Design and Implementation of a Practical Aircraft Position and

Reporting Identification Beacon (PRIB) in MATLAB
Abstract
A transponder is a device that is used for tracking aircraft by mean of a secondary radar system, but it can be turned off deliberately, and it is an expensive item for small aircraft. These weaknesses have fatal consequences, as was shown with the terrorist attack on September 11th, 2001, where four commercial aircraft under the control of international terrorists were used as missiles against the United Stated of America, killing thousands of people. These factors have shown a need for the development of an efficient aircraft tracking system, which does not rely on transponders. To this end a new tracking aircraft system is proposed, which will be referred to as the Positioning and Reporting Identification Beacon (PRIB) system. Due to size, mass, power, and financial constraints, the design must be small, light, power efficient, and cost-effective. The PRIB will acquire the aircraft’s position from a dedicated GPS receiver and then transmit this information to a base station at a different location using a radio link. This project presents the design of a PRIB unit in light of the system constraints. In addition to the hardware design, the software needed by the unit to control and communicate with the ground stations is presented. The performance of the PRIB is analyzed and ways in which a PRIB could be manufactured using commercial off-the shelf parts is discussed.
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Chapter 1- Introduction

This project details the specifications, hardware and software design, and

Implementation of an aircraft tracking system using the Global Positioning System

(GPS).

This chapter first introduces the problems, then identifies a general solution

to that problem which forms the basis of the design outlined in this document, and

concludes with a description of the structure of the rest of the report.

1.1 The problem

On September 11th, 2001 four commercial aircraft under the control of international

terrorist collided with buildings and killed thousands of people in the United State of

America. This fatal attack showed the flaws in this country is security system,

specifically in regards to defense from unconventional airborne attack. To this end a new tracking aircraft system is proposed, which will be referred to as the Positioning and Reporting Identification Beacon (PRIB) system. The proposed PRIB device should be small in size, efficient, and cost effective, to be part of the standard equipment of all general aviation and passenger aircraft. The device will acquire an aircraft position from the GPS and then transmit this information to a base station at a different location using a radio link

1.2 Project outline

 Chapter 2 reviews current aircraft surveillance techniques and systems. This chapter discusses the advantages and disadvantages associated with radar systems, and currently available similar products such the Automated Dependent Surveillance-Broadcast (ADS-B) system.

Chapter 3 gives an overview of Gaussian Minimum Shift Keying (GMSK) modulation, which has been selected because of its numerous advantages. This chapter also discusses how the GPS works, and the different kinds of GPS receiver available that might be used for the PRIB device implementation.

Chapter 4 and 5 give the design specifications of a PRIB. Based on these specifications, these chapters describe the implementation of each of the components of the PRIB system, the RF datalink, and the protocol software. 

Chapter 6 presents some experimental results showing the performance of the PRIB system, while Chapter 7 presents suggestions for system improvements and future work, and Chapter 8 concludes the thesis with a brief summary. 
Chapter 2

 Aviation Surveillance

Aircraft surveillance falls into three categories: primary radar, secondary radar, and satellite based systems. Primary radar is based on the fact that objects reflect radio waves. Primary radars emit high power RF energy and detect the presence of an aircraft by detecting the energy reflected back by the target. Secondary radar is a combination of radar and a communication system. In contrast to primary radar, secondary radar does not use the passive echo reflected from a target, but uses an active transponder, which is located in the target aircraft. Automatic Dependent Surveillance Broadcast (ADS-B) is a new satellite based technology that allows aircraft to broadcast information such as identification, position, and altitude. The next sections will discuss each of these different methods of tracking aircraft.

2.1 Primary radar

Radar was invented shortly before the World War II. The acronym RADAR comes from ‘Radio Detection And Ranging’. The theory of radar began when Heinrich Hertz in 1886 showed that radio waves were reflected by metallic object. In 1922, A.H. Taylor and L.C. Young, while working with high frequency radio communications, discovered by accident that a ship could be detected using a continuous wave transmitter and a separate receiver. Later in 1930, when the same Mr. Young and Mr. L.A. Hyland at the U.S. Naval Research Laboratory were experimenting with shortwave direction finding found by accident that an airplane can also be detected by radio. These two discoveries, one in 1922 and the other in 1930, led Young and Taylor to initiate the original development of radar. Similar work by other researchers in  Germany, Britain, France, Japan and the Netherlands led to the separate development of many pulse radars by the beginning of World War II.

Radar theory is based on the fact that radio waves are reflected by objects, hence a typical primary radar comprises of a powerful transmitter and a bidirectional antenna that transmits high power microwaves, coupled with a sensitive receiver tuned to the transmitted frequency that detects energy reflected back by a target. If the microwave energy is transmitted in short pulses then it is possible to measure the time that has elapsed between transmission and reception. Since electromagnetic waves have a constant speed, the time from transmission to reception is proportional to the distance the signal has traveled and therefore the range of the object from the transmitter. Furthermore the direction of an object can be determined by  means of the antenna beam directivity. The radar transmitter and receiver do not necessarily have to be at the same location, but in virtually all radar systems the receiver is located at the transmitter location, sharing the same directional antenna system. This arrangement was made possible by the invention of the radar duplexer first developed by the US Naval Research Laboratory in the 1930’s.

Like any system, primary radar has its disadvantages. One of these disadvantages is that primary radar also receives signals reflected from rain, from the ground, and from trees. All these reflections make it difficult to distinguish between aircraft targets and the background clutter. Even though many special techniques have been developed to overcome these problems, primary radar is unable to distinguish one aircraft from another aircraft and in most cases surveillance radar cannot determine height to sufficient  accuracy. These disadvantages, along with the increasing number of civil aircraft, makes primary radar by itself insufficient for air traffic control purposes. 

2.2 Secondary Surveillance Radar
Secondary Surveillance Radar (SSR) is a radio location system which measures time for an electromagnetic wave to travel to a target aircraft and back to the radar, but instead of using the passive echo reflected from a target, it uses an active transponder which is located in the target aircraft. Besides the transponder, this system is composed of the ground station, the interrogator, and the protocol used by the system to establish communication. Although a SSR system gives a position in terms of range and bearing, it is normally used in conjunction with primary radar. This is because a SSR system requires and assumes that each aircraft is carrying a working transponder. This, however, cannot at present be guaranteed, particularly in the case of general aviation aircraft.

The SSR system is so designed that a ground station can monitor an air space having a maximum radius of 200 nautical miles, and a height of some 15 km above the radar horizon. In the radial direction the location of an aircraft must be accurate to within a few degrees so that these measurements can be correlated with the findings of the primary radar equipment. Using special codes, the identification information not only makes it possible to distinguish between different aircraft but also facilitates the transmission of data such as aircraft altitude and identity. 
2.2.1 SSR signals

The transmitter sends the interrogation signal to the aircraft using a frequency of 1030 MHz. Figure 2.1 shows the characteristics of the interrogation signal. The signal consists of three different pulses: P1, P2, and P3. The width of each of these pulses is 0.8 μs. Two main pulses P1 and P3 are transmitted via the interrogate beam of the antenna and the spacing of these two pulses determines the data content of the transponder reply. The other pulse P2 is  adiated from a control beam, with a spacing of 2 μs between the leading edge of the P1 and of the P2 pulses. 
[image: image1.emf]
                             SSR transmitter Interrogation Signal.

The P2 pulse is known as the control pulse and is used by the aircraft to determine

whether a reply is required or not. Since the transmitter radiates the control pulse in all

directions except that of the main lobe of the interrogate beam, the transponder on the

aircraft compares the relative strengths of pulses P1 and P2. If the P2 pulse amplitude is

greater than that of the P1 pulse, the transponder can determine whether or not the

interrogating signal was originated from a side lobe of the secondary radar transmitting

antenna, thus suppressing its response. Figure below  shows the radiation pattern of the

different pulses. This process is known as interrogator side lobe suppression (ISLS).
                             [image: image2.emf]
                                    Interrogation and Control Beam Patterns

As stated before, the spacing between the P1 and P3 pulses determines the data

content of the transponder response. The different types of replies are called the mode of

the response. Table below lists the P1-P3 spacing that is used. Mode A and C are the code

types that are used by civil SSR, primarily mode C.
[image: image3.emf]
The width of each pulse in the reply signal is 0.45 μs and the separation between

two pulses is 1μs, but the SPI pulse, which is separated by 3.9 μs.
[image: image4.emf]
                                            Reply-signal format

The principal interrogation mode is Mode 3/A, which asks for the identity of the aircraft. The reply uses the 4096 permutations to send the identity number of a aircraft formed from the octal value of the reply pulses, in the order ABCD. The aircraft identity code, called a squawk code, is assigned to the aircraft by the air traffic controller when the flight plan for the aircraft is filed. Once a code is assigned to an aircraft, the pilot has  to input this code into the transponder via a dial or keyboard. By international agreement, some numbers are reserved for special uses such as: 7700 for emergency, 7600 for radio failure, and 7500 for hijack. The SPI pulse can also be added to the reply pulse train for further identification; this pulse is controlled by a special switch “Ident” on the transponder. The pressing of this switch activates the SPI pulse for approximately 20 s. This is used when an ATC controller wants to locate a particular aircraft on his or her radar screen. For a mode C response, which  lternately sends aircraft ID and aircraft altitude as indicated by a solid state altimeter, only 11 pulses are used for the altitude reply as the D1 pulse is omitted, but the 2048 permutations left are enough to indicate height in 100 ft increments from –1000 ft to 121 000 ft.

The use of SSR has proved to be of very great value to ATC. However, it has its imperfections. The imperfection of SSR has two main sources: those originating from

mutual interference effects and those resulting from multi path phenomena. With the

extended use of SSR, the number of ground stations and aircraft equipped with transponders is continually increasing, with the consequence that the probability of mutual interference is also increasing. This type of interference in an SSR system is called fruit (false replies unsynchronized in time) that results from aircraft responses to the interrogations from other neighboring ground stations. Another problem is garbling, which results when aircraft are in close proximity that their SSR replies overlap, confusing the ground decoder so that finally their information is lost. 

2.2.2 Transponder

The transponder used for General Aviation aircraft and those used in commercial aircraft differ in complexity and power ratings. In this section, the discussion will be limited to transponders used in General Aviation. Typically the interrogation signal is received by an omni-directional antenna, which is mounted on the underside of the fuselage. The nominal sensitivity requirement is approximately –69 to –77 dBm. To protect the transponder from overloading, the receiver sensitivity is reduced during high interrogations rates. By reducing the system sensitivity, the system is able to reply to the closer interrogators but suppresses replies to interrogations from the more distant radars. Typically sensitivity is reduced by 3 dB when the reply rate reaches 1100 replies per second and by 30 dB at 1800 replies per second. When an interrogation is received, the transponder compares the amplitude of the

P1 and P2 pulses. If pulse P2 is weaker than pulse P1 by more than 9 dB a valid interrogation has been received, and the transponder will respond. If the amplitude of the pulse P2 is between 0 dB and 9 dB below the P1 pulse, the transponder may or may not respond. If the amplitude of the P1 pulse is weaker than the P2 pulse the system will not reply. The transponder is also allowed to suppress any reply from 50μs to 125μs after a successful interrogation. 

2.2.2.1 Mode S Transponder

Potential saturation of the current SSR system due to the continuing growth in the number of aircraft has triggered the development of the Mode S transponder. This new solution is able to interrogate aircraft individually so that their replies could be kept separate from one another. Furthermore the reply contains both identity and height data, to avoid the need to correlate Mode A and Mode C replies. The new transponder was designed to be compatible with older transponder version. 

To achieve compatibility with older transponder version, the interrogation of the Mode S transponder is similar to the interrogation of the Mode A/C transponders. Mode S has two different types of interrogation: an individual call and an all call. The all call interrogation of Figure below is very similar to the standard Mode A/C interrogation signal. The only difference is the addition of an extra pulse “P4” after the P3 pulse. The width of the pulse P4 dictates whether or not the transponder will respond. If the width of P4 is 1.6μs, the transponder will reply with its address; a width of 0.8μs will not trigger any response. The presence of the P4 pulse has no effect on the older system. A mode S transponder is also capable of replying to Mode A/C interrogation but will stop this action when it detects P4.
[image: image5.emf]
                               Mode A/C/S All-call interrogation format

Figure below   shows the individual call interrogation format that is used for most of the transactions. The format consists of the P1 and P2 pulses, where the P2 pulse has greater amplitude than the P1 pulse to simulate the side lobe suppression pulses of a Mode A/C interrogation. Following P2 is a long pulse P6 that is either 16.25 or 30.25μs in length, which contains either 56 or 112 bits of data along with a synchronization pulse. 

Data are transmitted using differential phase shift keying (DPSK). The first phase reversal, 1.25μs after the leading edge of the P6 pulse, is used by the transponder to synchronize its receiver clock. The Mode S side lobe suppression (SLS) pulse P5 is transmitted from the antenna control beam to overlap in time the synchronizing phase reversal of pulse P6, by interfering with the synchronization bit, the P5 pulse keeps the transponder from being able to synchronize and thus decode the received data.

[image: image6.emf]
                                             Mode S Interrogation

The reply format for a Mode S interrogation is shown in Figure below. The reply is

recognized by detecting the first four ASK pulses. Following these four preamble pulses

there is a block of position-modulated pulses containing either 56 or 112 of data bits, with

the last 24 bits forming a combined parity and address field. Each data bit lasts 1μs, but

for each bit position there are two 0.5μs pulses, one high and one low, with a binary 1

being represented by a pulse followed by a no-pulse and a binary 0 by a no-pulse followed by a pulse. This form of coding is very resistant to noise interference, thus reducing the number of replies needed for Mode S to operate safely. One new feature of the Mode S Transponder is that each aircraft is assigned a unique address code, which is transmitted without the transponder being interrogated This is referred to as a SQUITTER transmission and occurs approximately every second. ATC or another Mode S equipped aircraft can use this address for interrogation or communication purposes.

[image: image7.emf]
                                           Mode S reply format.

2.3 Traffic Advisory and Collision Avoidance System
The Traffic Advisory and Collision Avoidance System (TCAS) is an airborne system designed to give pilots information about avoidance decisions between aircraft. TCAS is not designed to replace Air Traffic Controllers, but it is used as a safety backup to air traffic control. The system works much in the same way as a ground based station, and has an interrogator, a transponder and a computer element. TCAS has been developed in three levels of sophistication designated by TCAS I, TCAS II and TCAS III.

TCAS I is the most rudimentary of the TCAS system and is used for small aircraft. This model is capable of detecting nearby aircraft at a similar flight level. The pilot is responsible to locate the intruder aircraft visually and to keep proper separation.

TCAS II is more sophisticated and is intended for large commercial aircraft. This system

tracks nearby aircraft in both the vertical and horizontal planes, and the time of their

closest approach is predicted. The system also can give the direction of the threat aircraft

and advise the pilot on how to avoid the potential hazard by either climbing or

descending. This process is referred to as Resolution Advisories or RAs. 
TCAS III works similar to TCAS II, its principal difference is the inclusion of an antenna with greater accuracy so that horizontal RAs can be provided.

Since not all aircraft are equipped with Mode S transponders, the most common method of target detection uses Mode C interrogation. A Mode C interrogation will request the altitude of any nearby aircraft fitted with an SSR transponder and an encoding altimeter, which are the minimum required equipment. Because garbled replies are more likely in congested airspace, TCAS uses the whisper-shout interrogation method to reduce the number of repeated replies of surrounding aircraft. Figure below illustrates the transmitter signal format of whisper-shout interrogation. By starting off with low power transmission of two 0.8 μs pulses, the transponder sends a Mode C interrogation to which close aircraft will respond. After a delay of about 1 ms, a higher power Mode C interrogation is made, in order to suppress the responses of those aircraft that have already replied to the first interrogation signal. The second Mode C interrogation is preceded by 2 μs with a 0.8 μs pulse at, or just below the first signal strength. This pulse and the first pulse of the new interrogation form an SSR suppression pair that causes the first replying transponder not to reply. Aircraft that did not reply to the first Mode C interrogation, may reply to the second stronger interrogation. The process can be repeated if necessary by a third and fourth interrogation, each stronger than the previous one. 
[image: image8.emf]
                                     Whisper-shout interrogation

Another way that a TCAS system can locate nearby aircraft is by detecting the

Mode S self-triggered squitter transmissions. With this method the TCAS-equipped

aircraft can keeps a list of the addresses of all aircraft within range, and then

communicate with each one of these aircraft using the Mode S transponder to acquire the

required information.
2.4 ADS-B

Automatic Dependent Surveillance Broadcast (ADS-B) is a new satellite based technology that allows aircraft to broadcast information such as identification, position, and altitude. This broadcast information may be received and processed by other aircraft or ground systems for use in improved situational awareness, and conflict avoidance with much more precision than has been possible before. ADS-B contains a Global Positioning Receiver (GPS) that allows an ADS-B equipped aircraft to determine its own position.

The use of a GPS receiver greatly simplifies air surveillance. With this system

there is no need for highly directional antennas to find bearing, and exact timing for range

information. Each ADS-B equipped aircraft broadcasts its position with other relevant

data, including airspeed, and whether the aircraft is turning, climbing or descending. This

provides anyone with ADS-B equipment a more accurate picture of air traffic that is

possible with radar alone. Furthermore, the ADS-B concept reduces considerably the

current channel congestion; this is obvious since currently transponders are interrogated

at a rate of almost 1000 times per second, but ADS-B only broadcasts one or two times

per second.

Even though ADS-B is a promising technology for improving traffic surveillance

with better accuracy, currently it will not be implemented as a stand-alone system. For

aircraft subject to TCAS II requirements, ADS-B will be implemented as an additional

feature to enhance TCAS II. Because ADS-B depends on GPS position signals, which are

subject to disruption, ADS-B by itself is not reliable enough to provide critical

coordinated collision avoidance or a resolution advisory (RA).

Chapter 3
Global Positioning System and Modulation

The objective of this chapter is first to review background information concerning the theory behind Global Positioning System navigation so to better conceptualize how it will operate for a tracking system, and second to study the characteristics of an efficient modulation scheme such as the Gaussian Minimum Shift Keying (GMSK).

3.1 Background on Gaussian Minimum Shift Keying

Gaussian Minimum Shift Keying (GMSK) is a digital modulation for sending high-speed data in narrow band frequency modulation (FM) radio channels. In GMSK, the phase of the carrier is continuously varied by an antipodal signal, which has been shaped by a Gaussian filter. Since GMSK may be viewed as a derivative of minimum shift keying (MSK), it has a modulation index of 0.5 and may be demodulated using differential detection. The use of a Gaussian filter has the effect of considerably reducing the side lobe levels in the transmitted spectrum. The use of GMSK modulation is attractive because of its excellent power efficiency, narrow bandwidth, constant envelope modulation, and its suitability for both coherent and incoherent detection. The constant envelope allows GMSK to be less susceptible to a fading environment than amplitude modulation and requires only an inexpensive and efficient C-class amplifier. There are a number of papers that describe GMSK modulation and demodulation in some detail, including.
 In GMSK modulation the digital bit stream to be transmitted is passed through a pre-modulation Gaussian low pass filter. A Gaussian filter is a filter which when excited by an impulse outputs a Gaussian shaped output pulse, as shown in Figure below. The pre-modulation Gaussian filtering introduces Inter Symbol Interference (ISI) in the transmitted signal, but this degradation is not severe if the 3 dB band width bit duration product (BT) of the filter is greater than 0.5. The BT factor is related to the filter’s 3dB bandwidth and data rate by Bit Rate
                                          [image: image9.emf]
Hence, for a data rate of 19.2 kbps and a BT of 0.5, the filter’s 3dB cutoff frequency is 9.6kHz.

[image: image10.emf]
    Frequency response |H(f)| of a Gaussian filter with symbol rate 19.2 ksps

The GMSK pre-modulation filter has an impulse response hG(t) given by

[image: image11.emf]
and the transfer function HG(f) is given by 

[image: image12.emf]
where t is time in seconds, and the factor α is related to the 3dB baseband bandwidth (B)

of HG(f) by

[image: image13.emf]
Hence the GMSK filter may be completely defined from B and the base band symbol

duration T. It is therefore customary to define GMSK by its BT product. Figure below shows the simulated RF power spectrum of a GMSK signal for various values of BT. It is clear from the graph that as the BT product decreases, the side lobe levels fall off very rapidly. However, reducing BT increases the irreducible error rate produced by the low pass filter due to ISI.

While the GMSK spectrum becomes more and more compact with decreasing BT value, the degradation due to ISI increases. It is shown in that the Bit Error Rate (BER) degradation due to ISI caused by filtering is minimum for a BT value of 0.5887.

[image: image14.emf]
               Power spectral density of a GMSK signal.

3.1.1 GMSK Transmitter
The most straight forward way of implementing a GMSK modulator is to transmit the data stream through a Gaussian base band filter having an impulse response given in Equation above and apply the resultant waveform to a voltage controlled oscillator (VCO).

This modulation technique is shown in Figure below, and is currently used in a variety of

analog and digital implementation for the US Cellular Digital Packet Data (CDPD) system as well as for the Global System for Mobile (GSM) system. The main disadvantage of the modulator is the instability of the VCO. Thus the modulator is not suitable for coherent demodulation. 
[image: image15.emf]
                              GMSK modulator using direct FM generation

GMSK can also be generated using quadrature modulation techniques. Consider the

phase modulated signal given by:

[image: image16.emf]
where wc = 2πf is the radian frequency, and ø(t) is the phase. This can be expanded into its inphase and quadrature components,

[image: image17.emf]
The quadrature modulator is based on Equation above. The implementation of such

a modulator  is shown in Figure below . “The incoming data is used to address two separate Read Only Memory (ROM). The two ROM’s contain sampled versions of all possible phase trajectories within a given interval. Since the impulse response is infinite it must be truncated to a finite number of intervals, J, which will give 2J possible phase trajectories. One ROM contains the in-phase or I component values and the other contains the quadrature or Q component values Sin[φ(t)]. The output of each ROM is applied to a DAC and the two outputs are low-pass filtered “. The advantages of implementing such as modulator are: 
 1) it is suitable for VSLI implementation,
 2) the contents of each ROM can be modified easily, and 
3)there is a minimum accumulation of phase errors.

[image: image18.emf]
                                 Digital GMSK modulator

3.2 Global Positioning System

The Global Positioning System (GPS) is a navigational system conceived in the 1970s. Since then, it has been fully developed and controlled by the United States Department of Defense (DOD). The first GPS satellite was launched in February 1978 and civilian use began in the early 1990's. The United States Government has reserved the highest-level accuracy for the military, but has developed the Coarse Acquisition (C/A) code for civilian use, which makes the GPS system available to everyone, everywhere, and anytime.

A GPS receiver is simply a range measurement device; distances are measured between the receiver antenna and four GPS satellites, and the position is determined from the intersections of the range vectors.

The GPS system is divided into three major components

• The Space Segments

• The User Segment

• The Control Segment

3.2.1 The Space Segment.

The space segment consists of 24 operational satellites in six circular orbits 20200 km above the Earth at an inclination angle of 55 deg with a 12-hour period. The satellites are spaced in orbit so that at any time a minimum of six satellites will be in view to users anywhere in the world.

Each satellite contains four precise atomic clocks (rubidium and cesium standards) and has a microprocessor on board for limited self-monitoring and data processing. The satellites are equipped with thrusters, which can be used to maintain or modify their orbits.
3.2.2 The User Segment.

The User Segment consists of all earth-based GPS receivers that allow users to receive the GPS satellite broadcasts and compute their precise position, velocity, and time. The user’s receiver measures the time delay for the signal to reach the receiver, which is a direct measure of the apparent range to the satellite. Measurements collected simultaneously from four satellites are processed to solve for position, velocity, and time. GPS provides two levels of service, Standard Position Service (SPS) and the Precise Positioning Service (PPS).

The SPS is a positioning and timing service that is available to all GPS users. SPS is provided on the L1 frequency (1575.42 MHz), which contains the navigation data message and the SPS code signals. Using the SPS, the user is able to achieve positioning accuracy on the order of 100m. The PPS is a highly accurate military positioning, velocity and timing service. In addition to the L1 frequency, PPS equipped receivers also use the L2 frequency (1227.60 MHz) to measure the Ionospheric delay. PPS provides a positioning accuracy on the order of 16-20m. 

3.2.3 The Control Segment.

The control segment consists of a master control station in Colorado Springs, Colorado, with five monitor stations (Colorado Springs, Ascension Island, Diego Garcia Island, Hawaii, and Kwajalein Island) and three ground antennas located throughout the world. Three of the stations (Ascension, Diego Garcia, and Kwajalein) serve as uplink installations, capable of transmitting data to the satellites, including new ephemeris (satellite positions as a function of time), clock corrections, and other broadcast message data. The Control Segment is the sole responsibility of the Department of Defense, which undertakes construction, launching, maintenance, and virtually continuous performance monitoring of all GPS satellites. The monitor stations track all GPS satellites in view for use in controlling the satellites and predicting their orbits. The monitor stations send the information they collect from each of the satellites back to the master control station, which computes extremely precise satellite orbits. The information is then formatted into updated navigation messages for each satellite. The updated information is transmitted to each satellite via the ground antennas, which also transmit and receive satellite control and monitoring signals.

3.3 The GPS Receiver

There are two main types of GPS receivers: multiplexing receivers and parallel channel receivers. These terms refer to how a receiver monitors and processes information from the satellites. Multiplexing receivers use a short cut to achieve triangulation. They establish contact with a satellite only long enough to sample its data, and then they look for another satellite to sample and acquire data, and then a third and possibly a fourth, this process would take at least several seconds. In order to provide a one second update, most multiplexing receivers grab an update from a couple of satellites and make a best guess at the position update. Parallel Channel Receivers (e.g., ITrax02 GPS receiver), on the other hand, maintain a constant simultaneous lock on several satellites at once, eliminating the switching inaccuracies of multiplexing receivers. A parallel channel receiver holds all the navigational information one needs for the most reliable, up to date, and accurate information possible. Current commercial GPS units use at least a five parallel channel receiver. Three of the channels lock on to satellites to triangulate one position. Since commercial receivers use low accuracy crystal oscillators, the clock in the receiver is not inherently accurate enough, thus a fourth satellite measurement is required to provide clock correction in the receiver and to synchronize to GPS time with an accuracy better than 100ns. 

3.3.1 Understanding NMEA 0183

The National Marine Electronics Association (NMEA) 0183 standard for interfacing marine electronics devices is a voluntary industry standard, first released in March of 1983. The NMEA 0183 Standard basically defines electrical signal requirements, data transmission protocol, timing and speed of a serial data bus. NMEA has become a standard protocol for interfacing navigational devices, such as GPS receivers. It is based on the RS232 interface. NMEA settings for the RS232 are: 

Baud rate 4800

Data bits 8 (Bit 7 set to 0)

Stop bits 1 or 2

Parity none

Handshake none
3.3.2 General Message Format

Under the NMEA-0183 standard, all messages and commands data consist of

ASCII characters (from HEX 20 to HEX 7E) plus a carriage return (CR) and a line feed (LF).

3.3.2.1 Message syntax

NMEA message consists of fields as follows:

$ID<message ID>, <data field>, <data field>,,,<checksum><CR><LF>

Each message starts with the ASCII character $, a two letter ID, and a three letter message ID. Message data fields are separated by comma, and the message ends after an optional checksum field and carriage return <CR> and line feed <LF> control characters. Delimiter ‘*’ precedes the checksum field. If data for a field is not available, the field is simply omitted, but the commas that would delimit it are still sent, with no space between them.

A sentence may contain up to 82 characters including the $ and CR/LF. Since some fields are variable width, or may be omitted, the receiver should locate desired data fields by counting commas, rather than by character position within the sentence. The optional checksum field is two hex digits representing the exclusive OR of all characters between, but not including the $ and * symbols. A checksum is only required on some messages. 
3.3.2.2 Command syntax

The standard allows individual manufacturers to define proprietary message formats. NMEA command consists of fields as follows: 

$P<manufacturer ID>, <command>, <parameter>, <parameter> .. , <parameter>

Command line always starts with $P, then a three letters manufacturer ID, followed by whatever data the manufacturer wishes, following the general format of the standard messages. A typical command from the iTrax02 GPS receiver is given as an example.
FIXRATE – Set Fix rate
Defines frequency (in seconds) in which the receiver should acquire navigation fix and

thus send NMEA messages.

$PFST, FIXRATE, <fix rate><CR><LF>
where fix rate is the number of seconds to wait between navigation fixes.

3.4 Encryption

Encryption is used to protect data while it is being communicated between two points or while it is stored in a medium vulnerable to physical theft. Traditionally, several 

methods can be used to encrypt data, all of which can easily be implemented through
software or hardware, but not so easily decrypted when the encrypted data key is unknown.

Encryption converts data called plaintext to an unintelligible form called cipher text, and decryption converts cipher text back to its original form. Modern encryption is achieved with algorithms that use a key to encrypt and to decrypt messages.

The longer the key in bits, the more computing required to crack the code. The most

widely used form of encryption is defined by the National Bureau of Standards and is

known as the data encryption standard (DES), which was proposed in 1975 and approved

in 1977. The algorithm is designed to encipher and to decipher blocks of data consisting

of 64 bits under control of a 64-bit key of which 56 bits are randomly generated and used

directly by the algorithm. The other 8 bits, which are not used by the algorithm, are used

for error detection. Since its approval, DES was immediately attacked by those who felt

that its 56-bit key length was insecure. Despite of such claims, DES remained a strong

encryption algorithm until the middle of the 1990s.In the summer of 1998 DES’s

insecurity was definitely demonstrated when a $250000 computer built by the Electronic

Frontier Foundation (EFF) decrypted a DES-encoded message in 56 hours. In January

1999 this was improved to 22 hours through a combination of 100000-networked PCs

and the EFF machine. But until a substitute is found, DES will be the most important

public cryptosystem in the world. The National Institute of Standards and Technology is

currently seeking a successor to the algorithm. The best candidate seems to be the

Advanced Encryption Standard (AES) that works in three key lengths: 128, 192, and 256

bits, and which is much more secure than DES.

4. Implementation
After the terrorist attack on September 11th, 2001, given the increasingly global

nature of aviation and the relative ease a pilot may fly an aircraft, transportation security

has increased by an estimated of 200%, especially for commercial aircraft flying in and

out of the United States. All of these factors have contributed to the need for the

development of an efficient aircraft tracking system.

The objective is to provide a small, low cost, general aviation position tracking

system utilizing Global Position System (GPS) technology. Ideally, the GPS receiver

system will be able to calculate its own position, and transmit it to the nearest ground

station receiver for tracking purposes. This system is called a Position Reporting and

Identification Beacon (PRIB). It is completely independent of any other navigation or

communication device on the aircraft.

Figure below illustrates the PRIB concept of operation, which is based on the Automatic Dependent Surveillance Broadcast (ADS-B) concept. The PRIB equipped aircraft determines its own position using an integrated GPS receiver and transmits it to the Ground Station Receiver for further processing. Positioning information coupled with Aircraft Identification (ID) is periodically transmitted. Aircraft ID is provided so that the receiving station can associate position information with a specific aircraft. Typically the ID is based on the aircraft’s registration number or tail number rather than an assigned squawk code, as used in aircraft transponder. The transmitted information can be encrypted if desired.

Table 4.1 shows the minimum requirements for the PRIB system.
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PRIB Concept of Operation

4.1 PRIB specifications
Operating Frequency 1090 MHz or any suitable Frequency

Power Supply 12 or 24V with battery backup with more than 10 hours life.

Weight Less than 1kg

RF Emission 160 bits or less Antenna Omni-directional

GPS receiver Integrated into beacon 

Transmit Power 1W nominal

Antenna Gain 0 dB

Bit rate Up to 1Mbps or any suitable speed

Bit Error Rate 10-4

Repetition rate To be determined Modulation Non-coherent receiver, and power efficient

(GMSK)

Ground Station receiver antenna gain 0 dB
A block diagram of the PRIB system and the ground station receiver is shown in

Figure below, the system consists of a PRIB, a noisy transmission channel, and a receiver.

From Figure below the PRIB consists of a GPS receiver followed by a microcontroller,

which processes the data collected by the GPS receiver, and a Gaussian Minimum Shift

Keying (GMSK) modulator that modulates the processed data from the microcontroller

for transmission. The transmission channel is simply the wireless environment. The receiver includes a low-noise Frequency Modulation (FM) receiver followed by a GMSK demodulator that extracts the transmitted information.

It is important to note that the Earth Station Receiver is not part of this project, but its implementation is required for testing the PRIB. 
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                        PRIB System and Earth Station Receiver block diagram

PRIB System Design

The system block diagram is depicted in Figure below. The main components of the PRIB are a GPS receiver, a microcontroller, a GMSK modulator, and a linear FM transmitter.
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                                     PIRB system block diagram

GPS Receiver

The primary purpose of the GPS receiver is to allow an aircraft to track continuously its own position, and then repeatedly broadcasts it on a VHF or UHF data link.

The PRIB should be as small as possible and suited for battery operated, thus the chosen GPS receiver module must be easily integrated into a custom hardware design that is also portable and power efficient. The GPS receiver should be easy to integrate into a microcontroller, with low power consumption and small form factor.

When fewer than four satellites are available, the GPS receiver supports 2D navigation. To calculate a fix while in 2D navigation mode, the receiver uses either the last altitude determined while in 3D navigation mode, or data supplied by the user. The receiver has two independent asynchronous serial input/output ports. The receiver’s primary serial port outputs navigation data and accepts commands .
GMSK Modem

Designing a GMSK modem was considered, however implementing the design

would require several integrated circuits (IC), which will make the final PRIB unit too

bulky, and less power efficient, and as a result this idea was abandoned. Instead, it was

decided to use a commercially available integrated circuit.

The modem has separate transmit and receive power-save inputs allowing for full

or half-duplex operation, since the PRIB only needs to transmit data, the receiver section

of the modem is not used, thus it has lower power consumption.
Microcontroller

The microcontroller is the brain of the PRIB system. It will synchronize and combine

all the elements of the system to perform the necessary tasks. The tasks required from the

microcontroller would be to retrieve the aircraft’s position from the GPS receiver and the

processing and distribution of the data received. The controller is also responsible for

setting up the communications protocol, and calculating the Cyclic Redundancy Check

(CRC). Therefore, the selection criteria used for the microcontroller are:

At least one serial port (UART) for communicating with the GPS receiver module.

A timer to allow for synchronization settings.

Ultra-low power requirement.

At least 256 bytes of memory RAM, to save positional information and to calculate and to store the CRC.

I/O ports capable of sensing signal transition.

Since the PRIB is fairly processor intensive, a 16-bit microcontroller is a good choice

to provide all the essential functions.

Frequency Modulation (FM) transmitter

The experimental PRIB uses the Industrial, Science and Medical (ISM) band for operation. This band was chosen because it is a good choice of radio frequency for the aircraft data link, with low implementation cost and operation in an unlicensed frequency band. Because the PRIB uses a simplex (one–way) architecture, and GMSK modulation, the system requires a FM transmitter capable of operation in the 902-928MHz ISM band, Additional requirements are low power output and medium data rate compatible.
 A PRIB intended for aircraft needs a dedicated frequency band. The transponder band at 1090 MHz is already overcrowded. A better choice would be to capture several channels for the higher frequency end of the AMPS mobile telephone band, around 890 MHz.

Electrical Power System

The PRIB must have two power supply sources. The primary source uses the

power from the aircraft electrical system, and the secondary source should be self sufficient

and be able to last for approximately 10 to 15 hours. When the primary source fails, the system must be able to switch automatically to the secondary source.

The Electrical Power System (EPS) needs to supply power to the GPS receiver ,
microcontroller, and transmitter. Since the aircraft electrical system is capable of

handling high power, the design of the EPS is straightforward when the primary source is

used, but care should be taken with the design of the secondary source. Because the

secondary source should be self-sufficient, it must use rechargeable batteries.

Ground Station Receiver

The ground station receiver block diagram is depicted in Figure below, 

The main components of the receiver are an FM receiver, a controller, and a GMSK demodulator.
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Chapter 5

Software Implementation

This chapter describes the communications protocols used in the RF datalink of

the PRIB system. The structure of the setup is first examined, followed by a brief

description of all the required major routines.

5.1 The Microcontroller Software

The controller performs many tasks to allow the PRIB system to function reliably.

It is responsible for controlling the operation of the GMSK modem, the GPS receiver, the

FM transmitter and the RF amplifier, and for routing data to and from these modules.

Software development was performed using the MATLAB from Math works. The firmware can be broken down into the

following main modules.
5.1.1 Retrieving Aircraft’s Position

Each PRIB system transmits information via a pure random access channel. This means that each aircraft broadcasts its location at a certain repetition frequency with no coordination among the different aircrafts. Because each new transmitted message contains the entire positioning and identification information, and does not rely on the previous transmission. If a collision occurs on the channel, the receiving station will just have to wait until the next message is sent. Since the PRIB system is designed to work within a radius of 40km, it is necessary to know how often the system needs to transmit positioning information and how many aircraft can the system handle reliably, given a desired performance. For this system we want to be able to support at least 100 aircraft, and have a reliability of at least 99.9%, with at least one response every four or five seconds arriving without collision at the ground station.
Chapter 6

Future Developments

Today we are witnessing a true revolution in wireless communications. The technology behind mobile communications is fascinating, and might have a major role in the design and optimization of the Position Reporting and Identification Beacon (PRIB).

In this chapter we outline improvements and possible extensions to the Position Reporting and Identification Beacon (PRIB) design. It must be noted that more modifications might be necessary once the PRIB is tested in a real-world environment.
6.1 Immediate Advances

In the immediate future, there are a number of changes that can be made to the PRIB. Due to the PRIB modular design, it is possible to upgrade or modify certain components within the system. 

The main changes that could be made would be:

• Selection of a Frequency Modulation (FM) receiver with higher sensitivity

• Encrypt the position data before transmission, and research its advantages

and disadvantages.

• Design the PRIB and ground receiver station antenna for field tests.

6.2 Future Advances

This thesis has proved experimentally that the PRIB concept is possible, even though the proposed design works the whole unit is not yet optimized. Because the current design uses several modules, the final product is not small enough, thus it is necessary to look at existing technology (e.g. cellular phones) for improvements. Adding new features and using the state-of-art technology to the PRIB will improve its capabilities.

6.2.1 Third Generation (3G) cellular phone technology

Recently, Integrated Circuits (IC) manufacturers have been able to achieve higher

integration and lower cost of stand-alone receivers. The melding of Global Positioning

System (GPS) and cellular phones technologies will ultimately yield GPS-enabled cell

phones. The key element that has driven cellular phone manufacturers in the United

States to include a GPS receiver in each phone is a mandate from the Federal

Commission Committee (FCC), stating that by October 1, 2001 all 911 emergency calls

must be able to pinpoint a caller’s location to within 125 ft.  Before GPS technology can be fully integrated into a cell phone, several issues must be taken into account. Power consumption is a major issue for GPS integration in battery-powered platforms. Current typical GPS receivers consume 100- 300mW at 3.3V. To enable GPS in a watch-type application, development of low voltage processes below 2V is required. Size of a typical GPS receiver is now small enough to fit in a wallet, but still too large to put into a cell phone or a watch. A company firm called  Fastrax Ltd. is already providing GPS for cell phone devices. This firm’s product is said to be the smallest (about the size of a postage stamp) and the lowest power-consuming GPS receiver unit (Itrax02 ), so it can be easily embedded in mobile phones. Another company called SiRF Technology Inc. has announced the production of the smallest GPS receiver module with a dimension of 11x14mm, and with a power consumption of only 80mW. 

Emergency Locator Transmitter (ELT)

An Emergency Locator Transmitter (ELT) is a device used to locate the position

of a crashed aircraft. All ELT have a G-switch that activates the unit when it is subjected

to a certain level and direction of acceleration. When the unit is activated, a distress

signal of 121.5MHz or 406MHz is transmitted to a Low Earth Orbiting (LEO) satellite

and to Geosynchronous Orbiting Environmental (GOES) satellites to determine the

beacon’s position. Current ELT system location accuracy is approximately 2 km.

One possible enhancement to the PRIB system is to provide an alternative solution to current the ELT system. The use of GPS technology will improve the location accuracy to approximately 100 m, which is a 400:1 improvement in total search area, thus reducing the overall time required to complete a rescue operation and possibly saving more lives. To this end, it is necessary to have access to the G-switch output signal, which can be used to trigger the PRIB microcontroller to transmit an emergency message to the Ground Station Receiver. Access to the G-switch signal could be challenging, thus a second alternative is to use the GPS signal to measure heading, velocity and acceleration of the aircraft, it these reading are beyond some established threshold then an emergency signal must be sent out to the Ground Station Receiver.

Conclusion

 In this design, implementation, and verification of an aircraft tracking system prototype. The FM transmitter, the RF amplifier, and the FM receiver design that are briefly discussed in this project; each one of these modules was used with the evaluation board purchased from the manufacturer.

The design and implementation of a small size, power efficient, and cost effective

aircraft tracking unit has been presented. Though the receiver unit was not part of this

project, its implementation was necessary for testing purposes. It was shown that the

performance of the FM receiver  is not satisfactory due to its poor sensitivity and high noise figure. Thus additional work might be needed to investigate this problem, and to select a better receiver chip.

The approach of using an ultra low power microcontroller, and the use of step-up

dc-to-dc converter together with a few discrete components has been shown to provide

acceptable performance. Additional work is needed to improve the BER performance,

and to design transmitter and receiver antennas for field experiments.
Results
Enter the number of Aircraft : 4  ( we have done it for 10 planes)
count2 =

     0

data =

     0

     0

     0

aircraft colliding =


(the probability of occurring acollision)
     0

Aircraft = 



(aircraft initially at the base station)
        speed: 144

        pos_x: 0

        dir_x: 0

        pos_y: 0

        dir_y: 0

        pos_z: 0

        dir_z: 0

         time: 0

    collision: 0

     distance: 0

      MaxTime: 0

         flag: 0

        flag1: 0

Aircraft = 


( when directed in one direction eg; z-dir)
        speed: 144

        pos_x: 0

        dir_x: 0

        pos_y: 0

        dir_y: 0

        pos_z: 2388

        dir_z: 0

         time: 0

    collision: 0

     distance: 0

      MaxTime: 0

         flag: 0

        flag1: 0

Aircraft = 



(when directed simultaneously in two directions)
        speed: 144

        pos_x: 24273

        dir_x: 0

        pos_y: 0

        dir_y: 0

        pos_z: 2388

        dir_z: 0

         time: 0

    collision: 0

     distance: 0

      MaxTime: 0

         flag: 0

        flag1: 0

Aircraft = 

        speed: 144

        pos_x: 24273

        dir_x: 0

        pos_y: 19439

        dir_y: 0

        pos_z: 2388

        dir_z: 0

         time: 0

    collision: 0

     distance: 0

      MaxTime: 0

         flag: 0

        flag1: 0

Aircraft = 

        speed: 144

        pos_x: 24273

        dir_x: 0.7621

        pos_y: 19439

        dir_y: 0.4565

        pos_z: 2388

        dir_z: 0.8913

         time: 0

    collision: 0

     distance: 3.1189e+004

      MaxTime: 0

         flag: 0

        flag1: 0

delay =

  103.9634

Aircraft = 

        speed: 144

        pos_x: 24273

        dir_x: 0.7621

        pos_y: 19439

        dir_y: 0.4565

        pos_z: 2388

        dir_z: 0.8913

         time: 0

    collision: 0

     distance: 3.1189e+004

      MaxTime: 103.9650

         flag: 0

        flag1: 0

