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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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Chapter One 

Introduction : 

1.1 Overview 
1.2 Project Objectives 
1.3 Motivation 
1.4 Requirements 
1.5 Challenges 
1.6 Related Works 
1.7 Project Plan 
1.8 Estimated Cost and Budget 
1.9 Report Content 
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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 
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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 : 

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

• How to program microcontroller to achieve the goals on hardware. 
• Availability of electronic chips and motors . 
• 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. 
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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 OPS, ZigBee, microcontroller,SP02 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 5: Measurements 

Here we will do some measurements with OPS 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. 
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Table 1.1 : Summary of the Project Plan for first semester 

Weeks 

Task 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Partl 

Part2 

Part3 

Part4 

Part5 

Table 1.2: Summary of the Project Plan for second semester 

Weeks 

Task 1 

Part6 

Part7 

Part8 

Part9 

2 3 4 5 6 7 8 9 10 11 12 13 15 
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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 (NIS) 

XbeePRO S2 2 300 

XBee Regulator 2 60 

GPS 2 450 

PIC18f2550 2 100 

SPO2 Sensor 1 350 

motor 2 900 

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 
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In this chapter, we introduce the theoretical background of the main ideas of 
the project. 

Chapter Three: Conceptual Design 

This chapter introduces the system design and discusses the different possible 
design options 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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Chapter Two 

Theoretical Background 

2 

2.1 Introduction 
2.2 ZigBee Technology 
2.3 GPS Technology 
2.4 Microcontroller 
2.5 Pulse Oximeter Sensor 
2.6 Brush motor 
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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 ·[IJ 

Ks». l i .r,:\± ·t Kiassreart?" • >iee' } 
..... .. 

Figure 2.1: the ZigBee chip 

2.2.2 Origin of the name ZigBee 

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

2.2.4 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 : 

• Coordinators 
• Routers 
• End devices 

The following figure illustrate the zigbee network in three topologies and the 
needed devices : 

• ZigBee Coordinator 
® ZgBee Routers 
0 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 router 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 a router , also end devices do not support child devices [ZJ. 

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 . [3J 

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 [4J. 
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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. 

Space segment 

SQ 
Control Segment User segment 

Fig 2.4 : GPS segments 
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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. [SJ 

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. 

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

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

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

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

5) Errors are caused due to the internal clock of the device, because this time is not 
accurate that the automatic clock in the satellite, and for that there may be errors due 
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), 1/0 (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 m 
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 
spectrophotometry, which mean measurement of the absorptivity or extinction 
coefficient of a given substance at particular wavelengths. 

In pulse oximeter only two light sources with different wavelengths are used So 
only 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 [SJ : 

C SO = Hbo2 
°Ca a» 

Where: 

SO2 : 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,O3. 

An important point must be in consideration, that the saturation found by the 
previous formula takes the concentration of HbO2 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. [91 

In total we have three terms denoting the functioned oxygen saturation in blood: 
• SO2: Saturation of oxygen in blood. 
■ SaO2: 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 
oxygenation 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 hypoxemia 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. 

ton ime 

"ct t 1 11 t 1 t 1 
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. 

16 



light 

lA 
LED■- IPhotodetector 

Fig 2. 7 : LED and PD placement for transmission mode pulse oximeter 

LEDs Finger Photo diode Transconductance 
amplifier 

w Vy 
A/y 

# - - - 

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 

LED■/, 
Photodetector ] 

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. [IO] 

' ' 
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2.6 Brushless DC Motor (BLOC) 

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 
• 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 [1 lJ· 

z 
0 

~ • .,.. __ Brushes 

Commutator 

Axle [=t+ rmature 

U 
0 5 :c 

Field + 
Magnet 
or Coil 

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 

DC 
Voltage 
Supply 

I 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. 
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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 VSUPPLY 

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(l ). 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. 1 O-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 automatically generates a PWM signal on an I/O pin which frees up 
processor time for doing other things. The CCP module only requires that the 
developer configure the parameters of the module. Configuring the module includes 
setting the frequency and duty cycle registers. The ECCP module (short for Enhanced 
Capture Compare and 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. 

Front View 

Photo Transistor 
IR LED 
t 
D,LT 

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 1 o 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 
la Q, 

12v 

hsa 

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 O 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 
according! y. 

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] 

V ton V 
an.• =-X in 

T 

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 
is depends on the inertia of the rotor (basically how heavy it is), and how much 
friction and load torque there is. Figure 2.1 O shows the speed of a motor that is being 
turned on and off fairly slowly: 
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\ 
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2 
2. 
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5 

Time 

1-. - Motor speed - Supply voltage I 
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 150 rpm, although it varies quite a bit. If the supply voltage 
is switched fast enough, it 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 bridge 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 

armature 

Figure 2.18 : Full H bridge motor drive . 

To make the motor go forwards, Q4 is turned on, and QI 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 chapter about the general concept in 
details of each ZigBee ,GPS ,pulse oximeter, microcontroller and required motors, 
the next chapter going to discuss 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 the previous chapter about the theoretical 
background, this chapter describes the general block diagram of the whole system, 
and the system elements. 

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

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 AN ) technology based on the IEEE 
802.15.4 standard. 

The source of information which represent in our project the decreasing of 
oxygen saturation in blood 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 following block diagram is broken into two block diagrams describe the 
ZigBee device in both cases transmitter and receiver . 

Key Pad 

89s52 
MCU 

16X2 LCD 

MAX232 

Step 
down 
TIF 

Bridge 
Rectifier 

Filter 
Circuit Regulator 

Zigbee module 

Power supply to all sections 

Figure 3 .3 : ZigBee transmitter block diagram 
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89S52 
MCU 

16X2 LCD 

MAX232 Zigbee Module 

Step 
down 
TIP 

Bridge 
Rectifier 

Filter 
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 . 

XBee 
ix 

Rx 

+3.3V 
L <Ol Data Out 
r?ad Data In 
r®I Cd 

Reset 
Pwm 
nc 
nc 

'O] Sleep/Dtr 
Gnd 

ilo lOf: D 
ilo [g!' DD 
ilo -? L 
ilo lO!! 
Rts I.: O 
ilo 

Vref* 
Status 
Cts 

Tx led 

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 FGPMMOPA6B due to: 

• Small size. 

• Work at suitable voltage . 

• Have an internal antenna . 

• Jammer detection and reduction 

• Multipath detection and compensation 

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

• Position Accuracy: 

, 

o 
Tp 

Figure 3.6 : GPS device 
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Microcontroller 

The second entity microcontroller is used to program overall the system, in 
our project we use two PI Cs in both side one of them in sender side (the person who 
swimming) and the other at the receiver side (the ship), where the PIC at the sender 
side receive a signal from GPS that will carry the location of the person where use 
this signal and do 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: 

• High computational performance at an economical price. 

• Enhanced Flash program memory. 

• Work at Nano-watt. 

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

• 28-pin. 

• Low power consumption. 

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

PIC18F2455/2550 has all what is needed for implementation for our 
project ,enough I/0 ports ,ADC. 

Figure 3.7 : Microcontroller Chip 
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3.3.3 Pulse Oximeter Sensor 

The working principle of a pulse oximeter is based on the Beer-Lambert's law for 
spectral 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 
solution, providing that the intensity of the incident light, the path length, and the 
extinction coefficient of a substance at particular wavelength are known . 

Extinction 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 
oxygenated hemoglobin to the total amount of hemoglobin capable of binding with or 
transporting oxygen ·[I3J 

Amplifier 
... 

Filter 
ADC 

LED driver 

«, 
DAC 

Figure 3.8 : signal flow diagram of pulse oximeter 

Th ent produced by the photo diode is converted to equivalent voltage and 
filterel ::g 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 , . 
nl ade On detection of artenal pulse . Blood has a light measurements are o y m . . 

b . ffi . nt greater than of the surrounding tissue . alusorption coel 1c1€ 

The ratio (R) which is the ratio of voltage level at red (660nm ) to that of 
. ) . 1 1 t d the SP02 value corresponding to ratio ( R) IS mfrared ( 940nm IS ca cu a e • 
computed from empirical data using lookup table . 

R 
log(R /R,.) 

rm s 

log(IR_ /IR ,) 
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Where: 
Rrms : absorption for arterial blood for red root mean square 
Rdc : absorption for tissue and bone for red light 
IRrms : absorption for arterial blood for infrared root mean square 
IRdc : absorption for tissue and bone for infrared light 

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

For SP02 quantity : 

SPO 2 = 10.0002R 3 - 52.887 R 2 + 26.87 lR + 98.283 
And finally , pulse oximeter sensor has the functional block diagram connected 

with microcontroller. 

. 

- 
KEYPAD 

[) 
Amplifier and ~ ADC Photo Detector FIiter 

Sgnal receiver 
. 

Audio Amplifier 
AUDIO DAC ---!> And -- lectricel Pal Speaker 

G-, F yMicrocontrolle 
DISPLAY a . 

User Interface 

Siynal transmit!er 

Ccmmunlt.ltlon LEO ar,d IR-LEO 
DAC I' Module LED and IR-LED ~ ,.... 

I' driver 

. 3 9 . Block diagram of pulse oximeter Figure·. . 
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From fig 3.5 the operation of pulse oximeter is passing through these blocks, a 
probe consisting of a red LED , an infrared LED and a sensitive photo detector . A 
timing control circuit to sequence the LEDs and to synchronize with the photo 
detector, analog front-end electronics to amplify and process the signal before digitization.. 

1 ms 

5tt4--_-_--::5::0=µ=s============~-----------.Jn~_R_ed 
500 µs n 

-------------....J .._ N_IR 

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 at the receiver side to move the buoy 
to rescue the person who is drowning, this is done by the control signal which is send 
from the PIC of the buoy to the BDC motor in order to start running the motor . 
BDC motors have many advantages over brushed DC motors and induction motors, 
A few of these are: 

• Better speed versus torque characteristics 
• High dynamic response 
• High efficiency 
• Long operating life 
• Noiseless operation 
• Higher speed ranges 

In addition, the ratio of torque delivered to the size of the motor is higher. 
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3.3 .5 Software design 

This is the flow chart of the transmitter side which illustrate the complete 
path of signal and data of the whole system as below: 

- 
Receive data 
from GPS 

- - 
. 3.12 Transmitter flowchart Figure. · 
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The second flow chart is the receiver side which illustrate the complete path of 
signal and data of the whole system as below: 

raansmitter 

Getting data 
from GPS-Tx 
And GPS-Rx 

Processing 
lat i(difference) 

. 3.13: Receiver flowchart Figure • · 

38 



After what we have discus in this chapter about the conceptual design that 
include the block diagram and the software design -flow chart , the next chapter will 
discus the explanation of our implementation and Design sheets 
Hardware ,Specification of algorithms 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 
As shown in previous chapter, this system has mainly two sides, transmitter (person), and 

receiver (the tube or ship). A division must be madebetween these parts in order to build the 
system. This chapter describes designing the wholesystem,and interfacing between PIC 
microcontroller and other unit that we will need it at the two sides. 

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

. · de elements F. 4 1 . transmitter s1 1gure·. · 
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1 Microcontroller 4.2., 

Microcontroller is a Microchip programmable IC, that controls the inputs and outputs 
from each device. Figure 4.1 shows the pins of PIC 18F2550, more explanation for required ports 
will be illustrated. 

28-Pin PDIP, SOIC 

MCLVP+PRES s 
RAANO -»s-I [2 

RAiANt > 
RA2AN2VE-C VaEF + 

RAS/ANS'VRE+ e] {5 

RA.4lT0CKliC1OUli'RCV­ 
RA5/AN4.•SS.iHLVOIN•'C20UT---. 

'Vgs 
OSCiCLKI 

OSC2CLKORA6 «­ 
RO0.1T10SO!T13CKJ - 

RC/T1OS/CCP! UOF • > 
RC2.•'CCP1 - 

14 

2] ---> RB7KBIa/3 
--.,. ABsiKBl2/PGC 
........,. RB5.•K8I1.IPGM 
.,_.._ RBMAN1111(B!O 
....._ AB3/ANe.tCCPa(1lNPO 
- RB21AN8.t!NT2.IVMO 
-. R81/AN10'INT1/SCKtSCL 
..,,_ ABo/AN12'INTOIFLTO!'SDliSDA 
- 1.'00 
--- Vss 

18 _.. lrv7/AXi'DTiSDO 
- J:r .. ,61TX/CK 

16 -- lrv6.fl)+NP 
16 - lrv4,•D-NM 

Figure 4.2:Pins out of PIC18F2550 

Pin description: 
1. RAO/ANO (pin 2): 

• PORTA is a bidirectional 1/0 port. 
• RAO-Digital 1/0. 
• ANO- Analog input 0- pin type I. 

I== Input. 
0 ==Output. 

2. RC7/RX/DT/SDO (pin 18): 
• RC7-Digital 1/0. . I 
• RX-EUSART asynchronous receive-Pm type . . 1/0 

( TX/CK)-Pm type · • DT-EUSAR T synchronous data see 
• SSDO-SPI data out-Pin type O. f: 

Were SPI is The Serial Peripheral Inter ace . 

3. RC6/TX/CK (pin 17): 

• RC6-Digital 1/0. mit -Pin type 0. 
• TX-EUSART asynchronous trans . 
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a CK- EUSART synchronous clock (s RX/T 5; 
see /DT)-Pin type I/O. 

4, VSS (pin 8 or 19): 
• Ground reference for logic and I/O . ) p· pins)-i'in type P. 

P = Power. 
5. VDD (pin 20): 

• Positive supply for logic and I/O pins-Pin type P. 

6. RC4/D-/VM (pin 15): 
• RC4-Digital input-Pin type I. 
• D-USB differential minus line (input/output). 
o VM- External USB transceiver VM input.-Pin type I. 

7. RB0/AN12/INT0/FLT0/SDI/SDA (pin 21): 
• RB0-Digital I/O. 
• ANI2-Analog input 12.-Pin type I. 
• INTO-External interrupt 0.-Pin type I. 
• FLT0-PWM Fault input (CCPI module)-Pin type I. 
• SDI-SPI data in-Pin type I. 
• SDA-I2CTM data 1/0. 

8. RBl/ANl0/INTl/SCK/SCL (pin 22): 
• RBI-Digital 1/0. 
• AN10-Analog input 10.-Pin type I. 
• INTI-External interruptl.-Pin type I. 
• SCK-Synchronous serial clock input/output for SPI mode.-Pin type 1/0. 
• SCL-Synchronous serial clock input/output for I2C mode.-Pin type 1/0. 

9. RC1/T1OS1/CCP2/UOE (pin 12): 
• RCI-Digital 1/0. 
• TIOSI-Timer l oscillator input-Pin type I. 
• CCP2-Capture 2 input/Compare 2 output/PWM 2 output. 
• VOE-External USB transceiver OE output. 

Note:- the prim is high not low . 

10.RC2/CCPI (pin 13): 
• RC2-Digital 1/O. 
• CCPI-Capture I input/Compare 1 output/PWM 1 output. 

Output of dutycycle(P WM) to control motor speed. 
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Oscillator Types: 

PIC18F2550 devices can be operated in twelve distinct oscillator modes. From these 
mode we use internal oscillator that have 8MHz. 

Serial port: 

PIC 18F2550 has two major serial modules : the master synchronous serial port and 
Universal Synchronous Asynchronous Receiver Transmitter (USART). 

Calculation needed 
( Note : equation find for USART part of serial port section) 
8 MHz oscillator 
9600 baud asynchronous 
ForBRGH= 1 
SPBRG = 4000000/(16 x 9600)- 1 = 51.08 
ForBRGH=O 
SPBRG = 4000000/(64 x 9600)- 1 = 12.02 
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4.2.2 Interfacing between Microcontrolle r and pulse oximeter. 

U1 
=] RAO/ANO 

RA1/AN1 
RA2/AN2VREF-ICVREF 
RA3/AN3NREF+ 
RA41TOCKI/C1 OUT/RCV 
RA5/AN4/SS/LVDIN/C2OUT 
RAG/OSC2/CLKO 

RCO/TOSO/T1CKI 11 
RC1/T1OS/CCP2/UOE 12 

RczccP+ }-!2 
RC4ID-VM 15 
RCs/D+e 16 
RC6/TX/CK 17 

RczRxDT/sDO }..T9..d 
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RB2/AN8/INT2NMO 
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RB5/KBl1/PGM 
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R3 
10k \ 

SOUNDER 

9 

14 

R1 
1k 

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 . 
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Figure 4.4 Interface between SPo2 and PIC 
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4,2.3 Interfacing between Xbee p 82 ro and PIC. 

UT 
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RI 
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RBO/ AN 12/1 NT0/FL TO/SD!/SOA 

RAG/OSC2ICLKO 
RAS/ Al\l4isS/LVDI N/C2Ot.ri 
RA4/T0CKI/ C1 OUT/R 0/ 
RA3/AN3/VREF + 
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RCTIRX/DTISDO 
RC6/TXJCK it--,, .,,._ _ 

RC5/D+/VP 
RC4/D-NM 
RC2/CCP1 

RC1/T1OSi/CCP210oi:: 
RC0/T1OSO/T1 CKI 

PIC 18F 2550 

Figure 4.5 interface between Xbee and PIC 

This figure represent the interfacing method between the ZigBee device and the PIC 
microcontroller, XBee as shown is energized by a three DC voltage source (Vee=+ 3 Volt), pin 
IO 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 S0mW (+17 dBm), 

10mW (+10 dBm) for international variant. 

Data rate 

RF data rate 250,000bps and the data throughput up to 35000bps and the receiver 
Sen ·t· · 1 1· d of XBee-PRO (S2) is 3 - 3.4 Volt, and the operating s1 IVlty-102dBm the vo tage supp 1e 
cu . .' . t wer is 295 mA at 3.3 Volt, 170 mA at 3.3 international rrent at transmitting maximum outpu po . 
v · . ' 45 mA at 3 3 Volt and the Idle current which represent 
arrant. operating current at the receiver is · 
the receiver off is 15 mA . 
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xsee - PRO (S2) has a range of operating temperature which is from -40 to 85 c, the antenna is 
integrated whip antenna, embedded PCB antenna . 

The supported network topologies may be XBee- PRO (S2) device is connected in point -to 
point, point - to - multipoint, peer - to- peer, and mesh . in our system the network is point­ 
to- point network. XBee - PRO (S2) which we are used its dimensions 2.438 x 3.294 cm . 

The XBee device was designed to mount into a receptacle ( Socket ) and therefore we don't 
require any soldering when mounting it to a board . 

Figure 4.6 

Pins description: 

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

Tx 

Rx 

XBee 
[lo vi -+ 
ifo*..., ... - 
ilo 
ilo 
{is # I-'# 
ilo I; O 

Vrtf*...,··· - nc Status 
nc Cts 

. -~ StHp/Dtr Tx ltd r1 

3,3V ----- -~--· Data Out 
Data In 
Cd 

D :q Reset 
Pwm 

. 4 7 Pin description of Xbee Figure • 
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4.2.4 Interfacing between GPS transmitter and PIC: 

This part is the interface between GPS transmitter and PIC, this interface can be explained as 
the following : 

Through this interface pin 18 at PIC (RC7) receive signal from GPS that contain 
coordination of the transmitter(the person) to use it later. Note that this connection will be 
direct without need to any interface between them. 

1 G_PS __ c_c:n_a_Pd_Dn_.., __ =_ --11,.... 1?_s_a=:_:11...1a_1F_2_-=_s_o l 

Figure 4.8 type of message transfer from GPS to PIC 
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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 protocols (default speed: 9600bps) 
• One serial port ( default: CMOS level, option: RS232) 
• lPPS output 
• Up to 1 OHz 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 Desig n. 
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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, SP02 
sensor, OPS, ZigBee and finally some certain resistors and wires. 

As shown the SP02 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 threshold value is 
energized by an internal DC voltage ( Battery 3.3 Volt), the threshold value we calibrated it by 
using the sensor options from its settings . The normal alarm get out from the sensor is a voice of 
a Buzzer "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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of the circuit. The wire that entered to pin numb 2 . 
:% ·RI which equal to 10 Kilc Ohr 9er' of PIC microcontroller is connected to the 

resistor . 110 ms which is used to guarantee the required value of 
voltage to enter pin 2 of PIC microcontroller which is this 5., 

i:, • Is voltage signal represent the alarm signal of gettmg down of percentage of blood oxygen. 

The up terminal of resistor RI is conn t d · h · • 
ecte witl wire that carries the alarm voltage signal 

and down terminal of resistor RI is connected to ground of the circuit. 

GPS device is energizedby a 3 DC Voltage( Vcc ), 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 V cc 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 pie 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 Vee energized by 3.3 DC Voltage. 

The two signals ( from SPO2 sensor and GPS device ) after processed by a code is 
tt. fr · b 17 of PIC microcontroller which was going to the ZigBee device , ge mg out om pm num er 

th Z. B d · · · d b Vee ( 3 3 DC Voltage ) from pin number one and grounded e 1gtiee tevice is energize y '.. .. . . 
fr · b d · 3 f Zi Bee receives these two signals to transmit it to receiver side om pm num er ten an pm o 1g 

4.4PWM : Pulse Width Modulationat the receiver. 
. . Width Modulation is a powerful technique used to 

Pulse Duration Modulation or Pulse d PWM has a wide variety of applications 
control analog circuits using digital outputs. Nowadays tion motor speed control, power control 
Such as to create analog voltage level, waveform general 1, 
and conversion measurements and communication etc. 

' 
h . the figure below whose pulse width is l ave as s own m PWM uses a rectangular pu_se_ w . he average voltage of the waveformp4J• 

Inodulated, which results in the variation in t 
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s Volts 

0 Volts 

Duty Cycle 0% 
50% 100% 

Figure4.1l :Pulse Width Modulation 

pPWM Period 

The PWM Period is the time duration ' ·hi 
in the diagram shown below PWMPenod ;@""" the Pulse Width Modulation takes place . mar e as T PWM P . d h . 
best results for a particular application. · eno s ould be chosen to give 

Duty Cycle 
Tc I◄ Duty Cycle _ Tc 

T 

T www.electro some.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, 

% Dutycylcle = 'e± 3 100% 
T 

PWM Resolution 

Resolution of a PWM is the number of different steps you can have from zero power to 
full power. That is a 1 o bit resolution means that you can have 1024 steps from zero to full 
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P
ower. Consider the example in which PWM • . l . is used to cont l th pWM of 10 bit resolution we can have 1024 diffe rot 1e speed of a DC Motor. Using a 

l erent speed for DC Motor 
[15]• 

pWM to Generate an Analog Voltage Level 

In Switched Mode Power Supplies (SMPS) PWM · 
changing the duty cycle of the PWM we can d; :h is used to generate voltage levels. By 
pWM resolution should be selected to beg at JUs~ t e average voltage of the waveform. The 
Power Supply. rea er t an or equal to the required resolution of the 

www.,electro$ome.com 

l.5VD-----­ 
oy 

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 1/0 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 ,so 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 

t V -..£!!..xV Q\'(I - - T 

:. : ttroller using transistor, Here we are using 9 V 
DC Motor is interfaced with PIC Microcon be varied by varying the duty ratio of 

De Motor and average DC value delivered to moto~ c~n 0V 2so/c duty cycle is 2.25V 50% duty 
the PWM. The average DC Voltage of 0% duty eye e is ' 1 ° 9y ' 
cycle is 4.5 V, 75% duty cycle is 6.75V and for 100% duty eye e · 
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The parameter duty ratio t k 
and 255 means 100% duty cycj, '® values from 0 to 255, i.e 0 · ' · means 0%, 127 means 50% 

Note : All PWM modules in a PIC M; 
d
·f~ icrocontrolle . you cannot set different frequencies for diff, "uses Timer 2 for its operatic of 5kH r I erent PWM modules. uono z, so 

4.5 Overall receiver Design. 
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Figure4.15: Overall receiver 

. At the receiver side of the project ,Xbee receiver receives signal from Xbee transmitter at 
~m Dout ,this signal arrives at the PIC, in addition transparency done by connecting a relay 
etween them at the normally close (N.C) platen ,and we connect GPS at the normally open 
(N.O) platen, noting GPS and Xbee connected at the RX pin · 
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When the Xbee signal arrive at the receiving CT-RX .. 
:. 6 CT-RX pin /-1 through N.C position at relay, 

and by programming pin /-1 the PIC will send an active high signal through the serial I/O 
: C4-TX in order the signal flow to the sitchi: .> 

Pin' switching system that consist of the 1 k resistance and NPN transistor . 

When we receive active high signal at pin C4-TX that is connected at the base of the 
transistor the resistance will limit the voltage at the same time the transistor will switch 
connection between Emitter And collector so that we get a voltage difference in order to pass 
current to relay coils that generate Electric field to change the relay platen from N.C to N.O ,By 
this change we get the GPS signal . 

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 of9600 baud. 
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Chapter Five 

Testing and Results 

5.1 Introduction. 
5.2 Hardware programs 
5.3Testing . 
5.4Results. 
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5.1 Introduction 

This chapter discusses the main signals properties in our system, the testing processes 
are very important to insure that the system work successfully. Measurements introduced in 
this chapter are very important and useful part of the project to achieve the most accurate 
results. 

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 . 

5.2.1 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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Figure 5. IX-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-blox GPS 
receiver for navigation and positioning performance. The purpose of u-center is to enable users 
to: 

• Conduct performance tests on u-blox and other GPS receivers. 
• Configure u-blox GPS receivers. 
• Access and download Firmware updates. 
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[ u-center 6.21 

File Edit View Player Receiver Tcol; Window 

Ready 

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 for PIC 
microcontroller. It is designed to provide the customer what the easiest possible solution for 
developing applications for embedded systems, without compromising performance or control. 
Applications can be developed quickly and easily using MikroC for PIC microcontrollers. It 
provides a simple windows based point and click environment for developing applications. 

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

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

5.2.4 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. 

~ U NTffi.EO - ISIS Pro 
File View Edit Tools Design. Graph Source Debug Library Template System Help 
[Do ssiicula [[±:i+l+@e@@[j»e]xogia±> 
[[ag!a8 %/ @ t/»ID) DIE9 

i '. 

= = 
=I>· 
~ 
[M) 

0 
JI ► 1 
J 

Figure5.4 :Proteus 7.8 program 
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5.3 Testing 

Testing process is very important to achieve more accurate results the most important 
' ials we are concerned with are the XBee signal strength and the GPS signal strength so we 
C,,ch one without other to get more accurate measurements tested, 

5.3.1 Testing at the transmitter 

At the moment we push the button or get an alarm from pulse oximeter ,we will get GPS 
coordination simultaneously and as long the alarm is exist , this alarm signal pulse coordination 
appear on the X-CTU program using interface between PC and the Xbee-TX,This interface 
called UART TTL to USB. 

Figure5.5:Transmitter side. 
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Figure 5.6:UART TTL to USB. 

64 



3 2 Testing receiver side 5.. 

At the receiver side we get the transmitter longitude and latitude and the alarm signal 
pulse the receiver longitude and latitude by that we can calculate the angle and the distance . 

Figure5.7: Receiver Side Element 
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5_3,3 XBee testing 

We tested RSSI of XBee device indoor, the communication between the PC and XBee is 
an integral part of our system • For XBee testing and feedback we used X - CTU software and 
arallax 's XBee USB adapter board. In XBee testing we used international X- CTU software 

~or communications, signal strength monitoring and configuration of XBee. 

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 connection. 

PC& 
X-CTU 

XBEE on 
USB Adapter &4=,=====] r-< DOUT 

esp'-rs=r= 

RemoteXBEE 
Loopback 

Figure 5.8: XBee loop back testing • 
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The Joopback connection is made by connecting the DOUT pin to DIN pin which this 
t·on will force any received data to be transmitted back to the base node and PC. connec I 

To test the range of the XBee device we downloaded the X- CTU software for windows 
the website www.digi.com also we could get it from parallax's page, X- CTU software is 

fro~ d to operate with all windows, X- CTU can either downloaded from digi's web site or design€ 
an installation CD. 

When properly X - CTU installed it can be lunched by clicking on the icon on the PC 
kt Orselecting from start menu as shown. des op 

~ Outlook Eiq:l'es~ 

(ERA 
la1J National lh5ttunents 
~ Nallonal Irt;;t1unents Lab IE? 6.5 
a) seas 
(Q} Mozile Firefox 
m, l'fotionol Inshuncnb Lab\JlEW 7, D 

J

[®J Mizrasof Keylord 
~ Microsoft Mouse 

====;;;;;;;;-iiiiiiiiii iiiiiiiiiiiiiiii rat, Logtecn 
IQ1J Real 

y Irfor Worktop 
= 

Roal©re Arcade 

r; Przg amns 

rn ! c o 
<I) 
{/) 
d - ~ ? a. 
Q. 'fiil: X 
Ill 
~ 
~ 0 

-0 -~ r 
~ 

7 en a »o 
» 

Sett.igs ►
Search 

Help and 5upport 

Run, .. 

2P 
X-ctu 

Leg Off eflander , .. 

Shut Dom ..• 

•start ~~@ 1t "l;; ~ 

b tween X-ctu and P.C Figure 5.9:lnterface e 
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Also we downloaded the FTDI drivers for windows and this is vey important to be 
I aded before connecting an XBee USB adapter board to the computer. downlo 

We connected the XBee USB adapter board to the PC by using an appropriate USB cable 
connected Vee and loopback connection. Now we became ready to test the XBee range with 

~: CTU software. Firstly we ensured that the remote node XBee with Ioopback connection is 
d and then open the X- CTU software. powere 

When the program was lunched we saw four tabs across the top of the program PC 
. Range test Terminal, Modem Configuration , each one has a different function, the Settmgs, ' 

default tab selected is the " PC Settings tab as shown. 

iii:§• --:--- . 
'Settings Range Test Terminal en on 1gum on j 

Cut Pot Setup 
' Select Com Port 

Communications Pot (COM2) 
Max®treain 'Bee 8Tender (COM19) 
USB Setial Port (COM20) 
[10.60.1.241] (COM6) 

Commuruc.-:ihom Port (COM1 

H~$1 e up ser hemet Com Ports I 
·API 
fl Enable API 
I7 Uce escape chectors (4TAP = 2] 

AT command Setup Al:illl Hex 

r. 2 
L.:Ol'IVMnd l.l'laracter llXJ l .. ~- -- 

Doud [oo t-:J 
Flow Control jNON~ .. l!.l 
Data Bits Je [:J 

Parity [ioiE ®] 
Stop Bits [i El 

Test Z Query I 

Guard Time Before (BT) 

h top of X- CTU . 5.10: main taps on t e Figure . · 
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To test the XBee range we clicked th " R 
. e ange test tab h 

the vertical RSSI lettering we checked the checkb . on t e soft ware ' and then uder 
: oxto monitor si l 

on start the software will repeatedly send packets d d' •~a strength , then by clicking 
d h. an lisplay the sign I t 

the range test we stoppe tliis process by clickir a s rength . After complete ng on stop. 

PC Settings Range Test J Terminal I Modem ConfiguraHon I. 

Stop 

Clear Stats 

: 
Advanced>>> j -~ 

Test---- 

0123456789: ;<=>?@ABCDEFGHIJKLIINO 
0123456789: ;<=>?@ABCDEFGHIJKLIINO 
0123456?89:;<=>?@ABCDBFGHIJRLHNO 
0123456789: ;<=>? @ABCDEF GHI JKLIINO 
0123456789: ;<=>?@ABCDEF GHIJKLIINO 
0123456789: ;<=»?@ABCDEFGHIJKLIINO 
0123456789: ;<=>?@ABCDEFGHIJKLIINO 
0123456789: ;<=>?@ABCDEFGHIJKLIINO 
0123456789: ;<=>?BABCDEF GHIJKLIINO 
0123456789:;<=►?@ABCDBPGHIJRLHNO 
0123456789:;<=>?@ABCDBFGHIJKLHNO 
0123456789: ;<=>?@ABCDEFGHIJKLIINO 
0123456789: ;7<=>?@ABCDEF GHIJKLIINO 
0123456789: ;<=>?@ABCDEFGHIJKLIINO 
0123456?89:;<=>?@ABCDIFGHIJKLHNO 

Figure 5.11 :Range testing and RSSI monitoring, 

The analysis of RSSI values is needed to understand all features of the system. The 
characteristics of RSSI ,received signal strength indicator will decreases with increased distance 

as the equation below shows : 

Pr== Pt- L 

Pr=Pt-20Log(f)-IOnLog(d)+28[ 16J 
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Where: 

Pr : received power . 

Pt : transmit power . 

L: total path loss(dB) 

f: 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 algorithms require a dist: t . ance to estimate the iti f kn 
devices and the received signal strength which w d . posiuon o un own e measure IS one possibility algorithm. 

The results of XBee range testing are inserted in testing section . 

5.3.4 GPS Reading and Testing 

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

Percent error measured value - desired value * 1 00% 
desired value 

To calculate the measured distance (between the person and ship ), there is different formulas 
can be obtained S th . t apply it in order to select the best formula which has 
th 

. o ere Is a necessary o 
e hi \ghest accuracy 
These experiments. were done to examine the formulas. Then select the best which 
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has less percentage of error. 

Reading has a (latitude ddmm.mmm& longitude ddd 
Where: dis degree. Imm.mmmm), 
mis minuet. 

1- Haversine Formula 

The Haversine formula remains particularly well- di -con 1tioned for n · 1 . small distances. umenca computation even at 

D=RC pa.3 
R = 6371 km= earth radius 

~ lat = lat 2-lat 1 
Alon =lon2-lonl 

sf'] [erase-sf "]] 
C=2-aretan (a,,/(-a)) 

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

So to calculate the percentage of error we take two reading of longitude and latitude at the 
person and at the ship ,after that we find distance (D) then find the average by this results we can 
find the percentage of error using this formula: 

Percent error measured value - desired value * 1 00% 
desired value 

2• Pythagoras Theorem: 
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Where: 

p = distance 

-69.1(lat2-lat 1) 

y :=53.0*(lon2-lonl) 

We use the same previous formula to find the p ercentage of error 

5.3.5 PulseOximeter Calibration 

We used pulse oximeter sensor to give an alarm signal when the percentage of oxygen 
in blood get below a threshold value.we referred to medical references about this threshold value 

we found thatrp] : 

Threshold value of oxygen saturation 99-100% Normall,<90% hyoxia,40% level of death. 
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Figure 5.12:Transmitter side 

5.4 Results. 

5·4·1 Results from transmitter . 

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

First val atue =3130, second =8750 
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~ [COM7} X-CTU 

About XModem ---~ ... - .. __ 
Fc Setings] Range Test Terminal ] Mcken concuss,} 
~ Line Status-7 rAssert ----~ r::----.- ["' . 

a,ans [a rs arr [[C"#.] #gg 
Alarm Button: 
,3130.8750,N,03504.1792,£Alarm Button: 
,3130.8,50,N,03504.1792,EAlarm Button: 
,3130.8750,N,03504.1792,EAlarm Button: 
,3130.8750,N,03504.1792,£Alarm Button: 
,3130.8750,N,03504.1792,EAlarm Button: 
,3130.8750,N,03504.1792,£Alarm Button: 
,3130.8750,N,03504.1793,EAlarm Button: 
,3130.8750,N,03504.1793,EAlarrn Button: 
,3130.8750,N,03504.1793,EAlarm Button: 
,3130.8750,N,03504.1793,EAlarm Button: 
,3130.8745,N,03504.1800,EAlarm Button: 
,3130.8747,N,03504.1800,EAlarm Button: 
,3130.8747,N,03504.1800,EAlarm Button: 
,3130.8750,N,03504.1799,EAlarm Button: 
,3130.8750,N,03504.1799,EAlarm Button: 
,3130.8751,N,03504.1799,EAlarm Button: 
,3130.8751,N,03504.1799,EAlarm Button: 
3130.8751,N,03504.1799,EAlarm Button: 

:3130.8751,N,03504.1799,EAlarm Button: 
,3130.8752,N,03504.1798,EAlarm Button: 
,3130.8752,N,03504.1798,EAlarm Button: 
,3130.8753,N,03504.1798,EAlarm Button: 
,3130.8753,N,03504.1798,EAlarm Button: 
,3130.8753,N,03504.1798,EAlarm Button: 
,3130.8753,N,03504.1798,EAlarm Button: 
,3130.8753,N,03504.1798,EAlarrn Button: 
,3130.8754,N,03504.1797,EAlarm Button. 
,3130.8754,N,03504.1797,EUnable to monitor com d 
events 

Clear 
I 

Show!' 
Screen Hex · 

!COM?_ l 9600 8-N-1 _FLOW:NONE [Re: 18216 bytes I 

Figure 5.13: X-CTU interface 

34.2 Results from receiver . 

G'S commands : 

1• NMEA OUTPUT 
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Standard NMEAO 183 messages that are supported by n
500 

. . 
fi t. t tt d series receivers fault con 1gura 10n ou pu e messages are GGA, RMC, GSV 

[,,reared to have user defined set of output mess%,',,'®nd GSA messages. Receiver 
can e 

O 
ges Y command PMTK31 4 

2_ GGA - Global Positioning System Fix Data 

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

According to the table that inserted below we analysis the signal receive from the GPS, 
and there's an example illustrate the idea: 

Example: 

$GPGGA, 114353.000,6016.3245,N,02458.3270,E, I, 10,0.81,35.2,M, 19.5,M,, *50 

Format: 

$GPGGA,hhmmss.dd,xxmm.dddd,<NIS>,yyymm.dddd,<EIW>,v,ss,d.d,h.h,M,g.g,M,a.a,xxxx*h 
<CR><LF>7s] 

75 



UTC time of the fix. 
hh= hours 

pmmss. dd mm= minutes 
ss = seconds 
dd = decimal part of seconds 

om Latitude coordinate. 

am.dddd 
xx degrees 
mm= minutes 
dddd = decimal part of minutes - Character denoting either N /S> North or S =South. 

o Longitude coordinate. 

yyymm.dddd 
yyy = degrees 
mm= minutes 
dddd = decimal part of minutes 

EN> Character denoting either E East or W= West. 
e Fix valid indicator 

1= GPS fix {SPS) 
2= DGPS fix 
3 = PPS fix 

V 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. 
d.d HDOP- Horizontal Dilution Of Precision. 
h.h Altitude {mean-sea-level, geoid) 
M Letter M. 

9 9 Difference between the WGS-84 reference ellipsoid surface and the mean-sea-level altitude. 
M Letter M. 
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gl:I [COM7l X-CTU 
<.--f ut XModem Abo' j - sangs] Range Test Terminal ] Modem Configuration} [ 
3Sia] [SW ars a] £,/ eglEEl el sN] CoiFo] acke ] sec&] Z. 
~o 8709.N,03S04.17S6,Eoooo0000 · 
%&do@a iooo6666doodad©dddd%8888%33992999g -] 
00000000 000000 __J 
at 1=870Q 
Lon 1=17 5 0 Lat 2=870 
Lon, 2=1756 
ang Te =0000000341 
distance=OOOOOOOOOO 
End 
start 
GPGGA=, 163835. 000. 3130. 8722 ,N,03504.1771 E T 0 
5, 2 .1, 866. 0. fl/. !I 15. 8. f\,~. ~ 000000000000000000606060 
00000000000000 
GPGGA1= 
3130.8722,N,03504.1771,EOOOOOOOOOOOOOOOOOOOOOO 
0000000000000000000000000000000000000000000000 
00000000 
GPGGA2= 
3130.8707,N,03504.1756,EOOOOOOOOOOOOOOOOOOOOOO 
0000000000000000000000000000000000000000000000 
00000000 
Lat_1=8722 
Lon-1=1771 
Lat_2=8707 
Lon_2=1756 
angl e=000000022 5 
distance=OOOOOOOOOO 
End 
r 
Mz '[SSO 8-N-T FLOW:NDONE (Rx: 828 b_ytes l 

Figure5. l 4 X-CUT interface of GPS signal 

d · B the Here we get the Iornritude and latitude of each transmitter an receiver Y 
• • 

0 
• • 1 ing Pythaooras Theorem Coordination comes from GPS RX and Zigbee signal we us e 
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Sure the distance as example : To med 

point 

1al=1759 

Lati===8700 

X==(lon2-lon 1 )1'2=(8709-8700Y'2=8 l 

Y==(lat2-latl)1'2=(1756-l 759Y'2=9 

p-N((81) +(9)) 

==9.48683298050m 

pointy 

lon2=1756 

lat2=1756 

9.486*0. l 85= 1.75m 

The value 0.185 referrd to this calculation 

Every 10000 dddd equal 1 min 

60 min = 1 degree 

I degree =111 Km 

60 min 111 Km ---- 
I min ??? ----- 

111 Km I 60 min = 1.85 Km/min 

To evaluate 1.85 by meter multiply 

l.&S* I 000= 1850 

To evaluate 

'®5on o 00 = 0.185 part from meter 
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I Calculation Ag'© 

pj= Lat l-Lat2; 

pg= Lon l-Lon2; 

t n2(D1 D2) * 180/3.14; 
pl=ata! 3 

p=D4+180; 

agle=D4; 

54.3 Xbee results 

Table 1.4 indoor measurement ofRSSI power and distance ofXbee. 

Distance (m) Pl(dBm) P2 (dBm) P3 (dBm) P4 {dBm) Avg Power 
(dBm) 

.47 -50 -48 -46 -47.75 
·~ 

-58. 5 3 -56 -62 -60 -56 

-70 -69.25 5 70 -64 -73 
.. 

-74 -73. 5 7 -72 -70 78 

-76 -68 -73.75 9 -74 -77 
Jo 

-77 -77 -78.75 II -82 -79 

-80 -76.25 12 -71 -81 -73 

-81 -80.25 15 -83 -78 .79 

-81.75 -75 17 -87 -88 -82 

Note: As the distance increase the power will decrease. 
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6.3 Future suggestions. 
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(chapter Six 

Conclusions and future 
suggestions 
6.1 Conclusions. 
6.2 Challenges. 
6.3 Future suggestions. 
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(j Conclusions 

After building the circuits of our system in both side transmitter and receiver as proposed 
in previous chapters we can conclude many pomts, 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 
about 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. 

6.2 Challenges 

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

Gp I t itional jamming by occupation 
' S systems do not give us the desired accuracy because n en 1 • • th data 
Pl h .I-'. d the GPS it will not give us e "ls the accuracy problem and at the first time we tee ° 
immediately it takes time l 5min approximately 

. . 1 at the same time at the same 
° We have in PIC one receiver so we can't receive two signa 

pin so we use relay . 
• We must isolate the circuit from the water · 
• H . the goals on hardware. ow to program microcontroller to achieve 
' Availability of electronic chips and motors . 
' Providing the suitable shape of our system. 
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se the data transmit from GPS to obtain the Latitude +q 
pecred: {u e an Longitud 1 

needed since zigbeeneed only 3.3 volt but other devices needed 5 volt. e.vo tage regulation 

to control the speed of a DC Motor using Pulse Width M d 1 . 
How th o ulation (PWM). B . 
y e can easily control the average power delivered to a load and J- ¥ using 

p\Vivi d f the DC Motor by thus we can easily control the spee o . 

Y u may think that a variable resistor in series with a DC Motor ca t 1 . 
o " . . . n con ro its speed. There 

are three reasons for Resistor is not a good choice for controlling the speed of a DC Motor". 

,The main problem is that the motor is a varying electrical load so a resistor can't do this task. It 
needs more power during start up than in running state. It draws more current also when a 
mechanicalload is Applied to motor shaft. 

, The resistor drops excess energy as heat. Thus it is not good for a battery powered device. 
, We all know that motor requires more current, so resistors with higher power rating are 
required to drop excess energy. 

6.3 Future suggestions 

After complete our project we can suggest some important ideas that make the project 
more useful and more important by some improvement or adding a new circuits which make the 
project able to do more tasks and improve the system performance. 

3.1 First Suggested idea. 

ble to ive an alarm signal not only 
In this Suggested idea we try to make our system a . g b t lso when the person 

wh h f h d d person m water u a en t e percentage of oxygen in blood o t e irownec ·jt alarm signal to 
h h ystem transmit an exceed the allowable distance from the beach t en t e s b :. jlemented by additional 

me.: : thi idea can e 1mp igency side to take all suitable considerations, 1s 1 
circuits and changing in the microcontroller programming. 

82 



d Suggested idea . 
3 2 secon .2 

I tllis suogested idea , if the person drowned in wat th h 
n ° er en t e alar · I • jver side but if this receiver was busy with anoth 1:11 signa will be sent 

the rece . er person then It will be 
to 'die receiver' this means that the alarm signal must search th 'di . sent to the 
the 1eicle receiver. 

3 Third Suggested idea. 43 

In this suggested idea ,if there are any objects between the drowned person and the 
receiver ship 'We will need a sensor i.e. ultra sound sensor that discover the path ,so if there is 
an obstacle it will change the path m order to arrive destination successfully . 

63.4 Fourth Suggested idea. 

ln this suggested idea we aim to make the safety space larger by using multi ships 
connected with each other by monitoring room .that determine the priority . of the nearest ship to 
the person. 
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APPENDIXES 
A 

XBSIXEe± PRO® 2B F Modules 

Key Features 
High Performance, I ow Cost lnw POWP.r 

XBee 
• Indoor/Urban: up to 133 (40 r) 
• Outdoor lin.o of sight: up to -100' {l.2.0 m) 

• Transmit Power: 2 rW {3 dBm) 
• Receiver Sensitivity: -96 dBm 

XBee-PRO (S2} 
• Indoor/Urban: up to 300'{90 m), 200· {60 
m) for Intematlona1 variant 

• Outdoor lin.e-of-sight: u_p to 2 miles (3200 
m), 5000' {1500 m) for InternationaB variant 

• Transmit Power: somw (17dBm), 1omw 
( lOdBm) for I ntemational variant 

% Receiver Sensitivity: -102 dBr 
XBee-PRO (S2B) 
• Indoor/Urban: up to 300° (90 m), 200' (60 
m) for Intemationa'I variant 

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

• Transmit Power: 63mW (18dBr), 10mW 
(1dBm) fr International variant 

• Receiver Sensitivity: -102 dBrT 
Advanced Networking &. security 

XBee 
• TX Peak Current: 40 mA (@3.3 V) 
• RX Current: 10 mA (@3.3 V) 

• Power-down Current: < 1 A 
XBee-PRO (S2) 
• TX Peak Current: 295mA (170mA for 
international variant) 

• RX Current: 45 mA (@3.3 V) 
• Power-down current: 3.5 µA typical 

@ 25 degrees •C 

XBee-PIRO (S2B) 
• TX Peak Current: 205mA (117mA for 
in tar national variant) 

• RX current: 47 mA (@3.3 V) 
• Power-down Current: 3.5 A typical 
@ 25 degrees C 

Easy-to-Use 

Retric:; ;:ind Acknowledgement:; 
DSSS lDtrect Sequence Spread Sp-ectrum) 
Each direct sequence channel has over 
65,000 uniqu.e network addresses available 
Point-to-point, point-to-multipoint 
and peer-to-peer topologies support@O 
Self-routing, self-healing and fault-tolerant 
me.sh networking 

ND configuration necessary tor out•Of box 
RF communications 
AT and API command Modes·for 
configuring module parameters 
sm:all form factor 
Extensive corner] set 
Free x-CTU software 
(Testing and configuration software} 
Free & Unlimited Technical Support 
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PR"'~ ZB RF Modules sF! U a@voe 
Specifications oi the XBee/XBee-PRO ZB RF Module - 
Performance 

. .. 

Indoor.'Urban Range up to 133 ft. (40 m) Up to 300 ft. (SO m) . 

Qu'.door RF I:ne-of-sight 

mtemational variant up to 200 ft (60 m) Up to 300 (90 ) - 

up to 400 f:. (120 m) U to 2 miles (3200 m), up to 500 

in:emational vari:it up to 200 ft (60 n) 

Range - 2mW (+3dBm), boost mode enabled 
(1500 lT1) international variant ft U to 2 mites (3200 r), vs te 5000 f (150 

50mW (+ 17 dBm) 
m intemational variant 

Transmit Power Output \25mW (+1dBm),boost mode 
disabled 10r! (9-10 dBm) for lntera tonal 63mW(+18dBm) 

varant 10mW (+ 10 dBm) for lntematicnaf variant 
RF Data Rate 250,000 bps 250,000 bps 

Data Throughput up to 35000 bps (see chapter 4) 
250,000bps 

1200 bps • 1 Mbps 
up to 35000 bps (see chapter 4) up to 35000 bps (see chapter 4) 

Serial Interface Data Rate 1200 bps - 11/.bps 
(software selectable) (non-standard baud rates also (non-standard baud rates also 1200 bps - 1 Mbps 

supported) supported) (non-standard baud rates also supported) 

Receiver Sensitivity 
-96 dBm, boost mode enabled -102 6Br -95 dBm, boost mode disabled -102dBm 

Power Requirements 

Supply Voltage 2.1-3.6V 3.0-3.4 V 2.7 -3.6 V 

Operating Current {0m:A (@ 3.3 V, cost mole 205mA, up to 220 mA with programmable 
(Transmit, max output enabled) 295mA (@3.3 Vl 

35mA '1 3.3 V, boost mode 
variant (@3.3 V) 

power) 
disable I) 

170mA (@3.3 V) internalional variant 11 ~ mA, up to 132 mA with programmable 
varant (@3.3 V}, lntemalional.variant 

Operating Current 
40mA (@3.3 V, boost mode 
enabled) 45 mA (@3.3 V) 

47 mA, up to 62 mA with programmable 
(Receive)) 38mA (@ 3.3 V, boost mode 

disabled) 
variant (@3.3 V) 

Idle Current (Receiver off) 15mA 15mA 15mA 

Power-down Current <1 uA @ 250 3.5 A typical @ 25c 3.5 A typical @ 25°C 

General 

Operating Frequency ISM 2.4 GHz ISM2..4GHz ISM 2.4GHz 
Band 

Dimensions 0.960' X 1.087' (2.438cni X 2.761cm} 0.960 x 1.297 (2.438cm x 3294cm} 0.960 x 1.297 (2.438cm x 3294cm) 

Operating Temperature -40 to 85 C [ mdustria[} -40 to 85° C (industrial) -40 to 85C [Industrial) 

Antenna Options 
Integrated Whip Antenna, Embedded Integrated Whip Antenna, Embedded Integrated Whip Antenna, Embedded PCB 
PCB Antenna, RPSMA, or U.FL PCB Antenna, RPSMA er U.FL Antenna, RPSMA er U.FL Connector 
Connector Connector 

Networking & Security 

Supported Network Point-to-point, Point-to-muljjpoint, Point-to-point, Pcint-to-mu16pcin!,. Peer- 
Point-to-peint, Point-to-multipoint, Peer-to- 

Topologies Peer-to-peer, and Mesh to-peer, Md Mesh 
peer, and Mesh 

Number of Channels 16 Direct Sequence Channels 14 Direct Sequence Channels 
15 Direct Sequence Channels 

Channels 11 to 26 11 to 24 
11 to 25 

Addrming Options PAN ID and Addresses, Cluster IDs PAN 10 and Addresses, Clusler IDs and 
PAN ID and Addresses, Cluster IDs and 

Endpoints (optional) 
Endpoints (optional) 

- and Endpoints (optional) 

[9Bacy Approvals 

##,pc FCC JD: MCO-XBEEPR02 
FCC ID: MCo-PR0S2B 

FCC JO: OUR-XBEE2 

{dusty Canards (IC) 
IC: 1846A-XBEEPR02 

IC: 1846A-PROS2B 

IC: 4214A-XBEE2 
Europe(CE) ETSI (lntemational variant} 

ETSI (10 mW max} 

- ETSI 

85 



Kf,rt!S!XB::e-PRO~ ZB RF M:/Clule-.; 

Pin Signals 
Pin Assignments fo1 the :X'Bee/X'Bee-PRO 1\-lodules 

(Low-asse:tei signals a:e distin,,TUished with a hor.zcntal l:ne abo\-e signalnanie.) 

1 vr.r. 
2 DOUT 
3 DIN/CONAG 
J.. DI012 

5 RESET 

6 RSSI PWM.J D1010 
7 rnn1'! 
8 [reserved] 
9 OTR/SlEEP_RQIDD8 
1) GND 
11 D!04 

12 CTS ,0107 

13 OU/SLEEP 

14 VREF 

15 Asscciate /0105 

15 RTS.'D106 

17 AD3.'DI03 
18 AD2 DIO2 
13 AD1 :DID1 

Z) ADO/D100.' 
Co mmizsicnir Butter 

- . Faw=r supply 

Oatp.at Output UART Deta Our 

lnpit lnpll UART Cata In 
Both Lisale! Digital 1'0 12 

Both Opal-Col2c0r wilh M:>dule Reret (rem pulre nust be at least 200 
pull-up rs 

Both Ou1put P.X Signal Strengil lndicatcr / Oigta! 10 

!!ntit lnr,ut nigr-il l<O 11 

- C:isabled Do not oJnrect 

Both lnpll Pin Sleep Control Line or Digtal 10 8 

-- . Ground 

Botll CisablerJ Digtal 1104 

Output 
Clear-to-~n:l FbwCoitrd or Oiqi12l l/O 7. CTS. if 

Doth enabled, is an output 

O.rtp,.rt Output f;!ocule Sta!ut ln:fica!cr or Digital UO 9 
Not used t,r EM250. Utedforprogrcmrnatle 

secunday pruvesur. 
For unpatbilly with ot}er XBEE nudules, r: 

lnptt . rcconrmard cornceting this pin voltagc rclrcnc& 
if Analog camp!:ng 1c cacr;;cl. 
Otherwise, conest ta GND. 

Output 
Associcted Indicator, Oigita ~'O 5 

Both Reuest-o-Send Flaw Ccztrel, Diaial IO 6.FTS, 

Bulh In; ul if enab!e:l, rs an rnput. 

Licabled 
Analog Input3 or Digital IO 3 

Botti AnalO) 1,.,ut 2 or [)igit31 l'O 2 
Botti C<isabled Analo) frl>UI 1 or C,jgi131 fO ·, 
Both Cisabled C, D ital JOO or Comiccioning 

C<isabled 
J,nalog lnp.rt ,g Button' 

Both 

. . h ect to the module 
• Siona! Direction is soectfied wit resD- . ction,. . . : d tails on pin conne 
• See Design Notes section below for 1¢ 
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ZB RF Modules 
r•,~PRv,:.,~~~----------------------------------- .are 

Key 
[ 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' (60 
m) for International variant 

• outdoor line-of-sight: up to 2 miles (3.200 
m), 5000' (1500 m) for International variant 

• Transmit Power: 50mW (17dBm), lOmW 
(l0dBm) for International variant 

• Receiver Sensitivity: -102 dBm 
XBee-PRO (S28) 
• 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: 63mW (18dBm), 1omw 
(l0dBm) for International variant 

• Receiver Sensitivity: -102 dBm 
Advanced Networking & Security 

Low Power 

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 
me.sh networking 

XBee 

• TX Peak Current: 40 mA (@3.3 v) 
• RX Current: 40 mA (@3.3 v) 
• Power-down Current: <1 A 

XBee-PRO (S2) 

• TX Peak Current: 295mA (170mA fort 
international variant) 

a RX Current: 45 mA (@3.3 V) 

,. P-0wer-down Current: 3.5 µA typical 
@ 25 degrees c 

XBee·PRO (S2B) 
0 TX Peak Current: 205mA (117mA for 
international variant) 

~ RX Current: 47 mA (@3.3 V) 

• Power-down Current: 3.5 A typical 
25 degrees C 

Easy-to-Use 

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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RO ZB RF Mcinlcs 

,xE<·ccPI, =:~....----------------------------------- 
" ,z,,L, LE. Ke)y' 
[ igh Performance,LowCost Low Power 

XBee XBee 
• Indoor/Urban: up to 133' (40 m) 

• TX Peak Current: 40 mA (@3.3 v) • outdoor line-of-sight: up to 400' (120 m) 
• RX Current: 40 mA (@3.3 v) • Transmit Power: 2 mW (3 dBm) 
• Power-down Current: <1 A 

, Receiver Sensitivity: -96 dBm XBee-PRO (S2) 

xBee-PRO (S2) ·TX Peak Current: 295mA (170mA for 
• Indoor/Urban: up to 300' (9O m), 200' (GO international variant} 
m) tor International variant ·RX Current: 45 mA (@3.3 v) 

• outdoor line-of-sight: u P to 2 miles (3200 • Power-down Current: 3.5 A typical 
m), 5000' (1500 m) for International variant @ 25 degrees c 

• Transmit Power: 50mW (17dBm), 10mW XBee-PRO (S2B) 
( l0dBm) for International variant 

• TX Peak Current: 2O5mA (117mA for 
• Reoeiver Sensitivity: -102 dBm international variant) 

XBee-PRO (S2B} • RX Current: 47 mA (@3.3 V) 
• Indoor/Urban: up to 300' (90 m), 200' (60 • Power-down Cu;rrent: 3.5 µA typical 
m) for International variant @ 25 degrees c 

• Outdoor line-of-sight: UJp to 2 miles (3200 Easy-to-Use 
m), 5000' (1500 m) for International variant 

No configuration necessary for out-of box 
• Transmit Power: 63inW (18dBm), lOmW RF ieommunications 
( 10dBm) for International variant 

AT and API Command Modes for 
• Receiver Sensitivity: -102 dBm configuring module parameters 

Advanced Networking & Security Small form factor 

Retries and Acknowledgements Extensive command set 
IOSSS (Direct Sequence Sp"rea.d Spectrum) Free X-CTU Software 

(Testing and configuration so.ftware) Each direct sequence channel has over 
65,000 unique network addresses available Free & Unlimited Technical Support 

Point-to-point, paint-to-multipoint 
and peer-to-peer topologies supported 
Self-routing, self-healing and fault-toler:ant 
mesh networking 
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, oe ZE RE Modds 

Lacio> 
SP 
~pecifications oi the XBee®/XBee-PROll ZB RF Module - 

• • • Q 
. a •• ±1 "3, .. 

pafcrmmanot? - rsocr'Urban Range up to 133 ft. (40 m) Up to 300 ft. (90 m) 2 int.omational . 'up to 00 ft (60 m) Upto300ft. (90 ) - 5+ a yarant 

w,door RF fine-cf-sight up to 400 fl. (120 m) Up to 2 mpes (3200 m), u.o to 5000 ft 
in1ernational va ri:i up lo 200 ft (60 .m) 

Rane (151)0 m) ,ntemational variant Up to 2 mile• (3200 ) 
,- 2mW (+3dBm), boost mode enabled 

mi item-i,,,"} ®6 5000 i tsoo 

Transmit Power Output 125mW ( + 1 dBm), boost mode 
50mW (+17 dBm) 

disabled 10~,W (+ 10 dBm} for International 63mW(+18dBm) 
vanan! 10mW {+ 10 dBm) for lntematicnal varia~f 

~ RF Data Rate 250,000bps 250,000 bps 

Data Throughput up to 3500-0 bps (see chapter 4) 
250,000bps 

up to 35000 bps {see chapter 4) 

Serial Interface Data Rate 
1200 bps -1 Mbps 1200 bps - 1 Mbps 

up to 3SOOO bps {see chapter 4) 

(scfurare selectable) 
(non-standard baud rates also (ncn-standard baud raies also 1200 bps -1 Mbps 
supported) supported) (non-sl3ndard baud rates also supported} 

Receiver Sensitivity 
-96 dBm, boost mode enabled -102dBm .-95 dBm, boost mode disabled -102dBm 

Power Requirements 

Supply Vol.age 2.1-3.6V 3.0-3.4V 2.7 -3.6 V 

Operating Current {40A (@ 3.3 V, Boost mcede 205mA, up to 220 mA with programmable 
(Transmit, max output 

enable . 295mA {@3.3 V) 
35mA (@ 3.3 V, boost mode 

variant (@3.3 V) 

power) 
170mA (@3.3 V} intemational variant 117mA, up to 132 mA \\ith prcgrammable 

disabled) variant (@3.3 V}, lntemational variant 

Operating Current 
40mA (@ 3.3 V, boost mode 
enabled} 45 mA (@3.3 V) 

47 mA. up to 62 mA with programmable 
(Receive)) 38mA (@ 3.3 V, boost mode variant (@3.3 V) 

disabled} 

Idle Current (Receiver off) 15mA 15mA 15mA 

Power-down Current < 1 uA@25°c 3.5 1A typical @ 25C 3.5 _µA typical @ ZSOC 

General 

Operating Frequency ISM 2.4 GHz ISM 2.4 GHz ISM2.4GHz 
Band 

Dimensions 0.960" x 1.087° (2.438cm x 2]61cm) 0.960 y1.297 (2.438cm x 3.294cm) 0.960 x 1.297 (2.438cm x 3294cm) 

Operating Temperature -40 to 85° C (industrial) -40 to 85° C (industrial) -40 to 85° C (Industrial) 

Antenna Options 
Integrated Whip Antenna, Embedded Integrated Whip Antenna, Embedded Integrated Whip Antenna, Em.bedded PCB 
PCB Antenna, RPSMA, or U.Fl · PCB Antenna, RPSMA er U.FL Antenna, RPSPYl"- er U.FL Connector 

L 
Connector Connector 

_Networking & Secumy 

Sported Network Point-to-point, Poinl-to-multipoin~ Point-to-point, PoinHo:multipoint, Peer- 
Point-to-point, Point-to-multipoint, Peer-to- 

,ohgies Peer-to-peer, and Mesh to-peer, and Mesh 
peer, and Mesh 

Number of Channels 16 Direct Sequence ChaMels 14 Direct Sequence Channels 
15 Direct Sequence Channels 

- 
Channels 11 to26 11 to 24 

11to25 

'- 

Addressing Options PAN ID and Addresses, Cluster IDs PAN ID and Addresses, Cluster IDs and 
PAN ID and Addresses, Cluster IDs and 
Endpcills (oplionaQ 

I-.. and Endpoinls (optional) Endpoints (op6onal) 

!!:..._rq Approvals 
Ur FCC ID: MCO-PROS28 
{5jg,er rcc • FCC ID: MCO-XBEEPRO? 

" FCC ID: OUR-XBEE2 

[®any can±as (c) IC: 1846A-XBEEPR02 
IC: 1846A-PROS2B 

IC: 4214A-XBEE2 
Europe (CE) ETSI ( International variant) 

ETSI (10 mW max} 

ETSI 
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•U:!9~L~!>~Rl-::..·_1v_1,_m_ll_'es_====--------------------------- was-F' 
~ pin signals 

Pin Acsiganentz for the XBee/XBee-PRO Mo dulee 
(Low-asserted cigale ae distinguished with. .> ­ - , mmmiii""sue» ' vcc 

:.i.•("t ...... '""- 
2 DOUT 0.Jtp/J? O l¼w:r aupply 

U1!)UI 
3 DIN/CONAG lnpul Input 

UART Data Out 

2 DI012 Doti'i UART Cata In 
Lisle:d Oigrtel 1'0 12 

5 RESET Botn pen-Cc"lector wit Module Reset 'reset pulse rust be atleast 'ZU0 pUll-up 
6 RSSI PWM i Dl:>10 Both nsl 

O utout P.X SiQr.al StrenQ'.h l~diectcr / Dii:ta! IO 
1 DIO1 Botli Input Digi-.il 1'0 11 
8 [reserved] - Lsaoled Uo not mnrect 
9 DTR .' SLEEP _RO' D08 Both lrput Pin Sleep Control Line or Dig'ta! IO 8 
1) G'iD - . Cruund 
11 D! Both Cisabled Digta! V04 
12 CTS IDIOT Botll Output Cler-io-S-en~ Fl::wCo,trd 01 Digit.a UO 7.CTS if 

enabled. is an oulput ' 
13 Oll/llltCP Oatpat Oufput Mo;ule Ctn tu~ ln:fa;a!c-r c r Digit?!! UO 9 

lfotused fur EM250 Used forprogr2mrnalie 
seconda-y proces~or. 

1i VRFF lnpit . t-:,r rompabbllrty wr.h oti'.er Xlil::I: mc-:lul~ 'Ne 
retorrmend cornectin~ !his pin ,·olt:ige re!ei'.ence 

i[ Ano lug l;dmpf:ng i:; lit::.-n:d. 
O.herewise, urret tu GND. 

15 hsccia!e /0105 Both Output Ass1Jci3'.ed Indicator, Oigita UO 5 

15 RTS:D106_ Botll In; ut 
Request-t-Send Flaw C.rtnl, [igial IO & FTS 

if enable:!. is an input 
17 AD31DI03 Doth [isaoled Amil03 Input 3 or liigil:11 L'O 3 

13 AD2,'DI02 Both [isable:! Analog Input2 or Ligit=l LO 2 

13 A01 .'nH)1 Rntn [isale! An;iln; lnpu11_ ar r.<igit.1 l'O • 

2) AD0/0I00/ Both C1Sabled 
1'nc1lug lnpJI C, O:gildl 10 0, ur Cu umr.-:.immg 

Commissicning Duttor Dutton 

• Signal Direction is specified with resp.ict to the module 
• see Design Notes section below for details on pin connections. 
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1¢ 3,1%; ZBNt a- PROS Cw" ....... Key' 
;;.,.;---- High Performance, Low Cost low Power 

xBee XBee 
• Indoor/Urban: up to 133' (40 m) 

• TX Peak current: 40 mA (@3.3 V) • outdoor line-of-sight: up to 400' (120 m) 
• RX Current: 40 mA (@3,3 v) • Transmit Power: 2 mW (3 dBm) 
• Power-down Current: <±A 

• Receiver Sensitivity: -96 dBm XBee-PRO (Sl) 

xsee-PRO (S2) • TX Peak Current: 295mA (170mA for 
• Indoor/Urban: up to 300' (90 m), 200' (60 international variant) 
m) for International variant • RX current: 45 mA (@

3
.
3 
V) 

% Outdoor line-of-sight: up to 2 miles (3200 • Power-down Current: 3.5 A typical 
m), 5000' (1500 m) for International variant @ 2s degrees c 

• Transmit Power: 50mW (17dBm), 10mW XBee-PRO (S2B) 
(10dBm) for International variant 

• IX Peak Current: 205mA (117mA for • Receiver Sensitivity: -102 dBm international variant) 
XBee-PRO (S28) 0 RX Current: 47 mA (@3.3 V) 
• Indoor/Urban: up to 300' (90 m), 200' (60 • Power-down Current: 3.5 A typical 
rn) for International variant @ 25 degrees c 

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

No configuration necessary for out-of box 
• Transmit Power: 63mW (18dBm), 10mW RF communications 
(lOdBm) for International variant 

AT and API Command Modes for 
• Receiver Sensitivity: -102 dBm configuring module parameters 

Advanced Networking & Security Sma!I form factor 

Retries and Acknowledgements Extensive command set 
DSSS (Direct Sequence Spread Spectrum) Free X-CTU Software 

(Testing and configuration software) Each direct sequence channel has over 
65,000 unique network addresses available Free & Unlimited Technical Support 

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

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

APPENDIX B 

[ UP~01 ~PS Antenna Module 
rcificatlC:):!15 : 

General: L1frecuency, C/A code (SPS) 
22 tracking + 66 search channels , I 

Update rate: 1fix/s (user configurable, up to 101fix/s) 
iPosition: 1 

________ ~-•=r.·- ···- _. . ---~ 1.8m (CEIP95) 
k-----..,,;;= iy~toGity: =,====---=cs=_--c:=--=-~ •0,lmis · 

)Time: 1+/~SOns (RMS) :: 

Accuracy: 

ITTF: . l~ol~ Start (out of the box): '34s typ. · -===-_,.=:.== l • .. _. . . . . 

sss WarmStafsi.34styp. 
I Hot start: 1s typ. 

Sensitivity: IAcqusition (cold): ----=,,-==---===: l-148dBm (1} . 
Re-acquisition: -158dBm (1) I'-==-.....,,.,= . . . - . 

Navigation: -165dBm(1) 
hoer brain (3.0V): Navigating1fix/s: 75mWtyp. 

\Backup state: 1< lSuWtyp. 

Operating voltage: 
. - 
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~ ~ Connector: 
J/oPorts: 

I 

2._54mm pitch, lx6pin grid 
P nn 1 : .Serial port RX 
Pin?: Serial port TX 
Pin3: Ground 
Pin4: Main supply 
Pin: Backup supply 

. Pan 6: ·1 pp S O'Utput 

Protocol: .· N MftA Oll.83., 9600 baud 
!chip sett: 
I - - 

. MediaTe,k .MT3329 ~==== 

IDimsnsJons: 22mm x 22mm x .8mm 
!Weight: 9 g 
' Operating temperature: -40C.. +SSC 

. !Storage te mperature: -40€..+85C 
\Standard ·Opti·ons: ---~= , Dual SAW filter front end 
I - ·· · - - - - · Internal Backup battery - 
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pENDIX C 

PIC18F2455/2550/4455/4550 
BLE 13; PIC16F4455/4550 PINOUT /O DESCRIPTIONS 

I . - Pin Number Pin Buffer 
pin Name 

PDIP QFN TOFP Type Type Description 

hw»Rs 1 18 18 lMaster Clear (input) or programming voltage (input). - I ST MCLR Master C ear (Reset) inp.it. This pin is an active-low 
Reset to the· devlce. 

VPP 
p Programming voltage input. 

RE3 I ST Digtal input. 

0SC1/CLKI 13 32 30 Oscillator crystal or extema'. clock inpul 
osct 1 Analog Osc.mator orystaJ input or external clock so.urce input. 

CLKI I Analog External clock source input. Always assoc aled with 
pin runciton osct (See 0SC2iGLK0pin.) 

0SC2/CLKO/RA6 14 33 31 Oscillator crystal or clock output 
OSC2 0 - Osclllator, crystal output. Connecls to crystal or 

resooator In Cf1jstal Oscillator mode. 
CLKO 0 - In RC mode, 0SC2 pin outputs CLKO which has 14 

the frequency of 0SC1 and denotes the inst ucton 

cycle rate. 

~ RAB IO m General puipose l!O pin, 
t 

Legend: TTL = m compattb:e input CMOS ~ CMOS compatible mput or output 
ST = Schmitt Tngger Input wlih CMOS revels I = rnput 
o = output p = Power 

Note 1: Alternate assignmen1 for CCP2 \vhen CCP2MX c.onngurauon on rs cleared. 
2: Default assignment for CCP2 when CCP2IX Configuwaticn bit is set. . 1 No 
3: These pins are No Coonect unless the ICPRT configurauon tit iS set. For NCIICPOITTS, the pin Is 

Connect unless ICPRT is set and the DEBUG Configuration bit ts cleared. 
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4.g; PIC1BF4455/4550 PINOUT I/Q DESCRIPTIO 
@5 . NS (CONTINUED) 

Pin Number Pin Buffer 
pIn Name POIP QFN Type Type 

- 
TOFP Description 

~ PORTA is a bldirectional 1/0 rt 

0O 2 19 19 pon,. 

1/0 TT Digital I.IQ, 
RD 
NO 

I Analog Analog Input o. 
iNh 3 20 20 

RAl 
1/0 TTL Digital 1/0. 

NI 
I Analog Analog input 1. 

AN2NF 4 21 21 

(Nies 1/0 TTl 
RA2 

Digital IIO. 

AN2 I Analog Analoy input 2. 
VREE­ 

I Analog AID reference voltage {low) input 
CNRF 0 Analog Analog comparator reference output. 

RA3/AN3NREF+ 5 22 22 
RA3 

110 m Digttal 1/0, 
AN3 I Analog Analog Input 3. 
VREF+ I Analog ND reference voltage (high) input. 

RA4fTOCKI/C1 OUT I 6 23 23 
ROV 

RM 1/0 ST Digttal 1/0. 
TOCKl I ST TimerO external clock input. 
C10UT 0 - Comparator 1 output 
RCV I TTL External USB transceiver RCV input. 

RAAusS? 7 24 24 
HLVDIN/C20UT 

RAS 1/0 TTL Oigttal 110. 
AN4 I Analog Analog input 4. - ss I TTL SPI slave select input. 
HLVDiN l Analog HfgM.ow-Voltage Detect input 

C20UT 0 --- comparator 2 output. 

[w See the OSC2/CLKO/RA6 pln, 
utoro ut 

Legend: TTL = m compatible input CMOS = CMOS compatible mp 
ST = Schmitt Trtgg.er input with CMOS levels I = Input 
O = output p = Power 

utp 
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TABLE 1~s· ,PIC18f445514550 PINOUT 1/0 DESCRIPTJO 
Pin Num~r Pin· · [ ,. J NS (CONTINUE 

pn Name [ppIP] [Buffer . •. D) 
QFN TQFP Type Type l ---- 

t:::~=1:1~~r:1c:::;:1~!:t:.:~:~~De:;a;cr~ip;tio;n~~====I' I PORTS i:s a !lid' . 
i!il)'ANti1r,111V fmgromm.ad ~':,"'""1 l'O port PORTB . _ 

FL

I~gitSOA . mal """" P,11-u can h• •ottvra~ BO 'PS Un all inputs, 

ANt2 TTL jjro [Analg] ST 
fl.TO $'I 
S0A l 
iwomr15c' SF ] 
SCL , 
in I 
ANH) T] 
INT1 [Analog; gyp- ] 

SCK ol I 
set sr ST 

33 t9 & 

h'O 
I 
I 
J 
I 
O 

34 10 9 

VO 
I 
l 
\l'O 
VO 

RB2/ANB/INT2NMO 
RB2 
ANB 
INT2 
VMO 

RB3/AN9JCCP2Nf0 
RB3 
ANG 
CCP2'1l 
VPO 

RB41ANUM.Sll¥CSSPP 91 
RB4 
AN11 
KBIO 
CSSPP 

RB5i'KBI 1/PGM 
RBS 
KBlt 
PGM 

RBS."KBl2/PG,C 
RBS KB12 h'O m Digital L'O. 
PGC I TTL inte-mrp't•On~cnange p1n. 

RB7lKBIJIPGD trO ST~ j ln-Cirruil O'ebuggerand (CSP programrrCng c!ocl< pin. 

R87 40 17 17 KB13 li:0 TTL 1 Digital 1{0. 
PGD I TTL I trrt.err:upt-on--~ pin. . 

l.oii,iit, Tii[ = TT - ~ _ ,_. __ ..J..!2._ . ~:!:...J._.1"2":cil!!:.'!'!l!ger ~ ~SP _P~:,!nutin~ pot 
ST _ L co~l1bto ir41U1 GMOS = CMOS eompalib".o inpul •• o,rtpu! 
. - Sch.mitt Trigger input with CMOS f,e't'i;!s { = ln1.1>--W 

35 

36 

1f 

t2 

14 

Digital IO 
Analog input 12 
Etemal inter3r 0. 
En'ha.P!-ed P\\Vri, 
~Pl ,ctt.1:i fn.. l Fatdl inpi.t (ECCP1 module) 
, ... cau data 110. . 

10 
1.0 TTL 
I Analog 
I ST 
,Q - 

-ttt 
VO TTL I 
I Ana!cg' 

VO :ST 
Oo -· 

14 

Digital Im 
Analog input 10. 
EMter,na1 interrtt,Pj 1. 
Synohr~n&lI.S serial clock in , 
Synchronous serial cl5,,'au!put far SPI ma&a. Ls input output fr IC mode. 

Digil:i!1 110. 
Analog inp.ul ll 
External i ntl:E JlilfJ)1 2. 
External USE transceiver VMO output. 

I: 

Ii 
I, 

Digital L'O. 
Ain.a'log input • 
~_:rlm,e" 2 mpu1/Comµare 2 oJJtpuVPWM 2 oulpu! I• 

l:.,\Lecrm.:1 IJ s;e, transG>Eiver \!PO outpt.t.. '· 

VO TTL Digital tm. 
I limBX"J An~og input 11. 
I TTL I lnterrupi-on-eha.nge pin. 
0 - SPP chip sslsct control output. 

38 15 15 

l 
VO TTL :Oigilill IJO. 

1. TTL I rrlerrup\~on-change pin. 
liO ST Low-Vd.lage ccspr.M Programming enable pin. 

39 16 16 

I! 
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PIC18f445514550 PINOUTI/Q DESCRIPTION 
Pin Numbe1 f PJ -1 s. (CONTINUED) 

of om hon» 5,]"";' s •r- u,:,&c:ription - 
R(X).lf f OSo.'Tf SCKI 

AGO noso 
TI3CK! 

ACl!Tf OSI/CC P2l 
~ 

RC1 
TfOSI 
ccP2 
~ 

RC2''CCPl1PtA 
RC2 
CCP1 
P1A 

RC.4i0-NM 
RC4 
D- 
VM 

RC5.IOtNP 
RC5 
D+ 
VP 

Rct-'OOCK 
RC6 
TX 
CK 

15 

16 

17 

23 

34 

3S 

36 

42 

32 l 

35 

I li'O 
I o l 

lfO 
I fi 
t FO 
] o 

86 
I O 
} VO 
\ 0 

42 ~ 

ST 

ST 

GT 
ST 
TTL 

ITl 

TTl 

FORTC is a bidimctionel &!'O rt po:. 

Digital 1:0. 
Ti;mer1 oscf::11:or ou1pul. 
Tunerlffimelf3 extsmw cio~ input 

Digital UO. 
Tmierl os£1a1or tr.put 
~~phrre-2irif!,u1,Gornp_are 2 outputlPWM 2 oVI ut 
Eternal USB transceiver? oat "P 

Digrtal t:O. 
Capture i inpu:L'Compare 1 cutpul!PWM 1 oulpuL 
Enhanced CC Pi PWM w:put., channel A- 

c 
" 110 i ij 

.24 Aa 43 i: 

~ I ffi , Digital jnpul 
I MO m ~. USB d;:fferential plus line f m.?!dmuiput}. 
] I ] External lSBtranscsiver VP input 

2s 44 44 ] 
~ UO ST 

1
1

• i?'o Sf 
RCTRXIDTISDO 26 1 1 

RC7 1/0 ST Digital UO. 
RX I I ST EUSART a.synoorormus receive. . 
DT ~ i!O ST EUSAAT synchronous da.ia [see TX/CK) .. 
SDO } O SPldataout.4-------! 

teat rt -rtcsmcatiepui cos>ciics compare inputors/put 
ST =Schmitt Trigger input with CMOS (e-•.tc1s J ~ lnpis 
O =Duput P =±Power 

N«e t: Allema:e assignme:nt for·CCP2 wl"t!:n GCP2MX CorJiguratmbil is claaied. 
t: Default assignment tor CCP2 when GCP2MX Configuration 5. ,5,JCPORTS, ihe p' is No 
3: These pins are Na Connect unless the IC?RT Configuration bit is s=l F? 

Camecl: un•es.s. tCPffi fli 15et .and ihe DEBUG Con!1guratlm bit I, deaire · 

Digital inpul 
USB ilfarantial minus fine (input output) 
External USB transceiver VM input. 

Dig1tal HO. 
EUSAAT asynchronous. ltan1Jlllit 
EUSART synchronous cfoci< (:see RX/D1}. 
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fASLf 1-3: 

pn lame 

PIClSf 4455/4550 PINOUT JJO DESCRIPTIONS ( 
n-· H.. "--· CONTINUED} rtnnumll"l:'r Pin Butter _ 

PDIP OFN TOFP T~ T)pe De:seription 

PORTO :s a biu:raclional FO . 
Para.I:' Port (S!!>?) Th _Port er a. S1rea:n:rg F + ese pne ha IT: 
\'.he.1 tlt~ SP? rn~ , · - ~' "e · trpui. bufleri; 

FT0 t9 ~ 38 
· LLE tE. enab!ecL - 

ADO 
lO ST Oigil31 l 0. 

R1 l'O TTL Seam ng Para's! Pon data. 
RDl!SP?I 20 :n 39 

ROI lO CT to: .. · I !'Q l..l~,.a._ - • 

S'f}I ro 17t ~--;11'r) P, • l p · .... ,:r~.. 9 fila..r. ort data.. 

RD2SP?2 2i 40 lO 
RD2 ro ST D.g:ta: LO. 
so2 ro ITL Streaming Fara"e! Port data 

I SF3 22 4! (1 

' RD3 ro ST !J.ga!O. 
l SF3 ro TTL Seamng Fara"e! Port data. 

'RtU•SP?A Z1 .2 2 
RDA H) ST Di.g!J I ro .3. . 

I SP! l'O TTL S':rea'Tlng PciTi~::: Port da!3. 
I 
I 

RD.iS?P5 P1B 25 3 3 
RD5 ro ST 0:gtti l'O. 
s5 ro TTL Streaming Paras! Port data. 

PtB 0 Erharced CCPI P\WM output, channal E. 

ROOSPP6'PiG 29 4 
RDS ro ST Digita! ro. 
S?Po l!O TTL S-1ca..rting Para:'.l Port data. 
PIC 0 Et\;:r.ted GCP1 PW}J o .. ~put. chciln~l C. 

RD7iSPP7iP1D 00 5 5 
RD7 1VO ST Dicgnaf I 'O. 
SP7 l'O TTL S:remi'ng ?ara"i Pont data. ­ 

PIO 0 
Er~.ar;r.sd CGP1 PW},I ocput, c,h@m£_\ o. 

Ltgend TTL = TTL ccmrpatble irput 
CMOS = C ~O 3 coTT'fla:~ inp,tt. or ratpu: 

ST :: Sct.m..!oj Trigger input 1,1/t, CMOS le..-e•s I '== lrptl 
Q = Out:d 

p = PCwE! 

lite f; Aemate assignment for OCP2 wt):-... GCP-2MX CorJigural'O:O bit is c\a ired. 
2 «bt t '. Diauh ~!signrren\ for GGP2 v.tte, CCP2.MX Conf41-ratt~n .. ~set. For NCflCPOR1S, the p7i is No 
3· Th~e pms e:-e NoConneci urtes-s fr.: iCPRT ConfigiJ!"a!!on ~ ~ ~ ed 

C«tnect u~;S lCPRT =s set and me DEBO~ Ccr.'igurat:oi bit is clear · 
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pPENDIX D 

charchar_Distance[12]; 

chartmp; 

char stat=O; 

char GPGGA[lOO]; 

charGPGGAIN=O; 

charGPGGA_i=O; 

void interrupt() { 

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

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

switch(stat) 

case O:if(tmp==1G1)stat=l;else stat=O; break; 

case l:if(tmp==1P1)stat=2;else stat=O;break; 

case 2:if(tmp==1G1)stat=3 ;else stat=O; break; 

ase3:if(ty 3/­ · mp== G )stat=4;else stat=O;break; 

lse 4f( iII(tmp=='A')stat=5;else stat=O;break; 

case 5:ft 1GA ·-o·stat=O;}else 
{ 

:i (tmp==1*111 GPGGA i>lOO){GPGGAIN=l;GPG -1
- ' GGc GPGGA_i]=tmp;GPGGA_i++;}break; 
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r it= II Set RCIF to 0 

void main() { 

char temp; 

char i=O; 

oscoN-=ox72; // Biiiofcaficiai 8 aiuc 

CMCON 1=7; II comparators off 

PIEl.RCIE = 1; 

INTCON.PEIE = 1; 

INTCON.GIE = 1; 

//ADCONl = OxOD; I I all digital inputs 

UART1_1nit(9600); 

IS=O11111111; //EUNiYaicfagaEaelf A Baffa 

TRISB=Oboooo1111 · 
I 

lRISC=OblOOOlll l · 
I 

ADCONl:: OxOD; I I EfffiEa<;E<;a<;a<;arel 
While(l) 
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P
-ADC Read(0)/4; 

emF 
an(&PORTB, 0, 200, O)) 

UARTl_Write_Text("#"); 

for(i::12;i<36;i++) 

{UARTl_ Write(GPGGA[i]) ;} 

UART1_ Write_ Text("%"); 

else if(temp>S) 

UARTl_Write_Text("#"); 

for(i=12;i<36;i++) 

{UARTl_Write(GPGGA[i]);} 

UART1_Write_Text("%"); 
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APPENDIXE 

dartmp; 

char stat-=O; 

aar GPGGA[100]; 

char GPGGAIN==0; 

tarGPGGA_i=0; 

charGPGGAl[I00]; 

charGPGGAINl ==0; 

char GPGGA _i 1 ==0; 

char GPGGA2[100]; 

char GPGGAIN2==0; 

charGPGGA i2==0· - ' 

char lat_ I [5]; 

char Ion_ 1 [ 5]; 

char lat_2 [ 5]; 

®"lo_2s, 
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ul­ 
jw­ 

1on1::::0; je 

lat2::::0; 
jt! 

3=0; 1onglon - ' 

L 1 L 2,L_3,L_ 4; long_,_ 

float D1==0; 

floatD2==0; 

floatD3==0; 

floatD4==0; 

long angle; 

float Distance=O; 

longF _Distance=O; 

chardes[l 1]; 

charang[ 11]; 

Voidgozeroo 

char i==0· 
' 

fo~i==O;i<lOO;i++) 

{ 

GPGGA[i]=='O'; 
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GGA 1 [i]=='O'; c? 

ca2i 
-0i<5+0 

lat_l[i]=='O'; 

lat_2[i]=='0'; 

Ion_ l[i]=='O'; 

Ion _2[i]=='O'; 

} 

} 

void interrupt() { 

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

tmp=UARTl_ReadQ; // Read data and store it to txrt string 

switch( stat) 

case 0:if(tmp='G')stat= I ;else if(tmp=='#')stat= I O;else stat=O;break; 

case l:if(tmp='P')stat=2;else stat=O;break; 

se 2.if(tmp-=='G')stat=3;else stat=O; break; 

«we 3:it1tr • 11 mp= G')stat=4;else stat=O;break; 

case4:if(tmp='A')stat=5;else stat=O;break; 
cas 5 . GGA ·-o·stat===O;}else 

\ e :if(tmp===='*'IIGPGGA i> 100){GPGGAIN=I ;GP -
1
- ' 

GPGGA[GPGGA_i]=tmp;GPGGA _i++;} break; 
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10:if(tmp===='%'l1GPGGA_i2> 10~){GPGGAIN2===l;GPGG . - . 
caGs~A2[GPGGA _i2]=tmp;GPGGA _12++;} break; A_ 12-0,stat==O; }else 

[(6 

RCIF _bit== 0; 
// Set RCIF to 0 

void GPGGAtoGPGGA 1 () 

char i; 

for(i= 12;i<36;i++) 

GPGGA1[i-12]=GPGGA[i]; 

voidlatlonO 

char i==O· 
' 

lorj=0;i<4;j+ +) 

lat_ I [i]==GPGGA 1 [i+5]; 

'ti;j4;j4 49 
Ion 1 ['] 
- 1 ==GPGGA 1 [i+ 18]; 
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;a:i++) •-"'!"- ' pt" 
. -GPGGA2[i+5]; 

lat)[!]- 

«r-ii<HO 

2[.]==GPGGA2[i+ 18]; Ion_ 1 

L_I==((Lat_l [3]-48)); 

L_2==((Lat_l [2]-48)* 10); 

L_3==((Lat_l [l ]-48)* 100); 

L_4=((Lat_l [0]-48)* 1000); 

latl=L_l+L_2+L_3+L_ 4; 

/fl======= 

L_I=((Lon _ 1 [3]-48)); 

L _2=((Lon _1 [2]-48)* 1 0); 

L J=((Lon _ 1 [l ]-48)* 100); 

L_4=((Lon_ 1[0]-48)*1000); 

Lonl=L l+L 2+1 3+L 4· - - - - ' 

''======= 
L_I=((Lat_ 2[3]-48)); 

L_2=((Lat_ 2[2]-48)* 1 0); 

LJ=((Lat_ 2[1]-48)*100); 

LJ=((Lat_ 2[0]-48)* 1000); 

«-p ; - - +L_2+L_3+L_ 4; 
l==_ ===== 
L l:::((L 
- 0n_2[3]-48)); 
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2[2]-48)* 1 0); y((Lo 
L .. 2[1]-48)*100); ,Eo. 
210-48)1000); 
L __ 4==((Lon_ 

1+L 2+L_3+L_ 4; - "= 
--==== e= 

01== Latl-Lat2; 

02== Lonl-Lon2; 

n2(Dl D2) * 180/3.14 ; o4==ata , 

04==D4+ 180; 

angle:=D4; 

/1----------- 

D l=D l *D l; 

D2=D2*D2; 

D3=Dl+D2; 

Distance=sqrt(D 3); 

Distance=Distance*0. 0006; 

F_Distance=Distance*30.9; 

LongWordToStrWithZeros(F _Distance,des ); 

LongWordToStrWithZeros(angle,ang); 

Voidgotoseeo 

GPGGAtoGPGGA 1 Q; 

boa, 
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au min) 

grill; 

PiE!.RCIE = 1; 

INTCON.PEIE = 1; 

INTCON.GIE = 1; 

osccoN=Ox72; 

CMCON i= 7; // comparators off 

ADCONl i= OxOF; // all digital inputs 

TRISA=Obllllllll; 

TRISB=O; 

TRISC=l28· 
' 

portc=O; 

UARTI _ lnit(9600); 

gozeroQ; 

While(l) 

too 
GAIN2==1) {rb2 _ bit= 1 ;GPGGAIN2=0;} 

Groot ==] 
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( 
. o·GPGGAIN==O;gotosee(); 

" 
(" tart")· uartl_write_text s ' 

art! write(13); u - 

uartl _ write(l 3); 

uartl _ write _text("GPGGA 1 ="); 

j-0,i<24;i+ +) {uart l _ write(GPGGA I [i]);} 

uartl_write(13); 

uartl _ write _text("GPGGA2="); 

fo~i=O;i<24;i++){uartl_write(GPGGA2[i]);} 

uartl_ write(13); 

uartl _ write _text("Lat_ I="); 

fo~i=0;i<4;i++){uartl_ write(Lat_ I [i]);} 

uartl_write(13); 

artl_write _text("Lon _I="); 

for(i=0;i<4;i++ ){ uartl _ write(Lon _ I [i]);} 

Uartl_write(l3); 

Uartl_ write _text("Lat_ 2="); 

(j=;4-; ' ,i++){uartl_write(Lat_2[i]);} 

uart\_ Write(l3); 

«rt.l wry 
- I e_text("Lon_2="); 

lorn.: 'wU;1<4} ' ,I++){uartl_write(Lon_2[i]);} 

109 



.,ti write(I3); 
[l+ 

a »rite _text("angle"); 

uartt.,.write_text(ang); 

uartl _ write(! 3 ); 

uartl_write_text("distance="); 

uart I_ write_ text( des); 

uartl_write(l3); 

uartl_write_text("End"); 

uartl _ write(l 3); 
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