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Abstract

The Automated Home System project is a stand-alone system that controls some
house applications automatically. This system is designed to provide better living
environment for disabled people whom form an important partition of the society by

making their houses controlled automatically.

The Automated Home System project includes main components to control homes
independently such as opening or closing a door, a window, turning on/off a heat system.

This system will be implemented using many components which communicate with each

other using radio frequency technology.
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Chapter One

Introduction

This chapter gives a general overview of the Automated Home System project
and the project importance, also this chapter presents some previous projects that
worked on similar systems, finally the estimated cost and the time plan for the
project are illustrated briefly.

1.1 Overview

Automated home system is a stand-alone system that controls home
components remotely and automatically. This system produces control signals
depending on predefined parameters, the recognized system parameters are
temperature degree in the room, the human motion near the door and the light

intensity.

Home automation system has many definitions; for some it means simple
remote or automatic control of a few lights, for others, it means security control
system. But this project takes the whole room components and automatically controls

them.

Many studies and projects were employed in home automation using various
technologies in implementation such as systems infrared and Bluetooth. The most
important issue in this system refers to the use of the radio frequency wireless
technique which transfers the system parameters as signals to the basic system

controller, so this system establishes more flexibility and efficiency levels of

controlling.




The automated home system will be placed in disabled people room, therefore
this system should produce the highest degree of comfort for them, so many home
components must be controlled automatically in order to employ the new technology

services towards those people needs.

1.2 Project Importance

The automated home system project has many important issues; the most
important one is that the system is designed to help disabled people as one of the
human obligations, so these people will not suffer from practicing their daily
activities again. For example this system will open or close the room door or window

automatically .

Besides, this system could be used to save the total power consumption at
home. For example, if a person leaves the room the lights will turn off automatically.
on the other hand the system may be used by ordinary people as a luxury tool; if
these people will not impress themselves to turning on or off any light or the heating

system, or they don't like to open or close their doors and windows manually.

1.3 Project Objectives

The project has the following objectives:
1- Encourage the disabled people to feel the value of technology, by letting them
uses such system.
2- Simplify human daily activities by controlling some of them automatically
(control the heat level in the room, control the opening or closing operation of the

door and window).

3-Save the total consumed power in the room.




4- Create a reliable and sensitive system in order to get the right action at the right
moment.
5- Establish portable system. (Using PIC microcontroller instead of PC makes the

system portable and could be placed in any room).

1.4 Literature Review

There are some researches and projects that worked on this topic, some of
these are:
e A Personal Computer Based General Purpose Control System Using
General Remote Control [4]. This project used remote control that works with
infrared light to send control signal to the PC which is connected to the receiver
at the serial port, the user can control the PC by remote such as displaying start
menu, open and close programs. Also the user can control other applications that
connected with PC via the parallel port. The software driver of the project was
implemented using VB.net.
e Smart Home [8]. This project includes internal communication network
which is used for monitoring various house parameters such as light, temperature,
and fire detection. It early detects the changes in these parameters, if one of these
parameters indicates risk state the internal network contacts with external
network through telephone to ask for help.
e Smart care flats [6]. This is a project that is used in hospitals. it is divided
into two parts, the first one is the control system, the room of patient is controlled
by server room in the hospital. If a risk occurs the system triggers an alarm siren
sounds, and turns on all corridor lights. The second part includes weight sensor
placed under the patient bed leg, if the patient wake up and leave the bed, lights
are automatically switched on in the bedroom and the bathroom, and turned off

again since the person returns to bed.




1.5 Time Plan

The time plan views the stages in designing and building the system components.
This section includes two time schedules; the first one shows what is done in the first
semester while the second shows the tasks scheduling for the second semester.
Tablel-2 shows the first semester tasks; all tasks are referred to the theoretical

background and the whole system analysis.

Table 1-1 Time Planning (first semester)

(Task/Week |12 |3 (4[5 [e[7[8[9 [0 u[12[13[14 15 16

' Project
determination

| Data Collection
| Literature Review

| Documentation ol ook o

Tablel-2 Time Planning (second semester). ;
TaskiWeek | 17 |18 |19 [20 |21 [22 [23 [24 |25 [26 [27 |28 | 29 (30 |31 |32

 Software
- Design

' Hardware | | S
. Implementation ' ;
Software

 Integrated
System Testing

" Documentation | :. i




1.6 Cost Estimation and Budget Breakdown

This section lists the overall cost of the project, the cost includes the hardware
cost, the software cost, and the human recourses budget.
e Hardware cost: includes the cost of the components that was used to implement
the project. Table 1-3 shows these costs.
Table 1-3 Hardware cost.

Component Quantity Price
RS e S | R S - $40

" RF-transmitter $80

4
RErecevere © = 0 $80
8

' Decoders and Encoders $30

it T i e e BRE R (S S
Bicmpeaticseasor. 0200 | 0 @ T 8B
‘Motion sensor RErSR RERA [f e
 Breadboards, wires, wirerraping boards 10 $50

MIChouses St T o 5 530 ]

Resistors, Capacitors, Switches

SONEEN T

DCmotors, .~ TR e e $5
PC (personal computer(rent))m : e 1 $500
Function Generator (rent) $180

2
Digital Multimeter (rent) 2 $30
-

Oscilloscope (renf) = $160
Other services (iliter net,;;nntmg) b o $50

Total St Sl IS I06D




e Software cost: includes the cost of software used to implement the project. Table
1-4 shows the cost of each component.

Table 1-4 Software cost.

, Component e v L e

Miosofofieo2038 | 510
Orcad Family Release92 | $40
| i‘otal AR R T | T $260

e Human Recourses Budget includes the budget of human operation. The cost is
distributed on three engineers; each engineer costs $250 weekly. So human cost is
equivalent to $4000.

1.7 Risk Management

The implementation of any project may face many risks during each stage of the
project; determining and analyzing the system requirements, designing,
implementing and testing the whole system. This section illustrates what are the

problems which occurred during the implementation.

1.7.1 Technology Risk
Technology risks can be classified as hardware and sofiware risks:

e Hardware risks include :




- Malfunction of many chips such as PIC microcontroller and the encoding chip
which is used in the interfacing circuit.
- Some chips were unavailable at the beginning of the semester, so there was a late in

time waiting for these chips (RF-transmitters and RF-receivers).

e Software risks include:
- The program may follow undesirable algorithm, but this project algorithm was clear
and understandable.

1.7.2 Risks Avoidance:

- Taking care when using hardware components and using them according to their
specifications.

- Taking care of the team member’s health during the project development.

- Including an extra amount of the hardware components, so when any problem

occurs the alternative components could be found and replaced easily.

1.8 The Structure of the Report

The documentation for this project is categorized into seven chapters, the
report structure views the outline for the discussed subjects in each chapter. The

outline of all chapters is summarized briefly as follows:

Chapter One: Introduction
Demonstrates an overview about the system, project importance, a literature

review, estimated cost and time planning, risk management and risk avoidance,

finally this chapter shows the structure of the project report.




e Chapter Two: Theoretical Background
Focuses on theories and materials that are related to the project. It mentions the

laws behind the used hardware or software project components.

e Chapter Three: Design Concepts
Describes the detailed system objectives, design options, a general block

diagrams and the system interaction with the surrounding environment.

o Chapter Four: Hardware System Design
Describes the detailed subsystems design, overall system design (schematic

diagrams) and the user- system interfacing circuits.

o Chapter Five: Software System Design
Describes the detailed system algorithms, flowcharts, pseudo code for the overall

procedures in the project.

o Chapter Six: System Implementation and Testing

Describes the actual project implementation, prototypes. it shows the individual
components testing, subsystem testing, software testing and the integrated system
testing.

e Chapter Seven: Conclusions and Future work

Describes some suggestions for future enhancements, explains the conclusions

and the problems that faced the team.




1.9 Summary
This chapter introduced an overview about the project, and presented the
importance of the project, and discussed some previous projects which deal with

home automation, then presented the estimated cost, time plane, finally the structure

of the project report.
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Chapter Two

Theoretical Background

This chapter focuses on the theoretical subject related to the main idea of the
project, and information about the components used in the project. Also this chapter
talks about the hardware and software related to the project and explains these

components operations theoretically.

2.1 Theoretical Background of the Project

This project supposes that putting a stand-alone system in a patient room
simplifying the life complications around this person; so this system will be managed by
a central controlling unit which is called PIC microcontroller. This control unit accepts
the data remotely from the surrounding environment detectors and after processing this
data, the control decision is sent remotely to the desired unit in the room (door, window,

lighting and heating system).

2.2 The Hardware /Software of the Project

The hardware needed for implementing this project is classified into 4 modules:-
1- Microcontroller unit module.
2
3
4

Door control module.

Window control module.

Heater control module.




2.2.1 Microcontroller Unit Module

In this module the microcontroller is connected to the interfacing circuits which are
used to synchronize the transmitting/receiving operations. The PIC microcontroller uses
one of its 5-ports to receive data, process it and send the control signals through an other

port to be transmitted to one of the other modules.

2.2.2 Door Control Module

In this module there is a transmitter with an encoding circuit are connected to the
motion sensor; which will detect if there is any person near the door. This part sends the
detection signals to the microcontroller. On other hand there is a receiver with a
decoding circuit which are connected to a DC motor on the door; when the receiver get
the control signal from the microcontroller it should turn on the motor and specify its

direction in order to open/close the door.

2.2.3 Window Control Module

As the previous module, using the light sensor to detect the light intensity in the
room and send this value to the microcontroller through the transmitter. Besides, the
receiver passes the control signal to the DC motor to perform the opening/closing
operation of the window. Beside, this module is related with the lighting system in the

room; so if the window is opened the lighting system should be turned OFF, if the

window is closed the lighting system should be tumed ON.




2.2.4 Heater Control Module

In this module there is a temperature sensor that connected directly to the A/D pin
of the microcontroller, so the temperature degree is entered to the microcontroller. On
the other hand the heater power switch is connected to the receiver circuit, when the
control signal comes from the microcontroller the power switch of the heater is turned

ON/OFF depending on the received signal.

2.3 Theoretical Background of Project Components

This section includes the theoretical background of each independent component
in the project (hardware components).

2.3.1 The Microcontroller

A microcontroller is a cheap single-chip microcomputer. A Single-chip
microcomputer indicates that the complete microcomputer system lies within the
integrated circuit chip. Microcontrollers are capable of storing and runnijng the program
that was written and downloaded into it. The main parts of a microcontroller generally
consist of the Central Processing Unit (CPU), Random Access Memory (RAM), Read
Only Memory (ROM), input/output lines (/O lines), serial and parallel ports, timers and
other peripherals such as analog to digital (A/D) .

PIC 18F4520 microcontroller

The PIC18F4520 is a very powerful 8-bit enhanced flash microcontroller based
on RISC (Reduced Instruction Set Computer) architecture with a nano watt technology,

easy-to-program since it has only 75 single word instructions as well as an extended set




of 8 new instructions designed to optimize re-entrant code, operates at 40 MHz
frequency and is packed into 40- or 44-pin package. The following are the main features
of the PIC18F4520:
e Up to 32K x 16 words of FLASH Program Memory, this is quite enough for this
project.
e Only 75 single word instructions to learn with Assembly, therefore, it is not so
hard to learn.
e C compiler optimized architecture.
e Serial communication through Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module.
e Low price (about18$).

This microcontroller is chosen for its features to guarantee the project
specifications. Also because of its internal architecture up to 10 MIPS performance, 10-
bit ADC, 13 channels, and 5 ports A, B, C, D, and E.

2.3.2 Wireless Technologies

As an implementation requirements for Automated Home System, the system
should use a wireless technique in order to transfer data from outer world to the
controlling unit of the project, this project uses the Home-RF technology to send and

receive data.
1- The RF-Transmitter :

In order to make the information signal pass through the air, it must be modulated

on to a carrier signal which is sufficiently stable with temperature and other factors to




allow detection by a tuned receiver in the presence of interference. Figure 2-1 shows the

general block diagram of the RF-transmitter module.

Source (Carrier) s’,‘f

—\" Qi

Figure 2-1 Block diagram of the RF-transmitter.[21]

e Modulation

The method of imposing the information signal onto the carrier signal is termed
modulation which can be of different classifications;, this project uses the AM
modulation of the transferred signals.

Amplitude modulation (AM) is a method of impressing data onto an alternating-
current (AC) carrier waveform. The highest frequency of the modulating data is
normally less than 10 percent of the carrier frequency. The AM modulation must be
éccomplished cost effectively and accurately for maximum range and minimum

interference.

o Amplification

The amplifier is a key part of the transceiver, and must be efficient which means

low cost and possibly linear.




2- The RF-Receiver

The antenna catches the transmitted signal and passes it to the receiver module.
The main task of the receiver is to enhance weak wanted signals, often in the presence of
strong unwanted signals which introduce minimal noise and distortion. In many cases,
some selective filtering is required to assist this task. Figure 2-2 shows the general block

diagram of the RF-receiver, each stage is explained exactly.

ar?

,,I - 'Q VY S LI

Demodulator——>| processing [~

Front End

Figure 2-2 Block diagram of the RF-receiver.[21]

e Demodulation

The process of removing the information signal from the carrier is termed
demodulation. Demodulation should be done to have optimal signal in the presence of

noise, interference, in addition of being power efficient and cheap.

e Data Processing

Pre and post processing of the information signal is often implying some form of
microprocess with the supposed complexity, cost, and power consumption. The benefits

of matched filtering, error detection and correction (coding) are however significant in

terms of range, power conservation and data rate optimisation.




3- RF Advantages:

e Not line of sight (no need to put the transmitter straight ahead in front of the
receiver).

e Can not be blocked by common materials: can penetrate most solids and pass
through walls.

e It has longer range.

e It is not light sensitive.

e Tt is not sensitive to weather/environmental conditions.

4- RF Disadvantages:

o Interference: communication devices using similar frequencies - wireless
phones, scanners, wrist radios and personal locators can interfere with
transmission.

e Lack of security: easier to spy on transmissions since signals are spread out
in space rather than confined to a wire.

e RF has higher cost than infrared.

e Federal Communications Commission (FCC) licenses required for some

products.

o Lower speed: data rate transmission is lower than wired and infrared

transmission.




2.3.3 Sensors

Sensor can be defined as a device which takes information about a physical stimulus
(such as temperature, light intensity, pressure) and turns it into a signal which can be

measured.

Sensors Types:
Sensors can be classified in more than one aspect such as physical principles;
sensor types in terms of physical principles can be classified into resistive sensors or

capacitive sensors:

a) Resistive sensors:
The resistance of the sensors varies according to variations of measured input.
Such sensors include potentiometer, resistance thermometer and photo conductive cells.
They are used as elements in measurement system for measuring the temperature, the

light intensity, the displacement.

b) Capacitive sensors:
At this type of sensors the capacity of the sensors varies according to variations of
measured input. This sensor which is a capacitor has two parallel plates, so the capacity
depends on the area of the plates, the separation between them, and the relative

permittivity. This type is applied in displacement sensors, and liquid level sensors.

The main sensors used in this project are:

1- Temperature Sensor.
2- Light Sensor.

3- Motion Sensor.




1- Temperature Sensor:

The LM35 is an integrated circuit sensor that can be used to measure
temperature with an electrical output proportional to the temperature (in °C) .the
LM35 sensor has an output voltage that is proportional to the Celsius temperature,
the scale factor is .01V/°C and it does not require any external calibration and
maintains an accuracy of +/-0.4 °C at room temperature and +/- 0.8 °C over a range
of 0 °C to +100 °C.

Another important characteristic of the LM35 is that it draws only 60 micro

amperes from its supply and possesses a low self-heating capability

Figure i 2-3 LM35 temperature sensor [16].
Sensor Features:

o The sensor has a sensitivity of 10mV / °C.
o Use a conversion factor that is the common, that is 100 °C/V.

o The general equation used to convert output voltage to temperature is:

Temperature (° C) = Vout * (100 °C/V) .So if Vout is 1V, then,

Temperature = 100 °C, the output voltage varies linearly with temperature.

2- Light Sensor:




The optical sensor cell consists of a thin line of CdS (cadmium sulfide) that goes
between two terminals. As light hits the Cadmium Sulfide electrons are dislodged
within the material and become free to carry current, thereby lowering the material's
resistance. The CdS cell is put into a circuit in series with a 5 volt source and a resistor
as shown. The circuit may look a little funny because there is not a complete loop, but
this is OK. The drawing uses a convention that has a 5 volt source implicitly in the
circuit between the nod labeled "+5V" and the node labeled "Ground". The current (I)
through the circuit is voltage (V=5 wvolts) divided by the total resistance,

Riota=Rresistor TR cas.

.

|
Figure 2-4 Light sensor [17].

So as light hits the CdS cell, its resistance decreases, as does the voltage across the

cell. By monitoring this voltage we can measure the light hitting the sensor.

3-Motion Sensor

The motion sensing feature on most security systems is a passive system that
detects infrared energy. These sensors are therefore known as PIR (passive infrared)

detectors or pyroelectric sensors. In order to make a sensor that can detect a human

being, the sensor should be sensitive to the temperature of a human body. Humans,




having a skin temperature of about 20 degrees Celsius, radiate infrared energy with a
wavelength between 9 and 10 micrometers. Therefore, the sensors are typically sensitive

in the range of 8 to 12 micrometers.

.
SN L

Figure 2-5 Motion sensor[18].

The sensors themselves are simple electronic components not unlike a photo
sensor. The motion sensor is sensitive to motion, but not to a person who is standing
still. That's because the sensor is designed to detect a fairly rapid change in the amount
of infrared energy in front of it. When a person walks by, the amount of infrared energy
in the field of view changes rapidly and is easily detected.

2.4 Summary

this chapter the theoretical background of the project main idea was demonstrated,
then this chapter described the hardware and software related to the project. The chapter
talked about the PIC microcontroller, after that it presented the used wireless technology
radio frequency (RF). Finally it talked about the sensors and its types.
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Chapter Three

Design Concepts

This chapter describes the main objectives and requirements of the Automated
Home System project. It presents the general block diagram and main components of
the system, such as microcontrolling unit, sensors, transmitter and receivers. It
explains how the system works. Finally this chapter shows the system modeling

which includes data flow model and state machine model.

3.1 Project Objectives

The automated home system project was chosen to satisfy many goals, this

system has the following basic objectives:

1- Encourage the disabled people to feel the value of technology:

As the technology goes ahead those people have the right to get some benefits of he
new technology products, this project will enhance the living level of disabled people
by letting them uses such system, so when the handicap person wants to leave his
room the action of opening the door automatically to him and turning OFF the lights
will give him a feel of self comfort i.e. he do not need to call any body to ask him
open the door or turn off the lights, he will get rid of the deficiency feel.

2- Simplify human daily activities by controlling some of them automatically.
Controls the heat level in the room, controls the opening or closing operation of

the door and window. Nowadays, every thing in life changes for the better using the

available techniques, also this is the speed time of life; opening /closing doors,

windows automatically guarantees the present life style.




3- Save the total power consumed in the room.
Saving power is an important economical issue, so turning OFF the lighting
system in the room in the moming and if there is any one in the room helps people in

saving their home consumed power and their money.

4- Create a reliable and sensitive system.

In order to get the right action at the right moment the system must be reliable
and sensitive. Generating a real time, fast response system is very important feature
introduced with any product.

5- Establish safe and portable system.
Safety is a very essential issue in any home system. Also portability is very
important key feature for any system.

3.2 Project Requirements

In order to achieve system goals many requirements for the system are required,

these requirements can be classified into:

1- Functional Requirements: these requirements have a direct relation with the
system services, how the system should react in particular input. These requirements
are:

- Sensing the light intensity.

- Sensing temperature level.

- Checking if a person is walking near the door.

- Sending this data to the microcontrolling unit (MCU).

- Using wireless technology for sending this data.

- The MCU receives the data and analyzes it, then takes the appropriate command.
- The MCU sends this command to a predefined actuator.
- The actuator should receive this control signal and do the required action.




TR\R

2- Non-Functional Requirements: these requirements are constraints on the
services or functions offered by the system. These requirements are:

- Flexibility: the system parameters can be configured by users.

- Fast response.

- Low power consumption.

3.3 General Block Diagram of the Project
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Figure 3-1 General Block Diagram of the System.
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As shown in Figure 3-1 the general block diagram of the system, the sensors are
put in the room independently to measure different parameters (temperature degree,
light intensity and motion detection). These measured values are sent to the
microcontroller through the RF-transmitter/receiver. The microcontroller receives
theses data and analyzes it and takes the right decision as control commands. Also
the output control commands transfers via the RF-transmitter/receiver to reach the
wanted actuator.

o TR AT
NIRRT

3.4 Design Options:

There are many issues that must be considered in order to build a functional,
successful and reliable portable system. These issues involve proper design, choice
of major components, methods for modulation and demodulation. This section

illustrates many alternative options for choosing each component in this project.

3.4.1 Microcontroller:

Microcontroller controls different needed functions for the entire project.

There are two available suitable options:

1. PIC 16F877
2. PIC 18F4520

=PIC 16F877:

The PIC 16f877 is a very powerful 8-bit microcontroller based on Risk
architecture, easy-to-program since it has only 35 single word instructions with 200
nanoseconds execution time and is packed into 40- or 44-pin package. The

convincing features for choosing this microcontroller are:
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e Up to 8K x 14 words of FLASH Program Memory, this is quite enough for
this project.

e Only 35 single word instructions to learn with Assembly, therefore, it is not
so hard to learn.

e Low price (about $12-$20).

But the problem in choosing this PIC is the difficulty in programming
because it does not have a high level language compiler specially that its
programmer is not available in our university and very expensive to be

purchased.

PIC 18F4520:

This project uses PIC18F4520. Its key features are explained in chapter two
and are closely related to PIC 16F877 microcontroller features, and the option of
choosing PIC18F4520 refers to:

e High computational performance.

e Economical price.

Enhanced Flash program memory.

Its programmer availability in the university.

Auvailability of Mplab program used in programming it.
Mplab already provides built functions that make programming easier.

3.4.2 Transmitter:

The transmitter is used to transmit the desired data and specific control

commands. There are two available suitable options:

1. RTQ4-XXX transmitter
2. RT4-XXX transmitter
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= RTQ4-XXX transmitter:

It is a radio transmitter with crystal oscillator and external antenna that
allows to realize a complete radio transmitter adding a coding circuit and shows
stable electric characteristics. It has the following features:

= High Output Power.
= Range 100+ meters.

= Working frequency (433.92, 868.35, 915 MHz) and available as 433, 868
MHz.

It seems an excellent choice for this project, but the problem is that this transmitter is

not available in Palestine.

= RT4-XXX transmitter:

Fortunately RTQ4-XXX is a pin out compatible with RT4 Transmitter
that is available at a suitable price. This transmitter has the following key features:

= Available as 315, 418, 433 MHz frequency.
= Range up to 70 meters.
= Available in DIL (Dual In Line) package shape or SIL (Serial In Line)

package shape.
= Wide Operating Voltage (5-12 volts).

It seems that its range is less than RTQ4 transmitter. But indeed, 70m is enough for

this project and does not need more.




3.5 System Modeling

The models of the system are viewed to explain the functionality of the system
components, this modeling simplify the understood of the structure of the system.

3.5.1 Data Flow Model

Input data from Transmitted light
e B T

encoding Lkl

Transmitted
Input data fr
mI:::ion sens(:)lll'] getocted . Decoded Frogessel
Data | personsigngl ¥ ¢ data
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Input data from Door , — Wuidow AHea'ter
temperature sensor ‘ Teceiver  pechiver recelver
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temperature d

To doormotorﬁ To window! To heater |
Y motor switch

Figure 3-2 Data flow model.

Figure 3-2 shows the data flow model of the system. it shows how the sequence
of data start with enter the data from sensors that gather data about the surrounded
environment, these data is encoded through the interfacing circuit in order to transmit
it to the microcontroller, the sent data is carried out using RF-wireless technique,

when the microcontroller gets this decoded data from the receiver converts it from

analog to digital data in order to determine the address of the source transmitter.




Afier that the microcontrolling unit analyzes this data, and takes the appropriate
decision, this decision is transmitted via the RF-transmitter attached to the
microcontrolling unit. Finally the transmitter sends the data to the address generated
from the microcontroller to the receiver that is attached to the actuator in order to do

the desired action, such as opening the door, opening the window, turn on the heater.

3.5.2 State Machine Model

Figure 3-3 shows the state machine diagram of the system, this diagram shows
that the system moves from one state to other depending on the input and the output

commands.
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Figure 3-3 State machine model of automated home system.
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3.6 Summary

This chapter contained the main objectives and requirements in the project, and
sho'wed the general block diagram of the project, and it presented the available
dmgn options. Finally it explained the functionality of the system by viewing system
models.




3.6 Summary

This chapter contained the main objectives and requirements in the project, and
showed the general block diagram of the project, and it presented the available
desjgn options. Finally it explained the functionality of the system by viewing system
models.




Chapter Four

Hardware System Design

4.1 THE MICROCONTROLLER (PIC18F4520)
4.2 WIRELESS COMMUNICATION

4.3 SENSING CIRCUITS

4.4 MOTOR DIRECTION CONTROL CIRCUIT
4.5 HEATER CONTROL CIRCUIT

4.6 SUMMARY




Chapter Four

Hardware System Design

This chapter shows the detailed structure of the system circuits. It describes
each system part circuit independently, PIC18f4520 microcontroller, RT4-433.9 RF-
Transmitter , RR3-433.9 RF-Receiver, LM35 Temperature sensor, LDR light sensor,

Motion sensor, DC Motors, Power supply.

4.1 The Microcontroller (PIC18F4520)

PIC 18F4520 is the main part of the system; it should receive the value of
environment parameters and send the right decision to the right actuator. Figure 4-1
shows the microcontroller with oscillating circuit and power on reset (POR) circuit.
The option of choosing this microcontroller (PIC) because its features:

» High computational performance.

o Its hardware and software programmer available.

e PIC Internal Architecture

PIC 18F4520 microcontroller internal architecture includes many effective
features, some of these are: Performance of its CPU is 10-MIPS (Millions Instruction
per Second), the microcontroller has 13 10-bit channels of analog to digital converter,

and it has five input output ports and four hardware timers.
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Figure 4-1 PIC 18F4520 microcontroller with oscillator and POR.

4.2 Wireless Communication:

This section talks about the data transfer between the surrounded environment
and the PIC microcontroller unit, this data guides the microcontroller to do the right

decision at the right moment.

The system uses RF technology for sending and receiving the data.

4.2.1 RF-Transmitter:

In this project the used transmitter is RT4-433.9 which is a hybrid circuit that
realizes a complete radio transmitter; it has many features such as high reliability and
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DIL (Dual In Line) package shape.
RT4-433.9 RF-transmitter shown in Figure 4-2 used in this project and is used

in many practical applications such as wireless security systems, car alarm systems
and remote gate controls.

Al

".v ?'; "'\‘,‘s ;

Figure 4-2 RT4-433.9 RF-Transmitter.[19]

This circuit needs an encoding circuit to work in a right way without any
distortion and to transmit the required data to the specified receiver in the receiving
side. The used encoder is HT12-E.

While the encoder is enabled it gets the 4-bits data from the data sources (PIC
microcontroller or sensor circuit), it encodes this data as digital signal and adds the 8-
bits address of the desired receiver, then it forwards this signal to the transmitter to
be transmitted wirelessly. Figure 4-3 shows the schematic circuit of the transmitter

with the encoding circuit.

Although every transmitter has a distinct address, but one transmitter must be
enabled at a time, so software and hardware components used to control the
transmitter enable. The hardware used to generate a free running frequenter is 555
chip (pronounced triple five) with other components. The output frequency is
calculated as the following equation:

Freq out= 1.44/t=1.44/((Ra +2Rb) *C)

We need Freq out = 1Hz
Suppose Rb = 10Kohm, C =22 * 10°
Ra=(1.44/ C)-2Rb
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Figure 4-3 RT4-433.9 RF-Transmitter with HT-12E encoder.
4.2.2 RF-Receiver:

The RR3-433.9 is a super regenerative data receiver. Its sensitivity typically
exceeds 100dB/m (decibel/meter), and the frequency accuracy is very high. RR3-
433.9 RF-Receiver shown in Figure 4-4 is the used receiver in the project.

Figure 4-4 RR3-433.9 RF-Receiver. [20]
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At the receiving side, the 'receive.r should be connected with HT-12D decoding
circuit to realize the incoming data, this decoder checks the serial input data three
times with its local 8-bits address to ensure that it matches the transmitter address,
when the decoder match, it passes the 4-bits data to the microcontroller or the desired
actuator (motor). Figure 4-5 shows the schematic circuit of the receiver with the
decoding circuit.
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Figure 4-5 RR3-433.9 RF-Receiver with HT-12D decoder.

4.3 Sensing Circuits:

Sensing circuits are designed to realize the environment parameters; these
parameters are measured in order to guide the microcontroller to response in a right
manner. Sensors used in this project are light sensor, temperature sensor, and

temperature sensor. Each sensor has a distinct circuit used to get the desired and

functional output.
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4.3.1 Light Sensing Circuit;

Figure 4-6 shows the schematic circuit of light sensing with RF-Transmitter
and HT-12E encoder, the LDR (light detecting resistor) light sensor is manufactured
to work on 5 volts power supply. In order to have a specific value of the output the
74HC14 Schmitt trigger logical gate was used , the sensing principle is to output 5
volts at night (i.e. when the light intensity is very low), 0 volt at day (i.e the light
intensity is high).

RT4—433.i—_———:r
pout Hi—= Eggggf

Schmitt triger. _L
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Figure 4-6 Light sensor circuit with RT4-433.9 RF-Transmitter and HT-12E
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HTI12E

encoder.

4.3.2 Temperature Sensing Circuit:

Figure 4-7 shows the schematic circuit of temperature sensing. The LM 35

temperature Sensor is configured to work on 5 volts power supply. This sensor is
directly connected to the PIC microcontroller at A/D (Analog to Digital) PORT

channel 0 (pin A0).
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The value of the measured temperature is converted internally to digital value.

An amplifier is needed because the measured value from the sensor is too small (in
mV). The output voltage obtained from the first amplifier is in negative value, so
another amplifier is used to get positive value of temperature.

The amplification factor at first amplifier is -10, and the amplification factor at
second amplifier is -1. Amplification factor calculated by the following equation:

Amplification factor A =-Ra/Rb

Al1=-100K/10K=-10
A2=-10K/10K=-1

Total Amplification factor A= Al * A2=-10*-1=10

3
L35 =

2 10K

| Voutto

Microcontroller

ollf—

Figure 4-7 Temperature sensor circuit.
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4.3.3 Motion Sensing Circuit:

Figure 4-8 shows the schematic circuit of motion sensing with RF-Transmitter
and HT-12E encoder, this sensor works on 12 volts power supply, it has four pins:
Vee, Vss and 2 pins for the switch. The operation principle of this circuit is to

produce 5 volts when the sensor detects any body motion, it outputs 0 volt otherwise.
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GND =i 18
+5V 1 = L—_ VDD

Figure 4-8 Motion sensor circuit with RF-Transmitter and encoder.

4.4 Motor Direction Control Circuit:

Motors used in the project are DC motors which operated on 12V into two
direction modes reverse and forward. To control the direction of motor H-bridge
circuit is needed which is shown in Figure 4-9. Two NPN (BD243c) and two PNP
(BD244c) transistors used to build this circuit, in addition to two transistors Q1 and

Q2 used as switch transistors to isolate 12V power supply from other devices.
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Figure 4-9 Motor direction control circuit.

4.5 Heater Control Circuit:

In order to control the operation of heater circuit that shown in Figure 4-10 was
designed. This circuit consists of an MOC3020 which is an optocoupler used as an
isolator between DC power supply devices and AC power supply devices, and
consists of a triac used as a three-terminal high-voltage switch to tum on or tum off
the heater.

Heater

vy VAN SO .
150 - 16K C,?
B E i J‘ylx 220V
i TRIAC

MOC3023 opto

Figure 4-10 Heater control circuit.
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4.6 Power Circuit:

The system has components that need 12 V power supply such as motors, and
other components that need 5 V power supply such as the microcontroller and

decoders. So the circuit that shown in Figure 4-11 was designed to feed the system
with the desired power by using 12 V battery and LM7805 voltage regulator.

LM7805
L S M
=z
(5 Vout =+
+12V out 5V
= o
BATTERY [

Figure 4-11 System power supply circuit.

4.7 Summary

At this chapter the hardware system design was discussed and presented. First
it showed the main part of the system the microcontroller, then the wireless
communication circuit discussed, after that the sensing circuit of the system which
include temperature sensing, light sensing and motion sensor circuits was showed

and discussed. Finally the control circuits of motor direction and heater operation
was presented and discussed in addition to the system power supply circuit.
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Chapter Five

Software System Design

This chapter describes the general and detailed program flowcharts which were
designed to program the microcontroller of the system. The overall software is

programmed using C language. The MPLAB software description is proposed in the
appendix B.

5.1 Main Program Flowchart
In this section the general program of the PIC microcontroller is explained.

C START )
v
/Initialization /

[
i Motion

v
‘ Light

‘ v

\, S \ \ Temperature

Figure 5-1 General flowchart of the PIC microcontroller program.
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The previous flowchart describes how the microcontroller follows a specific
sequence in order to match the desired results. This sequence indicates that the

program initializes the microcontroller ports using the built-in libraries in the
MPLAB IDE software.

Firstly, the program initializes the microcontroller ports as inputs or outputs,
then the program enters a continuous loop in order to keep track with all parameters
changes in the room all day and night, at this loop motion subroutine then light
subroutine finally temperature subroutine is invoked. Implementing each subroutine

service needs the use of the delay routines in order to synchronize the test operations.
The following table shows the supposed addresses for all modules in the system,
these addresses are wired as hardware connections in the subsystem modules, and

software configured in the main program.

Table 5-1 Modules addresses in the main program.

Module name Module address
Microcontroller receiver Programmable (dynamic)
Microcontroller transmitter Programmable (dynamic)
Door receiver 00000000

Door transmitter 00000001

Window receiver 00000010

Window transmitter 00000100

Heater receiver 00000011

Thé following code presents the pseudo code for the main program flowchat of the

system:
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Main () {
Initialization ()
While (1) {
Motion () call motion subroutine.
Light () call light subroutine.

Temperature () call temperature subroutine.
} // end while

}// end main

5.2 Motion Subroutine

The first subroutine is the Motion service routine. This section of code accepts
detected digital signals if this value equals 0 or 1, the code will turn OFF or ON the
DC motor the door depending on the detected signal. Figure 5-2 shows the flowchart

for the motion subroutine.

After the control enters motion subroutine the program configures the
microcontroller receiver address as door transmitter address, and the program
configures microcontroller transmitter address as door receiver address then the
subroutine checks if there is any person moving near the door; OPEN control
command is sent to the specified receiver on the door, which will turns ON the
motor, also delay subroutine is invoked to allow enough time to the person to get out,
then CLOSE control command is sent 10 the same receiver to close the door of the

room. If there is no one near the door the control returns to the main program.
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Figure 5-2 Motion subroutine flowchart.

The following code is the pseudo code for the motion subroutine.
Motion () {
String data
Configure address of receiver
Data = received data from the door transmitter
If (data = “detect person”)
configure address of transmitter
Open door ()
Delay ()
Close door ()
Y/ End motion.
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5.3 Light Subroutine

The next subroutine is the Light service routine. This section of code receives
detected digital signal from the light sensor, it configures receiver and transmitter
addresses of microcontroller then check the inputs finally outputs the control
commands.

At end of subroutine the control should returns to the main program in order to check

another change in the predefined parameters. Figure 5-3 shows the flowchart for the
Light subroutine.
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Figure 5-3 Light subroutine flowchart.
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When the control enters the light subroutine it configures the receiver address
of the microcontroller as window transmitter, and the program configures
microcontroller transmitter address as window receiver address then the subroutine
checks if the light intensity equivalent to 1 or not in order to decide whether to open
the window or not. If the light intensity equals 1 that means it is night or dark so the
subroutine check if the window is closed or not if it is closed nothing is done, if the
- window doesn't closed the subroutine should send the CLOSE control command to
the window receiver and to turn ON the lighting system in the room.

If the light intensity is equivalent to O (zero) that means it is day so the subroutine
check if the window is opened or not if it is opened nothing is done, if doesn't
opened the subroutine should send OPEN control command and turn OFF the
lighting system in the room to the window receiver. Next is the pseudo code for the
light subroutine.

Light ()
{
String data
configure address of microcontroller receiver
Data= received data from window transmitter
If (data ==1) {
configure address of microcontroller transmitter
Close window
Turn ON lighting system
}
Else
{

configure address of microcontroller transmitter
Open window
Turn OFF lighting system

}
} // end of light subroutine.
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5.4 Temperature Subroutine

The following subroutine is the temperature subroutine. This subroutine is
programmed in order to control the heating system in the room, at the beginning A/D
channel must be configured to be work in right manner, the value of temperature is
stored in temp value, after that there is must be a comparison to the value of temp if
it decreased less than 13 °C so the Heat ON control command is sent to the heater
module, if it increased more than 25 °C Heat OFF control command is sent to the
heater module, if the temperature is more than 13 °C and less than 25 °C nothing will
be done. Figure 5-4 is the flowchart for the temperature subroutine:

|

v

Configure analog
to digital converter

Read A/D

y
NO A temp<=13 °C? YES
| |
NO YES |
w Ts temp >=25° C? >— | Y
‘l
i

Heat OFF

|
s 2 l“

@

Figure 54 Temperature subroutine flowchart.
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The following code shows the pseudo code for the temperature subroutine:

Temperature ()

{

Int temp;
Configure A/D converter

Temp = Read ADC () //temperature is directly entered to
/I the microcontroller.
If (temp <13 °C)
{
configure address of transmitter
Heat ON

}
If (temp>25 °C)

{

configure address of transmitter
Heat OFF

}

} // end temperature.

5.5 Summary
This chapter explained exactly the sequence of the main program of the PIC

microcontroller, also each subroutine was illustrated by its flowchart and pseudo

code.
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Chapter Six

System Testing

This chapter demonstrates how the system was tested. Each subsystem is tested
independently. Software and hardware of the subsystem is included in the same

subsection. Finally complete system testing is presented. The algorithms for the
codes in this chapter was explained in chapter five.

6.1 Subsystems Testing

At this stage each subsystem was tested independently, to ensure that the
subsystem realizes its specified function .This way of testing simplify trouble
shooting detection.

6.1.1 PIC18F4520 Microcontroller Testing

PIC 18F4520 Microcontroller with the oscillating circuit and the external reset
circuit was built as shown in Figure 6-1, this testing needs the use of the programmer
in order to download the test program in order to ensure that the PIC Microcontroller
response to its desired function. RJ45 is used to connect the PIC microcontroller with

the programmer, RJ45 has 5 wires connected to Ve, Vss, and to pin 1, 40 and 39 of

the microcontroller.
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Figure 6-1 18F4520 PIC microcontroller test circuit.

The following program initializes the PIC ports as inputs or outputs, which is used as
testing program.
#include<p18f4520.h>
void main (void)
{

int value;
TRISC=0b11110000; //pin0,1,2 and 3 are outputs, pin 4,5,6 and

7 inputs
TRISA=0x7F;
TRISD=0x00;

TRISB=0x00;
PORTAbits.RA7=0; Jhwrite value to port A pin7

value=PORTCbits.R05; JIreading value from port Cpinb

55




6.1.2 Wireless Communication Testing

The testing and verification of the wireless communication between the
different parts of the system requires the presence and use of both the transmitter unit
with the encoder at the transmitting side and use of the receiver unit with the decoder
at the receiving side. This testing was accomplished in several stages using the
following equipments:

e Function generator with 5 volt power supply and breadboard, LED indicators.
e Multi-meter capable of measuring voltage.

e Multi-channel Oscilloscope.

e RT4-433.9 Transmitter with HT-12E encoder.

o RR3-433.9 Receiver with HT-12D decoder.

RT4-433.9 transmitter Wired with the HT-12E encoder as shown below in
Figure 6-2. Specifying the address of the transmitter and receiver to be the same
through the 8-bit address lines at encoding /decoding chips. Putting pin 4 of the

transmitter connected to the antenna.

9 transmitter with encoder circuit.

Figure 6-2 RT4-433
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TP TS

RR3-433.9 i : .
receiver Wired with the HT-12D decoder as shown below in Figure

6-3. Putting pin 3 i
g p of the receiver connected to the antenna. the address at the receiver
must be the same address at the transmitter

Figure 6-3 RR3-433.9 receiver with decoder circuit.

In order to test this circuit four bit data was sent at the data pins in the encoder,

1o ensure this data at the receiving side four LEDs was put on the four bit data on the

decoder.

of the data pins depends on

Now turn on the transmitter circuit. The output
be seen by attaching the

whether the signal being transmitted. The signal itself can

to pin 17 of the encoder. The waveform shown in Figure 6-4 was taken

oscilloscope
from transmitter test out.

5




Figure 6-4 RF-transmitter signal.

Now turn on the receiver circuit. The signal can be seen by attaching the
oscilloscope to pin 14 of the decoder as shown in Figure 6-5. This signal shows how
the decoding circuit checks the incoming address in order to specify accepting or
rejecting data, here the sent address was 00000000.

Figure 6-5 RF-Receiver signal.

6.1.3 Light Sensor Testing

The initial light sensing circuit which was built in the laboratory shown in
Figure 6-6. The 150 Q resistor was wired in series with the first edge c?f the LDR
sensor, the second edge was comnected t0 the GND. The test of this circuit needs the
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e of multi-meter devi oy
us device to indicate the Output voltage. But there was a problem in

this circuit that the voltage obtained when the ljoh ;
e light mtensity changes i
not stable on a specific value. ges is very low and

+5y

Resistor Output

Voltage
ol

LDR

Figure 6-6 Initial light sensor circuit.

So the circuit modified as Figure 6-7, by adding schmitt trigger which
enhanced the performance and stabilized the output voltage, schmitt trigger was
connected to the output of the LDR sensor so the circuit worked successfully. When |
the light intensity is very low (dark) the schmitt trigger output is 5 volt, when the
light intensity is very high the schmitt trigger output is 0 volt, this circuit will be
connected to the transmitting circuit in order to inform the PIC microcontroller with
the light intensity.

Sensor ,

B
BRENS

L amsuw ¥
mamEE

3
4

e wwmw
sHsue

! seanes

. sewes
Awman
R R

-k

i

-
R
KR

(b) :
Figure 6-7 The e(:ganced light sensor circuit. (a) the light intensity (:;f very high and
the red LED is on. (b) the light intensity is low and the red LED is ofl.
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The following code is implemented to control the window opening or closi
| : or
operation depending on the inputs from light sensor Edpcosing

void light(void}(

//modify address of decoder to add ;
PORTDbits.RDO=0¢ ress of window

PORTDbits.RD1=0¢
PORTDDbits.RD2=1¢
PORTDDbits.RD3=0¢

/Delay10TCYxX(20)¢

if(PORTADits.RA1==1)
{

open window
If (PORTCbits.RCO==0¢}(

/Imodify address of encoder to address of window
PORTDbits.RD4=0¢
PORTDbits.RD5=1¢
PORTDDbits.RD6=0¢
PORTDDbits.RD7=0¢

OPEN ‘
PORTCbits.RC4=0¢ (
PORTCDbits.RC5=0¢

PORTCbits.RC6=1¢

PORTCbits.RC7=1 ¢

PORTAbits.RA2=0;//TE'

Delay10TCYx(10)¢
PORTADbits.RA2=1 JITE'
}
}
if(PORTAbits.RA1 ==il})
JIclose window
if(PORTCDbits. RC0==1)

{
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/Imodify address of encoder t :
PORTDDbits.RD4=0s 0 address of window

PORTDbits.RD5=1¢
PORTDbits.RD6=0¢
PORTDbits.RD7=0¢ |

/ICLOSE

PORTCDbits.RC4=1:
PORTCDbits.RC5=1¢
PORTCDbits.RC6=0¢
PORTCDbits.RC7=0 ¢

PORTADbits.RA2=0;//TE'
Delay10TCYx(20)
PORTADbits.RA2=1;//TE'

}
¥
} /fend light

6.1.4 Temperature Sensor Testing

Temperature sensor circuit was built as shown in Figure 6-8. The output of
temperature sensor forwarded to the amplifier, then the amplifier amplify it. The
output from amplifier goes to the microcontroller. The potentiometer used to ‘
configure the amplifier (to reset the amplifier). *

----------
A B

Figure 6-8 Temperature sensor circuit.
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The previous circuit was tested and the re: T d
sults were gathered in Table i
: : 6-1, dependin;
on using the amphﬁer. ’ :

Table 6-1 Temperature degree reading varies to voltage

Temperature degree in ° C | Voltage
60 59
40 4
20 2
15 1.4
10 0.9
8 0.8
5 0.7 '

The voltages obtained from the amplifier passed to the Analog-to-Digital (A/D)
port in the microcontroller, where the microcontroller reading values were calculated

depending on the following rules:
o The (A/D) converts an analog input signal to a corresponding 10-bit digital number
as
shown in Figure 6-9.
« 10-bit digital number can be read as integer number (N).
o N is converted to its corresponding voltage value using the following equation:

N = Vin* 21 / (Vreft - Vref-) [3]

Where:
Vreff- = OVolt and Vref+ =5 Volt.

For example if the temperature is 25° C, then

62




N=1024/(5-0) *2.5 =512

ADC S b
10bits| — w

Yin TS >_ N

amalog input LTS

S

Vref- Vref+
Figure 6-9 Analog-to-Digital (A/D) converter module.[S]

The following code was written to read the value of temperature and according
to this value the desired action (turn on/off the heater) will be taken.

ADCONO0=0x01;
ADCON1=0x0E;
TRISA=0b00000011;
void temp(void){

int result;
Il configure A/D converter

. ADC—FOSC”BC? g TAD,ADC_CHO &
ADC RIGHT JUST & ADC_2_TAD,ADC_ |
ADC_INT_OFF & ADC_VREFPLUS_VDD & ADC_VREFMINUS_VSS , 0x01

);

ConvertADC(); // Start conversion

while( BusyADCY() ); // Wait for completion
result = ReadADC(); // Read result

CloseADC(); // Disable A/D converter




ﬁ

if (result<270) /IF TEMP <13 C

{
/IheatON

/IMODIFY A

PORTDb“s.gB?:S;S OF ENCODER TO ADRESS OF HEATEAR
PORTDDbits.RD5=1;

PORTDbits. RD6=0;

PORTDbits.RD7=0;

/IHEAT ON

PORTCbits.RC4=1;
PORTCbits.RC5=1;
PORTCbits.RC6=0;
PORTCbits.RC7=0;

|
IITE! |
PORTAbits.RA2=0; '
Delay10TCYx(20);

PORTAbits. RA2=1; .

}

If (result>390) /IF TEMP>20 C
{

//MODIFY ADDRESS OF ENCODER TO ADRESS OF HEATEAR
PORTDbits.RD4=1;
PORTDDbits.RD5=1;
PORTDDbits.RD6=0;
PORTDbits.RD7=0;

/HEAT OFF
PORTCbits.RC4=0;
PORTCbits.RC5=0;
PORTCbits.RC6=1;
PORTCbits.RC7=1;
/ITE'
PORTAbits.RA2=0;
Delay10TCYx(20);
PORTAbits.RA2=1;

}
} //END temp
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6.1.5 Motion Sensor Testing

The circuit shown in Fi ;
S o F-lgllre 6-10 is a motion sensor circuit that tested '
> uit requires 12 'V power supply. This circuit tested by readin
the value of the voltage a cross the resistor that connected with the moti .
otion sensor.

The sensor can be adjusted to work at different distances, so it tested to 0.4. 0.7. 1.3
2 Meter. 1 , i
and ter. When the sensor detects motion of bodies the voltage across the resistor

is 5 V and the red photo led is tumed o .
n, when no bodies detection the vol
the resistoris 0 V. Fo s

AT

- ,"&.
| Sad < § | 8
I L ‘_7
x, i
n

——

~
L.
\

e,
3
v
‘.-
D
]

(@) (b)
Figure 6-10 (a) Motion circuit detects human body motion. (b) Motion circuit does
not detect human body motion.

The following code was implemented to control the door opening and closing

operation depending on the input from the motion sensor.

void motion(void){

/imodify address of decoder to address of door

PORTDbits.RD0=0;




PORTDDbits.RD1=0;
PORTDDbits. RD2=0;
PORTDbits.RD3=0:

Delay10TCYx(20);
if(PORTAbits.RA1==1) //check VT
Door();
WEND motion

6.1.6 Motor Direction Control Circuit Testing

The circuit shown in Figure 6-11 is the first circuit tested to control the
direction of motor but it does not get any correct result because the circuit doesn't
offer -5V in forward signal. So another circuit was tested which is shown in Figure6-
12 that use built in H-bridge but this circuit also doesn't work because the motor
needs more power to operate which this circuit doesn't offer it. Circuit that shown in
Figure 6-13 was built and tested which was worked correctly, the schematic circuit

of this circuit shown in Figure4-12.

-5V

digils

Forward signal

R3 7k

-NPN transistors.

Figure 6-11 Motor direction control circuit using 2




12vdc

nc nc [—x
InA OutA

GND VDD |2

InB OutB

-

MAX4428

i istors.
Figure 6-13 Motor circuit using NPN and PNP transistor:

MOTOR DC
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circuits, this switching circuits used for indicating the direction of the
, illustrates the logic of this circuit:- foten Tableo-

Table 6-2 Motor rotation logic

Forward Reverse Rotation mode
signal signal

0 0 stop

0 1 reverse

1 0 forward

1 1 stop

This logic indicates that there is no sudden change between forward and reverse

unless the stop rotation mode is performed.

The following code was implemented to control the opening and closing the door.
void Door(void){

/lopenDoor

/Imodify address of encoder to address of door
PORTDDbits.RD4=1;
PORTDDbits.RD5=0;
PORTDDbits.RD6=0;
PORTDbits.RD7=0;
/IOPEN DOOR
PORTCbits.RC4=0;
PORTCbits.RC5=0;
PORTCbits.RC6=1;
PORTCDbits.RC7=1;
PORTAbits.RA2=0;IIT E'
Delay1 0TCYx(20);
/Istop signal for motor
PORTCbits.RC4=1;
PORTCDbits.RC5=1;
PORTCbits.RC6=1;
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PORTCDbits.RC7=1:
PORTADbits.RA2=0://TE'
Delay10TCYx(20);
[* delay */
Delay10T - : '
I/CLCy)SE SCY))SLOO)' /lat this moment door is opened
PORTCDbits.RC4=0;
PORTCDbits.RC5=0;
PORTCDbits.RC6=1;
PORTCDbits.RC7=1;
PORTADbits.RA2=0;//TE'
Delay10TCYx(20);
} /lend Door

6.1.7 Heater Control Circuit Testing
The circuit that controls turning on/off the heater was build and tested as shown
in Figure 6- 14. The lamp was used to simulate the heater that requires 220V AC

power supply, this circuit operates as follows: when the optocoupler gets an input of |
5V it will activates the triac which works as a switch to connect the 220 V to the

heater. The input of 5 V will be taken from the attached receiver circuit. The code for

control the operation of turning on/off operation was presented at section 6.1.4

(@) |
Figure 6-14 Heater circuit (@)heater is turned off (b)heater 15 turned on.




6.2 Summary

At this chapt
pter every part of the system was tested. this chapter presented the
ults that obtain i i ,
e - . ed from implementing the System. at first the chapter showed the
testing of the microcontroller then sensing circuits, finally the control circuit of
motor and heater. 0
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Chapter Seven

Conclusions and Future Work

This chapter presents some conclusions that resulted from implementing and
; : , e .
testing the project, also it explains in details the goals that were achieved from the

project. Finally, it proposes some suggestions and recommendations for developing
the system in the future.

7.1 Conclusions

Although there were many difficulties during the implementation, we have
succeeded to solve them, on the other hand these difficulties enhanced the work team ‘
experience; through implementation of new technologies that was covered briefly in
the text books, through some hardware components that were all new, and through
improving the team ability to deal with the used software. The following are the
obtained outputs from the whole project work:

1- The team work of the project put the aims of the project and studied the
theoretical part of the project (theories and 1aws). The team proved that

theoretical methods can be executed in real world and they are can be

applicable.

it with other methods the result

2- After using RF-technology and comparing
able, accurate, and easy to configure.

was using RF- technique is more reli




ﬁ

3- Dealing with th i
g e PIC microcontroller made the & ; :
attractive than using PC. ntrolling easier and more

4' Im le i i i

stabilized the syste
System outputs and help the microcontroller to distinguish
between several transmitters and receivers |

5- Usi 1 i
thsmg.w1relerss techniques made the system more comfort through reducing
e wu&s. f:onnectlons and the need for signals modification (amplification
and repetition, i.e. extra hardware).

6- The choice of using the indicated sensors in the project was very successful; it
provided the controller with an optimal measurements from the surrounding

environment.

7.2 Remarks

discriminating signs that must be found in any

This project has many
real time, fast, accurate and

successful project. Firstly, automated home system i
multifunctional system that used to control many home components. Beside that this

system is flexible because it is pro grammable systemm.

any malfunction of any chip of the project
chips. In addition this system is portable

Also this project 1S robust system;
alternative active
acceptable cost for the whole system.

can be easily replaced by
to be placed in any home beside the




7.3 Problems

Evety project may face several problems while working in. These probl
; ems

can be divided into two parts Hardware problems and Software proble
ms.

7.3.1 Hardware Problems:

The implementation of the H-bridge circuit to control the direction of the DC
motor failed; the team build three circuits to have the desired output correctly,
the use of H-bridge (MAX4428) chip that provides less than the enough
current that is needed to control the motor direction. So the team was forced

to build alternative circuit manually.

Late arrival of some of the essential components such as wireless components

and the microcontroller.

The work was paused for three weeks at least, because the PIC programmer
was destroyed completely, and there was no spare PIC programmet, and it

was so hard to provide us with this programmer in the limited time. An

alternate programmer Was build manually to complete the project

implementation.

The PIC microconiroller was destroyed because of the programmer

malfunction. So another microcontroller was bought.

This problem solved by using exira
for stabilize the value of light

of system Were unstable.
tt trigger

Some inputs
hardware components such as Schml

Sensor.
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e Some circuits were worked successfully, but when we return to i
: SN e 0 1t at anoth
time the circuits didn't work. The team was forced to rebuild i i
uild 1t.

The big prob?em appeared while testing the overall system is: to receive data
from t-ransrmtter only the specified transmitter must be enabled. (One
transmitter enabled at a time). This problem solved by software at

microcontroller unit module. And by adding extra hardware components (555 ‘

timers) to control the transmitter enable at another modules.

7.3.2 Software Problems:

o Selfstudy of MPLAB IDE sofiware in order to program the PIC |

microcontroller takes more time.

o Difficulties that appears through configuring the A/D convertor inside the

PIC microcontroller.

o Calculations of delay at software are different from the real time delay, so
many trials are tested to get the actual needed delay

7.4 Future Work

; future such that:
We can add some ideas that the students can work on in the e su

e users by adding LCD display to

o Develop system to be more clear to th

display the system parameters.




e

o Replace the build H-bridge with LMD18200 H-bridge chip that provid
vide many

features that will develop the speed of rotation to the motors
o Develop the system to control the whole home room and entrie
S.

Adding some fi I !
5 g some features to the system in order to be placed in any security 1

system.

o The system can use a camera to control outside the room or to provide the

person with additional information about the outdoor.

7.5 Summary

This chapter summarized the conclusions that came from implementing the
project; it describes the problems that occurred during the project implementation.

Finally it suggests some future ideas for the interested researchers.
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#£.2 DOOR MODULE
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1- MPLAB IDE

Microchip microcontrollers. It is called an Ing D onrenn .

b i i . . onment, or
IDE, ecaus? 1t provides a single integrated "environment" to deyelo i
embedded microcontrollers. p oF

MPLAB IDE program has many components which they are:

o Project Manager

The project manager provides integration and communication between the IDE and
the language tools.

o Editor
The editor is a full-featured programmer's text editor that also serves as a window

into the debugger.

o Assembler and Linker
The assembler can be used standalone to assemble a single file, or can be used with

the linker to build a project from separate source files, libraries and recompiled

objects. The linker is responsible for positioning the compiled code into memory

areas of the target microcontroller.

o Execution Engines
There are software simulator
PC to simulate the instructions and some peripheral

circuit emulators and in-

s in MPLAB IDE for all PICmicro and dsPIC devices.

These simulators use the

functions of the PICmicro and dsPIC devices. Optional in-
also available to test code as it runs in

the applications

circuit debuggers are

hardware.
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o Compiler Language Tools

prAB C17, -M-PLAB C18 and MPLAB (3 from Microchip provide full
integrated, optimized code. Along  with Compilers from HI-TECH, I y
microEngineering Labs, CCS and Byte Craft, they are invoked by the MPLAR g)}:;
project manager to compile code that is automatically loaded into the target debugger

for instant testing and verification.

o Programmers 1
PICSTART Plus, PRO MATE II, MPLAB PM3 as well as MPLAB ICD 2 can

program code into target microcontrollers. MPLAB IDE offers full control over
programming both code and data.
o In-Circuit Emulators
MPLAB ICE 2000 and MPLAB ICE 4000 are full-featured emulators for the
PICmicro and dsPIC devices. They connect to the PC via I/O ports and allow full
control over the operation of microcontroller in the target applications.
[\ MPLAD 1DE vz ot il e N e S (O S 2 o (=] B
flo ER View Proect Debugger Pi Tools Conf IWTIIOWIHOR el IR e ]
D | & | o e | | Checksum: Oxfa21 | p | »mﬁmai. =
[ vroo a0 T [ ADocumenta and SettingsVARmad\D esKIGHVAHS) o] =
i ginclude <plB£4520 h> ﬂ
& L] progt.mcp gincludae~adc. h-
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Figure B-1 MPLAB IDE program screen
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2- WinPIC800

R 200 WinkIC800 proprammer used with 5 pic p ket
S oc
Programmer (PP-Prog) circuit that has a chip slot where PIC 18F4520 put. PP-Prog
is a PIC programmer for program PIC Microcontroller devices via PC parallel port
which supports different software such as WinPicg0o, There are two indicators LED

and PCB, One for power supply and one for programming in progress. Fig. 6.5
shows the complete assembly of this hardware programmer.

Figure B-2 PIC Pocket Programmer (PP-Prog)
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Figure B-3 PPC-Prog schematic




= How to use with WinPic800:

WinPk800 [ Hardware Seatings ]

Selection of hardwaxe 1/0 Bits o pore
I Programmer A
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Microdyon B77 y, B Use Vpp2 [
Pabhlin 2 con E: Use Vad ¥
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Cancel ‘ Apply edits i

Figure B-4 How to use with winPic800

This circuit compatible with propic2 hardware so it was selected .Then we select all

check box like the above picture and click Apply edits

PP-Prog
0

-1

Adaptor 16Vdc

Figure B-5 How to use PP-Prog
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C.1 PIC 18F4520
C.2 RT4-433.9
C.3 RR3-433.9
C.4 HT-12E ENCODER
C.5 HT-12D DECODER
C.6 LM-35 TEMPERATURE SENSOR
C.7 MOC3023 OPTOCOUPLLER

C.7 BD244 & BD24S TRANSISTOR
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MICROCHIP

PIC18FXX2

28/40-pin High Performance, Enhanced FLASH

o
——

Microcontrollers with 10-Bit A/D

High Performance RISC CPU:

. C compiler optimized architecture/instruction set

- Source code compatible with the PIC16 and
PIC17 instruction sets

Linear program memory addressing to 32 Kbytes

- Linear data memory addressing to 1.5 Kbytes

On-Chip Program
Memory On-Chip| Data

FLASH | # Single Word | (p b
(bytes) | Instructions (bxize)f| \vtes)

Device RAM |EEPROM

PIC18F242| 16K 8192 768 256
PIC18F252| 32K 16384 1536 256
PIC18F442| 16K 8192 768 256
PIC18F452| 32K 16384 1536 256

* Upto 10 MIPs operation:
- DC - 40 MHz osc./clock input
- 4 MHz - 10 MHz osc./clock input with PLL active
+ 16-bit wide instructions, 8-bit wide data path
* Priority levels for interrupts
* 8x 8 Single Cycle Hardware Multiplier

Peripheral Features:

* High current sink/source 25 mA/25 mA

* Three external interrupt pins

* TimerD module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler

* Timer1 module: 16-bit timer/counter

Timer2 module: 8-bit timer/counter with 8-bit

period register (time-base for PWM)

Timer3 module: 16-bit timer/counter

* Secondary oscillator clock option - Timer1/Timer3

Two Capture/Compare/PWM (CCP) modules.

CCP pins that can be configured as:

- Capture input: capture is 16-bit,
max. resolution 6.25 ns (TcY/16)

- Compare is 16-bit, max. resolution 100 ns (TCY)

- PWM output: PWM resolution is 1- to 10-bit,
max. PWM freq. @: 8-bit resolution = 156 kHz

10-bit resolution = 39 kHz

Master Synchronous Serial Port (MSSP) module,

TWo modes of operation:

- 3-wire SPI™ (supports all 4 SPI modes)

- PC™ Master and Slave mode

©2002 Microchip Technology Inc.

Peripheral Features (Continued):

* Addressable USART module:
- Supports RS-485 and RS-232
* Parallel Slave Port (PSP) module

Analog Features:

* Compatible 10-bit Analog-to-Digital Converter
module (A/D) with:
"'~ Fast sampling rate
- Conversion available during SLEEP
- Linearity < 1 LSb
 Programmable Low Voltage Detection (PLVD)
- Supports interrupt on-Low Voltage Detection
+ Programmable Brown-out Reset (BOR)

Special Microcontroller Features:

= 100,000 erase/write cycle Enhanced FLASH
program memory typical

= 1,000,000 erase/write cycle Data EEPROM
memory

. FLASH/Data EEPROM Retention: > 40 years

- Self-reprogrammable under software control

. Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

. Watchdog Timer (WDT) with its own On-Chip RC
Oscillator for reliable operation

- Programmable code protection

. Power saving SLEEP mode

. Selectable oscillator options including:

- 4X Phase Lock Loop (of primary oscillator)

- Secondary Oscillator (32 kHz) clock input

Single supply 5V In-Circuit Serial Programming™

(ICSP™) via two pins :

. In-Circuit Debug (ICD) via two pins

CMOS Technology:
Low power, high speed FLASH/EEPROM
technology
- Fully static design
. Wide operating voltage range (2.0V to 5.5V)
« Industrial and Extended temperature ranges
tion:

. Low power consump

_ < 1.6 mA typical @ 5V, 4 MHz

- 25 pA typical @ 3V, 32 kHz
<0.2pA typical standby current

DS39564B-page 1




MICROCHIP

PIC18FXX2

28/40-pin High Performance, Enhanced FLLASH
Microcontrollers with 10-Bit A/D

—

High Performance RISC CPU:

. C compiler optimized architecture/instruction set
- Source code compatible with the PIC16 and

PIC17 instruction sets

+ Linear program memory addressing to 32 Kbytes
. Linear data memory addressing to 1.5 Kbytes

On-Chip Program
Memory On-Chip| Data
Device e e RAM |EEPROM
ingle Word | (pytes bytes
(bytes) | Instructions JhIREtes)

PIC18F242| 16K 8192 768 256
PIC18F252| 32K 16384 1536 256
PIC18F442| 16K 8192 768 256
PIC18F452| 32K 16384 1536 256

* Up to 10 MIPs operation:
- DC - 40 MHz osc./clock input

- 4 MHz - 10 MHz osc./clock input with PLL active
« 16-bit wide instructions, 8-bit wide data path

* Priority levels for interrupts
* 8x 8 Single Cycle Hardware Multiplier
Peripheral Features:

* High current sink/source 25 mA/25 mA
* Three external interrupt pins

* Timer0 module: 8-bit/16-bit timer/counter with

8-bit programmable prescaler
* Timer1 module: 16-bit timer/counter

* Timer2 module: 8-bit timer/counter with 8-bit

period register (time-base for PWM)
* Timer3 module: 16-bit timer/counter

* Secondary oscillator clock option - Timer1/Timerd
* Two Capture/Compare/PWM (CCP) modulcs.

CCP pins that can be configured as:
- Capture input: capture is 16-bit,
max. resolution 6.25 ns (TCv/16)

- Compare is 16-bit, max. resolution 100 1=
- PWM output: PWM resolution is 1- 1o 10-bI

max. PWM freq. @: 8-bi resolution = 156 11

a0
v |

3

40-bit resolutior -

“l,.l

* Master Synchronous Serial Port (IS5 1100

Two modes of operation:
3 %-wire SPI™ (supports all 4 SF11o!
- FC™ Master and Slave mode

L Tee—

T
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<

Peripheral Features (Continued):

* Addressable USART module:
- Supports RS-485 and RS-232
* Parallel Slave Port (PSP) module

Analog Features:
* Compatible 10-bit Analog-to-Digital Converter
module (A/D) with:
"'~ Fast sampling rate
- Conversion avzilable during SLEEP
- Linearity <1 LSb
* Programmable Low Valizge Detection (PLVD
- Supports interrupt on 5
+ Programmable Brown-cut Reset (ECR}
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*
RB3 s the altemate pin for the CCP2 pin multiplexing:

RB3/CCP2*
RB2/INT2
RB1/INTA
RBO/INTO
Vob

Vss
RD7/PSP7
RD6/PSP6
RD5/PSP5
RD4/PSP4
RC7/RX/DT

NC
RCO/T10SO/T1CKI
0OSC2/CLKO/RA6
OSC1/CLKI

Vss

Vop o
RE2/AN7/CS
RE1/AN6/WR
REO/ANS/RD
RAS5/AN4/SS/LVDIN
RA4/TOCKI

\\
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PIC18FXX2

pin Diagrams (Cont.’d)

DIP
M&RIVPP — EW\W
B2 S puren
RAZ/AN2/VREF- g s REAEGO
RAJ/A el DAy
N3/VREF+ <—, ds 37 [ =—» RB4
RA4/TOCKI <«— o 36 [J =— RB3/ *
RAS/AN4/SS il Loy
SILVDIN ~—] 7 35 [1 «<—= RB2/INT2
REORD/ANS =——»g N o 34H=—RBUNT|
WR <
REVWRANG =—»g & <9 3 0 <— RBO/INTO
RE2CS/AN7 =—— 10 & & 22 0 <~— Voo
Voo — o [ 14 ® © 3O0<—vss
Ve R e L 1 <—» RD7/PSP7
OSCI/CLKI —+p] 13 & 29 [1 <— RD6/PSP6
OSC2/CLKO/RA6 =——[] 14 28 [1 <—» RD5/PSP5
RCO/T10SOT1CKI =—» 15 27 [1 <— RD4/PSP4
RC1/T10SIICCP2* =] 16 26 [ =<— RC7/RX/DT
RC2/CCP1 d 17 25 [J =— RC6/TX/CK
RC3/SCKISCL <~—[] 18 24 J ~— RC5/SDO
RDO/PSP0. «— [] 19 23 [1 <— RC4/SDIISDA
RD1/PSP1 o 20 22 [1 «<— RD3/PSP3
21 [J <— RD2/PSP2
Note: Pin compatible with 40-pin PIC16C7X devices.
DIP, SOIC
MCLR/VPP —=[]° 1 = 28[] == RB7/PGD
RAO/ANO ==L 2 27[] =— RB6/PGC
RA1ANT =—[] 3 26[] =— RB5/PGM
RA2/AN2/VREF- <=—L| 4 25[] = RB4
RAZANZVREF+ =] 5 o o 24| = RB3/CCP2Z
rasmocki = 6 & § B TReANT
RASAN4SSLVDIN =— [ 7 & L 22[] <—= RB1/INT1
Ve —hle = = 21 ~="RBOINTO
Beoilclid = m R HOE &y 20[F] =S=ViD
10 B8 0o 19[] =— Vss

0SC2/CLKO/RAE =— L
RCOT10SOM1CKI =—= L]
rc1/T10slccP2t ==L

rc2iccP1 =—= [
RC3/sCK/SCL =—=[]

18[] <— RC7/RX/DT
17[] =— RC6/TX/CK
16[] <— RC5/SDO
15[7] <— RC4/SDI/SDA

* RB3 is the alternate pin for the CCP2 pin multiplexing.

L
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PIC18FXX2

1.0

DEVICE OVERVIEW

This document contains device specific information for

the following devices:

. PIC18F242
. PIC18F252

* PIC18F442
* PIC18F452

These devices come in 28-pin and 40/44-pin packages.
The 28-pin devices do not have a Parallel Slave Port
(PSP) implemented and the number of Analog-to-
Digital (A/D) converter input channels is reduced to 5,
An overview of features is shown in Table 1-1,

The following two fi
Sorted by pin count;
for Figure 1-2. The
listed in Table 1-2a

gures are device

28-pif1 for Figure 1-1 and 40/44-pin
28-pin and 40/44-pin pinouts are
nd Table 1-3, respectively.

block diagrams

TABLE 1-1: DEVICE FEATURES
t
Features PIC18F242 PIC18F252 PIC18F442 PIC18F452
Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16K - 32K 16K T
Program Memory (Instructions) 8192 16384 8192 16384
Data Memory (Bytes) 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 18 18
110 Ports Ports A, B, C Ports A, B, C Ports A, B, C,D, E |Ports A, B, C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 2 2
MSSP, MSSP, MSSP, MSSP,
Serial Communications Addressable Addressable Addressable Addressable
USART USART USART USART
Parallel Communications — = PSP : PSP
10-bit Analog-to-Digital Module 5 input channels | 5 inputchannels | 8inputchannels | 8 input channels
" POR, BOR, POR, BOR, . POR, BOR, POR, BOR,_
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Ir:(s::rultl:tlon,
’ k Full Stack Full,
RESE Stack Full, Stack Full, Stack Full,
) Stack Underflow | Stack Underflow | Stack Underflow St;a:c\:/‘\(/F[{JTndg;ﬂTo)w
(PWRT, OST) (PWRT, OST) (PWliT. OST) ( Ye.s
es
Programmable Low Voltage Yes e
Detect = e
Yes
Programmable Brown-out Reset Yes : — e B ninuclions
Instruction Set 75 Instructions 40-pin DIP 40-pin Dlgc
: -pin DIP -pin PLCC 44-pin PL
-pin DIP 28-pin D 44-pin P i
Packages gzgfp?n SoIC 28-pin SOIC 44-pin TQFP 44-pin TQFP
e Y e
S UG // DS39564B-page 7
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JGURE 1-1:

PIC18F2X2 BLOCK DIAGRAM

Table Pointer =
I Data Latch |
| 8 U8
inc/dec logic | Data RAM |
I
Address Latch |
122 | |
Akiess <> ' I
Program Counter 4 12 |
Vi BSR]  |[Fsro]] [Eanka. |
[31 Level Stack | FSR1 | l
FSl
= 12 | |
16 |
! |
! |
|  PoRTB |
[ H RBO/INTO |
| H—={X| RB1/INT1
Instruction I RB2/INT2 |
Register | A > Sgifccpzm [
M to—
Instruction |+ | 2= RB5/PGM |
Decode & I —X| RB6/PCG
Control < RB7/PGD |
0SC2/CLKO [
OSCH/CLKI YTTYY 3 X I
Power-up I |
®® Timer 8 | |
T10SCI Timini Oscillator
TI0SCO Generafion [<1 [start-up Timer | |
®<:={> {} Power-on | |
Reset 8
I I
4XPLL [<=> Watchdog
& Timer ALU<B> | _PORTC |
= : I Rcomosorrmg) |
— rown-ou 8 < RC1/T10Sl/CCP2!
P\n;g;;:éc;n Reset | < RC2/CCP1 |
R Reference Low Voltage __P——'> : ggigg:flsso% |
W Programming ] N EISD0
Voo, Viss In-Circuit | < RCB/TXICK |
& Debugger | RC7/RX/DT l
[ e S SHS B § e e 4
e S S e | e e T il
Timer3 A/D Converter

Master Addressable
Synchronous USART
Serial Port

are device dependent.

Optional multiplexing of CCP2 input/output with
2 The high order bils of the Direct Address for the _
3: Many of the general purpose I/O pins are multiplexed Wit

RB3is enabled by s

RAM are from the B
h one or more perip!

SR register (except for the MOVF
heral module functions.

F instruction).

The multiplexing combinations

_—
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PIC18FXX2

PIC18F4X2 BLOCK DIAGRAM

Address Latch

Program Memory|
(up fo 2 Mbytes)
Data Latch

inc/dec logic

Data Bus<g8>

Table Latch
Fe

inc/dec
logic

7 G (Y O Y

'

PORTC

7 o\ e o Y e ¢

PORTD

Timer1 ’

Optional multiplexing of CCP2 in
2: The high order bits of the Direct Address

3: Many of the general purpose l/O pins are mul
are device dependent.

Master
Synchronous
Serial Port

put/output with RB

for the RA

! Instruction f—
Register I
Instruction
Decode &
Control
0SC2/CLKO
OSC1/CLKI ‘ ‘ { {
EC:D Power-up
Timer
Timing Oscillator
Eggglo Generation K= Start-up Timer]
gj > Power-on
{} Reset
Watchdog
4XPLL K= gl
Brown-out )
Precision Reset
Voltage
_— Reference Low Voltage
M& Programming
In-Circuit
VDD.@ Debugger
el - = -
Timer2 | Timer3

Addressable
USART

PORTE

RAO/ANO
RA1/AN1
RA2/AN2/VREF-
RA3/AN3/VREF+
RA4/TOCKI
RAS/AN4/SS/LVDIN
RA6

RBO/INTO
RB1/INT1
RB2/INT2
RB3/CcCP2(1)
RB4
RB5/PGM
RB6/PCG
RB7/PGD

RCO/T10SO/T1CKI
RC1/T10sICCP2(M
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
RC6/TX/CK
RC7/RX/DT

RDO/PSP0
RD1/PSP1
RD2/PSP2
RD3/PSP3
RD4/PSP4
RDS5/PSP5
RD6/PSP6
RD7/PSP7

L% REO/ANS/RD

> 4[] RE1/AN6WR
4] RE2/AN7/CS

A/D Converter

Parallel Slave Port

Data EEPROM |

3 is enable

d by selection of config
M are from the BSR register (

tiplexed with one or more peri

uration bit. .
pt for the MOVFF instruction).

odule functions. The multip

lexing combinations

T

;\
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PIC18FXX2

L=
TABLE 1-2: PIC18F2X2 PINOUT 1/0 DESCRIPTIONS
AT GNRIBET o | Bitrer \
DIP | soic |Type| Type Description

=R 1 1 >
MCLR/VPP gﬂna:;]e; Clear (input) or high voltage ICSP programming

— pin.

MCLR ' ST Master Clear (Reset) i is pin i

nput. Th i
l RESET to the devicg. : B o

VPP ST High voltage ICSP programming enable pin.
NC S S = = These pins should be left unconnected.
0SC1/CLKI 9 9 Oscillatgr crystal or external clock input.

0SCt I ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS otherwise.

CLKI | CMOS E?(temal clock source input. Always associated with
pin function OSC1. (See related OSC1/CLK],
OSC2/CLKO pins.)

0SC2/CLKO/RAG 10 10 Oscillator crystal or clock output.

0SC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (0] — In RC mode, OSC2 pin outputs CLKO which has 1/4
the frequency of OSC1, and denotes the instruction
cycle rate.

RA6 /10 1AL General Purpose /O pin.

PORTA is a bi-directional I/O port.

RAO/ANO 2 2

RAO ' /O TTL Digital I/O.

ANO | Analog Analog input 0.
RA1/AN1 3 3

RA1 110 TTL Digital 1/O.

AN1 | Analog Analog input 1.
RA2/AN2/VREF- 4 4

RA2 /O TTL Digital I/O.

AN2 I Analog Analog input 2. ;

VREF- | Analog A/D Reference Voltage (Low) input.

RA3/AN3/VREF+ 5 5 o

RA3 110 TTL Digital I/O.

AN3 I Analog Analog input 3. Sy

VREF+ I Analog A/D Reference Voltage (High) input.

RA4
RT;CK] 2 2 /O | ST/OD Digital I/0. Open drain when configured as output.
TOCK| I ST Timer0 external clock input.

RAS/AN4/SS

Al Analo Analog input4.

%4 : ST 5 SPI Slave Select input.

LVDIN | Analog Low Voltage Detect Input.

RAG See the OSC2/CLKO/RAS pin.
0 CMOS = CMOS compatible input or output
€gend: TTL = TTL compatible input ' I = Input .
ST = Schmitt Trigger input with CMOS levels Pz Poer

O = Output
OD = Open Drain (no P diode to VDD)

08395648 page 10
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—_— PIC18FXX2

TABLE 12 PIC18F2X2 PINOUT I/0 DESCRIPTIONS

ik (CONTINUED)
[ Pin Number | .
Pin Name T in Buffer
DIP | soic | Type| Type Description
——
PO T . ._ . .
progm?n‘:]: dbf' directional /0 porl. PORT can bs software

B NTD o ) or internal weak pull-ups on all inputs.

,iﬁ% 110 TTL Digital /0.

| I ST External Interrupt 0.
RB1/INT1 22 22

RB1 110 TTL

INT1 | ST External Interrupt 1.
RB2/INT2 23 23

RB2 110 TTL Digital I/0.

INT2 | ST External Interrupt 2.
RB3/CCP2 : 24 24

RB3 o TTL Digital I/0.

CCP2 /10 ST Capture2 input, Compare2 output, PWM2 output.
RB4 25 25 110 TTL Digital I/O.

Interrupt-on-change pin.

RB5/PGM 26 26

RB5 l{e} TTL Digital I/O. Interrupt-on-change pin.

PGM 110 ST Low Voltage ICSP programming enable pin.
RB6/PGC 27 27

RB6 /0 TTL Digital I/O. Interrupt-on-change pin.

PGC g /0 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/PGD 28 28

RB7 110 TTL Digital I/O. Interrupt-on-change pin.

PGD 110 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels I = Input
O = Output FgRaer

OD = Open Drain (no P diode to VDD)

e DS39564B-page 11
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pIC18FXX2

=
aBLE12:  PIC18F2X2 PINOUT /0 DESCRIPTIONS

asy T (CONTINUED)
Pin Number %
pin Name Pin | Buffer
DIP | soic | Type| Type DiacHisi
Q*
PORTC i-direct:
2CUTIOSOMTICKI | 11 | 11 ® & bi-directional /0 por.
RS0 'g’ ST Digital /0.
T:gKI | STI‘ Timer1 oscillator output.
T Timer1/Timer3 external clock input
ROIMIOSICCP2 | 12 | 12 put.
RC '/IO ST Digital I/0.
&?;I e C“SA?S Timer1 oscillator input,
Capture2 input, Compare2 t
RC2ICCP1 13 13 pare2 output, PWM2 output.
RC2 :;O ST Digital I/0.
CCP1 0o ST Capture1 in
put/Compare1 output/PWM1 output.
RC3/SCK/SCL 14 | 14 i il
RC3 1/10 ST Digital I/0.
SCK I/0 ST Synchronous serial clock input/output for SPI mode.
SCL /0 ST Synchronous serial clock input/output for I2C mode
RC4/SDI/SDA 15 15
RC4 II0 ST Digital I/O.
SDI | ST SPI Data In.
SDA I/0 ST 12C Data I/0.
RC5/SDO 16 16
RC5 ; 11O ST Digital I/O.
SDO (0] — SPI Data Out.
RC6TX/CK 17 17
RC6 110 ST Digital /0.
X (0] — USART Asynchronous Transmit.
CK 110 ST USART Synchronous Clock (see related RX/DT).
RCTIRX/DT 18 18
RC7 JON|RIEST Digital I/O. ;
RX I ST USART Asynchronous Receive.
DT /10 ST USART Synchronous Data (see related TX/CK).
Vss 8. 19| 8 19 P — Ground reference for logic and I/O pins.
Vbp 20 20 P = Positive supply for logic and I/O pins. -
= CMOS compatible input or outpu
Legend: TTL = TTL compatible input Fylgsut & p
ST = Schmitt Trigger input with CMOS levels P- P;Z)wer
O = Output =
OD = Open Drain (no P diode to VDD)
—— : © 2002 Microchip Technology Inc.
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E PIC1
TABLE 1-3: PIC18F4X2 PINOUT 110 8FXX2
DESCRIPTIONS
Pi e
Pin Name I tey Pin ?
uffer
DIP |PLCC|TQFP |TyPe| Type
MCLR/VPP 1 2 18 —_— | Description
S Master Clear (i
in i
MCLR : w pmgramming(enF;k:)t[)eoF:i:lgh voltage ICSP
Master CJ i
VPP ear (Reset Sea T
NC ' ST :3,W RESET to the dgv'::pem e = enecii
Hig T igh voltage ICSP programmin i
OSC1/CLK| 13 T These pi g enable pin.
14 30 pins should be left
0SCt Oscil —hennesled,
I ST Oatgr crystal or external clock input
Osscillator crystal input or external clock s
Input. ST buffer when confi : ource
CLKI ; CMOS otherwise nfigured in RC mode,
CMOs External .
2 clock source input. Al i
with pin function OSC1.F()See rgg:;éS;gated
0sc2 o Osccil)latc;'r crystal or clock output.
= scillator crystal output. Connects
; . to cryst
CLKO ) B :Jl' resonator in Crystal Oscillator mode.rys -
v:l‘hRCh mode, OSC2 pin outputs CLKO,
d ich has 1/.4 the frequency of OSC1 and
RA6 o 7 enotes the instruction cycle rate.
L General Purpose 1/O pin.
RAO/ANO 5 . % PORTA is a bi-directional I/O port.
RAO
ANO ”10 ATTlL Digital I/O.
o AN L b - nalog Analog input 0.
el o | TIL Digi
AN1 | Analo AlgI:al V'O.
n
RA2/AN2/VREF- 4 5 | 21 : L
mg o T Digital 1/0.
e | Analog Analog input 2.
| Analog A/D Reference Voltage (Low) input.
RA3/AN3/VREF+ 5 6 22
mg e | T Digital I/0.
Viees | Analog Analog input 3.
| Analog A/D Reference Voltage (High) input.
RA4/TOCKI 6 7 23
$A4 /o | ST/OD Digital I/O. Open drain when configured as output.
OCKI | ST Timer0 external clock input.
RAS/AN4/SS/LVDIN | 7 g .| 24
RA5 110 TTL Digital I/O.
AN4 | Analog Analog input 4.
SS | ST SPI Slave Select input.
LVDIN | Analog Low Voltage Detect Input.
RAG\ (See the OSC2/CLKO/RAS pin.)
e ——————— . .
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output R RovE)
OD = Open Drain (no P diode to VD)

——

..

© 2 . .
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pIC18FXX2

——
LE 1-3: PIC18F4X2 PINOUT |/0 DESC
T8 RIPTIONS (CONTINUED)
Pin Number ES
pin Name Pin Buffer \‘
DIP |PLCC|TaQFP |Type| Type Description
= ] P
SOfth?els ra0 bi-directional VO port. PORTB can be
i B Programmed for internal weak pull-ups on all
::\IBT% "10 T;TTL Digital I/0.
External Interrupt 0.
RB1/INT1 34 | 37 9 :
RB1 110 TTL
INT1 ' ST External Interrupt 1.
RB2/INT2 35 38 10
RB2 110 TTL Digital /0.
INT2 I ST External Interrupt 2.
RB3/CCP2 36 39 11
RB3 l{e} ik Digital 1/0.
CCP2 110 ST Capture2 input, Compare2 output, PWM2 output.
RB4 37 41 14 110 TTL Digital I/O. Interrupt-on-change pin.
RB5/PGM 38 42 15
RB5 /10 TTL Digital I/O. Interrupt-on-change pin.
PGM 110 ST Low Voltage ICSP programming enable pin.
RB6/PGC 39 43 16
RB6 ) 110 TTL Digital I/O. Interrupt-on-change pin.
PGC 110 ST In-Circuit Debugger and ICSP programming clock
pin.
RB7/PGD 40 44 17
RB7 /10 TTL Digital I/0. Interrupt-on-change pin.
PGD 110 ST In-Circuit Debugger and ICSP programming data
pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output = Rawer

OD = Open Drain (no P diode to VDD)

= 2002 Microchip Technology Inc.

©

0839564B-page 14




e

PIC18FXX2

TABLE 1-3:  PIC18F4X2 PINOUT 1/0 DESCRIPTIONS (cont
i |

——

NUED)

Pin Number . :
Pin Name Pin | Buffer \
DIP_|PLCC | TQFP | Type Type Description
E———

RCOT1OSOITICKI | 15 16 o PORTC s a bi-directional /0 port.

RCO o

T10S0 lgo ST Digital 1/O.

T1CKI | STI' Timer1 oscillator output.
rotiosicePz | 16 | 18 | 35 Timer1/Timer3 external clock input,

RC1 110 ST peo

T10SI | CHDS TD_lgltal I/0. ; !

CCP2 e Imer1 oscillator input.

ST Capture2 input, Compare2 output, P

RC2/CCP1 17 19 36 pare2 output, PWM2 output.

RC2 110 ST Di<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>