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1.1 Overview

Our children are our life, so we need to be careful about them. Imagine yourself in a
crowded place with your child, and then you are surprised that your child is
disappeared!

What will you do? How can you know where he is?

Of course this event is dangerous, the mother will be shocked! She will harry up in
order to find her child!
So, why we do not take the advantages of today's technology and get our children
safety?

In the last years, the world witnessed a rapid and huge development of
communication networks, especially wireless networks, while the technology is found
to make our life much easier. This is the goal of this project, to alleviate the problem
of missing children, we need something that always connect parent with his child.

This project aims to develop a Child Tracking System. The system will be based on
the new ZigBee technology for exchanging information between mother side and
child side. GPS used only at the child side, which gives the coordinator of fixed point
in the first time. Then compares the movement of child to this reference point. The
innovation of this project is developing model of statistical power to determine where
are the child location with respect to his parent.

The system is flexible, it is not limited only for children. In fact, it can be used for
numerous applications. For example, it can be used for people who cannot express
themselves like autism persons, elders, also in hajj seasons, the companies can use it
with pilgrims to determine their locations and communicate with them. Also, to
determine where our personal things like car keys, and anything we want it.

1.2 Project Objectives

This project aims to alleviate the problems faced by children to express themselves,
especially children whom suffer from autism, by alarming the parent when his child is
faraway, and determine the direction and the distance of the child. In addition, our
goals is to practice a new technology (ZigBee), and use it combined with GPS.



1.3 Motivation

Tracking your child, through this project will help parents to know where their child
is located, so they can certain that their child is in safe mode or not. This project aims
to reduce the complexity, and cost with respect to other child location applications by
using ZigBee technology with one GPS device.

It is our intention to work with a new communication technology that is mainly
designed for monitoring applications.

1.4 Requirements

1.4.1 Hardware:
1) Zigbee device.

2) GPS device.
3) Microcontroller.

1.4.2 Software:
Programming software by using MPLAP and MikroC to program the

microcontroller which responsible for many tasks.

1.5 Challenges

There are many problems obstructed and change some ideas in the project. We can
summarize them below:

1) GPS accuracy:
GPS systems do not give us the desired accuracy because Intentional jamming
by occupation.

2) Availability of electronic chips.

3) Software:
How to program microcontroller to achieve the goals on hardware.

4) Dealing with a new technology (ZigBee).



1.6 Literature Review

Many projects and papers have been developed in monitoring and tracking child
system, but no one had been used ZigBee technology. An example is the project
entitled by "A Multipurpose Child Tracking System Design and Implementation"[1],
which shows an approach of child tracking system, in indoor and outdoor
environments, using GPS for outdoor, and strength of RF signals for indoor based in
GSM network.

Another similar project which also based on GSM network entitled by “child
locator” [2], it was developed a system to track number of child locations with respect
to their parent using GPS technology.

In another paper entitled by "Mobile RFID Tracking System™ [3], this paper
describes the design of an Radio Frequency ldentification (RFID) Kids Tracking
System. It is designed to track a moving child in a wide area using RFID technology.
This design includes of an RFID active tag, RFID tag reader, web server and database
server. Where the communication between the web server and the tag readers through
wireless LANS.

Another paper entitled by "Indoor Child Tracking in Wireless Sensor Network using
Fuzzy Logic Technique" [4], which discusses the child tracking application using
fuzzy logic as a position technique. At first the signal measurement is done by
sensors. Then calculate the distance to the target, and specify the direction using
trilateration method. Where fuzzy logic accepts a range of values to estimate the
position.

We provide several differences from previous works, in case of reach more usable
and more flexible system which alerts the user directly at any time.

Our system used ZigBee technology which is more reliable from GSM, for many
reasons related to fast connection, and no underlying network required to establish the
communication. Also, it can use RSSI to determine the child range for indoor
environment. In addition, it differs in form that this system stays far away from
traditional GSM system which may has defects, regard the cost of the system.



1.7 Project Plan
The project will be divided into the following phases:

Phase 1: Preparing the project

In this phase, the idea of the project is selected. Then the required information will
be collected. Discussions with supervisor, and dividing tasks between the members of
the group.

Phase 2: Analysis overview
Here, a deep and complete study for all options of the project will be made.

Phase 3: Study of the principles
In this phase, we study the GPS, ZigBee, microcontroller, and any other
technologies or information needed.

Phase 4: Documentation and writing
Writing and preparing the documentation of the project was start from the first
phase, and will continue till the end of the project.

Phase 5: Measurements
Here we will do some measurements with GPS systems, to determine the accuracy
of the system, in order to choose the better option.

Phase 6: Microcontroller programming
The programming of project codes are started, then downloaded to microcontroller.

Phase 7: Preliminary Measurement
Many experiments was taken the values of received signal strength in Xbee to
develop system with accurate result and avoid false alarms.

Phase 8: Implementation and Testing
Here the system will be implemented and tested to conclude the system
performance (false positive and false negative ).

Phase 9: Writing documentation
The documentation will continue from the first phase till the end in parallel.



Table 1.1 : Summary of the Project Plan for first semester

Task |1

Phase 6

Phase 7

Phase §

Phase 9

Table 1.2 : Summary of the Project Plan for second semester



1.8 Estimated cost and budget

The whole estimated cost will be approximately 650 JD (hardware and software),
and the table below shows the cost of each hardware component.

Xbee PRO 63mW 2 70
XBee Explorer Dongle 2 20
Channel GS407 Helical GPS
Receiver 1 120
PI1C18f4550 2 20

Table 1.3 : Estimated cost and budget

1.9 Report Contents

Documentation of the project will be divided into seven chapters, each of them
describes specific part of the project as following:

Chapter One: Introduction

This chapter provides a general overview about the project, it is objectives,
importance, related works, challenges, project plan, estimated cost, and at the end the
report contents.

Chapter Two: Theoretical Background
In this chapter, we introduce the theoretical background of the main ideas of the
project.

Chapter Three: Conceptual Design
This chapter introduces the system design and discusses the different possible
design options.

Chapter Four: Detailed System Design
This chapter explains how each unit connects with other units in the system in
specific details.



Chapter Five: Hardware and Software Implementation

This chapter contains software programming that downloaded to PIC18F4550 to
achieve the purpose on hardware components, that means how to operate each part
independently, in addition how to interface and test these parts.

Chapter Six: Preliminary Measurements
This chapter contains the results and analysis of GPS measurement, and Xbee
power.

Chapter Seven: System Testing

This section is to test the whole system work. It should be tested to conclude system
performance, false positive ( how many times buzzer make alarm when child near to
his parent), and false negative ( how many times buzzer does not make alarm when
child is far from his parent).

Chapter Eight: Conclusion and Recommendation

This chapter will consider system achievement, real outcome, and recommendation
for developing the system in future.



CHAPTER TWO 2

Theoretical Background

2.1 ZigBee Theory
2.2 GPS architecture
2.3 Serial Port



2.1 ZigBee Theory

2.1.1 Introduction

The past several years have shown a rapid development of wireless networking.
However, up to now wireless networking has been mainly focused on high speed
communications, and long range applications, such as the IEEE 802.11 Wireless
Local Area Network (WLAN) standards. And there are many wireless monitoring and
control applications in industrial and home environments, which require longer
battery life, lower data rate and less complexity than the existing standards. So, the
ZigBee Alliance and the IEEE decided to join forces, and ZigBee is the commercial
name for this new technology.

2.1.2 ZigBee Alliance

ZigBee alliance is a group of companies that produce wireless communication
devices, where these companies are working together to give secure, flexible, low
power, and monitoring products. Where the members can be any type of companies,
like universities, well known public companies, such as Philips, LG, Motorola, and
Samsung. Moreover, it is used in industrial, commercial, and residential monitoring
applications. Where the number of Alliance members are increasing rapidly, and
reach more than 200 companies. In addition, any product must satisfy the ZigBee
certification program, to carry ZigBee Alliance logo.

2.1.3 The name of ZigBee

The name of ZigBee is coming from the zig-zagging patterns of bees between
flowers to communicate information to hive members, and that what are engineers are
trying to achieve in this protocol, to communicate number of devices in the network
with each other, where the ZigBee network component similar to bees network.

2.1.4 OSI Model

OSI is Open Systems Interconnection, which is a standard reference model for
communication between two end users in a network, and it set up by the international
standards organization (ISO). This model is used in developing products and
understanding networks.

OSI divides telecommunication into seven layers; the layers are in two groups. The
upper four layers are used whenever a message passes from or to a user. But, the
lower three layers are used when any message passes through the host computer.
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Messages intended for this computer pass to the upper layers. Messages destined for
some other host are not passed up to the upper layers but are forwarded to another
host.

A comparison between the standard OSI-model and where ZigBee is defined

Defined by ZigBee or OEM

Defined by ZigBee Alliance

Defined by 802.15.4

Figure 2.1 : OSI versus ZigBee

2.1.4.1 Physical Layer (PHY)

The PHY layer specification means how 802.15.4 devices may communicate with
each other over the wireless channel. It defines three frequency bands with varying
data rates. The bit rates are 20 kbps in the European 868 MHz band, 40 kbps in the
North American 915 MHz band, and 250 kbps in the worldwide 2.4 GHz band.

Physical layer is concerned with the interface to the physical transmission medium,
exchanging data bits with this medium, as well as exchanging data bits with the layer
above (the MAC sub-layer).

868 868-868.6 20 BPSK 300 868 1
915 902-928 40 BPSK 600 915 10
2450 2400-2483.5 250 0O-QPSK 2000 2450 16

Table 2.1 : Frequency bands and data rates

11




2.1.4.2 Medium Access Control Layer (MAC)

Responsible for providing reliable communications between a node and its
immediate neighbors, helping to avoid collisions and improve efficiency. The MAC
Layer is also responsible for assembling, and decomposing data packets and frames.

2.1.5 ZigBee Network

ZigBee can be used mesh network, which may extend over a large area and contains
thousands of nodes. Each FFD in the network also acts as a router to direct messages.
The routing protocol optimizes the shortest and most reliable path through the
network, and can dynamically change. This enables an extremely reliable network,
since the network can heal itself if one node is disabled.

ZigBee networks are primarily intended for low duty cycle sensor networks. Where
a new network node may be recognized and associated in about 30ms. Waking up a
sleeping node takes about 15 ms, as also for accessing a channel or transmitting data.
ZigBee applications benefit from the ability to quickly attach information, and when
nothing to do, it go to deep sleep, which give low power consumption and longer
battery life.

ZigBee networks include these following types of devices:

1) Coordinator, this device organizes and controls the network, where it is starts
network information, and there is only one coordinator required for each Zigbee
network.

2) Router, these devices can extend the network area coverage, where it can

connect to coordinator and other routers, and it is provide backup routes if we
have congestion in the network, also it is responsible for passing data to other
devices.

3) End devices, this kind of devices must be connected to coordinator or router,
where it can transmit or receive data, but it cannot do any routing operation,
they sleep most of the time and wake up regularly to collect and transmit data,
then go back to sleep, to minimize the power consumption.

Coordinator 2] @

® Router @
. o ©
@® End Device
@
@ e ©
®
@ @
® o

Figure 2.2 : ZigBee network devices
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2.1.5.1 Network Topologies

IEEE 802.15.4 can specify two types of networks, star topology or peer to peer
topology. In Zigbee, these two topologies can be combined to build mesh networks.

2.1.5.1.1 Peer to peer topology

It is a type of network topologies, we have only one PAN coordinator, where any
device can communicate with any other device with the same network to connect with
each other, and directly access to each other. It also allows multiple hops to route
messages from any device to any other device in the network. So, it can provide
reliability by multipath routing.

Figure 2.3 : Peer to peer topology

2.1.6 ZigBee Channels and Frequencies [5]

The RF spectrums and available channels for ZigBee (802.15.4) and Wi-Fi
(802.11b/g) overlap. You can avoid interference by selecting ZigBee channels that
use the free space between two neighboring 802.11 channels, plus channels 25 and 26.

2.1.6.1 ZigBee, Wi-Fi & Bluetooth Channels
In the image below, 802.15.4 Orange channels have more substantial overlap with

Wi-Fi channels 1, 6 & 11, while Grey channels have less overlap with Wi-Fi channels
1,6 &11.
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Figure 2.4 : ZigBee, Wi-Fi & Bluetooth Channels

Channels 1, 6 & 11 are recommended for use in the USA. Only 2.4 GHz channels are
shown above. Different countries have different 802.11 b/g channels.

2.2 GPS architecture

2.2.1 What is the GPS?

These three characters GPS is an abbreviation of the words: Global Positioning
System.

It is a navigation system composed of a network of satellites up to 24 satellites in
fixed orbits of outer space defined by the U.S. Department of Defense. The main
objective of this network of satellites purely military target, but in 1980 the
government allowed the U.S. to have this system available for civilian use. The GPS
system works under all types of weather conditions, and everywhere in the world, 24
hours a day, and you must subscribe in order to get this service as it's free.

2.2.2 GPS segments

The Global Positioning System consists of three major segments as follows:
1) Space segment, the satellite or space vehicles.
2) Control segment, ground station run by DOD (Department Of Defense).
3) User segment, all users and there GPS receivers.

These three segments are illustrated in the figure below.
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Figure 2.5 : GPS Segments

2.2.3 GPS signals

Each GPS satellite has several accurate atomic clocks on broad. The clocks operate
at a fundamental frequency of 10.23MHz. This is use to generate the signals that are
broadcast from the satellite. The satellites broadcast two carrier waves constantly.
These carrier waves are in L-Band (used for radio), and travel to earth at the speed of
light. These carrier waves are derived from the fundamental frequency, generated by a
very precise atomic clock
L1 carrier is broadcast at 1575.42 MHz (10.23*154).

L2 carrier is broadcast at 1227.60 MHz (10.23*120).

The L1 carrier then has two codes modulated upon it. The C/A Code or
Coarse/Acquisition Code is modulated at 1.023MHz (10.23/10) and the P-code or
Precision Code is modulated at 10.23 MHz The L2 carrier has just one code
modulated upon it. The L2 P-code is modulated at 10.23 MHZ.

2.2.4 Difference between GPS tracking and navigation

2.2.4.1 GPS Navigation

GPS device which performs the function of navigation is GPS receiver, which is
receiving signals sent from GPS satellites system, and then making the calculation
necessary to determine the coordinate of the position on the ground. From there, use
the software necessary to show the coordinates of points on the screen of the device.
The information that GPS can collect not limited on that was used to determine the
coordinate of the position, but t can collect data about velocity and direction. GPS
navigation system commonly used by drivers of vehicles in order to know their
instantaneous position.
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2.2.4.2 GPS tracking system

Global positioning system tracking is a method of working out of where something
IS.
This type of GPS system consist two parts:
1) GPS receiver which performs the function of navigation.
2) Wireless network to send the information was collected by GPS to interested
organization.

2.2.5 Sources of error in the signal of the GPS

The GPS devices in recent years have become a very highly accurate. Thanks to the
development of programs and spare receiver inside the device, that it was not without
some obstacles that may affect the accuracy of the devices GPS, and perhaps the most
important sources of error in this area include:

1) Errors due to the slow signal from the satellite, because the signal less speed when
passing the atmosphere on its way to the device, usually equipped with GPS receivers
calculate the rate of delay in order to correct this error.

2) Errors caused by the reflection or echo signal as a result of a collision with
impediments such as buildings or long-rocks and mountains, and so on. This would
increase the speed of transmission of the signal and thus cause errors.

3) Errors that occur because of the accuracy of the information sent by the satellite for
its location in space.

4) Number of satellites that the device can see it; The greater the number of satellites
increased accuracy and vice versa; The buildings and the electric and magnetic fields
cause you do not see the device for satellites and thus cause cut the signal and cause
errors in the selection or even an inability of the device at the location permanently.

5) Errors are caused due to the internal clock of the device, because this time is not
accurate that the automatic clock in the satellite, and for that there may be errors due
to timing.
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2.3 Serial Port

In order to make two devices communicate, whether they computers,
microcontroller, or any other form of integrated circuit, we need a method of
communication and an agreed-upon language. The most common form
communication between electronics devices is serial communication. Communication
serially involves sending a series of digital pulses back and forth between devices at
mutually agreed-upon rate. The sender sends pulses representing the data to be sent at
the agreed-upon data rate, and the receiver listens for pulses at the same rate.

Communication as defined in the RS232 standers is an asynchronous serial
communication method. The world serial means, that the information is sent one bit at
a time. Asynchronous tells us that the information is not sent in predefined time slots.
Data transfer can start at any given time and it is the task of the receiver to detect
when a massage start and ends.
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3.1 Introduction

After what has explained in the previous chapter about the theoretical background,
this chapter describes the general block diagram of the whole system, and the system
elements.

Usage of hardware and software to achieve the aim of the project. Where a
hardware will be built using the GPS, ZigBee network, display and microcontroller.
Also, the explanation will include the work design methodology.

3.2 System Functions

The project aims to achieve the following objectives:
1) Tracking the child location using the GPS Technology.
2) Building a system that takes the RSSI values at child and his parent to detect if
the child exceeds the desired value or not, where if the child exceed this value the
alarm will be on, otherwise off. Also, the system will take the coordinates of the
child and his parent at first time as a reference value by GPS at the child to
determine the distance, and the direction of the child with respect to his parent.

3.3 How does the system work?

In this system, the GPS device will be used only at the child side, when the GPS
become ready to send data, it will send the first coordinates as an initial position value
for both child and his parent, then as the child moving his coordinates will change,
and the microcontroller at mother side will compare the child coordinates with the
reference coordinates to determine the direction and the distance.

Also the Xbee devices will be used at both sides, the Xbee at the child side transmit
the GPS data as packets to the Xbee at parent side through node to node ZigBee
network. Where these packets carry RSSI value, then pass it to PIC microcontroller to
compare the RSSI value for both Xbee devices with a threshold value, to detect if the
child is close to his parent or not which will indicate as alarm. Where RSSI values
give the project some features like working indoor.
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GPS %{9
ZigBee Communication

Xbee ‘1\1\1\\ 4M.A—| k\‘»\l\'* Xbee

Mother Child

Display
results

Figure 3.1 : Whole System

3.4 System Entities

Here a brief description for each device that will be used in the system. The aim of
this section is not to explain how in details each device interacts with each other, but
it is an introduction to the components in the blocks, and more detailed analysis will
follow in the next chapter.

1) GPS tracker device at child side, used for tracking the child location by taking his
latitude and longitude coordinates from GPS satellites, and updating his location
automatically when he moved from one place to another. Also get the reference value
as position for parent.
GS407 receiver will be used in our project, and it is characteristics are:

» Smallest.

« Most powerful.

« High sensitivity.

« usage of a newer helical antenna, which makes the overall length a bit smaller.
The module can be configured to an amazingly powerful 2Hz Update rate,
with 50 satellite tracking channels for fast acquisition.

20



Figure 3.2 : GS407 module

2) Microcontroller, using PIC microcontroller to program the overall system, by
using C programming language. Where there are two modes; in alarm mode if the
child goes away from his parent, or in regular mode if the child is in safe and near to
his parent. Now that the parent location and the child location is known, the distance
and the direction from parent to child is calculated in microcontroller. Also it is used
to convert the analog signals to digital signals to be accepted.
In this project PIC18F4550 will be used, this is due to:
 Economical price.
 Enhanced Flash program memory.
* All of the devices in the PIC18F4550 reduce power consumption during
operation.
» The module supports both low-speed and full-speed communication for all
supported data transfer types.
« It also incorporates its own on-chip transceiver and 3.3V regulator and supports
the use of external transceivers and voltage regulators.
« 10-Bit A/D Converter.
« Enhanced Addressable USART: This serial communication module is capable
of standard RS-232 operation.

The PIC18F4550 has all what is needed for the implementation of this project, enough
I/0 Ports, ADC, timers, and serial communication USART.

Figure 3.3 : PIC18F4550

3) Display, it will be used on parent side to display the distance and direction
information of the child. So the parent will follow the direction of the index that

21



appears on the display which is led to find the child location, and the distance will
appear on seven segment.

4) Xbee transceiver device at the child side, which takes the data, then send it to the
parent side by ZigBee network.

5) Xbee transceiver device at parent side, it is form the communication link between
the parent side and child side. Where it receives the data that sent from child side by
using ZigBee network, and passes these data to the parent microcontroller.

In this project Xbee ImW Chip Antenna will be used, and it is characteristics are:
+ Allow a very reliable and simple communication between microcontrollers,
computers, systems, and anything with a serial port.
+ Point to point and multi-point networks are supported.
* Built-in antenna.
* 6 10-bit ADC input pins.

Figure 3.4 : XBee module

3.5 Software Design

MPLAB IDE and mikroC is a software program that runs on computers to develop
applications for Microchip microcontrollers. It is called an Integrated Development
Environment or IDE, because it provides a single integrated environment to develop
code for embedded microcontrollers. And it is integrated toolset for the development
of embedded applications. Where, MPLAB IDE runs as a 32 bit application on
Microsoft Windows.

Flowcharting is a tool for analyzing processes. It allows you to break any process
down into individual events or activities and to display these in shorthand form
showing the logical relationships between processes.

The underlying structure of the two system modules (parent and child) are shown in
the following figures.

As shown in figure 3.5, when the parent switches the child module on, the system

will be ready to work. Firstly, acquires GPS coordinates for both child and parent.
Then, process the coordinates to Xbee, where the GPS data will send in packets to the

22



Xbee unit at the parent side. This operation will continue on same loop till the parent
switch the module off. Where every time the child changes his place, his coordinates
will be changed automatically.

Where every time the parent module will send a command to GPS to start sending
data we need it for position and distance calculations.

Get coordinates from
GPS receiver

Passing data to Xbee
unit
Communica-ted to the
parent side

. J
Figure 3.5 : Flowchart of child side

The parent side tasks illustrated in the figure 3.6:

When the parent switches his module on, he will enter the desired value with his
child as a threshold value to get alarm, sending a command to GPS and waiting till
receiving wanted data from child GPS. After receives the GPS reading, calculate the
distance by some equations to determine the distance. The first GPS reading at parent
side will acts as reference position to the child. By comparing the RSSI value from
Xbee we can determine whether the child is in safe mode or not, by set a threshold
value if the comparing result more than the threshold so the alarm will be on,
otherwise it will be off.

Now, if the result of the display is not in the safe mode, the alarm will be activated

and the result will be on display. These operations will continue on same loop until
the parent switch the module off.
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CHAPTER FOUR 4

Detalled System Design

4.1 Introduction
4.2 Detailed Description of the Project Hardware

4.3 Subsystem Detailed Design and Overall
System Design
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4.1 Introduction

As shown in previous chapter, this system has mainly two sides, transmitter (child
side), and receiver (parent part). A division must be made between these parts in order
to build the system. This chapter describes designing the whole system, and

interfacing between PIC microcontroller and other unit that will need it at two sides.

A general system interfacing block diagram is shown in the following figure. It
represents the interfacing of the whole system. Detailed interfacing circuits for each

part will be discussed.

GS&OT
receiver

Q

NEMA message (GPGGA)

Xbee 63mW
Chip Antenna

Figure 4.1 : Block Diagram for General System Interfacing

4.2 Hardware Description
In this section, a description for hardware that will use will be explained.

4.2.1 Microcontroller

Microcontroller is a Microchip programmable IC, that controls the inputs and
outputs from each device. In our system internal oscillator will be enough to perform
the project goals (For more information about PIC18F4550 refers to data sheet in
Appendix C).Figure 4.2 shows the pins of PIC18F4550, more explanation for required

ports will be illustrated.
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Figure 4.2:Pins out of PIC18F4550

Pin description:
1. MCLR (pin1):
e Provides method for triggering an external reset of the device.
e This pin generated by holding the pin low.
e The MCLR pin is not driven low by any internal reset.

2. RX (pin 26):
e EUSART asynchronous receive.

e This pin will be used at parent side to receive data from:
GPS at the child side.

3. Analog to digital converter (ADC):
ADC converts analog signal to digital that can be read by computer. The
following steps should be followed to perform an ADC conversion:
» Configure the ADC module
e Configure analog pins, voltage reference and digital 1/0 (ADCON1).
e Select ADC input channel.
e Select ADC acquisition time.
e Select ADC conversion clock.
e Turn on ADC module.

4. Oscillator frequency:

The operation of the oscillator in PIC18F4550 devices is controlled registers.
Configuration registers, select the oscillator mode. As Configuration bits, these are set
when the device is programmed and left in that configuration until the device is
reprogrammed. The OSCCON register selects the Active Clock mode; it is primarily
used in controlling clock switching in power-managed modes.
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Oscillator Types:
PIC18F4550 devices can be operated in twelve distinct oscillator modes. From these
mode we use internal oscillator that have 8MHz.

Serial port:
PIC 18F4550 has two major serial modules : the master synchronous serial port and
Universal Synchronous Asynchronous Receiver Transmitter (USART).

Calculation needed

( Note : equation find for USART part of serial port section)
8 MHz oscillator

9600 baud asynchronous

ForBRGH =1
SPBRG =4000000/(16 x 9600) - 1 =51.08
For BRGH =0

SPBRG = 4000000/(64 x 9600) - 1 = 12.02

Best choice is BRGH = 0, SPBRG = 12.02

As of a baud rate calculation, the microcontroller operating at 8 MHz and we use
9600 baud to communicate with a serial port on XBee. USART used in asynchronous
mode. We choice BRGH = 0, because less error than BRGH = 1.

4.2.2 Xbee Pro

From one of the main objective on this tracking child system, XBee module will
use as communication channel to make parent able to monitor their child location in
far case. In this project Xbee Pro 63mW Chip Antenna will be used. (For more
information about Xbee 63mW Chip Antenna refers to data sheet, Appendix A ).

This module has the following features, which are important in this system:
e 3.3V at 50 mA.

250 kbps Max data rate.

63mW output (18dBm).

300 ft (90m) range.

Built-in antenna.

AT or APl command set.

Output power:
It is the actual amount of power (in watts) of radio frequency energy that a
transmitter produces at its output.
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Data rate:
Number of bits can send per second, this module is able to send 250 kbps, and this
is enough for the system because we need about 9600 bps.

AT command set:
To modify or read RF Module parameters, the module must first enter into
Command Mode, a state in which incoming characters are interpreted as commands.

Pins description:

Figure 4.3 shows the pins of XBee Pro 63mW Chip Antenna. More explanation for
required ports will be illustrated. (For more information about Xbee 63mW Chip
Antenna refer to data sheet, Appendix A).

Figure 4.3 : XBee module

1. DIN (Pin 3):
e UART data in.
e Serial data enters the RF module through the DI pin.
e This pin will be used at:
v" Transmitter (child side): to receive data from GPS that contains
information about child location
v Receiver (parent side): acts as antenna receives the signal that transmits
from XBee at child side.

2. DI (Data In) buffer:
Place where is the serial data will be stored after it enters through DI pin.

3. DO (Data Out) Buffer:
e Data which was received enters the DO buffer and is sent out the serial port
to a host device.
¢ Once the DO Buffer reaches capacity, any additional incoming RF data is lost.

4. VCC (pin 1):

¢ Provide power to the RF module.
e XBee need 3.3 volt.
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5. DOUT (pin 2):
e UART data out.
e Used to send serial data to a host device.
e This pin will be used to:
At transmitter (child side): transmit data wireless.
At receiver (parent side): move data to PIC18F4550.

6. PMWO/RSSI (pin 6):
Will be used to read the received signal strength.

7. GND (pin 10):
Connect it to ground.

Design note:

1. Before connecting XBee module there are things must be drawn to it.
2. Minimum connections: VCC, GND, DOUT & DIN.

3. Signal Direction is specified with respect to the module.

4.2.3 GPS Receiver:

Child Locator uses GPS technology to acquire both the parent and child devices
location. It can operate in any outdoor environment in the world.
This unit receives RF (radio frequency) signal, which it analyzes in order to determine
it is own location

GPS receiver will be used is 50 Channel GS407 Helical GPS Receiver. (For more
information about 50 Channel GS407 Helical GPS Receiver refer to data sheet,
Appendix B).

This module has the following features:
e 2 Hz Update rate.
e Fifty satellite tracking channels for fast acquisition.
e Supports UBX data protocol at various standard baud rates.
e Filtering effect of the antenna gives high immunity to RF interference.
e Wide antenna Beam width.
e Low power: 3.3V @ 75mA.
e Sensitivity less than -160dBm.
e Support NMEA protocol.
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Sensitivity:

It is the minimum magnitude of input signal required to produce a specified output
signal having a specified signal to noise ratio, or other specified criteria.
GPS signals are already very weak when they arrive at the Earth’s surface. The GPS
satellites have transmitters that only deliver 27 W from a distance of 20,200 km in
orbit above the Earth. By the time the signals arrive at the user's receiver, they are
typically as weak as =160 dBW, equivalent to one tenth of a millionth billionth of a
watt. This is well below the thermal noise level in its bandwidth. Outdoors, GPS
signals are typically around the —155 dBW level.

Standard NMEA- 0183:

NMEA 0183 is a combined electrical and data specification for communication
between marine electronic devices such as echo sounder, sonar's, anemometer,
gyrocompass, autopilot, GPS receivers and many other types of instruments. It has
been defined by, and is controlled by, the U.S. based National Marine Electronic
Association.

Figure 4.4 shows 50 Channel GS407 Helical GPS Receiver. (For more information
about 50 Channel GS407 Helical GPS Receiver refer to data sheet, Appendix B).

Figure 4.4 : 50 Channel GS407 Helical GPS Receiver
GS407 Breakout Board
This is a breakout board to allow simple access to the tightly pitched pins on the
GS406 and GS407 GPS units. This board breaks out all of the necessary pins to a row

of standard 0.1 spaced header to allow for easy bread boarding and simple
connection. Figure 4.5 shows the pins of GS407 Breakout Board.
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Figure 4.5 : GS407 Breakout Board

4.3 Subsystem and Overall System implementation

After design option of the project was introduced and the components that will be
needed to implement the system defined. In this part we will talk about interfacing
between all component.

4.3.1 Interface at transmitter (child side)

In this part the interface between GPS receiver and Xbee will be shown, this
interface can be explained as the following:

1) Connection between Xbee and GPS Receiver:

Through this interface ASCII, serial data from GPS will pass to transceiver
according to the request from microcontroller at parent side and stored and stored at
DIN buffer in order to be transmitted . Note that this connection will be direct
without need to any interface between them.

Xbee protransceiver

Figure 4.6 : Type of message transfer by GPS to Xbee
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Figure below shows connection between Xbee to GPS as explained previously.

GPS1
3.3V 1
L |°"P
— kel
T - = GPIO
3 3.3V
4—TXD
5 RXI
_6 BATT
33V GPS1
T XBEE1
11 vee
3
DIN / CONFIG
10 1 enp
1 XBEET

Figure 4.7 : Interface between GPS and XBee at child side

4.3.2 Interface at Receiver (Parent side)

In this part detailed description for the connection between XBee and
Microcontroller will be shown at receiver, this interface can be explained as the
following.

1) Interface between PIC18F4550 and XBee pro module.

Used Xbee at parent side aims to pass two main messages to PIC18F4550 as shown
in figure. GPS coordinates passes to transceiver in digital format this received packet
can be employed to calculate the distance and direction according to Latitude and
longitude for far situation ,also if we depend on RSSI of these packet we can control
the operation of alarm at near situation.

Power threshold:

The threshold value of RSSI is -70 dBm. If it is reach with value lower than this
threshold, alarm will activate to indicate the child is far.
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Figure 4.8 : Block diagram for dataflow between Xbee and PIC18F4550

Figure below shows how connect Xbee to PIC as explained previously.
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Figure 4.9 : Interface between PIC18F4550 and XBee at parent side
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2) Connection between PIC18F4550 and buzzer.

Dependent on power threshold parent can monitor his child if he far away or near so
buzzer will be activate or not.

Power< -

Power=-70dbm

PIC18FA550

Jodbm

PIC18F4550

Figure 4.10 : Block diagram for PIC18f4550 and alarm

3) Connection between PIC18F4550 and seven segment.

Seven segment will use to display distance between child and her parent in loss
case. It will connect to port B at pic18f4550.
Figure below shows the connection between PIC18F4550 with seven segment and

buzzer.
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Figure 4.11 : Interface between Seven segment and buzzer with PIC18F455




4) Connection between 8 LED's and PIC18F4550.
According to GPS coordinates and after PIC18F4550 determine direction parent

can know the child movement in any direction (south, east, north, east, northeast,
northwest, southeast, southwest).

Calculate direction

PIC18F4550

Figure 4.12 : Block diagram for PIC18f4550 and circular 8 led’s
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Figure 4.13 : Interface between LED's and PIC18F4550
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5) Total system interface at receiver side:
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Figure 4.14 : Total system interface at receiver (parent side)
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5.1 Introduction

This chapter will present project software and hardware in details, The whole
building and constructing stage will be described, that means how to operate each part

independently, in addition how to interface and test these parts.

5.2 Hardware Environment

There are different applications and tools used to implement the hardware system,
which used for the project implementation, processing, and testing.

5.21 X-CTU

A convenient tools for Xbee module programming offered by Digi International.
With this software, the user will be able to upgrade the firmware, update the
parameters, perform communication testing easily.

‘BB X = 52
= E CIL — |
About
FPLC Settings ] Range Test ] Terminal ] Moderm Configuration ]
Com Port Setup
Select Com Port
LSE j
Com test / Query Modem s
Communication with modem.. Ok —LI
todem twpe = =BP24
kdodem firmware wersion = 10EE —LI
Serial Mumber = 134200406C3CEC hal
Retry | (] |
Ho=t Sk
AP Reponze Timeout
[ Enable &FI
— Tirneout 1000

AT command Setup
A5CH Hes

Command Character [CC) * 28
Guard Time Eefare [BT] 1000

tModem Flazh Update
I Mo baud change

Figure 5.1 : X-CTU program
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5.2.2 U- center 6.21

This is a powerful GPS Evaluation Software, it allows end user to assess and test u-
blox GPS receiver for navigation and positioning performance. The purpose of u-
center is to enable users to:

¢ Conduct performance tests on u-blox and other GPS receivers.
e Configure u-blox GPS receivers.
e Access and download Firmware updates.

\0
o]
B3

B u-center 6.21

File Edit View Player Receiver Tools Window Help
ODE &~ &
2 BE0EE~ R -BE-M- B8

I v I « \

= | » -» J H

£t

a0 180

Ready =@= COML1 9600 u-blox5 [ u-blox5_NMMEA.ubx  |Protocol  00:00:00 |UTC

Figure 5.2 : U-center 6.2.1 software

5.2.3 Proteus 7.8

Proteus is a complete tool for the design of electronic circuits, based on the models
of electronic components in PSpice. A distinctive feature of the package Proteus
Professional is the possibility of modeling of the programmable devices:
microcontrollers, microprocessors, DSP.

40



B2 uneD - 55 o T A = U - EEES

File View Edit Tools Design Graph Source Debug Library Template Systern  Help
DSdE G| Bk e +AQARQ @&
& | 88 A = 2 | [

:I>
()
@
=
o
@
w
@
m
o
=]

1y s

ir

=

=

>

i

@

| [ | 13 | 1] | | | |o Mo Messages Fioot sheet 1

Figure 5.3 : Proteus 7.8 program

5.3 Preparing Xbee and GPS modules

Preparing GPS and Xbee modules aims to achieve that both modules are enable to
work independently before we interface each of them with other device.

5.3.1 Xbee configuration

Zigbee will be used as communication technology in this system, so it's important to
make the communication between sender and receiver available. X-CTU software
will be used to make the modem configuration, we enter to the modem through AT
command, and change only PAN ID to (1111) at two sides. Note that it is not
necessary to change the destination and source address because we have one sender
and receiver only so (0000) will be enough to make them communicate with each
other.

BB ICOMS1 X-CTU e L= =z |
rPModern Pararmeter Profile Remote Configuration... Versions...
FC Settings | Fange Test | Terminal MModem Configuration ]
todem Paramster arnd Firmvears FParame ter Wisws Frofil= “ersions
Fead | wiite Fiestore Clear Screen Sawe | O3 ovrlomd s
I Alvsaus Update Firmwveare Show Defaults | Load | wersions...
todem: =EEE Function Set “ersion
[=EFz4 _~ | [=BEE FRO s0z.15.4 ~1 [1cE ~1
== Metvorking & Security P

----- B (C1CH - Channel

----- BE (1111110 - Par 1D
————— B (0] OH - Destination address High

,,,,, (0] kA - 16-bit Sourcs Sddress

,,,,, B (1324200) SH - Serial Mumber High
,,,,, E (40SC9CEC) SL - Serial Mumber Lows
..... B (0] bARA - PASC b ods

. B (0] BB - <Bes Retries

rrrrr H (0] B - Random Delay Sloks

,,,,, EH (19 MNT - Mods Discower Time

COkR = 9500 S-H-1 FLOW S MOMNE =BPFP24 “werr10OEG

Figure 5.4 : Xbee modem configuration using X-CTU
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5.3.2 Xbee testing

After the configuration for Xbee modems has been made, testing must be applied to
ensure the communication between them. To perform this test one Xbee connected to
the PC using the Xbee USB adapter, and a remote Xbee with power and a loopback
will be used. For the loopback, DOUT is connected to DIN which will cause any
received data to be transmitted back the PC. As shown in the figure below, we
connect LEDS ( Red ) to the circuit to give indication about the status if this led on
that mean Xbee receives data from Xbee connected to PC.

Figure 5.5 : Remote Xbee with Loopback

5.3.3 GPS testing

The purpose from this test is to ensure that GS407 receiver able to see the satellites
and receive the coordinates from them. This test has been done via FTDI cable with
USB entrance connected to PC as shown in figures below.

Figure 5.6 : GS407 connected to FTDI cable
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Figure 5.7 : GS407 as shown on u-center6.2.1

As shown in figure below, GREEN color indicates for satellites that GPS ready,
and RED color indicates there is no signal reach to GPS.

Satellite Status
Mo Signal

CI | ¢ (-
o BTl

Signal
Ready

Figure 5.8 : Satellite Status
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5.4 Software Environment
The software is written in C language and compiled using C compiler.

5.4.1 MPLAB IDE v8.76

MPLAB IDE is a software program that runs on computers to provide a
development environment for embedded microcontroller design.
The design cycle for developing our project is:
1) Determine design based on the associated hardware circuits.
2) Knowing which peripherals and pins control hardware to write the software. We
use a compiler that allows more natural language for creating programs. With these
Language Tools we can write and edit codes.
3) Compile or assemble the software using a Language Tool to convert code into
machine code for the PIC device.
4) Download and test code. Usually a complex program does not work exactly the
way might has imagined, so we need to download and test always to verify that it
executes correctly.

MPLAB contains untitled workspace which contains needed file after create project,
every needed file contains main three parts:
Source File : add file that contains the code of the project.
Header File (gamelinit.h).
Linker File (p18f4550.1kr).
Output window to be sure that your code executes correctly.

File Edit WYiew Project Debugger Programmer Tools Configure ‘Window Help
|pEd|ima(anean 2|
| Checksum: 0x13c6 | ebug Vi SR Be® | S 6aB

2 menssu b
=+ [0 Lirker Script
(= 18f4550_g e
<[22 other Fiies

D
0FCCON-128,

OpenADC (DG,

OpenUSART (
s,
Loaded Diymplablgrad_projectymagnat.cof

PORTD-0;
Debug build of project ‘D:ymplablgrad_projectimagnatmep' succeedsd p—
Lar\g emmvevsuons measrn £xe V537, mpnk 2xe VALY mccwaexev

mhol ' DEBUG' is defi
on Doe2y 132405 200

BUILD SUCCEEDED

m
PICk: 2 PIC18F4550 w0 novzdec bark0 Lnzs, Col 1 S WR

Figure 5.9 : MPLAB Environment
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After we complete the code, we can use memory usage gauge to know how much
the program take capacity from the memory as shown in following figure:

7| Memory Usage Gauge =N EoR <5

Program Memony Drata Memony
Total: 18384 Totsl: 2048

Figure 5.10 : Memory Usage Gauge

For downloading program in PIC, we can use one of programmer reference in
MPLAB, in this project we use MPLAB ICD 2.

5.4.2 MPLAB ICD2

The MPLAB ICD2 is an In circuit debugger (ICD) and In Circuit Serial
Programmer (ICSP). Which is used in evaluation, debugging and programming in a
laboratory environment. It allows debugging and programming of PIC
microcontrollers using the powerful graphical user interface of the MPLAB Integrated
Development Environment (IDE). The MPLAB ICD2 is connected to the design
computer using USB or RS232 interface and can be connected to the target which is
PIC via an ICD connector.

It supports many device families like; PIC10F, PIC12F, PIC16F, and PIC18F.

e

wcnc\‘—;r:‘“
T

Figure 5.11 : MPLAB ICD2
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And in this project, we learn how to built a programmer device by ourselves to
download the project codes at home, which is shown as in the following figures:

Figure 5.12 : Project programmer

The following figure shown the programmer device when we connect it with
computer to download the code, when we connect it to computer; if the red led light,
so the computer recognizes the programmer and it is ready for downloading. Where
the orange led is lighting when the code is still downloading.

Figure 5.13 : Programmer in downloading

Code will be explained in appendix D, but we explain main code function here. In
our code we use main two libraries that ADC library, and USART library as shown in
the following figures.
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5.4.3 ADC library

Analog to digital converter library can be found on(ADC.h). Following figure
shows the main function used in ADC.

start
end

OpenADC() CloseUSART() :

Iy 11

ConvertADC() While(BusyADC()) :) ReadADC()

Figure 5.14 : Steps ADC Conversions

OpenADC include:

ADC_RIGHT _JUST: there are two registers store value of conversion, so we can
determine if read left justified or else.

ADC 2 TAD: 4 Tad.

ADC_CHO: Channel 0 (ANO).

ADC_INT_OFF: Interrupts disabled.

5.4.4 USART library
Main step for USART using C18 library as shown in figure.

end
start

:/> OpenUSART() :/> While(BusyUSART() :/> ReadUSART() :/> CloseUSART()

Figure 5.15 : USART Library

OpenUSART include:

USART _TX_INT_OFF: Transmit interrupt OFF.
USART_RX_INT_OFF: Receive interrupt OFF.
USART_ASYNCH_MODE: Asynchronous Mode.
USART_EIGHT_BIT: 8-bit transmit/receive.
USART_CONT_RX: Continuous reception.
USART_BRGH_LOW: Low baud rate.

SPBRG: Set the clock cycle to the value we want for the baud rate.
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Figure 5.16 : Flowchart for serial communication
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5.4.5 MikroC program

MikroC is one of the powerful and easy to use software for programming PIC
microcontrollers in embedded C. MikroC is a powerful, feature rich development tool
for PIC microcontroller. It is designed to provide the customer what the easiest
possible solution for developing applications for embedded systems, without
compromising performance or control. Applications can be developed quickly and
easily using MikroC for PIC microcontrollers. It provides a simple windows based
point and click environment for developing applications.

PIC and C fit together well; PIC is the most popular 8-bit chip in the world, used in
a wide variety of applications, and C prized for its efficiency, is the natural choice for
developing embedded systems. MikroC provides a successful match featuring highly
advanced IDE, ANSI complaint compiler, broad set of hardware libraries.

Figure 5.17 : MikroC program

5.4.6 Software Description of GPS
The GPS receiver in normal mode will be off, and if we want GPS data (latitude and

longitude), a command must send from microcontroller at parent to GPS at child side
to send it is data.
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While (1)
for (3=0;3<750; j++)

{

if (txt[j]=="G'&&txt[j+1]=="P"
&atxt[j+2]=="G'&&txt[j+3]=="L"
S&txt[§+4]=="L")

Xbee child send
data to parent

$GPGLL data

¥Xbee parent pass

data to PIC PIC calculation

Figure 5.18 : Asking for GPS data

5.4.7 Software Description of Xbee

Xbee is used to send data from child side to the mother side, and receive this data at
parent side.
Xbee at child side will send the $GPGLL data on packets to Xbee at parent side.
Xbee at parent side will send command from PIC microcontroller to GPS at child side
to allow it to send data. Also, Xbee here will receive power strength that is get from
packets send from Xbee at child side.
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while (1)

{

uartl write text ("Lat=");
for (3j=0;3<5;j++)

uartl write(Lat[]]);

}

( A 4
Child Xbee

sends GPS
packets

v

o [] Parent Xbee

provide RSSI
values

v

[ PIC accepts RS5I to ]

decide the child range

v

If range > 15

YES
h 4

[ Set atarm ON ]

Figure 5.19 : Alarm decision
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5.4.8 Software Description of seven segment

We used two Seven segment at parent side to display the distance between the child
and the his parents. And the description below shows the programming of the first
seven segment.

if (SEVEN A==0) PORTB=20;

else if (SEVEN_ A==1)PORTB=126;
else if (SEVEN_ A==2)PORTB=152;
else if (SEVEN_ A==3) PORTB=88;
else if (SEVEN A==4)PORTB=114;
else if (SEVEN A==5) PORTB=81;
else if(SEVEN_A==6)PORTB=l7;
else if(SEVEN_A==7)PORTB=ll6;
else if(SEVEN_A==8)PORTB=l6;

else if (SEVEN_A==9) PORTB=80;

Get $GPGLL
from child side

Distance and direction
calculation

Display output on seven
sagment

L )

Figure 5.20 : Displaying distance
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5.4.9 Software Description the direction

We use slope method to determine the direction from using threshold value, and
depend on the threshold value we decide the direction (North, East, West, South,
Northeast, Northwest, Southeast, Southwest).

while (1)

{

if (D4>0&&D4<=22)Dir LED(3);

else if (D4>22&&D4<=67)Dir LED(4);
else if (D4>67&&D4<=112)Dir LED(5) ;
else if (D4>112&&D4<=157)Dir LED(6) ;
else if (D4>157&&D4<=202)Dir LED(7) ;

else if (D4>202&&D4<=247)Dir LED(8) ;

5.5 Conclusion

This chapter and after preparing the required software and configure the XBee and
GPS devices. Many tasks will follow this stage of system such as developing demo
for the system in order to improve model from RSSI values, models that using to
determine distance and direction which depends on GPS reading.

Then we must prepare the whole system implementation, and finally do tests to
insure from the system performance.
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CHAPTER SIX

Preliminary Measurements

6.1 Overview
6.2 Experimental Measurements
6.3 Conclusion
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6.1 Overview

Preliminary measurements in this project is very important task, in order to develop
the most accurate outdoor power model by choose and composite different parameters
and models. Dependency on the GPS device will not be enough to determine the
target distance, so the strength of the signal for the message that is received from
child side (RSSI) can be employed in this stage, in order to achieve more accurate
result.

On the other hand the GPS reading is very essential task, to ensure that if given
coordinates are suitable to specify distance and direction or not.
We must do some experiments on GPS device, and calculate required parameters
based on different models and formulas to choose the most accurate of them.

6.2 Experimental Measurements
6.2.1 XBee Testing:

At our sample location we perform XBee Testing at first we will explore X-CTU
software for communications, signal strength monitoring and configuration of the
XBee. The XBee connected to the PC using the XBee USB adapter and a remote
XBee with power and a loopback will be used. For the loopback, DOUT is connected
to DIN which will cause any received data to be transmitted back the PC as shown in
figure 6.1.

PC &
X-CTU

w

-

| XBee
on USB
Adapter

( : Remote
L]
XBee

Loophack

Figure 6.1 : XBee Testing
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Appropriate
Adapter Board
With XBee
And Power
VCC3.3V
oouT
OIM
L/K 100 Ghm

Figure 6.2: Remote XBee with Loopback and optional LED

path loss equation:

Power measurement is statistical. So there is needing to develop path loss equation
with most accurate value and find the parameter that match a variability in the
environment in the testing area, In order to achieve minimum error between actual
and measured distance.

In this project We employ log-distance path loss model [6]. In this model, received
power RSSI (in dBm) at distance D(in meters) from the transmitter is given by:

P.(d)=P,(d)+X,
P.(d)=P,,—10nlog(d)+X _ Eq.1

P, represents RSSI value and Py is the received signal at certain distance in dBm.
Where n is path loss exponent and Xa represents Gaussian random variable with zero
mean.

Received Signal Strength Indicator value RSSI lies between -40 dBm (the highest
recorded value), and -100 dBm (the minimum sensitivity of the XBee). By record the
RSSI reading from XBee device at different distances, We can approximate the
distance between mother and her child using different ways depend on path loss
equation.
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In the first we must know about the dispersion in the nature of environment, the
following figure shows this:

- 10 m
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Figure 6.3 : Dispersion of RSSI values at different distances

Using the mean square error analysis we can find value of Xa represents Gaussian
random variable and path loss exponent (n) with less percentage of error. The value of
the path loss exponent in range (2.134473_ 3.597934). And Xa represents Gaussian
random variable with zero mean, which is record values between (33.1573_45.5477)
We can average this values to obtain better results represent the statistical nature.
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Figure 6.4 : Variability of values of path loss exponent
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As shown in the following figures Note that the power record values at 10m will be
around (-65, -67, -70) dBm, by average these value we obtain the approximate power
at 10 m.
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Figure 6.5 : RSSI values in dBm versus Distance (m)
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Figure 6.6 : Change of RSSI values at near scale
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From the previous figure, note that at different distances the value of average power

summary in the following table below:

Distance | first day | second third fourth fifth day
day day day

5 | -55.9464 | -57.4074 -55.46 | -58.1373 | -60.2449

10 | -62.6596 | -66.339 -68.44 | -65.6863 | -66.4082

15 | -65.2115 | -78.4915 -71.22 | -70.5098 | -73.8367

20 | -73.2143 | -87.9818 -75.6 | -64.9216 | -71.4082

Table 6.1 : Power average for different distance for five days

Average:

One way is to taking the average of all values in different weather, which were the
average of many of values to obtain most accurate results:

Distance AVerage power ’
5 -57.4392
10 -65.90662
15 -71.8539
20 -74.62518

n

Table 6.2 : Summary for Average value of RSSI at different distances
As shown in the previous table, we can use this table in programming the

PIC18F4550 to translate RSSI to Distance and where is the child relatively close or
relatively far.
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The next figure shows the values of RSSI versus certain values of distance.

relation between Distance and Signal Strength ofXBee Power
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Figure 6.7 : RSSI versus certain distances.
Using variance:

Through this method we can find the variance of power. According to variance we
can decide if the Child is far with large variance or near from her mother with low
variance, different value for variance at different distance found as shown in next
table.

Distance | Variance 1 Variance 2 | Variance 3 | Variance 4
5m 5.874921 7.447668 5.967277 8.037461
10m 6.197042 6.589185 6.530421 7.046957
15m 11.90102 6.458929 10.70007 7.137199
20m 6.334951 4.945138 7.733046 7.451964
25m 5.254215 5.424828 5.443588 5.955916

Table 6.3 : Calculated variance of power at different distance

As we note from this table 3 the variance of power is not suitable to determine the
child location because the variation in variance is random.
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6.2.2 GPS Reading and Testing

The preliminary measurements of the project starts by taking many coordinates at
two different point using the GPS device from the communication lab.
The first test starts by calculating the distance between measured coordinates for two
point and comparing the results of the measurement distance and the desired distance
which will be specified from parent, then calculating the error percentage using the
following formula:
measured value — desired value|

Percent error = - *100%
desired value |

Eq.2

6.2.2.1 Option formula
To calculate the measured distance (between the parent and child), there is different

formulas can be obtained. So there is a necessary to apply it in order to select the best
formula which has the highest accuracy.

Haversine Formula:

The Haversine formula remains particularly well-conditioned for numerical
computation even at small distances.

D=R=*C Eq.3
R =6371 km =earth radius

Alat =lat2 —Ilatl
Alon =lon2-lonl
Alon

a =sin’ (%) + (cos(latl)*cos(lat 2)*sin® (TD
C :Z*arctanz(\/a,af(l—a))

(Note that angles need to be in radians to pass to trig functions).
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Pythagoras Theorem:

_ 2 2
D_«/x +y Eq4

Where:

D =distance

X =69.1x(lat 2 lat1)

y =53.0%(lon2-lonl)

Great Circle Distance Formula (GD):
by using radians can be calculated as below

GD= 3963*arccos(sin (lat1)#sin(lat 2)+cos(lat1)*cos(lat 2) *cos (lon2 - Ionl)) Eq.5

6.2.2.2 Experimental results

We did the following scenario; at our sample location we take to points separated by
5m and 30m, and we read there GPS coordinates by using GPS device. After that the
distance between these points calculated using different formula.

Note that:
In these measurements we use GGA-Global Positioning System Fixed Data
As NMEA Output Command .
It has a (latitude dd mm.mmm & longitude ddd mm.mmmm).
Where : d is degree.
m is minuet.

The following tables show the results which obtain after making some GPS
measurements at our sample location, which was near to building B in the PPU
university.

These experiments was done to examine the formulas. Then select the best which
has less percentage error.
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Lat of first |Lat of second | |Long of first|long of second
point point pointl point
3130.3714 3130.3738 3505.4205 3505.419
3130.3728 3130.3739 3505.4203 3505.4193
3130.3729 3130.3742 3505.4195 3505.4203
3130.3731 3130.3742 3505.4208 3505.4211
3130.3723 3130.3746 3505.4198 3505.4204
3130.372 3130.3745 3505.419¢6 3505.4204
3130.3718 3130.3743 3505.4207 3505.4202
3130.3722 3130.3743 3505.4207 3505.4207
3130.372 3130.3743 3505.4206 3505.4206
3130.3721 3130.3743 3505.4208 3505.4206
3130.3723 3130.3754 3505.4209 3505.4174
3130.3723 3130.3736 3505.4208 3505.4183
3130.3722 3130.3735 3505.4212 3505.4184
3130.3717 3130.3735 3505.4225 3505.4184
3130.3716 3130.3736 3505.4229 3505.4184

Table 6.4 : Latitude and longitude of two point at distance=5m
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Result:
Calculate the distance using the first formula:

D=Rc
5.039856133

2.579411564

2.720871197

2.039314955
4.363008723

3.971136047

4.262101538

4.273847399

4.07640601

6.972522296

4.951073634

7.286349804

7.918150452

Average 4.650311519m

Table 6.5 : The distance using Haversine Formula

measured value — desired value
Percent error = - *100%
desired value
Percent error = ‘4'650311519_5‘ %100% = 6.994%

Which is acceptable result.
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Calculate the distance using the second formula:

Distance =sqrt( x2 + y2)

5.34975E-05

2.69578E-05

2.88973E-05

2.21185E-05

4.71078E-05

4.29083E-05

4.62268E-05

4.633E-05

4.42128E-05

7.32732E-05

4.94441E-05

7.28296E-05

7.90029E-05

Average 4.86774E-05 miles

Table 6.6 : The distance using Pythagoras Theorem in miles

Percent erfor — measured va.lue — desired value +100%
desired value
Percent error = ‘0'090101867'5‘ £100% = 98.198%

Which is not acceptable results.
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Great Circle Distance Formula (GD):

GD=6,378.8* arccos[sin(lat1) * sin(lat2) +
cos(latl) * cos(lat?) * cos(lon? -lonl)] Km.

0.005045795

0.002582185

0.002723521

0.002043055

0.004368236

0.003976291

0.004267803

0.004278375

0.004080579

0.006980951

0.004957281

0.007294856

0.007927548

Average 0004635883 Km

Table 6.7 : The distance using Great Circle Distance Formula (GD) in Km

measured value — desired value|

Percent error = - *100%
desired value \

+*100% = 6.88%

‘ 4.655883-5‘
Percent error =|——8M8M8M8M8 —

Which is acceptable result.

66



Table 6.8 show the latitude and longitude for two different points, which has actual
distance 30m.

Latitude of first

Latitude of second

Longitude of first

Longitude of second

point point point point
31303714 3130.3598 35054205 35054115
31303728 3130.3599 35054203 35054123
31303729 3130.3396 35054193 35054117
31303731 3130.3589 35054208 3505416
31303723 31303587 35054198 35054121
31303722 3130359 35054196 35054114
3130372 31303393 35054207 35054112
31303721 31303394 35054207 3505411
31303723 31303594 3505.4206 35054109
31303723 31303594 35054208 35054109
31303722 3130.3396 35054209 35054109
31303717 31303397 35054208 3505411
31303716 3130.3399 35054212 35054109

Table 6.8 : Latitude and longitude of two point at distance = 30m

Haversine Formula:

D=E.C

77510629

25775
27.04278579

27.5530258

LA

7.52154423

275
2798719416
28.53699981

7.830746

5
802041478

8.56971047

61490251

]
.T1853587
97181612

Average =27.75557436

Table 6.9 : Calculate distance using Haversine’ formula
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measured value — desired value
Percent error = - *100%
desired value
Percent error = ‘ 27'75557436_30‘ %100% = 7.48%

Which is acceptable result.

Pythagoras’ Theorem:

Distance =sgrt( x2 + v2) miles

0.013359824

0.014857012

0015314414

0.016353395

0.015663347

0.015202676

0.014627115

0.014511787

0.01462674

0014857284

0.014627259

0013821137

0.013614164

Average =0.014723858 mile.

Table 6.10 : The distance using Pythagoras’ theorem in miles
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Percent error — measured va.Iue — desired value +100%
desired value
Percent error = 27'25756316_30‘ £100% = 9.1415%

Which is acceptable result.

Great Circle Distance Formula (GD):

GD=6_378.8* arccos[sin(lat1) * sin(lat2) +
cos(latl) * cos(lat2) * cos(lon2 -lonl)

0.025806446

0.027076175

0027586894

0027555272

0.028021667

0.028571958

0.027864834

0.028034696

0.0253711043

0.028604667

0.028649798

0.028753676

0.029007384

Average= 0027789579

Table 6.11 : Calculate distance using Great Circle Distance Formula (GD) in Km

Percent erfor — measured va_lue — desired value +100%
desired value
Percent error = ‘ 27'789579'30‘ %100% = 7.37%

Which is acceptable result.
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6.3 Conclusion

The RSSI values are statistical depending on environment so we can't depend upon
it to determine exactly distance, but we can treat with them to specify the child range
in order control the alarm.

And from the importance of GPS accuracy in this system. We perform many
experiments in order to choose the best formula to find proper distance.

Refer to the previous work we conclude the following :

As we see in this way the better solution is to use the path loss equation with
averaging the values of path loss exponent and Gaussian variable parameter because
the nature changes, and combine this equation using the average.

We can't use the variance in this model because there is random change at its values.

Haversine” formula and Great Circle Distance Formula (GD) are suitable to apply
for short and long distances.

Pythagoras’ theorem is suitable for long distance however it will be not good to
when it apply for short distance.
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7.1 Introduction

In the stage of designing hardware and software tools, different testing are done on
the hardware components, to ensure that the devices are working probably. There are
two components must be tested. First component for ZigBee network, to ensure that
the Xbee devices are able to communicate with each other and analyze the RSSI
values. Second component is GPS receiver to analyze the GPS reading.

7.2 ZigBee Network

The main aim of this testing is to prove that the two node of this network able to
send a message to each other.

WEREE e FEREE B e
WEEEE e BEREe
NOQOOLO0D T

Figure 7.1 : Communication between XBee nodes
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The figure below illustrates the variation of RSSI values as shown in X-CTU program
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Figure 7.2 : Variation of RSSI Values

This figure shows the number of good messages ( arrival message ), and the number
of bad messages ( lost message or time out message ), we note that the number of
good message is 64 on the other hand the number of bad message which is zero that’s

mean no messages is lost.

7.2.1 Problems

We faced many problems when Xbee working was done :
e Sensitivity of Xbee from weather condition.
e Using a voltage source with variable output voltage .
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For these previous reasons, timeout problem was produced as shown in the figure
bellow.

bb : = 52
,‘[COMS]XCTU - |
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Timeout waiting for date
Timeout waiting for date
Timeout waiting for date
Timeocut waiting for datae
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COM3 9600 8-M-1 FLOW:NOME

Figure 7.3 : Timeout problem

7.2.2 GPS Testing

The testing of the GPS device is done in the PPU university in building B.
The GPS is taken cold start time up to connect with all GPS satellites to give correct
coordinates, as the previously mentioned that the blue satellites give invalid signal
and the green satellites give valid signal.
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Figure 7.4 : GPS reading on u-center

7.3 Subsystem Testing

There are five main operations in the system must be tested to ensure correct
response between components. The first operation, the GPS sends the coordinates to
Xbee, the second is exchanging packets between transceivers, the third is sending
message to PIC18F4550 for processing and calculation, the fourth is displaying
results (direction and distance) on seven segment and Led's, the last operation is to
specify the child rang throughout three ranges (safe range, critical range, dangerous
range) for indoor and outdoor environments.

7.3.1 Testing scenario:
Two testing scenarios will be performed to conclude the system performance.

v" Testing based on power for indoor :

In this scenario we will confirm that the alarm activates when the child is close to
critical range, depending on the power to determine the child range, where three
ranges are :

e Safe range

e Critical range

e Dangerous range
When the connection between the mother and child is disconnect the dangerous range
activate.
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v" Testing based on GPS and Power for outdoor :
In this scenario we will confirm that alarm activates when the range greater than
about 15m. the power working incompatible with GPS device.

The following figures shows the different system for outdoor situations :

3031,28849.N
3505,32843,

3031.28889 N
3505.32843.¢

LI IRE S Y
50522788
NI0IBTIN
350832764

Figure 7.5 : outdoor scenario based on GPS

Figure 7.6 : outdoor scenario based on Power

The figure 7.6 illustrates the situation when mother and her child go away from
reference location. While the result that shown on the display specify distance

depends on the last reference location. But the alarm activate depends on the range
between them.
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7.4 System Performance

In this project we measure system performance based on direction, distance which
are determined using GPS for outdoor environment, and the number of False Alarms
that are depend on RSSI values for indoor and outdoor.

False Alarm is an Alarm that is sent to the mother while the child is physically close
her (False Positive), or if an alarm is not sent to mother while the child is far beyond
programmed threshold distance (False Negative).

As shown in the following figure we use three Led's to indicate the child ranges, safe
range indicates as green led, dangerous as red led ,and in the midst of them critical
range as yellow led.

Figure 7.7 : the whole system implementation

7.4.1 Alarm testing:

This test is performed for indoor and outdoor environments, to determine the number
of false alarms ( positive and negative).

7.4.1.1 indoor testing:
The following figures and tables are shown this test.
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Figure 7.8 : Indoor Testing

From previous figure Yellow Led Lights and alarm Beeps, that indicates that child
is start to be remote from his mother. We note the alarm Beeps at about 10m inside.
This is due to obstacles and walls inside the building. And we can note that although
the GPS reading is indicate wrong distances, but in actual when the child is far away
from his mother the alarm is on.

7.4.1.2 outdoor testing:

In this environment GPS distance is taken into account if the distance is greater than
the threshold programmed value for example 18m Yellow and red light to indicate
the child is far, also alarm Beeps. Otherwise if the distance is less than threshold value
for example 7m green led lights. Figure 7.8 show outdoor testing.
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Figure 7.9 : Outdoor Testing

We apply these experiment 20 times for indoor and outdoor. Next table shows these
results :

Diistance number of trials Indoor result Outdoor result
False positive:l False positive:0
3m 20
False negative:( False negative:(
10m 20 False positive:2 False positive:2
False negative:( False negative:(
13m 20 False positive: False positive:
False negative:2 False negative:3
20m 20 False positive:0 False positive:0
False negative:( False negative:l
25m 20 False positive:0 False positive:0] |
False negative:l False negative:l

Table 7.1 : System Performance

Notes :

v For indoor environment the alarm Beeps at distance about 10m this is due to
obstacles and walls inside the building .
v For outdoor environment the alarm Beeps at distance about 15m.
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7.4.2 Distance and Direction Testing:

As we illustrated in previous sections this test will perform only for outdoor
environment.

At first we suppose that child is located at 5m north-east from his mother, from
GPS reading this distance shown at seven segment equally to 6m and the direction
The north-east from his mother.

North-west
North

Figure 7.11: Direction and distance for different trials at different distances.
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This trials repeated 20times for different distances and directions. Table 7.2 and 7.3
conclude these result.

Distance number of Average Percent error
trials measured
distance
Sm 20 3.84 23 2%
10m 20 8.53 14 7%
15m 20 13.81 8%
20m 20 18.64 6.8%
25m 20 23 86 4. 56%

Table 7.2 : system distance and percent error

Actual direction | number of trials Direction from
GPS
East 20 Valid :20 times
Valid:19 times
West 20 Invalid:1 times
Valid:20

North 20
Valid:18 times
South 20 Invalid:2 times

Table 7.3 :system performance based on child direction.

Notes:

v GPS accuracy is about 2.5 m.

v The percent error come from GPS itself and the locations where we
took this trial in open or surrounded area .

v" We can depend on GPS to determine child distance and direction.

81



7.5 Operating Currents and Battery Life

When the parent side is in operating mode the current drawn from the battery is 140
mA. And when the child side is in operating mode the current drawn from the battery
is 180 mA.

the capacity of two AA cells to 3V would be 1000 mAh. so the number of hours of
the two side can be calculated as:

there are two battery of AA cells in parent side consume 1000 mAh, so:

#hour of parent side =1000mAh /140 mA =7.143 hour .
And there are four battery of AA cells in Child side consume 909 mAh, so:

#hour of Child side = 909mAh /180 mA =5.05 hour.
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8.1 Introduction

The project has been done step by step, for developing a new idea in Child
monitoring and tracking. Meanwhile we have some recommendations and suggestions
that can be taken to make the system more efficient and economic in future.

8.2 Real Learning Outcomes

After the implementation of the project we have an improvement in the following
points:
« Learning how to use and program 18F4550 microcontroller.
» Learning how to read GPS coordinates.
« Learning how to build complete system using ZigBee technology.
« Facing many problems with communication in the Xbee and learning how to
solve it.

8.3 Recommendations

After we working on this project, and facing many problems during the
implementation, we as a project team seen that the following points may be a good
improvement for this project in order to make it more reliable:

« Reforming the shape of the system to be more reliable for child usage.

« Using GPS receiver with high accuracy, so accurate distance and direction can
be obtained.

« Developing model for power that can be applied indoor, so the system will
not be limited for just outdoor usage.

8.4 Conclusion and Future Work

All parents wish to shield their children from real dangerous, they will inevitably
undergo hard times. Normal behavior of any child depends on the child's age,
personality, and at the end the physical and emotional development. A child's
behavior may be a problem if it does not match the expectations of the family or if it
is disruptive. So, Parents may face many problems with their children, when they let
them free without any observation.
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There are many child tracking systems available in the present time, these systems
use different technologies and different techniques, but each of them has one or more
limitation such as not suitable for large areas, or monitor how far the child from their
parent without monitoring the environment surrounded the children. While the
designed tracking system allows parent to monitor his child and they will be alarmed
if child be in danger state, where the alarm has three ranges; safe range, critical range,
dangerous range.

After the completion of this project the following conclusions can be drawn:
v The designed system can be extended and updated to be used in other practical
applications as:
e Monitoring and tracking more than one child.
e Monitoring patients in hospitals by connecting medical devices to the patient to
be in contact with their doctor.
e Monitoring adults, specially who needs peoples and elderly family members.
e Monitoring and locating animals, and any dependant who needs special
supervision.

v’ As a future work, it is better to replace normal seven segment display by

Graphical LCD (GLCD) in order to display path of child when child goes out
of range in more details.
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Abstract

This project aims to develop a Child Tracking System. The system will be based
on the ZigBee technology and the Global Positing system (GPS). It helps parents
to locate their children in case of loss in crowded or open places. It is worth
mentioning that this device works as an alarm device by developing a model of
statistical power to have alarm. The system consists of transmitter at the child, and
receiver with parent. The transmitter consists of a GPS receiver and Xbee device.
When the system become on at parent, the GPS determine the coordinates of the
child, and then passes these coordinates to Xbee. Xbee at the child sends packets
that contain the GPS data to Xbee at the parent by using node to node ZigBee
network. Where the Xbee at parent will receive these packets, and pass them to
microcontroller. These packets carrying a power value, which will be used by
comparing the power values on both Xbee devices, to alert the parent if his child
go out of specific range. Then view the direction and the distance of the child at
parent display. In this project, the child location with respect to his parent can be
specified as direction, distance, and alarm. This system is flexible; it is not limited
only for children. In fact, it can be used for monitoring and locating people who
needs special supervision.
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ADC Analog to digital Converter
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APPENDIX A

XBee®/XBee-PRO® RF Modules

The XBee and XBee-PRO RF Modules were engineered to
meet IEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable
delivery of data between devices.

The modules operate within the ISM 2.4 GHz frequency
band and are pin-for-pin compatible with each other.

Key Features

Long Range Data Integrity
XBee
# Indoor/Urban: up to 100" {30 m)
* Qutdoor line-of-sight: up to 300° (90 m)
# Transmit Power: 1 mW (0 dBm)
» Receiver Sensitivity: -92 dBm
XBee-PRO

# Indoor/Urban: up to 300" (90 m), 200" (60
m} for International variant

# Qutdoor line-of-sight: up to 1 mile {1600
m}, 2500" {750 m} for International variant

* Transmit Power: 63mW (18dBm), 10mW
{10dBm) for International variant

* Receiver Sensitivity: -100 dBm
RF Data Rate: 250,000 bps

Advanced Networking & Security

Retries and Acknowledgements
[SSS (Direct Sequence Spread Spectrum)

Each direct sequence channels has over
65,000 unique network addresses available

Source/Destination Addressing
Unicast & Broadcast Communications

Point-to-point, point-to-multipoint
and peer-to-peer topologies supported

Low Power

XBee
# TX Peak Current: 45 mA (@3.3 V)
« RX Current: 50 mA (@3.3 V)
+ Power-down Current: < 10 pA
XBee-PRO

+ TX Peak Current: 250mA (150mA for
international variant)

+ TX Peak Current (RPSMA module only):
340mA (1B80mA for international varian!

# BX Current: 55 mA (@3.3 V)
* Power-down Current: < 10 pA
ADC and I/0 line suppoert
Analog-to-digital conversion, Digital 10
I/0 Line Passing
Easy-to-Use
No configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuration software)

AT and API Command Mades for
configuring module parameters

Extensive command set
Small form factor



Specifications

Table 1-01.  Specifications of the XBee®/XBee-FROT RF Modules

Performance
IndoarUrban Ranga Up ta 100 {30 m) l;giﬁm (B0 ),y b 0 ) v
Outdoor RF insoksightRenge | Up o 300 (80 m) 2pio e (1610w, 1y o 500 (X0 m)
Hﬁ:ﬂﬁiﬁ ! W iy ﬁmﬂﬁﬂm tmatonal varia
RF Diata Rate 250,000 bps 250,000 bgs
Sierial Interface Data Rate 1200 bps - 230 kbps 1200 bps - 230 kbps
[software selactable| {nion-standard baud rates sl supparted) (non-standard baud raies also supported)
Receiver Sensivity -02 dBm (1% packet emar rate) 1] dBm (1% packet emor raie)
Power Requirements
Supply Voltage 18-34V 18-34V
Z50mA {iB3.3 V) (150mA for intemafional variant)
Transmit Curent (typical) 45mA (@ 33V) RPSMA module only: 340mA (@3.3 V) (180mA for
mtematianal variant)
Idle | Recewe Cument fypical] | S0mA (@ 33V) §5mA (i@ 3.3V)
Pawer-down Curren <10 A < 10 ph
General
Operafing Frequency |5M 24 GHz |5M 24 GHz
Dimensions {0.960°x 1.087" (2.438cm x 2.7 cm) 0.960" % 1287 (2.430cm x 3. 20dem)
Operafng Temperalure -40} o 85° C (indusinal) 40} o 85" C (indusinal)
Arena Opions ‘I:n;gﬂﬂ Whip, Chip or U FL Cornector, RPSMA I[:rgerg:mm; Whip, Chip or U FL Connector, RPSMA
Metwarking & Security
Supported Nefwark Topologies Poin-to-paint, Point-to-mulpoint & Peer-to-pear
[i‘fm“:fﬁu‘h;";l: 16 Direct Saguence Channels 12 Direct Sequence Channels
Addreszing Opbons PAN D, Charmel and Addresses PN D, Channel and Addresses
Apency Approvals




Pin Signals

Figure 1-03. XBee®/XBee-FRO® RF Module Fin —
N“mbeﬁ Dim 1 d-E ¥ = pim 30
{top sides shown - shields on bottom) HRE R M

1 =
Fim 10 =P = Fim 11

2= Pin 11

Table 142, Pin Assignments for the XBee and XBee-FRO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

i YCC - Power supply

2 DOUT Ouput UART Data Out

3 DIN / CONFIG input UART Data In

i 00w Output Digital Ouiput 8

5 RESET inot Module Reset (reset pulse must be ot least 200 )
B PWMO / RSSI Ouiput PYWM Output 0/ RX Signal Strength Indicatar

7 PN Output PYWM Ougput 1

] [reserved] - Do not connect

9 OTR / SLEEP RQ/ DI Ingut Fin Sleep Control Line or Digital Ingut 8

I GND - Ground

1 AD4/DIO Either Analog Input 4 or Digital U0 &

12 CTS /D107 Either Clear-tc-Send Flow Control or Digital VO 7

13 ON/SLEEP Output Module Siatus Indicator

" VREF Input Violtage Reference for AID Inputs

15 Associate / ADS / DIDS Either Associated Indicator, Analog Input 5 or Digital U0 5
16 RTS | ADG / DIOG Either Reques-to-Send Flow Conirel, Analog Input 6 o Digital 10 6
1 AD3/DIO3 Either Analog Input 3 or Digital U0 3

8 AD2/DI02 Either Analog Inpiut 2 or Digital U0 2

1 AD1/DI01 Either Analog Inpit 1 or Digital U0 1

o ADD/DIO0 Either Analog Input 0 or Digital U0 0

* Function is not supported at the time of this release

Design Notes:
+ Minimum connections: VCC, GND, DOUT & DIN
+ Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
# Signal Direction is specified with respect to the module
+ Module includes a 50k @ pull-up resistor attached to RESET
+ Several of the input pull-ups can be configured using the PR command
+ Unused pins should be left disconnected




APPENDIX B

1. Characteristics
Specifications Condifions
Rated cument 0.5Akontact (Max. 10 A at fotal contacts)
Rated voliage B0V ACDC
Electrical | Breakdown voltage 150V AC for 1 minute Dietection current: imA
ChRrBCteriEis [ jne,tafion resistance Min. 1,000M2 {iifial) Using 500V DC megger
Corloat reeiclance Max. 80mi2 lIJ?EaEd E;n Uédw contact resistance measurement method specified by
_ Composits insertion force Max. 0.881Nicontacts « contacts (iniial) '
“""“’“‘I. | Composite removal force Min. 0.0588N/contacts x contacts
Post holding force Min. 0.381M/contact Measures the maximum load in the post axial direction until removal
Ambient femperature -55°C to +85°C Mo freezing at low temperatures
Max. peak temperature of 260°C (on the surface ;
Soldering heatresstance | of the PC board around e connecior feminae) | 0" S00€1ng
300°C within 5§ saconds, 350°C within 3 seconds | Soldering iron
Sequanca .
Thermal shock resistence | 5 cycles,  nsulation resistance min. 100MC, ; ﬂssjmgxagrn;m::
Environmental | (header and socket mated) contact resistance max. B0md} g g
haracterisfi 3.857°C, 30 minutes
4. =, Max. 5 minutes
Humidity resistanca 120 hours, insulation resistance min. 100, L
(header and socket mated) o max. B0l Bath temperature 4042-C, humidity 30 o 95% R.H.
Saltwater spray resistance | 24 hours, insulation resisiance min. 100MLL, :
haadar and sock ) rasi max. B0mi Bath temperature 352°C, saltwarter conceniration 5:1%
H:5 resisiance ; Bath temperature 40+2:C, gas conceniration 3+1 ppm,
(header and socket mated) 48 hours,  contact resistance max. B0md} humidity 75 to 80% RH.
Lﬁ-l D . . 3 3
haracteristi Insartion and removal lile | 30 times Repeated insertion and removal speed of max. 200 times/ ours
i weicht Mated height 1.5mm, 20 contacts; Socket- 0.06
it Header: 0.04g

2. Material and surface treatment

Material Surface treatment
Molded portion LCP resin (UL94V-0) -
Contact portion: Ni plating on base, Au plating on surface
Terminal portion: Ni plating on base, Au plating on surface (Except for thick of terminal)
ConlackPost Copps ey The section clos to the sokdering porfion has & nickel bartier
{The nickel bage iz exposed.)




Parameter

Specification

1. Chip Set

uBlox 5

2. Antenna

Sarantel SL1206
Frequency: 1575.4ZMhz
Galn: +24 dBic
Beamwidth: » 120 Degrees

Moise Figure: 1.2 dB

3. Receiver Type

50 Channal
GPS L1 frequency, CfA Code
GALILED Open Service L1 frequency

4. Time to First Fix Cold start (Autonomous) 2095
Wiarm Start (Autonomous) 285
Hot Start {Aukonomows) =ls
Alded Starts <ls
5. Sensitivity Tracking & Mavigation <-160dBm
Reacquisition «=-160dEm
Cold Start (Autonomous) «=-144dBm
6. Horizontal Position Autonomous <2.5m
SBAS <2.0m
7. Accuracy of Timepulse Signal | RMS 30ns
oo <60ns
8. Max Mavigation Update Rate 4HT
9. Velocity Accuracy 0.1mfs 0.1mfs
10. Heading Accuracy 0.5 degress 0.5degress
11. Dynamics Weilght <15g
12. Power 3.3V +- 5% DC Input , < S0mVpp
13. Interface Baud Rate 9600
Lewel TTL
Connector Type: Panasonic AXKEFLOS47YG
14, Environmental Operating Temp -lomEy C
15. Flash Size 4Mbit
16. AGPS Support uBlox AssistNow
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(qp)

PIC18F2455/2550/4455/4550

TABLE 1-3:  PIC18F4455/4550 PINOUT /O DESCRIPTIONS
Pin Number
Pin Name PN | Bufler Description
PDIP | GFN [TaFp | TYPE | Type
MCLR/VPr/RE3 1| 18 | 18 Master Clear (input) or programming voltage (inpuf).

MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.

Vep P Programming voltage input.

RE3 I | 8T Digital input.

OSC1/CLKI 13132 | 3 Oscillator crystal or extemal clock input.

05CH | |Analog| Oscillaftor crystal input or extemal clock source input.

CLKI I |Analog| Extemal clock source input. Always associated with
pin function OSC1. (See OSC2ICLKQ pin.)

0SC2/CLKQ/RAB 141 33 | 3 Qscillator 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.

RAG /O | TTL | General purpose /O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels |

0 =Output
Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

Note 1:

P

= Input
= Power

2: Default assignment for CCP2 when CCP2MX Configuration bt is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.




TABLE 1-3:  PIC18F4455/4550 PINOUT VO DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name Pin | Butor Description
PDIP | aFN | TaFp | TYPe | Type
PORTA is a bidirectional 1/O port.
RAANO 2 | 19 ] 19
RAD 1’0 | TTL | Digital KO.
ANO | |Analog| Analoginput 0.
RA1/AN1 3 | 20 | 20
RA1 1’0 | TTL | Digital KO.
AN1 | |Analog| Analoginput 1.
RA2/AN2/VREF-/ 4 | 21 | 21
CVRerF
RA2 1’0 | TTL | Digital KO.
ANZ2 | |Analog| Analoginput 2.
VREF- | |Analog| AJ/D reference voltage (low) input.
CVRErF O |(Analog| Analog comparator reference output.
RAJANI/VREF+ 5 | 22 | 22
RA3 1’0 | TTL | Digital I1O.
AN3 | |Analog| Analoginput 3.
VREF+ | |Analog| AJ/D reference voltage (high) input.
RA4/TOCKIC10UT/ 6 | 23 | 23
RCV
RA4 1’0 | ST Digital VO.
TOCKI | ST Timer0 external clock input.
ciout 0 — Comparator 1 output.
RCV I | TTL | External USE fransceiver RCV input.
RAS/AN4/SS/ 7| 24| 24
HLVDIN/C20UT
RAS 1’0 | TTL | Digital KO.
AN4 | |Analog| Analoginput 4.
55 | | TTL | SPIslave select input.
HLVDIN I |Analog| High/Low-Voltage Detect input.
C20UT 0 — Comparator 2 oufput.
RAG i e B e See the OSC2/CLKO/RAG pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or oufput
ST = Schmitt Trigger input with CMOS levels | = Input
0 =COutput P = Power




TABLE 1-3: PIC18F4455/4550 PINOUT 'O DESCRIPTIONS (CONTINUED)
Fin Number Pin | Buffer -
Pin Name Description
PDIF | @FN | TaFP Type | Type
PORTE i a bidirectional 1’0 port. PORTE can be softwarne
programmed for miemal weak pull-ups on all inputs.
RBOMANA 2ANTY i c] a9 ]
FLTO/SDI'SDA
RBD o | TTL Digital 0.
AN12 I |Analog Analoginput 12.
IINTD | BT Extemnal intermupt 0.
FLTO | ST Enhanced PWWM Fault input (ECCP1 madula).
s01 | 8T 5P| data in
SDA W | ST FC™ data 11D
RBAANAINTA/SCKS 3 10 !
5CL
AB1 o | TTL Digital 10
ANAD I |Analog Analoginput 10.
INTH | ST Extemnal intermupt 1.
SCK o 8T Synchronous serial clock input/output for 5Pl mode.
ik o 8T Synchronous serial clock inputioutput for I°C mode.
RB2ANBANTZNVMOD a5 11 10
AB2 o | TTL Digital 0.
AN I |Analog Analog input 8.
INT2 | 8T Extemnal intermupt 2.
VMO o — External USB transceiver VMO output.
RBAANICCP2VPD ] 12 i
AB3 o | TTL Digital 'O
AND I |Analog Analoginput 8.
copall o | ST Capture 2 inputiCompars 2 output WM 2 output.
VPO o — External USE transceiver VPO output.
RBAANTMBIVCESSPP| a7 14 14
AB4 o | TTL Digital 0.
AN I |Analog Analoginput 11.
KEID | TTL Inberrupi-on-chamge pin.
C55PP o — SPP chip select control output.
RBSHKBI1/PGM 38 15 15
ABS o | TTL Digital 10
KBIH | TTL Intermupi-on-chamge pin.
PGM o 8T Low-Voliage ICSP™ Programming enable pin.
RBE&KBIZPGC 30 16 16
RAB& o | TTL Digital 0.
KBI2 | TTL Inberrupi-on-chamge pin.
PGC o 8T In-Circuit Debugger and IC5P programming clock pin.
RB7HBIYPGD AD 17 17
RBT o | TTL Digital 1D
KBI3 | TTL Inbernupi-on-chamge pin.
PGD o 8T In-Circuit Debugger and IC5P programming data pin.
Legend: TTL = TTL compafible input CMOS = CMOS compatible input or cutput

ST = Schmitt Trigger input with CMOS levels |

= |input




TABLE 1-3:

Fin Humbsar

PIC18F4455/4550 PINOUT /O DESCRIPTIONS ([CONTINUED)

Pin | Buffer -
Pin Hame Description
PDIF | GFN | TaFP Type | Type
PORTC is a bidirectional 1'O port.

RCNTIO0SOT13CK] 15 | 34 | 32

RCO o | BT Digital 10

T1050 o — Timer{ cecllaior cutput.

THICKI | 5T Timer{Timeard external clock input.
RCATIOSICCR2 1€ | 3 | B
UQE

RCA o | BT Digital 10

T105El I |CMOS| Timerl oscillaior input.

ccp2® o | ST Capture 2 mput'Compare 2 qutputPWM 2 output.

TGE o | — External USE transcaiver OE output.
RCZCCPAP1A i7 | 38 | 36

RC2 o | BT Digital 10

CCHM o | BT Capture 1 inputiCompare 1 outputPWM 1 output.

P1A o | TIL Enhanced GCP1 PWM cutput, channel A
RCAD-WM 23 | 42 42

RC4 | TTL Digital input.

O- o | — USE differantial minus fine (input’oufput).

VM | TTL External LISB transceiver WM input.
RCSD+VP 24 | 43 | 43

RCS | TTL Digital input.

O+ o | — SE differential plus line (inputioutput).

VP | TTL External USE transceiver ¥P input.
RCETHRICK 2 | 4 | M4

RCE o | BT Digital 10

TX ] — EUSART asynchronous transmit.

CK o | ST EUSART synchronous clock (see RXDT)
RCTAM/DTSD0 26 1 1

RC7 o | BT Digital 10

AX | BT EUSART asynchronous receive.

oT o | BT EUSART synchronous data (see THCK).

500 0 — 5P| data out.
Legend: TTL = TTL compafible input CMOS = CMOS compatibde input or cutput

8T = Schmift Trigger input with CMOS levels | = Input
0 =0Output P =Power

Note 1: Altemate assignment for CCP2 when CCP2ME Configuration bit is cleared.

2:  Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are Mo Connect undess the ICPAT Configuration bit is set. For NGACPORTS, the pin is Mo
Connact unless BCPAT is set and the DEBUG Configuration bit is clearsd.




TABLE1-3:  PIC18F4455/4550 PINOUT /O DESCRIPTIONS (CONTINUED)

Pin Humber

Fin | Buffer L
Pin Name Description
POIP | GFN | TOFP Type | Type
PORTD is a bidirectional 1O port or a Streaming
Paraliel Port {(SPP). These pins have TTL input buffers
when the SPP module is enabled.
RDWVSPPO 9| 13 B
ROO o | 5T Digital 10,
SPPO D | TIL | Sireaming Parallel Port data.
RD1/5PAY 2| 3/ 3
RO o | &1 Digital 10,
SPP1 D | TIL | Sireaming Parallel Port data.
RD/SPF2 21 | 40 | 40
RO2 o | 5T Digital 10,
5PP2 D | TIL | Sireaming Parallel Port data.
RO/SPPI 2| 4 | 4
RO3 o | &1 Digital 10,
SPP3 D | TIL | Sireaming Parallel Port data.
RD4/SPP4 a7 | 2 2
RO4 o | 5T Digital 10,
SPP4 D | TIL | Sireaming Parallel Port data.
RD/SPPSPIE 28| 3 3
RO3 o | &1 Digital 10,
SPPS "D | TIL | Sireaming Parallel Port data.
FiB o — Enhanced CCP1 PWM cutput, channel B.
RDE/SPPEPIC 2| 4 4
RO& | 5T Digital 10,
SPPE D | TIL | Sireaming Parallel Port data.
PiC o — Enhanced CCP{ PWM cutput, channel C.
RD7/SPR7PD B | 5 ]
RO7 o | 5T Digital 10,
SPP7 D | TIL | Sireaming Parallel Port data.
FiD o — Enhanced CCP{ PWM cutput, channel D,

Legend: TTL = TTL compatible input
ST = Schmift Trigger input with CMOS levels |

0o =
Note 1:

CMOS = CMOS compatible input or cutput

P
Altamate assignment for CCP2 when CCP2MX Configuration bit is cheared.

=||'w
= Power

2:  Default assignment for CCP2 whan CCP2MX Configuration bl is sat.

3: These pins ars No Connact unless the ICPRT Configuration bit is sed. For MCACPORTS, the pin is Mo
Connect urless ICPAT is set and the DEBUG Configuration bt is clearad.
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char txt[768];

char *string;

int i=0, j=0;

unsigned short ready=0;
char GPGLL[35];

char Lat[5];

char Lon[5];

int flag=0;

char AN_0=0;

char ii=0,jj=0,kk=0;
char SEVEN_A=0;
char SEVEN_B=0;

long latitude=0;

long a_1=0;

long a_2=0;

long a_3=0;

long a_4=0;

long a_5=0;

long longitude=0;

long M_latitude=87472;
long M_longitude=18053;
float Distance=0;

long F_Distance=0;
float D1=0;

float D2=0;

float D3=0;

float D4=0;

char char_Distance[12];
void interrupt () {

if (RCIF_bit==1){
txt[i] = UART1_Read ();
i++;

if (i==768){

1 =0;

ready = 1;

}

RCIF_bit=0; {

}



void SEVENA ()

{

RC1_bit=1;RCO_bit=0;
If(SEVEN_A==0)PORTB=20;

else If(SEVEN_A==1)PORTB=126;
else iIf(SEVEN_A==2)PORTB=152;
else iIf(SEVEN_A==4)PORTB=114;
else iIf(SEVEN_A==5)PORTB=81;
else iIf(SEVEN_A==6)PORTB=17;
else If(SEVEN_A==7)PORTB=116;
else If(SEVEN_A==8)PORTB=16;
else If(SEVEN_A==9)PORTB=80;
delay_ms(1);

¥

void SEVENB () {
RCO_bit=1;RC1_bit=0;
If(SEVEN_B==0)PORTB=20;

else If(SEVEN_B==1)PORTB=126;
else If(SEVEN_B==2)PORTB=152;
else If(SEVEN_B==3)PORTB=88;
else iIf(SEVEN_B==4)PORTB=114;
else If(SEVEN_B==5)PORTB=81;
else iIf(SEVEN_B==6)PORTB=17;
else iIf(SEVEN_B==7)PORTB=116;
else iIf(SEVEN_B==8)PORTB=16;
else If(SEVEN_B==9)PORTB=80;
delay_ms(1);
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void Dir_LED(char x)

{

if(x==1)PORTD=1;

else if(x==2)PORTD=2;

else if(x==3)PORTD=4;

else if(x==4)PORTD=8;

else if(x==5)PORTD=16;

else if(x==6)PORTD=32;

else if(x==7)PORTD=64;

else if(x==8)PORTD=128;

}

void GPGLL ()

{
for(j=0;j<750;j++)



{
if(txt[j]=="G'&&txt[j+1]=="P'&&txt[j+2]=='G'&&txt[j+3]=="L'&&
txt[j+4]=="L"){flag=j; break;}

¥

for(j=0;J<33;j++)
{GPGLL[j]=txt[j+flag];}

flag=0;

J=0;

for(j=0;j<5;j++)

Lat[j]=GPGLL[j+11];

for(j=0;j<5;j++)

Lon[j]=GPGLL[j+25];
SEVENA();SEVENB();
a_1=((Lat[4]-48));

a_2=((Lat[3]-48)*10);
a_3=((Lat[2]-48)*100);
a_4=((Lat[1]-48)*1000);
a_5=((Lat[0]-48)*1000);

a_5=a 5*10;
latitude=a_5+a 4+a 3+a 2+a 1;
SEVENA();SEVENB();
a_1=((lon[4]-48));

a_2=((lon[3]-48)*10);
a_3=((lon[2]-48)*100);
a_4=((lon[1]-48)*1000);
a_5=((lon[0]-48)*1000);

a_5=a 5*10;
longitude=a_5+a_4+a 3+a 2+a 1;
SEVENA();SEVENB();

D1= M_latitude-latitude;

D2= M_longitude-longitude;
D4=atan2(D1,D2) * 180/3.14;
D4=D4+180;
if(D4>0&&D4<=22)Dir_LED(3);

else if(D4>22&&D4<=67)Dir_LED(4);
else if(D4>67&&D4<=112)Dir_LED(5);
else if(D4>112&&D4<=157)Dir_LED(6);
else if(D4>157&&D4<=202)Dir_LED(7);
else if(D4>202&&D4<=247)Dir_LED(8);
else if(D4>247&&D4<=292)Dir_LED(1);
else if(D4>292&&D4<=337)Dir_LED(2);
else if(D4>337&&D4<=360)Dir_LED(3);



D1=D1*D1,

D2=D2*D2,;

D3=D1+D2;

SEVENA( );SEVENB();
Distance=sqrt(D3);
Distance=Distance*0.0006;
F_Distance=Distance*30.9;
SEVENA( );SEVENB();
FloatToStr(D4, char_Distance);
SEVENA( );SEVENB();
SEVEN_B=F Distance/10;
SEVEN_A=F Distance%10;
¥

void main () {
OSCCON=0x72;
TRISA=3;

PORTA=0;

PIEL1.RCIE = 1;
INTCON.PEIE = 1;
INTCON.GIE =1;
UARTZ1_Init(9600);
TRISB=0;

TRISC=128;

TRISE=0;

TRISD=0;

PORTC=255;
PORTB=255;

PORTD=0;

PORTE=0;

TRISA=2;

PORTA=0;

LATD=0;

ADCONO0=3;
ADCON1=14;

LATE=0;
DELAY_MS(500);
PORTE.F2=1;
DELAY_MS(500);
PORTE.F1=1;
DELAY_MS(500);
PORTE.F0=1,
DELAY_MS(500);



PORTE=0;

Delay_ms(100);

while(1) {

SEVENA( );SEVENB();
if(ready == 1 ){

GPGLL _();

SEVENA( );SEVENB();

uartl write_text("Lat =");
for(j=0;j<5;j++)

uartl write(Lat[j];

SEVENA( );SEVENB();
for(j=0;j<5;j++)
uartl_write(Lon[j]);

uartl write_text(char_Distance );
SEVENA( );SEVENB();

ready = 0;
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SEVENA( );SEVENB();
AN_0=ADC_Read(0)/11;
If(AN_0<55){PORTE.F2=0;PORTE.F1=0;PORTE.F0=1};
else if(AN_0<70){PORTE.F2=0;;PORTE.FO=0;PORTE.F1=1};
else iIf(AN_0<100){PORTE.F1=0;PORTE.FO=0;PORTE.F2=1};
SEVENA( );SEVENB();

if (Button(&PORTA, 1, 1, 0));

{

SEVENA( );SEVENB();

M_ latitude=latitude;

M_ longitude=longitude;
PORTE.F1=1;
DELAY_MS(500);
PORTE.F1=0;

PORTE=0;

}

}
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