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Abstract

Our project is concerned with designing and implementing of a
ship that will automatically rescue people wearing the sensor which
responsible to measure the percentage of oxygen in blood and react
according to the priority of the percentage. The system consists of
transmitter at the swimmer , and receiver with ship. The transmitter
consists of a GPS and pulse oximeter , PIC plus Xbee —Tx , while the
receiver consists of a GPS and Xbee-Rx device , motors ,PIC. So when
" the percentage of oxygen is too little; the system will determine the
coordination by GPS of the person who has a leakage then the ship will
travel directly where the meant person is .the wireless communication
technique between the ship and the person is Zig-bee .

Note that the implementation of the project is just from one node to
another .
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1.1 Overview

Life is very important especially for parents toward their own kids by
providing protection for them against various risks however the main concern to
keep them safe as much as possible, so one of the risks that will be discussed is

drowning which it's not only stands for kids ,it's also for all people categorizes
whatever age and healthiness.

the drowning represents the third leading cause of deaths from unintentional
injuries overseas , where they stand behind a 7% of the total deaths .there are about
388000 thousand cases of deaths due to drowning each year around the world Even
with the swimming and safety levels availability in many countries; a large numbers
of people is still drowning annually. The best available scientific evidence has
notified us that 1.2 million people around the world pass away due to drowning
yearly ,which means that more than two persons per minute including more than 50
percent children meet death .

Children , and individuals who often swim more than others, are more
vulnerable to the risk of drowning even with the presence of safe guards on the
beach , so how can we solve this problem(drowning) or reduce this phenomenon?

It's found that it is not something cannot be done ,it is possible by developing a new
smart system that rescue drowning statistics and take the suitable shape .

1.2 Project Objectives

This project aims to reduce the drowning risks , especially people with disorders
along with who cannot swim through detecting percentage of oxygen in the blood of
the swimmer, when this percentage decrease to a threshold that threat human life, the
rescuing system will save that person's life by determining the direction and location
of the person . In addition , our goal is to use wireless communication technology
( ZigBee ) combined with GPS and pulse oximeter sensor and to achieve time
response reduction .

1.3 Motivation

Rescuing people and reduce the probability of drowning by employing a new
communication techniques , through this project we will help parents to have no
worries about their children's safety plus all people will feel safe while they are
swimming and when the ship is around, providing good efficiency in speed , time of
rescue




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

1.4 Requirements
The hardware requirements is Zig-bee , GPS , PIC Microcontroller ,Pulse
Oximeter sensor plus Motors.

In concern of software we will program the microcontroller who is responsible
for many tasks.

1.5 Challenges

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

e GPS systems do not give us the desired accuracy because Intentional jamming
by occupation plus the accuracy problem .

e How to program microcontroller to achieve the goals on hardware.

e Availability of electronic chips and motors .

e Providing the suitable shape of our system.

1.6 Literature Review

We present a framework for a wireless health monitoring system using
ZigBee technology. It has the capability to monitor vital signals from multiple
biosensors. Biomedical signals are collected and processed using 2-tiered subsystems.
The first stage is the mobile device carried on the body that runs a number of
biosensors (internal subsystem). At the second stage, further processing is performed
by a local base station (external subsystem) using the raw data transmitted on-request
by the mobile device. The raw data is also stored at this base station. The processed
data as well as the analysis results are then monitored and diagnosed through a
human-machine interface. The main advantages of the proposed framework are:

1) the ability to detect signals wirelessly within a body sensor network. 2) low-power
and reliable data transmission through ZigBee network nodes.

3) secure transmission of medical data over a body sensor network.

4) efficient channel allocation for medical data transmission over wireless networks.
5) optimized analysis of data using an adaptive hardware architecture that maximizes
the utility of processing and computational capacity at each platform.

Another similar project which is “Child tracking” which is done by ()
supervised by Dr.Gandi Manasrah at Palestine polytechnic university this project
aims to develop a Child Tracking System. The system will be based on 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.




1.7 Project Plan

The project will be divided into the following categories :
Part 1: Preparing the project

In this Part , 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.
Part 2: Analysis overview

A deep and complete study for all options of the project will be made.

Part 3: Study of the principles

In this Part, we study the GPS, ZigBee, microcontroller,SPO2 and any other
technologies or information needed.

Part 4: Documentation and writing

Writing and preparing the documentation of the project was start from the
first Category, and will continue till the end of the project.

Part S: Measurements
Here we will do some measurements with GPS systems and pulse oximeter

sensor, to determine the accuracy and Efficiency of the system , in order to choose
the better option.

Part 6: Microcontroller programming

The programming of project codes are started, then downloaded to
microcontroller.

Part 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.

Part 8: Implementation and Testing

Here the system will be implemented and tested to conclude the system
performance (false positive and false negative )in different environment .

Part 9: Writing documentation

The documentation will continue from the first Category till the end in parallel.




Table 1.1 : Summary of the Project Plan for first semester

Weeks

Task

Partl

Part2

12

13

14

Part3

Part4

Part5

Table 1.2 : Summary of the Project Plan for second semester

Weeks

Task

Part6

Part7

Part8

12

13

15

Part9




1.8 Estimated cost and budget

The whole estimated cost will be approximately 1200 JD (hardware and software),
and the table below shows the cost of each hardware component.

Table 1.3 : Estimated cost and budget component.

Items Quantity Price for one item (INIS)
Xbee PRO S2 2 300
XBee Regulator 2 60
GPS 2 450
PIC18£2550 2 100
SPO2 Sensor 1 350
motor 2 9200
Batteries 1 120

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,
motivation ,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

: Th@s chapter introduces the system design and discusses the different possible
design options and Block diagrams, system blocks.

Chapter Four: Detailed System Design

: This chapter explains how each unit connects with other units in the system in
specific details.

This chapter also 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 five: Preliminary Measurements

This chapter contains the results and analysis of GPS measurement, and
zigbee power and pulse oximeter accuracy and efficiency .

Chapter Six: System Testing

This section is to test the whole system work. It should be tested to conclude
system performance ,reliability, speed and the effects of the environment on the
system work.

Chapter Seven: Conclusion and Recommendation

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

This chapter structured on focusing on all technologies and components that
our project needed , such as ZigBee technology , Microcontroller , Global
Positioning System (GPS) , pulse oximeter sensor and other components that used in
our system .

This chapter is important to specify how to treat with all our project
components and to know their characteristics and to provide ourselves by the role and
ability of each component in the entire system.

2.2 ZigBee technology

2.2.1 Overview

In these days the communication between two sides , transmitter and receiver
almost wireless communication .When the wireless communication used we want to
achieve high speed communication and more secure system.

The ZigBee technology is a wireless technology with low cost , low power
consumption and be considered as wireless mesh network and since it has low cost
then this technology will be widely deployed in all wireless applications and since the
zigbee technology is low power consumption this consider as advantage allow long
life with smaller batteries , also since ZigBee technology considered as mesh network
this provide this technology with another and important advantage which is the
ZigBee will be more extensive range and high reliability .[j

Figure 2.1: the ZigBee chip

2.2.2 Origin of the name ZigBee

The name " ZigBee " is coming from the zig-zagging patterns of bees use to
share and exchange information , such as the location , distance, and direction of a




newly d1§covered food source so the engineers are trying to work in this manner , to
communicate number of devices in the network as a similar as to bees network.

2.2.3 Motivation

The Zigbee technology which we used in our system was developed to satisfy
many of the important needs in wireless technologies such as low cost, secure,
reliable and self healing , flexible and extendable , low power consumption , easy and

inexpensive to deploy and finally integrated intelligence for network set-up and
message routing.

224 The zigbee networks

The zigbee networks can be formed by different ways each way is suitable for
some application and some type of environment , the topologies supported in zigbee
networks include three topologies which are mesh configuration , star configuration ,
and cluster tree configuration .

During the designing the zigbee network some devices are essentially needed
to build the zigbee network in a best form. These devices are :

e Coordinators

e Routers

e End devices

The following figure illustrate the zigbee network in three topologies and the

needed devices :

Mesh

Star

@ zigBee Coordinator
Cluster Tree @ ZigBee Routers

O zigBee Devices

Fig 2.2 : The zigbee topologies and needed devices

The coordinator device is responsible of starting and controlling the network ,
in other hand the coordinator is responsible of storing the information about the

network.
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The routfer device is responsible for extending network area coverage and provide
backup routes in case of network congestion or device failure , the router device can be

connected to the coordinator and other routers , also routers support child devices .

And also the end devices transmit or receive a message , but can not perform
any routing operations , the end devices must be connected to either the coordinator
or arouter , also end devices do not support child devices 21,

2.2.5  ZigBee Alliance

ZigBee alliance includes representative from some of the finest companies and
individuals in the industry , also the zigbee alliance is group of companies work with
each other to enable reliable , cost-effective , low power , wirelessly networked , and
to give secure , flexible monitoring products .

The members of the zigbee alliance can be any type of companies , the zigbee
technology is widely used in industrial and commercial monitoring applications . In
addition the number of alliance members are increasing rapidly . 3

2.3 GPS Technology
2.3.1 Overview of GPS

GPS stands for Global Positioning system . It is a Constellation system of 31
earth orbiting satellites that were originally designed by the US military in the 1970's
as a

navigation system. 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 height of 11.000 miles above
earth, from any point on the earth the receiver can see six visible satellites

2.3.2 GPS segment

The GPS system comprises of three parts :
1) Space segment : consist of 31 satellite constellation that makes up the GPS

space segment are orbiting the earth about 12,000 miles above us. They are
constantly moving, making two complete orbits in less than 24 hours. These
satellites are traveling at speeds of roughly 7,000 miles an hour 4
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Fig 2.3 : GPS satellite

2) The Control Segment :consist of a worldwide network of tracking stations with a
master control station located in the United states at Colorado.

3) User segment includes all military and civilian users .

These three segments are illustrated in the figure below.

==l

Space segment

Control Segment

Fig 2.4 : GPS segments




2.3.3 GPS the basic idea

GPS satellites circle the earth twice a day in a very precise orbit .each satellite
continuously transmit a microwave radio signal to the earth which have three
parameters the first one two sine waves carrier frequencies , the second is digital
codes and the last one is navigation message . Every receiver can receive the signal
and it can use the carrier parameter and the codes to determine the distance between
the user and the GPS satellite but the navigation message contains the coordinates
(the location) of the satellite as a function of time.

When the receiver switch on and pick up this signal with the three parameter ,
it will make process to the signal by using its built-in software. The partial outcome
of the signal processing consists of the distances to the GPS satellite throw the digital
codes and the satellite coordinates throw the navigation message.

Theoretically only three distances to three simultaneously tracked satellites
are needed. Then use the process known of resection , this process done by use the
distance between each of satellites and the receiver to draw a sphere the three
sphere’s intersection by one point that’s indicate to the receiver .the figure 2.5
illustrate the intersect-tion between the sphere’s that determine the location of the
receiver. [s)

Fig 2.5 : three spheres drawn by three satellites

2.3.4 GPS Accuracy

GPS Position relies on precise measurements of the distance from the receiver
to the satellite, and therefore suffers from numerous effects which can reduce the
quality of the signal. These include atmospheric effects which delay the signals from
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the satellites and reflections from nearby objects such as buildings which introduce

multipath, again adding to the length of the signal ,and perhaps the most important
sources of error in this area include.

(1Errors 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
timing. [6]

2.4 PIC microcontroller

Basically, a microcontroller is a device which integrates a number of the
components of a microprocessor system onto a single microchip and optimized to
interact with the outside world through on-board interfaces i.e. it is a little gadget that
houses a microprocessor, ROM (Read Only Memory), RAM (Random Access
Memory), I/O (Input Output functions), and various other specialized circuits all in
one package.

2.5 Pulse Oximeter Sensor

2.5.1 Introduction

Pulse oximeter sensor is a photoelectric device that measures oxygen saturation
of the blood by recording the amount of absorbed or reflected light by deoxygenated
versus oxygenated hemoglobin. We can define the pulse oximeter as the method for
non-invasive measurements of two important quantities the saturation of oxygen in

blood, the heart beat rate-pulse. (7]
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2.5.2 Principle of operation

The measuring _principle of pulse oximeter sensor depends on
spectro_photometx:y, which mean measurement of the absorptivity or extinction
coefficient of a given substance at particular wavelengths.

In pulse oximgter only two light sources with different wavelengths are used So
on.ly' the concentration of two different solutes can be determined. A source of light
originates from the probe at two wave lengths (650nm and 805nm), the light is partly

absorbed by hemoglobin by amount which differ depending on whether it is saturated
or de-saturated with oxygen.

The saturation of oxygen in blood, SO,, is defined by the concentration of
oxygenated hemoglobin (HbO;) to the ratio of the sum of oxygenated and
deoxygenated (Hb) hemoglobin, which can be written as the following formula g; :

C
SO. = Hbo?2
: CHbo2 +CHb

Where:

SO?2 : the saturation of oxygen in blood.
CHbo2 : the concentration of oxygenated hemoglobin.
CHb : the concentration of deoxygenated hemoglobin.

In a pulse oximeter device only the saturation of arterial blood is measured, and
this is always indicated by the correct terminology S,0,.

An important point must be in consideration , that the saturation found by the
previous formula takes the concentration of HbO, to the concentration for Hb and
HbO,, which we find with a pulse oximeter but there are other types of hemoglobin
in blood such as carboxyhemoglobin (COHb) and methemoglobin (Mettlb) therefore
the previous equation could be taken between HbO, and the total hemoglobin and
then this called the fractional oxygen saturation.

The pulse oximeter device which we used in our system uses only two
wavelengths are not able to find the concentration of Hb and HbO, correctly, but the
reading from the pulse oximeter is an estimation of the functioned arterial oxygen
concentration and this should be interpreted as "arterial oxygen concentration as

measured by pulse oximeter" or SPO2. (9]

In total we have three terms denoting the functioned oxygen saturation in blood:

= SO2: Saturation of oxygen in blood.
= Sa02: Saturation of oxygen in arterial blood.
» SpO2: Saturation of oxygen in arterial blood as measured by a pulse

oximeter.
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There are two different concepts for a lack of oxygen for the respirational
process . the first concept is called hypoxia which means lower normal tissue
oxygenat}on' and this refers to a condition where the cells ability to absorb
Oxygen is jeopardized, and this is undetectable by pulse oximeter. The second

concept is hypqxemia which means lower than normal blood oxygenation and this is
what a pulse oximeter is able to detect.

The two light sources with different wavelengths are absorbed by more than one
substance. of the finger and the following figure represent the variation of light
absorbed in two cases of pulsatile and non pulsatile blood.

Variable
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= 1 to pulse
=) added volume
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Fig 2.6 : light passing through the substances of a finger

As illustrated in the figure 2.6 there are several contributors to the absorbance :
skin , tissue , bones makes a constant absorbance together with the venous blood and
the non-pulsating arterial blood .

2.5.3 Pulse oximeter operating modes

There are two modes for pulse oximeter which can operate with, the first mode is
transmission mode and the second mode is the reflectance.

In the first mode (transmission mode) the light transmitted through the medium is

detected by using a photodiode (PD) opposite the light emitting diode (LED). This
mode is illustrated in the following figure.
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Light

LEDm=| |~HPhotodetector

Fig 2.7 : LED and PD placement for transmission mode pulse oximeter

LEDs Finger Photodiode Transconductance
amplifier
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Fig 2.8 : fundamental components in a pulse oximeter in transmission mode

The second mode (Reflectance mode) the pulse oximeter consists of the same
LEDs and PD as in the first mode but the photo diode is located on the same planar
surface as the LEDs. This mode is illustrated in the following figure.

Light

LEDm
Photodetector i

Fig 2.9 : LED and PD placement for reflectance mode pulse oximeter.

The PD is responsible to detect light that is back-scattered or reflected off of the
tissue, bones, and blood vessels. [i0]
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2.6  Brushless DC Motor (BLDC)

2.6.1 Introduction

Brushed DC motors are widely used in applications ranging from toys to push-button
adjustable car seats. Brushed DC (BDC) motors are inexpensive, easy to drive, and
are readily available in all sizes and shapes. This application note will discuss how a
BDC motor works, how to drive a BDC motor, and how a drive circuit can be
interfaced to a PIC® microcontroller. BDC motors have many advantages, A few of
these are:

* Better speed versus torque characteristics
e High dynamic response

* High efficiency

* Long operating life

* Noiseless operation

* Higher speed ranges

2.6.2 Principle Of Operation.
The construction of a simple BDC motor is shown in
Figure 2.10 [11]-

Figure 2.10 :Simple Tow-Pole Brushed DC Motor

All BDC motors are made of the same basic components: a stator, rotor, brushes and

a commutator. .
The following paragraphs will explain each component

in greater detail.
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2.6.3 Stator

The stator generates a stationary magnetic field that surrounds the rotor. This field is
generated by either permanent magnets or electromagnetic windings. The

different types of BDC motors are distinguished by the construction of the stator or
the way the electromagnetic windings are connected to the power source. (See Types
of Stepping Motors for the different BDC motor types).

2.6.4 Rotor

The rotor, also called the armature, is made up of one or more windings. When these
windings are energized they produce a magnetic field. The magnetic poles of this
rotor field will be attracted to the opposite poles generated by the stator, causing the
rotor to turn. As the motor turns, the windings are constantly being energized in a
different sequence so that the magnetic poles generated by the rotor do not overrun
the poles generated in the stator. This switching of the field in the rotor windings is
called commutation.

2.6.5 Permanent Magnet

Permanent Magnet Brushed DC (PMDC) motors are the most common BDC motors
found in the world. These motors use permanent magnets to produce the stator field.
PMDC motors are generally used in applications involving fractional horsepower
because it is more cost effective to use permanent magnets than wound stators. The
drawback of PMDC motors is that the magnets lose their magnetic properties over
time. Some PMDC motors have windings built into them to prevent this from
happening. The performance curve (voltage vs. speed), is very linear for PMDC
motors. Current draw also varies linearly with torque. These motors respond to
changes in voltage very quickly because the stator field is always constant.

? Armature Brush
DC
Voltage
Supply
Permanent

Magnet Poles)|

%

Figure 2.11 :Permanent Magnet DC Motor

2.6.6 Series-Wound

Series-wound Brushed DC (SWDC) motors have the field coil in series with the
armature. These motors are ideally suited for high-torque applications because the
current in both the stator and armature increases under load. A drawback to SWDC
motors is that they do not have precise speed control like PMDC and SHWDC

motors have.

19




i Yy,
T S_enes
DC Field
\S/oltage Armature Q
upply
Brush/
%

Figure 2.12 :Series-Wound DC Motors

2.6.7 SPEED CONTROL

The speed of a BDC motor is proportional to the voltage applied to the motor.
When using digital control, a pulse-width modulated (PWM) signal is used to
generate an average voltage. The motor winding acts as a low pass filter so a PWM
waveform of sufficient frequency will generate a stable current in the motor winding.

The relation between average voltage, the supply voltage, and duty cycle is given by:
EQUATION 1:

VAVERAGE = D x VVSUPPLY

Speed and duty cycle are proportional to one another. For example, if a BDC motor is
rated to turn at 15000 RPM at 12V, the motor will (ideally) turn at 7500 RPM when a
50% duty cycle waveform is applied across the motor. Speed and duty cycle are
proportional to one another. For example, if a BDC motor is rated to turn at 15000
RPM at 12V, the motor will (ideally) turn at 7500 RPM when a 50% duty cycle
waveform is applied across the motor.

The frequency of the PWM waveform is an important consideration. Too low
a frequency will result in a noisy motor at low speeds and sluggish response to
changes in duty cycle. Too high a frequency lessens the efficiency of the system due
to switching losses in the switching devices. A good rule of thumb is to modulate the
input waveform at a frequency in the range of 4 kHz to 20 kHz. This range is high
enough that audible motor noise is attenuated and the switching losses present in the
MOSFETs (or BJTs) are negligible. Generally, it is a good idea to experiment with
the PWM frequency for a given motor to find a satisfactory frequency.

So how can a PIC microcontroller be used to generate the PWM waveform
required to control the speed of a BDC motor? One way would be to toggle an output
pin by writing assembly or C code dedicated to driving that pin(1). Another way is to
select a PIC microcontroller with a hardware PWM module. The modules available
from Microchip for this purpose are the CCP an ECCP modules. Many of the PIC
microcontrollers have CCP and ECCP modules. Refer to the product selector guide to
find the devices having these features. The CCP module (short for Capture Compare
and PWM) is capable of outputting a 10-bit resolution PWM waveform on a single
I/O pin. 10-bit resolution means that 210, or 1024, possible duty cycle values ranging
from 0% to 100% are achievable by the module. The advantage to using this module
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is that it au‘tomatically generates a PWM signal on an I/0 pin which frees up
processor time for doing other things. The CCP module only requires that the
dereloper configure the parameters of the module. Configuring the module includes
setting the frequency and duty cycle registers. The ECCP module (short for Enhanced
Crflpture Compare anc'l PWM) provides the same functionality as the CCP module
with the added capability of driving a full or half bridge circuit. The ECCP module

also has auto-shutdown capability and programmable dead band delay.

2.6.8 Sensored Feedback

. There are a variety of sensors used for speed feedback. The most common are
optical encoders and hall effect sensors. Optical encoders are made up of several
components. A slotted wheel is mounted to the shaft at the non-driving end of the
motor. An infrared LED provides a light source on one side of the wheel and a photo
transistor detects light on the other side of the wheel (see Figure 2.13). Light passing
through the slots in the wheel will turn the photo transistor on. As the shaft turns, the
photo transistor turns on and off with the passing of the slots in the wheel. The
frequency at which the transistor toggles is an indication of motor speed. In the case
of positioning applications, an optical encoder will also provide feedback as to the
position of the motor.

J wheel ~a
A
% IR LED Photo Transistor
Y|
()]
Front View Side View

Fig. 2.13 : Optical Encoder

Hall effect sensors are also used to provide speed feedback. Like optical encoders,
hall effect sensors require a rotary element attached to the motor and a stationary
component. The rotary element is a wheel with one or more magnets positioned on its
outer rim. A stationary sensor detects the magnet when in passes and generates a TTL
pulse. Figure 10 shows the basic components of a hall effect sensor.
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Figure 2.14 : Hall Effect sensor

2.6.9 Speed Control by Using PWM and Full H Bridge Motor Drive

B
A -+
12V
Yot AN

Figure 2.15 : Simple motor circuit.

Let us consider a simple circuit that connects a battery as power supply
through a switch MOSFET (Metal-Oxide-Semiconductor Field Effect Transistor) as
shown in Figure 2.8. When the switch is closed, the motor sees 12 Volts, and
when it is open it sees 0 Volts. If the switch is open for the same amount of time as it
is closed, the motor will see an average of 6 Volts, and will run more slowly
accordingly.

This on-off switching is performed by power MOSFETs. A MOSFET (Metal-
Oxide-Semiconductor Field Effect Transistor) is a device that can turn very large
currents on and off under the control of a low signal level voltage.

The average of voltage that supply to DC motor is given by, 12

where Vave = average voltage supply to DC motor
ton = time ON of switches

T = period of PWM

ton/T=DC, duty cycle
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Figure 2.16 : PWM signal

As the amount of time that the voltage is on increases compared with the
amount of time that it is off, the average speed of the motor increases and vice versa.
The time that it takes a motor to speed up and slow down under switching conditions
1s'de.pends on the inertia of the rotor (basically how heavy it is), and how much
friction and load torque there is. Figure 2.10 shows the speed of a motor that is being
turned on and off fairly slowly:

250 20

200 -

150 1" %
= - =
3 \ 1o -“5
& 100 - \ £

1 &

80 -

0 0
Time

—— Motor speed —— Supply voltage

Figure 2.17 : Relation of supply voltage with motor speed
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Figure :2.17 Relation of supply voltage with motor speed We can see that the
average speed is around }50 Ipm, although it varies quite a bit. If the supply voltage
is sw1.tched fast enqugh, 1t won’t have time to change speed much, and the speed will
be quite steady. This is the principle of switch mode speed control. Thus the speed is
set by PWM — Pulse Width Modulation.

A full br1dg§ circuit is shown in the diagram below. Each side of the motor can be
connected either to battery positive, or to battery negative. Only one MOSFET on

each side of the motor must be turned on at any one time otherwise they will short out
the battery and burn out.

Field windings

T
QHEES %

armature

{2k >

Figure 2.18 : Full H bridge motor drive .
To make the motor go forwards, Q4 is turned on, and Q1 has the PWM signal

applied to it. Meanwhile, to make the motor go backwards, Q3 is turned on, and Q2 has
the PWM signal applied to it:

2.6.10 CONCLUSION

Brushed DC motors are very simple to use and control, which makes them a
short design-in item. PIC microcontrollers, especially those with CCP or ECCP
modules are ideally suited for driving BDC motors.
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After what we have explained in this ¢
details of each ZigBee ,GPS

the next chapter going to disc

hapter about the general concept in
spulse oximeter, microcontroller and required motors ,
uss the Conceptual Design of our project .
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Chapter three

Conceptual Design

3.1 Introduction

3.2 System Functions and Block Diagram
3.3 How does the System work?

3.4 System Entities

3.5 Software Design
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3.1 Introduction

After what has explained in
background, this chapter describes th
and the system elements.

the previous chapter about the theoretical
e general block diagram of the whole system,

Usage of hargiwaref and software to achieve the aim of the project. Where a
hardware will be built using the GPS, ZigBee network, pulse oximeter, regulator ,

motors and microcontroller. Also, the explanation will include the work design
methodology.

3.2 System Function and block diagram .
The project aims to achieve the following objectives :

1) locating the person under danger using the GPS Technology.

2) Building a system capable to sense the percentage of oxygen in the human
body using pulse oximeter sensor , if it’s decreased from a threshold value note
that it represents the level of danger caused by the lack of oxygen which is
selected in the soft ware code that notify an alarm signal plus location to the PIC
controller in order to send it to the receiver side using zigbee network causing to
turn the motor on which move the rescuing ship to the person .

Receiver

Wireless
network

Transmitter |[[ >

Figure 3.1: General block diagram
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Figure 3.2: Detailed block diagram
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3.3 System entities

3.3.1 ZigBee device

ZigBee is a personal area network ( P
s TRy tk ( PAN ) technology based on the IEEE

The source of information which represent in our project the decreasing of
oxygen saturatlon. in bl.ood which coming from pulse oximeter sensor is generated by
a keypad and this will be encrypted and is sent to destination through ZigBee
modules .

. The receiving system will check the data and decrypt according to a specific
algorithm and displays on the light crystal diode (LCD ) screen .

: The.foll.owing block diagram is broken into two block diagrams describe the
ZigBee device in both cases transmitter and receiver .

> 16X2 LCD

89S52
MCU
Key Pad j Zigbee module
Y MAX232

\'4

Step Brid Fil
ge ilter A
copp Rectifier [~®| Circuit [—*| Regulator 3
T/F Power supply to all sections

Figure 3.3 : ZigBee transmitter block diagram
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16X2 LCD

89S52
MCU
MAX232 > Zigbee Module
dStep Bridge Filter
;/\;n Rectifier ™ Circuit [—>| Regulator >
Power supply to all sections

Figure 3.4 : ZigBee receiver block diagram

Products in the XBee family are easy to use. They require no configuration or
additional development ; the users can have their network up and running by having
an experience in the pins of the XBee device . The following figure illustrate the

ZigBee device pins .

2L

-4

Fig. 3.5 : ZigBee device pins
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3.3.2 GPS

The first entity is GPS ,as we discussed the GPS receiver device at
both sides person side ,and ship side always active, which receive signal from
satellite that carry the location of both .

We will use GPS number FGPMMOPAG6B due to :

e Small size.

e Work at suitable voltage .

e Have an internal antenna .

e Jammer detection and reduction

e Multipath detection and compensation

e High sensitivity :UP to -165 dBm tracking , superior urban
performance 1.

e Position Accuracy:

Figure 3.6 : GPS device
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Microcontroller

:l“he second entity microcontroller is used to program overall the system, in
ouI: pro_!ect we use two PICs in both side one of them in sender side (the person who
s?mmmmg) and ‘fhe other at the receiver side (the ship), where the PIC at the sender
side receive a signal from GPS that wil carry the location of the person where use

this .signal and dc.) multiprocessing for then send it by Zigbee sender to the Zigbee
receiver at the ship side and to the PIC at this side.

Now PIC at.the receiver side use the signal arrived by Zigbee and the signal
came from GPS which carry the coordinate of ship location . use tow signals to make

a new processing and send another signal that carry a decision for moving to the
control unit of the motor.

All of the devices in the PIC18F2455/2550 family incorporate a range of features
that can significantly reduce power consumption during operation key items include:

e High computational performance at an economical price.
e Enhanced Flash program memory.
e Work at Nano-watt .

o All of the devices in the PIC18F4550 reduce power consumption during
operation.

e 28-pin.
e Low power consumption.

e Work at low voltage at rang 2.55-5v.

PIC18F2455/2550 has all what is needed for implementation for our
project ,enough I/O ports ,ADC.

Figure 3.7 : Microcontroller Chip
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3.3.3 Pulse Oximeter Sensor

The workm.g prlnftlple of a pulse oximeter is based on the Beer-Lambert's law for
spectra} analysis . This law state that the concentration of absorbent in solution can be
determined as a mathematical function of the amount of light transmitted through the
501[1t1°{1 » providing that the intensity of the incident light , the path length , and the
extinction coefficient of a substance at particular wavelength are known . ,

E}xtinction coefficient : is a measure of how strongly a substance absorbs light at a
particular wavelength.

The percentage of oxygen in blood measured by the pulse oximeter is the ratio of

oxygenat.ed hemoglobin to the total amount of hemoglobin capable of binding with or
transporting oxygen .13

~ Amplifier e
3> + : ADC |
7 Filter |

PROBE) @——P| MICRO =P  DISPLAY

1
- LED driver == DAC l
| |

|

Figure 3.8 : signal flow diagram of pulse oximeter

The current produced by the photo diode is converted to equivalent voltage and
filtered using low pass filter . The filtered signal is digitized and demodulated before

subtracting the ambient light effect .

To reduce the effect of absorption of light by the surrounding tissue , ;
measurements are only made on detection of arterial pulse . Blood has a light

absorption coefficient greater than of the surrounding tissue .

The ratio ( R ) which is the ratio of voltage level at red (660nm ) to that of
infrared ( 940nm ) is calculated . the SPO2 value corresponding to ratio (R ) is

computed from empirical data using lookup table .

D logEE R
T logR  IRGY
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Where :

Rrms : absorpt.ion for arterial blood for red root mean square

Rdc : absorpt19n for tissue and bone for red light

IRrms : absorptlon for.arterial blood for infrared root mean square
IRdc : absorption for tissue and bone for infrared light

B?sed on the R parameter both SPO2 and heart rate ( HR ) can be determined by
applying the following calibrated equations :

For SPO2 quantity :
SPO2=10.0002R>—52.887R* +26.871R +98.283

And finally , pulse oximeter sensor has the functional block diagram connected
with microcontroller.

T e s r——y
i
|
f l < KEYPAD
Photo Detector Aples #nd ADC -
Fllter J
T RN R
Signal receiver 3 :
| Audio Ampifier |
i » AUDIODAC t—>  And |
— LlecIncal Path i Speaker
e 2 ]
( ‘\ :
inger i Clock id y : L Pomaabeei ot
R ) : Microcantroller
\\ o ol il
— 3> DISPLAY
User Interface

Signal transmiller

| Communication
¢ ',, Mogcule J

LED and IR-LED
{ LED and IR-LED H driver

Figure 3.9 : Block diagram of pulse oximeter
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» and a sensitive photo detector . A
] : and to synchronize with the photo
end electronics to amplify and process the signal before

timing control circuit to sequence the LEDs
detector , analog front-
digitization. .

e I ms

Figure 3.10 Timing signals for the LED drivers

An analog to digital converter ( ADC ) is used to digitize the signal , a processor
here is microcontroller is used to compute the received red and infrared light intensity
ratio and hence to derive SPO2 value from the lookup table , a LCD display and push
buttons to display the values and provide user interface .

An audio buzzer to sound an alarm on low oxygen level , a connectivity block to
transfer information to external computer and finally power supply to power all the
electronics using battery.

Figure 3.11 : Pulse Oximeter sensor
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3.3.4 brush direct current( BDC) motor

BDC motor in our project will be used
to rescue the person who is drowning, this is do
from the PIC of the buoy to the BDC motor in o
BDC motors have many advantages over brus
A few of these are:

* Better speed versus torque characteristics

* High dynamic response

* High efficiency

e Long operating life

* Noiseless operation

* Higher speed ranges
In addition, the ratio of torque delivered to the size of the motor is higher.

at the receiver side to move the buoy
ne by the control signal which is send
rder to start running the motor .

hed DC motors and induction motors,
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3.3 .5 Software design

This is the flow chart of th
path of signal and data of the who]

¢ transmitter side which illustrate the complete
€ system as below:

Figure 3.12 : Transmitter flowchart

g7/




The second flow chart is th

€ receiver side which illustrate the complete path of
signal and data of the whole syst

em as below:

Figure 3.13: Receiver flowchart
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After what we have discu
include the block diagram and the
discus the explanation of our impl
Hardware ,Specification of algorit

S in this chapter about the conceptual design that

software design —flow chart , the next chapter will
ementation and Design sheets

hms plus Summary of codes,
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Chapter four

Detailed System Design

4.1 Introduction.

4.2 interfacing between transmitter devices .

4.3 Overall transmitter Design.

4.4 PWM : Pulse Width Modulation at the receiver.
4.5 Overall receiver Design.
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4.1 Introduction

4.2interfacing between transmitter devices .
In this section, a description for hardware that is used will be explained.

VY Y VPSR

o
o
(o)
(o)
O
o
O
O
4
O
L&)
o
(R
£ &

Figure 4.1 : transmitter side elements
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42.1 Microcontroller

Microcontroller is a Microchip programmable [C
: ; , that cont i
from each device. Figure 4.1 shows the pi s oo

L be illustrated bs of PIC18F2550, more explanation for required ports
will be 1 :

28-Pin PDIP, SOIC

d

— o
MOLRV PRRES —= | 1 28]+ RB7BIsPED
RAGANG =—o-[T12 27(] < RBaKBIZPGG
RAVANI =—[T3 25 ] =—= RB&KBIPCH
RARAN2VREF/CVREF ~— []4 25[] «—= RBIAN11KRIO
RASANIVREF+ <[5 v e 24/ =— RBYVANS/ICCPANVEG
RAYTOCKIGIOUTRCY ~—s [ 6 S8 23[ ] <= RB2ANSINT2VMO
RAS/AN4/SS’HLVDIN'C20UT =—= 7 i b 2[T <~ RBUANICINTI/SCIUSCL
Vss— |8 gE 21[] > RBO/ANIZINTOFLToSDISDA
OSC1/CLK —=[]o 20[J<— Voo
OSC2CLKORAs «—[J10  B&E [ JHT v
ROOT1OSO/M1SCK =—= [}11 18[ ] == RC7/RX/DT/SDO
RCAT108I/CCPANTOE ~— 12 17[]=—= RC&TX/CK
RO2/CCP1 =—[T]13 18[J<=— RC5D+AP
VUGB“E 14 16 jd—h RC4/D-VM

Figure 4.2:Pins out of PIC18F2550

Pin description:
1. RAO/ANO (pin 2):
® PORTA is a bidirectional I/O port.
e RA0-Digital I/O .
® ANO- Analog input 0- pin type I.

[=Input.
0= Output .
2. RC7/RX/DT/SDO (pin 18):
* RC7-Digital I/O.
® RX-EUSART asynchronous receive-Pin type Il ' g
* DT-EUSART synchronous data (see TX/CK)-Pin type I/O.
° SSDO-SPI data out-Pin type O.
Were SPI is The Serial Peripheral Interface .

3. RC6/TX/CK (pin 17):
* RC6-Digital 1/O. oy 0
° TX-EUSART asynchronous transmit.-Pin type -
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e CK- EUSART synchronous clock (see RX/DT)-Pin type I/0

. VSS (pin 8 or 19):
e Ground reference for logic and 1/0 pins)-Pin type P

P = Power.
. VDD (pin 20):
e Positive supply for logic and 1/0 pins-Pin type P.

. RC4/D-/VM (pin 15):

o RC4-Digital input.-Pin type I.

e D-USB differential minus line (input/output).

e VM- External USB transceiver VM input.-Pin type 1.

. RB0/AN12/INTO/FLT0/SDI/SDA (pin 21):

e RB0-Digital I/0.

o ANI2-Analog input 12.-Pin type I.

o INTO-External interrupt 0.-Pin type I.

e FLTO-PWM Fault input (CCP1 module)-Pin type I.
e SDI-SPI data in-Pin type I.

e SDA-I2C™ data I/O.

. RB1/AN10/INT1/SCK/SCL (pin 22):

e RB1-Digital I/0.

e AN10-Analog input 10.-Pin type L.

o INT1-External interruptl.-Pin type I.

e SCK-Synchronous serial clock input/output for SPI mode.-Pin type I/O.
o SCL-Synchronous serial clock input/output for I2C mode.-Pin type 1/0.

. RC1/T10SI/CCP2/UOE (pin 12):
e RC1-Digital I/O.
e TIOSI-Timer! oscillator input.-Pin type L.
o CCP2-Capture 2 input/Compare 2 output/PWM 2 output.
o UOE-External USB transceiver OE output.
Note:- the prim is high not low .

. RC2/CCP1 (pin 13):
e RC2-Digital I/O.
o CCP1-Capture 1 input/Compare 1 outpu
Output of dutycycle(PWM) to cont

t/PWM 1 output.
rol motor speed.
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Oscillator Types:
PIC18F2550 devices can be operated in

mode we use internal oscillator that have 8MHz

Serial port:

PIC 18F2550 h : .
. L as two major serial modules : the master synchronous serial d
Universal Synchronous Asynchronous Receiver Transmitter (USART) e

Calculation needed

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

9600 baud asynchronous

For BRGH=1

SPBRG = 4000000/(16 x 9600) - 1 = 51.08

For BRGH =0

SPBRG = 4000000/(64 x 9600) - 1 = 12.02
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4.2.2 Interfacing between Microcontroller and pulse oximeter

U1 N
2
5| RAO/ANO RCO/T1080/T1CK| f—11.
——{ RAT/AN1 RC1/T10SI/CCP2/UOE 12
—2— RA2/AN2/VREF-/CVREF RC2/CCpq {13
—2 | RAB/ANG/VREF+ RC4/D-AM {—15.
—2— RA4/TOCKIC10UT/RCY RC5/D+\/P —18. —
~&—| RAS/AN4/SS/LVDIN/C20UT RC6/TX/CK j—1L. ;

|
B
iO)

RA6/0SC2/CLKO RC7/RX/DT/SDO

N
-

R1
RB4/AN11/KBIO/CSSPP 1k

RBO/AN12/INTO/FLTO/SDI/SDA
RBS5/KBI1/PGM VUSB
RB6/KBI2/PGC

i

RB1/AN10/INT1/SCK/SCL i
ﬂ

PIC18F2550 i

RB2/ANS/INT2/\/MO
RB3/ANS/CCP2/\/PO OSC1/CLKI
RB7/KBI3/PGD RE3/MCLRA/PP
0\ VI
] / 1V
SOUNDER

NN NN IN D

FET

R3
10k

Figure 4.3 Interface between PIC and Pulse Oxmiter

First of all we have the pulse oximeter that gives the alarm signal using Sounder so we
need to remove the sounder to get a direct signal to the analog port of the microcontroller that
detect if there is an alarm signal or there isn’t , so by this connecting that aims to get the alarm
signal we must do a couple of setting of the pulse oximeter to determine the SPO2 Level and

depending on that level the sensor will or will not give the alarm .

While Pin RAO/ANO is responsible about receiving analog signal which represent the alarm
signal from the pulse oximeter(SPO2 level) to the PIC.

This figure shows connection between the pulse oximeter and the PIC after replacing sounder by

pulse oximeter .

45




U1 e

; <&

2 ;iﬁl;ﬁl Rc1l§_ﬁ%mosomcm +;
S Sl O
_g_ RA2/AN2AREF -ICVREF J%%g?cc?aﬁ L]
2| RA3IAN3VREF+ RCAD-AM felD,
_g_ RAATOCKIC1OUTRCY RCSD+AP 116
75— RASIAN4/SSILVDIN/C20UT RCBAXICK {17
10| RasiOSC2ICLKO RC7TRXDTSDO |18 |
2 RBOAN12/INTOFLTO/SDISD A
22_1 RB1/AN10/INT1 SSCK.SCL
%3‘_ RB2/ANSANT2/VMO ]
22| RBG/ANSICCP 2P0 OSCHCLKI 2 MR
2 RB4/AN11 MBIOKSSPP | § 1k
2 RB5 MBI POM vuse 14, oh
.3.8_ RBB/KBI2/PGC |
25| RB7KBIZPGD RES/MCLRAPD ‘

PIC16F 2550
Low power indicator

R3 Sp02% DPhpm, @

b 95 83
Pulse Oximeter
ya [

/
SPO2 wavefonn

Figure 4.4 Interface between SPo2 and PIC
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4.2.3 Interfacing between Xpee Pro S2 ang PIC.

U1
28
53— RBUKBI3PGD RE3/MCTRVPP |1
55— RBBIKBI2PGC .
S5 RBS/KBI /PG vuss -4
531 RBAANTI/KBIOICSSPP :
S5—| RBYANQICCP2VPO OSCHCLK fer2em
S5~ RBYANSINT2VMO
551 RBYANAOINTI/SCRISE.
St RBOANAZ/INTORLTO/SDISOA
J—?-- RABIOSCICLKO RCTRXDTISDO (18
5| RASIANAISSILVOIN/C20UT RCSMCK {1k
& RAATOCKI/C1OUTIRCY RCS/DHVP {2
2| RAZ/ANS/VREF+ RCAIDM [
1 RAYANIIVREF-/OVRER RC2ICCPT [
S| RATAN RCUT10S/CCP/IOE (—12
| RAG/AND RCOTIOSOMICK! —1
SIC T8 2550

Figure 4.5 interface between Xbee and PIC

This figure represent the interfacing method between the ZigBee device and the PI.C
microcontroller, XBee as shown is energized by a three DC voltage source (Vce =+ 3 Volt), p}n
10 of ZigBee is going through the ground. From PIC microcontroller the signal comes from pin
number 17 and enters pin number 3 on ZigBee device, this signal carry the alarm about the
percentage of oxygen that goes down a threshold value .

Output power

XBee — PRO (S2) which we used in our system has a transmit power output 50mW (+17 dBm),

10mW (+10 dBm) for international variant .

Data rate

he receiver
RF data rate 250,000bps and the data throughput up to 35000bps and the re

is3— It , and the operating
sensitivity -102dBm , the voltage supplied of XBee-PRO (S2) 15333 \;301 V<;7O g
Current at transmitting maximum output power is 295 mA at 3. ,

le current which represent
Variant , operating current at the receiver is 45 mA at 3.3 Volt and the Id

the receiver off is 15 mA .
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xBee — PRO (S2) has a range of Operating temperatyre which i
: s from-40 t i
ntegrated whip antenna , embedded BeR At 085 C, the antenna is

The supported network topologjes may be XB
- point,, point —to — multipoint , peer —
to - point network . XBee — PRO (S2) wh

€e —PRO (S2) device is connected in point—to
FO ~Peer, and mesh . in our system the network is point —
ich we are used its dimensions 2.438 x 3.294 c¢m .

The XBee device was designed to mount into a rece

j ptacle ( Socket ) and therefore we don’t
require any soldering when mounting it to a board .

Figure 4.6
Pins description:

The XBee — PRO ( S2 ) device has 20 pins and the following is explanation of each pin
with respect to Xbee pin figure .

Figure 4.7 Pin description of Xbee
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42.4 Interfacing between GPS transmitter and PIC:

This part is the interface between GpS transmitter a

ihe following : nd PIC, this interface can be explained as

Through this interface pin 18 at PIC (RC7) receive signal from GPS that contain

inati : .
c?ord 5 ; lonicfithe transml.tter (the person) to use it later . Note that this connection will be
direct without need to any interface between th N

STRAOLO SRS caarddinate

PO E 2 s sy

Figure 4.8 type of message transfer from GPS to PIC

EBI/KBREGL IESVTIRIVPR

23 | Li
2| RRE/KRIPGC
% RES/KEBILTCH vuss |14 o Y
i [ bl e 3 R r—— .|
2 PRO/ANGICCPONPG OACITIK == :! . \
55— PROZANDINZVMO s S . \\
S| FBI/ANI VNT1ISCHSC. BomE g ‘ (} 4
<= PDC/ANT YINTOITLTSZLS A @ g .V o
aaamE A - l\
B ™ VRAQMAE e \ \\
—— RAB/OSC2/ILKO RCHRXOTSOQ f—= o 4 \ \
—5—| RAS/ANAISS/LVDINGZCUT ROSTX/CK [—= PELLT !; = AR LR i
2! PAYTOGKIC" DUTIRSY RESDHYP. i1 2 g GTEAO1D \
N i ivadin RADY (2 omus gl S OE T \
2| pAYANOWRE=CVITF Reyeor |5 e \ o
=2 BAUAN RG1TDSUCSP2ATOF (== — )
—2_1 PAC/AND RCLTOSOTICK! |— I K
PICARFORAN C —— A

TeoViza

Figure 4.9 Interface between GPS and PIC

o determine the person location in the water

The receiver side contain a GPS device t ; :
formation see appendix A)

GPS receiver will be used is 66 Channel.(for more in

/ : = R
( & cdacd? LaSixdg) dasley \‘
g = % palestine Folytechnic University iy

e {PPU} q
= f The Library  dseSdl —

mz.éle\‘zq ........ Julalt 01
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This module has the following features:

Low power consumption: 75mW @ 3.0V

. Ultra High Sensitivity:

—148dBm (Cold Start Acquisition)

_165 dBm (Navigation)

« Jammer detection and reduction

« Tiny form factor — 22mm x 22mm x 8mm

« Embedded patch antenna 18.4 x 18.4 x 4.2 mm

« NMEA p;otocols (default speed: 9600bps)

« One serial port (default: CMOS ion:
g level, option: RS232)
+ Up to 10Hz fix rate

« WAAS/EGNOS support

» Optional internal backup battery.

« Ultra high sensitivity with MediaTek MT3329, 66-channel receiver
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4.3 Overall transmitter Design,

i —— b
FT mm mm’nml _“- ;‘,/f R — -
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T psaiRuoncau m | £ ) ,.
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1 P O GBS Eastrax |
S RELNIOWTTROKECL -.m DrLUe o astrax |
%’-mmmw wan | upsol
S{FBMSCCPR0 OSCHEU B\
SFBAIEO0SS?
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& % 8 @ | = g -
s Oumeter :
-l 7 -
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3 90 anefwa

Figure4.10 overall system

The circuit in figure 4.10 represents the transmitter side circuit , as shown from this
figure the main components used to create a transmission side are PIC microcontroller , SPO2

sensor , GPS , ZigBee and finally some certain resistors and wires .

As shown the SPO2 sensor which responsible to provide an alarm when the percentage of

Oxygen in blood of the person who drowning in the water is getting down a thr35h°¥d value is
energized by an internal DC voltage ( Battery 3.3 Volt ), the threshold value we callb.rated i.t by
using the sensor options from its settings - The normal alarm get out from the sensor is a voice of
aBuzzer « Buzzing “, from this Buzzer device we toke the signal and connected it by a wire to

Pin number 2 of PIC microcontroller and other wire from the sensor is connected to the ground
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and down terminal of resistor R1 is connected to ground of the sireuit

GPS device is energizedby a 3 DC Voltage( Vce ) ,and it is connected to the ground of
the circuit. GPS device in this transmitter side is responsible to determine the location of the
person who drowning in water . the signal get out from GPS device from pin TX to pin number
18 of the PIC microcontroller , this means the PIC microcontroller received two input signals
the first one is the alarm signal from the SPO2 sensor and the second signal from GPS device ,
which is the location of the person who drowning in water , this two input signals to PIC
microcontroller is processed by a code that is programed in MicroCprogramming language .

The resistor R2 is connected with a pushbutton is feed by a Vee DC voltage and the other
terminal to the circuit ground. We toke the signal from down terminal of one kilo ohm resistor
entering to pin 21 of the PIC,, this signal is always reach pin 21 provide as logic one on 21 pin (
pin 21 is inverted ) which means this pin understands this logic one as “ No signal coming
but when the pushbutton is activated then the value of voltage reach pin 21 of pic is logic zero
and this pin understands the logic zero as a signal logic one , this signal is another option which
make the person able to send an alarm signal before completely drowning .

PIC microcontroller pin number 19 is Vss which is used to ground and PIC
microcontroller pin number 20 is Vce energized by 3.3 DC Voltage .

The two signals ( from SPO2 sensor and GPS device ) after processed by a code is
getting out from pin number 17 of PIC microcontroller which was going to the ZigBee device ,
the ZigBee device is energized by Vee (3.3 DC Voltage ) from pin number or.le.and grou.nded.
from pin number ten and pin 3 of ZigBee receives these two signals to transmit it to receiver side

4.4PWM : Pulse Width Modulationat the receiver.

Pulse Duration Modulation or Pulse Width Modulation isa pOYVCrfUI .technifque lll'se(:’to
ol o cheus v gl ot Nowdays PYM s  id varity of ppiatns
such as to create analog voltage level, waveform generation, motor spee P

and conversion, measurements and communication etc.

PWM uses a rectangular pulse wave as shown in the ﬁgur; I:l:elow v;?grsri pulse width is
. wav '
modulated, which results in the variation in the average voltage of the [14]
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5 Volts

0 Volts
puty Cycle 0%

50%

100%

Figure4.11 :Pulse Width Modulation
PWM Period

The PWM Period is the time duration in which the Pulse Width Modulation takes place.

In the diagram shown below PWM Period is marked ; .
best results for a particular application. as T. PWM Period should be chosen to give

Duty Cycle
=P Tc ¢

T wwnv.electroSome.com

Figure 4.12: Duty Cycle

The duty cycle is the ratio of the time Tc during which the output is high to the total time
period T.

The expression of duty cycle is determined by,

t
%Dutycylc[e = ?" x100%

PWM Resolution

Resolution of a PWM is the number of different steps you can have from zero pofwﬁr to
full power. That i a 10 bit resolution means that you can have 1024 steps from zero to fu
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PWM to Generate an Analog Voltage Leve]

In Switched Mode Power Supplies (SMPS PWM i
changing the duty cycle of the PWM we can ad ) PWM is used to generate voltage levels. By

( just the average voltage of the waveform. Th
PWM resolution should be selected to be greater than or equal to thegrequired resolu;)ion.of tlele

Power Supply.
www.electroSomea.com
[ u Twao Section Low Pass Filter g
. A7
i gy S .\,M.w_.u_._-.__‘.__,_,._4..-,*-._-m..a::.s' )
! PIC ] sV
i Ble. Sesmno
= 2BV DO g nh s i r;OAD__}
s oV y -L

Figure4.13 :Generating Analog Voltage Level using PWM

The above figure shows a PIC Microcontroller generating PWM wave at a frequency of
5KHz and 50% Duty Cycle. Two sections of Low Pass Filter are provided to filter out the
ripples. The Output voltage will be the average value of the waveform.

PWM to Generate an Analog Waveform

Any Analog Waveform can be generated by simply outputting a sequence of PWM
waves to create analog voltage levels corresponding to different points in the waveform. When
We use more points we can represent faster wave forms with greater accuracy but it requires

greater resolution PWM and heavier filtering.
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Figure4.14 : Selecting Points on a Sine Wave

PWM Duty Cycle can be of two types :

In concern of motor , We can’t drive a DC Motor (depends) directly with a Microcontroller, as
DC Motors requires high current and high voltage than a Microcontroller can handle.
Microcontrollers usually operates at +5 or +3.3V supply and it I/O pin can provide only up to
25mA current. Commonly used DC Motors requires 9V supply and 300mA current, moreover
interfacing DC Motors directly with Microcontrollers may affect the working of Microcontroller
due to the Back EMF of the DC Motor. Thus it is clear that, it not a good idea to interface DC
Motor directly with Microcontrollers.

The solution to above problems is to use transistor with resistor circuit at pulse rate of change
5kHz ,s0 the higher speed of change per second means smoother connect and break of the motor

The average of voltage that supply to DC motor is given by

Vv —tﬂxV_

ave — m
T

Sl : i ller using transistor , Here we are using 9V
DC Motor is interfaced with PIC Microcontro i agr i G

e delivered to motor can .
- ;\;I;;lt\(/)lr %rflli 212222 II;CC: ‘{?éllltz,g: ;f 0% duty cycle is OV, 25% duty cycle is 2.25V, 50% duty

9V.
O¥cle s 4.5V, 75% duty cycle is 6.75V and for 100% duty eyele
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The parameter duty_ratio takes

valu .
and 255 means 100% duty cycle, 8 from 0 t0 255, i.e 0 means 0% » 127 means 50%

Note : Al PWM modules in a PIC Microcontroller uses Ti i i
you cannot set.different frequencies for different PWM molcrl:ll(la;s2 e

4.5 Overall receiver Design.

2
R1 D4
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R1
med g o
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Figure4.15: Overall receiver

ot . Xbee receiver receives signal from Xbee transmitter at
: ransparency done by connecting a relay
d we connect GPS at the normally open

At the receiver side of the proje 2
Pin Dout ,this signal arrives at the PIC, in addition t

between them at the normally close (N.C) platen ,an RX pin
N.0) platen, noting GPS and Xbee connected at the RA pin .
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NPN transistor .

When we receive active high signa] at pin C4-TX that
transistor the resistance will limit the voltage at the same time
connection between Emitter And collector so that we get a volt
current to relay coils that generate Electric field to change the
this change we get the GPS signal .

is connected at the base of the

age difference in order to pass
relay platen from N.C to N.O ,By

The Purpose of using diode , in case of no active high received through pin C4-TX , there
will be an electric field generated back from the relay platens that generate current in the coils so
diode consume current to protect PIC from reversed or back word current .

So we conclude that the main purpose is to switch between GPS and Xbee signal.

In concern , All the devices GPS, Xbee ,PIC must have the same voltage 3.3v while
relay voltage is 5v ,So the relay will be feeded by an independent voltage source due to the
difference of voltage for other devices this is accomplished using voltage regulator that provide
the two voltages to our system.

So power supply that we have is batteries with 5-6 v which is enough to feed the motor
and the relay plus the regulator with an output voltage 3.3 that feed the other devices denoted
previously.

Note 1 : all the devices have a the transmission speed of 9600 baud.

5.




Chapter Five

Testing and Results

5.1 Introduction.

5.2 Hardware programs
5.3 Testing .

J.4Results.
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5.1 Introduction

On the other hand to determine the distance between the drowned person and the

received ship will not be enough to depend on the Gps device, so the strength of the alarm

signal which is received from drowned person side (RSSI) can be employed to achieve more
accurate result.

5.2 Hardware programs

Program that we will use in testing and getting the result form it .

52.1 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.
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] Modem Configuration ]
— Com Port Setup R T T e A LR
Select Com Port e
USB oy
Com test / Query Modemm 3
Modem type = XBP24
Modem firmware version = 10ES _3
Serial Number = 134200408C3CEC eS|
i Retry § OK ? %
Host Sl., = = = z 3 2 s B ﬁ‘—‘ ----------- :
—API — 1  Reponse Timeout o
I Enable API i ]
Timeout | 000

I~ Use escape characters [BTAF = 2 ’

—AT command Setup -~

Command Character (CC) 1 % ]28

Guard Time Before (BT) l 1000

— Modem Flash Update ——————————————
I” No baud change

Figure 5.1X-CTU program

5.2.2 U- center 6.21

This is a powerful GPS Evaluation Software, it allows end user to assess and. test u-bl;l)cl)x (S}(I:ri
- able u
receiver for navigation and positioning performance. The purpose of u-center is to en

to: .
o Conduct performance tests on u-blox and other GPS receivers.
* Configure u-blox GPS receivers.
° Access and download Firmware updates.
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[ u-center 6.21

Fle_Ed_View Ployer Recsiver Tool: Window g =8l 2
A T e —— S
AR ED|DE- R R
e MCLML R N T 7y
-y LILILTS
‘alm| |o|p» v»ma\_l“:::j‘l
b e 1B 8 & & TR T O e
.9?) “. ditd
Ready == COM1 9600 lu-blox5 [ u-blos NMEAubx _ [Protocol [00:0000 [UTC |6
Figure 5.2: U-center software
5.2.3MikroC 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 f.or PIC
microcontroller. It is designed to provide the customer what the.e.asiest possible solution for
developing applications for embedded systems, without compromlslng perforrpance or <l:lontro;.
Applications can be developed quickly and easily using MikroC for PI.C mlCIi(.)Cor.ltrO ers. It
Provides a simple windows based point and click environment for developing applications.

PIC and C fit together well; PIC is the most popula-r 8-bit chip in thc? w?rld(,i uselc(j) 1?na
Wide variety of applications, and C prized for its efficiency, is t.he na.turzl:ll cl;oxcecec;r I I;Ee AII)\I SEI;
®mbedded systems. MikroC provides a successful match featuring highly advan !

Complaint compiler, broad set of hardware libraries.
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Figure5.3 :MikroC program.

52.4 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.

P - e
s 4 e s
Fnle View Edit Tools Desugn Graph Sourcev Debug Library Templete System Help

Doa % &n ||BE + +R]ar] (Do lXxnn =N %>
Ji_teafxl@mm@laln S

c |> g
>19 |8

+ 018

w2

Pt

o

2 e :
6 !

E 4

@

|

m ro Noheseoes MeSSages ] fﬂoot ”'”” ;:__’_::_::__:::__—::———————’—"*“‘_"——

Figure5.4 :Proteus 7.8 program
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5.3 Testing

Testing process is very i
Y Import :
gl we are e arexihe ﬁ;r(llt3 to ac.;hxeve more accurate r
(ested each one without oth °¢ signal strength St v
er to get more accurate m th and the GPS signal strength
€asurements ol

53.1 Testing at the transmitter

At the moment we
push the b
coordination simultaneously and a 1Utton orgetan alarm from pulse oxi
B e X-CTUprogte - o.ng the alarm is exist , this ala oXimeter ,we will get GPS
gram using interface between PC and the ;E i B uiiation
ee-TX,This interface

called UART TTL to USB.

NARARAAASA

,:-
o
o
o
(v )
o
&
&
o

FigureS.S:Transmitter side .
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:UART TTL to USB.

Figure 5.6

N L T UL W e L T N e

A e B R el g o L
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5,3.2 Testing receiver side

At the receiver side we get the transmitter lonej
pulse the receiver longitude and latitude by thatr i
we

W AR R S B N
B eE 2 »n e oaw
S R R

: s
® %
. $
* L]
* *
> %
* .
. .
*en

YRR EE e s on
d"l_-.‘or:‘-.,.,.,

B R AR E R AR e

Figure5.7: Receiver Side Element
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5.3.3 XBee testing

In testing of XBee signal strength we connected the XBee

' USB adapter(Base node) and
another remote node XBee with a certain power and a loopback ¢

onnection.

XBEE on
USB Adapter

Remote XBEE
Loopback

Figure 5.8: XBee loop back testing .
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¥ connecting the D

| OUT pin to DIN pin which this
be transmitteq bac

; ill force any received d
connection W1 5/ ata to k to the base node and PC.

an installation CD.

When properly X — CTU installed it can be lunc

: hed by clicking on the icon on the PC
desktop orselecting from start menu as shown.

) Outiook Bxrvacs |
(e 2
{2 Natonal stiuments b
48 National Instrunients LabviEw 6.5

3 sperk >
() Moaile Frefox b
|5} National Instruments LabYIEW 7.0
Nicrasoft Keykoerd

Micrasoft Mouse

0 Logtee

(7] Real

v v v v

Documents

E»‘ Settings 4

f’ Log OFf offandar...

S

=

1 >

4l . ) Search >
< I

o iy .
= UppD!
b @ Help and Supp
3 77 Run..

wi

=

)

]

=

=

@n n @ Shut Down. ..

K-ctu EE=EICICE B4

Figure 5.9:Interface between X-ctu and P.C
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Also we downloaded the FTD] drivers for

windows Sk .
Jownloaded before connecting an XBee USB a4 S thistisyey Important to be

apter board to the computer,

When the program was lunched we saw four tabs across the top of the program PC
Settings , Range test, Terminal, Modem Configuration , each one has a different function , the
default tab selected is the “ PC Settings “ tab ag shown.

; ' - L =01 x]
| PCSetlings l Range Test | Terminal | Modem Configuration |

— Cuin Puit Setup L o)
i Select Com Port

Communications Port {COM1) Baud 9600 I~
Communications Poit (COM2)

gggg;?a?ﬁ&:ﬁ]ﬁﬁég;m Rl : Flow Control m
[10.60.1.241] (COMS) e -
Py [NoNE ™ ~]

Stop Bits [

Test / Query ]

Host Setup | User Com Potts | Ethemet Com Poits |

AP' P2 2N SVLT AN
I Enable AP

[~ Use escape chataciess [ATAP = 2)
. AT command Setup

ASCH Hex
Command L:haracterlu.ljl o [

Guard Time Before (BT) 1000
!
Guard Time Aftet (AT) [1000,

Figure 5.10: main taps on the top of X- CTU
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- X-CTuU [COM19]
About

PCSetlings Range Test l Terminal | Modem Configuration |

Stop

R

a

Clear Stats in

a

!wml—uv“l"-llnun—nnlmmm-mr i e

Advanced >>>

s T

r Test e S e e 1]

z i

4 C? Iy ‘l"' 04 t
0123456789: ;<=>2RABCDEFGHIJKLMNO a

0123456789: ;<=>? RABCDEFGHIJKLHMNO b
0123456789: ; <=>2 RABCDEFGHIJKLHMNO
0123456789: ; <=>2RABCDERFGHIJKLMNO
0123456789: ; <=>2? RABCDEFGHIJKLMNO
0123456789: ; <=>? GABCDEFGHIJKLINO
0123456789: ;<=>? @RABCDEFGHIJKLHNO
0123456789: ;<=>?QABCDEFGHIJKLNNO
0123456789: ;<=>2? QABCDEFGHIJKLMNO
0123456789: ; <=>2QABCDEFGHIJKLMNO
0123456789: ;<=>2? QABCDEFGHIJKLMNO
0123456789: ;<=>?QABCDEFGHIJKLINO
0123456789: ;<=>?QABCDEFGHIJRLMNO
0123456789: ;<=>2 RABCDEFGHIJKLHNO
0123456789: ; <=>2 @ABCDEFGHIJKLMNO

T e————

Figure 5.11 :Range testing and RSSI monitoring

The analysis of RSSI values is needed to understand all features of the syst.em.. The e
Characteristics of RSSI received signal strength indicator will decreases with increased dis

8 the equation below shows :

Pr=Pt—L

Pr=Pt-2OLog(f)—10nLog(d)+28[ 16]
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Where:

pr : received power .

Pt : transmit pOWer .

I, total path loss(dB)

£+ frequency in MHz.

n : Number of floors between the transmitter and receiver
d: distance in meter (m) . '
Note: the logarithm to base ten.

Most of localization algori
gorithms require a di :
devices and the recei ' : Istance to estimate the positi
eived signal strength which we measured is one poSSiﬁ?_st'tlo]n of unknown
ility algorithm.

The results of XBee range testing are inserted in testing section

334 GPS Reading and Testing

The imi :
preliminary measurements of the project starts by taking many coordinates at two

differe . ;
The flrnt I;Omt using the GPS device from the communication lab.
S - :
. est starts by calculating the distance between measured coordinates for two point and
g the results of the measurement distance and the desired distance which will be

Specifi :
ed from parent, then calculating the error percentage using the following formula:

=Imeasureal value — desired value|*1 00%
(V]

Perc
ent error
desired value

n and ship ), t

To ca]
culate the measured distance (between the perso
der to select the best formula which has

Can be . .
i obtained. So there is a necessary to apply it in Or
ighest accuracy.

The : :
¢ experiments were done to examine the formulas. Then select the best which
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has less percentage of error.

Reading has @ (latitude ddmm.mmm& longitude ddd
where : d is degree.
m is minuet.

mm.mmmm).

1- Haversine Formula

The Haversine formula remains particularly well-conditioned for numeric

) al computation even at
small distances.

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

Alat =lat2 —lat1
Alon =1lon2—lonl

a = sin? (%) +(cos(lat1) *cos(lat2)*sin® (Alzonjj

C =2+*arctan’ (\/;l,,/(l—a))

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

S0 to calculate the percentage of error we take two reading of longitude anfl lasidesabihe
person and at the ship ,after that we find distance (D) then find the average by this el e

find the percentage of error using this formula:

_|measured value — desired value|*100%
_| desired value

Percent error

2 Pythagoras Theorem:

Eq.4
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Where:

D = diStanCe

o =69.1%(lat 2~ lat1)

y :530*(]0/’12 —ZOHI)

We use the same previ
previous formula to find the perc
entage of err
or

5. g .
3.5 PulseOximeter Calibration

e used i \% w
pulse oxime i
ter sensor to give an alarm signal when the percentage of
W of oxygen

we found thaty; 7, :
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Figure 5.12:Transmitter side

5.4 Results.

54.1 Results from transmitter .

We get longitude and latitude at the transmitter the first value represent latitude Second

value represent longitude .

First value =313 , second =8750
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Gk [COM7] X-CTU

About XModem

P& Settmgs
Line Status

EHEES

Alarm
3139
. 3130.
,3130.
39
, 3130
. 3130°
;3130
3130
-3130.
3130
3130
;3130
S0
,3130.
;o130
;3130
Gl
2130
: 3138
,3130.
;3130
3130,
3130
3130
3130
;3130
3130 ;
3130,
events

Button:

8750,N,03504.
8750,N,03504.
8750,N,03504.
8750,N,03504.
8750,N,03504.
8750,N,03504 .
8750,N,03504.
8750,N,03504.
8750,N,03504.
8750,N,03504.
8745,N,03504.
8747 ,N,03504.
8747 ,N,03504.
8750,N,03504.
8750,N,03504.
8751,N,03504.
8751,N,03504.
8751,N,03504.
8751,N,03504.
8752 ,N,03504,
8752,N,03504.
8753,N,03504.
8753,N,03504.
8753,N,03504.
8753,N,03504.
8753,N,03504.
8754 ,N,03504.
8754 ,N,03504.

W [Break ™

1792 ,EAlarm
1792 ,EAlarm
1792 EATa.m
1792 i(‘u hi
1792 EA?azm
1792 ,EAlarm
1793 ,EAlarm
1793 ,EAlarm
1793,EATlarm
1793,EA?arm
1800,EATarm
1800,EATarm
1800,EATarm
1799,EATlarm
1799,EAlarm
1799 ,EATarm
1799,EAlarm
1799,EAlarm
1799,EAlarm
1798 ,EAlarm
1798 ,EAlarm
1798 ,EAlarm
1798 ,EAlarm
1798 ,EAlarm
1798 ,EAlarm
1798 ,EAlarm
1797 ,EAlarm

1797 ,EUnable to monitor com &

[ Close il Ass
embl
'Com Porl R

] Hange Test Termlnal ]Modem Conflguratlon]

Assert
ﬁbTHlJIHTS v

Packet

Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:
Button:

[COM7

[9600 8N-1 FLOW-NONE

[Rx: 18216 bytes

T

Figure 5.13: X-CTU interface

542 Results from receiver .

GPS Commands :

- NMEA ouTPUT
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andard NMEAO0183 messages that are Supported b

gefault configuration outputted messages are GGA
Jnd€

» RMC, GSV anq GSA messages. Receiver
- onfigured to have user defined set of output messages by command PMTK314
can

2. GGA - Global Positioning System Fix Data

Y IT500 series receivers

position and fix related data for a GPS receiver.
Time,

According to the table that inserted below we 3

nalysis the signal receive from the GPS,
dthere’s an example illustrate the idea:
an

Example:

§GPGGA,114353.000,6016.3245,N,02458.3270,E, 1 ,10,0.81,35.2,M,19.5,M, *50

Format:

$GPGGA hhmmss.dd,xxmm.dddd,<N|S>,Yyymm-dddd,<EIW>,v,ss,d.d,h.h,M,g.g,M,a.a,xxxx*h
h<CR><LF>[15)
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xxmmdddd
NIS>

yyymm.dddd

UTC time of the fix. W e

hh = hours P e VR
mm = minutes

ss = seconds

dd = decimal part of seconds

Latitude coordinate. e T B
XX = degrees T
mm = minutes

dddd = decimal part of minutes

Character denoting either N = North or S =soutn, oo |

Longitude coordinate. T R 0 W
yyy = degrees
mm = minutes
dddd = decimal part of minutes

<EW>

Character denoting either E = Eastzm:“w;g{”‘“*m

Fix valid indicator j
1= GPS fix (SPS)

2 = DGPS fix

3 =PPS fix

4 = Real Time Kinematic

5 = Float RTK

6 = estimated (dead reckoning) (2.3 feature)
7 = Manual input mode

8 = Simulation mode

SS

Number of satellites used in position fix, 00-12. Notice: Fixed length field of two letters. *

dd

HDOP - Horizontal Dilution Of Precision. ;

hh

Altitude (mean-sea-level, geoid)

Letter M. |

9.9

Difference between the WGS-84 reference ellipsoid surfa»cgﬁgn‘q the W?ﬂf}jﬁ??J?Y?' altitude.

M

Lefter M. i
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‘;;ESG Terminal I Modem anfiﬁuralfoﬁ} :
8709,N,03504.1756 _,E00 OO A e

3ﬁﬁffkooooooooooooooo0088000000000000000000

Lat_1=8700

End

00000000000000

0000000000000000000000000000000000000000000000

3130.8707 ,N,03504.1756, EO000000000000000000000

Lat_1=8722

Lon_2=1756

E

; nd =

/’}Zw
Tt T e
—— XModem |5 [
Line Status - i Assert .
@mlﬁjﬂ “DTH V¥ [RTS v [Break I~ CClose Assemble
1 .
000000000
Lon_1=175%9
ang1e=0000000341
start
GPGGA=,163835.000,3130.8722 ,N,03504 -+ 1771 . E.1.0
O
GPGGAl=
00000000
00000000000C000000000000000C00000C0C00000000000
Lon_1=1771
ang1e=0000000225
COM7 /3500 8-N-1 FLOW:NONE Rx: 828 bytes

AROS ttmgs ] Range Test. =
| s om Port | * Packet l_sg sﬁ,‘gy
00000000 000000000000600000 fj
[at_2=8709
distance=0000000000
5,2.1,866.0,M,15.8,M, ,00000000000000000006008
3130.8722,N,03504.1771,E0000000000000000000000
GPGGA2=
00000000
Lat_2=8707
distance=0000000000

—

Figure5.14 X-CUT interface of GPS signal

Here we get the longitude and latitude of each transmitter and receiver By the
“ordination comes from GPS RX and Zigbee signal we using Pythagoras Theorem
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o meastre the distance as example :
0

POint X pOint y
Lon1=1759 lon2=1756
Lat1=8700 1at2=1 756

y=(lon2-lon1 )"2=(8709-8700)"2=81
y=(lat2-lat1)"2=( 1756-1759)"2=9
p=\(B1*)

=0.48683298050m

9486*0.185=1.75m

The value 0.185 referrd to this calculation
Every 10000 dddd equal 1 min
60min=1 degree

Idegree =111 Km

60 min 111 Km

1 min 292

TKm /60 min = 1.85 Km/min

Toevalyate 1.85 by meter multiply

"5*1000=1 850

To tvaluate

185
Y10000 = 9,185 part from meter
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Jngle calculation
pl= Latl-LatZ,
p2=Lon ]-Lon2;

D4=atan2(D1,D2) *180/3.14 ;
Di=D4+180;
angle=D4§

543 Xbee results

Table 1.4 indoor measurement of RSS] power and distance of Xbee

Distance (m) P1(dBm) P2 (dBm) P3 (dBm) P4 (dBm) Avg Power

(dBm)
1 -47 -50 -48 -46 -47.75
3 -56 -62 -60 -56 -58.5
5 -70 -64 -73 -70 -69.25
7 =70 -70 -78 -74 35S
9 -74 77 -76 -68 -73.75
11 -82 -79 =77 77 -78.75
12 i -81 B -80 -76.25
15 -83 78 =79 -81 -80.25
i . - 105 75 -81.75

NOte- 2
As the distance increase the power will decrease.
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chapter Six

Conclusions and future
suggestions

6.1 Conclusions.
6.2 Challenges.
6.3 Future suggestions.
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1 Conclusions

After building the circuits of our system in both side transmitter and receiver as proposed
in previous chapters we can conclude many points, the most important one that many practical
experiences Were added to work team in this project by working with electronic devices such as
pic microcontroller, XBee devices, pulse oximetersensor and all other used devices .

Also we learned how to write a code on PIC and how to download it in PIC microchip ,
we are able to distinguish between different wireless communication technologies and also we
have a good Acknowledgement of technical work and very important theoretical information
shout device that used in project circuit implementation.

We also learned how to search of needed information in many references and thesis and
how to document the project in an acceptable form.

62 Challenges

There are many problems obstructed and change some ideas in the project. We can

Simmarize them below :

*GPS systems do not give us the desired accuracy because Intentional jamming by occupation

s the accuracy problem and at the first time we feed the GPS it will not give us the data

"mediztely it takes time 15min approximately

. gnal at the same time at the same

We have in PIC one receiver so we can’t receive two si
Pin so we use relay .

We must isolate the circuit from the water .

How to program microcontroller to achieve the goals on har
Availability of electronic chips and motors .

Providing the suitable shape of our system.

dware.
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the data transmit from GPS to obtain the Latitude
e
pecreas

and Longitude.voltage regulation
. ce zigbeeneed only 3.3 volt but other devices needed 5 volt,
d sinc
el

control the speed of a DC Motor using Pulse Wi
How t0

an easily control the average power delivered to
N we €

P tlﬁ | he speed of the DC Motor.

oo

dth Modulatjon (PWM). By using
a load and by t

hus we can easily
think that a variable resistor in series with a DC Motor can ¢
You may

ontrol its speed. There

sons for “Resistor is not a good choice for controlling the spee
ea

gre three T

dofaDC Motor”,

i blem is that the motor is a varying electrical load so a resistor can’t do this task. It
+ The main pro

wer during start up than in running state. It draws more current also when a
eeds more PO ;
nechanicalload is Applied to motor shaft.

b o
istor drops excess energy as heat. Thus it is not good for a battery poweredt.degvtl:re
T i urrent, so resistors with higher power ratin
t motor requirés more ¢ A
« We all know tha
rquired to drop excess energy.

63 Future suggestions

I 1
prOjCCt ab]e tO dO more taSkS and IIIlpIO \% e tlle SySteIIl peIfOIIIlaIlC E

831 First Suggested idea.

ignal not only
ive an alarm signa

In this S ted idea we try to make our system able to g rcr but also when the person

0 this Suggeste

il ignal to
. ned person 1n : S
When the percentage of oxygen in blood of ;he d}rlro:;en g transrrlnt a;‘t:gaby gl
: i impleme
Boged ¢ stance from the be . I it
emergenil; 5?1112 v’:lakfczced;ll suitable considerations, this idea
0

3 amming.
"Mitsand changing in the microcontroller progr
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35600 nd Suggested idea .
43

. gested idea , if the person drowned in Wwater then the alarm, signal will be sent
In this S:ii: but if this receiver was busy with another p
eiver

€rson then it wil| be sent to the
iver , this means that the alarm signal must search the idle receiver.
le recelver ,

o the rec

633 Third Suggested idea.

ted idea ,if there are any objects between the drowned persor} and th.e
ly s sugg?lsl need a sensor i.e. ultra sound sensor that discover the path ,so if there is
: wi : -
ceiver ship ’WS change the path in order to arrive destination successfully .
le it wi S
mobstac

¢34 Fourth Suggested idea.
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APPENDIXES

PPENDIX

XPe&/XBea PRO® ZB RF Modules

Key Features

High Performance, | ow Cost

1 ow Pawer

XBee
« Indoor/Urban: up to 133" (40 m)
» Outdoor linc of sight: up to 100° {120 m)
« Transmit Power: 2 mW {3 dBm)
» Receiver Sensitivity: -96 dBm
XBee-PRO (S2)

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

» Qutdoor line-of-sight: up to 2 miles (3200
m), 5000° (1500 m) for International variant

« Transmit Power: 50mW (17dBm), 10mW
(10dBm) for International variant

= Receiver Sensitivity: -102 dBm
XBee-PRO (S2B)

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

« Outdoor line-of-sight: up to 2 miles (3200
m), 5000" (1500 m) for Internaticnal variant

« Transmit Power: 63mW (18dBm), 10mwW
(10dRm) for International variant

* Receiver Sensilivily: -102 dBm
Advanced Networking & Security

Rctrics and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

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

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

Self-routing, self-healing and faylt-tolerant
mesh networking

84

XBee
o TX Peak Current: 40 mA (@3.3 V)
« RX Current: 410 mA (@3.3 V)
e Power-down Current: < 1 pA
XBee-PRO (S2)

« TX Peak Current: 295mA (170mA for
international variant)

e RX Current: 45 mA (@3.3 V)

= Power-down Current: 3.5 pA typical
@ 25 degrees C

XBee-PRO (S2B)

« TX Peak Current: 205mA {117maA for
international variant)

e RX Current: 47 mA (@3.3V)

» power-down Current: 3.5 pA typical
@ 25 degrees C

Easy-to-Use

No configuration necessary for out-of boxX

RF communications

AT and API command Modes for
configuring module parameters
small form factor

Exlensive comnmd! d set

Free X-CTU Software
(Testing and configuration software)

Free & Unlimited Technical Support




& 7B RF Modules
e TR8Z

speciﬁcations

ecifications of the XBee®/XBee-PRO® ZB RF Module
l XBee

5p
specificationt

g XBeePRO (S2)

ABee PRO(S2R)

Performance
At S
; Ra upto 133£. (40 m Up to 300 . e |
ndoorlUrban Range ) 2 et sli?ia':.)t' upto 200% (60 m) | Up 1o W S, 020760 =
g z o e N inemational variant
Outdoor RF ine-ofsight | o0 oo g (120 m) Up to 2 miles (3200 m), up to 5000 & \m\
s (1500 m) intemmational yopa Up o 2mies (3200 m), up 1o 5000 f (1500
j gl (330, s node sackied | S0l (17 de bt it AR
Transmit Power Output & lrall"evd’ (+1dBm), boost mede 33@\1&‘ (+10 dBm) for Intemational B3miN (+18 dBm)
Lo 10mW (+10 dBm) for International variant
RF Data Rate 250,000 bps 250,000 bps
0 250,000 bps
Data Throughput ® bos (sce chapterd) | upto 35000 bps (see chapterd) | upto 35000 bps (soe chapir 4
Senal lntéffau Data Rate 12w bps X 1 Mbps 1200 l‘/ps -1 prs B e
celectable) {non-standard baud rates also (non-standard baud rates also 1200 bps - 1 Mops
(sofware supparted) supported) (non-standard baud
rates also supportad)
. i -96 dBm, boost mode enabled
Receiver Sensitivly -95 dBm, boost mode disabled 102 dBm -102éBm
Power Requirements
Supply Voltage 21-36V 30-34v 27-36V
5 40mA (@ 3.3 V, boost mode i
?r,::::ig ﬁm::p L e cbled) 295mA (@33V) 330?!::?(83% 2V2)0 mA with programmable
b iy 35mA (@ 3.3 V, boost mede 170mA (@3.3 V) intemational variant | 117mA, up to 132 mA with programmable
disabled) variant (@3.3 V), Intemational variant
40%\ (g)@ 3.3V, boost mede
Operating Current enzble 47 mA, up to 62 mA with bl
Receve) BwA(@33Vboostrnode | S MA@33Y) vt @33V
disabled)
Ide Current (Receiver off) | 15mA 15mA 15mA
Power-down Current <1uA@25°C 35 pA typical @ 25°C 3.5 pA typical @ 25°C
Genral
g;le;aths Frequency | 1oM24 Gz ISM 24 GHz 1SM 24 GHz
Dimensions 0.960° x 1.087" (2.438cm x 2.761cm) | 0.960 x 1.297 (2438cm x 3294cm) | 0.950 x 1.297 (2.438cm x 3.2%cm)
Operating Temperature | 40 to 85° C (industrial) 20 to 85° C (ncustridl) 4010 85°C (industia)
! i Embedded | Integrated Whip Anterna, Embedded | y.crated Whip Antenna, Embedded PCB
hotovia Ogicns g‘cﬁiﬂgﬁgﬂﬁ;,m PCB Antenna, RPSMA cr U.FL P, RPSMA or U FL Connector
Connector Connector
Networking & Security ot Peerio-
- = = . int-to-point, Point-to-muitipon
?WPOft_ed Network Point-to-point, Point-to-multipoint, | Point-fo-point, Paintto mulfpor, Peer so;:' mnesh
Opologies Peer-to-peer, and Mesh to-peer, and Mes %
N i ce Channels 15 Direct Sequence Chann
umber of Channels 16 Direct Sequence Channels 14 Direct Sequen
Chame o2t nep
: os Cluster IDs and PAN ID and Addresses, Cluster IDs and
Méessing Ogions | PAN 1D and Addresses, Cluster Ds | PAND g faas s> Endponts (optiona)
and Endpoints (optional) Endpoints {
Aency Approvals /—"—;P;O;ZB’_—’"_
: - MC!
United State 5 PRO2 FCC ID: M
5207y - TCCPart | o ip: QUR-XBEE2 FCC D: MCO-XBEE
| CEPRO2 IC: 1545A-PR0329
ndusty Canada (IC) | 1C: 4214A-XBEE2 IC- 146~ XBEEPRO2 £71 (10 mW max)
Europe (CE) ETsI ETSI (lnl#maﬁ‘“"al variant) //
U ‘_____/————
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XFaS’XBwFRO@ Z5 RF Moilides

pin signals

Pin Assignments for the XBee/XBee-PRO Modules
(Low-assested signals are distinguished with a horizontal Ine above signal name.)

| "Duection | uetaurt state |

1 vRe X . e
7 - 2r supply
; DIN?ggTNFI Output Output UART Dota Out
- s Input Ingut UART Cata In
DIotz Both Disabled Digial [0 12
5 RESET Both Dpen-(;‘odlbl‘u?r with | Module Reset (reset pulse nust be atleast 200
ns!
E RSSIPWM,DIO10 Both Dutput FX Signal Strengh Indicater / Digtal IO
1 nint* Roth Input Nigral KO 11
§ [reserved] - Cisadled Do not canrect
9 | DIR!SLEEP_RQ'DO8 Both Ingut Pin Sleep Control Line or Digtal 10 8
19 GND £ z CGround
1l DIC4 Both Cisadled Digtal 104
cis Clear-io-Send Flow Contrel o1 Digitel 10 7.CTS. if
12 TS /DIO7 Doth Output e abled. is an Output
13 Ol JSLEEP Outpat Dutput Mosule Status Indicator or Digital VO 3
e et IR
Notused for EM250 Used for progremmable
sevundary provessor.
For woupatbilty with olher XBEE nivdules, ne
" VREF Input ? rccommend cornceting thia pin voliage rlcrence
if Analog camplingic cecred.
Otherwice, connect to GND.
15 Asscciate /D103 Both Qutput esociated Indicator, Dig.fn. ik
L | Reguest-io-Send Flow Control, Diaral /0 6.FTS,
15 RTS!DIO6 Bouth Ingut # enabled, is an input
- 3 or Cigital 10 3
17 . Cicabled ______f_"ﬂ‘_’ilﬂ‘f_—/
AD3.DI03 Both B oo 5o gl 10 7

. o | MO et
13 ADZ: DIOZ b = w

Both gital 100, 0r Commiccioning
e

13 AD1/DIO1 o e

AD0/DIO0! [isabled
Commicsicning Butten Both

to the module

« Signal Direction is specified with respact :
s on pin connections.

« See Design Notes section pelow for detail
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= F Modules
. .pRO® ZBRF M
o ;\I“'P R

§K

K

e ceatures _ e N
/

High Performance, Low Cost

XBee
» Indoor/Urban: up to 133’ (40 m)
» Outdoor line-of-sight: up to 400" (120 m)
» Transmit Power: 2 mW (3 dBm)
» Receiver Sensitivity: -96 dBm
XBee-PRO (S2)

« Indoor/Urban: up to 300" (90 m), 200" (50
m) for International variant

« Outdoor line-of-sight: up to 2 miles (3200
m), 5000° (1500 m) for Internaticnal variant

e« Transmit Power: S0mW (17dBm), 10mw
(10dBm) for International variant

« Receiver Sensitivity: -102 dBm
XBee-PRO (S2B)

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

» Outdoor line-of-sight: up to 2 miles (3200
m), 5000 {1500 m) for International variant

o Transmit Power: 63mW (18d8m), 10mwW
(10dBm) for International variant

» Receiver Sensitivity: -102 dBm
Advanced Networking & Security
Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

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

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

self-routing, self-healing and fault-tolerant
mesh networking

Low Power SR
XBee

* TX Peak Current: 40 mA (@3.3 V)
® RX Current: 49 mA (@3.3 V)

° Power-down Current: < 1 pa

XBee-PRO (52)

° TX Pesk Current: 295mA
international vaniant) S

® RX Current: 45 ma (@3.3v)

° Power-down Current: 3.5 i
@ 25 degrees C o

XBee-PRO (52B)

° TX Peak_ Current: 205mA (117maA for
international variant)

° RX Current: 47 mA (@3.3 V)

° Power-down Current: 3.5 pA typical
@ 25 degrees C

Easy-to-Use

No configuration necessary for cut-of box
RF communications

AT and API Command Modes for
configuring module parameters

Small form factor
Extensive command set

Free X-CTU Software
(Testing and configuration software)

Free & Unlimited Technical Support
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PRO? ZBRF Modudes

ey Features
B A High Performance, Low Cost

\_\

XBee
o Indoor/Urban: up to 133’ (40 m)
» Qutdoor line-of-sight: up to 400" (120 m)
» Transmit Power: 2 mW (3 dBm)
o Receiver Sensitivity: -96 dBm
XBee-PRO (S2)

» Indoor/Urban: up to 300’ (90 m), 200' (60
m) for International variant

« Outdoor line-of-sight: up to 2 miles (3200
m), 5000' (1500 m) for International variant

» Transmit Power: S0mW (17dBm), 10mw
(10dBm) for International variant

« Receiver Sensitivity: -102 dBm
XBee-PRO (52B)

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

o Outdoor line-of-sight: up to 2 miles (3200
m), 5000’ (1500 m) for International variant

« Transmit Power: 63mwW (18dBm), 10mW
(10dBm) for International variant

s Receiver Sensitivity: -102 dBm
Advanced Networking & Security

Low Powaer
XBea

® TX Peak Current: 40 mA (@3.3 V)

* RX Current; 40 mA (@3.3 v)

° Power-down Current: < 1 pA

XBee-PRO (s2)

* TX Peak Current: 295mA
international Varant) e tor

s RX Current: 45 ma (@3.3v)

° Power-down Current: 3.5 pA typi
@ 25 degrees C o

XBee-PRO (S2B)

e TX Peak_Current: 205mA (117mA for
international variant)

° RX Current: 47 mA (@3.3 V)

o Power-down Current: 3.5 pA typical
@ 25 degrees C

Easy-to-Use

Retries and Acknowledgements
D335 (Direct Sequence Spread Spectrum)

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

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

Self-routing, self-healing and fault-tolerant
mesh networking

88

No configuration necessary for out-of box
RF communications

AT and API Command Modes for
configuring module parameters

Small form factor
Extensive command set

Free X-CTU Software
(Testing and configuration software)

Fres & Unlimited Technical Suppert




5P

scifications

5P

ecifications of the XBee®/XBe

| XBee

«-PRO® ZB RF Module

| XBee BROI(S2)

pafonnaﬂce
upto 133 (40m Up to 300 &_(90 ]
IndoorlUrban Renge ) international Saﬁ:‘n){ vp o 2004 (60 m) },{!’mt?Oft](% m), up to 200 ft (50 m)

2 emational variant
Quidoor RF fne-ofsisht 145 400 £ (120 m) Up to 2 miles (3200 m TR o LS
Range (1500 m) intemaﬁonal);/:r?al&moo . H“)’ :t 3"'::%63 (?200_ m), up to 5000 ft (1500

2mW (+3dBm), boost mode enabled | S0mW (+17 4Bm) \onavanam\
Transmit Power Output ?ﬁ fmﬂ (+1dBm), boost mode 101'!1W‘ (+10 ¢Bm) for International 63m1N {«18 dBm)
variant 10mN (+10 dBrm) for International variant
RF DataRate 250,000 bps 250,000 bps 250,000 bps
12 Throughput up to 35000 bps (see chapter4) t = :
== 1200 bps - 1 Vb :;o; Tl | @ o 00ba ke dae
) % ps bos - 1 Mbps
Sﬁm;ﬁg e (non-standard baud rates also (non-standard baud rates alco 1200 bps - 1 Mbps
s supported) supporied) (non-standard baud rates also supported)
: s -96 dBm, boost mode enabled
RecsierSensifly | g5 spm' pooet mode disabled | 102 9B™ 102 6Bm
Power Requirements
Supply Voliage 21-36V 30-34V 27-35V
s 40mA (@ 3.3 V, beost mede 205 :
OpeigOrert | enal 2%5mA (@33V) R
powet) > 35mA (@ 3.3 V, beost mode 170mA (@3.3 V) intemational variant | 117mA, up to 132 mA with programmable
disabled) variant (@3.3 V), Intemational variant
40mA (@ 3.3 V, boost mede
Qperating Current enabled) 47 mA, up to 62 mA with programmab!
Recsie) 38mA (@ 33V, boost mode SmA@33V) e L 1 i
disabled)
Idie Current (Receiver off) | 15mA 15mA 15mA
Power-down Current <1uA@25°C 3.5 pA typical @ 25°C 35 pA typical @ 25°C
Gensral
g::;athg Frequency | 1oM24 GHz 1SM24 GHz 1M 24 GHz
Dimensicns 0.960° x 1.087" (2438¢m x 2.761cm) | 0.960 x 1.297 (2438cm x32%4cm) | 0860 1.297 (2.438cm x 3.284cm)
Operating Temperature | 40 to 85° C (industrial) 40 to 85° C (industria) 4010 85° C {industria)
tegrat 7 bedded | Integrated Whip Antenna, Embedded | -1 crated Whip Antenna, Embedded PCB
Antenna Options g&?ﬁmﬁﬁﬁiﬁgﬁzﬂﬂ 3 ;(ﬁ%; Antenna, RPSMA or U.FL Rﬁfr'ma: RPSMA cr U.FL Connector
Connector Connector
Networking & Security
- — z int Point-to-multipoint, Peer-lo-
Supported Network Point-to-point, Point-to-muliipoint, Point-{o-point, Point-to-mulipoint, Peer- P:::_!':’n':cﬁnet; o
Tepolagies Peer-to-peer, and Mesh fo-peer, and Mesh i i =
irect Sequence Chann
Number of Channels 16 Direct Sequence Channels 14 Direct Sequence Channels 15Dire
25
Channels 1102 Nt 24 e  Addresses, Custer Ds wd
IDs and | PAN ID anc FESELTE™
s Opins | PANID ad s, Cutor D | PR ID andidisn US| g oiond)
and Endpoints (optional) Endpoints (opticna
Agency Approvals ——""‘_T—.S;B/
Un CC ID: MCQ-PR
15287 2% FCCPar | Lov i, ouRxBEE2 £CC ID: MCQ-XBEEPRO2 F
oty o EEPRO2 IC: 1846A-PROSZB
% Canada (1) | IC: 4214A-XBEE2 IC: 1846A-XBEEPRO? Ers1 (10 mW maX)
Euwope (CE) ETSI ETS! (Intenational variant)
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)k Moauies
2 ;\yo@Ls}J‘.
KNP £

~ \\
ain signals
Pin Assignments for the XBee/XBee-PRO Modulec

(Low-assested eignals ase distinguiched with & horizontal kne
Name | Direction

sbove dgnalname,)

BefaultiState |

2 DouT Qutpat Ouput UPOW:r supply
3 DIN/ CONFIG CT R e e e ol T
2 DID1Z Doth Disabled “\..Dwn\.\
5 : : Digtal 1O 12
5 RESET Both Pm‘gsnb::f with | Module Reset freset p:lssle st be atleast 200
¢ .5 P‘M':fnm" Both Outout RX Siaral Stiench ndiceicr / Diatal 10
L Lt gch Ingut Digial 10 11
$ | . ltesened < Lisaoled o not oonrect
1 U o
9 DTR ! SLEEP_RQ'DIO8 Both Ingut Pin Sleep Control Lins or Dig 1110 8
1 GN\ND = z Cround
i D4 Both Eisabled Digtal 104
Cis Clear-o-Send Flow Contrel o1 Digitel 110 7. CTS,
k ey e Oupt enabled. is an output. l
13 ON/SLECP Outpat Output Mocule Status Indicater or Digital VO S
Notused for EM250 Used for programmatle
SECORGZY processor.
: For compatbilty with otrer XBEE medules, we
" VREE: ot i recormend cornecting this pin voltzge reference
il Anakig samplng is cesTed.
Olhrerwise, vurneet lu GND.
15 Asscciale /D105 Both Output Assacized Indicator, Digita 1/0 5
—_— Reguest-in-Sand Flow Coateel, Rigral IO 6 FTS,
13 RTS!DIOG Both e if enabled, is an input.
17 AD3/DIO3 Doth Cisadled Analog Input 3 or Cigit! 1O 3
13 AD2!DI02 Both Cisadled Analoy Input 2 or Cigital 10 2
1 AN PN Rath Fisabled Analng Inpu 1 ar Figital 10 °
€, Digital 10 0, ur Conmissioning
ADO/DI00! <cabled Ao Inpad G,
2 Commissicning Duten Both Cread Dution

= Signal Direction is specified with respact to the module
e See Design Notes section below for details on pin connections.

90




: ance, Low Cos
wrfo:m e t b
XBee XBee

« Indoor/Urban: up to 133" (40 m)
» Qutdoor line-of-sight: up to 400" (120 m)
« Transmit Power: 2 mW (3 dBm)
» Receiver Sensitivity: -96 dBm
XBee-PRO (S2)

» Indoor/Urban: up to 300" (90 m), 200" (50
m) for International variant

« Outdoor line-of-sight: up to 2 miles (3200
m), 5000' {1500 m) for Internationa! variant

« Transmit Power: S0mW (17dBm), 10mw
(10dBm) for International variant

o Receiver Sensitivity: -102 dBm
XBee-PRO (S2B)

« Indoor/Urban: up to 300° {90 m), 200’ (60
m) for International variant

» Outdoor line-of-sight: up to 2 miles (3200
m), 5000° (1500 m) for Internationa!l variant

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

o Receiver Sensitivity: -102 dBm
Advanced Networking & Security

* TX Peak Current; 40 MA (@3.3 V)
® RX Current: 40 mA (@3.3 V)

* Power-down Current: < 1 WA

XBee-PRO (52)

° TX Peak Current: 295m
. - t 295mA
international variant) (20mafor

 RX Current: 45 ma (@33v)

° Power-down Curre
@ 25 degrees ¢

XBee-PRO (528B)

° TX Peak_Current: 205mA (117mA for
international variant)

° RX Current: 47 mA (@3.3 V)

nt: 3.5 kA typical

° Power-down Current: 3.5 pA typical
@ 25 degrees C

Easy-to-Use

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channel has over
65,000 unique network addresses available
Point-to-point, point-to-muitipoint

and peer-to-peer topologies supported

Self-routing, self-healing and fault-tolerant
mesh networking

No configuration necessary for out-of box
RF communications

AT and API Command Modes for
configuring module parameters

Small form factor
Extensive command set

Free X-CTU Software
{Testing and configuration software)

Free & Unlimited Technical Support
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Up501 GPS Antenna Moduie

| 5peclf jcations

W L1 frecuency, C/A code (SPS)

. 22 tracking + 66 search channels

w 1fix/s (user configurable, up to 10 fix/s)

Accuracy: Position: 1.8m (CEP95)

| Velocity: 0.1m/s |
- Tine: +/-50ns (RMS)
TIFF: Cold Start (out of the box): 34s typ.
‘Warm Start 34s typ.

| Hot start: 1s typ.
Sensitivity: 'Acqusition (cold): -148dBm (1)

| Re-acquisition: -158dBm (1)

f ‘Navigation: -165dBm (1)
iPower Drain (3.0V): 'Navigating 1fix/s: 75mW typ.
. Backup state: < 15uW typ.
éoperatin_g voltage: ‘Main Supply: 43.0v..4.2V (2)
. Backup Supply: £2.0V.42V(2)
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War:
e

2.54mm pi g ey

tch, 1x6pin grig

/0 ports: Pin1: Serial port R

| Pin2: Serial port Tx
Pin3: Ground
Find: Main su pply
Pin5: Backup supply
PinG: 1PPS output

Trotocol: 'NIVIEA 0183, 9600 baud

Chip set: MediaTek MT3329

- Dimensions: 22mm x 22mm x 8mm

Weight: 9g

?Operati ng temperature: -40C..+85C

Storage temperature:  -40C..+85C

Standard Options:

Dual SAW filter front end

Internal Backup battery

S ——
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MBLE13: PIC18F4455/4550 PINQUT VO DESCRIPTIONS
——
S e PinNumber | pip | Buffer
fICLAVFRRES 1| 18] 18 Master Clear (input) or programming veitage (i

LALL : ge (input).

NCLR I | ST | MasterClear {Reset)input This pinis an active-low
Rezet to the device.

Ve g Programming voltage input.

RE3 I | ST | Digtalinput.

0SCH/CLKI 13 ]3] 30 Osclliztor crystal or extema’ clock input

0SCf | |Analog| Oscillatorcrystal inputor extemal clock source input.

CLKI | |Analog| Extemal clock sourceinput. Always assocaled with
pin funcion OSC1. (Sze OSC2/CLKO pin)

03C2/CLKO/RAG 413 | 3 Oscillator crystal or clock output.

082 o | — | Oscilatorcrystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO o | — | InRCmode, 0SC2pin outpuls CLKOwhich has 1/4
the frequency of OSC1 and denates the instructon
cycle rate.

RS o | TIL | General purpose VO pin.

Legend: TTL = TTL compatibie input THOS = CMOS compaticie input or outp.t
ST = Sehmitt Trigger input wih CMOS levels 1 =1nput

Nle 1: Aternate assignment for CCP2 when CCP2MX Configuration b 1s cleared.

% Default assignment for CCP2 when CCP2MX Configuration bi s se. :
ionbit * thepinisNo
% These pins are No Connect unless the ICPRT Configuration bit s set. For NC/ICPORTS, Irép

Connact unless ICPRT is setand the DEBUG Configuration bit s cleared.
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. pIC18FA4455/4550 PINOUT /O DESCRIPT
ey pr— o IONS (CONTINUED)
n | Buffer
e
| N Tpoip [ oFn |Tarp| TVPe | Type Description
E— el s PORTA s a bidirectional 0 port,
pAOANO
) VO | TTL Digital /0.
ANO | |Analog| Analoginput 0.
[pAtIANI 32| 2
RAI VO | TTL | Digttallio.
AN I |Analog| Analoginput1.
iWANZNﬂEF‘/ 4 21 21
OVREF
RA2 /O | TTL | Digital VO.
AN2 I [Analog| Analoginput2.
VReF- | |Analog| A/D reference voltage (low) input.
CVREF O |Analog| Analog comparator reference output.
RAYANS/VREF+ 5 | 22§ 22
RA3 VO | TTL | Digital 1O.
AN I |Analog| Analoginput3.
VRer+ | |Analog| A/D reference voltage (high) input.
RATOCKUCTOUT/ 6 | 28| 23
ROV
RA Wo | ST | DigtalliO.
TOCKI | ST | Timer0 external clock input.
GlouT Q.1 = Comparator 1 output.
ROV i | TTL | Extemal USB transceiver RCV input
RASIAN4SS/ 7 |24 24
HLVDINIC20UT
RAS yo | TTL | Digital VO.
A | |Analog| Analoginput4.
3 i | TTL| SPislave selectinput
HLYDIN | |Analog| HighLow-Voltage Detect input.
C2ouT o | — | Comparator2oupul
R | | _ 1 = | = | seetheOSC2/CLKORAG pin.
3 ible input or output
Leend: TTL = TTL compatible input CMOS = CMOS compatibie inp
ST = Schmitt Trigger input with CMOS levels 1 = Input
0 =Output P = Power
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£13: PIC1BF4455/4550 PINOUT O DESCRIPTIONS (g
fABL PinNumber | o o o 1 { ON“NUED)
in Neme PDIP | QFN | TQFP | Type | Type | Description
-: nal 'O port. PORT.
| Programmaed for ; B.can be softwa
lﬁowznm' 3| 0 | 8 P nemal weak pulkups on allinpugs,
0SOISDA L 4 |
F'Hgo "!0 TTL | Digital V0,
ANi2 | | [Andloa) Ansloginput 12
INTO | g_z gtc-ma? intermpt 0.
Jo nhs 2 =
o | o | & | cPiduam " o (ECOP! modue)
SDA | VO | ST | Fc™datalo,
JANOINTUSCK | 84 | 10 | o | g
L e o
ABI VO | TTL | Digital VO.
ANIO i | |Analogl Analoginput 10.
INTH 1 4 8T | Externalinternupt 1.
SCK | VO | ST | Synchronous eerial clock inputioutput for SPI mods.
scL | VO | 8T | Synchronous serial clock inputioutput for IC mode.
cMBINTZVMO | 35 | 48 | 10
s L vo | TTL | Digital V0.
ANB i 1 |Analocgl  Analoginpul 8.
INT2 ¥ ST | Externalinternupi2.
VNO . O == External USB transceiver VMO output.
RBYANG/CCPZVPO 36 12 H ]
RE3 | vo | TTL | Digital O.
AND . 1 |Analog Analoginput Q.
copat) B ST | Caplure 2 inputCompare 2 output/PIWM 2 output.
VFO i O —_ ? Externa! USB transeeiver VPO output.
RBUMNIKBIOCSSPP| 87 | 14 | 14 | o
RB4 | vo | TTL | Digital O.
AN } Ty Am}og Analog input 1. ‘
KBI0 i TTL | Interrupt-on-change pin.
CSSPP D — | SPPchip select control output.
RBSKBI1/PGM 38 | 15 | 15 | I £
RBS i wo | TIL | D|le vto. e
j { Interrupt-on-chan . : :
‘,52',1, } :‘o 1;1_1. Lo Veliags [CSP™ Programming enable pin.
RBBKBIZPGC 16 |
ABs s |vo | Tm | Digwivo.
terrupt-on-char : ’ e
';E‘é L& o iﬁ%ﬁ?ﬂ: Debugger and ISP programiring clock pin
RB7KBI3PGD 17 r
RBy 4 i ' yo | TTL | Digital VO. % .
KBI3 E oy TIL | lntemipﬂ-bﬂ'changep 'SP programming dala pin.
PG | & | 5T | in-Girit Debugger and KOS PERCC===
= sl CMOS ;6“663-(-:5'“”2&& input or outpY

“oend: TIL <7 compatible mput s
ST = Schmitt Trigger input with GMOS levsls |
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148: pIC18F4455/4550 PINCUT IO DESCRIPTIONS (Co
oLE PinNumber | pjy | ee. NTINUED)
pinNam | ppyp | OFN | TQFP | Type| Type | i
tm‘oaornscm 5 | 34 | 32 | _i nal 0 port.

Hcooso “g’ ST | _Eigital lo.

i ~— | Timer| oscilator outpyt

T{3CKI I 8T Timerl Timer3 exterﬁeﬁ'c'gck input
%mOSIICCPL 8| 30 | I | e

RCA | VO | ST | Digtalvo,

Ti(ﬁl’ ' }' 1&3 C};ir;C_;S‘; Timeri oscillalor input.

cC i i ; Captur»aairput.cgmpam 2 outputPWM

O —  External USB transceiver 08 D&pu{, 2 output,
IRCaICCPIPIA piEl oy | 1

RC2 i’g 8 | Digital VO.

CCP1 v T | Cepture 1 inputCompare 1 cutpustPWM 1 out

PiA O | ThL . Enhanced CCP1 PWM output, l(2‘hannel.k e

23 | a2 | 42 |

RO4 L | TIL | Digitalinput

D- D | — | USB diffarential minus Ene {inputoutpud)

N ¢ B | TIL | External USB transceiver VM inpu
RCSDVP 24 | 43 | 43 |

RCS , [ | TTL | Dipital input.

D+ V0 | — | USB differential plus line {inputioutput).

VP o TTL | External USBtransceiver VP inpul
ROBTX/CK o5 | 44 | 44 | : '

RCS | ‘vo | ST | Digallo.

i} © D | — | EUSAAT asynchronous ransmit

CK 0 | ST | EUSART synchronous clock (see RXDT).
RCZIRXDTISDO 261 11 1 |

RC? - Yo | sT | DigtallO. :

RX ' ki ST | EUSAAT asynchronous 1ecelve.

o1 Yo | 8T | EUSAAT synichronous data (see TX/CK)
50 | 10| = | cwaos______——
Legend: TTL = TTL i:’u”mupmamh"bl'é’ﬁtﬂ‘ e CNKOS = CMOS compatible input or oulput

ST = Schmitt Trigger input with CMOS levels | = logped
0 =Duiput p = Power

M : Afmate accignment for GGP2 when CCP2MIX Configuration bl s cleafed.
% Default assignment for CCP2 when GCPZMX Configuration bit is set. 1CPORTS, he pinisNo

- p m
% These pins are No Gonnec uniess the ICPRT Configuration bit i s21- R
Connect unfess IGPAT is set and the DEBUG Configuratan bit is cleared.
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ﬂﬁﬂ'& A PIC18F4455/4550 HNQUJ o DESCRIPTIONS o

. w 35 —— ) |
e PDIP | OFN TOFP Type| Type Description
| PORTD & s b |
Paralel Port {'Sdgg?l%\:lyleopm or & Stieaming
| | when the SPP modue ie Bnl:’g? have TTU input buffers
5570 0|3 B ' ed
A l &
Ao VO | ST | Digiall0.
5P VO | TIL | Sreaming Parallel Port datg.
o 20|39 0| .
RO V0 | ST | Digiallo.
5P B . " WO | TIL | Streaming Paralel Port data.
puusPee v | ST Qb
AD2 0 | ST | Digiall0.
§°P2 VO | TIL | Streaming Parallel Port data
WSPN 214 M| '
RD3 ' ¥O | ST | Digial}O.
§°F3 VO | TIL | Sreamng Paralel Port data.
RO4SPP4 27| 2 s |
R4 ' vo | sT | Digiio.
P4 VO | TTL | Swreamng Paraliel Port data.
RIASFSPB »|s| 8|
RD3  ¥0 | ST | Digilall0.
5°P3 JO | TIL | Sireaming Paralel Port data.
PiB 0 | — | EnharcedCCP1PWM output channel E.
ROSSPPEPIC 2|4 4] i
fig yo | ST | Digiall0. _
s yo | TIL | Sweaming Paralel Port data.
PiC | 0 | — | Enhanced COPi PWModpt,chemelC.
RO78PP7RAD 0|5 5| ;
AD7 yo | ST | DigiallO. ,
$F7 " yo | TTL | Sweamng Parale! Port data.
D | 0 | — | EnhancedCCP1 PwM ouput, chennel D. |
lgend TTL =TTL compatible mput 11108 = CMOS compatble input or 0P
ST =Schmift Trigger inputwih CMOS fevels | =Inedd
0 =0uinus nmw = =Power
ton bit is cleared.

e 1: Atemate assignment for CCP2 when COPZMX Gonfguraton
2 Defat assignment for CCP2 when CCP2ZMX Gonfg:rahoﬂbv’ttssd \ICPORTS, e prishe
% Thesoinexe o Connect urdoss e ICPAT Configuraion B st PO/
Camect uriess ICPRT is set and the DEBUG Canfiguration B 1 G55
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4pPENDIX

—
charchar_Distance[12];

chartmp;

char stat=0;

charGPGGA[lOO] g

char GPGGAIN=0;

charGPGGA_i=0;

void interrupt() {

if (RCIF_bit == 1) { // \f interrupt is generated by RCIF

tmp=UART1_Read();
_Read();  //Read data and store it to txrt string

sWitch(stat)

{

.
e 0if(tmp=='G")stat=1;else stat=0;break;
ase 1 ’
ca eLiftmp=='p')stat=2;else stat=0;break;
e 2
) sz(’tmD=='G')stat=3;e|se stat=0;break;
..
A 4"-f(tmp=='G')stat=4;else stat=0;break;
fitmp=='A')stat=5;else stat=0;break;

Casgs.if(
Altmp=="*
(§ p=="*||G i
| PGGA_I>100){GPGGAIN=:|-;GPGGA—i=O;Stat=O;}else

GPGGA i
A_il=tmp;GPGGA_i++;}break;
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! Set RCIF to 0
(p bit=0 I

wdmain() {

char temp;

char i=0;

05CCON=0x72; // BRIOECE EicTaiE 8 &i0C
(MCON |=7; /[ comparators off
PELRCIE =1;

INTCON.PEIE = 1;

INTCON.GIE =1;

[[AocoN1 = 0x0D; // all digital inputs

UARTL. Init(9600);

MWSk0b11111111; //BURVEICTaCaE=NE A REITS
TS8=000001111;

TR|SC=0b10001111;

ADC il NN A ]
ON1= 0x0D; // ElifiEacEcacacaeel
While(l)

{
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z Read(0)/4;
temP ~ ADC_

-ﬂButton(&PORTB, 0, 200, 0))
|

{

UART]-_WI'ite_TeXt(“#n);

for(i=12;i<36;i++)
{UART1_Write(GPGGA[i]);}

UART1_Write_Text("%");

}

else if{temp>5)
{
UARTL Write_Text("#");
for(i=12;i<36;i++)
{UART1_Write(GPGGAIi]);}

UARTL_Write_Text("%");
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chartmps

ghar stat=0;

4ar GRGGA[100];
dar GPGGAIN=0;

$arGPGG A_i=0;

dhar GRGGA 1[100];
tiar GPGGGAIN1=0;

- darGPGGA i1=0;

thar GPGGA2[100];
thar GEGGAIN2=0);
thar GPGGA_2=0;

tharlat 15

.
)

Char lon_1[5]

.
b

Chay lat 25

.
b

Chay lon\z[s].
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at170;

[ong lon Y
[ong ]at2=0;
nglon2”0
gL [
foat D1=05

oat D20

foat D3=0;
float D4=0;

lng angle;

float Distance=0;

longF Distance=0;

thar des[11];
tharang11];

V°idgozero()

{

thar (),
)

f°’(i=0;i<1()().i++)
{
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e
oo~

for(i’o;id;iH)

t 1705
it 201705
lon_1[i]=05
lon_2(i1='0%
J

J
void interrupt() {
if(RCIE_bit==1) { // If interrupt is generated by RCIF

mp=UART1 Read(); // Read data and store it to txrt string

switchstat)

{
case (1 — 1 .

e 0if(tmp='G")stat=1;else if(tmp=="#)stat=10;else stat=0;break;
(ase 141 ——m!

¢ Lif(tmp=="P")stat=2;else stat=0;break;

: 0ase 2+ —1
2if(tmp=='G")stat=3;else stat=0;break;

case 3:. —_ 1
iftmp=='G")stat=4;else stat=0;break;

Gase 4Iif ——A
(tmp=='A"\stat=5;else stat=0;break;

Case 5+ i s e
if{tmp==+|GPGGA_j>100){GPGGAIN=1 ;GPGGA_l—O,Stat“Oa}else

{Grgg
Al .
[GPGGA_i]=tmp;GPGGA _i++;}breaks
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mp=—=6|GPGGA_i2>100){GPGGATN) -

; 1;GPGGA
PGGA_iZ]#mp;GPGGA_12++;}break;

_i2=0;stat=0;}else

=0 /I Set RCIF to 0

}

}
void GPGGAtoGPGGAl 0

{

char i;

(=12;1<36;i++)
{

GPGGAI1[i-12]=GPGGAL[il;
J

E

Voidlatlon()

{

Char i=0;
fori=05i<4;i-+)

lat\l[i]=GPGGA1[i+5];

ity

] o
°“J[1]=GPGGA1[i+18];
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e

i
Jot

i<hiitt)

o JIFGPCCA 2l

i

g (At ! [3]-48));

[ 2=(Lat 1 [2]-48)*10);
L:3=((Lat_1 [1]-48)*100);
L_4=((Lat_1 [0]-48)¥1000);

Wil 4L 2+L 3+L 45

5

I I=(Lon_1[3]-48));

L 2=((Lon_1[2]-48)*10);

L 3=(Lon_1[1]-48)*100);
L 4=((Lon_1[0]-48)*1000);

lonl=L, 141, 241, 3+, 4;
I

L_1=((Lat_2[3]-48));
L\2=((Lat_2[2]-48)*10);
L\3=((Lat_2[1]-48)*100);
L~4=((Lat~2[0]-48)*1000);
laQ=L§1+L_2+L_3+L_4;
//\

—_—
—_

Mon z13145,
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o 28410
o 29 100%
s

| (on 201481000

-

LR

e

D= atl-Lat2;

)/ Lonl-Lon2;
D4=atan2(D1,D2) *180/3.14 ;
Di=D4+180;

mgle=D4;

02=D2*D2;

D3=DI+D2;
Distance=sqrt(D3);
Distance=Distance*0.0006;

I Distance=Distance*30.9;

L"118WordToStrWicheros(F_Distance,des);

I*’“gWordToStrWicheros(angle,ang);
}

V°id80tosee()

{

*40GpaA 1)
laﬂ()n();
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}

yoid main(

{

dar 205

JEIRCE =15

NTCONPEIE = 13

NICON.GIE = 1

0SCCON=0x72;

| (MCON [£7; !/ comparators off

ADCONI |= 0xOF; // all digital inputs

TRISA=0b11111111;
TRISB=0);

TRISC=128;
| porte=();
UARTI_Init(9600);
&0zero();
Wile(])
{

i
‘(GPGGAIN2=1){rb2_bit=1;GPGGAIN2=0;}

i
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2 -GPOGAIN=0;gotosee();
l‘b | s
o write_text("Staft")§

tl_ write(13);
] write_text("GPGGAI=");

0 r(i=0;i<24;i++){uartl_write(GPGGA1 [iD:}
rt],_write(13);
urtl_write_text("GPGGA2=");

ii0;i<24;i++) {uartl_write(GPGGA2[i]);}

| nart] write(13);

wtl write text("Lat_1=");

for(=0;i<d;i++) {uart] write(Lat_1[i]);}
tat]l_write(13);

artl_write_text("Lon_1=");

| =0i<4si++) {uartl_write(Lon_1[i]);}
tartl_write(13);

“aftLWrite_text("Lat_2=");

for(i:o;i<4;i++) {uart] write(Lat_2[i]);}
 write(13),
uartlJ"rite*tex’[("Lon_2=");

T

)

S+ {uart]_write(Lon_2[i]);}
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(1)

G 1’write,text("angle=");
uaru’write,text(ang);

uartl,wfite(l?’);
uml_write_text("distance.—_n);
| uartl_write_text(des);

uartl_write(13);

uartl_write_text("End");

] vrite(13);
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