+ «with no icing)
Ambient humidity Operating: 25% to 85%

Storage:  35% to 85%
Weight Approx. 7.50

Hote: Values in the above table a

re the initial values.
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APPENDIX M
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Datasheet of 16-Button 4 x 4 Matrix Keypad

ELECTRONIX EXFRE55

Tel. (732} 381-8020 + Fax (732) 381-1006

RSR Electronics, Inc.

365 Blair Road
Avenel, NJ 07001, U.S.A.

Tel. (732) 381-8777 » Fax (732} 381-1672 http:/www.elexp.com (email: electron@elexp.com)

Keypad — 16 Button
4 x 4 Matrix
Part No. 17KP1604

Back to Keypad Model KP1604 Main Page

80.0
420
GENERAL 83
SPECIFICATION 140 [ 69
* Contact Rating: _*Zn"ﬁ b.g
20mA. 24VDC "’I |Jr
* Contact Resistance: 11
200 ohm max g
« Life: 2 2 g S L 2
1,000,000 cycles per key = H i
* Operating Temperature: =
—20°C to +60°C | bar )
S I 82.3 HOLE 10
* Storage Temperature: P R
—40°C to+65°C “"]" & I {5P08)
25417 B
50 .30
ACTUATING FORCE: 100£30 GRAMS.
STROKE: 1.5 £ 0.5mm.
OUTPUT
CIRCUIT DIAGRAM ARRANGEMENT
Output
. - Symbol
s ROW 1 Pin No
1 COL 1
> ROW 2 2 COL2
3 COL3
- ROW 3 4 COL 4
5 ROW 1
- ROW 4 6 ROW2
I | I ] 7 ROW 3
COL1 COL2 COL3 COL4 8 ROW 4
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APPENDIX N
Smart Egg Incubator System for Various Types of Egg
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