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Abstract

GPS signals are widely used for navigation and positioning purposes. However, this
thesis presents a method for utilizing reflected Global Positioning System (GPS) signals to
measure distance on board an Arial platform. Under current circumstances, airborne systems are
using different methods for the calculation of their altitude e.g. barometer and Radar Altimeter
etc. Efforts have been made in this project to design, simulate and present experimental results of
a passive altitude calculation system by comparison of directly received GPS signals and surface
reflected signais.

A software code in Matlab has been developed for the comparison of direct and reflected
GPS signals. Dedicated hardware was designed for simultaneous acquisition of direct and
reflected signals, having two separate antennas. The hardware was initially designed for GPS
based bi-static SAR (synthetic aperture radar) purpose. However the acquired GPS signals can
also be utilized for altimetry measurements, ranging and calculation of ocean wave heights etc.
The experiments and the resuits concluded that the reflected GPS signals can be used for
calculation of distance by correlation with direct signals. The purpose of this thesis is to identify
potential applications of reflected GPS signals, it also provides the basis to prepare a cost

effective GPS reflected signal based Radar Altimeter.
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1. Introduction

The Geographic Positioning System known as GPS system was earlier developed as a
military navigation system for guiding missiles, aircraft and ships to their destinations. The
direct signals were useful for measuring and calculating the user's position anywhere on the
earth surface. However, the reflected GPS signals called as a nuisance factor for navigation have
the capability to be used for numerous secondary applications e.g. altimetry, remote sensing and

measure wave height of oceans etc,

In year 1993, an ability to use reflected GPS signals coming back from the surface of earth
was introduced by the European Space Agency as a new opportunity. Later on more scientists
worked in the same line and published many research papers and journals. In the publications,
most of the scientist has discussed various methods used for the collection of data and also its
use for extracting information from it. They also focused on the average height above the sea
level, wind speed, wind direction and also waves of significant heights. The calculation of
moisture content in the soil, bi-static imaging, ice reflected waves to identify ice and ice age, its

thickness, density etc can also been calculated by the use of such waves.

Copyright © 2011 by Faculty of Elecironic Engineering, International Islamic University Islamabad.| Resiricted .



Design & Simuiation of GPS Based Radar Altimeter Page 2

Under current circumstances, most of the flying machines are using different methods for
the calculation of their altitude, Efforts will be made in this project to design and simulate
Altitude calculation using freely available GPS signals i.e. by comparison of directly received
signals and surface reflected signals. The availability of such device will be permanent in all
weather conditions; it will be more cost effective, covert and Inexpensive as compared to

conventional altitude meters.

1.1 Motivation

In the field of engineering, the GPS system came up with number of application and huge
scalability spectrum. It was not only used for time and distance calculations but the introduction
of reflected signals in the field provides in-depth details of the surface. The most popular
implementation of the signal processing was found for the improvement of reception of the GPS
signals. However, developments have revealed over the period of time that the Reflected GPS
waves can be helpful to make certain calculations with respect to speed, time and wind speed
etc. The GPS signals or waves when reflected from different types of surfaces like water, soil
and different elements present in on the earth surface, every element adds a unique signature to

the wave and it is dispersed in different directions due to diffused reflections.

When the GPS signals emerge from its satellite to reach earth surface, it scatters in different
directions with maximum contribution. These reflected signals contain data about the time of
transmission, type of surface, latitude and longitude information, which will be extracted and
will be used for the project. The direct and reflected GPS signals can be correlated to achieve
information like distance and height of the reflecting surface. The main objective of the research
was to gather two types of waves while in air, one will be directional wave or direct GPS signal
measured by a zenith pointing antenna and other received by a nadir mounted antenna for
collection of reflected GPS signals. The correlation of two signals will lead us to find out our

required results.

This will remain a inexpensive solution for small plans, where the use of barometric meters
for altitude calculation is still in production with lots of its conditional limitations while at night

time flight or in bad weather under storms.

Copyright © 2011 by Faculty of Electronic Engineering, International Istamic University Islamabad | Restricted .
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1.2 Problem Statement

During the study of science and technology, a fact was established that air as a medium
contain different type and frequencies of waves in it with distinct features. One identified and
continued research side was capturing reflected GPS signals and uses them for Altimetry
measurements. This remains the interest to write this thesis and try to extract potential expected

results out of them.
1.3 Objectives
The objectives of the research can be explained in following manners:
Understanding scenarios for better reception of GPS signals

Perform detailed literature review and keep focus on earlier methods adapted for getting

maximum results
More efficient and purified data collection

More powerful classification of data to find maximum accuracy in GPS signal based

Altimetry

Devise a inexpensive method for hardware design to assemble a possible device for small

aircrafts.
Design a simulation for the better execution of code/ scenario
1.4 Organization of the Thesis

The thesis has been divided into six (6) chapters. A glimpse regarding chapter contents is
presented in the following few paragraphs:

Chapter 2 (Theory Overview):

The second chapter will help in understanding the reflected GPS signals, and their behavior.
It will also explain fundamentals of the GPS signaling and will furnishes some account of this

incredible system in terms of basic characteristics and signal properties.
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Chapter 3 (Radio & GPS Altimetry):

The third chapter furnishes a detailed description of the GPS radio altimetry operations with
reference to their execution, waves used, nature of signal etc. A summary of the theory behind
radio signal acquisition is furnished with an exhaustive explanation of signal acquisition along
with details of GPS based radar altimetry.

Chapter 4 (Literature Review):

The literature review portion will add more value to describe the work done by scientists and
rescarchers in the field of GPS altimetry to improve altimetry operation in the planes. The
researchers work has defined new objectives for upcoming researches in the same field. There
work will be briefly defined in the thesis.

Chapter 5 (GPS SPS Signal Acquisiiion & Hardware).

The hardware designed and assembled for the physical realization of above-mentioned GPS
based radar altimeter system is explained in the final portion of this chapter. The hardware
comprises of a custom made LHCP helical antenna and an electronic device to be utilized for
the collection, analysis and storage of real time GPS data. The fifth chapter will establish a base
line drawn by the researcher in the tield of GPS altimetry with the efforts they have made to do
maximum accomplishments.

Chapter 6 (Simulation & Experiment):

The simulation work performed in a software environment has been explained in the sixth
chapter. This chapter also provides some insight regarding the experiments performed to capture
actual GPS data with the help of custom made LHCP antenna and dual front end GPS receiver.
The results deduced during simulations and practical experiments are also included. The
findings are supported by difterent diagrams obtained in a Matlab® environment, when the
simulated as well as actual GPS data, captured as mentioned above was analyzed. The results
are compared, findings are discussed and any shortcomings are analyzed. Future planning and
further improvements to the system in terms of signal quality, computational efficiency and

system resolution have also been discussed.

Copyright © 2011 by Faculty of Electronic Engineering, International Islamic University Islamabad | Restricted .
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2. Theory Overview

The Global Positioning System (GPS) is an interesting and unique development of current
times. Novel applications for it are constantly being discovered and revolution is going on. This
chapter provides some insight about this incredible system. The concepts presented, for
example, GPS signal structure and correlation theory are vital in order to understand the basic

principles of GPS based radar altimeter.

This chapter presents detailed information about the global positioning system (GPS). The
methods used for capturing and refining Global Navigation Satellite System (GNSS) transmitted
signals was remain in focus to retrieve maximum altimetry data from reflected signals. The
more emphasize was on particularly GPS constellations and its future as European civil
counterpart, Galileo (1). The concept was build on low earth orbits at an altitude of 400 to 500
km by retrieving signals, which were emitted by multiple satellites and reflected back by the
ocean and carth surfaces. By analyzing these signals, researchers were able to compute sea
surface height. The C/ A code were also used to find the user location and are referred as a

standard position service (SPS).

Copyright © 2011 by Faculty of Electronic Engineering, International Islamic University Islamabad.| Restricted
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This thesis not only introduces the information available but it will also emphasize on its
applications. In addition, Different techniques for signal acquisition and GPS signal tracking are

part of this thesis.

2.1 General Description

The GPS, originally called NAVSTAR was developed as a military navigation system to
guide missiles, ships and aircrafts towards their destinations. The program was first introduced
and studied in the 1960s, was formally approved for development in December 1973. The first
satellite was launched in February 1978 with the full constellation of 24 satellites circle the
Earth in December 1993. It is no exaggeration to say that the GPS (Global Positioning Systems)
has revolutionized navigation and position location and that all components of the system have

reached its full operational capability in the spring of 1995.

The GPS system consists of three divisions. The first division also called as segment
consists of GPS satellites in a semi-synchronous orbit. The satellites orbits were distributed in
six orbits having four satellites in each plane. The second division known as medium segment
has an altitude of 20,200 km from the earth surface and is able to complete its one rotation in
about 11 hours and 58 minutes. Approximately five satellites are visible all the time on the clear
sky while orbiting around the earth. An emergency system was also introduced during the
improvement in the GPS system to cater emergency situations during orbiting. Currently, 32
NAVSTAR GPS satellites are in orbits with the range of launch date of February 1989 to
September 2006. The master control station was of primary importance and was established at
Falcon Air Force Base (AFB) in Colorado Springs, USA and the monitoring stations (MS) with
several ground antennas (GA) at different locations in the world. Some key monitoring stations
are situated at Falcon Air Force Base, Hawaii, Kwajalein, Diego Garcia and Ascension Island.
The roles are divided in a way that the MCS contains a primary monitoring facility for the
segment treatment and control with the responsibility for overseeing and managing satellite

constellations.

The third is user segment, which is a small device used to receive, process and decode
signals. This device is always a low budget device for performing appropriate functions per

requirement.
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By obtaining the Ephemeris data with satellite positions, the receiver position can be

extracted for the pseudo ranges and satellite positions.

2.2.2 Principal of Working

The GPS satellites contain high precision atomic clocks, which transmits the codes towards
the surface. At the receiver side, the concept of time of arrival (TOA), this will further
determine position of the user. The measurements provides the time of the signal to reach a
known user from an SV (3). The SV position is calculated by trilateration, which is a very well

known and easier method to identify user location.

The mathematical method implementation for solving navigation problems is totally
dependent on coordinate system of that particular region or country. The representation of the
satellite and receiver will be made in the same coordinate system. To detect and determine the
orbits of GPS satellites, Earth-centered Inertial Navigation Systems (ECI) coordinate system can
be used by considering origin at the center of mass of the Earth. To calculate the position of the
GPS receiver, the more effective method is to use a coordinate system that rotates with the
earth. Such system is named as an Earth-entered Earth-fixed (ECEF) system. The calculations
required for getting latitude, longitude and altitude parameters displayed by any GPS receiver
are easy to calculate by using this method. The system has its XY plane, which coincides with
the equatorial plane of the Earth. The transformation of the information gathered a physical
model is required for describing earth as focus point. The earlier physics model used for the
Earth modeling a program of DOD World Geodetic System 1984 (WGS - 84). The model shows

the elliptical shape of the earth as well as state of the art-world system datum.

2.2.3 Orbital Concept

The GPS ephemeris not only includes six orbital parameters, but also the time of their effort
and characterization of how they travel over instant. By the help of this info a GPS receiver can

handle the GPS navigation problems.

Symbol Description

Toe Reference time of ephemeris data
Va Square root of semi-major axis information
E Eccentricity

Copyright © 2011 by Faculty of Elecironic Engineering, International Istamic University Istamabad.| Restricted




Design & Simulation of GPS Based Radar Altimeter Page 9

lo Inclination angle (at time foe)

Qo Longitude of the ascending node (at weekly epoch)
L) Argument of perigee (at time Zoc)

M, Mean anomaly (at time fo)

di/dt Rate of change of inclination angle
Q Rate of change of longitude of the ascending node
An Mean motion correction

Cuc Amplitude of cosine correction to argument of latitude
Cus Amplitude of sine correction to argument of latitude
Cie Amplitude of cosine correction to orbital radius

Crs Amplitude of sine correction to orbital radius

Cic Amplitude of cosine correction to inclination angle
Ci Amplitude of sine correction to inclination angle

Table 2-1: GPS ephemeris data definitions

Table (2.1) defines the orbital elements used in the algorithms as a GPS receiver to calculate
the orbiter state transmitter (XS, YS, ZS) in SCBF number method. In the cover of the GPS
satellites there are most advertizing orbits with eccentricities greater than 0.02 and no semi-
major axis of about 26,560 km. Another orbital parameters diversify between satellites specified
that the plan provides nearly uniform coverage of the entire Connecter. GPS vearbook and
ephemeris accumulation transmitted by satellites also allow Kepler osculating orbital elements,
which are complemented by "parameters” that we allow the somebody to estimate the Kepler
elements with enough truth during periods of the measure between updates of orbiter ephemeris
message to perform the needed computing, it is eminent to bonk the motion of tumn of the Earth

According to W(GS-84, the mass range is e = 7.2921151467 x 10 - 5 rad / sec (4).

2.3 Services Overview

The GPS provides two levels of services, the Precise Positioning Service (PPS) and the
Standard Positioning Service (SPS). The PPS is the exact position, speed and timing of service
to authorized users only. The PPS is primarily intended for military purposes, rather than the
GPS accuracy is achieved by using P (Y) code, which has provided both the L1 and L2 signals.
The SPS is using the C / A code and is less accurate navigation service. It is intended primarily

for civilian purposes and is available for all users, only the L1 frequency (1).
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The biggest difference in the two codes is the chip rate. The C / A code were transmitted at a
rate of 1.023 MHz chip, while P (Y)-code is transmitted at 10.23 MHz. Unlike the chip rate, it
does little to increase the basic accuracy of P (Y)-code, because the difference of power levels
(C / A code power 1s 3 dB higher than the power of P-code) partly compensates for the
differential rate chip. The large errors in GPS navigation are an errors caused by ionospheric
delay, P {Y)-code is much more accurate than C / A code because the ionospheric corrections
can be made by measuring the difference in transmission delay between two frequencies (LI and
L2). To improve GPS accuracy for civilian users, an SPS technique called differential GPS
(DGPS) is used (5). In this technique, several receivers are used to increase accuracy in
conjunction with GPS. The technique involves a comparison of GPS signals, which calculates
the position of a solid receiver with its position interviewed for calculating errors between the
two positions, and the transmission of these error corrections to other (mobile) GPS receivers.
These technologies currently offer the highest degree of accuracy achieved without the use of
information outside of GPS measurements. But these techniques require that all beneficiaries of
the system follow the differential carrier phase GPS signal, relative to the channel carrier
frequency. Thus the carrier tracking phase is necessary to achieve sub-centimeter positional
accuracy. This means solving the ambiguity over. However, only works effectively in local

areas, usually less than 50 km.

Therefore, the traditional local area network DGPS cannot be used in a variety of
applications DGPS area. To this end, Wide Area Differential GPS (WADGPS) and Regional
Area Differential GPS (RADGPS) methods have become popular in recent years that can be

overcome disadvantages associated with conventional DGPS method.

2.4 Theory of Operation

The GPS satellites channelize two vector frequencies called L1 as primary frequency at
1575.42 MHz and L2 as secondary frequency at 1227.6 MHz, the GPS sign spectrum is shown
in Figure (2.2). The GPS signal uses two different codes for the transmission through direct
sequence spread spectrum (DSSS) technique. These codes transmitted by the satellites enable a
GPS receiver to judge the transit instant of the signals and make the interval between a satellite

and the user. On the transmission of the message, the navigation message provides data to
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This signal allow the correction of the ionospheric time delay errors as well as it will help in

the development of lower-cost, dual-frequency civil GPS receivers.
L5 (1176.45 MHz):

The concept behind the use of this frequency is safety-of-life aviation and this frequency
falls in the “Aeronautical Radio Navigation Services” band. These are wider bandwidth signals
and will be transmitted at higher power level then current normal signals. This signal will

further improve the opportunities for GPS radar altimetry.

2.6 GPS Satellite Signaling
2,6.1 The C/A Cade

The C / A code {(means Clear / Acquisition) are composed of 1023-bit pseudorandom noise
(PRN) sequences at the clock rate of 1.023 MHz for every millisecond. Each satellite gets
assigned with a different PRN code, which were selected from a set of two codes called Gold
codes. The Gold codes have the tendency of superior autocorrelation and low cross correlation
as their properties. The sequences of pseudorandom numbers are very specific and easy to
generate by using two feedback shift registers. The two shift registers of 10-bit each are called
G1 and G2. They can create maximum length of pseudo noise (PN) codes at length of 2'°-1 =
1,023 bits. The Figure (2.3) shows the C/A code generation circuit diagram. The polynomial and

the initial state of the C / A code are as follows in Table (2.2): -

Register Polynomial Initial state
C/A Code G1 1+ X’ +X" 11111111111
C/A Code G2 1+ X+ X+ X+ Y + X'+ X" 1111

Table 2-2: GPS code generator polynomials and initial states

As shown in Figure (2.3), the output sequence of the exclusive OR and direct sequencing of
Gl and G2 results as a unique code generated for each satellite. The C/A code can only be
transmitted on L1 frequency as un-codified signal stream and available for all normal GPS user.
The exclusive OR of two shift registers in length results with 1,023 possible gold codes for GPS
C/A Code generation architecture. All sequences do not possess low correlation properties.
Hence, 37 Gold Code with best possible characteristics were earlier selected for GPS space

segments.
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Figure 2-3: C/A code generator

Low cross-correlation sequence is necessary because the GPS receiver at the same time
distinguish signals from up to 12 satellites, using correlation techniques. This is an important
feature of GPS is an important part of the simulation to identify the target using reflected GPS
signals.

2.6.2 Correlation properties of C/A code

The correlation is a product of integration of the received signal with a copy sent to the
waveform. It is a statistical process, and above all a certain resemblance. The correlation of the
characteristics are used to optimally detect signals in white noise, and are particularly important
for the detection of GPS signals that are buried in noise. Such features are available in the
receivers to determine the time by comparing the signal received with internally generated copy
as per transmitted signal. The time shift remains the highest correlation to measure the diftusion

time.

The GPS signal is transmitted based on CDMA and is buried in noise because of low signal
to noise ratio (SNR) below ( dB. Therefore, with correlation time of one millisecond the C/A
code is 1.023 Mbps. The theoretical processing gain of 30.1dB or 1023 (10 x log10 (1023)) is
possible. So, based on correlation theory, the code can easily be detected even if it is with huge

amount of noise.
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Figure 2-4: Autocorrelation of C/A code

The values generated by the cross-correlation for individual C/A codes are too small and
unable to allow from GPS satellites signals simultaneously on the same frequency. It can be
seen in Figure (2.5) that the other correlation values are less than the correlation peaks.
Secondary peaks in the autocorrelation tract of at slightest 24 dB below the highest peaks. The
maximum value is 1023 autocorrelation, which is the number of tokens (equal to 1023) in a set
of code C/ A. This remains an important property of the GPS signals and contains a vital role in

our simulation to measure the distance between reflected and direct signal.

2.6.3 Navigation Data

The key feature of the GPS C / A code is a navigation message. The navigation message
contains information used by GPS receivers for the optimization of the satellite signals and
performs calculations on stocks and other navigation parameters. In general, the navigation
message of GPS is extracted by 50 basis points below C BPSK demodulator/ correlator code
(6). A narrow-band communication with a high SNR demodulator input, thus the low quantity

of bit errors in the navigation message.

2.6.4 Satellite Signal Modulation

The description of the structure of the GPS signal modulation is stated in diagram of Figure
(2.4). The C/A code, P(Y) code and the navigation data can modulate L1 frequency (154 x fo).
On the other hand, the L2 frequency (120 x fo) can only be modulated by the P (Y) and code
navigation data message, such frequency is known as nominal reference frequency and its

equivalence is 10.23 Mhz. The two codes C/A and P(Y) codification as fit as L1 and L2
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frequencies were subjected to the flap frequency encryption SA (Selective Availability) (6). The

SA delay was old to bound the precision of GPS C / A codification users and has been old since

May 2000.
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Figure 2-5: GPS satellite signal structure

As described from the above diagram, the combination of C/A and P(Y) code with 50 bits
per second data has been done prior to the modulation with L1 carmrier. A function of exclusive-
OR performs the combination denoted by © and the modulation is carried with Bi-phase Shift
Keying (BPSK) method. The C/A code © data on the L1 frequency is modulated with P (Y)

code © data in phase quadrature. Figure (2.5) illustrates the method of C/A code data clarifies

that the exclusive-OR method is equal to binary multiplication of two one bit values (6).

1 0 4| 1 C/ A Code

0 1 50 Hz data

1 0 C/ A Code & Data

Figure 2-6: GPS code mixing with data
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The BPSK model reverses the carrier phase when the modulating code changes from system
0 to 1 or 1 to. The C/A-code spreads the L1 signaling power over a 2.046 MHz bandwidth
concentrated at 1575.42 MHz. Each GPS satellite has four atomic clocks that are calibrated
against time standards in the GPS control stations around the world. This result in internal
reference time and it will be further used by three major segments of the GPS system known as

GPS time.

However, it is not cost effective to place atomic clocks in GPS receivers, thus necessitating
the use of standard crystal oscillators. Consequently the receiver clock has a clock offset with
respect to the satellite and results in inaccuracies in position measurements. Fortunately, a time

measurement from a fourth satellite helps in solving the receiver clock offset error called (7).

2.6.4.1 Doppler Frequency
When an object or a receiver is in motion relative to GPS satellites, the received signal is

different from transmitting signal equal to the Doppler frequency offset. The satellite speed is
measured from the orbital system model, which is part of the receiver. The frequency changes by
moving receiver, the satellite motion of receiver or when the satellite movement is going far away
or the Doppler frequency change to zero occurs in the case when the satellite is at closest position
with respect to receiver. The satellite motion cause changes in Doppler frequency and it affect both
the carrier frequency and the C/A code. The biggest change in the Doppler velocity (DV) over time

can be approximated 0.178m/s2. The maximum change in Doppler frequency is,

&
5 fulme = 2 J _ 0.178x1575.42x10

dr 299792458107 0SS Bawatona®
¢ . X

This small value allows the tracking loop update process every second. Therefore, it is
observed that the satellite motion changes Doppler frequency, which is very low to create a

significant effect in comparison to the update rate of tracking program.

2.6.5 Theory of Radar Altimeter

A radar altimeter is a low range radio altimeter (LRRA) device or we can simply say that the
RA measures altitude above the surface which is present under an aircraft, spacecraft or any flying
object. Such types of altimeters provide the distance estimation from the aircraft to the ground to

measure its height. It is an opposite concept to any barometric altimeter, because barometer
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outcomes the distance above a pre-determined surface line typically sea level. The bhasic
fundamental of RADAR is quite understandable but its theory details are complex due to
calculations involved in it (7). The effort and action of basic radars systems relate a broad reach of
disciplines such as construction activity, heavy mechanical and electrical technology, high power
microwave work, and high speed signaling and data processing techniques. Many laws of nature are
of a greater importance here.

The radiated electromagnetic energy has made it possible to measure ranges, distances, and

other wireless detection requirements.

Figure 2-7; Radar principle: The measuring of a round trip time of a microwave puise

1. Electromagnetic waves reflection
The electromagnetic waves posses the property of reflection from the leading surface
and if these are captured back at the place from where they were generated. It is quite
easy to understand that any obstacle in the line of waves propagation direction.

2. The electromagnetic wave travels in the air at a fixed speed approximately the speed
of light at 300,000 km/sec. Therefore this fixed speed of wave and its bounce back
after hitting any air bourn object will be used by calculating its travel time to identify
the distance from the origin to the flying object.

3. The atmospheric and weather condition effect on the wave is very low due to its
straight line movement in very high speed. These waves can be used to through in all
directions due to special design of antennas. Therefore, the direction in azimuth and

its distance from the surface can be determined.
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These fundamentals are implemented in the radar system for the calculation of the distance,
direction and the elevation of the flying object. These principles can basically be implemented in a
radar system, and allow the determination of the distance, the direction and the height of the
reflecting object (7). A detailed account of the effect of atmosphere and weather will be discussed
later, however temporarily we ignore its effect for the calculation of distance, direction and height.
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A higher performance radar altimeter achieves its perfection by calculating the trip distance
of the wave from the terrain to the flying object. This makes a difference in perfect reading in
comparison to the barometric measurements at higher altitude. One feature of radar altimeters is
to 1dentify ground natural changes in terrain like presence of mountains and sea. Altimetry has
been used to reassert the workaday extant of uncommon "panic waves”, ocean waves various
times higher than normal waves. They are also utilized in all types of aircraft routing and kind it
affirmable for aviators to land their air carriers intimately. The highest mountain ranges have

been precisely assessed using an altimeter.

3.2 Radar Altimeter

An altimeter (9) can measure altitude more precisely; it uses the time taken to capture a
signal after retum from the terrain reflection. The commercial and military crafts use such types
of altimeters to land in perfect manners. The flight height measurement is the most delicate
feature of the altimeter by waming the pilot to fly at a perfect height mentioning the low level or
rising above the terrain. Measuring low altitude give military war pilots to fly low and hit the
targets more accurately. It can also be utilized in UAVs and other light aircrafts as ATLS

(Automatic Take off and Landing) sensor.

Aviation radio altimeters are typically uses 4.2 to 4.4 GHz (10) band of frequency on short
ranged FM radars. Their principal use is instrumented approaches and landings of sizable
mercenary aircraft. The truth and determination of air altimeters are generally restricted to a few
meters because of the modest bandwidth of 200MHz to 4.3GHz frequency bands. This
exactitude is thoughttul sufficient for an operation in automatic landing a jet aircraft to large
commercial flights. Most organization efforts went into developing certain altimeters, which
allows alter operation of two or triad instruments in the discrete displace and receive antennas
even a major effort has been invested in the development of a radio altimeter with single-
antenna, Altimeters may not consider very useful for moderate aircraft, because that commonly
works for Visual meteorological conditions. The smaller jet require more accurate altimeter for

landing since there speed of approach is relatively three to four times smaller.
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3.3 Radio Altimeter Operation

In normal flights, aviation radio altimeters are used which 1s short in distances, low in power
and continuous in manner of wave radars. The usually uses two distinct transmit and receive
antennas shown in Figure 3.4. One major reason of using transmit and receive antenna is the
wave propagation delay short time span, which is not difficult to handle by a single antenna

(10).
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1. A radio alimeter uses separate transmitter and receiver to differentiate
received reflecled waves from the original transmitted waves.

Figure 3-3: Principle of operation of a radio altimeter

For more precise and accurate readings, it is evident that the placement of receive antenna
for the reflected waves must be done in perfect manner so none of the direct waves reaches it
(10). The placement of both antennas should be a distance from each other to avoid interference
between them. Although by using electronic filtering crosstalk, it helps designing of radio
altimeter antenna with minimum maintaining efforts. The radar frequency modulation is used in
most of the aviation radio altimeters. The deviation of receive frequency from the transmitter
frequency is due to delay in received signals. If the rate of change of transmitter frequency is

constant with the delay then the height is directly proportional to the calculated frequency
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difference between receiver and transmitter. The conventional design of FM radio altimeter
system is shown in Figure 3.2. The triangular wave form scanning and two slopes are mostly
used to measure height to compensate for Doppler shift due to vertical velocity ot the flying
object. The scanning speed is mostly in-between 50 Hz and 300 Hz, however upper limit are
defined by the receivers thermal noise and the lower limit remains an opportunity for altimeter

to eliminate Doppler Effect.
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Figure 3-4: Conventional FM radio-altimeter design

The frequency band of 4.2-4.4GHz is used in most of the radio altimeters. The 200 MHz is
available only in the middle of about 150 MHz is commonly used. The 4.3GHz frequency band
(7 cm) is suitable for adjustment between surface roughness and available bandwidth. The range
of transmission power 1s 10 mW (10 dBm) and 500mW (+27 dBm). The directionality buttons
as well as transmitting and receiving antennas are only about 10 dB to operate the radio

altimeter, moderate height and tilt of the machine (11; 10).

The receiver is a unique design based on the difference between receiving and sending. The
difference of frequencies is less then 1MHz. The transmitter signal’s part is used for local
oscillator and a receiver. There are some models of radio altimeters which are only used for
cross talks between receiver and the transmitter. The received signal first filtered and then
amplified. A frequency counter device with different altitude indicators is placed for different

alarms while change in altitudes. One key factor is to subtract aircraft installation delay caused
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due to the electric cables connecting both side antennas (10). The accuracy and resolution of the
radio altimeter lies in RF bandwidth shown in Figure 3.5. During the flight if changes occur in
measured height, the pattern shifts and different new oscillations were formulated between two

adjacent values.
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Figore 3-5: Accuracy and resolution of a radio altimeter

The improvement in the accuracy and resolution of the radio altimeter has different
approaches; one simplest approach is to increase scanning trequency to 400MHz [11]. Another
better method s to add some low frequency (about 10 Hz) wave sweeping the main triangle
triangular dither. Thus, the oscillations between two adjacent values are an average of various
measures, but little additional bandwidth is required for activation. One way is to add another
receiver channel in phase quadrature. It will double the number of transition and will improve
the results by factor of two. An altimeter is height calculation device from a fixed level, and it
can also be measured by using atmospheric pressure because the lower the altitude the greater
the pressure. The barometer with nonlinear calibration for the altitude calculation by using air
pressure, it is known as pressure altimeter or barometric altimeter. Most of the air craft’s are

using pressure altimeters for height measurements,

There are two types in radio altimeter operations.
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3.3.1 FM Type Radio Altimeters

An ultra-high frequency transmitter that is frequency modulated sends out waves of a
frequency that varies linearly with time. The radio energy is transmitted from an antenna located

on the under surface of the airplane and 1s beamed towards the earth (12).
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Figure 3-6: FM Altimeter for High Altitude

A direct signal is coupled from the transmitter to the balanced detector. The function of the
balanced detector is to heterodyne the direct signal from the transmitter and the reflected signal
and to produce a resultant beat frequency at its output. A further function is to minimize in the
output the effects of amplitude modulated signals received on either of the input voltages. Such
amplitude modulation will occur due to the selectivity of the coupling loops and the line
between the transmitter and the detector (12). The output of the detector is an audio signal equal
to the instantancous differences among the frequencies of the signal leaving the transmitter and

when the signal returns and is proportional to the height of the airplane above the terrain.
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This system actually measures the absolute altitude and has been implemented in various
aircrafts and jet fighters. The objective for such system is the advancement of aviation as a mean
of transportation and security under all weather conditions both for day and night operations.
One particular requirement of time is to control airplanes at various altitudes of flights has
accelerated the need for reliable absolute altimeter. A major disadvantage with aneroid
altimeters was that they cannot indicate absolute height at low altitudes, If the barometers
pressure and temperature varies, results a large error. This could be the reason of a major air

craft accident. Hence, aneroid altimeter is not entirely reliable for blind landing use.

3.3.3 Comparison of FM & Pulsed Typed Radio Altimeters

A close comparison of these two types has been made and unfortunately, a pulsed altimeter
and FM altimeter having the same specifications. In general, either system may very well be
adapted to reliable measurements of a few feet and upwards of altitude. If the device is useful
for the pilot of the object, during landing operations the radio altimeter must measure altitude in
the close vicinity of the earth (12). The most important service of the altimeter is to furnish a
pilot data of the altitude of an airplane when the plane is being operated near the ground,

whether the ground 1s a landing field or a mountain peak.

Both systems require separate transmitting and receiving antennas. In FM altimeters placing
two antennas remain mandatory for a frequency transmission and reception. However, a single
antenna could be used in pulsed-type altimeter by blocking the receiver during the transmission
of the pulse. The best recovery time in a receiver is several micro-seconds. By calculations, one
micro-second is equal to 500 feet in distance from the ground. Hence, the minimum altitude
measurement is too high for landing an airplane or for any practical use of the gear over

mountain terrain,

Separate antennas gives rise to thick errors which of course are inherent in both systems.
These errors are significant in low altitudes in comparison to higher altitudes. As two separate
antennas are installed (12}, so the path length of each antenna to a point directly under the center
line between antennas is different from the true altitude. When an airplane is climbing after

takeoft the path lengths increases slower than the true altitude causes an altimeter to read low.
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The FM system best perform from zero to 300 feet in order to minimize this error. The low

range limit of the pulsed-type altimeter is too high for this error to be significant.

The antenna used in both type of systems are dipole where earth surtace acts as a reflector.
The characteristics patron of such antenna is rather broad pattern. The indication could have lost
when the airplane banked into a turn or they would be misleading when the airplane was in

diving or climbing position.

In the pulsed-type altimeter the minimum height measurement is a distance equivalent to the
pulse width, and any effect of coupling would be to block the receiver if the coupling energy
were too great; thus, the minimum measurement would be even greater. It is very likely that the
reading of the altimeter would be the distance to the reflecting object rather than the
measurement of the true altitude of the airplane because of the rising gain characteristic of the

amplifier in the f-m altimeter,

[t is very likely that the reading of the altimeter would be the distance to the reflecting object
rather than the measurement of the true altitude of the airplanc because of the rising gain

characteristic of the amplifier in the FM altimeter.

3.4 GPS Altimetry

The Global Positioning system (GPS) earlier developed for the purpose of navigation only
used for earth remote sensing and atmospheric probing since seventeen years. Now days, the
scattered off signals from the surface of ocean and captured by flying air craft or space bomne
receiver for doing altimetry and scatterometry operations (11) become more effective. The two
major benefits of GPS signals are; the satellite signal is transmitted in all direction with all times
availability in every weather conditions and secondly, its receiver technology is very
inexpensive in comparison to remote sensing devices. The interesting aspect of the analysis
involved remote observation of the surface reflected GPS signals to investigate the conditions of

the polar sea ice.
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as Galileo is in process of development by the European Space Agency and soon it will be seen
among other constellation. The accuracy standard achieved at the maximum level at any time

would be 30 centimeters rms (13).

3.4.2 GPS Altimetry Constraints

Following are the major constraints required by any GPS receiver to perform calculations:
1. Minimum three satellites locations to lock in with object to be identified
2. The distance of each satellite from the object

The receiver focuses on the high frequency signals received from the GPS satellite. For
more perfection in calculation, more satellites are required to be locked in the object required to

be identified with more strong frequencies received.
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4. Literature Review

The studies performed by number of researchers has shown that the Global Navigation
Satellite Systems (GNSS) including the Global Positioning System (GPS), Global Navigation
Satellite System (GLONASS) and the European Satellite Navigation System (Galileo) has the
potential obtain the surface information, the process is called GNSS-Reflection (GNSS-R).

Since the inception of GPS technology in (1970), it has been used in several unique manners
and became an essential part of big industry. The data achieved from difterent geodetic quality
receivers for monitoring of earth spin and the shake of the Earth on its axis. Most of the geo
scientists use GPS data for global warming and earth shifts estimations. The preciseness of the
GPS mostly relies on antenna accuracy up to a centimeter. All radio signals emitted from the
GPS satellite must pass through layers of ionosphere and atmosphere to finally each earth
surface. While passing though the ionosphere layer, signal retrieve water level information from
the air molecules of troposphere for moisture forecast as well as provide electron density for
space weather studies. Evaluation of these and other demonstrated indicators supports great
guarantee for calculating beach conditions, ice age (14), vegetation parameters, and moisture in

soil from GPS satellite signals.
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Table 4-1: Atmospheric pressure

Weather changes that affect temperatures and air pressures cause the complications in use of
altimeter (17). This is why an aircraft's genuine top above nasty sea indicator is its even altitude

while what the altimeter says is the indicated elevation.

4.2 Research regarding space based altimetry

The revolutionary concept reaches the approach of Radio altimeters. The first radio altimeter
was invented in 1924. Another approach of using FM radio waves was used during the period of
1938 and then presented in New York by Bell Labs. The principle of working for this device

was the bounce of signals from the ground and showing up pilot the altitude of the aircraft.

The altimeter seems identical to the planes radar system, but require height precision are of
many times greater importance. The TOPEX/POSEIDON altimeter bounces radar pulses off the
sea rise and measures the moment it takes the signals to acquisition to the satellite. A microwave
radiometer will rectify for any errors in the time delay that is caused by water vapor in the line

through the atmosphere (18).
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2) In case of ice it gives ice age duration, thickness and density of the surface.
3) In case of land will gives land moisture, soil contents, biomass, and bistatic imaging.

Efforts have been made to include at least one example from each above-mentioned

application.

Katzberg S and L Garrison, NASA Langley Research Center (LARC) has started research in
1996 reflected GPS signals from remote sensing led series describes the theory and mechanisms
of this technology. James L. Garrison and co-authors estimated the measurement of wind speed
in forward scattered GPS signals (26). The study was based on the paper "effect of sea
roughness bistatically scattered signals are encoded with the Global Positioning System”, a
technique that measures the shape of the cross-correlation signal and a locally generated PRN

code presented in (27).

A specific receptor, able to follow the line of sight of the Zenith satellites with right hand
circular polarization oriented (RHCP) antenna was used. The camera recorded the cross-
correlation function of the reflected GPS signals using an antenna oriented LHCP nadir. The
inversion method for bistatic scattering models to estimate wind speed from measurements of
the correlation was applied. This allowed the calculation of the surface roughness of the sea so
that, in turn, is known to depend on surface wind speed. When searching for the shape of the
distribution of signal intensity was compared with analytical models that have used a
geometrical optics approach. Two techniques for comparison of these functions were studied.
The first recognized that the content of the most important information of the reflected signal is

in the slope of the trailing edge of the wave.

The other tried to fit the full form of the waveform by comparing it as a series expansion for
the nonlinear least squares estimates. The trial successfully demonstrated the reliable recovery
of geophysical data using the shape of the correlation function waveform recorded from the

GPS signals forward scattered.

Another interesting aspect of remote sensing with analysis of the surface reflected GPS
signals to investigate the circumstances of sea ice (28). The application is particularly useful

because the environmental characteristics of these regions. In situ, or the aerial mapping of sca
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ice conditions caused by the difficulties of traditional instruments only because of inaccessible
and hostile environments, the visibility terrible in most of the year and the constant cloud cover.
In contrast, the GPS signals are available throughout the day and can be kept for the following
signal processing. The system uses the research consisted of two small GPS antennas, edited-in
GPS receiver, processor, recorder and cables. Modified by GPS receiver for the correlation
between the measured values of output offset of the delay and Doppler showing the lowest level
using the LHCP antenna. The main measure was received signal strength is reflected in a series

of delays and Doppler values.

Preliminary experiments for observing GPS reflections of Arctic sea ice has shown that a
moderate elevation in the air GPS receiver, the size of the reflected signal has been fairly
consistent (a strong, narrow waveform of flight) shows that vanations in roughness ice was not
prominent in the L band. On the other side, the high power was found with significant changes
on the runway. This suggests that the peak performance of the GPS signal varies from the
reflecting surface and the researchers came to understand that the GPS signal after reflection

contains much information other then detecting sea ice (29).

GPS L1 frequency of 1.57542 GHz frequency is optimal for detection of soil moisture at
bay. Research conducted by S. Katzberg et al. describes a unique way to calculate soil moisture
using bistatic radar (30). The results illustrated that the GPS bistatic radar calculations can
detect any smaller change in the reflection of waves with surface. Additional analysis was
performed to compare the power of the scattered signal measured in situ samples of soil
moisture data from 32 different locations in the field. Tt was found that the trends of soil
moisture from dry to wet levels were measured in a positive way by the GPS bistatic radar
measurements. During the theoretical modeling of bistatic surface scattering, it was found that
the scale and the breadth of the reflected wave depend on the dielectric permittivity of the soil

surface, vegetation surface and surface roughness.

4.4 Concept Effectiveness

The implementation of the subject concept was designed in a way keeping different financial
and ground facts in mind. The concept of using reflected GPS signals from air without using any

signal transmission to any pointed train or surface was primarily designed for low cost small
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aircraft flights landing and takeoff in all weather condition with a certain level of accuracy. The
design primarily contain two similar receivers on two different positions on the plan i.e. one on
the roof of the aircraft for collecting direct data of GPS signals and the other one below the
aircraft to record data of reflected GPS signals. These signals strike the surface i.c. ocean
surfaces, mountains, moisture surface, etc after emitting from the GPS satellite and retumned
back in anonymous direction to air after different strikes with different objects or directly strike
back to air. Such signals contain enormous number noise in them. The purification of the signals
was remained an important desire to retrieved hidden information in recorded data. Afier the
purification of the signals through combination of different filters, the correlation of the signal
streams occurred to identify the delays and difference in clock timings as well as information

contained in both data sets.

The whole system costs remained at a certain level including the hardware. The
effectiveness of the system can be revealed by the fact that un-useful signals in the air contain
malicious information from where the identification of the primary altimetry measurements as

well as speed of the aircraft can be detected.
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5. GPS SPS Signal Acquisition &
Hardware

The launch of the Sputnik 1957 was the start of new era in navigation. Through monitoring
of the Doppler shift in the radio signals broadcast from the Sputnik satellite. The scientist kept
their focus on the determination of tracking and finally used a reversed concept to locate their
own position. This idea leads to the deployment of space-based navigation system. Several new
satellites were sent into the air to achieve navigation objectives in the history and formulated a
complete Global Positioning System (GPS) for standard positioning services (SPS) for whole

world and mainly military objectives.

In this thesis, previously we had focused on the how much work has already been done
regarding methods and techniques in general, but this portion will exactly focus on the signal
processing point of view of GPS signals. To specifically measure the distance of the platform
with the help of reflected GPS signals, acquisition of actual GPS data was made and saved in
digital format. The hardware consisted of a high gain and directional antenna to capture
reflected waves and a circuit that captured the raw data for sampling frequency and precise IF.
Complete details of the proposed hardware involved to carry out this experiment 1s explained in

this chapter.
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5.2 GPS Satellite Signal Transmission

The complete GPS system was arranged in 6 orbital planes with four satellites in each, in all
24 active satellites (31). All satellites transmit their time and position in three dimensions. When
a receiver is required to get its position, its minimum requirement of signals is from four
different satellites. The GPS receiver is a passive device which means they don’t transmit any
type of signal into air or towards satellite. The receiver always make use of one way Time of
Arrival (TOA), which means it measure the transmission time of a wave to reach a receiver
from the satellite. The satellite conditions are being monitored from five ground stations
strategically placed on the globe i.e. Hawaii, Ascension Island, Diego Garcia, Kwajalein and
Colorado Springs. The position and the time data are being updated several times from the
network to the satellite every orbit. Only two L band frequencies i.e. L1 (1575.42MHz) & L2
(1227.6 MHz) carries navigation data and acquire gold code from SV using Code Division
Multiple Access (CDMA) method. Every SV has its own range of gold codes. The receiver gets
time and satellite position from navigation data. One method of using gold codes is to determine
the propagation delay by the recetver of the satellite signal. From both frequencies, only L1
frequency is used for the standard positioning services, which is available to all users around the
globe. The accuracy of the frequency is limited to 100m horizontally and 156m verticaily on the
plane. Another precise positioning service (PPS) is only available to US government and their
military users due to its security enhancement by using two encrypting services l.e. Anti-
spoofing (AS) and Selective Availability (SA). These restrictions were implemented in 1995
after the full gain of the PPS services and to block them publically.

5.3 The GPS Receiver

At the heart of imaging equipment is a front-end of the GPS receiver. It makes sense to start
a hardware description and a summary of the GPS receiver. The GPS receiver is a traditional
CDMA signal processing algorithms. A typical RF front-end in the GPS receiver includes an
antenna, amplifiers, local oscillator, mixers and analog-digital (ADC). The GPS signal was
down converted, amplified and digitized for processing and sampling. The processing of base
band signals was made to get receiver position by using software routines, as shown in figure
(5.2). Like all CDMA systems, the design of a GPS receiver has some major challenges. The
satellites travel almost 7,000 km / h (3,874 m / s), causing a Doppler eftect from -5000 to 5000
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Hz The satellites are about 20200 km away, and the transmission power is very low, typically

only 50W (1; 11).
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Figure 5-2: A simplified GPS receiver

As shown in Figure (5.2), is the first part of the receiver and the GPS antenna is designed
specifically for the GPS. The most common and commercially used antenna is a low-profile
micro strip patch antenna. The antenna is designed to acquire GPS Live is usually right hand
circular polarization (RHCP) versus input signal. The main objective of the signal conditioning
block (pre-filter and pre-amplifier) is to remove interference signal components. However, the
purpose of the block down-conversion is to convert the received signal from RF to 1575.42
MHz for a more manageable intermediate frequency (IF) of a few MHz. The down-conversion
is carried out by a mixer, mixing the input signal with a local oscillator (LO) signal. The LO
must be very stable and accurate so that the new IF is well defined. ADC (Analogue to Digital
Convertor) is responsible for sampling down converted analog signal to digital format suitable
for signal processing (1; 11). The number of bits used to represent the digital signal when the
commercial GPS receivers are often set to 1 or 2 bits. The small number of bits simplifies the

computations in the GPS receiver during later signal analysis.

5.4 GPS Signal Acquisition

As compared to standard radar altimeter the reflected GPS signals have very low power

levels. Part of the research effort was to solve this crucial problem. This was achieved by careful
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design of the antenna, suitable electronic ¢ircuits and algorithms for acquisition. The purpose of

all these eftorts was:
a) Find satellites signals visible to the receiver
b} Estimate coarse value of the C/A code phase
¢} Estimate coarse value of the carrier frequenéy
d) Capturing of the weak reflected signals
e) Estimate the propagation delay of the signals
f) Refine carrier search results and correlate them to find required measurements

When the satellite moves directly towards or away from the receiver, it approximately
produces maximum of ~5kKz Doppler shift. The Doppler value and sign depend on the angle
between signal line of sight vector and satellite’s motion vector. The receiver motion also
creates a Doppler offset of 1.46Hz per each 1km/h because of the Doppler value and sign
depend on the angle between signal line of sight vector and this time receiver motion vector,

therefore we initially place our receiver at a fixed point.

The whole frequency search band is divided into frequency bins. The size of the frequency
bins depends upon the desired integration time and the desired maximum SNR loss due to
frequency mismatch. A common used Doppler frequency bin size for acquisition of L1 signal is
500Hz. This division will provide a total of 41 different frequencies of a band of 20 kHz. The
minimum of one spreading code sequence is used otherwise the PRN properties will be
degraded by min 1ms for GPS. The total signal length should be m * code length, where m >0.
When m >1, the SNR will be improved and the data bit transitions can destroy integration
results. This may result in occupation of more time for signal acquisition due to longer time in

signal processing and reduced frequency bins will require checking more frequency bins.

After the signal has been converted to IF frequency the code offset and carrier Doppler shift
are calculated. A high level diagram depicted the major operations on GPS data after output

from GPS front end is shown in Figure (5.4) (1; 10).
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The total number of the combinations to search will be 41 different carrier frequencies
having 2046 different C/A code phases. The total output of the system can be derived from a

very simple shown in equation 5.1 below.

1023 (2(M)+1)=1023x41=41943c0mbinati0n .
Codelthase 500 . qu:a:loll

|l' reg eIy

The calculation of each code is very simple therefore the implementation in the hardware
remains an easy part of the implementation. [t also shows many drawbacks due to high number
of combinations and makes this method very slow, especially for high sensitivity signal

acquisition for multiple signal correlators to increase acquisition speed.

5.4.2 Parallel Frequency Space Search Acquisition

In this method to find a parameter is performed in parallel and a Fourier transform is applied
to transform the time domain to frequency domain. The acquisition of parallel frequency search
in space and that gradually increases over 1023 different code phases (22). The transformation
frequency domain has been difficult in terms of hardware implementation. A detailed diagram

has been shown in the Figure 5.6.
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Figure 5-5: Parallel frequency space search acquisition
5.4.3 Parallel Code Space Search Acquisition
The goal of the acquisition process is to perform a correlation with the incoming signal and
a PRN code. Instead of multiplying the input signal with a PRN code with 1023 different code

phases as done in the serial search acquisition method, it is more convenient to make a circular

correlation between the input and the PRN code without shifted code phase. In the following
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The combination of equation (5.2} and (5.3) gives the DFT of the cross-correlation between

x and y:
N-l  N-1 Equation 5-9
Z(k) ZZ Z x(m))"(n+m)e -)2xkn/N
=0 m=0 Equation 5-10
N-1 , N-I N
:Z x(mk-JE;rkm'N Z }’(n+m)e -2akintm
:X’":O(k)Y(k) " Eguation 5-11

We can conclude that the connection between a time-domain correlation and the frequency
domain representation is almost similar to the association between convolution and its
frequency domain representation. The only difference being the Fourier transform of one of the
two input sequences should be complex conjugated prior to multiplication. When the frequency
domain representation of the correlation is found, the time-domain representation can be found

through inverse Fourier transform.
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Figure 5-6: Block diagram of the parallel code phase search algorithm

Figure (5.7), describes the block diagram of a parallel code phase of the algorithm. The
signal must be multiplied by a locally generated carrier signal. Multiplying the carrier signal to
produce signals, and multiplying by 90 © phase was transferred to version creates a signal carrier
signal Q. Both I and Q signals to form a complex signal x (n) = I (n) + JQ (n} using the DFT.

The gencrated PRN code is transformed into the frequency domain, and the result is the
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complex conjugate. Now the Fourier transform of the signal is multiplied by the complex
conjugate of Fourier locally produced PRN code. Result of propagating changes with the time
domain by inverse Fourier transform. Absolute value of the output of inverse Fourier transform

is the correlation between income and the PRN code.

If a peak is present in this context, the index of this peak marks the PRN code phase of the
input signal. The Previous methods of acquisition, the paraliel code phase search acquisition
method to reduce the search space for 41 different carrier frequencies. PRN code phase is more
accurate than other methods because it gives a correlation value for each phase of the sample
code. A Matlab ® code is developed that can make the GPS signal acquisition based on this

method, and detail the chapter on the simulation.

5.5 Design, Characterization and Testing of LHCP Antenna

As shown in Figure (5.1), a high-gain custom LHCP helical antenna s used for reception of
GPS signals reflected. It is understood that the GPS signals at transmission are right hand
circular polarization (RHCP). Upon reflection of an object, the signal polarization can be
reversed and become LHCP (32). The polarization of an electromagnetic wave is defined as the
orientation of the electric field vector. Then, the circular polarization is such that the tip of the
electric field vector describes a helix and can be called "right" or "left", depending on whether
the propeller has the thread of the right hand or left hand screw, respectively viewed from the

direction of wave propagation (32).

The strength of the reflected signal depends on surface roughness and dielectric properties of
an object that reflects the number of reflections. After the inverse square of the signal is
reflected in running the ball with a radius ot 10 cm would be the absorption rate (dB) 20 logl0
(R/0.1), where R is the field by a "spotlight" you can find a place. For example, this range of
attenuation is 25 meters approximately 48 dB. The first generation of experiment was conducted

on relatively short range to ensure the concept and simple to set.

Antenna gain and ignoring the signal would be about 48 dB below the direct signal received
by an antenna pointing to zenith RHCP GPS. GPS signals directly to a ms acquisition time is

sufficient for signal detection in the case of a strong signal. Instead, the reflected signal is
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related by a long period of time to extract weak signals and to cancel uncorrelated noise. A
processing gain of about 25 to 30 dB compared with the direct signal is possible if the reflected
signal is integrated over 250 to 500 ms. Another 20 dBi antenna gain pure was obtained with the

help of a custom LHCP helical antenna.

The measurements made by a GPS antenna LHCP has been documented in (32) & (33). But
the detailed design and properties of such an antenna is generally not available in the open
literature. Many discuss the research efforts LHCP antenna as a building block in their pictures
or submit it as an off-the-shelf. It was decided to assemble a custom-made high-gain LHCP
helical antenna for receiving reflected GPS signals. Using this antenna reflected GPS signal
acquisition was possible, which was one of the biggest challenges during the research. The

design and testing of the antenna has been documented in (24).

Diagram of the antenna is shown in Figure (5.14). As mentioned in (34) the optimum size of
the cone will be when B2 = 2.5%, Bl = H = 0.75X and 0.5X% (where X is equal to a wavelength
equal to 0.19 and GPS M).

Figure 5-7: Helical antenna with truncated cone shaped base plate

S
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5.5.1 Description of the electronic circuit

The design requirement for the data collection unit of the imaging system was a low noise,
dual-input GPS receiver which operates at the frequency used by the GPS satellite signal. Initial
design reviews led to the adoption of two circuits MAX2741 as a basis for design. An integrated
2 or 3-bit analog to digital converter (ADC) (1-bit characters, 1 or 2-bit MAG sclectable)
samples the second IF and outputs the digitized signals. The MAX2741 GPS front offers a high
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Figure 5-14: Comparison of acquisition plot for acquisition time of (a) 1004 and (b) 2000 ms

This procedure can be used to measure the height of the airborne radar platform, in a passive
manner. If the sampling rate is further increased the measurement accuracy can be improved
with some small improvements, the system can be used to establish the basic, inexpensive, and
covert / passive (moving target indicator) radar. Following are few advantages of GPS based

altimetry the system.

GPS altimetry has the attraction that user can take advantage of the expensive GPS

infrastructure maintained for navigation purposes and no dedicated transmitter is required.

There are more simultaneous measuring opportunities, one for each GPS satellite in view.
The GPS satellite with optimum geometry in terms of signal strength and visibility can be
selected to receive the direct and reflected GPS signal. It is also possible to improve the signal
power resolution by acquiring data from two separate GPS satellites having different orbiting

geometries and overlapping the results.

One of the main advantages of the system is the cost effectiveness. The hardware,
comparable in size and complexity to a notebook computer, can be built for a fraction of the

cost of traditional radars, space-borne equipment and other sensors.

Another important benefit is that the operation will be covert (no signal will be transmitted
as compared to ordinary radar) and not susceptible to enemy jamming activities. The GPS
operates round the clock and its signals cover the entire earth surface. At least five GPS

satellites are usually visible from an unobstructed location.
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6. Simulation & Experiments

This chapter furnishes a detailed account of the computer code generated in Matlab ® 8.0
software, which was developed to acquire and compare the direct and reflected GPS signals.
The whole concept of this thesis was based on the potential acquisition of reflected signals as
well as its correlation with direct signal. The processes simulated included the satellite orbits
and coordinate system, code generation, GPS signal acquisition and plotting. The behavior and
results of the GPS calculation was recorded with maximum level of precision. The coherent
acquisition was carried out on GPS data ; however the length of the data was reduced to smaller

chunks to facilitate signal processing. .
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The signal was received with the help of antennas designed for reception of directed and
reflected GPS signals. It is imperative to perform acquisition on the data hy dividing it into
chunks of manageable size. It will help in avoiding OUT OF MEMORY message. The selection
of number of chunks remains an important aspect for running numerous calculations on it. A 10

m sec part of the first segment was selected to be opened at one time shown in Figure 6-2.

Direct Signal Acquisition Plot

10000 -~

BOOD -

Frequency 0 Cade

Figure 6-2: Direct Signal Acquisition Plot

The spike shown in the figure is the actual correct/ strong signal for processing. Most of the
noise or unwanted signals were spread across the spectrum as blue surface. The gathered data
was then engaged in loop for analyses of the segments and multiplication with the signal
generated by oscillator. This multiplication results are then processed by using Fourier
transformation. The Fourier transform is a mathematical operation with many applications in
physics and engineering that expresses a mathematical function of time as a function of

frequency.

On the other hand, a pseudo random code generator is used for the generation of a sequence
of code and then performs Fourier transformation on it subsequently. The results were in
parallel further processed and multiplication was performed after taking complex conjugate.
Both results were further multiplied to perform Inverse Fourier transformation for final output

shown in Figure 6-4 and Figure 6-5 respectively.
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2 It specifies the generation of pseudo
goldsamplel | 13/ 40m numbers
3 It load the gold codes i.e. prn for
Pm . GPS
4. It stores PRN of satellite vehicles
template f.
5 S [t stores number of segments or
chunks
6 Fid Opens the stored data files
7 Fseek. Elpe)omts to the requisite place in the
8 Sienal It carries the direct and reflected
g signals for processing
9 [t specifies the execution of code in
L loops by performing Fourier
or . > 1
transformation and its inverse on
the request function code.
10 Result Specifies the storage of results for
esults generation of figures.
Table 6-1: Functions Description
6.3 Code Generation
SV PRN Number | C/A Code Tap Selection | C/A Code Delay Chips | First 10 C/A Chips
1 296 5 1100100000
2 397 6 1110010000
3 493 7 1111001000
4 599 8 1111100100
5 199 17 1001011011
6 2@ 10 18 1100101101
7 193 139 1001011001
8 2®9 140 1100101100
9 3910 141 1110010110
10 293 251 1101000100
L 3 Dy 252 1110100010
12 5®P¢ 254 1111101000
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13 67 255 1111110100
14 798 256 1111111010
15 §®9 257 1111111101
16 9910 258 1111111110
17 194 469 1001101110
18 2@5 470 1100110111
19 296 471 1110011011
20 497 472 1111001101
21 598 473 1111110011
22 6P9 474 111110011
23 193 509 1000110110
24 496 512 1111000011
25 597 513 1111100011
26 698 514 1111110001
27 799 515 1111111000
28 8910 516 1111111100
29 196 859 1001010111
30 297 860 1100101011
31 398 861 1110010101
32 499 862 1111001010
33 5910 863 1111100101
34 4910 950 1111001011
35 197 947 1001011100
36 2938 948 1100101110
37 4910 950 1111001011

Table 6-2: Code-phase assignments and initial code sequences for C/A code

Fundamental PRN sequences are generated and assigned to the individual SV with separate
codes for each satellite. As explained, there are two 10 bit shift registers involved in the
generation of C/A code that generate the PRN sequences with length 2!° - 1 = 1,023 bits. The
first shift register, G1 has feedback taps connected to stage 3 and 10 and fed back to stage 1.

Copyright © 2011 by Faculy of Electronic Engineering, International Islansic University Islamabad.| Restricred .



Design & Simulation of GPS Based Radar Altimeter Page 72

The G2 sequence is formed by delaying the G2 sequence by an integer number of chips ranging
from 5 and 950. Each C/A code PRN number is associated with two tap positions on (G2. Table
(6-1) describes these tap combinations for all defined GPS PRN numbers and also specifies the
equivalent delay in C/A code chips. The first 32 PRN numbers are reserved tfor the space
segment. Five additional PRN numbers, 33 to 37, are reserved for other users such as ground

transmitters. The C/A codes 34 and 37 are identical.

Using Matlab® programming the individual PRN codes is generated and a different PRN

code is assigned to each SV. These are bi-phase codes consisting of sequences of —1 and +1.

6.4 Acquisition Function

As mentioned in chapter 5 the acquisition function utilizes the parallel code phase search
acquisition method. A detailed account of this method was furnished in section (5.4.3). We
know that the received signal s is a combination of signals from all n visible satellites: -

s(f) = 51(f) + sty + - - + 85(D) Equation 6-1

When acquiring a satellite k, the incoming signal s is multiplied with the local generated
C/A code corresponding to the satellite k. To identify whether or not a satellite is visible, it is

sufficient to search the frequency in steps of 500Hz (36).

6.5 Acquisition of Direct and Reflected GPS Signal

As compared to ordinary radar altimeter the incoming reflected GPS signals have very low
power levels, it is imperative to detect this weak signal and compare it with direct signal and
find the distance of the receiver. The direct signal is used to obtain a lock on the GPS signal and
find the Doppler frequency. As part of the research endeavor the aim was to overcome this core
problem. This was achieved by careful antenna design, suitable electronic circuit and acquisition
algorithms. The set up for acquisition of direct and reflected signals was mentioned in section

5.5.2 of last chapter.

As mentioned earlier the length of one C/A code is 1023 code chips and is transmitted with a
frequency of 1.023 MHz. Taking into account the speed of light the length of one chip is 300 m.

As mentioned earlier the signal is sampled at 19.2 MHz. Thus each code sample corresponds to
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Figure 6-6: Final Result after Comiparison

Thus the experimental results shown in Figure 6-7 substantiated that the signal present at the
LHCP antenna is in fact the reflected signal and construction of the hardware has been
successful and is ready for installation in small airplane or UAV where further data can be
acquired and the height of the aerial platform can be computed with the help of the designed

hardware and software developed for this purpose.

6.6 Conclusions

The experiments and the results concluded that the GPS reflected signals can be used for
calculation of distance by correlation with direct signals. It is a passive and cost effect way to
perform distance calculations or ranging. The experiments were performed in front of large
building, however, results have validated that if the hardware is installed on an airborne
platform and more data is acquired, the same concept may be used for further experiments. The
same code can be used to calculate the distance of the moving platform above the surface of
earth. The thesis provides the basis to prepare a cost effective GPS reflected signal based Radar

Altimeter.

6.7 Future Work & Recommendations

The purpose of this thesis is to identify potential applications of reflected GPS signals.

However, it is pertinent to mention that further experiments can be carried out the next phase of
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the project will be to gather more data. It is imperative that a good peak of reflected signal is

present for carrying out correlation with direct signals.

More work should be carried out on antenna design to increase the gain and capacity of
capturing reflected signals. The enhancement in the gain of the antenna will equally help in
provision of higher correlation peaks.
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